
 

165 

Journal of Multidisciplinary Applied Natural Science Vol. 4 No. 1 (2024) 

Research Article 

Characterization of Extracellular Chitinase from Bacillus 
cereus SAHA 12.13 and Its Potency as a Biocontrol of 

Curvularia affinis  

Muhammad Asril* and Didik Supriyadi 

Received : January 30, 2023  Revised : June 6, 2023  Accepted : December 6, 2023 Online : January 20, 2024 

Abstract
Bacillus cereus SAHA 12.13 can produce chitinase, an enzyme that digests chitin in the main compounds of cell walls, mycelia, 
and spores in pathogenic fungi that cause leaf spots on oil palm plants such as Curvularia affinis. This study aims to determine the 
properties of the chitinase enzyme B. cereus SAHA 12.13 that can inhibit the growth of C. affinis. Chitinase enzyme production and 
characterization were measured using the Spindler method. Antagonism test against pathogenic fungi using dual culture method by 
testing cell culture and enzyme crude extract. This result showed that the isolate produced a high level of specific chitinase activity 
at 37 °C for 45 h of incubation with 8.45 U mg-1 proteins with a growth rate (k) of 0.25 generation/h, and the generation time was 
3.96 h/generation. The optimum chitinase activity was achieved at pH 7.0 and 45 °C and was stable for 3 h with a half-life (t1/2) of 
770 min. The crude enzyme and cell culture of strain can inhibit the growth of C. affinis by 36.27±0.043% and 34.25±0.041%, 
respectively. These characteristics indicate that B. cereus strain SAHA12.13 can be used to inhibit C. affinis, which causes leaf 
blight of oil palm, under varying pH and temperature conditions.   
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1. INTRODUCTION

Chitin is an insoluble polysaccharide in the form 

of a linear polymer composed of β-1,4-N-

acetylglucosamine (GlcNac) connected by 

hydrogen bonds [1]. Chitin is a very abundant 

polysaccharide after cellulose [2]. Chitin is widely 

distributed in structural components of organisms 

such as crustaceans and shells of molluscs, 

exoskeletons of arthropods, and cell walls of fungi 

[3]. The chitinase enzyme produced by 

microorganisms can degrade the presence of chitin 

in nature. Chitinase (EC 3.2.1.14) is a group of 

enzymes capable of degrading chitin into small 

molecular weight products [4] in the form of N-

acetylglucosamine (GlcNac) monomers [5]. 

Chitinase can be isolated from various organisms, 

such as bacteria, fungi, plants, and animals. The 

existence and number of diverse bacteria that could 

produce chitinase make bacteria one of the most 

 
widely used organisms to produce chitinase. 

Some bacteria such as Bacillus cereus in the 

environment reported having chitinase activity [6]-

[10]. Chitinase produced by bacteria plays an 

essential role in the decomposition of chitin. It can 

potentially be used as a biocontrol agent for 

pathogenic fungi containing chitin. They have 

become an alternative to reduce the use of synthetic 

chemical fertilizers because they are harmful and 

environmentally friendly [11][12]. Chitinase can 

lysis pathogenic fungal cell walls, make a change in 

morphological forms of fungal (sporulation, spore 

germination, and hyphae growth), have an 

antagonistic effect on other microorganisms [13], 

and parasitic mechanisms that can enter host cells 

[14] thereby reducing the occurrence of pathogenic 

infections. 

Oil palm (Elaeis guineensis Jacq.) are plants 

with the highest level of pathogen attack, 

Ganoderma boninense. Several chitinolytic bacteria 

that have been used to inhibit G. boninense are 

Enterobacter sp., Bacillus sp. [15], and 

Burkholderia cepacia [16]. However, oil palm 

plants are not only attacked by G. boninense but 

also other types of pathogenic fungi such as 

Curvularia affinis [17][18] which attacked during 

the nursery stage. The quality of oil palm at the 

nursery stage will be reduced due to this fungus 

attack [19][20]. The incidence of disease caused by 

Curvularia reaches 61.01% in Thailand [21]. This 

leaf blight was first reported in Indonesia in the 
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1920s and has spread massively throughout the 

country [22]. This report demonstrates the growing 

importance of leaf spot disease and the need for 

effective disease management using biocontrols 

such as chitinolytic bacteria at the nursery stage. 

