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Cellulose and microcrystalline cellulose (MCC) were isolated from waste
Leucaena leucocephala seeds (LLS) by using acid hydrolysis method. Waste
LLS are unused residues after extraction of oil for conversion to biodiesel.
Cellulose from LLS (LLS-cellulose) has been isolated by using 80% acetic acid
and 65% nitric acid to yield 33% cellulose. MCC was further prepared from
the LLS-cellulose via the acid hydrolysis method and yield 71%. The obtained
LLS-cellulose and LLS-MCC samples were comparatively investigated by
Fourier transform infrared spectroscopy (FTIR), Thermogravimetric analysis
(TGA), X-ray diffraction (XRD) and Field Emission Scanning Electron
Microscopy technique (FESEM). FTIR second derivative showed the presence
of minor amounts of bound hemicellulose and relatively free of lignin
compound. The crystallinity index of LLS-cellulose is higher than LLS-MCC,
indicating higher crystallize size and thermal decomposition. FESEM image
also showed that there is smooth surface of raw LLS after hot boiling
extraction for 2 hours. Thus, this study revealed that the lignin and
hemicelluloses can be removed efficiently by using hot water treatment. In
addition, cellulose components produced from waste LLS could be used as

precursors of other industrial applications.

© 2017 The Authors. Published by IASE. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Various crops are currently being studied for
energy production and industrial applications. The
choice on which lignocellulosic biomass is suitable
for the targeted products depends on several factors
such as its availability, carbohydrate composition
and competition with food resources. Different
grades of microcrystalline cellulose (MCC) could be
obtained from agricultural residues depending on
the source of plants and process involved (El-
Sakhawy and Hassan, 2007). Various sources of
plant have been studies for isolation of cellulose
which further can used to produce MCC and
nanocrystal such as oil palm mass residue (Johar et
al,, 2012; Soom et al., 2009; Haafiz et al., 2013), jute
(Jahan et al,, 2011) banana plant waste (Elanthikkal
et al, 2010), bagasse, rice straw (El-Sakhawy and
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Hassan, 2007; Ilindra and Dhake, 2008; Nuruddin et
al, 2011), wheat straw, corn stalks, dhaincha
(Nuruddin et al.,, 2011), kenaf (Wang et al., 2010),
alfa (Trache et al,, 2014), cotton stalks (El-Sakhawy
and Hassan, 2007), soybean hull (Merci et al., 2015),
tomato peel (Jiang and Hsieh, 2015) and pineapple
leaf (Cherian et al,, 2011). Honda et al. (2002) even
utilized waste sewage sludge as feedstock. The idea
of extracting cellulose from unused agricultural
residues or lignocellulosic waste is align with the
current interest towards waste minimization and
waste to wealth concept.

Production of cellulose from lignocellulosic
biomass requires pretreatment step to remove
undesired hemicelluloses and lignin which act as
protective barrier to cellulose. Many studies have
been reported on the removal of hemicelluloses and
lignin by using alkaline solution such as NaOH and
followed by bleaching (Elanthikkal et al., 2010). On
the other hand, Nazir et al. (2013) employed a
mixture of formic acid and hydrogen peroxide
method. Cellulose in the plants material can be
categorized into two forms, mainly known as
crystalline and amorphous. Crystalline is the major
constituent of cellulose in biomass while amorphous
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accounts relatively in small amount. In biocomposite
and biomedical industries, cellulose with high
crystallinity is more suitable to be applied due to its
strength and high resistance. Next process involved
after the isolation of microcrystalline cellulose
(MCC) from the obtained cellulose requires a
removal of amorphous regions. This is normally
done by acid hydrolysis using HCl or H2SOs. The
isolated cellulose and MCC can be further used as a
source for nanocrystal production.

