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Abstract

The present study focuses on the effect of the organosolvent extraction with steam explosion
pretreatment and optimization of cellulase activity using the response surface methodology for the
production of bioethanol. The commercial cellulase enzyme was characterized for its optimal pH,
temperature, and also studied for the enzyme activity. The effect of organosolvent pretreatment was
identified in both native and pretreated wild sugarcane by SEM, XRD, and FTIR. The cellulase enzyme
was found to be tolerant with an optimal pH of 5.0 with cellulase activity of pretreated wild sugarcane
is found to be 25.36 IU/ml. Organosolvent extraction of wild sugarcane was carried out using water
and ethanol as solvent. The composition of lignin, hemicelluloses, and cellulose was also determined
in both pretreated and native biomass. The activity of the enzyme was observed over the effect of
enzyme loading, substrate loading, temperature, and pH using a Box-Behnken design.
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INTRODUCTION

Bioethanol is ecofriendly since it is
produced from renewable energy sources of
biomass which can be utilized as an alternative
to fossil fuel®. To get better of a dispute regarding
the usage of human food, lignocellulosic materials
can be used as the feedstock for the production
of bioethanol. Global warming and the increase
in atmospheric CO,are happening due to the
consumption of fossil fuel, to overcome this issue
it is necessary to focus on bioethanol®. Biofuel
feedstocks are renewable energy products consists
of high carbon concentration (C), hydrogen (H),
low oxygen concentration (O), nitrogen (N), and
inorganic constituents such as (Ca, Mg), which
releases energy during its conversion process
which helps to regulate the temperature in
the environment®. Bioethanol produced from
biomass is also known as Modern biofuels that
provide good-quality energy have a use for
transportation fuel®. Plant biomass consists of
carbohydrates such as cellulose, hemicelluloses,
starch, and pectin which can be a suitable substrate
for biofuel production®. The development of
new lignocellulosic feedstock with minimum
lignin concentration may be an efficient and
cost-effective strategy for the development of
lignocellulosic biomass bioethanol. Saccharum
Spontaneum (wild sugarcane) consists of cell wall
substances rich in cellulose, hemicellulose, and
pectin but minimal in lignin. For the removal of
lignin various pretreatment methods are used.
Compared with other pretreatment methods
the high yield of glucose and xylose were caused
by a steam explosion®. The method explodes
biomass by rapid depressurization from extreme
temperature and pressure situations to increase
the responsiveness of cell wall content to
cellulase thermal decomposition to achieve
higher yields for subsequent fermentation.
Steam explosion is a thermo-hydrolytic
pretreatment process for enhancing enzymatic
saccharification and synthesis of bioethanol’.
Nevertheless, due to the high temperature and
pressure anticipated and the development
ofinhibitors, the drawbackis the high energy supply.
Nowadays organosolvent pretreatment has been
used for the removal of lignin and valuable
co-product (e.g. acetone, butanol, biogas)
production®'3. Organosolvent pretreatment

helps to increase the yield of conversion during
fermentation by influencing the acid, enzymatic,
and microbial action. In 1893, organic solvents
were used to treat the lignocellulosic material, to
study the structure of carbohydrate and lignin,
Klason®® used hydrochloric acid and ethanol to
separate the components of wood. To balance
the biological process of enzymatic hydrolysis of
cellulose it is necessary to perform mathematical
modeling with different variables?. Enzyme
loading, substrate loading, temperature, and
pH are the significant factors that influence the
activity of the enzyme of pretreated biomass. To
determine the optimal process parameters for
optimization and modeling of several variables
a statistical technique (RSM) Response surface
methodology was used, this is done by combining
the experimental results with the variables.
The optimum parameters to gain the desired
response can be predicted by using RSM with the
experimental data, whereas the mathematical
model interprets the connection between the
responses and the experimental variables. In
this study, for the production of bioethanol by
organosolvent pretreatment the wild sugarcane
was examined. For the conversion of cellulose into
ethanol, the activity of the enzyme has a major
role in hydrolysis and fermentation. To enhance
the activity of the enzyme it is necessary to focus
on the optimization of enzymatic conditions, this
can be done by using RSM. Thus, the current study
was aimed to know the efficiency of organosolvent
extraction with steam explosion pretreatment
to induce the structural and chemical changes
made by thermophysical pre-treatment in the wild
sugarcane.

