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ABSTRACT

Biomass materials are used since millennia for meeting myriad human needs
including energy. Main sources of biomass energy are trees, crops and
animal waste. Bioethanol produced from renewable biomass has received
considerable attention in current years. There has been an increasing inter-
est in utilizing alternative sources of energy. Paddy straw and Paddy husk
are the two basic raw materials chosen for boiethanol production in present
study because of their abundant availability and representative sample of
crops stovers and unutilizable agro wastes. Each one of this biomass hav-
ing more than 60-70% cellulose appeared to be very suitable for presence
study in collection with bioethanol production. The pretreatment method
followed in the present investigation as review from the literature available
with other cellulosic biomass are also applicable to this chosen biomass as
the percentage of available cellulose free from lignin seal constitute crystal-
line cellulose and hemicellulose 68% percentage. The subsequent hydroly-
sis by both chemical and enzymatic methods following the standard method
reported by many workers shows significant result in producing ferment-
able sugar within reasonable incubation period. However for standardiza-
tion of the protocols use of model sources of cellulase in view of commer-
cial enzyme needs further investigation. With the limitation of time the pro-
cedure follow in the present investigation shows encouraging result rang-
ing from 0.583mg/gm to1.919mg/gm of fermentable sugar produced after 4
days incubation of reaction mixture in standard reaction, in enzymatic
cellulolysis. 2012 Trade Science Inc. - INDIA

INTRODUCTION

Bioethanol produced from renewable biomass[1] has
received considerable attention in current years. Using
ethanol as a gasoline fuel additive as well as transporta-
tion fuel helps to alleviate global warming and environ-
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mental pollution. Bioethanol fuel is mainly produced by
the sugar fermentation process, although it can be manu-
factured by the chemical process of reacting ethylene
with steam. Catalytic hydration of petroleum product
(ethylene) produces synthetic ethanol. Current interest
in ethanol a product of crops lies on discussion whether
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it can be used as a sustainable energy resource which
may offer environmental and long-term economic ad-
vantages over fossil fuels, like gasoline or diesel.

The major source of ethanol production in Brazil,
USA, India and other sugarcane raising countries is sugar
molasses route. But Researcher�s concern is to exploit
the agro wastes like paddy straw and paddy husk con-
tain abundant cellulose for ethanol conversion (Figure-
1). The interest in use bioethanol as petrol replacement
began in Brazil and USA during 1980s. Ethanol can be
produced from any biological material that has sugar,
starch and cellulose. Lignocellulose or woody biomass
consider as a future alternative for the agricultural prod-
ucts that are currently used as feedstock for bioethanol
production[2] because it is more abundant and less ex-
pensive than food crops. Furthermore, the use of ligno-
cellulosic biomass consists of three main components
i.e. carbohydrate polymers called cellulose and hemi-
cellulose that can be converted to sugars, and a non-
fermentable fraction called lignin that can be utilized for
the production electricity or heat. Although the decom-
position of the material in to fermentable sugars is more
complicated, the fermentation, distillation and dehydra-
tion process steps are basically identical for bioethanol
from either agricultural crops or lignocellulosic biom-
ass. Hydrolysis of lignocellolosic material for ethanol
production is proposed by[3].

Bioethanol from celluloses holds great potential due
to the wide availability and relatively low cost of cellu-
lose material[4]. The three main raw materials for etha-
nol production are sugars (from sugarcane, sugar beet,
molasses and fruits), starch (from corn, cassava, pota-
toes and root crops) and cellulosics. Most of the mate-
rials in the first two categories come under food stuffs.
This limits their use for ethanol production. So, the in-
terest obviously relies on the abundant cellulosics[5].
Biomass is composed of lignocellulosics. Lignocellu-
lose is a complex of cellulose, hemicellulose and lig-
nin[6]. Biomass on an average consists of 40�60% cel-
lulose, 20�40% hemicellulose and 10�25% lignin. The
cellulose and hemicellulose, which typically comprise
two-thirds of the dry mass, are polysaccharides that
can be hydrolyzed to sugars and eventually to ethanol
by fermentation[7]. Cellulose is a linear polymer of glu-
cose. The orientation of the linkage (â-1, 4 linkage)
and additional hydrogen bonds make the polymer rigid

and difficult to break. Hemicellulose is a polymer of
short highly branched chains of the various sugars. Hemi-
celluloses are often polymers of pentoses mainly xylose
and further arabinose with hexoses such as galactose,
glucose and mannose. Lignin is a large complex poly-
mer of phenyl propane and methoxy groups, a non-
carbohydrate polyphenolic substance which encrusts
the cell walls and cements the cells together. The com-
bination of hemicellulose and lignin provides a protec-
tive sheath around the cellulose, which must be modi-
fied or removed before efficient cellulose hydrolysis can
occur, but the crystalline structure of cellulose makes it