Leucaena leucocephala is abundance in coverage
at most tropical regions of the world. The fact that
this fast-growing plant could grow on marginal lands
with minimum care had attracted attention for
researchers to maximize its possible utilization.
Some studies focused on using its biomass as
livestock feed (Ahmed and Abdelati, 2009), paper
production (Pandey and Kumar, 2013) and
extraction of oil from LLS for cosmetic and
pharmaceutical or conversion to biodiesel (Phoo et
al,, 2012). However, waste LLS, obtained as residues
after extraction of oil are unused although it has a
potential as a source of lignocellulosic material. The
aim of the present paper is to extract the cellulose
from waste LLS by using an environmental friendly
method for removal of non-cellulosic biomass.
Subsequently, the isolated cellulose will be
converted into microcrystalline cellulose. The
properties of prepared cellulose and MCC will be
measured for its chemical composition, thermal
stability, particles morphology and crystallinity
index in order to check its potential for use as
precursors of other industrial applications.

2. Materials and methods
2.1. Materials

Waste Leucaena leucocephala seeds (LLS) used in
this study were obtained from the residues after oil
extraction for conversion to biodiesel in Biomass
Energy Laboratory at Institute of Biological Sciences,
Faculty of Science, University of Malaya, Malaysia.
The LLS were initially collected at Selayang Baru,
Selangor, Malaysia in December 2014. The LLS
obtained were ground and dried at 105°C for 24
hours before extracted for its oil following an
established procedure (Lubes and Zakaria, 2009). All
analytical grade chemicals were purchased from
Merck, Malaysia and were used for cellulose and
microcellulose isolation.

2.2. Removal of primary and
metabolites from LLS

secondary

Removal of primary and secondary metabolites
was done according to Duarte et al. (2011) with
some modifications. The LLS seed waste were
grounded to powder and suspended in distilled
water followed by extraction with boiling water
under reflux. Extraction was carried out at 95-100°C
and the heating was 2 hours. After filtration aqueous
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extract was discarded and the insoluble residues
were collected and dried in oven at 60°C and stored
until further isolation of cellulose step is employed.

2.3. Isolation of cellulose from the LLS

The isolation method was adapted based on
original procedures described by Sun et al. (2004).
The dried insoluble residues of LLS were suspended
in a mixture of 80% of acetic acid and 65% of nitric
acid solution. The solution was heated at 90°C for 1
hour. Then, the solution was cooled at room
temperature and filtered. The insoluble whitish
residue was washed repeatedly with distilled water
until the pH of the washing distillate water became
pH 5-6. After that the residue (cellulose) was dried at
room temperature. The mass of dried cellulose was
measured.

2.4. Preparation of microcrystalline cellulose
(McCQ)

The acid hydrolysis of LLS-cellulose was
conducted according to a classic method (Battista,
1950). Prepared cellulose was hydrolysed with 2.5N
hydrochloric acid under reflux for about 1 hour at
90°C-100°C and the ratio of cellulose over liquor was
1:20. The hydrolysed cellulose was filtered and
washed repeatedly with distilled water until it is free
from acid. The solid residue (MCC) was dried in an
oven at 105°C.

3. Characterization of sample

3.1. Fourier transforms infrared spectroscopy
(FTIR)

Fourier transform infrared spectroscopy was
recorded using a Perkin-Elmer Spectrum 100 IR
spectrophotometer. Ultrathin pellets were prepared
by mixing 2 mg of each samples (Leucaena
Leucocephala seeds (LLS), cellulose and MCC) with
potassium bromide (KBr) powder. ID Spectra of all
samples were recorded in the range of 4000-450 cm-
1 to analyse the different in functional groups
present. The second derivative IR spectra were
obtained by using Savitzky-Golay filter through 13
point smoothing.

3.2. Thermogravimetric analysis (TGA)

A Netzsch Thermogravimetric analyzer (TG209
F3 Tarsus model) was used to study the thermal
behaviour of the samples. Each sample (10.0 + 1.0
mg) were analysed from 30-900 oC at a rate of
10°C/min under a nitrogen atmosphere, with a gas
flow of 80 cm3/min.
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3.3. Field emission scanning electron microscopy
(FESEM)

Field emission scanning electron microscopy was
carried out using a JEOL JSM-7600F. A small amount
of the LLS, cellulose and MCC were coated with gold
using a vacuum sputter coater (model SCD 005). The
FESEM micrographs were obtained to study the
surface morphology and crystallite size of each
sample.

