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ABSTRACT
The lignocellulosic biomass composition of plants differs depending on the locality and seasonal changes. We have
evaluated the suitability of four different sources of lignocellulosic biomass, viz.,Ipomoea cornea, Phragmites karka,
Saccharum spontanumand Zea mays cobs for obtaining reducing sugar commercially which can be used for
bioethanol production in Nepal. S. spontaneum was found to be the best among the four as a cheap source of
lignocellulosic biomass since it has better degradation capabilities, high calorific value and relatively high total
reducing sugar (TRS) content (612.2±11.5 mg g-1 biomass). S. spontaneum biomass was pretreated with 0.5M
sulphuric acid, 0.5M ammonium hydroxide, 1-butyl-3-methyl imidazolium chloride, butadiene sulphone and hot water
and further subjected to acid or enzymatic hydrolysis to determine total sugar content. Among the pretreatment
methods employed, 0.5M ammonium hydroxide at 65 oC for 12 h followed by cellulase enzyme hydrolysis (TRS =
347.3±55.6 mg g-1) and hot water pretreatment at 100oC for 2 h followed by hydrochloric acid hydrolysis (TRS =
330.4±20.5 mg g-1) were found to be the best, although the latter method is more economical. The variations in
characteristics of lignocellulosic biomass before and after pretreatment with hot water at100oC for 2h were
investigated by thermo gravimetric analysis (TGA), X-ray diffraction (XRD) and FTIR methods. The XRD and FTIR
analysis showed that pretreatment reduced the amorphous nature of cellulose and increased crystalline characteristics.
The content of glucose (untreated:246.7±4.0 and pretreated:235.1±5.0 mg g-1 biomass) and xylose (untreated:86.6±3.9
and pretreated: 62.5±3.0 mgg-1 biomass) determined in untreated and pretreated (hot water at 100 oC for 2 h) suggests
that while the cellulose loss during pretreatment is minimal, hemicellulose content is lost significantly.
Keywords: lignocelluloses;S. spontanum; pretreatment; hydrolysis; cellulose; hemicellulose.

I.
INTRODUCTION
Dependence on petroleum-based transportation
fuels continues to be a major challenge for
developing countries. The challenge is further
enhanced if the country happens to be landlocked
and has no fossil fuel reserves. Accordingly,
landlocked countries such as Nepal have to spend
a major share of their resources to import fossil
fuels via other counties. This leads to severe