Figure 1 : Photographs of Paddy straw and Paddy husk
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insoluble and resistant. Therefore, pretreatment must
be employed which is an important tool for practical
cellulose conversion process. Pretreatment is required
to alter the structure of cellulosic biomass to make cel-
lulose accessible to the enzymes that convert carbohy-
drate polymers into fermentable sugars[8, 9].

By far most pretreatments are done through physi-
cal or chemical means. In order to achieve higher effi-
ciency some researchers seek to incorporate both ef-
fects.

Considering the above aspects, the present study
on �Pretreatment of agro-residues for bioethanol pro-
duction� was conducted with the following objectives.
 Cellulose content of two different biomasses.
 Evaluation of available fermentable sugar and total

polysaccharide of Paddy straw and Paddy husk.
 To evaluate combination of physical and chemical

pretreatment methods for maximum delignification.
 Study of different pretreatment methods on liberat-

ing cellulose for hydrolysis.
 Chemical and enzymatic hydrolysis and conversion

of pretreated biomass to fermentable sugar.
 Alcoholic fermentation and estimation of bioethanol

production

MATERIALS AND METHODS

Experiment pertaining to the study of bioconver-
sion of Paddy straw and Paddy husk were conducted
in biochemistry laboratory of A.M.I.T., Khorda,
Odisha, India, during the session 2009_2010. Two
agricultural waste materials such as paddy straw and
paddy husk were collected locally and were processed.
Then 700gm of each sample was taken and dried un-
der sun for better grinding. Both the samples were
ground in to powered form and stored very well for
further analysis.

Plant materials

1. Paddy straw 2. Paddy husk

Estimation of total carbohydrate

The carbohydrate estimation was done by the
method described in[10]. A Standard graph was drawn
by plotting concentration of the standard on X-axis vs
absorbance on Y-axis. From the graph the carbohy-

drate present in the sample tube was calculated, by the
following formula.

sampletesttheofVolume
100ecosgluofmg

sampletheof

mg100inpresenttecarbohydraofAmount




Pretreatment of biomass

For pretreatment of biomass 2 types of methods
are used.
*Physical pretreatment
*Chemical pretreatment

Physical pretreatment

In physical pretreatment, soaking the material over-
night followed by steam explosion (rising to 1200C at
15 p.s.i. for 30sec to 1 min) followed by reducing the
pressure to normal as early as possible. The another
method is without soaking steam flashing is done in a
pressure cooker to dry matter in a test tube and treated
with steam with high pressure.

Chemical pretreatment

Nitric acid/Acetic acid reagent treatment

1 gm of sample was taken and 3ml. of acetic/nitric
acid reagent added in a test tube, the tube was placed
in a water bath for 1000C for 30 min. After 30 min. the
sample containing the tube was cooled and the con-
tents were centrifuged for 15 min. at 10,000 rpm. After
centrifugation the supernatant was discarded and the
residue was washed with distilled water.

Dilute sulphuric acid treatment

3 ml of 1% H
2
SO

4 
was added with 1 gm of sample

in a test tube. The tube containing the sample was placed
in a boiling water bath 1000C for 2 min. then the tube
was cooled and the content was centrifuged for 15 min.
The supernatant was discarded and the pellet was
washed with distilled water.

Cellulolysis (67% H2SO4)

After the pretreatment of the sample or algal biom-
ass by physical and chemical treatment, the samples
were treated with 10ml of 67% sulphuric acid.

Cellulolysis (1% H2SO4)

After the pretreatment of the material, the hydroly-
sis was conducted with 10 ml of 1% H

2
SO

4
 incubated
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for 1hour in room temperature and the total carbohy-
drate and percentage of was calculated.