However, there have not been too many reports 

about using chitinolytic bacteria to inhibit fungal 

growth that attacks the oil palm nursery. The use of 

chitinolytic bacteria in reducing fungal attacks in oil 

palm nurseries has been reported from B. 

thuringiensis SAHA 12.08, which has resulted in 

the growth of C. affinis and Colletotrichum 

gloeosporioides [17].  

Previous research has isolated B. cereus SAHA 

12.13 from the soil of Hutan Harapan, Jambi 

Province, Indonesia, which has qualitative chitinase 

activity [23]. However, quantitative measurement 

of chitinase enzyme, characterization of chitinase 

enzyme and its antagonistic ability against C. affinis 

have not been tested. This study aims to produce 

chitinase enzyme from B. cereus SAHA 12.13, 

characterize it based on temperature, pH, and 

stability, and test the chitinase enzyme activity of 

the isolate in inhibiting the growth of C. affinis.  

   

2. MATERIALS AND METHODS 

 

2.1. Materials 

The materials used in this study were B. cereus 

SAHA 12.13, a chitinolytic bacterial isolate from 

Harapan Forest soil, Jambi, Indonesia. Isolates were 

grown in a Nutrient Agar medium (Merck, 

Germany) at 37 °C for 24 h of incubation. The 

pathogenic fungi isolated from oil palm plants, 

namely Curvularia affinis, were grown on Potato 

Dextrose Agar medium (Merck, Germany) at 28 °C 

for 48 h. 

 

2.2. Methods 

 

2.2.1. Determination of The Growth Curve and 

Production of an Enzyme 

Two single colonies of B. cereus SAHA 12.13 

incubated for 24 h on NA solid medium + 0.3% 

colloidal chitin were grown in nutrient broth (NB) 

enriched with 0.3% colloidal chitin. The starter 

inoculum was incubated for 15 h at 120 rpm and 37 

°C. Furthermore, 1% (108 cells/mL) of the starter 

inoculum was inoculated into the production 

medium containing 100 mL of NB medium + 0.3% 

colloidal chitin. The production culture was 

incubated at 37 °C, 120 rpm. Measurements were 

carried out every 3 h by taking cell culture to 

measure cell density at a wavelength of 600 nm, 

which lasted for 72 h. Calculating the growth rate 

(number of generations (doublings) per hour) using 

the Eq. (1) and (2) [24]:  

 

      (1) 

 

 

 

 
 

Figure 1. Growth curve and chitinase activity of B. cereus SAHA 12.13 on medium.  
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where, Xt is higher CFU/ml in the logarithmic 

phase, X0 is lower CFU/ml in the logarithmic 

phase, and t is time interval between the 2 points 

(Xt and X0) (in h). 

Meanwhile, to find out the generation time, 

which is the time required for the population to 

double, using the Eq. (2):  

 

      (2) 

 

The same cell culture was centrifuged for 20 min 

at 6,000 rpm (Centrifuge Hermle with rotor 220.97) 

at 4 oC. The supernatant obtained was a crude 

extract enzyme, which was then measured for its 

chitinase activity. 

 

2.2.2. Measurement of Chitinase Activity and 

Protein Concentration 

The chitinase activity of B. cereus isolate SAHA 

12.13 was measured every 3 h using the Spindler 

method [25]. The enzyme activity was determined 

by measuring the absorbance at a wavelength of 

420 nm. One unit of enzyme activity was defined as 

the amount of enzyme that produced 1 μmol of N-

acetylglucosamine per minute. Meanwhile, protein 

concentration was measured using bovine serum 

albumin as standard and Bradford as reagent by 

Bradford method [26]. Specific activity of enzyme 

was performed by comparison of chitinase enzyme 

activity with a protein concentration. 

 

2.2.3. Determination of Optimum pH, Temperature, 

and Stability of Chitinase 

The optimum pH of the chitinase enzyme was 

determined by testing the supernatant obtained at 

the highest production time. Measurement of 

enzyme activity was tested on chitin 0.3% colloidal 

substrate in buffers with a pH range of 4.0–10.0 (1 

unit interval) using different buffers, namely 0.1 M 

citrate buffer (pH 4.0–6.0), 0.1 M phosphate buffer 

(pH 7.0–8.0) and 0.1 M glycine-NaOH buffer (pH 

9.0–10.0). The optimum temperature of chitinase 

activity was determined by testing the supernatant 

at an optimum pH with a temperature range of 25–

60 °C (5 °C interval). The enzyme stability test was 

carried out by testing the supernatant at the 

optimum temperature and pH obtained in the 

previous test. Temperature stability measurements 

were also used to determine the half-life (t1/2) of the 

chitinase enzyme activity. The t1/2 was determined 

using the first order of the rate-law equation 

through a linear equation between relative activity 

and incubation time (Eq.(3)). 

