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Abstract Rice straw, a by-product of the rice production is mainly used as a source of feed for ruminant livestock is 
the major forage in rice-producing areas in India. The disposal of the rice straw is a serious problem in areas where 
it is the major agricultural product. It is rich in polysaccharides and has a high lignin and silica content, limiting voluntary 
intake and reducing degradability by rumen microbes. By rice straw treatment, its quality and digestibility can be 
improved and enhanced the protein content. Several methods have been used to improve the utilization of rice straw 
by ruminants or supplemented by other ingredients to increase digestibility and nutrient value before it can be considered 
a suitable animal feed. In recent years, biological treatments have been investigated for improvement in nutritional 
value of rice straw. The use of ligninolytic fungi and their extracellular ligninolytic enzymes for treatment of rice straw 
results in degrading cellulose and hemicelluloses contents which improve its nutritional value. The use of fungi and 
enzyme treatments is expected to be a practical, cost-effective and environmental-friendly approach for enhancing 
the nutritive value and digestibility of rice straw. Therefore, the treated rice straw has a good potential as feed for 
ruminants.  
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INTRODUCTION 

A large numbers of animals are suffering from shortage 
of feeds both in quality and quantity. The available 
roughage and concentrate for feeding livestock can 
meet only 50 and 10% respectively of the requirement. 
Rice straw alone contributes 87% of the roughage feed 
of animals (Haque et al., 2007). Rice straw is the vegetative 
part of the rice plant (Oryza sativa L.), cut at grain 
harvest or after. Rice straw is a versatile by-product of 
rice cultivation as it is used in many ways including 
fodder for livestock and even as a building material. 
However, the increase in productivity and size of 
paddy areas, among other things, has led to a huge 
excess of rice straw where the most cost-effective way 
of disposing of the residue is seen as burning 
the biomass in the paddy field (Kadam et al., 2000). 
Now-a-days, there is global concern on human activities 
such as burning of wastes or refuse with the view of 
reducing impact of burning on ozone layer depletion. 
Such global concern, therefore, necessitated alternative 
option or method for recycling of waste or residues 
into beneficial products. The possibility of recycling 
rice straw into value added products then comes into 
view (Akinfemi and Ogunwole, 2012). It may be 
burned and left on the field before the next ploughing, 
ploughed down as soil improver or used as a feed for 
livestock (Kadam et al., 2000).  Although rice straw 
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produced every year is plentiful, the amount a ruminant 
can consume is not sufficient to sustain a reasonable 
level of production due to its low nutritive value. 
Therefore, rice straw has not been maximally utilized 
for ruminant production yet. It may be fed as part of 
the roughage component of the diet to cattle. The value 
of rice straw to bovines is limited by low voluntary 
intake, slow rate of digestion and low content of available 
energy, protein, minerals and vitamins (Van Soest, 
2006). Extensive research has been carried out for several 
decades on improving nutritive value of cereal straws 
for livestock using physical, chemical and biological 
treatments and varying degree of success has been 
reported (Vadiveloo, 2003; Selim et al., 2004; Sarnklong, 
et al., 2010). However, economic benefit and social 
acceptance of these technologies is limited (Devendra, 
1997). Pre-treatment of straw is one of the possible 
alternatives for better utilization and improves the  
digestibility of straw. Different treatment procedures 
are available to upgrade the nutritive value of straws 
(Doyle et al., 1996). The nutritional value of rice straw 
can be upgraded by different methods. Physical, 
chemical (Sarwar et al., 2004a; 2004b) and biological 
treatments have been used to weaken and break down 
ligno‐cellulose bonds in crop residues, thereby increasing 
their feeding value for ruminants. In India, burning of 
straw is the major method for disposal that causes  
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atmospheric pollution and nutrient loss. Rice straw has   
poor digestibility and low nutritive value. So ruminants 
have limited its use as feed. The possible alternative 
for better utilization of straw is to improve its digestibility 
through treatment with appropriate chemical or biological 
agents or by physical means so that its lignocellulose 
bond is broken or at least loosened to free major portion 
of cellulose to be digested by the cattle (Rahman, et 
al., 2010). The aim of this paper provides an overview 
of the utilization of rice straw as a feed for ruminants 
and highlights some techniques have been used to improve 
the utilization of rice straw as feed.  

