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ABSTRAK

Limbah cangkang udang berpotensi memiliki nilai tambah apabila diolah menjadi kitin dan turunannya.
Pengolahan limbah dengan pendekatan biologi lebih disukai dan ramah lingkungan dibandingkan kimiawi.
Kitinase merupakan enzim yang berperan penting dalam pengolahan limbah cangkang udang. Bacillus cereus
SMG 1.1 telah diisolasi dari produk terasi dan menunjukkan kemampuan produksi kitinase yang baik. Penelitian
ini bertujuan untuk mengetahui komposisi optimum media produksi kitinase B. cereus SMG 1.1 melalui Response
Surface Method (RSM) menggunakan desain faktorial dengan 15 perlakuan. Optimasi media dilakukan dengan
menentukan faktor yang berpengaruh terhadap produksi kitinase melalui desain Plackett-Burman dilanjutkan
dengan optimasi konsentrasi media melalui desain Box-Behnken. Pengujian dilakukan untuk mengetahui pengaruh
variabel bebas terpilih terhadap aktivitas kitinase. Hasil analisis Plackett-Burman menunjukkan bahwa koloidal
kitin, fruktosa, dan MgSO,.5H,O merupakan komponen medium yang paling berpengaruh terhadap produksi
kitinase B. cereus SMG 1.1. Analisis Box-Behnken menghasilkan model linier yang dapat digunakan untuk
memprediksi respon. Nilai respon maksimal didapatkan pada konsentrasi 1,5% koloidal kitin, 0,75% fruktosa, dan
0,075% MgSO,.5H,0 dengan aktivitas kitinase optimal sebesar 0,0016 U/ml.

Kata kunci: Kitinase; Kitin; Fruktosa; MgSO ,.5H,0; RSM.

ABSTRACT

Shrimp shell waste are potential to be processed further into value-added products, such as N-acetylglucosamine
(GIcNAc). In the production of GIcNAc, biological approach is preferred and environmentally friendly to chemical
treatment. Chitinase is an enzyme that plays a vital role in bioprocessing of shrimp shell waste into GIcNAc.
Previously, Bacillus cereus SMG 1.1 was isolated from fermented shrimp paste (terasi) and showed the ability to
produce chitinase. This study was designed to determine the optimum medium for the production of chitinase from
B. cereus SMG 1.1 through the Response Surface Method (RSM) using a factorial design with 15 treatments. The
optimization of the media was carried out by determining the factors that influence the production of chitinase
through the Plackett-Burman design followed by optimization of the concentration of the media through the Box-
Behnken design. The test was designed to assess the effect of the independent variables on chitinase activity.
Placket Burman analysis shows that colloidal chitin, fructose, and MgSO ,.5H,0 were the significant components
in the medium affecting the production of chitinase by B. cereus SMG 1.1. Box-Behnken analysis developed a
linear model capable of predicting the response. The highest response value was achieved at a concentration of
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0.75% fructose, 1.5% colloidal chitin, and 0.075%
MgSO,.5H,0 resulted in optimum chitinase activity
of 0.0016 U/ml.

Keywords: Chitinase; Chitin; Fructose;

MgS0,5H,0; RSM.

INTRODUCTION

Chitin, the second most abundant natu-
ral biopolymer after cellulose, is a copolymer
component composed of N-acetyl-D-glucos-
amine (GlcNAc) and D-glucosamine (GIcN)
linked by P -(1,4) glycosidic bonds. Chitin is
a structural polysaccharide found in the cell
walls of fungi, nematodes, insect exoskel-
etons, and crustaceans. Every year the pro-
duction of shellfish and crustaceans from the
fisheries processing industry contributes to
the accumulation of significant quantities of
chitin-rich waste that can cause environmen-
tal pollution if not appropriately handled
(Wang et al., 2002).

Utilizing chitin-rich waste from the fish-
eries processing sector is crucial for environ-
mental preservation and providing added
value from the waste. Chitin-rich waste can
be processed into chitin and its derivatives
such as chitin-oligomer and GIcNAc, which
can be utilized as antibacterial, antifungal,
antihypertensive agents, and as food quality
enhancers (Saima et al., 2013). The utilization
of chitin waste by chemical methods often
involves corrosive chemicals such as strong
acids, which can cause environmental pollu-
tion. As a result, the waste must be treated
carefully to ensure its safety when disposed
of in the environment. This additional waste
treatment may result in increased processing
costs. Additionally, it has been reported that
the application of strong acids results in re-
duced product yields. The enzymatic meth-
od may be a viable alternative to chemical
methods in producing chitin derivatives. The
chitinase enzyme (EC 3.2.11.14) can hydro-
lyze insoluble chitin into oligomers and their
monomer components (Younes & Rinaudo,
2015).