3.4. X-ray diffraction technique (XRD)

Diffraction patterns of the samples were
performed with an X-ray diffractometer (X'Pert PRO
MD PANalytical). XRD pattern were recorder in the
20 range of 10-90° with an automated X -ray using
CuK « radiation as the beam source (A=1.5418 A)
and a scan rate of 1.5° min-1. The operating voltage is
35 kV and tube current equal to 30 mA. The
crystalline index (CI) of the samples was determined
according to the following equation:
CI(%) = 2oz (1)
where, CI is the crystallinity index, looz is the
maximum intensity at 2 © of 22.6 and Iam is the
intensity of the amorphous measured at about 2 6 =
18-19.

4. Results and discussion

The purpose of treatment using hot boiling water
prior to acetic acid-nitric acid extraction is to remove
any primary metabolites such as soluble and
insoluble polysaccharides, protein, and acid soluble
lignin from the LLS. Several secondary metabolites
such as amino acids, tannins and saponin are
expected to be removed from LLS as well. This
treatment facilitates the extraction of cellulose. The
bleaching process using sodium chlorite treatment
was not carry out due to acetic acid-nitric acid
treatment that has been whitened and isolated the
cellulose concurrently. This cellulose extraction
procedure is expected to be more environmental
friendly, which only used water during the pre-
treatment step. The yields of LLS-cellulose extracted
from LLS were 33% (dry mass). This yield was
higher compared to the cellulose yield found in the
mango seeds, which was 29% (Henrique et al,
2013). After purification process, the percent yield of
LLS-MCC obtained from LLS-cellulose was 71% (dry
mass).

4.1. FTIR spectral analysis

The IR spectra of the LLS, LLS-treated, LLS-
cellulose and LLS-MCC are shown in Fig. 1. The
spectra of LLS-cellulose and LLS-MCC showed almost
identical IR absorption peaks, indicating that their
functional groups were not distinctively different.
However the prominent peak at 1732 cm1-1745 cm-
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1in the spectrum LLS, LLS-treated and LLS-cellulose
can be associated to the present of lignin and
hemicellulose. According to several authors, this
peak indicates either acetyl or uronic ester groups in
hemicellulose or the ester linkage of carboxylic
group of the ferulic and p-coumaric acids lignin
(Johar et al,, 2012; Elanthikkal et al., 2010; Chirayil et
al, 2014; Normand et al,, 2014). Almost no similar
peak is present in the FTIR spectra of the LLS-MCC.
The peaks at 1242 cm and 1241 cm? of LLS and
LLS-treated were associated with the C-O out of
plane stretching vibration of the aryl group in lignin
(Mandal and Chakrabarty, 2011). The appearance of
a peak at around 1337 in all samples is related to the
bending vibration of the C-H and C-O bonds in the
cyclic ring of sugar moiety.

The absorption band at 1430 cm! and 898 cm!
were observed in the LLS-cellulose and LLS-MCC.
The band associated to a symmetric CHz bending
vibration at 1430 cm™ is called as the crystallinity
band and increase in its intensity demonstrates
higher degree of crystallinity (Trache et al., 2014;
Kalita et al., 2013; Shankar and Rhim, 2016). On the
other hand, the peak at 897 cm-! is originated from
B-glycosidic linkages between glucose units in
cellulose (Sun et al., 2004) and the intensity will
decrease when the crystallinity of the sample
increased (Soom et al., 2009). FTIR spectrum of LLS-
MCC showed a decrease in intensity for both the
crystallinity band compared to that of MCC, which
suggested that the crystallinity index cellulose fibrils
decreased during hydrolysis process and this
observation will be confirmed by XRD analysis.
Higher crystallinity in LLS-cellulose can be further
confirmed by the increase in intensity of the
absorption band from 2916 cm-! to 2917 cm-! which
is associated with C-H stretching (Kalita et al., 2013).
The peak range of 3306-3349 cm! of all samples was
associated ~ with  the  intermolecular  and
intramolecular O-H stretching vibration band. The
peaks at 1060 cm'! and 1639 cm! were detected in
all sample was due to the C-O-C pyranose ring
skeletal vibration and OH bending of absorbed water
(Mandal and Chakrabarty, 2011; Kalita et al., 2013).
In addition, the peak at 1112 cm™ is known as the
ring breathing band corresponds to C-C.

