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Production and characterization of cellulases produced in SmF of sago waste by Bacillus sp. 
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ABSTRACT 
One of the main obstacles in producing cellulase enzyme in the industries nowadays is it involved in high cost.  

Thus, an alternative way is utilizing microbes that yielded high cellulase production by using sago waste can help to 

reduce the enzyme production cost. Previous studies proved that microorganisms such as Bacillus sp. and fungi can 

be used to produce cellulases in Submerged Fermentation (SmF). Hence, this study was carried out to investigate the 

ability of Bacillus spp. in cellulase production by using a consortia of Bacillus spp in SmF. The Bacillus spp used 

were Bacillus licheniformis UMAS P7 and Bacillus amyloliquefaciens UMAS 1002. The consortium was tested 

under five fermentation parameters: incubation period, temperature, pH, different concentration of nitrogen source 

and different inoculum size. The cellulase production was evaluated based on the enzyme activity, which was 

measured by DNS method. The enzymes investigated in this study were CMCase and FPase.  In this study, the 

consortium were able to produce high yield of cellulase after 16 h, at 27
o
C, phosphate buffer at pH 6.0, 2.5% of 

yeast extract and 5% of inoculum size. By using agricultural waste as the substrate, cellulase enzyme can be 

produced under a more environmental friendly technology. 

 

Keywords: Bacillus amyloliquefaciens UMAS 1002, Bacillus licheniformis UMAS P7, SmF, cellulases, sago waste 

 

ABSTRAK 

Salah satu halangan utama dalam penghasilan enzim selulase di bidang industri pada masa sekarang ialah proses 

ini melibat dalam kos yang tinggi. Jadi, cara alternatif ialah dengan menggunakan mikrob untuk menghasilkan 

selulase dan hampas sagu sebagai substrat boleh mengurangkan kos penghasilan enzim yang diperlukan. Pelbagai 

kajian telah menunjukkan  mikroorganisma seperti Bacillus sp. dan fungi boleh digunakan untuk menghasilkan  

selulase dalam “Submerged Fermentation”SmF. Justeru itu, kajian ini dijalankan untuk mengkaji keupayaan 

Bacillus spp. dalam penghasilan selulase dengan menggunakan konsortia Bacillus spp dalam SmF. Bacillus spp. 

yang digunakan termasuklah Bacillus licheniformis UMAS P7 dan Bacillus amyloliquefaciens UMAS 1002. 

Konsortia ini dikaji dalam lima parameter: tempoh pengeraman, suhu, pH, kepekatan sumber nitrogen yang 

berlainan dan saiz inokulum yang berlainan. Penghasilan selulase adalah berdasarkan aktiviti enzim yang disukat 

dengan menggunakan kaedah DNS. Dua enzim yang dikaji dalam kajian ini ialah CMCase dan FPase. Dalam 

kajian ini, konsortia ini dapat menghasilkan kuantiti selulase yang tinggi selepas 16 h, pada suhu 27
o
C, penimbal 

fosfat di pH 6.0, 0.25% ekstrak yeast dan 5% saiz inokulum. Dengan menggunakan sisa pertanian sebagai substrat, 

enzim selulase dapat dihasilkan dengan menggunapakai teknologi yang lebih mesra alam.  

 

Kata kunci: Bacillus amyloliquefaciens UMAS 1002, Bacillus licheniformis UMAS P7, SmF, enzim selulase, 

hampas sago 
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1.0 INTRODUCTION 

The plant cell wall is made by the cellulose, the most abundant polysaccharide in nature and 

an available source of renewable bioenergy (Valjamae et al., 2001; Ja’afaru and Fagade, 2010). 

Cellulose is formed by a linear polymer of β-1,4-linked glucose residues and is in crystalline 

form (de Vries and Visser, 2001; Ja’afaru and Fagade, 2010). Cellulase is an enzyme that 

hydrolyze cellulose and can be categorized into three types: endoglucanase (endo-1,4-β-D-

glucanase, EG, EC 3.2.1.4); cellobiohydrolase (exo-1,4-β-D-glucanase, CBH, EC 3.2.1.91) 

and β-glucosidase (1,4- β-D-glucosidase, BG, EC 3.2.1.21) (Hong et al., 2001; Li et al., 2006; 

Gao et al., 2008). Celluloytic enzymes are widely used in industries such as starch processing, 

animal food production, grain alcohol fermentation, malting and brewing, extraction of fruit 

and vegetable juices, pulp and paper industry, and textile industry (Adsul et al., 2007; Kaur et 

al., 2007; Gao et al., 2008). 

