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Schizophyllum commune UTARA1 was used for lipase production under solid state fermentation (SSF) of sugarcane bagasse (SB)
impregnated with used cooking oil medium. Pretreatments of steam, microwave, hydrochloric acid (HCl), sodium hydroxide
(NaOH), and their combinations, such as steam-assisted HCl, steam-assisted NaOH, microwave-assisted HCl, and microwave-
assisted NaOH, on the milled SB, were done prior to SSF to investigate their effects on lipase production via SSF.The highest lipase
activity among the pretreated SB was 0.200U/gSB, using steam-assisted HCl treated SB, which is lower than the lipase activity
produced from the untreated SB, which was 0.413U/gSB. Scanning ElectronMicroscope (SEM) imaging showed significant rupture
of the SB structure after steam-assisted-HCl pretreatments where the thin walls of the SB pith were wrinkled and collapsed, with no
distinctive cell wall structure. The HCl pretreated SB gave the highest crystallinity index (CrI), 91.43%, compared to the untreated,
61.90%. Conversely, microwave and NaOH pretreatments reduced the CrI, which were 46.15% and 43.36%, respectively. In this
study, the results obtained indicated that pretreated SB did not improve the lipase production of Schizophyllum communeUTARA1
under SSF.

1. Introduction

Agrowaste is composed of plant based materials, with cellu-
lose as the major polymer component of plant cell wall [1].
Cellulose is converted by cellulases, mainly endoglucanases
(EC 3.2.1.4), exoglucanases (EC 3.2.1.91), and 𝛽-glucosidase
(EC 3.2.1.21), into simple sugars [2] (Figure 1), which will be
utilized by most microorganisms to support their growth. To
produce glucose and cello-oligosaccharides, endoglucanase
will randomly cleave the carboxy methyl cellulose. Mean-
while exoglucanase attacks on the nonreducing end of the
microcrystalline cellulose to produce cellobiose. 𝛽-Glucosi-
dase will hydrolyze cellobiose to glucose. To release the
glucose, these three enzymes need to act synergistically [3].

Sugarcane bagasse (SB), an agrowaste, is abundantly
found in Malaysian night markets. After juice extraction by
night market vendors, the SB is being disposed to landfill.
This agrowaste mainly consists of two carbohydrate fractions
(cellulose and hemicellulose) embedded in a lignin matrix
[4]. Rezende et al. [4] and Karp et al. [5] reported that

the chemical composition of SB was cellulose (32–44%),
hemicelluloses (25–32%), and lignin (19–24%). Cellulose is a
linear 𝛽 (1,4)-glycosidic linked chain of D-glucose molecules
forming dimer cellobiose, with their basic fine fibers normally
composed of a crystalline form and a small amount of nonor-
ganized cellulose chains forms the amorphous regions [5, 6].

Cellulose, a polysaccharide composed only by D-glucose
units [5], will be degraded into simple sugars and consumed
rapidly by S. commune [7]. Hemicellulose is a polysaccharide
made up of C5 and C6 sugars with a lower molecular weight
than cellulose [5, 6]. Lignin, found in the cell walls, usually
offers structural support, impermeability, resistance against
oxidative stress, and microbial attack but it is the most
difficult for enzymatic digestion [5]. In addition to that, lignin
may prevent the degradation of cellulose by acting as an
enzymatic barrier or by inhibiting their function, causing
unproductive adsorption of the cellulases [4]. This renders
the problem of lignocellulosic residues easily accessible but
with limited values in biological processing due to the diffi-
culty in their digestibility [8].Thus pretreatment is carried out
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Figure 1: Enzymatic degradation of cellulose. Adopted from Karmakar and Ray [3].

H O

O

O

H

+

Lipase

H

+

Triglycerides Glycerol Fatty acids

3H2O

H–C–O–C–R󳰀

H–C–O–C–R󳰀󳰀

H–C–O–C–R󳰀󳰀󳰀

H–O–C–R󳰀

H–O–C–R󳰀󳰀

H–O–C–R󳰀󳰀󳰀

O

O

O
H–C–O–H

H–C–O–H

H–C–O–H

H

Figure 2: Triglyceride hydrolysis by lipase and its reversible reaction.

to eliminate lignin and sever the lignocellulose structure that
may cause the increase of accessible surface areas, decrease in
cellulose crystallinity, and/or the degree of polymerization,
or selectively remove hemicellulose and lignin in order to
expose the cell wall structure for better hydrolytic enzymes
accessibility for their hydrolysis [4–6].