threat of energy security of the country.
Accordingly, serious attempts are being made to
develop alternative energy sources including
bioethanol in Nepal [24].
Currently, majority of global ethanol production is
based on starch and sugarcane, which compete
with their use as food and/or feed. Lignocellulosic
biomass has emerged as an attractive alternative
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sugar
source
for
ethanol
production.
Lignocellulosic biomass such as dendromass and
phytomass are nature based materials consisting of
complex heterogenic macromolecules such as
celluloses, hemicelluloses and lignin, as well as
numerous other low molecular mass organic and
inorganic components that can be used for ethanol
production [23].
Ipomoea cornea (locally known as Ajamari),
Phragmites karka (locally known as Narkat),
Saccharum spontanem (locally known as Kans)
and Zea mays (corn) cobs are good source of
lignocellulosic biomass. The first three are
commonly found weeds, grown naturally in
abundance in both the hilly and plain regions of
Nepal that may be harvested periodically with
relative ease. I.cornea is a fast growing species
with ability to absorb Cd and Hg. Accordingly,
this species is used for bioremediation of heavy
metals in polluted soils [14]. S. spontaneum is one
of the widely distributed lignocellulosic biomass
that grows very fast giving high forage yield and
seed production. S. spontaneum is believed to
have originated in India and is distributed widely
in tropical and subtropical regions of Asia. It
grows on river banks, road sides, waste lands and
even in sandy soils [9]. Medicinal and Aromatic
Plants Network (MAP) of Nepal has given the
taxonomic ID 1307 for the Nepali variety of S.
spontaneum [16].Z. mays is a field crop grown all
around the world and its cob (the central core of
corn shoot) is an agricultural waste that is thrown
away as garbage in farm lands, waste bins and
along road side. Corn cobs are known to contain
high energy content among 12 different types of
biomass tested by Helsel and Wedin [6].
The lignocellulosic biomass obtained from the
plants is highly recalcitrant, accordingly effective
release of sugars from them is a major challenge.
Therefore, the saccharification of the biomass
needs an effective pretreatment technique so as to
expose cellulose and hemicellulose for efficient
hydrolysis [37]. Pretreatment methods result in
different effects on the biomass in terms of
structure and composition. Further pretreatment
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procedures vary for the same plant species
depending onthe growing conditions and the
region from which they originate. In addition,
parameters such as (i) obtaining highly digestible
pretreated solids (ii) high biomass concentration
(iii) no significant sugar degradation (iv)
formation of a minimum level of toxic compounds
(v) high yield of sugars after subsequent
hydrolysis(vi) fermentation compatibility (vii)
operation in reasonably sized and moderately
priced reactors (viii) lignin recovery with
minimum heat and power requirements etc., need
to be considered and optimized for the biomass
used [2]. Accordingly, with an ultimate goal of
developing proper procedures for commercial
production of ethanol from local biomass sources
(agricultural wastes) in Nepal, in this paper, we
describe the best biomass source for fermentable
sugars and proper pretreatment procedures to be
used to get maximum total reducing sugar yields.
Total reducing sugar content in the biomass tested
after acid and/or enzymatic hydrolysis of
differently pretreated biomass. The changes in
biomass characteristics before and after
pretreatment were examined by thermal
degradation analysis (TGA), X-ray diffraction
analysis (XRD), Infra-red spectral analysis (FTIR)
and the calorific values together with the analysis
of difference in reducing sugar, phenol and
furfural content before and after pretreatment.
II.
MATERIALS AND METHODS
2.1. Sample collections and preparation
Biomass samples of Ipomoea cornea, Phragmites
karka, Saccharum spontanem and Zea mays (corn)
cobs were obtained from Tribhuvan University
campus, Kirtipur, Kathmandu, Nepal during the
month of August. The sampling location was
27.6818oN and 85.2865oS. In the case of first three