However, there is a major problem of the cellulase application in the industry 

nowadays is the financial problem that involved in the high cost of enzyme production (Gao et 

al., 2008). In order to reduce the cost, there is possible to use the microorganisms that can 

produce cellulase in the process of cellulose conversion (Gao et al., 2008). Therefore, it is 

important to choose the microorganisms that can produce cellulase in a big amount (Kotchoni 

and Shonukan, 2002; Gao et al., 2008).  

Effluents which were from food processing industry are consider rich in substrates 

such as starch, cellulose, fats and protein are able to degraded by using microbial method to 

produce new products with added values (Carmelo et al., 2002; Khan and Husaini, 2006). 

Sago starch industry is known as the important food industry in Malaysia (Barrau, 1959) 
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especially in East Malaysia as the production is more than 90% of the country production 

(Bujang and Ahmad, 1999; Khan and Husaini, 2006).  In the state of Sarawak, Malaysia this 

hampas is usually washed off into nearby streams together with wastewater from the factory, 

this will cause a serious environmental pollution (Khan and Husaini, 2006). 

Using the low cost and easily available substrates such as agro-waste is another 

suggestion to lower the operating expenses of the cellulase production (Gao et al., 2008). 

There are some studies that showed the carbon source is play an important role as it can affect 

the cost and yield of enzyme production (Gao et al., 2008). Therefore, low cost and easily 

available substrate is chosen in order to lower the cost of enzyme (Beg et al., 2000; 

Senthilkumar et al., 2005; Gao et al., 2008). 

Objectives: 

In general, the aim of this research project is to optimize the production of cellulase by 

Bacillus licheniformis UMAS P7 and Bacillus amyloliquefaciens UMAS 1002 under 

submerged fermentation (SmF) of sago hampas. In order to achieve this, the respective 

specific objectives are:  

1. To perform SmF of sago hampas/waste using Bacillus licheniformis UMAS P7 and 

Bacillus amyloliquefaciens UMAS 1002 as inoculums. 

2. To assay and characterize the cellulases produced in SmF of sago waste by using 

Bacillus sp as inoculums.  

3. To determine the optimum fermentation parameters for enzyme production by 

submerged fermentation (SmF). 
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2.0 LITERATURE REVIEW 

2.1 Microorganism species  

Bacillus sp. such as Bacillus subtilis, Bacillus licheniformis, Bacillus amyloliquefaciens and 

Bacillus stearothermophilus are the best producer of bacterial species that was proved in some 

recent studies (Sivaramakrishnan et al., 2006; cited in Tuah, 2010). Microorganism such as 

fungi and bacteria has their abilities to degrade cellulose and starch components (Coughlan, 

1985; Khan and Husaini, 2006). The genus Bacillus is consider as an good microorganism in 

the aspect of industrial due to growth rate extracellular secretion and biosafety capacity 

(Schallmey et al., 2004; Aygan et al., 2011). It is good in producing extracellular commercial 

enzymes such as proteolytic, amylolytic, and also cellulolytic enzymes (Crueger and Crueger, 

1982; Khan and Husaini, 2006) especially when they are grow in the suitable medium and 

under the suitable growth condition (Khan and Husaini, 2006). In the later research, Apun et 

al. (2000) stated that B. amyloliquefaciens UMAS 1002 strain that have been isolated by 

Universiti Malaysia Sarawak researchers could be successfully used in the bioconversation of 

sago pith waste as it can produce amylase and cellulase (Apun et al., 2000; Khan and Husaini, 

2006). 

2.2 Cellulase 

Cellulase is known as an useful enzyme which can be used in many industries such as textile 

industry for cotton softening and denim finishing; in the detergent market for color care, 

cleaning, and anti-deposition; mashing in the food industry; and in the pulp and paper 

industries for deinking purpose, drainage improvement, and fiber modification (Kirk et al., 

2002; Cherry and Fidantsef, 2003; Percival Zhang et al., 2006).  
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2.3 SmF 

There is a good idea to use submerged fermentation due to the ease of sterilization and process 

control is easier to engineer in these systems (Vidyalakshmi et al., 2009).  Nowadays, there 

are intensively studies that involve in the production of cellulolytic enzymes in submerged 

fermentation with various microorganisms by comparing with the solid-state fermentation 

(Lynd et al., 2002; Kumar et al., 2009).  