4.2. Second derivative IR spectral analysis

Second derivative IR spectra used in this study is
to enhance spectral resolution and can improved
some overlapped absorption peaks. Studies from He
etal. (2007) showed the second derivative IR spectra
lies in the range 3600-3200 cm™. In this study, the
second derivative FTIR is in the region 1800-1000
and 800-450 cm. The spectra of LLS-cellulose and
LLS-MCC showed in Fig. 2 had almost the same
profile and band intensity. The second derivative
FTIR showed the band at 1511 cm!, assigned to the
aromatic C=C vibration in lignin is reduced
significantly in LLS-cellulose and LLS-MCC. The
peaks at 1701-1737 cm that attributes to C=0
stretching of hemicellulose and lignin were not
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2012). Spectral analysis using second derivative

cm'! were associated with bending vibration of CH2 clearly showed minor differences in the spectrum
and CH attributed to the characteristic of cellulose. thus, suitable to identify the chemical constituents
Further, the peak at 1337 and 1317 cm indicate C- and to compare the effectiveness of treatment.

OH plane bending and CH2 wagging (Bian et al,

present. The predominant peaks at 1432 and 1373
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Fig. 2: Second derivative IR spectra in the range of 1800-1000 of the (A) LLS (B) LLS-Treated(C) LLS-cellulose (D) LLS-MCC
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4.3. X-ray diffraction

Biomass crystallinity estimation is very
important to give the researcher information about
the digestibility of the sample (Park et al,, 2010). At
present, there are four techniques that can be used
to determine the crystallinity index (CI) of the
materials which are XRD, solid state 13C NMR,
infrared spectroscopy and Raman spectroscopy. XRD
is the most widely been applied to obtained the CI
even though there are limitations mentioned by
several authors (Park et al, 2010; Poletto et al,
2014).

Image based on Fig. 3, indicates the presence of
cellulose type 1, with absence of the doublet located

at main diffraction peak (22.6°). Qualitatively the
peak intensity of LLS-cellulose appeared higher than
that LLS-MCC and LLS, shows that the LLS-cellulose
was more crystalline than others. CI of the LLS-
cellulose was reduced after converted to microfibrils
(LLS-MCC) from 67% to 57% respectively. Thus,
indicating that LLS-cellulose structure more rigid
than LLS-MCC. The high crystallinity material is
suitable to be used in biocomposite processing.
Cellulose is composed of the crystalline and non-
crystalline (amorphous) parts. During conversion to
MCC by acid hydrolysis, acid hydrolysis tends to
reduce the crystallinity of the materials (Sun et al,
2004).

40000 -
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30000 A LLS
----- LLS - Treated
25000 - LLS - Cellulose
= = =LLS-MCC
20000 A
oy
w
=
215000 A
=
10000 $F=20T acemnmnre=""
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Fig. 3: X-ray diffraction patterns of the LLS, LLS-Treated, LLS-Cellulose and LLS-MCC

4.4. Scanning electron microscopy

Fig. 4 shows the FESEM images of raw LLS and
treated LLS. The image of raw LLS show smooth
surfaces with compact fibril packing, which typically
contains hemicellulose, cellulose, lignin other
elements  (inorganic = components). Relative
composition was obtained by EDX data, revealing the
highest element in the LLS structure is C followed by
0. Other elements present in minor percentage are
K,Na, Mg S, Ca and Mg. After treated with boiling
water under reflux for 2 hours, the image show there
is changes in the surface of raw LLS.