Enzymatic hydrolysis

Isolation, purification & assay of cellulose

The extracellular cellulase was extracted from natu-
rally rotting biomass, after isolating the microbial spe-
cies and culturing in nutrient broth containing cellulose
as inducer. The crude enzyme extract was subjected to
salting out followed by desalting. The resultant extract
was taken as partially purified enzyme complex and
assayed. For overall activity assay as described[11].
Accordingly 1 mg of total protein was assumed equiva-
lent approximately 1 FPU activity. The enzyme content
was estimated in terms of soluble protein by spectro-
photometric method.

Enzymatic cellulolysis

The reaction mixture was prepared by taking 0.5gm
of each sample in test tube which was pretreated physi-
cally or chemically. The chemical pretreated materials
washed very well with distill water to remove acid. To
each pretreated test tube 50mM phosphate buffer con-
taining enzyme extract 1 F.P.U per 100mg was added
and incubated at 400C for 4 days. Then the hydroly-
sate was centrifuged and the supernatant was collected.
Then from supernatant, different concentration of solu-
tion was taken in test tubes (0.5-1.5) To each test tube
3ml of DNS reagent was added. The test tubes were
heated in boiling water bath for 20 min. 1ml of Rochelle
salt solution was added when contents of the tubes still
warm. The test tubes were cooled and the intensity of
dark red colour was measured at 510 nm.

Preparation of reaction mixture

The reaction mixture was prepared by taking 1gm
of sample broth fresh and dry suspended in 50mM
phosphate buffer (pH 4.5) to which enzyme extract of
5 FPU per 100mg was added, and incubated at 300C
for 4 days, up to which the hydrolysate was centrifuged
and analyzed for reducing sugar content (DNS method)
for subsequent fermentation process.

Estimation of fermentable sugar by DNS methods

The reaction mixture was prepared by taking 2gm
of each sample in test tube which were pretreated

chemically or physically. The chemically pretreated
materials were with distilled water to remove acid. The
fermentable sugar was determined by dinitrosalicylic
acid (DNS) method[12] with glucose as standard.

Alcoholic fermentation

Both hydrolysate and non hydrolysed material were
taken for fermentation. To some pretreated material
enzyme was added for hydrolysis. Alcoholic fermenta-
tion was done in two phases: Primary and Secondary
fermentation. 2gm of sample was pretreated material
was washed thoroughly with distilled water. The samples
were incubated with 1gm of commercial yeast at 370C
in a thermostatic shaker in aerobic condition. After 3-4
days the conical flask containing all the materials were
subjected to anaerobic incubation for 7 days. The pri-
mary alcohol of the content was estimated before and
after fermentation. Secondary fermentation was done
taking the fermentable of primary fermentation with su-
crose for fermentation of existing yeast in the fermenta-
tion of another 7 days.

RESULTS AND DISCUSSION

Now-a-days, phasing out of lead from gasoline due
to environmental concerns which has promoted mar-
kets for alcohol as octane enhancer. In this field ethanol
has gained increased importance as engine fuels, since
it is easily blended with gasoline. Thus, with the expec-
tation of supply shortfalls in future from non-renewable
fossil fuels, the production of fermentatively produced
bioethanol from low cost biomass such as cellulosic
wastes to meet energy demands is a viable alternative.
The alternate biomass tried successfully for bioethanol
production are the pineapple, cannery waste[13],
starch[14] and carob pods[15]. Lignocellulosic materials
like sugarcane bagasse, paddy straw and wheat straw
can also be employed. Lignocellulosic is a complex of
two polysaccharides (cellulose and hemicellulose) and
an aromatic polymer i.e., lignin. To obtain the polysac-
charides the lignin must be removed. So, pretreatment
methods serve this purpose. In the present study, com-
bination of physical and chemical pretreatment meth-
ods was studied.

The polysaccharide in form of polymers of monosac-
charide such as cellulose and hemicellulose etc. are the
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has been summarized (TABLE-1). The result of chemical
cellulolysis by 67% sulphuric acid (H

2
SO

4
) after nitric

acid pretreatment is evaluated on basis of fermentable
sugar resulted and available in the hydrolysate. The re-
sult indicates cellulose in paddy straw yield more quan-
tity of fermentable sugar/ reducing sugar i.e. 92.4mg/
gm, comparatively that available in paddy husk which
is 74.8mg/gm[16], observed loss of hemicellulose by sub-
jecting wheat straw to wet oxidation at 1700C. The
loss was 50% (from 35% w/w before treatment to 17%
w/w/ after treatment)[17]. Recorded hemicellulose con-
tent of 12.5% after exposing wheat straw to alkaline
treatment followed by alkaline/oxidative treatment[18].
Reported aqueous ammonia pretreatment of corn sto-
ver resulted in 40-60% of hemicellulose solubilization
during delignification process.

