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ABSTRACT

Burning of agricultural residues after harvesting in the rice field has created many health and
environmental issues. Therefore, the main focus of research was to utilize the crop residues for production
of ethanol. The pre-treatment of rice straw using different concentrations of dilute sulfuric acid was
undertaken. 2% H2SO4 concentration worked as effective for rice straw pre-treatment at 121°C temperature,
15 psi pressure, 60 min time and 5% solid loading. Cellulose fraction of pre-treated rice straw was
increased 25% as compared to control. The acid pre-treated rice straw showed the saccharification
efficiency of 28.5±1.5% after enzymatic saccharification with crude cellulase enzyme in 24 h at dose of
15 IU/g and substrate concentration of 4%.
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INTRODUCTION

Due to the present scenario of exponential
population growth and consumption of energy,
the sources of fossil fuels are declining rapidly.
Fossil fuels are considered  to  be the main
cause of ecological pollution and climate
change (Chu et  al., 2020; Sonne et  al., 2021).
The interest must be in production of biofuels
from feed stocks like agro-residues biomass
such as bagasse and straw, or cellulosic food
wastes, forestry waste materials or algae, etc.
(Lorenci et  al.,  2020;  Xia  et  al.,  2021). Rice
straw (RS) is a lignocellulosic material and
promising feedstock for ethanol production and
it does not has competition with food because
it is a byproduct of food crop (Soam et al., 2018).
Rice straw is abundantly available in India and
has been identified as the potential feedstock
for ethanol production (Kapoor et al., 2018). Rice
straw comprises 36-40% cellulose, 15-20%
hemicellulose and 20-23% lignin (Raj et al.,
2015). Cellulose and hemicelluloses are
interlinked by hydrogen bonding in biomass.
Lignin is a heteropolymer, amorphous in
nature and composed of mainly three phenyl
propanoid; p-coumarin, coniferyl and sinapyl
alcohol. Cellulose is major source of hexose
sugar, while hemicellulose is the major source
of pentose sugars. Lignin acts as glue which
keeps cellulose and hemicellulose intact and
provides the structural strength to the plant

tissue and fibers. Pre-treatment is an essential
step for conversion of agro-rersidues into
ethanol. Pre-treatment is done for loosening
the structural components of agro-residues and
to make ce llulose and hemicellulose
amenable to enzymatic reactions (Singh et al.,
2016). Dilute acid treatment extract usually
pentose sugar and a little lignin from the
lignocellulosic biomass,  leaving the cellulose
and lignin in biomass (Gabriela et al., 2015).
The major drawback of acidic pre-treatment
is the formation of inhibitory by products such
as the furans, furfurals and phenolics, etc.
These inhibitory byproducts affect the
fermentation and saccharification process
negatively and need to be removed (Jampatesh
et al., 2019).
Therefore, the chemical pre-treatment of rice
straw with dilute H2SO4 was optimized. The
enzymatic saccharification of pre-treated rice
straw was done. Moreover, this study was
undertaken to utilize and convert the rice
straw to bioethanol and to reduce the
environmental problems caused by the
burning of this waste biomass.

MATERIALS  AND  METHODS

Rice straw was subjected to different
concentrations of dilute H2SO4 i. e. 1, 2, 3, 4
and 5% separately, at a fixed solid loading of
10% initially. The experiments were performed



at 121°C and 15 psi pressure for 30, 60 and 90
min. Then, solid loading was tested at four
levels i. e. 5, 10, 15 and 20%. The neutral
detergent fiber fraction (NDF), acid-detergent
fiber fraction (ADF), cellulose, hemicellulose
and acid-detergent lignin (ADL) content of rice
straw were determined using Van Soest
method before and after pre-treatment.
Saccharification experiment of untreated and
pre-treated (under optimized conditions) rice
straw was performed in 100 ml Erlenmayer
flasks at crude cellulose enzyme dose of 15 IU/
g and substrate concentration of 4%. The pH
and reaction temperature were fixed at 5 and
50°C, respectively. The reaction mixture was
sealed and incubated at 50 °C under
continuous agitation (150 rpm) for 24 h.
Hydrolysates were transferred in screw-capped
tubes, heated in a boiling water bath for 15
min and centrifuged to remove solid particles.
The supernatant was used for analysis of
re leased sugars. Released sugars were
estimated by DNS method. The control
experiments were carried out separately either
by avoiding cellulose, enzyme or the pre-
treated substrate. Saccharification yield was
calculated from released sugar.

