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Abstract 
Chitin is a polysaccharide compound composed of N-acetylglucosamine (NAG), 
which is linked by β-1,4-glycoside bonds. In producing NAG from chitin, 
enzymatic method using chitinase offer advantages compared to chemical 
degradation. Streptomyces sp. PB2 is a good candidate of chitinase producer which 
was previously isolated from shrimp pond sediment. However, optimization of 
chitinase production by Streptomyces sp. PB2 is required for large-scale production 
of this enzyme. This study aimed to find the optimal medium composition to 
increase the chitinase enzyme activity of Streptomyces sp. PB2 using the Response 
Surface Method. Initial screening was done to determine additional carbon and 
nitrogen sources in colloidal chitin broth suitable for increasing chitinase activity. 
Optimization of the medium composition was conducted using the Plackett-
Burman design to determine the critical components in the colloidal chitin broth 
medium and continued by Box-Behnken model to optimize the concentration 
of the medium components. Chitinase activity was obtained by measuring the 
amount of reducing sugar (NAG) released from enzymatic reaction using DMAB 
reagent by means of spectrophotometer. The medium components showing high 
contribution in increasing chitinase activity were K2HPO4, colloidal chitin and 
peptone, with the confidence level value of 0.66, 0.48, and 0.38, respectively. The 
Box-Behnken model analysis shows that the combination of K2HPO4 0.007 g/
ml, colloidal chitin 1.5 g/ml and peptone 1.5 g/ml in colloidal chitin broth are the 
optimal medium for Streptomyces sp. PB2, resulted in chitinase activity of 0.0125 
U/ml. The increase of 6-fold in chitinase activity was achieved in this study.
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1. Introduction

Chitin is an unbranched compound composed 
of N-acetylglucosamine (NAG) chains linked by 
β-1,4-glycoside bonds, insoluble in water and alcohol, 
insoluble in almost all organic solvents, and have 
hydrophobic properties (Gao et al., 2018). Chitin can be 
utilized as the main ingredient in the synthesis of NAG 
and oligomeric chitin. NAG is reported as a precursor 
for the biosynthesis of several macromolecules, such 
as glycolipids, glycoproteins, glucosaminoglycans 
(mucopolysaccharides), and proteoglycans in the body 
so that NAG can be applied in the medical field (Tork et 
al., 2018). Moreover, oligomeric chitin have bioactivity 
as antimicrobials, immune-enhancers and can activate 
the body’s immune system (Karthik et al., 2015).
 Chitinase plays an important role in the 
production of NAG by means of hydrolysis. Enzymatic 
hydrolysis is considered as an environmentally friendly 
method, economical, and easily managed (Karthik 
et al., 2015). Chitinase can be obtained from the 
metabolism of chitinolytic microorganisms (Meriem 
and Mahmoud, 2017). Chitinolytic microorganisms 
are commonly detected in environments with abundant 
sources of chitin such as hot water spring (Tuntun and 
Huda, 2014), sediments (Yahiaoui et al., 2019), and 
shell waste (Tarafdar and Biswas, 2013). Streptomyces 
sp. is a group of chitinolytic bacteria from the genus 
Actinomycetes which is reported to be the best chitinase 
producer with a high chitinolytic index (Shivalee et al., 
2018). 

Previously, Streptomyces sp. PB2 was isolated 
from the mud of shrimp ponds in Yogyakarta with a 
chitinolytic activity of 0.0007 U/ml (Triwijayani et 
al., 2018). This isolate was similar to S. misionensis 
strain OsiRt-1 (99%) based on partial 16S rRNA 
gene analysis, however S. misionensis OsiRt-1 shows 
negative result in chitinase production (Wang et al., 
2016). To increase its chitinase activity, Kusumawijaya 
(2018) and Pramesti and Puspita (2020) have optimized 
the medium pH, incubation temperature, colloidal 
chitin concentration, and inoculum concentration. The 
2-fold increase in chitinase activity (0.0018 U/ml) 
compared to the initial chitinase activity was obtained 
from the optimization process, but this result was still 
relatively small. Thiagarajan et al. (2011) reported that 
Streptomyces sp. had a chitinolytic activity of 16.53 U/
ml, whereas Jha et al. (2016) stated that S. rubiginosus 
was isolated from the rhizosphere of Gossypium sp. has 
a chitinase activity of 2.790 U/ml. 

