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Shortage of animal food is a burning issue of the recent time, whereas the agricultural by-products are readily available to be 

used as ruminants feed. However, the low protein and digestibility are the hindrances in utilization of these low quality crop 

residues as a feed. In order to utilize rice straw as animal feed this study was conducted to investigate the influence of steam 

explosion treatment on its composition and in vitro degradability. The samples, I (untreated rice straw), II (rice straw exposed 

to 15.5 kgf/cm
2
 steam pressure for 90 sec) and III (rice straw exposed to 15.5 kgf/cm

2
 steam pressure for 120 sec) were 

prepared. The results revealed that the crude protein (CP), ether extract (EE) and acid detergent lignin (ADL) contents of rice 

straw were improved after treatment with steam explosion in time dependent manner (P<0.05). The neutral detergent fiber 

(NDF), acid detergent fiber (ADF) and organic matter (OM) were higher, while dry matter (DM) and ash contents were lower 

(P<0.05) in II as compared to group I and III; however, after increasing the time at same pressure these parameters decreased. 

Furthermore, group III showed higher concentration of propionate, acetate, butyrate, and total VFA (P<0.05). While, group I 

exhibited higher concentration of iso-butyrate and iso-valerate (P<0.05). The concentration of valeric acid and acetate to 

propionate ratio were not affected by steam explosion treatment. Moreover, group III showed the higher in vitro DM 

degradability, OM degradability, DNDF and gas production (P<0.05); while, lower DADF and pH (P<0.05) compared with 

groups I and II. These findings suggest that the steam explosion treatment at 15.5 kgf/cm
2
 pressure for 120 sec, may be used 

to enhance the nutritive value and digestibility of rice straw.  
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INTRODUCTION 

 

Ruminant feeding mostly depends on natural pastures or cut 

grass and crop residues in tropical zones around the world. 

The seasonal pattern is associated with variation in available 

feed and their nutritive value and decrease in availability of 

pasture during dry periods causing serious impacts on 

animal health and performance (Sarnklong et al., 2010; 

Asma and Mohamed, 2010; Tariq et al., 2013; Khaliq et al., 

2013). Decreased animal production is generally observed 

due to shortage of quality feed during dry season (Faizi et 

al., 2004; Rehman and Khan, 2012).  

This has stimulated renewed interest in nutritional studies of 

plant by-products, particularly cereal straws (such as straw 

of rice, wheat, oat, barley, and corn stalks) as feed which are 

commonly offered to the ruminants as a replacement of 

traditional feedstuffs (Tang et al., 2012; Santos et al., 2010; 

Nadeem and Sufyan, 2005). However, the main hindrances 

in utilization of these low quality crop residues as a feed are 

their low protein and indigestible fibers (Akinfemi et al., 

2010).  

More than half of the world's population is using rice as a 

staple food and about one-fifth of the world’s population is 

engaged in rice cultivation. The grains, husk and straw are 

the main products of rice cultivation and processing, the 

average ratio of rice grain, rice husk and rice straw is 

1:0.25:1.25 (Zhang et al., 2012; Haefele et al., 2011). The 

rice straw is available in abundance all over the world and 

farmers feed rice straws to their animals as the main 

roughage source (Zhang et al., 2012).  

However, factors like high cost, limited availability of 

protein supplements, poor fermentation, low rates of 

disappearance in the rumen, low rates of passage through the 

rumen, reduced feed intake are the major hindrance to rice 

straw use by farmers, especially in the developing world 

(Kim et al., 2005; Sarnklong et al., 2010). Various methods 

for example, mechanical milling, chemicals and steam 

explosion are being used to improve the nutritive value of 

agricultural by-products (Tang et al., 2012).  

Several studies in physical processing of straws, using steam 

explosion treatments demonstrated a marked disruption of 

lignocelluloses (Kim et al., 2005). Steam treatment effects 

have been dependent on the different conditions such as 

pressure and time (Liu and Orskov, 2000). It has been 

reported that the chemical composition and nutritive value of 

rice straw can be enhanced through different pressures of 

steam treatment in a high-pressure vessel, however dry 

matter loss increased with the prolonged time of treatment 

(Liu et al., 1999). Castro et al. (1994) reported that some 

anti-nutritional compounds were produced with high 
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temperature steam treatment and the productions of these 

factors were correlated with harsh treatment conditions. 