RESULTS  AND  DISCUSSION

The biomass sample i.e. rice straw was treated
with different doses of dilute acid i. e. 1 to 5%
H2SO4 at 121±2°C in an autoclave for 30, 60
and 90 min at 10% solid loading. The plot of
H2SO4 doses versus NDF content for rice straw
indicated that NDF content increased with
increasing the dose of H2SO4 from 1 to 5%
when treatment time was 30 min. At
treatment time of 60 and 90 min, the NDF
content initially increased with increasing
the dose of H2SO4 from 1 to 2%, beyond that it
started to decrease (Fig. 1A).
The plot of H2SO4 doses versus ADF content for
rice straw indicated that the ADF content
increased with increasing the dose of H2SO4
from 1-5% at 30 and 60 min time period of
treatment. While at treatment time of 90 min,
the ADF content increased with increasing the
dose of H2SO4 from 1-4% and beyond that it
started to decrease (Fig.  1B).
The cellulose content of rice straw increased
with increasing the dose of H2SO4 from 1 to
5% when treatment time was 30 min (Fig. 2A).
At treatment time of 60 and 90 min, the

cellulose content increased with increasing
the dose of H2SO4 up to 2% and it started to
decrease slightly while further increasing the
dose. The plots of H2SO4 doses versus
hemicellulose content indicated that the
hemicellulose content of rice straw adopted a
decreasing trend with increasing the dose of
H2SO4 from 1 to 5% at every time period of
treatment (Fig. 2B).
The lignin content of rice straw increased with
increasing the dose of H2SO4 from 1 to 5% at
every time period of treatment i. e. 30, 60 and
90 min (Fig. 3). The increase in lignin content
during acid treatment indicated residual lignin
deposition.
Delignification of rice straw biomass at 2% dose
of H2SO4 for 60 min showed the apparent
increase in cellulose fraction from 38.60 to
46.42% (about 20% rise), while decrease in
hemicellulose fraction from 26.25 to 11.99%
(about 54%  fall) and the lignin content
increased from 5.18 to 7.24% (about 40% rise),
respectively.
Pre-treatment was required for loosening the
complex structure of lignocellulosic biomass.
Moreover, a suitable pre-treatment method
was important for solubilization and alteration

Fig. 1. Effect of H2SO4 dose on NDF (A) and ADF (B)
content of rice straw.
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of cellulose and hemicellulose components of
agro-residues into fermentable sugars (Sun et
al., 2019). Among the acids, H2SO4 was one of
the most widely adopted chemicals to treat the
lignocellulosic biomass. Acid pre-treatment
removed mainly hemicellulose, exposing more

cellulose to enzyme actions with little effect
on lignin degradation (Kshirsagar et al., 2015).
Sahoo et al. (2018) demonstrated that rice grass
produced more saccharification yield when it
was pre-treated with dilute acid as compared
to alkali pre-treated. Dilute sulfuric acid
removed the acid-soluble lignin and
hemicellulose by breaking of the -O-4
linkages in lignocellulosic biomass, as a result,
the residual solid fraction became rich in
cellulose and acid-insoluble lignin (Kapoor et
al., 2017).
Rice straw in different solid loading i. e. 5, 10,
15 and 20%  was treated with optimized
conditions i. e. 2% H2SO4 at 121±2°C in an
autoclave for 60 min (Table 1). The highest
cellulose and lowest lignin content i. e. 48.25
and 7.15%, respectively, were found at 5% solid
loading.
The efficiency of dilute sulfuric acid pre-
treatment to alter cellulose and to reduce
lignin content in rice straw for using it as
substrate for enzymatic saccharification was
investigated. The saccharification rate of
untreated rice straw substrate was found
14.5%. The maximum saccharification rate
i. e. 28.5% was found with rice straw pre-
treated with 2% H2SO4 at 121±2°C for 60 min
at 5% solid loading. The result showed that
untreated rice straw was attacked poorly by
the crude cellulase enzymes compared with
the pre-treated ones. The low saccharification
value of untreated rice straw was because the
untreated lignocellulosic biomass had a high
amount of lignin, which did not support the
penetration of the large protein molecules of
enzymes to tight network of biomass cell wall.
Therefore, efficient enzymatic hydrolysis of
lignocellulosic biomass needed a suitable pre-
treatment method.

CONCLUSION

From the above studies, it was found that the
optimum conditions for acid pre-treatment of
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Fig. 2. Effect of H2SO4 dose on cellulose (A) and
hemicellulose (B) content of rice straw.

Fig. 3. Effect of H2SO4 dose on ADL content of rice
straw.

Table 1. Effect of solid loading on NDF, ADF, cellulose, hemicellulose and ADL content of rice straw

Solid loading NDF ADF Cellulose Hemicellulose ADL
(%) (%) (%) (%) (%) (%)

5 68.05±2.15 55.40±1.45 48.25 12.65 7.15
10 65.65±2.5 53.66±1.6 46.42 11.99 7.24
15 62.95±1.5 52.70±1.56 44.75 10.25 7.95
20 58.96±1.4 50.61±1.45 42.14 8.35 8.47

Treatment conditions : H2SO4 Conc. 2%, Temp. 121°C at 15 psi, Time 60 min.
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rice straw were at 2% H2SO4 concentration,
60 min time of treatment, 5% solid loading and
121°C at 15 psi temperature. Cellulose content
in acid pre-treated rice straw increased by
25%; due to dissolution of amorphous material.
The saccharification yield of acid pre-treated
rice straw increased from 14.5 to 28.5% as
compared to untreated sample. From the above
studies, it was concluded that efficient reaction
conversions were strongly affected by acid
concentration and time of pre-treatment. Solid
loading slightly affected them. This study
determined that dilute acid pre-treatment of
rice straw offered a good option for amplified
enzymatic hydrolysis efficiency. Rice straw
acted as a good and cheap substrate for
bioethanol production.
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