Pretreatments such as physical or chemical treatments are
normally performed on the lignocellulosic agrowaste before
they can be used as substrates for a particular fermentation
process. The effectiveness of pretreatment methods depends
on the conditions acquired to support the fungal growth and
also to produce the desired products. Physical pretreatments
are normally used to disrupt the lignocellulosic material,
while chemical pretreatments engaged in chemical solutions
to degrade lignins, celluloses, and hemicelluloses presence in
the agrowaste [9].

Triglycerides, a natural component in fats and oils, are
hydrolyzed to glycerol and fatty acids with the aid of lipases
[10] as shown in Figure 2. Up to date, varieties of agrowaste
consist of oily substances that were routinely used to produce
lipase through solid state fermentation comprised of wheat
bran, rice bran, almond meal, neem oil cake, gingelly oil
cake, mustard oil cake, gingerly seed, groundnut oil cake, and
groundnut kernel [11]. InMalaysia, there is no proper channel

for the disposal of used cooking oil, mostly being thrown
into the drainage system or landfill. Thus, used cooking oil is
utilized as an inducer for lipase production in this study. The
cooking oil used is palm oil based, with their triacylglycerols
containing myristic acid, stearic acid, palmitic acid, linoleic
acid, and oleic acid as the major fatty acids which are known
to support bacteria and fungi growth in the presence of
moisture [12]. The supplied agrowaste was utilized as carbon
source (glucose) and support for microbial growth whereas
oils induce lipase production.

The sugarcane bagasse will be utilized by the fungus as
carbon source and support for its growth under solid state
fermentation, whereas the used cooking oil will be served as
inducer for the lipase production by the fungus. Hence, the
objective of this study was to examine the effects of various
pretreatments on SB to be used as carbon source for lipase
production by Schizophyllum commune UTARA1.

2. Materials and Methods

2.1. Sample Collection and Preparation. Sugarcane bagasse
(SB) without its outer rind was collected from a night market
located in Ipoh, Perak,Malaysia. It was washedwith tap water
and distilled water to remove sand and impurities. Then,
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the SBwas dried at 70∘C for 24 hours beforemilled and sieved
to particle sizes ranging from 0.85 to 1.5mm. On the other
hand, the used cooking oil was collected from a night market
in Kampar, Perak, Malaysia. The used cooking oil was left at
room temperature for sedimentation before further use.

2.2. Fungal Cultivation and Identification. Isolate UTARA1
wasmaintained at 30∘C on potato dextrose agar incorporated
with 1% of used cooking oil. The extraction of fungal DNA
was conducted according to Liu et al. [13]. The extracted
genomic DNA was subjected to polymerase chain reaction
(PCR) with the following PCR profile: initial denaturation
at 94∘C for 5min, followed by denaturation at 94∘C for
30 sec, annealing at 55∘C for 30 sec, and extension at 72∘C
for 30 sec, for 35 cycles, and final extension 72∘C for 5min
using ITS1 (5󸀠-TCCGTAGGTGAACCTGCGG-3󸀠) and ITS4
(5󸀠- TCCTCCGCTTATTGATATGC-3󸀠) primers [14].

2.3. Pretreatments of Sugarcane Bagasse. The milled SB were
subjected to physical pretreatment, that is, autoclave at 121∘C
at 15 psi for 60 minutes and domestic microwave oven
(Panasonic NN-ST557M) with the operating frequency of
2450MHz at medium heat of 600W for 5 minutes and
chemical pretreatment such as soaking in 2N HCl and in
3N NaOH for 1 hour at room temperature, respectively. A
combination of physical and chemical pretreatments was also
carried out which were steam-assisted HCl pretreatment,
steam-assisted NaOH pretreatment, microwave-assisted HCl
pretreatment, and microwave-assisted NaOH pretreatment.
After these pretreatments, the SB was washed with tap water
and then soaked in distilled water overnight to remove the
acid or alkali residues. Then, the SB was dried at 70∘C until
its weight was constant.

2.4. Solid State Fermentation. Four grams of treated or
untreated SB were placed separately in different 250mL
flasks. Used cooking oil (4mL) was added to each flask
and mixed before the flasks were sent for sterilization. Fer-
mentation medium, with slight modification from Ganguly
and Banik [15] (w/v), glucose, 0.2%, urea, 0.2%, MgSO

4
,

0.01%, and K
2
HPO
4
, 0.1%, was autoclaved separately before

being added into each flask and maintaining the substrate
to moisture ratio (g :mL) at 1 : 2. The flasks were then mixed
before inoculation with 7 mycelia discs (5mm diameter) and
then incubated at 30∘C for 5 days, according to previous
studies (data not published).