Various organisms produce chitinase
for a variety of reasons. In bacteria, chitinase
plays a role in nutrition and parasitism while

in fungi, protozoa, and invertebrates it plays
a role in morphogenesis. Chitinase also has a
role in the defense mechanisms of plants and
vertebrates (Patil et al., 2000). Bacteria syn-
thesize chitinase to break down chitin and
metabolize it as a carbon and energy source
(Lien et al., 2007). Members of the genus Ba-
cillus are known for their potential as pro-
ducers of several degradative enzymes, in-
cluding chitinase (Singh et al., 2016). Bacillus
sp. CH2, B. cereus GS02, and B. pumilus RST25
isolated from various types of chitin-rich soil
are able to produce chitinase of 0.31 U/ml
(Kumar et al., 2017), 1.68 U/ml (Dukariya &
Kumar, 2020), and 59.4 U/ml (Gurav et al.,
2017), respectively.

B. cereus SMG 1.1, isolated from ferment-
ed shrimp paste (Pramana, 2014), has a chi-
tinase activity of 0.0012 U/ml (Siboro, 2017).
This activity value is relatively smaller than
several other studies, such as B. cereus YQ308
with chitinase activity of 1.1 U/ml (Chang
et al., 2003), B. cereus CH with the activity of
0.0856 U/ml (Mabuchi et al., 2000), and B. ce-
reus TKUO27 with an activity of 0.026 U/ml
(Liang et al., 2014). The production of B. cere-
us SMG 1.1 chitinase needs to be optimized to
increase its production. Optimizing media is
crucial for increasing yield and productivity
while lowering production costs. In addition,
the composition of the medium dramatically
affects the production of extracellular micro-
bial chitinase, and its interactions play a vital
role in the synthesis of the chitinase enzyme
(Park et al., 2005). Optimizing parameters
with statistical methods can reduce time and
cost. Several statistical and non-statistical
methods are available for the optimization of
medium constituents. Plackett-Burman and
response surface method are the most widely
used statistical approaches (Montgomery,
2013).

Ghorbel-Bellaaj et al. (2012) conveyed
the optimization results of chitinase B. ce-
reus SV1 using response surface method,
which resulted in chitinase of 0.0828 U/ml.
Research by Rishad et al. (2016) showed that
the chitinase activity of B. pumilus increased
6.9 times from 3.36 U/ml to 23.19 U/ml af-
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ter Box-Behnken optimization. Research by
Aounallah et al. (2017)stated that the opti-
mization of B. licheniformis AT6 with Box-
Behnken produced chitinase of 0.5053 U/ml,
an increase of 10 times from the initial condi-
tion (0.0503 U/ml).

Dhananjaya (2018) reported the optimal
pH and temperature parameters for B. cereus
SMG 1.1 growth were at pH 8 and 30°C. In
this study, the composition of the growth
medium of B. cereus SMG 1.1 was optimized
using a statistical approach. A Plackett-Bur-
man design was used to identify significant
variables impacting enzyme production. Af-
terward, the significant variables were opti-
mized using the Box-Behnken design to iden-
tify their optimal level.

METHOD
Medium preparation

The medium used in this study was
colloidal chitin in agar and broth. Colloidal
chitin was prepared in the manner described
by Arnold and Solomon (1986), namely by
dissolving 20 grams of powdered chitin in
150 ml of HCl (37%), homogenizing without
heating, and filtering through glass wool.
The solution was then slowly poured into 800
ml of distilled water at 4°C and incubated for
24 hours at 4°C. A whitish precipitate com-
posed of colloidal chitin would appear. The
precipitate was rinsed with water to neutral
and centrifuged at 6,000 rpm for 10 minutes
at 4°C. The supernatant was discarded, and
the precipitate was taken as colloidal chitin
ready for use.

Colloidal chitin agar was used at the
stage of refreshing bacterial isolates. It was
prepared using a modified Hsu & Lockwood
(1975) method. Modifications were made by
removing FeSO4 from the medium. Chitin
agar medium was prepared by dissolving
KH,PO, (0.03%) (Merck, Germany), K. HPO,
(0.07%) (Merck, Germany), MgSO,.5H,0
(0.05%) (Merck, Germany), ZnSO, (0.0001%)
(Merck, Germany), MnCl, (0.0001%) (Merck,
Germany), colloidal chitin (2%), and bacto
agar (2%) (Merck, Germany) into distilled
water and sterilized at 121°C for 20 minutes.
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Colloidal chitin broth was used for the chitin-
ase production stage. Broth was prepared in
the same way as the preparation of colloidal
chitin agar, but added with ammonium ni-
trate (Merck, Germany) and fructose (Merck,
Germany) without bacto agar. The composi-
tion of the colloidal chitin broth for the com-
ponents of KH,PO,, K,HPO,, MgSO,.5H,0,
colloidal chitin, ammonium nitrate (NH-
NO,), and fructose follows the treatment
carried out in the optimization stage.

Inoculum Preparation

B. cereus SMG 1.1 was a collection of the
Laboratory of Fishery Products Quality and
Safety isolated from fermented shrimp paste
(Pramana, 2014). One loop of the isolate was
taken from the culture stock and inoculated
into 7 ml of Nutrient Broth (NB) (Merck, Ger-
many) aseptically, then incubated at 37°C for
24 hours. After being grown in NB, the isolate
was streaked onto a colloidal chitin agar me-
dium and incubated at 37°C until a clear zone
appeared on the medium, indicating that the
colonies that grew were pure isolates. Single
colonies of colloidal chitin agar were taken
and re-grown on 7 ml NB medium and incu-
bated at 37°C for another 24 hours. The cul-
ture from 7 ml NB was then taken as much
as 0.6 ml, transferred to 30 ml NB medium,
and incubated in a water bath shaker at 37°C
for 6 hours to reach the logarithmic phase
(Dhananjaya, 2018).

