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Synergistic Effect of Two Type Cellulase Immobilized on Chitosan Microparticle
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Abstract: The effectivity of employing two types of cellulases from Aspergillus niger and
Trichoderma resei covalently immobilized on chitosan microparticle was investigated.
Reducing sugar from CMC yielded by immobilized cellulase from T. resei alone and A.
niger alone was 0.316 g/L and 0.244 g/L, respectively. Simultaneous use of both cellulases
shows a significant increase in reducing sugar produced to 1.020 g/L. The effective
combination of this two types of cellulases also occurred when coconut husk was used as
the substrate. A very high enzyme coupling of 92.06% compared to free enzyme was
obtained in the immobilization. Addition of GDA not only increased enzyme coupling to
100% but also improved sugar produced. Immobilized cellulase was successfully
maintained its activity until 5 cycles.
Keywords: chitosan; cellulase; immobilization; microparticle; synergy; coconut husk

■

INTRODUCTION

Endo-1,4-β-D-glucanase, exo-1,4-β-D-glucanase,
and 1,4-β-D-glucosidase act synergistically to convert
cellulose into sugar. These enzymes belong to a group of
hydrolases known as cellulases [1-4]. The composition of
the enzymes in cellulase is diverse based on a
microorganism that produces it. Trichoderma resei
produces more endo- 1,4-β-D-glucanase, exo-1,4-β-Dglucanase other than 1,4-β-D-glucosidase [5], while
Aspergillus niger is known for its ability to produce βglucosidase with significantly higher yields than
Trichoderma species [6]. Combination work of the two
kind cellulases will significantly increase the yield of
reducing sugar.
However, cellulase has some obstacles in its
application in producing reducing sugar, especially its
susceptibility to inactivation, high cost and difficult to
reuse. Immobilization of cellulase on the solid support
can provide a technique to increase stability and
reusability [7-8]. The support which had been reported to
be used as enzyme carrier were TiO2 [9], polyurethane
foam [10], entrapped in silica gel membrane [11], MnO2
[12], polyvinyl alcohol [13], chitosan [14], etc.
Nevertheless, the mass transfer becomes the main
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obstacle since cellulose and immobilized enzyme are
insoluble substrates. The micro-sized particle is believed
to solve this obstacle due to its small size which is
expected to reduce diffusion limitation [15-17].
Chitosan which is non-toxic, biocompatible and
biodegradable has an advantage as immobilization
support since it has numerous functional groups
including amino, hydroxymethyl and hydroxyl group
[15,18-19]. A covalent bond between the functional
group of chitosan and amino acid of the enzyme will be
formed [14]. Stability of immobilized enzyme can be
enhanced by supplement of the crosslinker. Glutaral
dialdehyde is the ideal cross-linking agent for its low
price and has the ability to covalently bond with most of
the enzymes [20].
Application of immobilized cellulase has been
reported previously. However, most of the studies
focused on the hydrolysis of commercial cellulose such
as carboxymethylcellulose and microcrystalline cellulose
and its chemical derivatives [14,18,21]. There are few
studies of its utilization in insoluble lignocellulosic
substrates such as straw cellulose [22], Agave atrovirens
[23]. Lignocellulosic substrates consist of cellulose,
hemicellulose, lignin and other substance that make
them more complex and difficult to hydrolyze. There is
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no report for application on coconut husk. Coconut husks
are treated as waste in Indonesia even though it contains
17.73% hemicellulose and 26.73% cellulose [24].
The objective of this study was to study the
synergistic effect of cellulase from T. resei and cellulase
from A. niger immobilized on chitosan microparticle and
its application in the bioconversion of lignocellulosic
biomass of coconut husk.
■

EXPERIMENTAL SECTION

Materials

magnetic cross-linked with GDA was separated and
rinsed with phosphate buffer pH 7.
Immobilization
Covalent attachment method. The immobilization

process used the method from Ghaffar et al. [14] with
some modification. 0.1 g magnetic chitosan was added
to each T resei cellulase solution ((6, 12, 15, or 18 mg
enzyme protein) in (phosphate buffer pH 7)) and A niger
cellulase solution (best amount from T. resei). Amount
of A niger cellulase was kept constant at the same best
amount of T resei since this also resulted in the highest
performance of hydrolysis. The immobilization process
was executed in a shaking incubator for 24 h at 25 °C.
The precipitates and the unbound enzyme was separated
by washing with phosphate buffer and magnetic
separation. The supernatants were used to determine the
concentration of unbound protein. The immobilized
enzymes were kept at 4 °C. Immobilization yield was
calculated as follows:

Coconut husk was obtained costless from a coir
factory in South Minahasa, North Sulawesi, Indonesia. It
was dried to reduce the water content and then milled and
screened until the size of 100-120 mesh. NaOH 1% (w/v)
and coconut husk were heated at 80⁰C for 16 h. Coconut
husk was washed using hot distilled water and dried in an
oven at 60 °C for 24 h. Cellulase from T resei, cellulase
from A niger, magnetic particle (Fe3O4) with ±5 µm
diameter size, chitosan low molecular weight, 3,5initial protein − unbound protein
=
× 100%
%immobilization yield
dinitrosalicylic acid, sodium metabisulfite, sodium
initial protein
potassium tartrate, carboxymethyl cellulose, Coomassie
Cross-linking method. Chitosan magnetic crossbrilliant blue (CBB) and bovine serum albumin (BSA)
linked with GDA 0.1 g were added to each enzyme (best
were purchased from Sigma-Aldrich. Glacial acetic acid,
concentration from T. resei), and the immobilization
glucose, Na2SO4, NaOH, Na2HPO4, NaH2PO4·2H2O and
reaction was carried out same as the condition for
Tween 80 were purchased from Merck.
covalent attachment method. The precipitates were
Procedure
Preparation of chitosan microparticle

Chitosan magnetic microparticles were prepared
using the method from Safarik et al. [15] with some
modification. 4 g chitosan and 8 g magnetic particle were
dissolved in 200 mL of 0.2 M acetic acid. After thorough
mixing, an excess of 1 M sodium hydroxide was added to
convert solubilized chitosan into insoluble chitosan. The
chitosan containing entrapped magnetic microparticles
was lyophilized and washed with water several times.
Preparation of glutaric dialdehyde

0.1 g magnetic chitosan was added to 2.5% GDA
solution in 100 mL phosphate buffer pH 7, kept in a
shaking incubator for 4 h at 25 °C and left at that
temperature for 12 h under static condition. Chitosan
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separated using a magnet, and the unbound enzyme was
eliminated by washing with phosphate buffer pH 7. The
immobilized cellulase was stored at 4 °C until use.
Enzymatic hydrolysis

For CMC substrate, 0.1 g immobilized cellulase
(chitosan+immobilized cellulase) under the varied w/w
ratio of T. resei and A. niger was added to 2 mL 1%
carboxymethylcellulose (CMC) in citrate buffer pH 5.5
and hydrolysis process was carried out for 1 h at 125 rpm
and 35 °C [26]. The supernatant was analyzed for its
reducing sugar content. For coconut husk as the
substrate, 0.1 g immobilized cellulase was added to 1 g
pre-treated coconut husk in 20 mL phosphate buffer pH
7 and hydrolysis process was executed for 48 h at 125 rpm
and 60 °C. The mixture was centrifuged (10,000 rpm, 4 °C)
and the liquid of it will be analyzed for its reducing sugar
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content. The specific activity of free cellulase from A niger
and T resei was 12.6 and 4.38 U/mg, respectively. Based
on this data, the combination of these two cellulases was
conducted based on the amount of protein rather than the
activity in order to ease the procedure.
Reusability study

0.1 g immobilized cellulase was utilized to hydrolyze
1 g pre-treated coconut husk in 20 mL phosphate buffer
pH 7 at 60 °C 48 h. After separation by a magnet, the
immobilized cellulase was rinsed with phosphate buffer
pH 7, and it was suspended again in a fresh reaction
mixture. The reusability study was studied until 5 cycles.
The glucose productivity during 48 h was used to evaluate
the reusability of the enzyme.
Analytical method