2.4 Carbon source  

The lignocellulosic biomass, especially agricultural waste, is considered as an excellent carbon 

source for microorganisms to produce enzyme in maximal production (Gao et al., 2008). In 

order to maximize the application of the enzyme, the cheap substrates such as agro-wastes 

have been suggested by many employees (Gupta et al., 2001; cited in Poorna and Prema, 

2007).By using the agricultural waste, it can help to reduce the pollution of environment 

(Tuah, 2010).   

2.5 Sago waste 

Sago ‘hampas’ can serve as a biosorbent due to the large composition of the cellulose and 

lignins that can be found in sago ‘hampas’ (Vickineswary et al., 1994; Awg-Adeni et al., 

2010). The studies have shown that the sago pith waste or hampas is consists of mainly of 

starch (41.7-65.0%) and fiber (14.8%) which includes some minerals (Wina et al., 1986; Khan 

and Husaini, 2006). Prior study have showed that Bacillus amyloliquefaciens UMAS 1002 is 

capable to hydrolyze the sago ‘hampas’ into reducing sugars (Apun et al., 2000; Awg-Adeni 

et al., 2010). Other type of cellulosic waste material included sugarcane bagasse (Tao et al., 

2010).  
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2.6 Parameter for optimization of cellulase production 

This step is important as it helps us to know the optimum fermentation parameters of 

maximum production of the enzyme through the fermentation process. There are many 

important parameters for optimization that is used in this experiment such as incubation period, 

temperature, pH, nitrogen sources and inoculum size (Tuah, 2010). 

2.6.1 Incubation period 

Incubation period is very important in the parameter for optimization of cellulase production. 

The incubation period for the cellulase production will be further examined (Gao et al., 2008).  

2.6.2 Temperature  

From the previous studies, it showed that temperature is an important factor to measure the 

enzyme production in fermentation process (Khan and Husaini, 2006). The maximum 

production of cellulolytic enzymes at 45
o
C by using thermophilic fungi (Maheshwari et al., 

2000; Gao et al., 2008). B. amyloliquefaciens is able to produce α-amylase at 36
o
C (Castro et 

al., 1992; Tuah, 2010). Amylase can be able produced by Bacillus sp. at the range 28-52
o
C 

(Tuah, 2010).  

2.6.3 pH   

pH is an essential factor as bacteria are sensitive to the hydrogen concentration of the medium 

(Tuah, 2010). Neutral pH can cause the optimum growth of bacteria for enzyme production 

(Tuah, 2010). For example, Bacillus subtilis, Bacillus licheniformis and Bacillus 

amyloliquefaciens can produce the enzyme at optimum level with pH7 (Tanyildizi et al., 2005; 

Tuah, 2010).       
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2.6.4 Carbon and nitrogen sources 

In order to maximize the enzyme activities in the culture supernatants, the best carbon and 

nitrogen sources are used and the concentrations are optimized (Gomes et al., 2000; Gao et al., 

2008). Agriculture wastes are the best choice as it helps to reduce the environment pollution 

(Tuah, 2010). They have been used as an inducer for bacteria in order to produce enzyme 

(Tuah, 2010). The production of cellulase will be affected by the nature of carbon source that 

used in culture medium (Gao et al., 2008).  

2.6.5 Inoculum size 

Different type of fermentation also will affect inoculums size used as different type of bacteria 

strain is able to produce the optimal enzymes under different type of fermentation (Priest and 

Sharp, 1989; Khan and Husaini, 2006).        
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3.0 MATERIALS AND METHODS 

3.1.0 Laboratory preparation 

3.1.1 Microorganism preparation  

Luria Broth (LB) was used to grow the bacteria culture. This was prepared by dissolving 10g 

of Luria Broth (SIGMA) powder into 400 mL distilled water, undergo autoclaving process at 

121
o
C for 1 hour. After that, LB was cool down to room temperature prior to use. 

Approximately, 10 µL of stock culture of Bacillus licheniformis UMAS P7 and Bacillus 

amyloliquefaciens UMAS 1002 were inoculated respectively into 5 mL Luria Broth (LB) and 

undergo overnight incubation at 37
o
C with shaking (Tuah, 2010). A volume of 1 mL of the 

bacterial cultures was pipetted and spread onto LBA plates and kept as working culture. The 

sub-culturing was done for every 2 weeks in order to maintain the growth of the bacteria 

(Tuah, 2010).  