species, the aerial portion of the biomass were
harvested, air dried for 24 h. The biomass was
then cut into small pieces with average length of 2
cm. Zea mays (corn) cobs were also collected
from the same location as above, however, the
corn kernels were first deseeded to prepare the
cobs. The biomass was dried in a hot air oven at
83
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60oC for 24 h. It was then ground and sieved to
get powder with a particle size of 250-500 µm.
The processed biomass was packaged and sealed
in plastic bags and stored in a cool and dry cabinet
at room temperature for further analysis.
2.2. Thermo gravimetric analysis (TGA) of
biomass
Component degradation pattern were analyzed
using Thermo Gravimetric Analyzer (STA 7200
HITACHI, Japan) [16]. Dynamic thermo
gravimetric scans were conducted in the
temperature range 30 to 900oC at a heating rate of
10oC min-1. The experiments were carried out
under nitrogen atmosphere at a flow rate of 100
ml min-1 with biomass load of approximately 10
mg. Moisture and ash contents were also
determined using TGA curve according to UNI
EN 14774-2 [33] and UNI EN 14775 [34]
methods respectively.
2.3.
Determination of calorific value
Bomb calorimeter (Parr Instrument Company,
2007) was used for determination of calorific
value [10]. Briefly, ~1 g biomass was placed in
contact with nichrome wire tied with cotton
thread. The assembly was placed in the ignition
port. The bomb calorimeter was filled with 20 bar
oxygen at 25oC. The bomb calorimeter was then
submerged in a container filled with distilled
water. The calorimeter jacket was maintained at
temperature 25oC. The heat released was
measured in terms of temperature change. The
calorific values of samples were calculated using
the equation, Hfs = [(C.ΔTfs – mct.Hct)/mfs], where,
ΔTfs was the observed change in temperature ( oC),
mct was mass of cotton thread (g), Hct was calorific
value of cotton thread (J g-1), mfs was mass of
sample (g) and C was heat capacity of benzoic
acid (standard). C= [(mba. Hba + mct.Hct)/ ΔTc.]
where, mba was mass of benzoic acid (g), Hba was
calorific value of benzoic acid (J g-1) and ΔTc was
observed change in temperature (oC)
2.4
Chemical composition analysis of
biomass
Structural carbohydrate contents of biomass were
determined by two stage acid hydrolysis method
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as described in NREL Standard Biomass
Analytical Procedure [19]. The stored biomass
was further ground and sieved to 60 µm size and
subjected to acid hydrolysis. Total structural
carbohydrate in the aqueous portion of the
hydrolyzed samples was analyzed by di-nitro
salicylic acid (DNSA) method as described by
Miller, 1959 [18]. Further, glucose, xylose,
arabinose, 5-hydroxy methyl furfural and furfural
were determined using HPLC (Agilent, Inc.,
USA) fitted with Metacarb 87H ion exchange
column (300 x 6.6 mm) and Refractive Index
detector. The column was eluted at a flow rate of
0.5 ml min-1 using 0.00065M H2SO4 at 60oC [19].
2.5.
Pretreatment of Biomass
Various procedures delineated below were used to
determine the pretreatment efficiencies of
biomass. An aliquot from pretreated biomass was
collected by vacuum filtration and chemical
analysis were performed to determine reducing
sugars, phenols and furfural released from the
biomass as described under chemical analysis
procedures above. All treatment procedures
involved 10 g biomass mixed with 100 ml of
pretreatment solvent in 250 ml stoppered flasks
with constant stirring at 25oC, 65oC and 100oC for
up to 24 h. All pretreatments were carried out in
triplicates. Small aliquots were withdrawn at
different time intervals and analyzed for sugar
content as described below. Pretreatment was also
performed at 120oC as above, but the incubation
was done for up to 2.5 h only and the samples
were analyzed at 0.5 h intervals. The pretreatment
solvents used were (i) 0.5M H2SO4 (Sulfuric acid)
(ii) 0.5M NH4OH (ammonium hydroxide) (iii)
water (iv) 1-butyl-3-methyl imidazolium chloride
with concentrations of 40%, 60%, 80%
respectively and (v) butadiene sulfonate of 50%
and 100% concentrations, respectively.
2.6.
Chemical analysis of pretreated
biomass
2.6.1: Determination of total reducing sugars
(TRS)