The increase of chitinase activity can be obtain 
by optimizing the medium composition to meet the 
nutritional needs in the growth of chitinolytic bacteria 

 

 

 

 

 

2     Jurnal Ilmiah Perikanan dan Kelautan                  Copyright ©2022 Faculty of Fisheries and Marine Universitas Airlangga   April  2022                         3

(Cheba  et  al.,  2018).  Increases  in  chitinase  activity
of  Streptomyces  sp.  after  optimization  of  the  growth
medium  were  demonstrated  by  Han  et  al.  (2008)
and  by  Meriem  and  Mahmoud  (2017).  However,
Streptomyces  harbored  multiplicity  of  carbohydrate
and  protein  degrading  pathway.  Variety  of  regulators
related  to  nutrient  utilization,  such  as  MalR,  Glk,
GylR, CebR, GlcP, and DasR have been described for
their  implication  in  different  physiological  process  in
Streptomyces  (Romero-Rodríguez  et  al.,  2017).  This
variation  implies  the  difference  in  growth  medium
requirement  among  Streptomyces.  S.  rubiginosus
produces  higher  chitinase  when  supplemented  with
peptone  compared  to  inorganic  nitrogen  sources
(ammonium  sulfate  and  ammonium  nitrate)  (Jha  et
al.,  2016).  Meanwhile,  S.  macrosporeus  shows  higher
chitinase production when added with potassium nitrate
compared to organic nitrogen sources (casein, peptone,
malt extract, and yeast extract) (Sukalkar  et al.,  2018).
The  studies  of  medium  optimization  for  chitinase
production  have  been  conducted  in  Streptomyces  spp.,
but  to  our  knowledge,  very  few  studies  have  been
reported in  S. misionensis. Understanding the optimum
growth medium among various species of Streptomyces
provides  useful  information  to  formulate  the  common
medium for this genus in producing chitinase.
  This  study aims to  determine the optimal  media
composition  to  increase  the  production  of  chitinase
from  Streptomyces  sp.  PB2.  In  this  study,  Response
Surface  Methodology  (RSM)  was  used  to  optimize
the  composition  of  the  chitinase  production  medium
of  Streptomyces  sp.  PB2,  because  it  offers  an  efficient
experimental  unit  compare  to  factorial  experimental
design  to  analyse  the  effect  and  interaction  between
several factors.

2. Materials and Methods
2.1 Preparation of Medium and Inoculum
  The  medium  for  chitinase  production  was
colloidal  chitin  broth  consisting  of  KH2PO4  (0.03%)
(Merck,  Germany),  K2HPO4  (0.07%)  (Merck,
Germany),  MgSO4.5H2O  (0.05%)  (Merck,  Germany),
ZnSO4  (0.0001%) (Merck, Germany), MnCl2  (0.0001%)
(Merck, Germany), and colloidal chitin (1.5%) (Pramesti
and  Puspita,  2020).  Colloidal  chitin  was  prepared  by
mixing  chitin  from  shrimp  shell  powder  (Sigma,  UK)
with concentrated HCl according to  Hsu and Lockwood
(1975).  The  colloidal  chitin  broth  and  colloidal  chitin
agar  were  used  for  cell  refreshment.  Colloidal  chitin
agar was prepared following the colloidal chitin broth,
with  1%  Bacto Agar  (Merck,  Germany).  Streptomyces
sp. PB2 bacteria originating from laboratory collections
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in glycerol stock were refreshed by inoculation on 
chitin agar medium and incubating for 24 hours at 
30ºC to obtain working culture. Streptomyces sp. PB2 
from working culture was inoculated on 7 ml Nutrient 
Broth (Merck, Germany) and incubated for another two 
days at 37ºC. The culture was then centrifuged at 3000 
rpm for 1 minute. The pellets were separated with the 
supernatant, then added with 1 ml of sterile distilled 
water, vortexed, and the inoculum stock was obtained. 
Each procedure was carried out aseptically.