Measurement of Chitinase Activity
Chitinase activity was tested by taking
2x1 ml of fermentation medium, then centri-
fuged at 10,000 rpm for 1 minute at 4°C. The
two cell-free supernatants were referred to as
the sample and negative control. The nega-
tive control was boiled treatment at 100°C for
3 minutes to inactivate the enzyme. Further-
more, 0.5 ml of sample and 0.5 ml of negative
control were reacted with 1 ml of 1.3% col-
loidal chitin (in 50 mM phosphate buffer pH
7.4) by being incubated for 30 minutes in a
water bath shaker at 37°C, with an agitation
speed of 100 rpm. The mixture was heated in
boiling water for 3 minutes to stop the reac-
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tion, then cooled and centrifuged at 10,000
rpm for 5 minutes (Wang et al., 2012).

The supernatant from the reaction was
then tested for its chitinase activity based on
the concentration of GIcNAc using the meth-
od of Reissig et al. (1955) by taking 250 ul of
the supernatant and reacting it with 50 ul of
potassium tetraborate (Wako, Japan) pH 9.1
to bind GlcNACc, then boiled for 3 minutes to
accelerate the GlcNAc binding reaction. Af-
ter boiling, the sample was cooled, and 1.25
ml of p-dimethylaminobezaldehyde (DMAB)
(Merck, Germany) reagent was added and
immediately incubated in a water bath shak-
er for 30 minutes at 37°C to measure the ab-
sorbance using a UV-Vis spectrophotometer
(Thermo Scientific, US) at a wavelength of 585
nm. The same treatment was also carried out
on the standard GIcNAc (TCI, Japan) solution
at various concentrations (0-50 g/ml) to ob-
tain a linear equation of the standard curve.
The sample and control absorbance values
were then included in the GlcNAc standard
curve equation to obtain the GIcNAc concen-
tration value. One unit of chitinase activity
was defined as the number of GIcNAc (umol)
per minute released from the enzymatic reac-
tion under the above conditions.

Optimization of Bacillus cereus SMG
1.1 Culture Medium Composition with
a Statistical Approach

The optimization stage was carried out by
transferring 0.5 ml of inoculum into 100 ml of
colloidal chitin broth with various treatments
of the medium components. Bacterial cultures
were incubated at 30°C in a water bath shaker
at 100 rpm for 3 days. At the end of incubation,
the chitinase activity was analyzed. The
optimization of the medium composition for
the production of B. cereus SMG 1.1 chitinase
was carried out using an experimental design
consisting of 2 stages, namely the Plackett-
Burman design to select variables that affect
the production of B. cereus SMG 1.1 chitinase
and the Box-Behnken design (response surface
method) to optimize the concentration of the
selected variable.

Table 1.
Values of the experimental variables for the
application of Plackett-Burman Design

s Levels
wn —_ :
,% Names \n) X
o 2 <
;a o EP
> = e
X, KHPO, 007 014
X, KH,PO, 003 006
X3 Fructose 05 1
X4 Ammonium Nitrate 0.5 1
X5 Colloidal Chitin 1 5
Xs  MgS0,5H,0 005 01

Source: Data analysis

In the Plackett-Burman design, the vari-
ables were divided into 2 groups. The fixed
variables were chitinase activity and 6 in-
dependent variables consisting of K,HPO,
(X)), KH,PO, (X,), Fructose (X,), Ammo-
nium Nitrate (X,), Colloidal Chitin (X;), and
MgSO,.5H,0 (X,). The six independent vari-
ables were represented by 2 levels: high (+1)
and low (-1) (Table 1). A total of 15 Plackett-
Burman experimental designs was deter-
mined by the Minitab 14 software. Variables
with a degree of confidence above 95% were
selected as variables with a significant effect.
Significant variables that affect the produc-
tion of chitinase B. cereus SMG 1.1 contin-
ued to the optimization stage using the Box-
Behnken design to determine the optimal
level of the selected variables.

Table 2.

Values of the experimental variables for
the application of Box-Behnken Design

g Levels

% Names N & *
i 2 2 =
8 5 3 2
> = = =

X, Fructose 0.5 0.75 1

X, Colloidal chitin 1 1.5 2

X, MgSO,5H,0 0.05 0.075 0.1

Source: Data analysis
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The selected medium component vari-
ables were then tested using 3 different
concentration levels, namely high (+1), me-
dium (0), and low (-1) (Table 2). A total of
15 Box-Behnken experimental designs were
determined by the Minitab 19 software. The
mathematical model used in this study was
a polynomial function which aimed to deter-
mine the interaction between variables and
determine the maximum critical point of the
influential variable. The mathematical model
is represented in the following equation:

k k k
Y= }60 + l,=118:x1 + i=1.ﬁuxj + 1Sisj}6ux:x; +&

where y: chitinase activity; k: number of vari-
ables; 0: constant; i: coefficient of linear pa-
rameter; ii: coefficient of quadratic parame-
ter; ij: coefficient of interaction parameter; xi:
variable 1; xj: variable 2; &: Error.