2.5. Crude Enzyme Extraction. Phosphate buffer (0.1M, pH
7) was added to extract the crude enzyme at the buffer to
SB ratio of 10 : 1. The flasks were agitated in orbital shaker at
200 rpm, 30∘C for 30 minutes. Then, it was filtered through
muslin cloth. The filtrate was later centrifuged at 13 000 rpm
for 5min. The supernatant will be subjected to lipase assay.

2.6. Lipase Assay. The lipase was assayed and carried out
using 2.5mM 4-nitrophenyl laurate (NPL) (Sigma) as sub-
strate with slight modification from Winkler and Stuck-
mann [16]. The assay mixture was prepared with 0.2mL of

isopropanol containing NPL, mixed with 1.6mL of 0.1M
phosphate buffer (pH 7) and 0.2mL of crude enzyme extract.
The substrate was freshly prepared before the assay. The
absorbance was read at 410 nm every minute for 15 minutes
against an enzyme-free control. One unit of lipase activity is
defined as the amount of enzyme which releases 1 𝜇mol of
p-nitrophenol per minute under the assay conditions. Under
the conditions described, the extinction coefficient of NPL is
𝜀 = 1.6mM−1 cm−1.

2.7. Scanning Electron Microscopy. Field Emission Scanning
Electron Microscope (JEOL JSM-6701F) was used to observe
the modifications on the pretreated SB particles to compare
with the untreated SB particles. Samples were adhered to
carbon tape before observation through an acceleration
voltage of 3.0–5.0 kV and working distance of ∼19mm.

2.8. X-Ray Diffraction (XRD). X-ray diffraction was used to
evaluate the crystallinity of the cellulose fibers by means
of X-ray Diffractometer (XRD-6000 Shimadzu). The X-ray
unit was operated at 40 kV and 30mA. The pretreated and
untreated SB were scanned over the angular range of 2∘ to 40∘
2𝜃. The crystallinity index (CrI) was calculated based on the
following formula proposed by Segal et al. [17]:

Crystallinity index (CrI) =
𝐼
002
− 𝐼am
𝐼
002

× 100, (1)

where 𝐼
002

is the intensity for the crystalline segment (cel-
lulose) at 2𝜃 between 22∘ and 23∘ and 𝐼am is the amorphous
segment (cellulose, hemicelluloses, and lignin) at 2𝜃 between
18∘ and 19∘ [18].

3. Results and Discussion

3.1. Fungal Identification. PCR amplification of the fungal
DNA, with the band size of 650 bp, was successfully obtained.
The amplifiedDNAwas sequenced, aligned against sequences
in GenBank at National Center for Biotechnology Informa-
tion (NCBI), and was found to be Schizophyllum commune,
with an identity of 99% and 0% of gaps. The sequence was
then deposited into GeneBank and named as S. commune
UTARA1 (Accession number: KJ608191).

3.2. Lipase Production with Schizophyllum commune UTARA1.
Among the physical pretreatment investigated, lipase
obtained from the microwave treated SB is 15-fold higher
compared to steam treated SB (0.010U/gSB). Their lipase
productions were considered relatively low when compared
with untreated SB, which was 0.413U/gSB (Table 1). The SB
CrI has increased after being treated with steam (67.38%),
comparing to the untreated SB (61.90%). In the presence
of high temperature, the crystalline part of cellulose is
exposed due to degradation of hemicelluloses and lignin
transformation [19, 20]. However, the reduction of the
CrI for microwave treated SB, which was 46.15%, can be
observed. The low CrI indicates high amorphous regions
in the agrowaste. By comparing the lipase production from
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Steam-assisted HCl treated sugarcane bagasse
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Figure 3: SEM images of sugarcane bagasse. (a) Untreated, (b) steam, (c) microwave, (d) HCl, (e) NaOH, (f) steam-assisted HCl, (g) steam-
assisted NaOH, (h) microwave-assisted HCl, (i) and microwave-assisted NaOH.

Table 1: Effects of various pretreatments on SB crystallinity index
(CrI) and fungal lipase activity.

Pretreatments SB crystallinity
index (CrI) (%)

Lipase production
(U/gSB)

Untreated SB 61.90 0.413
Steam 67.38 0.010
Microwave 46.15 0.150
HCl 91.43 n.d.
NaOH 43.36 n.d.
Steam-assisted HCl 88.89 0.200
Steam-assisted NaOH Incalculable n.d.
Microwave-assisted HCl 0 n.d.
Microwave-assisted NaOH Incalculable n.d.
n.d.: not detected.

the steam treated and microwave treated SB, S. commune
UTARA1 prefer the SB with high amorphous regions. Park et
al. [21] indicated that an amorphous region was considered
as “easy and presumed” material for enzymatic digestion
before the digestion of the difficult crystalline cellulose.
In spite of this, no distinct morphological changes can be
observed under SEM, as shown in Figures 3(a), 3(b), and
3(c) for untreated, steam treated, and microwave treated SB,
respectively.