Tabel 1. Variables and Plackett-Burman Design levels

Symbol Variables Units
Experimental Levels

-1 1
X1 KH2PO4 % 0.003 0.008
X2 K2HPO4 % 0.007 0.014

X3
Colloidal 
Chitin % 1 2

X4 Starch % 1 2
X5 Peptone % 0.5 1.5

Tabel 2. The Plackett-Burman Design Matrix and the resulting chitinase activity

No. X1 X2 X3 X4 X5
Chitinase activity 

(U/ml)
1 -1 1 -1 -1 -1 0.002
2 -1 1 1 -1 1 0.067
3 1 1 1 -1 1 0.004
4 -1 -1 -1 -1 -1 0.003
5 1 1 -1 1 1 0.000
6 1 -1 1 -1 -1 0.008
7 -1 1 1 1 -1 0.000
8 -1 -1 -1 1 1 0.001
9 1 -1 -1 -1 1 0.001
10 -1 -1 1 1 1 0.002
11 1 1 -1 1 -1 0.005
12 1 -1 1 1 -1 0.017

2.2 Selection of Additional Carbon and Nitrogen 
Source in the Fermentation Medium
 The selection aimed to determine the best 
additional carbon and nitrogen source in the colloidal 
chitin broth as a medium for chitinase production. 
The carbon sources were glucose (Merck, Germany), 
fructose (Merck, Germany), lactose (Merck, Germany), 
and starch (Merck, Germany). Nitrogen sources 
were potassium nitrate (KNO3) (Merck, Germany), 

ammonium sulfate ((NH4)2SO4) (Merck, Germany), 
yeast extract (Merck, Germany), and peptone (Merck, 
Germany). One ml of inoculum was added to 100 
mL of colloidal chitin broth supplemented with 
various additional carbon and nitrogen sources with a 
concentration of 1%. The cultures were incubated in a 
reciprocal shaker at 125 rpm 30°C for 3 days. Chitinase 
activity was observed at the end of incubation (day-3). 
The additional carbon and the nitrogen sources with the 
highest chitinase activity were chosen for optimization.

2.3 Measurement of Chitinase Activity
 The chitinase activity test was carried out by 
taking 1 ml of fermentation medium then centrifuged 
at 10,000 rpm for 2 minutes at 4ºC to obtain cell-free 
supernatant. The negative control was prepared by 
boiling 1 ml of cell-free supernatant at 100ºC for 3 
minutes. Furthermore, 0.5 ml of sample and 0.5 negative 
control were each reacted with 1 ml of 1.3% colloidal 
chitin (in phosphate buffer 50 mM pH 7.4) and incubated 
for 30 minutes in a water bath shaker at 37°C with an 
agitation speed of 100 rpm. The mixture was then heated 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
in water at 100ºC for 3 minutes to stop the reaction, 
then cooled and centrifuged at 10,000 rpm for 3 minutes 
(Liang, 2010). The amount of N-acetylglucosamine 
(NAG) produced from the enzymatic reaction was 
measured according to Reissig et al. (1955). A total of 
250 µl of sample and control from enzymatic reaction 
were added with 50 µl of potassium tetraborate (Wako, 
Japan) (pH 9.1) then boiled for 3 minutes to bind NAG. 
Furthermore, the sample was cooled and added with 

2     Jurnal Ilmiah Perikanan dan Kelautan                  Copyright ©2022 Faculty of Fisheries and Marine Universitas Airlangga   April  2022                         3



1.25 ml of DMAB (dimethyl amino benzaldehyde) 
(Merck, Germany) reagent and incubated at 37ºC for 20 
minutes. Standard NAG (TCI, Japan) solutions at various 
concentrations (0, 10, 20, 30, 40, and 50 µg/ml) were 
used to construct standard curves. The absorbance of 
the sample and the standard solution was measured with 
a UV-Vis spectrophotometer (Thermo Scientific, US) 

at a wavelength of 585 nm. The NAG concentration 
was obtained by comparing the absorbance value of 
the sample with the absorbance value of the standard 
NAG curve. One unit of chitinase enzyme activity was 
defined as the amount of NAG (µmol) released per 
minute in the enzymatic reaction under the conditions 
mentioned above.
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Figure 1. Chitinase activity (U/ml) of Streptomyces sp. PB2 on colloidal chitin broth (30°C, 125 rpm, 3 days) 
with the addition of various types of carbon and nitrogen sources (1%)

Figure 2. 3-dimensional graph of the effect of peptone and K2HPO4 on chitinase activity



2.4 Optimization of Medium Composition by Using 
a Statistical Design Approach
 Streptomyces sp. PB2 was fermented in colloidal 
chitin broth with various treatment combinations of 
medium components. The inoculum concentration of 
1.5% in 100 ml colloidal chitin broth  was used in the 
fermentation process. Fermentation was carried out 
in a reciprocal shaker at 30°C 125 rpm for 3 days and 
chitinase activity was analysed.  