Evaluation of the model’s suitability was
accomplished by comparing the results of
the optimal calculation of the Box-Behnken
design with the results of observations with
3 replications. Data analysis was carried out
using Minitab 19 software.

RESULTS AND DISCUSSION
Determination of the Medium
Components Contributing to
Chitinase Production

The receptor-inducer system regulates
bacterial chitinase production, which means
that the composition of the culture medium
and fermentation conditions can substan-
tially affect chitinase production (Patil et al.,
2000). In addition, the production of chitinase
by bacteria is influenced by bacterial growth.
Siboro (2017) showed that the production of
chitinase B. cereus SMG 1.1 increased along
with cell growth and reached the highest
value on day-3 when cells reached the late
log phase of growth. Therefore, optimizing
chitinase production can be accomplished
by optimizing bacterial growth factors. The
growth medium plays a huge role in pro-
viding the nutritional needs for bacteria for
growth. Carbon and nitrogen are the primary
nutrients in growth. Carbon sources can af-
fect chitinase activity, depending on the suit-
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ability of the carbon source to bacterial pref-
erences (Shivalee et al., 2018). Nitrogen is an
essential factor in cell metabolism because it
affects the synthesis of enzymes, both synthe-
sis in the formation of primary and second-
ary metabolites. Bacteria also need nitrogen
for protein and amino acid synthesis in the
growth phase (Sharmistha et al., 2012).

Table 3.
Plackett-Burman experimental design matrix
with chitinase activity response

Variables

= 5 N g = & ég
5 99 28 EE 3§ 0o, f£x
" Z 2 Y g2 SE BT EE

v 2 oE EZ 5 U s g
1 1 1 1 1 1 1 00022
2 1 1 -1 1 -1 -1 00003
3 1 1 1.1 1 -1 00000
4 1 4 1 1 -1 0.0000
5 1 -1 1 1 1 -1 00009
6 0 0 0 0 00019
7 1 4 1 1 1 0.0009
8 11 1 -1 1 -1 00001
9 -1 -1 -1 -1 -1 -1 00000
10 1 -1 -1 1 1 00001
11 1 -1 1 1 -1 1 00000
12 0 0 0O 0 0  0.0000
3 11 1 1 -1 1 00003
14 0 0 0O 0 0 00013
15 -1 1 -1 -1 -1 1 00004

Source: Data analysis

The Plackett-Burman experimental de-
sign was used to determine the effect of 6
types of medium components as indepen-
dent variables on the production of chitinase
B. cereus SMG 1.1. The maximum response
of chitinase activity from a total of 15 experi-
mental designs were 0.0022 U/ml (Table 3).
Table 4 shows that fructose, colloidal chitin,
MgSO,.5H,0O are the three most influential
components in the production of chitinase
B. cereus SMG 1.1 compared to other compo-
nents of the medium. It is indicated by the
p-value, which is smaller than the other com-
ponents.
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Table 4.
Statistical analysis of Plackett-Burman design for chitinase activity production
by Bacillus cereus SMG 1.1.

Term Effect Coef SE Coef T-Value P-Value VIF

Constant 0.001078  0.000547  1.97 0.188

K,HPO, -0.000151 -0.000076  0.000306  -0.25 0.828 1.25
KH,PO, 0.000369  0.000185  0.000387  0.48 0.68 2
Fructose 0.00055 0.000275  0.000387  0.71 0.551 2
Ammonium Nitrate 0.000055  0.000028  0.00041 0.07 0.952 2.25
Colloidal Chitin -0.00079  -0.000397 0.000564  -0.7 0.554 4.25
MgSO,.5H,0 0.001071  0.000536  0.000612  0.88 0.474 5

Source: Data analysis

Shivalee et al. (2018) stated that fructose
has a significant effect on the production of
Streptomyces pratensis chitinase. The addition
of 1.25% fructose produced a maximum chi-
tinase of 0.904 U/ml in S. pratensis. Fructose
is one of the primary carbon sources that
can increase the titer of enzymes in chitinase
production by S. pratensis. Bacteria use the
preferred carbon source based on the CCR
(carbon catabolite repression) mechanism
(Titgemeyer & Briickner, 2002).

According to Cheba & Zaghloul (2017),
colloidal chitin is the most critical component
in chitinase production because chitinase is
an inducible enzyme. When the colloidal
chitin concentration is optimal, maximum
chitinase production will be obtained (Bhat-
tacharya et al., 2016). Chitin is a substrate for
chitinase, so that the addition of colloidal chi-
tin into the production medium will stimu-
late the production of chitinase enzymes.
Uria et al. (2005) stated that the addition of
colloidal chitin increased chitinase activity
because of its high solubility in growth media
and reduced structural cohesiveness, mak-
ing it easy for chitinase to degrade colloidal
chitin. The maximum chitinase production
was obtained by adding 1.5% colloidal chi-
tin to S. pratensis (Shivalee et al., 2018). Akhir
et al. (2009) found that B. licheniformis TH-1
produced the highest chitinase of 1.163 U/ml
with 1% colloidal chitin.