 

rate = k [A], 

ln [A] = -kt + ln[A]0 

t1/2 = 0.693/k      (3) 

 

2.2.4. Antagonistic Test of Pathogenic Fungi 

Using the dual culture method, an antagonistic 

activity test was carried out by testing cell culture 

and the crude enzyme of B. cereus SAHA 12.13 

 

 

Figure 2.  Effect of pH on chitinase activity and specific chitinase activity of B. cereus SAHA 12.13. 
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against C. affinis. The cell culture and crude extract 

enzyme chitinase of B. cereus SAHA 12.13 was 

taken at the incubation time, with the highest 

enzyme activity. Inhibition control using sterile 

distilled water. The inhibition of pathogenic fungal 

mycelium elongation leading to discs containing 

cell culture or enzymes and aquadest (control) was 

observed for 9 days at 28 °C. The percentage of 

inhibition of pathogenic fungi can be measured 

using the formula [27]. The chitinase enzyme 

antagonist test was determined based on the 

inhibition of pathogenic fungal mycelium during 

contact with the chitinase enzyme: 

 

% Inhibition = [100% x (r1-r2) / r1]  (4) 

 

where, r1 is the length of mycelium growth 

towards the edge of the Petri dish (3 cm), and r2 is 

the length of the mycelium towards the well. 

 

3. RESULTS AND DISCUSSIONS 

 

3.1. Growth Curve and Chitinase Activity of 

Bacillus Cereus SAHA 12.13 

B. cereus isolate SAHA 12.13 can grow on 

Nutrient Broth + 0.3% colloidal chitin media. The 

isolate can hydrolyze colloidal chitin as a substrate 

and is used as a source of carbon and nitrogen by 

bacteria [28]. Chitinase is an inducible enzyme, so 

the presence of colloidal chitin is an important 

factor in inducing chitinase production by bacteria 

[1]. Colloidal chitin is a substrate that is more 

rapidly hydrolyzed by chitinase produced by 

bacteria than crude chitin or chitin from fungal cell 

walls [29]. Bacterial cells began to grow at 6 h of 

incubation and reached the logarithmic phase at 12 

h of incubation (Fig. 1). Cell growth begins to 

decrease stably at 18-45 h of incubation. A 

significant decrease in the death phase was detected 

at 66 h of incubation. This decrease is due to the 

reduced amount of nutrients contained in the 

production medium. Based on the growth curve, the 

B. cereus had a growth rate of 0.25 generation/h, so 

the generation time of this isolate was 3.96 h/

generation. The generation time of bacteria of the 

genus Bacillus tends to be slow. Previous research 

reported that the B. cereus strain BP14 grown in a 

medium richer in carbon and nitrogen sources such 

as casein, yeast extract, glucose, and skim milk only 

had a generation time of 9.45 h [30].  

Chitinase production by B. cereus SAHA 12.13 

began to be detected at the 36th h of the incubation 

period. The highest chitinase activity was obtained 

at 45 h of incubation with a specific activity of 

8.4897 ± 0.208 U/mg proteins or chitinase activity 

of 0.721 ± 0.0004 U/mL. The previously reported 

chitinase activity of B. cereus was 0.73 – 0.813 U/

mL [30][31] using 1% colloidal chitin. The 

chitinase activity of this isolate was better than that 

of B. cereus RBLG1 isolated from Oryctes 

 

 

 
 

Figure 3. Effect of temperature on chitinase activity and specific chitinase activity of B. cereus SAHA 

12.13.  
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rhinoceros larvae gut which only had a specific 

activity from the crude enzyme of only 0.36 U/mg, 

although the chitinase activity that had been purified 

with gel filtration with a purity level of 1.90 only 

increased to 0.69 U/mg [32]. The highest chitinase 

activity was produced at the stationary phase of cell 

growth, 9.7 log cells. The highest chitinase activity 

was found in the stationary phase because the 

medium used was NB + colloidal chitin. Bacteria 

will use NB for their growth. The chitinase enzyme 

will work when the NB nutrients have run out, so it 

will use colloidal chitin as its carbon source. When 

chitin appears after other carbon sources are 

exhausted, the enzyme work will be optimal so that 

NAG will be easily released [33]. Most bacterial 

chitinases have optimum activity at an incubation 

period of 30–96 h [17][34].  

