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ABSTRACT

Agricultural wastes contains lignocellulosic compound that serves as an attractive feed stocks for bioethanol
production. It has several characteristics such as high content of cellulose and hemicelluloses that can be
readily hydrolysed into fermentable sugars. A simple process (saccharification and fermentation) to produce
ethanol from paddy straw was developed in order to establish an efficient bioethanol production. Also, the
maximum ethanol concentration and ethanol yield from paddy straw were 69 and 60%, respectively.
Nevertheless, the direct saccharification and fermentation shows the potential for lower cost and higher
efficiency for bioethanol production. Further, an aerobic composting of spent wash obtained as the distillation
waste from the ethanol generation process was performed by mixing it with 6 kg of press mud and 2 kg of
bagasse along with total 6 liters of spent wash during the composting period. The samples of composting
mass were analyzed for pH, moisture content ,temperature, organic carbon, nitrogen, COD, chlorides and
conductivity. The percentage of Nitrogen, Phosphorus and Potassium were 2.42, 0.80 and 4.29 respectively.
The values of parameters analyzed were quite comparable to a good quality compost. The utilization of rice
straw for bioethanol production requires the production technology to be cost-effective and environmentally
sustainable. Biological conversion of straw into fermentable sugars, employing hydrolysing enzymes is at
present the most attractive alter-native and requires the involvement of the government by issuing supporting
energy policies
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Introduction

In the current economy bioethanol is the most criti-
cal biofuel that can contribute to global biofuel pro-
duction as an alternative energy for oil fuel, since
depletion of fossil fuel, global warming, and reduc-
tion of natural resources has been increased concern
for sustainability of planet earth. United states of
America (USA) is the top producer of ethanol fol-
lowed by Brazil and European union. India is in
sixth position (https://afdc.energy.gov/data). Pro-
duction of Bioethanol from lignocellulosic biomass

is becoming an attractive concern for all over the
world (Chandra et al., 2012). However mere ethanol
is not just the product to be focused. According to
modern top-down approach in the biorefinery con-
cept based on zero-waste generation, an integrated
system is required to be established for the use of
various biomass fractions and wastes and genera-
tion of different products for the market. The study
is an attempt to adopt the new top to bottom ap-
proach by producing ethanol from rice paddy and
utilizing the spent wash generated as post distilla-
tion waste for composting.
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Lignocellulosic biomass is arising from agricul-
tural, forestry, and industrial waste and paddy
straw is one such source of lignocellulosic biomass
In India rice is grown in 43.86 million ha, the pro-
duction level is 104.80 million tones and the produc-
tivity is about 2390 kg/ha (Agricultural Statistics at
a glance- 2015). Paddy straw is an agricultural
wastes caused from rice cropping and is a hopeful
feedstock for bioethanol production, because cellu-
lose and hemicellulose content is more than 50%
(Juanssilfero et al., 2015). Although many researches
are going on bioethanol production from paddy
straw, still the production has not been realized be-
cause of high cost for collection and preservation
from rice field ridge, fine-grinding and dissolution,
fermentation system, etc.

Development of effective ethanol production sys-
tem from abundant biomass such as paddy straw is
an urgent necessity for novel energy supply. More-
over the spentwash which is a waste produced after
distillation process is rich in plant nutrients, organic
carbon and contains negligible toxic substances.
However direct disposal to soil and water body is
very much harmful. The most promising method of
treatment of spentwash is aerobic composting,  in
which it can be mixed with other agro industrial
wastes like pressmud, bagasse, paddy waste etc. In
this study spentwash was mixed with pressmud
and bagasse to produce compost through aerobic
process.

Paddy straw has heterogeneous complex struc-
ture in which hard cellulose fiber due to the crystal
structure and entangled lignin and hemicellulose is
contained (Takano and Hoshino, 2018). In the bio-
conversion to ethanol from lignocellulose, pre-treat-
ment by physical and/or chemical method is neces-
sary to break the strong structure and obtain fer-
mentable sugars easily by biocatalyst such as cellu-
lase, xylanase, ligninase, etc (Robak and Balkarak,
2020).