Minerals also influence chitinase pro-
duction. Ghorbel-Bellaaj et al. (2012) stated
that MgSO, has a positive effect on increasing

chitinase B. cereus SV1. Chitinase production
of Pantoea dispersa can be increased by adding
KBr and MgSO, (Gohel et al., 2006). MgSO,
also affects chitinase production in Streptomy-
ces sp. Dall (Han et al., 2008). Aounallah et
al. (2017) stated that B. licheniformis produced
a maximum chitinase of 0.5 U/ml with the
addition of 0.75% colloidal chitin and 0.01%
MgSQO,. Thus, fructose, colloidal chitin, and
MgSO,.5H,0 were selected as variables to be
continued for the next stage of optimization
using the Box-Behnken design.

Optimization of Medium
Concentration on Chitinase
Production

Three variables selected from the Plack-
ett-Burman design, namely fructose (X)), col-
loidal chitin (X,), and MgSO,.5H,0 (X,), were
further optimized using the Box-Behnken re-
sponse surface method and ANOVA analysis
to obtain the best concentration. The maxi-
mum response of chitinase activity from a to-
tal of 15 experimental designs were 0.0016 U/
ml (Table 5). The Box-Behnken experimental
design is considered a powerful tool to deter-
mine the optimal level of relevant factors and
their interactions (Ghanem et al., 2010). This
design has been used to optimize the cul-
ture conditions of various types of bacteria
for chitinase production, such as B. pumilus
(Tasharrofi et al., 2011), B. licheniformis AT6
((Aounallah et al., 2017), and B. cereus SV1
(Ghorbel-Bellaaj et al., 2012).
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Table 5.
Box-Behnken design matrix with chitinase activity
Variables i a.c
Run - — Chitinase Activity (U/ml)
Fructose Colloidal chitin MgSO,.5H, O
1 -1 0 1 0.0001
2 -1 1 0 0.0003
3 0 1 -1 0.0003
4 0 0 0 0.0003
5 0 -1 -1 0.0002
6 -1 -1 0 0.0004
7 0 1 1 0.0006
8 1 1 0 0.0002
9 0 0 0 0.0016
10 0 -1 1 0.0004
1 1 0 1 0.0003
12 -1 0 -1 0.0002
13 0 0 0 0.0004
14 1 -1 0 0.0002
15 1 0 -1 0.0002

Source: Data analysis

Table 6 indicates an interaction between
colloidal chitin and MgSO,.5H,0O with a p-
value of 0.037 (less than 0.05), which indicates
that the two variables support each other in
optimizing the production of chitinase B. ce-
reus SMG 1.1. The lack of a fit value of 0.422
(more than 0.05) indicates that the results of

the resulting regression equation are suit-
able. The quadratic equation resulting from
the Box-Behnken analysis is as follows:

y =0.001023 - 0.00178 X, +0.000418 X, - 0.0046
X, +0.001138 X,* + 0.000092 X + 0.0724 X?
- 0.000144 X *X, + 0.002916 X *X, - 0.002142
XX,

Table 6.
Statistical analysis of Box-Behnken design and significance of the factors and their interaction

Source DF AdjSS AdjMS F-Value P-Value
Model 9 0 0 1.680 0.196
Linear 3 0 0 0.860 0.411
Fructose 0 0 0 0 0.184
Colloidal chitin 1 0 0 0.210 0.910
MgSO, 5H,0 0 0 0 0 0.613
Square 3 0 0 1.280 0.378
Fructose * Fructose 1 0 0 2.820 0.134
Colloidal chitin * Colloidal chitin 1 0 0 0 0.609
MgSO,.5H,0 * MgSO, 5H,0 0 0 0 1.140 0.334
2- Way Interaction 3 0 0 0 0.141
Fructose * Colloidal chitin 1 0 0 0 0.897
Fructose * MgSO,.5H,0 1 0 0 1.980 0.219
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Source DF AdjSS AdjMS F-Value P-Value
Colloidal chitin * MgSO,.5H,0 1 0 0 7.710 0.037
Error 0 0 0
Lack-of-Fit 0 0 0 1.510 0.422
Pure Error 0 0 0
Total 0 0

Source: Data analysis

The interaction between colloidal chitin
and MgSO,.5H,0 has an essential effect on
chitinase production by B. cereus SMG 1.1.
Table 6 shows that the colloidal interaction
of chitin and MgSO,.5H,O has a significant
effect in increasing the production of chitin-
ase B. cereus SMG 1.1. These two variables
play a mutually supportive role in increas-
ing the production of chitinase B. cereus SMG
1.1. Mineral such as magnesium is needed to

2,0

1.8-

1,6-

14

Colloidal chitin

1.2

1ok

0,5

0,7 0,8

Fructose

0,6

stabilize ribosomes, membranes, nucleic ac-
ids, and the activity of many enzymes (Ma-
digan et al., 2015). Colloidal chitin plays an
important role as an inducer in stimulating
the formation of the chitinase enzyme. Fig-
ure 1 shows that the maximum production
of chitinase was obtained at the midpoint,
namely 0.75% fructose, 1.5% colloidal chitin,
and 0.075% MgSO,.5H,0.