CHARACTERISTICS OF RICE STRAW 

Chemical composition and nutritive quality of rice 
straw: Rice straw is one of the most abundant  
lignocellulosic waste materials in the world. It contains 
32-43% cellulose, 19-25% hemicellulose, 5-12% lignin, 
18.8% ash (14-16%) and extractives (10-12%)  
(Yoswathana and Phuriphipat, 2010). The compositions 
of rice straw are shown in Table 1. India is the second 
largest producer of rice in the world after China and 
has 30,000 varieties of paddy crops (Goh, et al., 
2010). The structural complexity of rice straw due 
to the presence of lignin is a major constraint for 
enzymatic and microbial attacks (Balasubramanian, 
2013). The lignin component acts as a physical bar-
rier and must be removed to make the carbohydrates 
available for further hydrolysis process. Lignin pro-
vides structural support to the plant, impermeability 
and resistance to degradation. To break down these 
components cellulase, hemicellulase and ligninase 
enzymes are required (Schiere and Ibrahim, 1989). 
These enzymes are not produced by the animals 
themselves but the reticulo rumen of ruminants 
maintains microorganisms that do produce cellulase 
and hemicellulase. However, lignin cannot be bro-
ken down in the rumen due to the lack of ligninase. 
Even if lignin could be degraded in the rumen it 
would not provide much energy to the animals. Lig-
nin, however, has important effects on livestock 
production by effecting degradability and feed in-
take (Vadiveloo, 2000).  
The chemical composition of rice straw varies be-
tween varieties and growing seasons, with higher 
nitrogen and cellulose contents in early-season rice 
compared to others (Shen et al., 1998). The level of 
phosphorus in rice straw is less than the level of 
about 0.3 percent that animals need for growth and 
normal fertility. A level of about 0.4 percent of cal-
cium in the diet is usually considered adequate for 
livestock, and many samples of rice straw have this 
amount. Rice straw contains high levels of oxalates 
(1-2 % dry matter (DM). Rice straw also differs 
from other straws in having a high (1–2 percent) 
content of oxalates. These are broken down in the 
rumen to carbonates and bicarbonates, absorbed, 
and then excreted in the urine.  