The main objective of the acid pretreatment is the
solubilization of the hemicellulosic fraction of the biom-
ass, in order to increase the accessibility of the enzymes
in the enzymatic hydrolysis reaction[19]. Inorganic acids
like H

2
SO

4
, HCl and H

3
PO

4
 have been used for the

pretreatment of the lignocellulosic biomass, in order to
improve the enzymatic hydrolysis. There may be used
both concentrated and diluted inorganic acids. Pretreat-
ment of the biomass with concentrated acids, at ambi-
ent temperature, will lead to higher yields of ferment-
able sugars and to the hydrolysis of both cellulose and
hemicelluloses. There are frequently used acids like
H

2
SO

4
 72%, HCl 41% and trifluoroacetic acid 100%.

TABLE 1 : Effect of Pretreatments on Chemical and Enzy-
matic Cellulolysis in Paddy straw and Paddy husk

Chemical  
Cellulolysis 

Enzymatic  
Cellulolysis 

Paddy 
straw 

Paddy 
husk 

Paddy 
straw 

Paddy 
husk 

Pretreatments Sample 
Wt.(gm) Fermen 

table 
sugar 

content 
(mg/gm) 

Fermen 
table 
sugar 

content 
(mg/gm) 

Fermen 
table 
sugar 

content 
(mg/gm) 

Fermen 
table 
sugar 

content 
(mg/gm) 

Nitric acid 0.5 92.4 74.8 0.583 0.002 

Dil.H2SO4 0.5 365.2 118.8 1.919 0.847 
Steam 
Flashing 

0.5 61.6 55.0 0.940 0.515 

Over Night 
Soaking 

0.5 99.0 79.2 1.245 0.556 

TABLE 2 : The Conversion (%) of Fermentable Sugar in
Paddy straw and Paddy husk

% Of conversion 
Sample 

Cellulose 
content 
(mg/gm) 

Types of 
hydrolysis T1 T2 T3 T4 

Chemical 14.48 9.65 15.51 57.21 Paddy 
straw 

638 
Enzymatic 0.09 0.14 0.19 0.30 

Chemical 22.66 16.66 24 36 Paddy 
husk 

330 
Enzymatic 0.006 0.15 0.16 0.25 

T
1 

: Nitric acid/acetic acid pretreatment; T
2
 : Steam flashing

pretreatment; T
3 
: Soaking over night pretreatment; T

4
 : Dilute

sulphuric acid(H
2
S0

4
) pretreatment

TABLE 3 : Potential Alcohol Value of sample after alcoholic
fermentation

Sample 
No of 

pretreatment 

P.A value 
before 

fermentation 

P.A value 
after 

fermentation 
Difference 

T1 1.21 1.33 0.12 

T2 1.16 1.25 0.09 

T3 1.17 1.29 0.12 
Paddy 
straw 

T4 1.19 1.34 0.15 

T1 1.01 1.09 0.08 

T2 1.00 1.02 0.02 

T3 1.03 1.13 0.10 
Paddy 
husk 

T4 1.06 1.19 0.13 
T

1 
: Nitric acid/ acetic acid pretreatment; T

2
 : Steam flashing

pretreatment; T
3 
: Soaking over night pretreatment; T

4
 : Dilute

sulphuric acid(H
2
S0

4
) pretreatment

basic starting materials for conversion to bio ethanol by
using biotechnical tool. The process includes pretreat-
ment of biomass, hydrolysis or cellulolysis of complex
saccharide; estimation of hydrolysate for fermentable
sugar is also presented in above TABLES. The subse-
quent fermentation for in vitro production of ethanol

Figure 2 : Comparative Result of Chemical Cellulolysis of
Different Biomass
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In this case, a necessary step is the recovery of the
acid, in order to lower the economic costs of the pro-
cess[20].