D3
< 0,00009

0,00009 - 0,00012
[ 000012 - 0,00015
B 000015 - 0,00018
[ 0.00018 - 0,00021
m > 0,00021

Hold Values
MgSO4 0,075

Figure 1.
Plot Contour of the Effect of Chitin and Fructose Colloidal on Chitinase Activity
Source: Data analysis

In verifying the model, the observed chi-
tinase activity was compared with the calcu-
lated value from the obtained mathematical
model (Table 7). The observed chitinase ac-
tivity was 0.0009 U/ml, meanwhile the cal-
culated chitinase activity was 0.0010 U/ml,
showing a conformity rate of 98%. A level of

accuracy above 95% indicates that the model
is valid. The highest yield from Box-Behnken
was 0.0016 U/ml, an increase of 0.3 times
from the previous result of 0.0012 U/ml (Si-
boro, 2017). These results have not resulted in
a significant increase compared to other stud-
ies that can increase the results 6.9 times (Ri-
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shad et al., 2016) and 10 times (Aounallah et
al., 2017) from the initial conditions. It might
be caused by other factors that have not been
included in the optimization, such as pH,
temperature, NaCl, and length of incuba-
tion time. Therefore, more factors of growth
condition should be included in further op-
timization of growth condition. Another im-
portant note that worth to be pointed out is
the low stability of bacterial culture used in
this experiment. It was noted from the varia-

tion of chitinase activity in the same running
condition. This might be happened due to
spontaneous mutations that might be present
in a sequenced population during the culti-
vation even in the absence of the exogenous
stress factors (Schroeder et al., 2018). Bacte-
rial culture stability is an important issue for
industrial bacterial cultures. Therefore, pres-
ervation methods of long-term stored stocks
culture and production procedure of bacte-
ria culture is very important to be addressed
(Wassenaar & Zimmermann, 2020).

Table 7.
Validation of Box-Behnken analysis results

Run Chitinase Activity =~ Average observed chitinase  Calculated chitinase activity
(U/ml) activity (U/ml) (U/ml)
1 0.0009
2 0.0007 0.0009 0.0010
3 0.0010

Source: Data analysis.

CONCLUSION

This study revealed that fructose, colloi-
dal chitin, and MgSO,.5H,0O are the important
medium component for B. cereus SMG 1.1 in
producing chitinase. The highest yield of chi-
tinase from B. cereus SMG 1.1 was achieved
by the composition of colloidal chitin broth
with 0.75% fructose, 1.5% colloidal chitin, and
0.075% MgSO,.5H,0. However, the chitinase
activity produced in this research is still con-
sidered low when compare to other studies.
Further optimization with various factors of
growth condition such as NaCl, trace miner-
als, various nitrogen sources is required to
increase the production of B. cereus SMG 1.1.
As the primary metabolite, the production of
chitinase is related to the cell growth. There-
fore, the measurement of bacterial growth is
important to be evaluated to understand the
relationship between medium component
and bacterial growth for enzyme production.

BILBLIOGRAPHY

Akhir, S. ., Abd-Aziz, S., Salleh, M. M.,
Rahman, R. A., Illias, R. M., & Hassan,
M. . (2009). Medium optimisation

52

of chitinase enzyme production
from shrimp waste using Bacillus
licheniformis TH-1 by response
surface methods. Biotechnology, 8,
120-125. https://doi.org/10.3923/
biotech.2009.120.125

Aounallah, M. A., Slimene-Debez, 1. Ben,
Dijebali, K.,Gharbi, D., Hammami, M.,
Azaiez, S., Limam, F., & Tabbene, O.
(2017). Enhancement of Exochitinase
Production by Bacillus licheniformis
AT6 Strain and Improvement of
N-Acetylglucosamine  Production.
Applied Biochemistry and Biotechnology,
181(2), 650-666. https://doi.
org/10.1007/s12010-016-2239-9

Arnold, N. and N.A. Solomon. (1986).
Manual of Industrial Microbiology and
Biotechnology. American Society for
Microbiology. Washington.

Bhattacharya, S., Das, A., Samadder, S., &
Rajan, S. S. (2016). Biosynthesis and
characterization of a thermostable,
alkali-tolerant chitinase from Bacillus
pumilus  JUBCHO8  displaying



ADNAN WIDODO, INDUN DEWI PUSPITA, AND USTADI < OPTIMIZATION OF CHITINASE
PRODUCTION FROM BACILLUS CEREUS SMG 1.1 USING RESPONSE...

antagonism against phytopathogenic
Fusarium oxysporum. 3 Biotech,
6(1), 1-8. https://doi.org/10.1007/
513205-016-0406-x

Chang, W.T., Chen, C.S., & Wang, S. L. (2003).
An antifungal chitinase produced by
Bacillus cereus with shrimp and crab
shell powder as a carbon source.
Current Microbiology, 47(2), 102-108.
https://doi.org/10.1007/s00284-
002-3955-7

Cheba, B. A., & Zaghloul, T. (2017). Effect of
Carbon Sources on Bacillus sp . R2
Chitinase Production. Advances in
Environmental Biology, 11(3), 75-80.