METHODS FOR RICE STRAW TREATMENT 
TO IMPROVE THE FEED VALUE 

Rice straw is a by-product of the rice grain industry. It 
is a potential alternative feed for cattle due to burning 
of rice straw. It has limited nutritive value (low crude 
protein, palatability digestibility and high oxalates). It 
should be used only as a replacement for part of the 
forage in a ration.  To improve the use of crop residues 
for ruminants is to overcome the barriers to rumen 
microbial fermentation of lignocellulosics. In rice straw, 
the important factors that restrict bacterial digestion in 
the rumen are its high level of lignification and silicification, 
the slow and limited ruminal degradation of the carbohydrates 
and the low content of nitrogen, minerals and vitamins 
that affect its value as feed for ruminants (Van Soest, 
2006). To improve the feeding value of rice straw, the 
straw can be treated with different methods in order to 
improve its nutritive value, enhance feed intake and 
digestibility. Methods of treating straw may be classified 
broadly into mechanical, physical, chemical and biological 
categories. Several studies have reported the physical, 
chemical characterization and utilization of rice straw 
as ruminant feed (Abou-El-c Enin et al., 1999; 
Vadiveloo, 2003). Other methods have also been  
investigated, including supplementation with other feed 
stuffs or components in order to improve the utilization of 
rice straw by ruminants (Vu et al., 1999; Selim et al., 
2004). Different uses of rice straw as compost, for pulp 
and paper, construction materials, soil incorporation, 
fuel etc by using different methods (Table 2). The utilization 
of rice straw by ruminants is possibly the most efficient 
means of conversion of this residue to overcome problems 
of pollution through slow breakdown or burning. 
Mechanical treatment: Chopping and grinding of rice 
straw may reduce the time of passage in the rumen and 
improve feed for ruminants (Doyle et al., 1996). 
Physical treatment: The mainly used physical methods 
are grinding and pressure cooking process (Fig. 1), 
very fine grinding in ball mills. With all-roughage diets, 
grinding causes an increase in intake and weight gain. 
These effects are greater for roughages with lower 
digestibility and nitrogen can be a limiting factor for 
improvement by grinding of very poor roughages like 
straw. Grinding usually decreases digestibility, but at 
the same time increases the net energy value of the 
straw somewhat because the nutrients that are digested 
are utilized more efficiently by the animal (Selim et al., 
2004). Crop residues can be ground, soaked, pelleted or 
chopped to reduce particle size or can be treated with 
steam or X-rays or pressure cooked. Many of these 
treatments are not for practical use on small-scale 
farms, as they require machines or industrial processing. 
This makes these treatments economically unprofitable 
for farmers as the benefits may be low (Schiere and 
Ibrahim, 1989). However, small machines to grind or 
chop rice straw may be feasible. 
Chemical treatment: Chemicals used to improve the 
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rice straw utilization are alkaline, acidic or oxidative 
agents (Fig. 1). Among these, alkaline agents have 
been most widely accepted for application on farms. 
These alkaline agents can be absorbed into the cell wall 
and chemically broke down the ester bonds between  
lignin, hemicellulose and cellulose, and physically 
make the structural fibers swollen (Chenost and Kayouli, 
1997). These effects enable the rumen microorganisms 
to attack more easily the structural carbohydrates,  
enhancing degradability and palatability of the rice 
straw (Selim et al., 2004). The most commonly used 
alkaline agents are sodium hydroxide (NaOH), ammonia 
(NH3) urea, chlorine and lime. Chemical treatments 
appear to be the more practical for use on-farms, as no 
expensive machinery is required. These are relatively 
cheap and the simple procedures are used. However, 
the chemicals are not harmless and safety precautions 
are needed for their use.  As rice straw is poorly fermented, 
it has low rates of disappearance in the rumen and low 
rates of passage through the rumen, reducing feed intake. 
Various chemical treatments were conducted to increase the 
utilization of rice straw as feed for ruminant animals 
(Shen et al., 1999; Selim et al., 2004). 
Various sources of protein, minerals and energy should 
be added to improve the nutritive value of feeds. By 
treating rice straw with urea or calcium hydroxide or 
by supplementing rice straw with protein, intake, degradability 
and milk yield can be enhanced, compared to feeding 
untreated rice straw alone (Fadel Elseed, 2005; Wanapat 
et al., 2009). Sarnklong et al. (2010) studied the effect 
of chemical treatment on the ruminal fermentation 
products in cattle. Unconventional alkali treatment 
made from filtrate of a 10% rice hulls ash solution 
enriched with urea and minerals increased volatile fatty 
acid (VFA) production, ammonia nitrogen (NH3‐N) and 
rumen microbial protein synthesis (MPS). The maximum 
values of NH3‐N production and rumen microbial protein 
synthesis were reached at 4 hours after incubation, 
while VFA reached at 6 hours. Another experiment 
was conducted to study the increase in nutritive value 
of rice straw through supplementation with various 
protein sources like residues of vegetative oil production 
such as coconut, peanut and soybean which showed 
higher responses compared to soy‐sauce and tofu making 
residue. The protein effluent production was highest 
(2.19 g/d) at a VFA/NH3‐N ration of 37.74 (r = 0.912). 
It has been recommended that protein sources from 
agro‐industrial wastes can be used to increase the nutritive 
value and utilization of rice straw as ruminant feed 
(Suwandyastuti and Bata, 2010). 
Biological treatment:  The biological methods of rice 
straw treatment have great potential in comparison to 
the use of expensive chemicals. Pollution would also 
be reduced. It may promise a new horizon for research 
in a developing country. The organism grown on the 
straw must obtain its energy from the straw itself and 
degrade cellulose and hemicelluloses. Successful biological 
treatment must be based upon the use of organism 

