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Pretreated rice straw as an improved fodder for ruminants-An overview
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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 produced every year is plentiful, the amount a nami
can consume is not sufficient to sustain a readenab
level of production due to its low nutritive value.
Therefore, rice straw has not been maximally wdiz
Yor ruminant production yet. It may be fed as pafrt
the roughage component of the diet to cattle. Tdiaey

of rice straw to bovines is limited by low volungar
intake, slow rate of digestion and low content\cilable
energy, protein, minerals and vitamins (Van Soest,
2006). Extensive research has been carried ogef@ral

: 0 . decades on improving nutritive value of cerealvgtra
fodder for I|vesFock and even as a.b.undmg mgtena for livestock using physical, chemical and biolagic
However, the increase in prpducuvny and size of treatments and varying degree of success has been
paddy areas, among other things, has led to a hugF‘eported (Vadiveloo, 2003; Seliehal., 2004; Sarnklong,
e?cggs of rice stfrav:lwhere.éhe most cost—eﬁemtln)ag . et al., 2010). However, economic benefit and social
of disposing of the residue Iis seen as bUMING,:centance of these technologies is limited (Dessend
the biomass in the .paddy field (Kadatval., 2000)'_ .. 1997). Pre-treatment of straw is one of the possibl
Now-a-days, there is global concern on human &etvi  oyeratives for better utilization and improvese th
such as burning of wastes or refuse with the Viéw 0 yqeqibility of straw. Different treatment procees
reducing impact of burning on ozone layer depletion 5o 4yailable to upgrade the nutritive value ohwst
Su‘?h global concern, therefo_re, necessitated alne_m (Doyle et al., 1996). The nutritional value of rice straw
option or method for recycling of waste or residues .,," e upgraded by different methods. Physical,
into beneficial products. The possibility of redpd chemical (Sarwaet al., 2004a; 2004b) and biological
rice straw into value added products then comes int w0 1ments have been used t,o weaken and break down

view (Akinfemi and Ogunwole, 2012). It may be ; . . .
> ) gno-cellulose bonds in crop residues, thereby incrgasin
burned and left on the field before the next plaogh their feeding value for ruminants. In India, buigiof

ﬁ\l/%i?::f (ioavé';r?st Z?" izrgggo)ve;ﬁ[]ﬁﬁ ﬁieasfggsvfostraw is the major method for disposal that causes
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A large numbers of animals are suffering from siget
of feeds both in quality and quantity. The avaiabl
roughage and concentrate for feeding livestock cal
meet only 50 and 10% respectively of the requirdmen
Rice straw alone contributes 87% of the roughagd fe
of animals (Haquet al., 2007). Rice straw is the vegetative
part of the rice plantdryza sativa L.), cut at grain
harvest or after. Rice straw is a versatile by-pobaf
rice cultivation as it is used in many ways inchgli
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atmospheric pollution and nutrient loss. Rice stte8 METHODS FOR RICE STRAW TREATMENT
poor digestibility and low nutritive value. So rumants  TO |[MPROVE THE FEED VAL UE

have limited its use as feed. The possible altemat ) ) o

for better utilization of straw is to improve itgdstibility ~ Rice straw is a by-product of the rice grain indysit
through treatment with appropriate chemical ordgjishl 1S @ potential alternative feed for cattle due toning
agents or by physical means so that its lignoceski of rice straw. It .has I[mlteq nutritive v_alue (losvude
bond is broken or at least loosened to free majation protein, palatability digestibility and high oxada). It

of cellulose to be digested by the cattle (Rahnean, Should be used only as a replacement for part @f th
al., 2010). The aim of this paper provides an ovewvie forage inaration. To improve the use of cropdwss

of the utilization of rice straw as a feed for rmamts  fOf ruminants is to overcome the barriers to rumen

and highlights some techniques have been usedptoven microbial fermentation of lignocellulosics. In ristraw,

the utilization of rice straw as feed. the important factors that restrict bacterial diggsin
the rumen are its high level of lignification atiletiication,
CHARACTERISTICS OF RICE STRAW the slow and limited ruminal degradation of thésahaydrates

and the low content of nitrogen, minerals and vitesm
sraw’ Rice straw is one of the most abundant that affect its value as feed for ruminants (Varsp

lignocellulosic waste materials in the world. Iintains 2006). To improve the _feed_lng value of rice _strﬂw:
32-43% cellulose, 19-25% hemicellulose, 5-12% figni straw can be treated with different methods in ptde