Dhananjaya, I.G.P.R. (2018). Pengaruh pH,
Suhu, dan Jenis Substrat terhadap
Aktivitas Kitinase Bacillus cereus SMG
1.1. Skripsi. Program S1 Fakultas
Pertanian Universitas Gadjah Mada.
Yogyakarta.

Dukariya, G., & Kumar, A. (2020). Chitinase
Production from Locally Isolated
Bacillus cereus GS02 from Chitinous
Waste Enriched Soil. Journal of
Advances in Biology & Biotechnology,
April, 39-48. https:/ /doi.
org/10.9734 /jabb/2020/v23i130137

Ghanem, K. ., Al-Garni, S. ., & Al-Makishah,
N. . (2010). Statistical optimization
of cultural conditions for chitinase
production from fish scales waste
by Aspergillus terreus. African
Journal of Biotechnology, 9(32), 5135-
5146. https:/ /doi.org/10.5897/
AJB09.1937

Ghorbel-Bellaaj, O., Manni, L., Jellouli, K.,
Hmidet, N., & Nasri, M. (2012).
Optimization of protease and
chitinase production by Bacillus
cereus SV1 on shrimp shell waste
using  statistical =~ experimental
design. Biochemical and molecular
characterization of the chitinase.
Annals of Microbiology, 62(3), 1255-
1268. https:/ /doi.org/10.1007/
s13213-011-0371-x

Gohel,

Gurav,

V., Chaudhary, T., Vyas, P, &
Chhatpar, H. S. (2006). Statistical
screenings of medium components
for the production of chitinase by
the marine isolate Pantoea dispersa.
Biochemical Engineering Journal, 28(1),
50-56.  https://doi.org/10.1016/j.
bej.2005.09.002

R., Tang, J., & Jadhav, J. (2017).
Novel chitinase producer Bacillus
pumilus RST25 isolated from
the shellfish processing industry
revealed antifungal potential against

phyto-pathogens. International
Biodeterioration and Biodegradation,
125, 228-234. https://doi.

org/10.1016/j.ibiod.2017.09.015

Han, Y., Li, Z., Miao, X., & Zhang, F. (2008).

Statistical optimization of medium
components to improve the chitinase
activity of Streptomyces sp. Dall
associated with the South China
Sea sponge Craniella australiensis.
Process Biochemistry, 43(10), 1088-
1093. https://doi.org/10.1016/].
procbio.2008.05.014

Hsu,S.C., & Lockwood, J. L. (1975). Powdered

Chitin Agar as a Selective Medium
for Enumeration of Actinomycetes in
Water and Soil. Applied Microbiology,
29(3), 422-426. https:/ /doi.
org/10.1128 /am.29.3.422-426.1975

Kumar, A., Gupta, N. K., Angural, S., & Rana,

M. (2017). Process optimization of
extracellular chitinase production
from Bacillus sp. isolate from fish
waste dumping site. European Journal
of Pharmaceutical and Medical Research,
4(9), 474-480.

Liang, T. W., Chen, Y. Y., Pan, P.S,, & Wang,

S. L. (2014). Purification of chitinase/
chitosanase from Bacillus cereus and
discovery of an enzyme inhibitor.
International ~ Journal of Biological
Macromolecules, 63,8-14. https:/ / doi.
org/10.1016/j.ijbiomac.2013.10.027

53



JURNAL TEKXNOSAINS | VOL 12, NO.1, Desember 2022; 44-55

Lien, T. S, Yu, S. T.,, Wu, S. T., & Too, J. R.
(2007). Induction and purification of
a thermophilic chitinase produced
by Aeromonas sp. DYU-Too7
using glucosamine. Biotechnology
and Bioprocess Engineering, 12(6),
610-617. https://doi.org/10.1007/
BF02931076

Mabuchi, N., Hashizume, 1., & Araki, Y.
(2000). Characterization of chitinases
excreted by Bacillus cereus CH.
Canadian Journal of Microbiology, 46(4),
370-375. https://doi.org/10.1139/
w99-148

Montgomery, D. C. (2013). Design and
Analysis of Experiments Eighth
Edition. Arizona State University. In
Copyright (Vol. 2009, Issue 2005).

Park, P. K., Cho, D. H.,, Kim, E. Y., & Chu, K.
H. (2005). Optimization of carotenoid
production by Rhodotorula glutinis
using  statistical ~ experimental
design. World Journal of Microbiology
and Biotechnology, 21(4), 429-434.
https:/ /doi.org/10.1007 /s11274-
004-1891-3

Patil, R. S., Ghormade, V., & Deshpande,
M. V. (2000). Chitinolytic enzymes:
An  exploration. Enzyme and
Microbial Technology, 26(7), 473-483.
https://doi.org/10.1016/50141-
0229(00)00134-4

Pramana, B. (2014). Isolasi dan Karakterisasi
Bakteri  Kitinolitik dari Terasi
Udang. Skripsi. Program S1 Fakultas
Pertanian Universitas Gadjah Mada.
Yogyakarta.