Many researches have performed physical and
chemical processing for pretreatment of lignocellu-
loses (Binod et al., 2010). The physical treatment in-
cludes steaming (Wang et al., 2011), steam explosion
(Liu et al., 2014; Sasaki et al., 2012), grinding and
milling (Jin and Chen 2006), and irradiation (Marx et
al., 2014). The chemical treatment includes alkali
(Gáspár et al., 2007), acid (Nair et al., 2017), and am-
monia treatment (Kim and Lee 2007). Especially,
among the chemical treatments, alkali treatments
using NaOH, KOH, CaOH, and Na2CO3 are more

effective than other chemical treatments, because it
is able to break the ester bonds between lignin,
hemicellulose, and cellulose, so that lignin and a
part of hemicellulose are concurrently removed
(Gáspár et al., 2007; Khaleghian et al., 2015). More-
over, the pretreatment was able to reduce excessive
degradation to furfural, 5-HMF, and vanillin more
than acid treatment. These reactions result in cellu-
lose fiber swelling and improve of cellulase contact
to the fiber.

After pretreatment, biomass requires enzymatic
hydrolysis on bioethanol production process. There
are many kinds of hydrolysis enzyme reagent
worldwide and any pretreated biomass demand the
own reagents suitable for effective hydrolysis. How-
ever, few researches have performed both selection
of the reagents and determination of the mixing ra-
tio statistically, whereas hydrolysis conditions have
been mentioned by statistical optimization method
(Singh and Bishnoi, 2012). The selection of appropri-
ate cellulase is very difficult because of structural
difference of each biomass and difference of enzy-
matic activities in commercial cellulase reagents.
According to Lu et al. (2003) Cellulase activity de-
pends on strain of microorganism, fermentation,
different substrate used, pH and temperature. As
the substrate and the enzyme to be used for this
study was fixed, we optimized the values of pH and
temperature for maximum enzymatic activity.

Materials and Methods

Study area

The paddy straw used in this study was obtained
from a commercial farm at Kendri Village,
Abhanpur block. The pressmud and bagasse were
collected from a sugar mill at Kawardha distruct of
Chattisgarh state, India. The cellulase Cellic CTec2
used in this study for hydrolysis was kindly pro-
vided by Novozymes, Denmark. The enzyme activ-
ity was 123.6 6 4.9 FPU/ml, which was measured
according to the methods recommended by the Na-
tional Renewable Energy Laboratory (NREL), USA

A Pretreatment of Rice Straw Using alkali

Paddy straw was soaked in 1 M NaOH solution at
the concentration of 80 g-dry straw/l-NaOH(aq)
overnight at room temperature and then thermally
treated by autoclave at 121 °C for 1 h (Janker-
Obermeier et al., 2012). The treated material was
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neutralized by 1 M HCl solution after cooling and
then washed thoroughly by water several times.
The washed material was dried in oven at 50 °C
until completely dried and then powdered using a
pulverizer (BLENDER 7011 HB).

B Enzymatic hydrolysis of paddy straw

Hydrolysis reactions were performed in 100 mL
bottles containing 100 g/l of the pretreated paddy
straw suspended in 25 ml of 0.1 M sodium acetate
buffer (pH 5.5) or culture medium. Reaction was
started by addition of the filter-sterilized enzyme
(cellulase) at the total protein concentration of 2 g/
l. The pretreated rice straw suspension was incu-
bated at 28 °C and 120 rpm for 96 h. Hydrolysates
were obtained by removal of solid fraction by filtra-
tion and its sugar concentration was analyzed by
HPLC system.

C Simultaneous saccharification and
fermentation (SSF)

SSF experiments were performed in 100 mL bottle
containing 100 g/L pretreated suspension with dry
yeast concentration 0.1% and 0.25% (w/v) and the
pH was adjusted to 5, 5.5 and 6. Then shaken at 120
rpm in an incubator at three different tempertaures
(23, 28 and 33 °C) for 96 h. The cultures were filtered
and filterate were distillated. The remaining slurry
also known as spentwash was used for composting.