 

3.2. Characterization of Chitinase Activity 

The optimum chitinase activity of the crude 

enzyme of B. cereus SAHA 12.13 at pH 7.0 with a 

chitinase activity value of 0.692 ± 0.294 U/mL and 

specific chitinase activity of 6,422 ± 0.021 U/mg 

protein (Fig. 2). The crude enzyme of B. cereus 

SAHA 12.13 shows chitinase activity in a fairly 

wide pH range. These are indicated by the chitinase 

activity seen at pH 4.0 to 10.00. This suggests that 

B. cereus SAHA 12.13 bacteria can produce 

chitinase enzymes and they are active under various 

environmental pH conditions. Various reports 

regarding the chitinase enzyme’s character are 

generally at a neutral pH of 6.0 – 7.0, such as B. 

cereus [7][8][35] and B. thuringiensis [1] which 

had optimum activity at pH 7.0. 

In addition to pH, temperature plays an essential 

role in characterizing enzyme activity. The crude 

extract enzyme B. cereus SAHA 12.13 shows 

optimum activity at 45 °C with chitinase activity of 

0.712 ± 0.004 U/mL and specific activity of 6.569 ± 

0.034 U/mg protein (Fig. 3). In testing the enzyme 

activity in the temperature range 25 – 60 °C, the 

enzyme from B. cereus SAHA 12.13 had activity in 

the mesophylic to the thermophilic environment. In 

general, chitinase enzymes produced by bacteria 

have optimum activity at quite varied temperatures, 

namely at temperatures of 30 – 75 °C [17][36]-[39]. 

Another characteristic that needs to be studied is 

the stability of the chitinase enzyme produced by 

bacteria. The stability of chitinase B. cereus SAHA 

12.13 enzyme at optimum pH and temperature 

shows stable activity.  The stability of an enzyme at 

its optimum temperature and pH is influenced by 

the ionic amino acid residues found in the active 

site of the protein. These conditions are very 

important to maintain protein conformation [40]. If 

the protein conformation is not disturbed by ionic 

amino acid residues, the enzyme will be stable for a 

certain time. This is indicated by the absence of a 

half chitinase activity from the maximum activity 

for 3 h of incubation (Fig. 4). The t1/2 value of 

chitinase B. cereus SAHA 12.13 using first orders 

rate-law was 770 min or 12.83 h (Fig. 5). Chitinase 

 

 

Figure 4. Stability of crude chitinase of B. cereus SAHA 12.13 at optimum pH and temperature. 
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enzyme stability up to 3 h at temperature was also 

shown by chitinase from Streptomyces sp. The 

chitinase of this isolate was stable for 180 minutes 

at a temperature of 20 – 40 °C [41]. The stability of 

chitinase at 45 °C for 8 h was shown by 

Paenibacillus sp. [42]. However, this result was 

better when compared to the purified chitinase 

produced by Bacillus sp. R2. This enzyme is stable 

for 1 h at a temperature of 40 °C and a pH of 7 – 8 

[43].  

Chitinase with good stability at temperature and 

optimum pH is often associated with the synergism 

of the enzyme with its ability as a biocontrol of 

disease [1]. This is because bacteria with stable 

chitinase activity will perform chitin-degrading 

activities within a specified period with the best 

ability without decreased activity if applied to 

pathogens such as pathogenic fungi. 

 

3.3. Antagonistic Activity of B. cereus SAHA 12.13 

Isolates Against C. affinis 

The growth inhibition of the pathogenic fungi C. 

affinis was carried out in vitro using 45-h cell 

culture and crude enzyme chitinase of B. cereus 

SAHA 12.13. Crude enzyme extracts had better 

inhibition than cell culture. Crude enzyme inhibited 

C. affinis by 36.27 ± 0.043% and 45-h cell culture 

by 34.25 ± 0.041% on the 6th day after inoculation 

(Table 1). The 9-d observation showed that cell 

culture and crude enzyme inhibited C. affinis. 