Optimization of the medium composition was 
conducted in two stages. The first stage was carried out 
using the Plackett-Burman design (PBD) to determine 
the critical components in the colloidal chitin broth 
medium that affect Streptomyces sp. PB2 chitinase. PBD 
is a two-factorial analysis design that allows selecting 
the number of variables in n+1 experiments (Plackett 
and Burman, 1946). Five of the total eight components 
of the medium were selected for the screening stage 
using two concentration levels for each component, 
namely high (+1) and low (-1) (Table 1). The medium 
components that were not included in the screening 
stage and had a constant concentration in each treatment 
were MgSO4.5H2O (0.05%), ZnSO4 (0.0001%), and 
MnCl2 (0.0001%). 

The experimental matrix design of variables 
(medium components) and levels (medium 
concentration) combination was created with Minitab 
19 (Table 2). The formula used to determine the effect 
of each component of the medium is: 

                                           

After the critical medium components in 
increasing chitinase activity were identified, the next 
step was to optimize the concentration of the medium 
components using the Response Surface Method (RSM) 
Box-Behnken model (Box and Draper, 2007). The 
selected medium component variables were examined 
using three different concentration levels: codes -1, 
0, and +1 (Table 4). The matrix design of parameters 
and levels combination, including the centre point 
experiment, was created by using Minitab 19 software 
(Table 5).

The following second-order polynomial 
equations were used to predict optimal chitinase 
production: 

where:

Y      : response to chitinase activity

         : initial equation, 

               : linear equation, 

      : quadratic equation, and

           : interaction equation value

 
 The most optimal prediction results were 
compared with the observation results to determine the 
model’s validity. Root Mean Squared Error (RMSE) 
was calculated to measure the standard deviation of the 
residuals. Data were analyzed with Minitab 19 software.

3. Results and Discussion

The production of bacterial chitinase is 
influenced by growth factors, such as medium 
component. Han et al. (2008) found that the maximum 
chitinase activity and the cell growth (dry weight) of 
Streptomyces sp. DA11 increase 39.2 and 2.6- fold 
higher in statistically optimized medium compared to 
basic medium. The production curve of chitinase showed 
a similar pattern with the growth curve and both reached 
the highest peak in 72 h of incubation. Our previous 
study also showed that Streptomyces sp. PB2 reached 
the maximum chitinase activity in 48 h at the same time 
of bacterial growth reach the late logarithmic phase 
(Pramesti and Puspita, 2020). It indicates that chitinase 
is a primary metabolite. Moreover, the production 
of bacterial primary metabolite such as enzyme is 
regulated by several positive and negative mechanisms, 
including induction and nutritional regulation (carbon 
and nitrogen source regulation) (Sanchez and Demain, 
2008). Therefore, increase in enzyme production can 
be achieved by optimizing bacterial growth condition 
including medium component.
3.1 Selection of Additional Carbon and Nitrogen 
Sources

The utilization of sugar compound in the 
medium for growth and other metabolic activity depends 
on the suitability of the carbon source to bacterial 
preferences (Bruckner and Titgemeyer, 2002). Starch is 
an additional carbon source that could increase chitinase 
activity with the highest value of 0.0018 U/ml (Figure 
1). Ray (2018) also reports that starch is the best source 
of carbon substrates for S. chilikensis RC1830. 
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Table 3. Effect of the Plackett-Burman design on chitinase activity 

Factors Medium
Components Effects S.E. T-Value P-Value Confidence

(%)
X1 KH2PO4 -0.010 0.006 -0.83 0.436 -0.5
X2 K2HPO2 0.013 0.006 1.1 0.315 0.66
X3 Colloidal chitin 0.010 0.006 0.8 0.454 0.48
X4 Starch -0.005 0.006 -0.45 0.671 -0.27
X5 Peptone 0.008 0.006 0.63 0.55 0.38