Pretreatment with 1% H
2
SO

4
 at 1200C for 1 hr

show commendable results when hydrolysed with 67%
sulphuric acid as the hydrolysate analysis gives 365.2mg/
gm and 118.8mg/gm of fermentable sugar of paddy
straw and paddy husk respectively (TABLE-1). The
increase in cellulose percentage is just relative to the
loss of hemicelluloses and lignin. Hemicellulose is soluble
in alkali due to hydrolysis and is expected to be less
stable during pretreatment due to the branched struc-
ture[16]. Cellulose was not affected significantly by lime
pretreatment at 22 to 250C even though corn stover
was contacted with alkali for 16 weeks. The degree of
crystallinity slightly increased with delignification due to
loss of lignin and hemicellulose (amorphous components)
and increase of glucan content in the pretreated corn
stover[21]. Pretreatment of rice bran with NaOH caused
separation of hydrogen bonds of cellulose[22].

Experimental results of effects of physical pretreat-
ments followed by chemical cellulolysis by 67%
sulphuric acid in (TABLE-1). The results obtained are
compared by graphical representation through bar dia-
gram (Figure-2). It observed that the combination of
over night soaking followed by steam flashing show sig-
nificantly high yield of fermentable sugar compared to
steam flashing alone. The results also indicates higher
yield of fermentable sugar from pretreated paddy straw

compare to paddy husk with which may be related to
lower percentage of average cellulose content in paddy
husk. The results confirm the finding of[2]. The proce-
dure combines the advantages of alkaline pretreatment
and steam explosion. It will lead to an efficient
delignification and to the chemical swelling of the
lignocellulosics fibers[23]. Use of a combined process
(Steam explosion and NaOH 10%) led to a significant
increase of the free sugars concentration towards the
pretreatment with H

2
O

2 
1% and NaOH 1%[24].

Results shows hydrolysis after overnight soaking
followed by steam flashing makes cellulose more ac-
cessible to hydrolysis as the fermentable sugar content
on the hydrolysate in paddy straw is 99.0mg/gm against
the effect of only steam flashing 61.6mg/gm. Result shows
hydrolysis after overnight soaking followed by steam
flashing makes cellulose more accessible to hydroly-
sate in paddy husk is 79.2mg/gm against the effect of
only steam flashing 55.0mg/gm.

Enzymatic hydrolysis was conducted with extra
cellular cellulase on the basis of its activity level as-
sayed as per standard procedure in terms of enzyme
protein in mg/ml and activity in F.P.U/ml. Extracellular
cellulase was isolated from the culture filtrate of the
intracellular microorganism grown in presence of cel-
lulose in the media (Figure-5). The protein content
was estimated in terms of soluble protein by spectro-
photometric method and expressed in mg/ml with BSA
as standard (TABLE-1). The result shows hydroly-
sate contain 1.919mg/gm of fermentable sugar with
the best performance in 1% sulphuric acid (H

2
SO

4
)

pretreatment followed by enzymatic hydrolysis. The
results obtained are compared by graphical represen-
tation through bar diagram (Figure-3).

The result of enzymatic cellulolysis by extra cellular
cellulase after acid pretreatment is evaluated by DNS
method taking glucose as standard (Figure-3). The re-
sult indicates cellulose in paddy straw yield more quan-
tity of fermentable sugar i.e. 1.919mg/gm in dilute acid
pretreatment and 0.583mg/gm in nitric acid pretreat-
ment. Where as paddy husk yield 0.847mg/gm in dilute
acid pretreatment and very negligible amount of fer-
mentable sugar i.e. 0.002mg/gm in nitric acid pretreat-
ment followed by enzymatic hydrolysis.

The result shows that paddy straw yield 1.245mg/
gm of fermentable sugar in case over night soaking fol-

Figure 3 : Comparative Result of Enzymatic Cellulolysis on
Different Biomass



.16 Bioethanol production from agro wastes of Paddy

Current Research Paper
ESAIJ, 7(1) 2012

An Indian Journal
Environmental ScienceEnvironmental Science

lowed by enzymatic hydrolysis and 0.940mg/gm in steam
flashing pretreatment followed by enzymatic hydroly-
sis. The paddy husk yield 0.556mg/gm and 0.515mg/
gm in overnight soaking and steam flashing followed by
enzymatic hydrolysis respectively.