The supernatants obtainedafter pretreatment were
analyzed for TRS using di-nitro salicylic acid
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(DNSA) method. Briefly, 200 mm-3 of pretreated
supernatant was added with 200 mm-3of DNSA
reagent. The aliquot incubated in a boiling water
bath for 10 min, cooled on ice-bath for 5 min
followed by addition of 2 cm-3 distilled water. Dglucose (Sigma) was used as standard. The
absorbance due to reducing sugars was measured
at 540 nm.
2.6.2: Determination of phenol content
Total phenol content in the supernatants were
analyzed using Singleton method [28]. A 100 mm3
of sample was mixed with 1.0 cm-3 of 10% Folin
Ciocalteu reagent followed by 0.8 cm-3of 0.1g cm3
sodium carbonate solution. The aliquot was
incubated for 15 min at room temperature and
absorbance was measured at 765 nm. Gallic acid
(successively diluted solutions of 250 µg cm-3
stock) was used as a standard.
2.6.3: Determination of furfural content
Furfural present in supernatants were determined
by the method described by Al Showiman [1]. A
0.1 cm-3 aliquot of the sample was mixed with 0.4
cm-3 of 50% ethanol, 20 mm-3 aniline, 5 mm-3 of
37% HCl and 0.8 cm-3 distilled water. The
absorbance of the sample was measured at 530
nm. Furfural (successively diluted solutions of 30
µgcm-3 stock) solutions prepared in 50% ethanol
were used to develop a standard curve.
2.7.
Hydrolysis of pretreated biomass
The solid residue obtained after filtration of
pretreated biomass was washed with distilled
water several times until the washes reached
neutral pH (tested using blue and red litmus
paper). Thus obtained solids were first air dried
for 24 h at room temperature followed by drying
in hot air oven at 60oC for 24 h. The dry pretreated
biomass was then stored in sealed plastic pouches
for further analysis.
2.7.1. Acid hydrolysis
Aliquots of dried samples (1 g each) were mixed
with 10 cm-3 of 20 mg cm-3 HCl(Hydrochloric
acid) and incubated at 90oC for 24 h in water bath.
After 24 h of hydrolysis, the samples were cooled
on ice-water bath, vacuum filtered and the
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supernatants were tested for TRS, phenol and
furfural as described above.
2.7.2 Enzymatic hydrolysis
Enzymatic hydrolysis was performed by
incubating 1 g pretreated biomass with10 cm-3 of
diluted (10FPU g-1of biomass) cellulase enzyme
(Trichoderma resii,Sigma Chemical Co., St Lous,
MO, USA) at 45oC for 24 h. The samples were
then cooled on ice-water bath, vacuum filtered and
the supernatants were tested for TRS, phenol and
furfural.
2.8.Comparative analysis of untreated and
pretreated biomass
2.8.1. X-Ray diffraction (XRD) analysis of
biomass
Powder X-ray diffractometer (Bruker, Germany)
was used to determine the crystallinity of
untreated and pretreated biomass. CuKα (λ=0.154)
was used as radiation source at 40 kV and 30mA.
Biomass samples were scanned at a speed of
1omin-1 for 2θ ranging from 4o -40o with an
increment of 0.04o and rotation speed of 200 rpm.
XRD crystallinity index (CIXRD) was determined
using the peak height method as described [32].
2.8.2FTIR analysis of biomass
The biomass (untreated and treated) sample-KBr
pellets were prepared by thoroughly mixing 2 mg
biomass with 200 mg KBr at 20 bar pressure. The
pellets were scanned between 4000 to 400 cm-1
with 4cm-1 resolution using FTIR spectrometer
(Perkin Elmer, USA). The background spectrum
of pure KBr was subtracted from the sample
spectrum [36].
3. RESULTS AND DISCUSSION
3.1.
Characterization of Biomass
The four different biomass samples were
characterized for their sugar contents, thermal
degradation pattern, calorific value, moisture and
ash content before pretreatement (Table 1).The
data shows the presence of maximum sugar
content in S. spontaneum. Glucose and total
reducing sugar (TRS) content were 296.8±4.1and
612.2±11.5 mg g-1 biomass respectively. The TRS
reported herein are in between the values reported
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(539.1±0.55 mg g-1 of S. spontaneum) by Chandel
and associates [4] and (68% on oven dry weight
basis of S. spontaneum) by Singh et al (2011)
[25]. A number of varieties of S. spontaneum are
known to grow around the world and Switch grass
is one such variety. According to Kataria et al.,