Reissig, J. L., Strominger, J. L., & Leloir, L.
F. (1955). A modified colorimetric
method for the estimation of
N-acetylamino sugars. The Journal of
Biological Chemistry, 217(2), 959-966.
https://doi.org/10.1016/s0021-
9258(18)65959-9

Rishad, K. S., Rebello, S., Nathan, V. K.,
Shabanamol, S., & Jisha, M. S. (2016).
Optimised production of chitinase

54

from a novel mangrove isolate,

Bacillus pumilus MCB-7 using
response surface methodology.
Biocatalysis and Agricultural

Biotechnology, 5, 143-149. https://
doi.org/10.1016/j.bcab.2016.01.009

Saima, Kuddus, M., Roohi, & Ahmad, 1. Z.
(2013). Isolation of novel chitinolytic
bacteria and production optimization
of extracellular chitinase. Journal of
Genetic Engineering and Biotechnology,
11(1), 39-46. https://doi.
org/10.1016/j.jgeb.2013.03.001

Schroeder, J. W., Yeesin, P., Simmons, L.
A., & Wang, ]J. D. (2018). Sources of
spontaneous mutagenesis in bacteria.
Critical Reviews in Biochemistry and

Molecular  Biology, 53(1), 29-48.
https:/ /doi.org/10.1080/10409238.2
017.1394262

Sharmistha, C., Sourav, B., & Arijit, D. (2012).
Optimization of process parameters
for chitinase production by a marine
isolate of Serratia marcescens.
International Journal of Pharmacy and
Biological Science, 2(2), 8-20.

Shivalee, A., Lingappa, K., & Mahesh, D.
(2018). Influence of bioprocess
variables on the production of
extracellular chitinase under
submerged fermentation by
Streptomyces  pratensis  strain
KLSL55.  Journal — of  Genetic
Engineering and Biotechnology, 16,
421-426. https://doi.org/10.1016/].
jgeb.2017.12.006

R. A. (2017). Produksi, purifikasi
parsial dan aktivitas kitinase dari
Bacillus cereus SMG 1.1. Skripsi.

Siboro,

Program S1 Fakultas Pertanian
Universitas Gadjah Mada.
Yogyakarta.

Singh, R., Kumar, M., Mittal, A., & Mehta,
P. K. (2016). Microbial enzymes:
industrial progress in 21st century.
3 Biotech, 6(2). https://doi.
org/10.1007 /s13205-016-0485-8



ADNAN WIDODO, INDUN DEWI PUSPITA, AND USTADI < OPTIMIZATION OF CHITINASE

PRODUCTION FROM BACILLUS CEREUS SMG 1.1 USING RESPONSE...

Tasharrofi, N., Adrangi, S., Fazeli, M,

Rastegar, H., Khoshayand, M.
R., & Faramarzi, M. A. (2011).
Optimization of chitinase production
by Bacillus pumilus using Plackett-
Burman design and response surface
methodology. Iranian  Journal of
Pharmaceutical Research, 10(4), 759-
768. https:/ /doi.org/10.22037/
ijpr.2011.1053

Titgemeyer, F., & Briickner, R. (2002). Carbon

catabolite repression in bacteria:
choice of the carbon source and
autoregulatory limitation of sugar
utilization. =~ FEMS  Microbiology
Letters, 209(2), 141-148. https://
doi.org/10.1111/j.1574-6968.2002.
tb11123.x

Uria, A. R, Chasanah, E., Fawzya, Y. N, &

Processing, F. P. (2005). Optimization
of Bacillus sp. K29-14 chitinase
production using marine crustacean
waste. Journal of Coastal Development,
8(2), 155-162.

Wang, S. L., Hsiao, W. J, & Chang,

W. T. (2002). Purification and
characterization of an antimicrobial
chitinase extracellularly produced
by Monascus purpureus CCRC31499
in a shrimp and crab shell powder
medium. Journal of Agricultural and
Food Chemistry, 50(8), 2249-2255.
https:/ /doi.org/10.1021/jf011076x

Wang, S. L, Liu, C. P, & Liang, T. W.

(2012). Fermented and enzymatic
production  of  chitin/chitosan
oligosaccharides by extracellular
chitinases from Bacillus cereus
TKUO027.  Carbohydrate  Polymers,
90(3),  1305-1313.  https://doi.
org/10.1016/j.carbpol.2012.06.077

Wassenaar, T. M., & Zimmermann, K. (2020).

How industrial bacterial cultures can
be kept stable over time. Letters in
Applied Microbiology, 71(3), 220-228.
https:/ /doi.org/10.1111/lam.13309

Younes, 1., & Rinaudo, M. (2015). Chitin and

chitosan preparation from marine
sources. Structure, properties
and applications. Marine Drugs,
13(3),  1133-1174.  https://doi.
org/10.3390/ md13031133

55