The summary of results are given in (TABLE-2)
clearly indicates better performance in cellulolysis by
chemical methods compare to enzymatic cellulolysis.
With similar pretreatment the result exhibited high yield
in fermentable sugar in case of paddy straw compare
to paddy husk gives better platform for subsequent al-
coholic fermentation. Other workers like Sun and Cheng
[3] working on wheat Stover sugarcane bagasse show
similar findings. The result shows that percentage of con-
version is very commendable in chemical cellulolysis
both in paddy straw and paddy husk The percentage

of conversion to fermentable sugar from the total cellu-
lose content is attractive in case of paddy husk.

The hydrolysate from saccharification reaction was
used to determine the ethanol yield. The hydrolysates
of paddy straw paddy husk were subjected to alco-
holic fermentation by Saccharomycse cerevisiae in-
cubating for 7days. The fermentated hydrolysates are
analyzed for ethanol production at the end of the fer-
mentation period by hydrometric method taking in to
account (Figure-4). P.A. (Potential Alcohol) value of
hydrolysate at pre and post fermentation stage. The
difference of P.A value representing mg of alcohol pro-
duced per ml has been depicted (TABLE-3). The al-
cohol produced in proportion with the fermentable
sugar content of hydrolysate which is highest in case
of enzymatic hydrolysis after 1% sulphuric acid pre-
treatment showing better result. The comparative Fig-
ure (Figure-2&3) show higher ethanol yield of 0.15mg/

Figure 4 : Production of Ethanol and Co
2
 during Fermentation

Figure 5 : Isolation of Bacteria Containing Cellulase by
Streak Plate Method
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ml in case of paddy straw and 0.13mg/ml in case of
paddy husk under similar pretreatment condition.
Doelle and Greenfield[25] reported ethanol concentra-
tion of 95.5g per l by Zymomonas mobilis from 200g
per l sucrose within 24 to 30 h of period. Zymomonas
has higher sugar uptake and ethanol yield and known
to divert the less of sugars to its biomass production
compared to other yeasts[26, 27]. Observed ethanol pro-
duction of 28g per l by Zymomonas mobilis ZM4,
when the hydrolysate of wheat stillage was supple-
mented with 5g per l yeast extract and 40g per l glu-
cose with residual xylose of 2.6g per l. Zayed and
Meyer[28] recorded the ethanol of 11.8g per l from
27g per l reducing sugars derived from 50g per l al-
kali delignified wheat straw inoculated with
Pachysolen tannophilus. Candida shehatae
CBS5813 produced 6.6g per l ethanol and Pichia
stipitis CBS5773 5.9g per l ethanol from the fermen-
tation medium supplemented with 2% xylose at 250C
for 10 days[29]. Candida shehatae showed greater
ethanol production than Pichia stipitis due to in-
creased uptake of xylose, glucose, mannose and ga-
lactose[30]. Candida shehatae assimilated glucose and
xylose faster than did Pichia stipitis[31]. The sunflower
seed hull hydrolysate when inoculated with Pichia
stipitis NRRLY-7124 at 300C pH 6 produced etha-
nol of 9.66g per l[32].

CONCLUSION

The results obtained as shown in the preceding
TABLE clearly indicates the biomass taken under study
are quite suitable for bioethanol conversion having siz-
able quantity of available cellulose for necessary ex-
ploitation. The percentage of conversion is related to
period of incubation. However the protocol used for
different pretreatments followed by hydrolysis needs
standardization for quantitative yield of fermentable
sugar. Necessary kinetics study of both hydrolysis and
fermentation reaction needs further investigation to as-
certain the concentration of reactant, temperature, pH
and period of incubation etc. Moreover the factors
such as inhibitors if any released during pretreatment
have to be further investigated so as to give a com-
plete comment on effective and productive conver-
sion. There is no dispute and ambiguity in using paddy

straw and paddy husk for commercial production of
bioethanol unlike utilization of the other cellulosic bio-
mass. Biofuel research being at its infancy selection of
suitable biomass, standardization of pretreatment pro-
tocol, efficient use of cellulase for hydrolysis and fer-
mentation process needs through research before
drawing any conclusion on recommendation of par-
ticular biomass go for bioethhanol production. How-
ever selection of starting materials for the process
needs the criteria of their local availability sustainable
supply through out the year play important role for a
meaningful and adaptive research.
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