[11] without excreting pressure on the land, it is
estimated that 1318 million barrels of ethanol can
be produced using Switch grass alone. It grows in
open land without any special effort, accordingly a
good source of fermentable sugars to produce
bioethanol and other value added products.

Table 1: Analysis of untreated (crude) biomass for various sugars, fermentation inhibitory substances, calorific value,
moisture and ash content.*
Parameter analyzed

Biomass analyzed

TRS (mg g biomass)

I. cornea
560.7±18.6

P. karka
492.4±6.5

S. spontaneum
612.2±11.5

Zea mays (cobs)
580.8±8.0

Glucose (mg g -1 biomass)
Xylose (mg g -1 biomass)

200.3±10.6
27.0±1.0

223.0± 5.1
78.3±3.5

246.7 ± 4.0
86.6±3.9

232.6±16.3
85.2±5.5

Arabinose (mg g -1
biomass)
5-HMF (mg g-1 biomass)

0.9±0.1

6.9 ± 0.8

6.5 ± 1.0

10.9 ±1.0

82. 7±3.6

78.2 ± 5.2

72.9 ± 3.9

90.8 ± 3.0

-1

-1

Furfural (mg g biomass)
2.19±0.01
10.6 ± 1.0
5.7 ±0.8
12.1 ±1.0
Calorific value (cal g-1)
4126± 228
4235± 42
4419± 224
4784± 273
Moisture (%)
6.1
6.7
6.3
8.3
Ash (%)
4.4
4.1
7.8
1.7
*Biomass samples hydrolyzed (acid hydrolysis) were analyzed for glucose, xylose, arabinose, 5-hydroxymethyl
furfural and furfural concentrations by HPLC method using a refractive index detector. Calorific valuewasdetermined
using a bomb calorimeter, moisture and ash content were determined by TGA as described in materials and methods.

The
differential
thermogravimetric
curve
presented (Figure 1) revealed that S. spontaneum
has fast degradation capability followed by P.
Karka, I. cornea and Zea mays (cobs) indicating
that less energy is needed for degradation of S.
spontaneum biomass. The main peak in the
thermogravimetric
curve
corresponds
to
degradation of cellulose in lignocellulosic biomass
and shoulder peak at lower temperature
corresponds to the degradation of hemicelluloses.
The sharp peak for S. spontaneum nearly at 300oC
corresponds to high cellulose content, as well as
fast degradation of cellulose in biomass. Lignin
decomposes in the temperature range of 300–
500oC and shows heterogeneous peaks due to its
heterogeneity and lack of a defined primary
structure. The remaining constant mass beyond
this range represents ash content [26].
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Figure 1: Differential thermogravimetric analysis of S.
spontaneum biomass. Preparation of biomass samples
and their differential thermogravimetric analysis with
continuous change of temperature at a rate of 10 oC min -1
as described in materials and methods.

3.2.
Pretreatment and hydrolysis of S.
spontaneum
Given the results described above in table 1 and
figure 1, S. spontaneum is good source for
fermentable sugars and it also exhibits high
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calorific value. Accordingly, it was used as a
biomass source for further pretreatment
processing in the study. The biomass was
subjected to pretreatment with sulphuric acid,
ammonium hydroxide, hot water, various
concentrations of 1-butyl-3-methyl imidazolium
chloride (40, 60 and 100%) and butadiene
sulphone (50 and 100%) at 25oC, 65oC, 100oC and
120oC.
Post pretreatment, samples were
withdrawn at different intervals of time, the solids
were hydrolyzed by Hydrochloric acid or 10 FPU
(filter paper unit) cellulase enzyme. The liquid
portion of the pretreated samples were analyzed
for TRS, phenols and furfural. The results of these
analysis are shown in Figures 2a, 3a, 4a (TRS);
2b, 3b, 4b (Phenols) and 2c, 3c, 4c (Furfural).
Lower concentration of acid and base were used in
this study as higher concentrations, although
increase delignification process, but decrease in
the recovery of total reducing sugars [30].
In this study, during treatment, highest TRS
release was measured in hot water pretreatment at
100oC for 2 h followed by acid hydrolysis
Hydrochloric acid for 24 h at 90 oC that released
330.4±20.5 mg TRS, 1.54 mg phenol and
88.88±0.07 µg furfural respectively per gram
biomass. Pretreatment with ammonium hydroxide
for 12 h followed by cellulase enzyme hydrolysis
at 65oC released 347.26±55.6 mg TRS, 2.03 mg
phenol and 19.75±4.27 µg furfural respectively
per gram biomass, however this method is found
to be costly than earlier as the increment in TRS is
very less. In a similar study, Kataria and
associates [12] showed the release of 350 mg TRS
per gram S. spontaneum biomass when pretreated
with 0.5% NaOH at 120oC for 2 h and the biomass
was hydrolyzed by 10 FPU cellulase. In another
study, Kataria and Ghosh [11] showed the release
of 69.08 mg TRS per gram biomass of S.
spontaneum when pretreated with 2% H2SO4 for
90 min at 120oC and the biomass was hydrolyzed
with 10 FPU cellulose showing that dilute acid
pretreatment of S. spontaneum biomass is not a
good method for the efficient recovery of
fermentable sugars. In a relatively recent study,
Jarina Joshi, et al.