Treatment with improved pressure and time may be 

expected to further upgrade the nutritive values and 

digestibility of rice straw, which is considered as waste 

product in terms of feeding to livestock.  

The aim of this study was to evaluate the effects of steam 

explosion treatment at 15.5 kgf/cm
2
 for 90 and 120 sec, on 

nutritive value and digestibility of rice straw in order to use 

it as a feed ingredient for animals. The treatment was carried 

out with an advanced steam explosion machine, designed by 

College of Agricultural Engineering, Nanjing Agricultural 

University, Nanjing, P. R. China. 

 

MATERIALS AND METHODS 

 

Samples preparation and steam explosion treatments: Rice 

straw samples (from the same batch) were obtained from 

agricultural field of Nanjing Agricultural University, 

Nanjing, P. R. China. The samples were cut into 3-5 cm 

length, the untreated rice straw was used as control (group 

I), while groups II and group III were treated with steam at 

15.5 kgf/cm
2 

pressure for 90 and 120 seconds, respectively 

by using a steam explosion machine (Fig. 1) according to the 

method described by Bin et al. (2013). The samples were 

dried and kept in plastic bags under room temperature for 

further analysis. 

 

 
Figure 1. Illustration of steam treatment process. 

 

Chemical analysis of sample grasses: Samples were forced 

air dried in an oven at 65 
°
C for 48 h. The grinder was used 

in order to attain fine and uniform particle size of samples 

for chemical analysis. For determination of the dry matter 

(DM), 0.9 to 1 g sample was filled in a pre-weighed empty 

crucible, kept in oven at 105
°
C for 3 h and weighed 

afterwards (Rajput et al., 2013). Organic matter (OM) and 

ash contents of treated and untreated rice straw were 

determined according to AOAC (2000). The neutral 

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

contents of samples were determined by using an Ankom 

200 fiber analyzer (Ankom Technology Corporation, 

Macedon, New York) following the user’s instructions. 

Dacron bags (5×5 cm) were directly used in the fiber 

analyzer. Acid detergent lignin (ADL) contents were 

determined by using acid detergent lignin beakers method. 

Hemicellulose was calculated as the difference between 

NDF and ADF, while the cellulose was calculated as 

difference between ADF and ADL. The ether extract (EE) of 

samples extracted with methanol through soxhlet apparatus. 

Crude protein (CP) was determined by the Kjeldahl method 

with Kjeltec 2300 apparatus of Foss USA. 

In vitro fermentation: Three Xuhai (a local goat breed of 

Jiangsu, China) with an initial body weight 22.5±1.20 kg, 

fitted with rumen fistulae, were selected as the rumen fluid 

donors. The goats were fed twice a day at 09:00 am and 

05:00 pm with a diet consisting of rice straw and concentrate 

at 1:1. The goats were offered feed and water ad libitum.  

In vitro fermentation was carried out as described by Tang et 

al. (2006). Rumen fluid was collected in the morning before 

feeding from three goats, thoroughly mixed and strained 

through four layers of muslin cloth into a pre-warmed 

insulated thermos under a continuous flow of CO2. The 

experimental feed sample (2.5±0.1 g) was weighed and put 

into 160 ml in vitro fermentation bottles. The bottles were 

filled with 50 ml of medium consisting of 1:4 ratios of 

rumen fluid and artificial saliva (buffer mineral solution). 

The bottles were capped with rubber stoppers equipped with 

Bunsen valve for gas escape. All bottles were incubated at 

39
°
C up to 72 h. Five bottles from each sample were 

collected after 0, 2, 4, 8, 12, 24, 36, 48, and 72 h of 

incubation, unsealed, gas volume and pH were recorded 

immediately. The fluid collected by filtering through nylon 

bags into tubes and stored at -20
°
C for volatile fatty acid 

(VFA) analysis. The sample residues in the bags were 

flushed with tap water until it became color less, dried at 

65
°
C for 24 hours and stored for further analysis.  