MATERIALS AND METHODS
Feedstock
The plant Saccharum spontaneum L
(wild sugarcane) was collected from Ash Lake,
Neyveli, Tamilnadu, India, and authenticated by
the Botanical Survey of India (BSI), TNAU — BSI/
SRC/2804. The stem part of the plant was sun-
dried, powdered, and stored at room temperature
for further use.
Organosolvent Extraction with steam explosion
To a 250ml stoppered conical flask, 5g
of powdered sample was taken and mixed with
ethanol and water in a 1:1 ratio. The mixture was
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kept for pretreatment in an autoclave under the
conditions of 15 Ib pressure, 121°C temperature
for 60minutes.After pretreatment, the samples
are washed with distilled water to neutralize
the pH. The pretreated biomass is dried at room
temperature and stored.
Compositional Analysis

The moisture and ash content of the
feedstock was calculated by the standard method
(AOAC 1990)". Cellulose content was measured
by the method described by (Norman and Jenkins
1933)*8, Briefly, to 0.5g or 1g sample, 3 ml of
acetic/nitric reagent were added and kept for
boiling at 100°C for 30mins. The samples were
cooled, centrifuged at 5000 rpm and the residual
pellet was washed with distilled water. To the
washed pellet 10ml of 67% sulphuric acid was
added. The solution was diluted 100 times and
to the 1 ml of diluted solution, 10ml of anthrone
reagent was added and kept in a boiling water
bath for 10mins. The absorbance was measured at
630nm and the amount of cellulose was calculated
from the standard graph plotted with different
concentrations of cellulose. The amount of lignin
was determined by calculating acid detergent
fiber and acid detergent lignin'®, The amount
of hemicellulose was estimated by the method
described by (Norman and Jenkins 1933)%.
SEM

SEM analysis was performed using (JOEL—
JSM 6390, Japan) to study the differences between
pretreated and native wild sugarcane based on
its morphology. The magnification of the image is
500X whereas its accelerating voltage is 10- 15kV.
XRD

XRD analysis was done using (XRD-6000
Schimadzudiffractometer) for the native and
pretreated wild sugarcane. Diffraction patterns
were reported utilizing 40 kV and 30 mA Cu-Ka
radiation and 10-30° grade scale with a 0.03° phase
scale. The crystallinity index was calculated based
on the equation

Crl(% ) =[(l

—lam)/I__] x 100

002 002

FTIR

FT-IR spectroscopy (Shimadzu
Spectrometer, Japan) was used to study the
difference in structural and functional groups
through the FT-IR spectrum which acts as a
molecular fingerprint of the sample. The FT-IR

spectrum is measured at the range of 4000 and
400 cm™ and 50 scans for each sample.
Enzyme activity

Enzyme activity of steam-exploded wild
sugarcane was performed in boiling tubes by
heating 0.5g of biomass in 1.0 mL of 0.05 M Na-
citrate buffer (pH 4.8). The content was heated
for 10mins at 50°C. The enzyme assay was carried
out using a commercial cellulase. 0.5 mL enzyme
was added after appropriate dilution in citrate
buffer to the tube. Blanks, controls, and glucose
standards were also kept in a water bath along with
the enzyme assay tubes at 50°C for 1 hour, Finally,
3.0 mL of 2,5-dinitrosalicylic acid was added to end
the reaction and the absorbance was measured at
540nm. The amount of reducing sugar released
was calculated using glucose standard and the
enzyme activity (FPU) is determined based on the
following equation
Optimization of Enzyme activity by RSM

To study the factor interactions with
multiple combinations of variables and the
response of independent variables Box-Behnken
design was used. The selected variables were
enzyme loading, substrate loading, temperature,
and pH. A total of 29 runs were used for the study
and the effect of four variables was studied at
three different levels. For the quadratic model
building, experimental design, and data analysis
the Design Expert Stat-Ease Version 12software
was used. The experimental setup of RSM is shown
in Table 1.

RESULTS AND DISCUSSION
Pretreatment, compositional analysis, and
characterization of native and organosolvent
extraction coupled with steam explosion
pretreated biomass

The organosolvent extraction with steam
explosion pretreated wild sugarcane upon enzyme
activity yielded 25.36 IU/mL of cellulase activity/
gram of biomass after pretreatment. The cellulose,
lignin, and hemicelluloses gained from 1g of
pretreated and native wild sugarcane is presented
in Table 2. Steam explosion pretreatment is a
delignification process. The porosity of biomass
getsincreased due to the removal of ester linkages.
The difference between the pretreated and native
biomass of wild sugarcane was identified from FTIR,
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Table 1. Activity of enzyme for individual runs of the RSM design