18.8% ash (14-16%) and extractives (10_12%)improve its nutritive value, enhance feed intakel an

(Yoswathana and Phuriphipat, 2010). The composition digestibi_lity. Methodg of treati_ng straw may bessia’_ied
of rice straw are shown in Table 1. India is theos®l broadly into mechanical, physical, chemical andogical

largest producer of rice in the world after Chinala categories. Several studies have reported the qalysi

has 30,000 varieties of paddy crops (Geh.al chemical characterization and utilization of riceaw
2010). The structural complexity of rice straw due 3sd_rur:1|nant205e3ed é’?hbou'El'fh %n'rﬁ: al., |1999|;

to the presence of lignin is a major constraint for . a 'Vt? O(t)'d ) I)'d_ er rlne Otst' aV(_ethaso een
enzymatic and microbial attacks (Balasubramanian,'nVes Igated, Including supplementation with o

C . 'stuffs or components in order to improve the afiin of
2013). The lignin component acts as a physical bar ice straw by ruminants (Vet al., 1999: Selimet al.,

rier and must be removed to make the carbohydrate 004). Diff i fri ¢ toid
available for further hydrolysis process. Ligniropr ). Differen uses ofrice straw as compostplap
and paper, construction materials, soil incorporati

vides structural support to the plant, impermeapili ) . o
and resistance to degradation. To break down thesg'el.etc by using dlffer.ent me.thods (Table 2). m"‘?a.“"”
of rice straw by ruminants is possibly the mosicift

components cellulase, hemicellulase and Iigninasemeans of conversion of this residue o overcombl
enzymes are required (Schiere and Ibrahim, 1989) VErsl : iau v s

These enzymes are not produced by the animal'fpoum.ion through slow breakdown or pur_ning. .
themselves but the reticulo rumen of ruminants echanical treatment: Chopping and grinding of rice

maintains microorganisms that do produce cellulase>@W May reduce the time of passage in the rumen a

and hemicellulase. However, lignin cannot be bro-g]prpc\;? Ieeea(i for tr.ur_?;]nants_(lljoymgl.,thS_)G)l. thod
ken down in the rumen due to the lack of ligninase. S reatment. The mainly used physical metnods

Even if lignin could be degraded in the rumen it are glrindinlg gnd.pressur.e coo_king process .(Fig. 1.
would not provide much energy to the animals. Lig- very fme grinding in _baII m|IIs._W_|th aII-roughag@gts,
nin, however, has important effects on livestock grinding causes an increase in intake and weigint ga

; ; - . These effects are greater for roughages with lower
F;Egté{:/t;%?\/;}éoef;%cgg;g degradability and feed in digestibility and nitrogen can be a limiting factr

improvement by grinding of very poor roughages like

The chemical composition of rice straw varies be- - . e
tween varieties and growing seasons, with higherStraW' Grinding usually decreases digestibilityt bt

nitrogen and cellulose contents in early-seasoe ric the same time increases the net energy value .Of the
compared to others (Shehal., 1998). The level of straw somewhat because the nuirients that areteiges
phosphorus in rice straw is less than the level ofde utilized more efficiently by the animal (Selral.,

about 0.3 percent that animals need for growth an02004)' Crop residues can be ground, soaked, pbiete
normal fertility. A level of about 0.4 percent odle chopped to reduce particle size or can be treaftul w

cium in the diet is usually considered adequate foroteam or X-rays or pressure cooked. Many of these

livestock, and many samples of rice straw have thidreatments are not for practical use on small-scale

amount. Rice straw contains high levels of oxalatesfarms' as they require machines or industrial [sing.