Table 4. Levels and concentrations of variables in Box-Behnken 

Symbol Variables Unit
Levels

-1 0 1
X2 K2HPO4 % 0.007 0.01 0.014

X3 Colloidal chitin % 1 1.5 2

X5 Peptone % 0.5 1 1.5

Table 5. Box-Behnken experimental design and chitinase activity observed

Run
Levels

Chitinase Activity (U/ml)
X2 X3 X5

1 0 -1 1 0.012
2 -1 1 0 0.012
3 0 1 -1 0.012
4 -1 0 1 0.013
5 0 1 1 0.012
6 1 1 0 0.012
7 0 -1 -1 0.012
8 1 0 -1 0.012
9 -1 -1 0 0.012
10 1 -1 0 0.012
11 -1 0 -1 0.012
12 1 0 1 0.012
13 0 0 0 0.012
14 0 0 0 0.012
15 0 0 0 0.012

Table 6. Validation of the mathematical model of chitinase activity in colloidal chitin broth with a 
concentration of K2HPO4 0.007%, colloidal chitin 1.5%, and peptone 1.5%
Observed chitinase activity (U/ml) Mean of observed chitinase 

activity (U/ml)
Calculated chitinase 
activity (U/ml) Replication 1 Replication 2 Replication 3

0.013 0.012 0.013 0.013 0.012
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Chitinase activity in Streptomyces chilikensis RC1830 
with the addition of 1% starch and 1% colloidal chitin 
was 2.24 U. Starch is categorized in the polysaccharide 
group composed of more than three simple sugar units 
with amylose and amylopectin as constituents (Bertoft, 
2017). Starch with a concentration of 1% in colloidal 
chitin broth is estimated to be a link between the chitin 
substrate and the chitinase enzyme released by bacterial 
cells (Narayana and Vijayalakshmi, 2009).

Additional of starch in colloidal chitin broth 
is more suitable for Streptomyces sp. PB2 to produce 
chitinase than glucose, fructose, and lactose. In the 
case where there are two or more carbon sources in a 
medium, bacteria will choose the carbon source that 
require the most efficient energy through the Carbon 
Catabolite Repression (CCR) mechanism (Vinuselvi et 
al., 2012). Allegedly, the addition of glucose and other 
simple sugar molecules tend to cause repression of the 
chitinase enzyme. Enzyme repression occurs when a 
compound has a low molecular weight, either a product 
or a compound related to the reaction concerned, acts as 
a corepressor by preventing the synthesis of the enzyme 
(Pelczar and Chan, 1986). 
  
Table 7. ANOVA and regression analysis for chitinase activity
Source of 
Variant

Degree of 
freedom

Sum of 
Squares

Mean 
square F-Value P-Value

Model 9 0,000 0 5.73 0.034
Square 3 0 0 5.89 0.043
X2 1 0 0 16.14 0.01
X3 1 0 0 0 0.955
X5 1 0 0 2.25 0.194
Error 5 0 0

Lack of Fit 3 0 0 0.02 0.995

Pure Error 2 0 0

Table 8. R-Square Test Model

S R-sq R-sq 
(adj)

R-sq 
(pred)

0.000 91.17% 75.26% 76.72%

 As with carbon sources, the growth of 
chitinolytic bacteria and the metabolic activity of 
bacteria are also influenced by the type of nitrogen 
sources. Nitrogen is an essential factor in cell 
metabolism because it affects enzyme synthesis, both 
in the formation of primary and secondary metabolites. 
Moreover, bacteria also need nitrogen for protein and 
amino acids synthesis in the growth phase (Chakrabortty 
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et al., 2012). Nitrogen sources can decrease or increase
chitinase  activity,  depending  on  the  suitability  of  the
number  and  preference  of  bacteria  (Xia  et  al.,  2011).
Peptone is a source of additional nitrogen that produces
the highest chitinase activity in  Streptomyces  sp. PB2,
which is 0.0020 U/ml (Figure 1).  Pepton is known to be
a suitable nitrogen source to increase chitinase activity
in  Streptomyces  sp. compared to other nitrogen substrate
sources  (Beef  extract,  MgSO4,  Dihydrogen  potassium
phosphate) with chitinase activity of 4.28 U/ml (Jha  et
al.,  2016).  Pepton  is  a  source  of  nitrogen  that  is  often
used  as  a  macronutrient  by  various  microorganisms.
Further  optimization  was  performed  using  starch  and
peptone with the Plackett-Burman design optimization
model.