The morphology and size of chitosan microparticle
were examined using SEM (Scanning electron microscopy)
(inspect s50, Netherland). The protein content of enzyme
before immobilization and its supernatant after
immobilization was analyzed by Bradford method using
bovine serum albumin as a standard solution [27]. The
activities of cellulase were determined by measuring the
amount of reducing sugars produced detected by 5dinitrosalicylic acid (DNS) during enzymatic hydrolysis
of carboxymethyl cellulose (CMC). Reducing sugar was
determined by DNS analysis to obtain the concentration
of reducing sugar [28]. FT-IR spectra were measured
using FT-IR spectrometer (Thermo scientific, US).
■

improvement of chitosan solubility [30]. NaOH was
added to increase the pH of the solution. The increasing
of pH will form insoluble chitosan microparticles [25].
Fig. 1 shows the SEM micrographs of chitosan
magnetic microparticle obtained in the present work.
Microparticles mostly have an irregular shape with
diameter vary between 305.1–815 µm and pore size vary
between 206.1–1.733 µm as determined in the program
of SEM instrument (FEI Inspect S50).
Immobilization

Cellulase can be immobilized directly to chitosan
by covalent attachment method. It can be seen from Fig.
2(a) that chitosan has amino groups, cellulase has
carboxylic groups, and GDA has aldehyde groups which
are made all of them highly reactive and can form
covalent bond with each other, in which the free amino
groups (–NH2) of chitosan are bonded directly to the
carboxylic terminal residue in the enzymes [14,31].
Cellulase was also immobilized by combining
crosslinking and covalent attachment method shown in
Fig. 2(b). The amino groups in chitosan were reacted
with Glutaral dialdehyde (GDA) as a cross-linking agent,
and then cellulase was attached to them [14,32-33].

RESULTS AND DISCUSSION

Size and Structure of Chitosan Microparticle

Chitosan microparticles were prepared by using
precipitation method from Biro et al. and Safarik et al.
[15,25] with some modification. The main principle of
this method is exploiting the solubility of chitosan which
is affected by its pH. The amino group of chitosan has a
pKa value of 6.5. This means that chitosan is soluble in an
acid solution [18,29]. Addition of acetic acid stimulated
the protonation of the amino groups to lead to
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Fig 1. SEM micrographs chitosan microparticle
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Fig 2. (a) Covalent attachment mechanism between chitosan and cellulase (b) Mechanism of cellulase immobilized on
chitosan cross-linked with GDA [14]
The reaction between chitosan and cellulose was
confirmed by FT-IR spectra. The spectra of chitosan and
immobilized cellulase on chitosan are shown in Fig. 3.
From the figure, there were significant changes of the
peak in 3272.53, 1632.67, and 1080 cm–1, that is the
characteristic of the amino group (N-H), C=O, and
(aliphatic amide) C-N, respectively [34]. Fig. 3 also shows
FT-IR spectra for chitosan-GDA and cellulase
immobilized on chitosan-GDA. It can be seen from this
figure that there has been a peak at 1633 cm–1 which can
be associated to the C=N for chitosan with a glutaric
dialdehyde.
Cellulase was immobilized to 0.1 g chitosan
microparticle for an incubation time of 24 h. Optimum
enzyme coupling was investigated using cellulase from T.
resei. From Table 1, an optimum enzyme coupling per 0.1
g chitosan with 92% retained enzyme was obtained using
6 mg protein enzyme. These values are higher than those
reported by Xu et al. (40%) [35] and Sanchez-Ramirez et
al. (66.7%) [23]. Both of them using chitosan magnetic
nanoparticle as support. Protein less than 6 mg was not
investigated because the added volume of the enzyme
would not be enough to provide good contact between
enzyme and support. Chitosan magnetic microparticle
crossed-linked with 2.5% GDA resulted in 100% retained
enzyme. From the table also shows that the percentage of
enzyme immobilized declined even though more of free-
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enzyme was added. This may occur due to the support
steric hindrance of the active site and multipoint
attachment between cellulase to the chitosan that results
on less enzyme coupled [35-36].

Fig 3. FT-IR spectra of cellulase immobilization
Table 1. Cellulase from T. reesei coupling on chitosan
microparticle
Cellulase
(mg)
6
9
12
15
18

Immobilized cellulase
(mg)
(%)
5.556
92.60
8.200
91.12
10.934
91.12
12.544
83.63
14.981
83.23
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Table 2. Reducing sugar produced from CMC by immobilized cellulase
Immobilized Cellulase
from A. niger (mg)
6
0
2
4
3

Immobilized Cellulase
from T. resei (mg)
0
6
4
2
3

The ratio of
An:Tr (w/w)
1:0
0:1
1:2
2:1
1:1

Reducing
sugar (g/L)
0.244
0.316
1.020
0.906
0.942

*Specific activity of free cellulase from A. niger and T. resei were 12.6 IU/mg and 4.388 IU/mg,
respectively