Analysis of compost

The press mud and bagasse were mixed in propor-
tion 3:1. The quantity of press mud taken for experi-
ment was 6 kilograms and that of bagasse was 2 ki-
logram. The spent wash was added to this mixture
till the moisture content is approximately 65 %.
Table 1 shows the physiochemical properties of
pressmud and bagasse used in the study. Table 2
shows the general composition of spentwash (Kaul
and Nandi, 1999; Sarangi et al., 2005). The seeding

was done with the help of Farm Yard Manure
(FYM) and Cow dung. The aeration was carried out
manually by overturning the contents for 45 days at
the interval of one day. The spent wash absorbed
without leaching is 6 liters within 45 days. The spent
wash loading was done on the 1st, 5th, 11th and
24th day. Characteristics of compost such as Ph,
percentage of ash, moisture, volatile matter, organic
carbon, nitrogen, phosphorus and potassium were
measured. Also, the carbon:nitrogen and COD,
were analyzed in the compost obtained.

Table 1. Composition of Pressmud and Bagasse.

Composition Pressmud Baggasse

Nitrogen (%) 1.8 0.55
Phosphorus (P2O5) (%) 0.9 0.08
Potassium (K2O) (%) 2.1 0.11
Calcium (CaO) (%)      4.5      0.95
Magnesium (Mg) (%) 1.4 0.55
Organic Carbon (%)     28.5     30.5
pH 6.0-7.0 4.84

Table 2. Physico-chemical characteristics of  spentwash

Parameter/composition Raw Spent wash

Color Dark brown
pH 4–4.5
Turbidity High
Ec (dS/m) <15
BOD (mg/l) 45000-60000
COD (mg/l) 80000-120000
Suspended solids (mg/l) 10000
Total dissolved solids(mg/l) 100000
Total Nitrogen (mg/l) 1000-2200
Phosphorus (mg/l) 400
Sulphate (mg/l) 2100-2300
Chloride (mg/l) 5800-7600
Sodium (mg/l) 400-500
Potassium (mg/l) 1100
Magnesium (mg/l) 1500-2000
Calcium (mg/l) 7500-8200

Source: (Kaul and Nandi, 1999; Sarangi et al., 2005)

Results and Discussion

Bioethanol-The paddy straw contains 37-40% cellu-
lose, 23-25% hemicellulose, 7-9% lignin and 17-19%
ash, measured according to Sun et al. (1996). The
first step in using paddy straw for bioethanol pro-
duction is size reduction through milling and siev-
ing process. Milling and size reduction were ap-
plied prior to enzymatic hydrolysis. This step can
improve susceptibility to enzymatic hydrolysis by
reducing the size of the materials and degree of
crystallinity of lignocelluloses, which improves en-
zymatic degradation of paddy straw toward etha-
nol. Size reduction enhanced the susceptibility of
substrate to enzymatic hydrolysis. By applied the
smallest straw particles in bioethanol production
will increase the amount of glucose release for the
hydrolysis process compared to untreated substrate.
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The pH and temperature of the fermentation
media has an important role on fermentation pro-
cess due to their effect on microbial growth, rate of
fermentation reaction, and the by product forma-
tion. Therefore, maintenance of pH and temperature
are of great importance in fermentation reaction. In
our study, maximum bioethanol production was
achieved at pH 5.5 (Table 3) and temperature 28 ºC
(Table 4). Bioethanol fermentation media were incu-
bated at 28 ºC with agitation at 120 rpm for several
sampling times (12, 24, 48, 72, 96 h) (Fig. 1). The
highest ethanol yield of 60% was achieved by SSF of
the whole pretreated slurry with 0.25% yeast. The
faster rate of bioethanol production during SSF by
yeast was obtained within the first 48h. The experi-
ments lasted for 4 days. However, the bioethanol
concentrations decrease sharply after 2 days. It gives
general conclusion that we need around 2 days to
reach the maximum bioethanol concentration under
anaerobic conditions. In addition, it was found that
the physical observation of the paddy straw biom-
ass has merge in second day (48h) of fermentation
and indicating the enzyme works suitable in saccha-
rification process. Figure 2 shows the positive test
for qualitative bioethanol estimation along with
control.

gives the parameters of raw compost and final com-
post.