(1-2 % dry matter (DM). Rice straw also differs ;rhisf makes the‘?ﬁ trﬁatm?tnts econbomlicallysunhprdzéitabd
from other straws in having a high (1—2 percent) 0" farmers as the benefits may be low (Schiere an

content of oxalates. These are broken down in thelbrahim’ 1989). However, small machines to grind or

rumen to carbonates and bicarbonates, absorbe thp F'Cel ?travtv ma%/. bghfea§|blle. dioi th
and then excreted in the urine. emical treatment: emicals used to improve the

Chemical composition and nutritive quality of rice
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rice straw utilization are alkaline, acidic or oaitve which degrades lignin. The use of fungi and enzymes
agents (Fig. 1). Among these, alkaline agents havehat metabolize lignocelluloses is a potential dgital
been most widely accepted for application on farms.treatment to improve the nutritional value of stray
These alkaline agents can be absorbed into thevaktll  selective delignification. With recent developmeints
and chemically broke down the ester bonds betweelfermentation technology and alternative enzyme umtimh
lignin, hemicellulose and cellulose, and physically system, the cost of these materials is expecteédline
make the structural fibers swollen (Chenost andokithy  in future (Liu and Orskov, 2000). Hence, new conaiaér
1997). These effects enable the rumen microorganismproducts could play important role in future rumiha
to attack more easily the structural carbohydratesproduction systems (Beauchemin et al., 2004).dlodical
enhancing degradability and palatability of theeric pretreatment processes, micro-organisms such ambro
straw (Selimet al., 2004). The most commonly used white and soft rot fungi are used to degrade ligimd
alkaline agents are sodium hydroxide (NaOH), amenoni hemi-cellulose in waste materials (Fig. 1). Advaes
(NHs3) urea, chlorine and lime. Chemical treatmentsof biological pretreatment include cost effectivesie
appear to be the more practical for use on-farssioa  low energy requirement and mild environmental dadi.
expensive machinery is required. These are relgtive Most of the white-rot fungi degrade lignin and clelse
cheap and the simple procedures are used. Howevesjmultaneously. White-rot fungi, belonging to the
the chemicals are not harmless and safety preceutio wood-decaying basidiomycetes, as lignocellulolytic
are needed for their use. As rice straw is pderlyented,  microorganisms are able to decompose and metabolize
it has low rates of disappearance in the rumenl@nd all plant cell constituents (cellulose, hemicelkdaand
rates of passage through the rumen, reducing féekkei.  lignin) by their enzymes (Eriksson et al., 1990y
Various chemical treatments were conducted todser¢he  species of white-rot fungi which are effective lign
utilization of rice straw as feed for ruminant aaisn  degraders have been used to assess their abiliyptove
(Shenet al., 1999; Selinet al., 2004). the nutritive value of fodder for ruminant nutritio
Various sources of protein, minerals and energuisho (Howardet al., 2003).

be added to improve the nutritive value of feedg. B The commercially available exogenous fiber-degradin
treating rice straw with urea or calcium hydroxigie  enzyme products consist of cellulases and xylanases
by supplementing rice straw with protein, intalegredability  as produced for non-feed applications. Commercial
and milk yield can be enhanced, compared to feedingegnzymes used in the livestock feed industry afergjal
untreated rice straw alone (Fadel Elseed, 2005;a¢&n (Trichoderma longibrachiatum, Aspergillus niger, A.