Singh and associates [27] showed the dilute acid
pretreatment of biomass followed by enzymatic
hydrolysis released 231 mg g -1 biomass suggesting
that the process is inefficient. This further
supports our observations. Cotana and associates
[5] used several methods of pretreatment and
found that pretreatment with 2.5% NaOH at 100oC
for 30 min produced the most efficient TRS
recovery (202g TRS per kg biomass). While we
have not used NaOH to pretreat S. spontaneum
biomass, it appears, the alkali method we have
described herein is more efficient in recovery of
TRS.
The most commonly used acid for pretreatment is
sulfuric acid [14]. The concentrated acid, despite
being powerful degrading agent is highly
corrosive and not used any more. Alkaline
pretreatment utilizes lower temperature and
pressure as compared to other pretreatment
technologies. The advantage is that alkali causes
less sugar degradation. Additional advantages
include, degradation of ester and glycolytic side
chains causing structural alteration of lignin,
swelling of cellulose, partial decrystallization of
cellulose and partial solvation of hemicelluloses
[9]. Comparing our results with other findings the
hot water pretreatment at 100oC for 2 h followed
by hydrochloric acid hydrolysis seems to be best
for TRS release from lignocellulosic biomass. The
process is not only simple but also economical
since no costly enzymes are used. Alkali
pretreatment at 65oC followed by enzymatic
hydrolysis is also equally effective method, if the
enzymes are cheap. The latter is still a challenge
until protein engineering techniques could be
exploited to develop more efficient cellulases.
Saccharomyces cerevisiae is the most commonly
used organism for ethanol production and is
capable of reducing furfural to furan alcohol at
low concentrations which helps for detoxification
due to furfural at small amount.
The
concentrations of furfural, S. cerevisiae can
tolerate is 3.75 mg cm-3 in normal fermentation
and 17 g dm-3 in membrane bioreactor [20].
According to Palmqvist et al. [22] furfural
87
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concentration above 3 g dm-3 is antagonistic to
cell growth. In our study, pretreatment of S.
spontaneum biomass with hot water at 100oC for 2
h produced only 103.2 µg furfural per gram
biomass. This corresponds to 10.3 mg dm-3,

which is very low to show any inhibitory effects
during fermentation. Similarly, the amount of
phenol released was minimal to negligible under
all pretreatment reagents and all temperatures in
our study.