Initial acidic pH (5.3) of composting mixture was
changed to alkaline (7.7) within first four days and
again became acidic (5.7 to 6.6) at 8th day of
composting. Within further two days it increased
above neutral and remained constant (7.2) up to the
end of composting. The reduction in soluble COD
during composting process was observed in three
stages. First stage of 4 days of accelerated reaction,
second stage of readjustment for four days and final
stage of stabilization after 8th day of composting.
The soluble COD reduction was 88 to 89 percent
within 30 days. The initial temperature was 27 to
29 °C (atmospheric) which was increased to maxi-
mum of 50 to 54 °C within first five days of
composting. Thereafter, it decreased to 27 to 25 °C
(atmospheric) within further 3 to 4 days and re-
mained constant till the end of the 30 days. The op-
timum moisture required was 61 to 64 percent

Fig. 1. Bioethanol yield (%) at different time of incubation
of whole treated slurry.

Fig. 2. Bioethanol estimation by Jones test (Left: sample
and right: Control)

Table 4. Bioethanol yield (%) at different temperatures

SN Temperature Bioethanol yield (%)

1 23 oC 40
2 28 oC 60
3 33 oC 45

Table 3. Bioethanol yield (%) at different temperatures

SN Temperature Bioethanol yield (%)

1 23 oC 40
2 28 oC 60
3 33 oC 45

Further, the pH of the compost was measured.
Some characteristics of compost were measured
such as percentage of ash, moisture, volatile matter,
organic carbon, nitrogen, phosphorus and potas-
sium. Also, the carbon : nitrogen, COD, calcium and
magnesium were analyzed in the compost obtained.

Compost

The final compost was obtained after the aerobic
decomposition of raw compost for 45 days. Table 5
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throughout the composting process. Oxygen con-
sumption in the initial stage of 3 days was much
more and then slowed down up to eighth day of
composting. After 8 days the oxygen consumption
rate was very slow till the end of the reaction. The
time required to complete stabilization and forma-
tion of most stable compost prepared from
spentwash and pressmud with 3:1 proportion was
observed to be 45 days when optimum conditions
were maintained. The decline of C/N ratio is an in-
dication of completion of composting process. Initial
C/N ratio was 19.8 while it was 12.2 on the 30th
day. The initial COD of leachate was 3723 mg/l but
it was only 1206 mg/l at the end of composting. The
nitrogen was increasing while organic carbon gets
decreased with time and at end C/N was near to 10,
which indicated the completion of composting pro-
cess.

Conclusion

In this study, although a high ethanol yield of 60%
was achieved with SSF of the whole pretreated
slurry, the highest ethanol concentration in the fer-
mented broth was only 69%, which makes distilla-
tion economically unfeasible. Thus, it is necessary to
enhance the ethanol concentration by optimizing
SSF to increase ethanol yield further, converting
xylose to ethanol, and increasing solid load further
during pretreatment using an improved reactor.

The utilization of rice straw for bioethanol pro-
duction requires the production technology to be
cost-effective and environmentally sustainable. Bio-
logical conversion of straw into fermentable sugars,
employing hydrolyzing enzymes is at present the
most attractive alter-native and requires the in-
volvement of the government by issuing supporting
energy policies. Different approaches in both pro-

cess engineering and strain engineering have to be
carried out to circumvent the difûculties of xylose
and glucose co-fermentation and to improve the
system efciency.

It can also be concluded from the research that
the composting of spent wash from bio-still process
requires 45 to 50 days. The compost prepared will
have high nutrient value and it will meet the re-
quirement of organic manure which is urgently
needed to reduce the use of chemical fertilizers.
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