However, the crude enzyme extract showed cell 

growth around the well, and the observation was 

carried out until 9 d, thus allowing the cells to grow. 

The inhibition of cell culture and crude enzyme 

extract showed quite different inhibitions. Given 

that chitinase is able to degrade chitin in the fungal 

cell wall [44], the amount of chitinase in the form 

of crude enzyme is higher because it has been 

released to the outside of the cell compared to cell 

culture, which causes better inhibitory activity. As 

reported by Lee et al. [45], the activity of 

supernatant or crude extract chitinase from 

Streptomyces cavourensis is able to inhibit spore 

germination and form malformations in hyphae 

Colletotrichum gloeosporioides. This is indicated 

by the presence of inhibition in the spores of C. 

affinis (black spores disappear) in this study.  

The inhibition shown by cell culture and enzyme 

crude extract was in the form of spore inhibition 

and slight mycelial inhibition. The mycelium 

manifestations around the inhibition zone indicated 

that the chitinase produced by B. cereus SAHA 

 
 

Figure 5. First-order rate-law with linear equations of concentration and time to calculate the half-life of 

chitinase enzyme stability.  

 

Treatments % Inhibition 

45-hour cell culture 34.25 ± 0.041 

Crude chitinase enzyme 36.27 ± 0.043 

 

Table 1. Percentage of inhibition of B. cereus 

SAHA 12.13 against C. affinis after nine days of 

incubation.  
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12.13 could only inhibit or degrade chitin in spores 

but not be too active in inhibiting chitin in the 

mycelium (Fig. 6). Chitinase plays a key role in 

hyphal/mycelium development and branching, 

spore production and germination, fungal cell wall 

degradation or morphogenesis of fungal cell wall 

structure [46]. This key role defines the role of B. 

cereus SAHA 12.13 chitinase enzyme in inhibiting 

pathogenic fungi, namely inhibiting spore 

production and germination. The same report 

showed that chitinase from B. cereus sensu lato 

B25 directly inhibited Fusarium verticillioides by 

inhibiting fungal conidia germination [6].  

Black spores in C. affinis are black pigments in 

the form of DHN-melanin pigments found in 

mycelium [47]. DHN-melanin in fungal pathogens 

is not an essential factor in cell growth and 

development, but it can make fungi survive and 

compete in extreme environments. Additionally, 

melanin protects against sclerotia and conidia from 

lysis and turgor pressure for appressoria to 

penetrate the leaves of plant leaves [48]-[50]. 

Inhibition of black spores by crude chitinase of B. 

cereus SAHA 12.13 also developed that crude 

chitinase isolates reduced the black pigment of C. 

affinis. Melanin is localized in the cell wall of 

pathogenic fungi and crosslinks with 

polysaccharides [48][49]. Chitin is a kind of 

polysaccharide in fungal cell walls. This condition 

is expected to indirectly degrade DHN-melanin on 

the mycelium or conidia walls so that it can reduce 

the mycelium pigmentation of C. affinis [18]. 

In general, bacteria can inhibit pathogenic fungi 

in various ways, including the production of 

antibiotics such as iturin, bacillomycin, surfactin, 

fengycin, and bacteriocin [51], antifungal, lytic 

enzymes such as chitinase [52], β-1,3-glucanase 

[18] and several other hydrolysis enzymes. 

Chitinase produced by B. cereus was able to inhibit 

the growth of F. verticillioides [6], F. oxysporum, 

Rhizoctonia solani and C. gloeosporioides [8]. The 

differences in the effects of chitinase produced by 

bacteria on the morphology of fungi have been 

widely reported. The main effects produced are 

inhibition of spore germination, spore rupture, 

shortening of hyphae, and germ tube elongation 

[29].  

 

4. CONCLUSIONS 

 

The highest chitinase activity from B. cereus 

SAHA 12.13 was obtained at 45 h of incubation 

with a growth rate of 0.25 generation/h and a 

generation time of 3.96 h/generation. Crude 

enzymes have optimum activity at pH 7.0, 45 °C 

and they are stable at optimum pH and temperature. 

Crude extract enzymes and cell culture could inhibit 

C. affinis by inhibiting spores. The chitinase 

character and the potential shown by B. cereus 

SAHA 12.13 is expected to be applied as a 

biocontrol agent against leaf blight attacks in oil 

palm nurseries with diverse environmental 

conditions.    
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