which degrades lignin. The use of fungi and enzymes 
that metabolize lignocelluloses is a potential biological 
treatment to improve the nutritional value of straw by 
selective delignification. With recent developments in 
fermentation technology and alternative enzyme production 
system, the cost of these materials is expected to decline 
in future (Liu and Orskov, 2000). Hence, new commercial 
products could play important role in future ruminant 
production systems (Beauchemin et al., 2004). In biological 
pretreatment processes, micro-organisms such as brown, 
white and soft rot fungi are used to degrade lignin and 
hemi-cellulose in waste materials (Fig. 1). Advantages 
of biological pretreatment include cost effectiveness, 
low energy requirement and mild environmental conditions. 
Most of the white-rot fungi degrade lignin and cellulose 
simultaneously. White-rot fungi, belonging to the 
wood-decaying basidiomycetes, as lignocellulolytic 
microorganisms are able to decompose and metabolize 
all plant cell constituents (cellulose, hemicellulose and 
lignin) by their enzymes (Eriksson et al., 1990). Many 
species of white-rot fungi which are effective lignin 
degraders have been used to assess their ability to improve 
the nutritive value of fodder for ruminant nutrition 
(Howard et al., 2003).   
The commercially available exogenous fiber-degrading 
enzyme products consist of cellulases and xylanases, 
as produced for non-feed applications. Commercial 
enzymes used in the livestock feed industry are of fungal 
(Trichoderma longibrachiatum, Aspergillus niger, A. 
oryzae) and bacterial origin. Enzyme treatment alone 
or in combination with other treatments can increase 
the degradability of cereal straw by the rumen microorganisms 
(Wang et al., 2004; Rodrigues et al., 2008). Application 
of enzymes has proven to increase the feed value of 
poor quality feedstuffs; its use by smallholder farmers 
is, for the time being, economically unattractive. The 
nutritive value of rice straw treated with three different 
edible mushrooms: Pleurotus ostreatus (POR), Pleurotus 
pulmonarius (PPR) and Pleurotus tuber-regium (PTR) 
were studied through analysis of their proximate composition, 
mineral composition, crude fiber fractions and in vitro 
digestibility. It was observed that treatment of rice 
straw with different edible mushrooms improved the 
potential feeding value. Therefore, the product of fungal 
treatment has a good potential as feed resources for 
ruminants (Akinfemi and Ogunwole, 2012).  
Feeding rice straw supplemented with other components: 
The supplementation of effective components which 
are locally available should be a strategy for better 
utilization of rice straw. Rice straw is low in nitrogen 
and difficult to degrade, it is obvious that supplementation 
of rice straw with a protein source and a more easily 
accessible energy source will improve the performance 
and production of the animals. Supplementation of rice 
straw with protein, energy and/or minerals may optimize 
rumen function, also maximizing utilization of the rice 
straw and increasing intake. Chenost and Kayouli 
(1997) studied that, it is necessary to provide the rumen 
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microbes with the nutritive elements which they need 
for self-multiplication and for degradation of the cell 
walls of straw, and to ensure all conditions for maintenance 
of good cellulolysis. Different supplements can be used 
such as urea, molasses, green leaves, multi-nutrient blocks, 
crop residues and locally available by-products. The 
rice straw supplemented with soybean meal increased 
both degradability and intake. Untreated rice straw, 
supplementation can easily increase milk production 
when supplemented with cottonseed meal and with 
urea, molasses- multi-nutrient block (Vu et al., 1999; 
Akter et al., 2004). Suitable treatment techniques in 
combination with nutrient supplementation could result in 
improved utilization of rice straw and better feeding 
value.  