3.2  Screening  the  Essential  Components  of  the
Medium
  The  screening  of  essential  components  in  the
medium that can increase chitinase activity was carried
out using the  Plackett-Burman design (PBD) statistical
method. PBD is a suitable method and is widely used in
the selection of medium compositions. PBD can also be
used for significant variables screening (Box and Draper,
2007).  The  medium  components  (starch  and  peptone)
selected  from  the  initial  stage,  together  with  medium
components of colloidal chitin broth (KH2PO4, K2HPO4,
and  colloidal  chitin)  were  optimized  to  increase  the
chitinase activity of  Streptomyces  sp. PB2.  The highest
chitinase activity of 0.067 U/ml was achieved with high
levels  (+1)  of  K2HPO4  (X2),  colloidal  chitin  (X3),  and
peptone (X5) combination (Table 2).
  The statistic parameters (standard error, T-value,
P-value,  and  confidence  percentage)  were  analysed  to
determine  the  effect  of  substrate  addition  on  chitinase
activity. The highest confidence level value showed that
the medium component had the highest contribution in
increasing chitinase activity (Han  et al.,  2008). K2HPO4
had the highest confidence level, followed by colloidal
chitin and peptone (Table 3). The three components of
this  medium  were  continued  for  further  optimization
using Response Surface Method (RSM).
  K2HPO4  affects  the  increase  in  cell  density  of
microorganisms (Meriem and Mahmoud, 2017) through
a buffer reaction mechanism in controlling the pH value
so that bacterial growth runs faster (Hayek and Ibrahim,
2013).  Meanwhile,  Saima  et  al.  (2013)  reported  that
colloidal  chitin  is  the  most  suitable  substrate  for
increasing chitinase activity and cell growth. Colloidal
chitin is a carbon source that also acts as an inducer for
chitinase synthesis. Colloidal chitin from shrimp shells
is reported to be easily absorbed and utilized as nutrients
in some microbes (Brzezinska  et al., 2013). Peptone is



Difference in carbohydrate transport systems, CCR 
of intracellular and extracellular catabolic enzymes, 
proteolytic enzymes, metabolism pathway of amino 
acids and nucleotide have been reported in different 
Streptomycetes (Romero-Rodríguez et al., 2017).  

3.4 Experiment Validation
 Validation testing is carried out to determine 
the accuracy and correctness of a mathematical model 
with actual conditions. Validation testing was carried 
out on the optimal treatment with three replications. The 
result shows that the value of observed chitinase activity 
were similar to the results from the mathematical model 
calculations (Table 6). The calculated chitinase activity 
was 0.0124 U/ml, meanwhile, the average of observed 
chitinase activity was 0.0125 U/ml. This value indicates 
an accuracy of 100.8% compared to the predicted value. 
Calculation of RMSE shows the value of 0.00025 which 
indicated low deviations between the predicted and the 
actual values. 

Furthermore, the model was validated by 
ANOVA and regression analysis using Minitab 19. The 
analysis included testing the ANOVA assumption and 
three statistical tests of model fit test (lack of fit test, 
sum of square test, and R-square test) (Table 7). The 
p-value was used to conclude the hypothesis of the 
model accuracy. There are two models, the linear model 
and the quadratic model. The mathematical model will 
appear in the variance source according to the order used. 
Order I uses linear models, and order II uses quadratic 
models. This study uses a quadratic model (order II) 
where significance is obtained if the p-value <0.05. 
The p-value for the quadratic model of 0.043, so it can 
be concluded that the quadratic mathematical model is 
suitable for testing the chitinase enzyme activity in this 
study (Table 7). ANOVA analysis also indicates that there 
were no interactions (p-value >0.05) between variables 
that were tested (data was not showed). The next stage 
is the lack of fit test to determine the fit between models, 
where a good model does not have a lack of fit. The 
p-value> 0.05 was the hypothesis used to determine 
there was no lack of fit. The analysis showed that the 
p-value was 0.995 (Table 7), so it is concluded that 
there is no lack of fit in the model used. The relationship 
between the prediction model and the observed results 
were obtained from the R-square value (Table 8). The 
R-square value was 0.91. The best mathematical model 
has an R-square value close to 1. The R-square value of 
0.91 indicates that the results of chitinase activity are 
influenced by the peptone factor, colloidal chitin, and 
K2HPO4 with a probability of 0.91.