Determination of volatile fatty acids (VFA) by gas 

chromatography: Acetate, propionate, butyrate, iso-

butyrate, valeric and iso-valerate concentrations were 

determined by using gas chromatography (Agilent 

Technologies 7890A, GC system) (Bjorkman and Forslund, 

1986), with some modifications. The used column was a 30 

m×0.25 mm i.d. fused silica capillary column (Catalog No: 

24107, Supelco) with a 0.25 μm film. Nitrogen, hydrogen 

and air were used as the carrier, fuel and combustion-

supporting gases, respectively. The column temperature was 

120
°
C while temperature of the injector and the flame 

ionization detector were 180
°
C and 210

°
C, respectively.  



 Steam treated rice straw as a ruminant feed 

 

 231 

Statistical analysis: The data was analyzed by one-way 

ANOVA (ANOVA, SAS 9.0, SAS Institute Inc., Cary, NC). 

Five replicates used for determination of chemical 

composition and for each parameters of in vitro 

degradability and results were presented as mean ± SEM. 

Significant differences among means were evaluated using 

Tukey’s comparison test at (P<0.05). 

 

RESULTS 

 

Chemical composition of treated and untreated rice straw: 

Results on chemical composition of treated and untreated 

rice straw are presented in Table 1. It was observed that the 

chemical composition was affected after steam explosion of 

rice straw. Steam treated straw (II and III) had significantly 

higher CP and ADL, while lower (P<0.05) hemicellulose 

contents as compared to untreated rice straw (I). The DM 

and ash contents were found significantly higher for group I 

and III than group II. While, the OM and ADF were found 

higher (P<0.05) in group II followed by III as compared to 

group I. The Ether extract (EE) were higher and NDF were 

lower (P<0.05) for group III as compared to the groups I and 

II, respectively. However, there was no significant 

difference for the cellulose among the groups. Overall, 

nutritive values were improved in steam exploded rice 

straws (II and III) as compared with untreated rice straw (I). 

Volatile fatty acid (VFA): The results regarding volatile 

fatty acid are presented in Table 2. The propionate was 

significantly higher by 25.44% and 26.23% in III than group 

I and II, respectively. The concentrations of total VFA, 

acetate and butyrate, were higher (P<0.05) by 30.18%, 

30.70% and 47.22% in III, and 11.43%, 11.86% and 44.86% 

in I, respectively, as compared with group II. While, iso-

butyrate were higher (P<0.05) by 56.84% in I and 24.74% in 

III compared with group II. Furthermore, there was a higher 

(P<0.05) concentration of iso-valerate was recorded in I 

followed by group II as compared with III. However, the 

concentrations of valeric acid and Acetate/Propionate ratio 

(A/P ratio) were not different between the treated (II and III) 

and untreated (I) rice straws. 

In vitro DMD, OMD, NDF, ADF: The in vitro dry matter 

degradability (IVDMD) was higher (P<0.05) by 32.71% and 

Table 1. Effect of steam explosion on chemical composition (g/kg DM) of untreated and steam treated rice straw.  

Item Treatment P value 

I II III 

DM 938.6±0.8
a
 911.2±1.1

b
 920.9±1.3

a
 0.0301 

OM 771.8±4.1
b
 817.1±2.5

a
 794.7±3.8

ab
 0.0221 

Ash 166.8±12.5
a
 94.1±9.1

b
 126.2±17.5

a
 0.0143 

CP 47.7±2.1
b
 54.3±1.0

a
 54.9±0.5

a
 0.0480 

EE 28.1±1.0
b
 29.5±0.9

b
 36.6±0.5

a
 0.0001 

NDF 760.6±33.6
a
 774.1±7.3

a
 602.4±38.7

b
 0.0007 

ADF 452.2±10.2
b
 508.5±9.1

a
 492.2±18.8

ab
 0.0234 

ADL 48.7±2.8
b
 59.2±2.3

a
 63.8±3.0

a
 0.0013 

Hemicellulose 308.4±13.9
a
 265.6±4.0

b
 110.2±10.7

c
 0.0001 

Cellulose 403.5±12.4 449.3±11.3 428.4±18.1 0.0643 

I = untreated rice straw; II = rice straw treated with steam explosion at 15.5 kgf/cm
2
 for 90 sec; III = rice straw treated 

with steam explosion at 15.5 kgf/cm
2
 for 120 sec; 

abc
 Mean values in the same row that do not share a common letter 

differ significantly (P<0.05); n = 5.  