et al., 2009). Sarnklongt al. (2010) studied the effect oryzae) and bacterial origin. Enzyme treatment alone
of chemical treatment on the ruminal fermentationor in combination with other treatments can inceeas
products in cattle. Unconventional alkali treatment the degradability of cereal straw by the rumenauiganisms
made from filtrate of a 10% rice hulls ash solution (Wanget al., 2004; Rodriguest al., 2008). Application
enriched with urea and minerals increased voléity of enzymes has proven to increase the feed value of
acid (VFA) production, ammonia nitrogen (BN) and poor quality feedstuffs; its use by smallholdemiars
rumen microbial protein synthesis (MPS). The maximu is, for the time being, economically unattractiidie
values of NH-N production and rumen microbial protein nutritive value of rice straw treated with threéfetient
synthesis were reached at 4 hours after incubationgdible mushrooms?leurotus ostreatus (POR), Pleurotus
while VFA reached at 6 hours. Another experimentpulmonarius (PPR) andPleurotus tuber-regium (PTR)
was conducted to study the increase in nutritileesa were studied through analysis of their proximatepmsition,

of rice straw through supplementation with various mineral composition, crude fiber fractions andvitro
protein sources like residues of vegetative oitlpotion  digestibility. It was observed that treatment oferi
such as coconut, peanut and soybean which showestraw with different edible mushrooms improved the
higher responses compared to-sayice and tofu making potential feeding value. Therefore, the productuofal
residue. The protein effluent production was highes treatment has a good potential as feed resourges fo
(2.19 g/d) at a VFA/NRN ration of 37.74 (r = 0.912). ruminants (Akinfemi and Ogunwole, 2012).

It has been recommended that protein sources fronfeeding rice straw supplemented with other components:
agroindustrial wastes can be used to increase theivetri 1h€ Supplementation of effective components which
value and utilization of rice straw as ruminantdfee &€ locally available should be a strategy for esett
(Suwandyastuti and Bata, 2010). uuhzanpn of rice straw. Rlce straw is low in migen
Biological treatment: The biological methods of rice and_dn‘ﬁcult to dggrade, itis obvious that suppémtation _
straw treatment have great potential in comparison ©f rice straw with a protein source and a morelgasi
the use of expensive chemicals. Pollution would als accessible energy source will improve the perforrean
be reduced. It may promise a new horizon for re$ear @nd production of the animals. Supplementatioriagf r

in a developing country. The organism grown on theStraw with protein, energy and/or minerals mayrofzi
straw must obtain its energy from the straw itseié rumen functl_on, alsp maximizing utilization of thee _
degrade cellulose and hemicelluloses. Successlogial ~ Siraw and increasing intake. Chenost and Kayouli
treatment must be based upon the use of organisrhl997) studied that, it is necessary to providertimen
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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: Kargbagt al., 2009; Sarnklong al., 2010; Akinfemi,
A. and Ogunwole, 2012

microbes with the nutritive elements which theydee
for self-multiplication and for degradation of tkell
walls of straw, and to ensure all conditions fointesance
of good cellulolysis. Different supplements canused
such as urea, molasses, green leaves, multi-riutfiecks,
crop residues and locally available by-productse Th
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2002). Rice straw is a good source of energy, but i
poor in protein (2-7%) and its high silica conteygults in

a low digestibility. It is considered as a low gtyaaind
variable roughage (Doylet al., 1996), high NDF
(neutral detergent fiber) content resulting in pooy
matter intake and low fat that effect on milk gieind
low content in P, Cu, Zn Ca and NaCl that do noéime
animal requirements (Kanjanapruthipoegal., 2006).
The way the straw is fed to animals (diet compositi
and level of feeding). When straws are fed to ramis,

the primary limitations to production are low ovéra
digestibility, slow rate of passage in the rumenw |
propionate fermentation pattern in the rumen, avd |
contents of fermentable N and by-pass protein. The
environmental conditions such as light, temperature
soil moisture, fertilizers on chemical compositicare
effect on digestibility of straw. The harvested i

of cutting), morphological fractions (leaves, stegns)
threshing and storage methods are also effect en th
digestibility of straw (Heuze and Tran, 2013).