This study implied that the combination of 
Starch 1%, KH2PO4 0.003%, K2HPO4 0.007%, colloidal 

a source of complex organic nitrogen, which can be 
hydrolyzed by proteases in Streptomyces sp., converted 
into several types of amino acids which are further used 
to synthesize chitinase and for cell growth (Shivalee et 
al., 2018).

3.3 Media Component Optimization
 The three most essential components in the media 
for increasing the chitinase activity of Streptomyces sp. 
PB2 was further optimized using Box-Behnken Design 
(BBD). BBD is one of the experimental designs in 
RSM. BBD is suitable for surface response optimization 
for three variables. This program can be used to analyze 
and model a problem with one or more treatments 
(Montgomery, 2001).  The highest chitinase activity of 
0.0125 U/ml was achieved by the combination of low 
level K2HPO4 (X2), middle level colloidal chitin (X3), 
and high level peptone (X5) (Table 5).
 The data of observed chitinase activity values 
were analyzed by multiple linear regressions using 
Minitab 19. The mathematical equation obtained 
from the analysis to describe the relationship between 
variables (X2, X3, and X5) and response (Y) was based 
on the following equation.

 
 
Positive values for the coefficients of X3 and X5 indicate 
that chitinase activity increases with the increase in 
colloidal chitin and peptone concentrations in the 
medium. The interactions and influences between factors 
are shown in the surface plot (Figure 2), which forms a 
peak on the three-dimensional curve. The indentation 
on the surface plot can show the value of the optimum 
response (Meriem and Mahmoud, 2017). Based on 
mathematical model equations and surface plot response 
analysis, the optimal concentrations of K2HPO4 (X2), 
colloidal chitin (X3), and peptone concentrations (X5) 
to obtain maximum Y values were 0.007%, 1.5%, and 
1.5%, respectively.
 The chitinase activity obtained in this study was 
lower than other studies, such as in S. macrosporeus M1 
(9.2 U/ml) (Sukalkar et al., 2018) and Streptomyces 
sp. DA11 (36.43 U.ml) (Han et al., 2008). Difference 
in source of microorganism and bacterial species may 
described the variation of chitinase production because 
they possibly have difference cellular metabolic 
pathway. Streptomycetes are well known as a soil 
dweller in which different region of soil might contain 
different level of insoluble polymers. Therefore, 
Streptomycetes harbored multiplicity of carbohydrate 
and protein degrading pathways which depends on 
the availability of nutrients in their natural habitats. 
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chitin 1.5%, and peptone 1.5% in colloidal chitin broth 
significantly increased chitinase activity of Streptomyces 
sp. PB2. Previously, Pramesti and Puspita (2020) 
optimized the colloidal chitin concentration in the 
medium and inoculum concentrations of Streptomyces 
sp. PB2 yielded chitinase activity of 0.0019 U/ml. 
Optimization of the medium composition in this study 
increased chitinase activity to 0.0125 U/ml. Nutritional 
optimization is required to achieve the best conditions 
for bacterial enzyme production. 

4. Conclusion 

This study revealed that medium optimization 
significantly improved Streptomyces sp. PB2 chitinase 
production with a 6-fold increase in activity. K2HPO4, 
colloidal chitin, and peptone are the important medium 
components in increasing chitinase production of 
Streptomyces sp. PB2. However, this study only 
considered chitinase activity as the sole parameter 
in achieving the optimized condition, whereas as the 
primary metabolite, the production of chitinase is related 
to bacterial growth. Therefore, the measurement of 
biomass production is strongly suggested to provide their 
comprehensive relationship in nature. Further analysis 
about the metabolic regulation using molecular biology 
approaches is required to understand its mechanism that 
is potentially useful for strain improvement.  
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