Hydrolysis
CMC substrate

The synergistic work of cellulase from A. niger and
cellulase from T. resei was investigated using CMC as a
substrate. The total amount of cellulase was set to 6 mg
protein according to the result in Table 1. Table 2 shows
the result of CMC hydrolysis catalyzed by cellulase
immobilized on chitosan microparticle. The table shows
that reducing sugar produced by immobilized A. niger
cellulase alone and T. resei cellulase alone were less than
reducing sugar produced by a combination of both
cellulases. A. niger cellulase to T. resei cellulase ratio of 1:2
(w/w) resulted in the highest reducing sugar of 1.02 g/L.
This outcome proved the synergistic work of the two
cellulases to produce reducing sugar.
Coconut husk substrate

Coconut husk comprised of 26.72% cellulose and
17.73% hemicellulose [37] which is able to be converted
to reducing sugar. In this hydrolysis process, the 1:2 (w/w)
ratio of A. niger: T. resei of immobilized cellulase was
used. The effect of chitosan cross-linked to Glutaral
dialdehyde (GDA) (2.5%) was also investigated. Fig. 4
shows the time course of reducing sugar produced by the
immobilized enzyme. In line to the result using CMC as
the substrate, the sugar produced from coconut husk
using immobilized cellulase from single fungus was much
less than that using immobilized cellulase from A. niger
and T. resei applied together. Sugar concentration of 0.507
and 0.683 g/L were obtained using chitosan and chitosanGDA, respectively after 48 h. Addition of GDA makes the
amino groups of chitosan were activated, the amount of
enzyme coupled improved [38]. The cross-linker (GDA)
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Fig 4. Time course of reducing sugar produced by
hydrolysis of coconut husk.
may act as a spacer arm between the cellulose and
chitosan which decreases the steric hindrance [14]. The
sugar concentration shown in Fig. 4 did not seem to be
a maximum since the curve still showed an increasing
trend with increasing reaction time. It can be seen that
the concentration of reducing sugar was lower than that
obtained using CMC as the substrate. It may indicate the
existence of a significant mass transfer resistance
between immobilized cellulase and coconut husk both of
which are insoluble compound.
Reusability Study

Fig. 5 shows the result of reusability study of the
immobilized cellulase with and without GDA. The
figure shows that the immobilized cellulase preserved its
activity after five cycles. The immobilized cellulase on
chitosan and chitosan cross-linked with GDA retained
98.15 and 82.74% of its initial activity, respectively.
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Fig 5. Reducing sugar production in different cycles of hydrolysis of coconut husk with two type of cellulase
immobilized on (a) chitosan magnetic and (b) chitosan magnetic-GDA
Utilization of GDA as cross-linking agent improved
reducing sugar production since GDA acts as spacer arm
between enzyme and support resulting in more enzyme
coupled on support. However, an immobilized enzyme on
chitosan-GDA gave lesser productivity than without
GDA. It may due to loss of enzyme activity. This activity
loss might due to the small size of cross-linker which is
easily penetrated to into the active site and cross-links
with catalytically important amino acids residues [20]. It
is encouraging to see from both figures that immobilized
cellulase can be reused until five cycles without losing its
catalytic activity. The figures also show that the addition
of 2.5% GDA to chitosan matrix increased the sugar
produced by the hydrolysis. This outcome is competitive
with the previous result by Viera et al. [39] which
immobilized β-galactosidase on the chitosan-based
matrix and maintained its activity after 4 cycles. SanchezRamirez et al. [23] reported that reusability of cellulase
immobilized on chitosan magnetic nanoparticles was
done in five cycles of agave fibers hydrolysis with
maintaining of 50% of the initial activity.
■

CONCLUSION

Two types of cellulases from T. resei and A. niger
were successfully immobilized on chitosan microparticle
prepared by precipitation method. The FT-IR spectra
confirmed the formation of covalent attachment between
the enzyme and the support as well as the existence of
cross-linking by GDA. The use of cellulase from A. niger
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and cellulase from T. resei in the same time under
optimum ratio significantly increased the yield of sugar.
The immobilized cellulase prepared by the method can
be reused for several times without losing any of its
activity. Synergistic work of two type cellulase covalently
immobilized on chitosan magnetic microparticle has
potential and economic benefit for converting
lignocellulose to reducing sugar.
■
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