Figure. 2: Product released from S. spontaneum biomass pretreated with sulphuric acid, ammonium hydroxide, water,
1-butyl-3-methyl imidazolium chloride and butadiene sulphone. a. TRS b. Phenol c. Furfural. Pretreatments were
performed at 25, 65,100 and 120o C as described in materials and methods.
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Figure.3: Product released from biomass pretreated with sulphuric acid, ammonium hydroxide, water, 1-butyl-3methyl imidazolium chloride and butadiene sulphone by Hydrochloric acid hydrolysis. a. TRS b. Phenol c.
Furfural. Hydrolysis was performed at 90 oC as described in materials and methods.
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Figure.4: Product released from S. spontaneum biomass pretreated with sulphuric acid, ammonium hydroxide,
water, 1-butyl-3-methyl imidazolium chloride and butadiene sulphone on 10 FPU cellulase hydrolysis. a. TRS b.
Phenol c. Furfural. Hydrolysis was performed at 45oC as described in materials and methods.
Jarina Joshi, et al.
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The maximum phenol concentration measured
was 4.01 mg per gram when the biomass was
pretreated with 50% butadiene sulphone and the
residue was acid hydrolyzed. The hot water
pretreatment for 2 h followed by acid hydrolysis
of the residue released only 1.5 mg phenol per
gram biomass. The results reported herein also
reveal that temperatures above100oC are not
necessarily more efficient for pretreatment of
biomass. At temperatures above 100 oC, the TRS
levels are lower than at 150°C and this is likely
due to degradation of sugars as well as poor sugar
extraction. Temperatures above 160°C favor the
unwanted hydrolysis of the cellulosic fraction,
and the formation of toxic compounds such as
furfural and hydroxyl methyl furfural. It has been
shown that ionic liquids display interesting
properties such as chemical inertness, good
thermal stability, very low to no toxicity and
unique salvation ability; accordingly they are
considered a good choice of matrices for
pretreatment of lignocellulosic biomass. Further,
butadiene sulphone in presence of water is
believed to efficiently catalyze the breakage of
xylan-lignin bonds [3]. The latter could not
verified in our study.
3.3 Characterization of untreated (crude) and
pretreated S. spontaneum biomass
S. spontaneum biomass pretreated at 100oC for 2
h was found to be the best condition for obtaining

higher total reducing sugar yields. The untreated
and pretreated biomass (hot water at 100oC for
2h) were analyzed by various techniques
described below to further characterize the
biomass.
3.3.1 Thermogravimetric analysis (TGA)
The remaining (% weight) of hot water
pretreatedS. spontaneum biomass is less than that
of crude biomass (Figure 5). The remaining
weight is lower due to the removal of metal ions,
silica and other components during pretreatment
process. The decrease in hemicellulose/lignin and
cellulose/lignin peak intensity at around 225 to
325oC and 200 to 500oC indicates the removal of
hemicelluloses and lignin during pretreatment.
Tapering of hemicellulose/ lignin peak indicates
the ease of combustion of biomass due to
pretreatment. At temperatures below 380oC, the
pretreated biomass was found to be more stable
as compared to untreated (crude) S. spontaneum
biomass. Similarly, pretreated biomass shows a
decrease in weight beyond 540oC [35]. They have
shown that the pretreated biomass has more
crystalline cellulose, which is difficult to degrade.
Moisture content in pretreated biomass is
somewhat higher (Table 2) and this may be due
to increased porosity in pretreated biomass. Ash
content of untreated (crude) biomass is higher
than pretreated biomass because of the presence
of silica and other metal contents.

Figure 5: Differential thermogravimetric curves of untreated (Crude) and pretreated (hot water at 100oC for 2 h) S.
spontaneum biomass showing the variation in biomass weight with increasing temperature.
Jarina Joshi, et al.
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Table 2: Calorific value, moisture contents and ash contents of untreated (crude) and pretreated (hot water at 100oC
for 2 h) S. spontaneum biomass.
S. No.
Contents
Untreated biomass
Pretreated biomass
1

Calorific value (g -1 biomass)