 

Table 2. Effect of steam explosion treatment on in vitro volatile fatty acid (VFA) production of untreated and steam 

treated rice straw (mmol/l).  

Item Treatment P value 

I II III 

Acetate 97.66±3.9
ab

 87.31±11.6
b
 114.11± 10.6

a
 0.0334 

Butyrate 17.21±0.59
a
 11.88±1.05

b
 17.49±1.47

a
 0.0012 

Isobutyrate 2.98±0.39
a
 1.90±0.40

b
 2.37±0.08

ab
 0.0188 

Isovelaric 1.28±0.10
a
 0.75±0.07

b
 0.70±0.12

b
 0.0006 

Velaric acid 1.50±0.04 1.49±0.35 1.87±0.30 0.2207 

Propionate 51.10±0.79
b
 50.78±4.81

b
 64.10±3.34

a
 0.0047 

A/P ratio 1.91±0.05 1.73±0.25 1.78±0.14 0.4496 

TVFA 171.73±5.60
ab

 154.11±14.95
b
 200.62±14.35

a
 0.0103 

I = untreated rice straw; II = rice straw treated with steam explosion at 15.5 kgf/cm
2
 for 90 sec; III = rice straw treated 

with steam explosion at 15.5 kgf/cm
2
 for 120 sec; 

abc
 Mean values in the same row that do not share a common letter 

differ significantly (P<0.05); n = 5. 
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19.13% in the rice straw treated with 15.5 kgf/cm
2
 for 120 

sec (III) than rice straw treated with 15.5 kgf/cm
2
 for 90 sec 

(II) and untreated rice straw (I), respectively. Furthermore, 

in vitro organic matter degradability (IVOMD) was higher 

(P<0.05) by 28.79% and 18.91% in III than group II and I, 

respectively (Fig. 2). In vitro DNDF was higher by 24.33% 

and 16.11% in the rice straw treated with 15.5 kgf/cm
2
 for 

120 sec (III) than rice straw treated with 15.5 kgf/cm
2
 for 90 

sec (II) and untreated rice straw (I), respectively. While, 

DADF were significantly higher by 19.54% and 14.94% for 

groups I and III than group II, respectively (Fig. 2). 

 

 
Figure 2. In vitro, dry matter degradability (IVDMD%) 

and organic matter degradability (IVOMD%), 

(DNDF%), (DADF%) and Total gas 

production (TGP) of steam treated/untreated 

rice straw. I = untreated rice straw; II = rice 

straw treated with steam explosion at 15.5 

kgf/cm
2
 for 90 sec; III = rice straw treated with 

steam explosion at 15.5 kgf/cm
2
 for 120 sec; 

abc 

Mean values that do not share a common letter 

are significantly different (P<0.05); n = 5. 

 

In vitro gas production and pH: The pH was not differ 

among the treatments up to 8 h of incubation while 

afterward the lower pH (P<0.05) was observed in treated 

straws than that of untreated (Table 3). The in vitro gas 

production was also not differ during 8 h of incubation 

among the treatments however after 12 h incubation the gas 

production significantly increased in the rice straw treated 

with steam explosion of 15.5 kgf/cm
2
 for 120 sec (III) and 

15.5 kgf/cm
2
 for 90 sec (II) as compared to untreated (I) rice 

straw (Fig. 2).  