Trial Temperature pH  Substrate loading Enzyme loading  Activity of enzyme
No. (°C) (mg) in (ml) in (IU/ml)
1 40 4 50 0.7 10.70
2 60 4 50 0.7 8.07
3 40 6 50 0.7 10.60
4 60 6 50 0.7 7.86
5 48 5 30 0.4 22.13
6 48 5 70 0.4 17.36
7 48 5 30 1 19.32
8 48 5 70 1 16.93
9 40 5 50 0.4 15.77
10 60 5 50 0.4 11.21
11 40 5 50 1 16.03
12 60 5 50 1 12.77
13 48 4 30 0.7 16.69
14 48 6 30 0.7 17.01
15 48 4 70 0.7 15.78
16 48 6 70 0.7 13.57
17 40 5 30 0.7 14.86
18 60 5 30 0.7 10.98
19 40 5 70 0.7 13.49
20 60 5 70 0.7 7.99
21 48 4 50 0.4 18.54
22 48 6 50 0.4 17.03
23 48 4 50 1 17.53
24 48 6 50 1 14.21
25 48 5 50 0.7 25.36
26 48 5 50 0.7 25.36
27 48 5 50 0.7 25.36
28 48 5 50 0.7 25.36
29 48 5 50 0.7 25.36

SEM, and XRD and analysis. From the SEM images,
the changes between native and pretreated
biomass were examined. Fig. 1 shows the SEM
images of pretreated and native wild sugarcane.
The pretreated biomass has a distorted complex
whereas the native biomass has a compact rigid
complex. The efficiency of the hydrolysis process
will be increased when the biomass has increased
surface area and distorted structure. Similar
observations were reported earlier for sugarcane
bagasse pretreated with formic acid®*, bamboo
pretreated with cold sodium hydroxide/urea?..
The crystallinity changes of native and pretreated
biomass were identified using the XRD spectrum.
The pretreated and native X-ray diffractograms
are presented in Fig. 2. The crystallinity indexes
of pretreated native and pretreated samples were

46.4% and 36.13%. During the pretreatment,
the glycosidic linkages of the cellulose fibers
gethydrolyzed which increases the crystalline
polymer directly increases the crystallinity Index.
Similar observations have been identified in
previous studies, such as organosolvent pretreated
rice straw?? and pretreatment of switchgrass with
acid®. Cellulose, hemicelluloses, and lignin are
the important biopolymers which influence the
lignocellulosic materials of FTIR spectra?s. Fig.
3presents the FTIR spectra of pretreated and
native biomass. The differences are detected in
absorption spectra. The band widening at 3652
cm? can be ascribed to CH2 wagging vibrations
in cellulose. The characteristic band at1828 cm™
was assigned to lignin removal, guaiacylring of
lignin which is present in the spectra of native
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biomass was found to be absent in the pretreated
spectra, this indicates the removal of lignin after
pretreatment. The disappearance of bands at 1828
cm™ may be due to the depolymerization of lignin
after pretreatment.
Optimization of cellulase activity

The enzymatic hydrolysis as an action
of substrate loading, enzyme loading, pH, and
Temperature was evaluated. 29 trials were done
with the combination of different factors and the
response observed is presented in Table 1. The
interaction effects of variables on cellulase activity
were studied to know the optimal response of each
variable by plotting three-dimensional surface

Table 2. Composition of native and organosolvent
pretreated wild sugarcane

Components Native Pretreated
(% w/w)

Cellulose 41.23 56.11
Hemicellulose 23.26 15.12
Lignin 11.21 5.64

< = y ¢ >
Fig. 1. SEM images of wild sugarcane (a) native, and (b) organosolvent pretreated wild sugarcane

i >

curves. The interaction of the variables from
pretreated wild sugarcane on enzyme activity are
shown in the surface plot given in Fig. 4a-f. Fig.
4a specifies the cellulase activity as a function of
substrate loading and temperature. At a lower level
of substrate loading and lower temperature, the
activity of the enzyme was low. The results of the
surface plot explain that temperature (48°C) and
biomass loading (50mg), the cellulase activity was
high. From the results, increasing the temperature
from 48 to 60 h does not increase the yield of wild
sugarcane after pretreatment. The decrease in
cellulase activity can be the result of the inhibition
of the enzymes. Fig. 4b indicates the interaction
of enzyme activity between temperature and
enzyme loading. Enzyme loading differs based on
the pretreatment method and the composition
of the feedstock used. The interaction effects of
temperature and pH on enzyme activity are shown
in Fig. 4c. This surface plot explained that, at lower
levels of pH and higher levels of temperature,
the enzyme activity was low. The enzyme activity
increased with pH 5 and temperature 48°C, beyond
that there was a reduction in the enzyme activity.
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The impact of pH and substrate loading on enzyme
activity is shown in Fig. 4d. At lower levels of pH
and lower levels of substrate loading, the enzyme
activity was low. This surface plot suggests that
the maximum activity of cellulase was achieved
at the middle level of pH concentration (5) and
the middle level of substrate loading (50mg). The
interaction on enzyme activity between enzyme
loading and substrate loading is shown in Fig. 4e.