BENEFIT OF TREATED RICE STRAW

Straw has the nutritional characteristics of being in
energy, low in crude protein, and poor in palatgbil
due to poor-quality roughage that sway requirep@ro
pretreatment or supplementation with other nutsent
before it can be used as useful feed for rumindfts.
straw is used as the primary feed for animals, asch
for the maintenance of animals, it must be suppitede

rice straw supplemented with soybean meal increaseg;i, protein, phosphorus, calcium, and some trace

both degradability and intake. Untreated rice straw
supplementation can easily increase milk productionvariety

minerals. The feed value of straw varies with tyyet
and botanical parts of straw. The stranststs

when supplemented with cottonseed meal and withy ho\vsaccharides, such as cellulose and heniiostis.

urea, molasses- multi-nutrient block (\étal., 1999;
Akter et al., 2004). Suitable treatment techniques in
combination with nutrient supplementation couldilieis
improved utilization of rice straw and better faagli
value.

FACTORS AFFECTING THE DIGESTIBILITY
OF STRAW

The quality and digestibility of straw is dependonp
different factors as follows: Intrinsic factors suas
variety, time between harvest and storage, N iftibn,
plant maturity (lignin content increases with ma)r
plant health and weather conditions (Dra#teal.,

Table 2. Usage of straw.

Even though straw contains enough cellulose to ritake
an excellent source of dietary energy for ruminaintis
a poor-quality feed in its natural state becauséwaf
digestibility and protein content, poor palataipiliand
bulkiness. Various pretreatment processes, inaudin
physical, chemical and biological are used to mseethe
acceptability of straw to animals, thus increasitagly
feed intake, and to enhance the rate of digestiohira
creasing the availability of nutrients. The nuigtivalue
of straws can be improved in several ways. Treatmen
with chemicals, such as alkali, acid that alteesdharac-
teristics of straws and renders the cell-wall dorestts
more susceptible to microbial attack and thus asme

M ethods Products

Direct uses
Mechanical conversion
Chemical conversion

xylitol, plastics, esters, etc.
Physical conversion

Biological conversion
enzyme,etc.

Mulch, fertilizer, soil conditioner elufeed, packaging materials, bedding for animals
Densified straw, pulp andepaparticle board, etc.

Alcohol, sugar, furfural, cklke derivatives, lignin, resins, phenolic compand

cellulose derivatives, sugamzymes, etc.
Single cell protein, alcohdugar, compost, silage, methane, fermented feed,

Source: Doylegt al., 1996; Shaver and Hoffman, 2010; Nader, 2000
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[ erer |
Treatment/methods

%iml

Boiling, Soaking,

) ]

Calcium hydroxide, White rot fungi
Sodium hydroxide,

Steam under pressure, Mushroom,
Irradiation, Milling, Ammlum h.ydrox;de_ Enzymes,
Grinding , Pelleting Sodium chioride, Soft rot fungi

Anhydrous ammonia,
Sulphur dioxide,
Chlorine gas

Fig.1. Different methods of rice straw for improving the efficiency for feed value Source: Sarnklonggt al., 2010; Ibrahim, 1983

straw intake and digestibility. Supplementationhwitn-  which improve its nutritional value. The use of girand
iting nutrients can also improve straw utilizatidffects ~ enzyme treatments is expected to be a practis#etiective and
of treating rice straw with urea and calcium hydlex enwronmenf[al-fn_en_dly ap_proach for enhancing tlwritive
upon intake, digestibility, rumen fermentation andk ~ value and digestibility of rice straw.
yield of dairy cows increased. These alkaline egyeah
chemically break the ester bonds between lignimjde- ACKNOWLEDGEMENT
luloses and cellulose, and physically make strattiir  \we thank the Indian Council of Agricultural Research
bers swollen; hence higher rate of digestibilityafviipat  (ICAR) for financial support under All India Coordieat
et al., 2009).Untreated straw may support only the feedResearch Project (AICRP). We also thank the Heegiafiment of
requirements of the ruminants. Treated straw wiiple-  Microbiology, COBS&H, CCS HAU, Hisar for encouragem
ments can support to increase in digestibility amake ~ and technical support
efficiency (Chenost and Kayouli, 1997). Biologigall
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