Strong acid treatment, such as HCl, hydrolyzes cellulose
and hemicelluloses to produce sugars [22]. It was reported
that HCl degrades hemicelluloses into pentoses and hexoses
and acts as catalyst to convert them to furfural and 5-
hydroxymethylfurfural (HMF) which are inhibitors to most
microorganisms during fermentation process [5, 23, 24]. In
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this study, the levels of HMF in samples were not established.
From the findings fromTsigie et al. [24], 0.39 g/L of HMFwas
produced using 1% HCl, with the SB to acid solution ratio of
1 : 15, at 121∘C for 45 minutes. Besides, they also found that
the increment of HMF production is directly proportionate
with the increment of HCl concentration, which was from
0.39 g/L (1% HCl) to 0.83 g/L (3% HCl) during SB treat-
ment. Shu and Hsu [25] also found that poor fermentation
performance, such as cell growth inhibition and product
formation limitation of S. commune ATCC 38548, might be
due to furfural, HMF, and acetic acid. When HMF is present,
the fungal growth will be influenced and thus affect the
lipase production. Hence, no lipase activities were detected
for system using HCl and microwave-assisted HCl treated
SB. However, a combination of steam and HCl treatment
increased the lipase activity to 20-fold compared to steam
treatment. Flash point is defined as the lowest temperature
where the fuel can vaporize to appear as an ignitable mixture
in air [26]. Since the flash point for furfural is 68∘C [27]
and HMF is 79∘C [28], they were eliminated by the steaming
process under pressure in the autoclave, 121∘C at 15 psi for
60 minutes. This is in concurrence with Figure 3(d), as the
organized structure of the pith was unstructured and has a
twisted appearance, and also Figure 3(f), where the thin walls
of the sugarcane bagasse pith were wrinkled and collapsed,
with no distinctive cell wall structure. The hemicelluloses
degradation had occurred in the SB when treated with HCl
and steam-assisted HCl, with the CrI of 91.43% and 88.89%,
respectively. As for microwave-assisted HCl treatment, the
SB structure did not differ much (Figure 3(h)) from the
untreated (Figure 3(a)).

Alkaline treatments would remove lignin and also slight
hemicellulose fractions; however, it will incorporate inhibitor
formation, such as aldehydic, phenolic, aromatic, and pol-
yaromatic that may be released from the delignification pro-
cess [29]. Phenolic compounds have a significant inhibitory
effect and are more toxic than furfural and HMF [29]. Thus,
the lipase activities were not detected for fermentation using
NaOH-related treated SB. As shown in Figures 3(e), 3(g), and
3(i), the SB bundles were found apart and the fibers disen-
gaged from each other, indicating the removal of lignin from
SB. Furthermore, the organized structures of the SB pith were
seen collapsed and wrinkled, as shown in Figure 3(i), as the
amorphous regions (lignin and hemicellulose) were removed.
As for the NaOH-related treated SB, only CrI of NaOH
treated SB was detected, which was 43.36%. The decrease
in value is in accordance to Mohkami and Talaeipour [18],
stating that the hydrogen bonds in crystalline cellulose will
be cleaved during NaOH treatment. Due to the efficiency of
alkaline treatment in lignin and slight hemicelluloses removal
[29], there were no amorphous peaks for steam-assisted
NaOH and microwave-assisted NaOH treatments.

Even though pretreatments of agrowaste are reported
useful in delignification of lignocellulosic materials and
enhance the accessibility of microbe in fermentation process,
nevertheless, this study shows that CrI has no direct corre-
lation with the lipase production by S. commune UTARA1.
But the CrI may influence fungal growth, depending on
the crystalline and amorphous regions. Lipase yield basically

depended more on the cooking oil as an inducer and not the
changes in SB components. This was also supported by Kim
and Holtzapple [30] in another study, whereby the removal
of the amorphous components in the corn stover did not
negatively affect the yield of enzymatic hydrolysis.

4. Conclusions

The various pretreatments carried out on the SB had sig-
nificant effects on the lipase production, nevertheless, the
untreated SB was more suitable over pretreated SB as the
substrate for SSF for lipase production. This is due to the
present of inhibitors that are toxic to S. commune during
the chemical pretreatment process which indirectly influence
its growth and lipase production. SEM images showed that
some pretreatments disrupt the morphological structures of
SB. Due to the changes in the SB structure, the CrI of each
substrate also differed.
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