4380±112 cal

4130±60 cal

2

Moisture

6.3%

6.7%

3

Ash

7.8%

4.1%

3.3.2 Calorific value determination
Calorific values of biomass before and after
pretreatment were 4380±112 and 4130±60
calories respectively (Table 2). The decrease in
calorific value of pretreated biomass is due to
partial removal of carbohydrate and lipid content
during pretreatment and increase in moisture
content due to increase in porosity [29].
3.3.4 XRD analysis
The biomass before pretreatment is more
amorphous and after pretreatment the amorphous
character decreases and this can be investigated

by XRD analysis (Figure 6). From the X-ray
defractograms, it can seen that the peak at 2θ =
22.4° becomes sharper and while the height of
the other peak at 15.5° disappears for the
pretreated biomass. This is in turn due to
decrease in amorphous nature of biomass [7].
Further, the calculated crystallinity index for the
pretreated biomass increased from 41.05 to 45.9.
This too is consistent with the previous reports
published by Xiao et al., 2011 [35]. According to
the paper, solubilization of hemicelluloses and
lignin together with less ordered cellulose is the
main cause of increasing crystallinity.
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Figure 6: XRD analysis of untreated (crude) and pretreated S. spontaneum biomass. The biomass was pretreated with
hot water at 100 oC for 2 h as described in materials and methods.

3.3.5 FTIR analysis
The FTIR band at 1163 cm−1corresponds to
crystalline cellulose whereas the band at 1156
cm-1 corresponds to amorphous cellulose. The
FTIR spectra (Figure 7) for untreated (crude)
biomass shows a band for amorphous cellulose at
1156 cm−1, whereas this peak is shifted to 1163
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cm−1in the pretreated lignocellulosic biomass.
Further, FTIR Crystallinity index (CIFTIR) is
represented by intensity ratio of 1375/1512. In
our samples, the CIFTIR were found to be 0.79
and 0.92 for untreated (crude) and pretreated
biomass, respectively, and this is consistent with
previous reports [6].
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3.3.6 Chemical analysis of untreated (crude) and
pretreated biomass
The biomass (untreated and pretreated) were
analyzed for cellulose and hemicellulose content
using NREL method (2012) as described above
which involves the determination of glucose,
xylose, arabinose and their derivatives 5-HMF
and furfural by HPLC (Table 3). The glucose
concentration is an indicator of total cellulose
concentration whereas the pentose sugar (xylose
and arabinose) are an indicator of total

hemicellulose concentration in the biomass [31].
Pretreatment with hot water at 100oC leads to
minimal decrease in cellulose content whereas
xylose content is significantly decreased,
suggesting loss of hemicellulose during
pretreatment. This can be further confirmed by
significant increases in furfural formation during
pretreatment.
On the other hand, 5-HMF
formation was in smaller amounts and this is
inturn due to minimal release of glucose during
pretreatment.

Figure 7: FTIR analysis of untreated (crude) and pretreated S. spontaneum biomass. The biomass was pretreated with
hot water at 100 oC for 2 h as described in materials and methods.
Table 3: Sugar and fermentation inhibitory substance compositions in untreated and pretreated S. spontaneum
biomass.
Biomass types
Untreated (mg g-1)
Pretreated (mg g-1)

Glucose
246.7±4.0
235.1±5.0

Xylose
86.6±3.9
62.5±3.0

4. CONCLUSION
Among the four different fast growing and easily
available lignocellulosic biomass in Nepal,
Ipomoea cornea, Phragmites karka, Saccharum
spontanum and Zea mays cobs, for their use in
bioethanol production, S. spontaneum is the best
given its thermal degradability, calorific content
and fermentable sugar levels. S. spontaneum
biomass when pretreated with hot water followed
by of hydrochloric acid hydrolysis can release
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Arabinose
6.5±1.0
6.6±0.8

5-HMF
72.9±3.9
58.6±3.9

Furfural
5.7±0.8
9.9±1.0

sufficient amount of total reducing sugar which
can be used for ethanol production. The biomass
characterization
methods
suggest
that
pretreatment with hot water results significant
loss of hemicellulose whereas the loss of
cellulose content is minimal. Through this study,
we suggest simpler but more economical
pretreatment procedure for S. spontaneum
biomass. Further evaluation of this pretreated
biomass showed significant change in physical
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and chemical
pretreatment.

structure

of

biomass

after
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