 

DISCUSSION 

 

The cell walls in forage crops usually have low digestibility 

due to the existence of structures like the lignin-

carbohydrate complex (Chesson, 1981; Goto et al,. 1991) 

and cellulose crystallinity (Goto and Yokoe, 1996). The aim 

of steam explosion (SE) is to free the carbohydrates from the 

lignin and inorganic by breaking the chemical and physical 

bonds between them (Viola et al., 2008).  

The nutritive value and in sacco digestibility of various 

wood materials had been improved by using the treatments 

of steam explosion method with steam conditions ranging 

between 20 kgf/cm
2
 and 40 kgf/cm

2
 (AFFRCS, 1990). 

While, the alteration in the structure of cell wall of poor 

quality cereal straw by using the steam explosion treatment 

were less studied (Jin et al., 1999) and there is a lack of 

information regarding digestibility after steam treatment. 

The extent of cell wall solubility of steam-exploded straw 

was found to positively respond with the pressure of steam 

conditions and hydrolyzed the hemicelluloses into easily 

degradable products, such as oligosaccharides, disaccharides 

and monosaccharide constituents (Kim et al., 2005; 

Togamura et al., 1983).  

A steam treatment disrupts lignocellulosics and allows 

improved utilization of cell wall polysaccharides by cell- 

free enzymes (Chaji et al., 2010). In addition, steam 

explosion process increased the susceptibility of cellulose to 

Table 3. Effect of steam explosion on pH of untreated and steam treated rice straw at different incubation time.  

Incubation Time (h) pH P value 

I II III 

0 6.66±0.07 6.55±0.02 6.60±0.03 0.1413 

2 6.50±0.02 6.46±0.06 6.53±0.05 0.0864 

4 6.42±0.01 6.45±0.01 6.46±0.02 0.3131 

8 6.37±0.03 6.33±0.03 6.31±0.02 0.8777 

12 6.36±0.02
a
 6.27±0.06

b
 6.03±0.03

c
 0.0001 

24 5.53±0.05
a
 5.35±0.02

b
 5.42±0.02

b
 0.0071 

36 5.30±0.01
a
 5.17±0.03

b
 5.20±0.01

b
 0.0001 

48 5.30±0.01
a
 5.14±0.04

b
 5.15±0.03

b
 0.0001 

72 5.28±0.01
a
 5.10±0.04

b
 5.12±0.01

b
 0.0004 

I = untreated rice straw; II = rice straw treated with steam explosion at 15.5 kgf/cm
2
 for 90 sec; III = rice straw treated 

with steam explosion at 15.5 kgf/cm
2
 for 120 sec; 

abc
 Mean values in the same row that do not share a common letter 

differ significantly (P<0.05); n = 5. 
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enzymatic hydrolysis and cellulose will be more accessible 

for rumen microbial enzymes (Chaji et al., 2010). The steam 

treatment decreased (P<0.05) the pH value of the rice straw 

indicating that the acidic substances were produced during 

steam treatment (Liu and Orskov, 2000).  

The dry matter disappearance (DMD) from straws depends 

upon the steam pressure, time and moisture contents of 

straw. Various studies indicated that when the pressure or 

time is increased the dry matter loss is increased (Castro, 

1994). However, the influence of pressure is little as 

compared to time and moisture (Liu et al., 1999). In present 

study, the DM disappearance was increased (P<0.05) as the 

time was increased. The presence of lignin-carbohydrates 

complexes may decrease the digestibility. The digestibility 

lowering effect of lignin caused by its chemical complex 

formed with cellulose (Han, 1975). Therefore, the lignin in 

the residue, partially dissociated from the plant cell walls by 

steam explosion.  

The treated straws had higher gas production and VFA 

concentration these results are in accordance with Kim et al. 

(2005) who also treated rice straw with mild steam explosion 

and observed the positive effects of steam treatment on 

nutritive values of rice straw. These results suggest that 

steam explosion treatment may be used to enhance the 

nutritive value and digestibility of the rice straw. However, 

the findings reported here are based on in vitro studies while, 

in vivo studies are needed regarding the improved nutritional 

value and digestibility in ruminants, which are in the way 

and will be reported as a separated study in near future.  
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