FACTORS AFFECTING THE DIGESTIBILITY 
OF STRAW 

The quality and digestibility of straw is depend upon 
different factors as follows: Intrinsic factors such as 
variety, time between harvest and storage, N fertilization, 
plant maturity (lignin content increases with maturity), 
plant health and weather conditions (Drake et al., 

2002). Rice straw is a good source of energy, but is 
poor in protein (2-7%) and its high silica content results in 
a low digestibility. It is considered as a low quality and 
variable roughage (Doyle et al., 1996), high NDF
(neutral detergent fiber) content resulting in poor dry 
matter intake and low fat that effect on  milk yield and 
low content in P, Cu, Zn Ca and NaCl that do not meet 
animal requirements (Kanjanapruthipong, et al., 2006). 
The way the straw is fed to animals (diet composition 
and level of feeding). When straws are fed to ruminants, 
the primary limitations to production are low overall 
digestibility, slow rate of passage in the rumen, low 
propionate fermentation pattern in the rumen, and low 
contents of fermentable N and by-pass protein. The 
environmental conditions such as light, temperature, 
soil moisture, fertilizers on chemical compositions are 
effect on digestibility of straw. The harvested (height 
of cutting), morphological fractions (leaves, stems etc) 
threshing and storage methods are also effect on the 
digestibility of straw (Heuze and Tran, 2013). 

BENEFIT OF TREATED RICE STRAW 

Straw has the nutritional characteristics of being rich in 
energy, low in crude protein, and poor in palatability 
due to poor-quality roughage that sway requires proper 
pretreatment or supplementation with other nutrients 
before it can be used as useful feed for ruminants. If 
straw is used as the primary feed for animals, such as 
for the maintenance of animals, it must be supplemented 
with protein, phosphorus, calcium, and some trace 
minerals. The feed value of straw varies with the type, 
variety, and botanical parts of straw. The straw consists 
of polysaccharides, such as cellulose and hemicelluloses. 
Even though straw contains enough cellulose to make it 
an excellent source of dietary energy for ruminants, it is 
a poor-quality feed in its natural state because of low 
digestibility and protein content, poor palatability, and 
bulkiness. Various pretreatment processes, including 
physical, chemical and biological are used to increase the 
acceptability of straw to animals, thus increasing daily 
feed intake, and to enhance the rate of digestion and in-
creasing the availability of nutrients. The nutritive value 
of straws can be improved in several ways. Treatment 
with chemicals, such as alkali, acid that alters the charac-
teristics of straws and renders the cell-wall constituents 
more susceptible to microbial attack and thus increases 
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Table 1. Composition of rice straw. 
Components Percent  dry  

weight 
Cellulose 43 
Hemicellulose 25 
Lignin 12 
Digestible energy, mcal/kg 1.9 
Ash 16 
Dry matter 90 % 
Total digestible  nutrients (TDN) 44.0 
Crude protein 4.5 
Calcium 0.4 
Phosphorous 0.08 
Total nitrogen 0.67 
Potassium 1.2 
Sulphur 0.04 
Fat 1.0 
Magnesium 0.11 
Silica 15.8 
Crude fiber 29.8 

Source: Kargbo, et al., 2009;  Sarnklong, et al., 2010; Akinfemi, 
A. and Ogunwole, 2012  

Methods Products 
Direct uses Mulch, fertilizer, soil conditioner, fuel, feed, packaging materials, bedding for animals 
Mechanical conversion Densified straw, pulp and paper, particle board, etc. 

Chemical conversion Alcohol, sugar, furfural, cellulose derivatives, lignin, resins, phenolic compounds,  
xylitol, plastics, esters, etc. 

Physical conversion cellulose derivatives, sugars, enzymes, etc. 
Biological conversion Single cell protein, alcohol, sugar, compost, silage, methane, fermented feed,  

enzyme,etc. 

Source: Doyle, et al., 1996; Shaver and Hoffman, 2010; Nader, 2000 

Table 2. Usage of straw.  
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which improve its nutritional value. The use of fungi and 
enzyme treatments is expected to be a practical, cost-effective and 
environmental-friendly approach for enhancing the nutritive 
value and digestibility of rice straw. 
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