The FESEM micrograph of LLS-cellulose and LLS-
MCC are presented in Fig. 5. The surface morphology
of LLS-cellulose and LLS-MCC obtained were
comprised of individual fibres and a few bundle
form. It is observed that there is more individual
fibre obtained in LLS-MCC due to destruction of fibre
bundles during acid hydrolysis. The diameters of
individual fibre of LLS-MCC prepared based acid
hydrolysis was around 5-10 um, which is similar or
lower than other plant fibres reported by others
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(Jahan et al., 2011; Nuruddin et al., 2011; Wang et al,,
2010).

4.5. Thermogravimetric analysis

Data from thermogravimetric analysis (TGA) is
very useful to evaluate the thermal stability of
natural fibres in order to be used in biocomposite
processing. The mixing process of biocomposite
(polymer matrix and natural fibres) is occurred at
high temperature, which is above than 200°C, thus
degradation profile of the lignocellulosic materials
must be identified. Figs. 6 and 7 showed the TGA and
DTG behaviours.

Initial stage of all samples known as drying stage
was occurred at temperature ranging from 29-
120°C. Many studies reported that at the initial stage
the weight loss was due to the water evaporation in
the samples (Johar et al.,, 2012; Trache et al., 2014;
Mandal and Chakrabarty, 2011). The rate of
temperature for water evaporation depends on the
original moisture content of the sample. The LLS
shows 3 important degradation steps which are
referred to the degradation hemicellulose, cellulose
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and degradation of lignin. It was reported by Yang et
al. (2007) that the degradation temperature for
hemicellulose and cellulose were occurred at 220-
315°C and 315-400°C respectively. The degradation
of lignin slowly occurred at temperature ranging
from ambient to 900°C, thus the decomposition is
overlapped in between hemicellulose and cellulose.
A similar profile was reported for fibres from wood
(Park et al,, 2010).

The decomposition peaks where the maximum
mass loss occurred for LLS, LLS-treated, LLS
cellulose and LLS-MCC were at 214, 304, 324 and
304°C respectively. Degradation peak of LLS-
cellulose is higher than LLS-MCC might be due to the
different of the degree of crystallinity. While
degradation pattern for LLS-Cellulose and LLS-MCC
obtained are found to be similar to that jute and oil
palm biomass (Haafiz et al., 2013; Jahan et al.,, 2011;
Fahma et al,, 2010).

Fig. 5: FESEM micrograph of LLS-Cellulose (left) and LLS-MCC (right)

4.6. Advantages of using cellulose from

lignocellulosic waste

Previously, various agricultural residues or could
be termed as lignocellulosic waste have been used
for extraction of cellulose (Johar et al., 2012; Honda
et al, 2002). However, only in this study that waste
Leucaena leucocephala seeds from biodiesel
production is first used. Leucaena leucocephala is a
fast-growing species, abundant, non-food source and
could grow on nutrient-deficit lands. It could serve
as a potential cheap feedstock for cellulose.
Utilization of lignocellulosic waste such as those
studied before and the new one used in this study is
strongly aligned with the current interest towards
waste minimization and waste to wealth concept.
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5. Conclusion

Cellulose was successfully extracted from waste
Leucaena leucocephala seeds and could be converted
to MCC and possibly nano crystal. It could be utlizied
as cheap feedstock for cellulose as precursors of
biocomposite manufacturing, suspension stabilizer

and a water-retainer in cosmetics, foods and
pharmaceutical industries. In this study, the
experimental result showed that hemicellulose

fractions and inorganic materials are successfully
removed during boiling water extraction. Thus, this
technique can be wused as an alternative
pretreatment step for extraction of cellulose from
waste lignocellulosic material such as waste LLS.
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