1200

At lower levels of substrate loading and lower
levels of enzyme loading, the activity of the
enzyme was low. This surface plot suggests that
the middle-level of enzyme loading (0.7ml) and
middle level of biomass loading (50mg), obtained
a high enzyme activity. The interaction on enzyme
activity between the pH and enzyme loading of
wild sugarcane after pretreatment was presented
in Fig. 4f. At lower levels of pH and lower levels
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Fig. 2. X-ray diffraction pattern of native and organosolvent pretreated wild sugarcane.

120

115 4

110 +

105 -
100-.
95-.
90-.
85-.

(Transmittence)

80 4
754
70 4

Pretreated

Nat

ive

65 —
4000 2000

1

¥ L) ® ) * )
3500 3000 2500

Wavenumber cm”

—
1500

—
1000 500

Fig. 3. FTIR spectra of native and organosolvent pretreated wild sugarcane.

Journal of Pure and Applied Microbiology

119

www.microbiologyjournal.org



Aruna & Gobikrishnan | J Pure Appl Microbiol | 15(1):114-122 | March 2021 | https://doi.org/10.22207/JPAM.15.1.06

-

=
o
@
E
=
N
=
L
—
o
=
=
°
<

(©) ()

E E

2 =

= %

E £

£

N >

= N

o &

= /4 =

< s

<
5 50
B: pH 45 /ﬁ A: Temperature (C) :
4740 C: Substrate loading (mg)w\\/
P4
() ®
Kl

= =

E E

3 =)

E ®

£ =

> >

N ~

= =

@ L]

5 5

= =

E >

2 2

i
07
06
: ; : i ; . 0
D: Enzyme loading (ml) 03 Pyt C: Substrate loading (mg) D: Enzyme loading (ml)

Fig. 4. Effect of various parameters on cellulase activity of organosolvent pretreated wild sugarcane (a) Effect of
substrate loading and temperature on cellulase activity (b) Effect of enzyme loading and temperature on cellulase
activity (c) Effect of pH and temperature on cellulase activity (d) Effect of substrate loading and pH on cellulase

activity (e) Effect of substrate loading and enzyme loading on cellulase activity and (f) Effect of enzyme loading
and pH on cellulase activity.

Journal of Pure and Applied Microbiology 120 www.microbiologyjournal.org



Aruna & Gobikrishnan | J Pure Appl Microbiol | 15(1):114-122 | March 2021 | https://doi.org/10.22207/JPAM.15.1.06

of enzyme loading, the enzyme activity was low.
The optimum conditions for cellulase activity of
organosolvent extraction with steam explosion
pretreated wild sugarcane were biomass loading
(50mg), enzyme loading(0.7ml), pH (5), and
temperature (48°C) with the activity of 25.36
IU/ml. The results indicated that organosolvent
extraction with steam explosion pretreatment
increased the yield of cellulose than to native wild
sugarcane shown in Table. 2. From the results, it
can conclude that the combined pretreatment of
organosolvent extraction with a steam explosion
is an effective method that can be further utilized
for bioethanol production.

CONCLUSION

Organosolvent extraction with steam
explosion pretreatment in optimizing the enzyme
activity was done by Box-Behnken Design. This
combinatorial pretreatment of wild sugarcane
leads to anincreased cellulase activity. The results
have shown that acceptable correlations were
found between the predicted and experimental
yields. This study reveals that the cellulase activity
was notably improved after the pretreatment
because of the removal of lignin. After the
pretreatment, the compositional analysis of the
wild sugarcane resulted that 90% of the lignin
being reduced when compared to the native wild
sugarcane. Organosolvent extraction with steam
explosion pretreatment made the biomass suitable
for the enzyme activity due to the changes in its
physicochemical characteristics. The optimization
of cellulase activity including substrate loading,
enzyme loading, pH, and, Temperature, resulted in
better interaction on cellulase activity IU/ml yield.
This current study proves the wild sugarcane as a
suitable feedstock for bioethanol production.
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