As for the glycerol stock of bacteria, 40% (v/v) of glycerol was prepared. After 

overnight incubation, 1 mL of the bacteria culture was added into 1.5 mL autoclaved 

centrifuge tube. Then, 0.5 mL of 40% glycerol solution was pipetted into the centrifuge tube. 

Eppendorf tube that consists of glycerol stock cultures were snapped frozen into liquid 

nitrogen and then kept in freezer at -20
o
C (Tuah, 2010).  

3.1.2 Growth medium preparation  

The minimal salt medium is prepared by mixing 0.2% w/v of yeast extract, 0.1% w/v of 

KH2PO4, 0.5% w/v of MgSO4 (Apun et al., 2000; cited in Khan and Husaini, 2006). The pH 

was set to pH 7.2 using 2.0 M sodium hydroxide (NaOH) (Julie et al., 1997; Khan and Husaini, 
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2006). Minimal salt medium (MSM) plus agar was used for the screening purpose (Tuah, 

2010). MSM plus agar consists of 0.2% w/v of yeast extract, 0.1% w/v of KH2PO4, 0.5% w/v 

of MgSO4, 3 g agar powder and 0.5% w/v carboxymethylcellulose (CMC) (Apun et al., 2000). 

Then, it was dissolved in 200 mL distilled water. The mixture was autoclaved and placed in 

the Petri dish and left to solidified and cool down (Tuah, 2010).   

The screening test was used to test the presence of cellulase-producing bacteria. Then, 

the bacteria culture was spotted onto the agar plate using sterile needle stick and grown 

overnight at 37 °C. After overnight incubation, the agar plates were observed for bacteria 

growth and potential colonies were marked.   

Then, the plates were flooded with 1 mg/ml (1 % w/v) Congo Red Reagent for 15 

minutes. After 15 minutes, the Congo Red Reagent was poured off and the agar plates were 

washed with 1 M sodium chloride (NaCl). The plates were screened for formation of clear 

zone around the bacteria colonies that were marked. Clear zone formed around the bacteria. 

This proves the presence of the cellulose-producing bacteria. 

3.1.3 Substrate preparation  

The lignocellulosic material sago waste is easily available (Gao et al., 2008). Initially, sago 

hampas used is required to be dried. Then, it was milled by using grinder into 40 mesh size 

before mixed with the minimal salt medium (Khan and Husaini, 2006). 

3.2.0 Fermentation experimental design 

Approximately, 0.5% (w/v) of sago hampas was added into (100 mL) Enlenmeyer flasks that 

consists of 30 mL MSM medium was inoculated with 1% (v/v) overnight bacteria culture 

(Khan and Husaini, 2006). The medium undergoes incubation at 37
o
C (Apun et al., 2000; 
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Khan and Husaini, 2006). Then, shaker flasks test for each parameter in duplicates in order to 

reduce the inaccuracy of the results obtained. The analysis of the enzyme was carried out in 

duplicates for the replicates of each parameter. There were four data obtained from the 

particular parameter. Two replicates for each parameter were harvested and filtered using 

Whatman no.1 filter paper and undergo centrifugation at 13 000 rpm and at 4
o
C for 15 min 

(Khan and Husaini, 2006). 

 

3.3.0 Enzyme assay 

General cellulase activity is tested by using FPase. Filter paper activity was assayed by the 

incubation process. An amount of 0.5 mL of crude enzyme was mixed with the citrate buffer 

(0.05 M, pH 6.9) that have Whatman No. 1 filter paper 50 mg, (1 cm x 6 cm of sizes). Then, 

the mixture was incubated at 50
o
C for 1 hour (Fujimoto et al., 2011). One unit of filter paper 

(FPU) activity was measured as the amount of enzyme producing 1 µmole of reducing sugar 

from filter paper per ml per minute (Gautam et al., 2011). 

 DNS assay which is known as dinitrosalicyclic acid that was used to determine the 

amount of reducing sugar and using a glucose standard curve (Bernfeld, 1955; Tuah, 2010). 

This was carried out by mixing 0.5 mL of crude enzyme with 0.5 mL of 1% (w/v) 

carboxylmethylcellulase (CMC) (in 0.02 M phosphate buffer, pH 6.9). This mixture was 

incubated for 12 min at 37
o
C. Then, 1.0 mL of DNS solution was added into the mixture and 

boiled for 5 min. At last, the mixture was read at absorbance of 540 nm by using UV-

spectrophotometer (biochrom Libra S12). Lastly, the enzyme activity was measured based on 
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the amount of glucose produced in mg per minute per mL (mg ml
-1

 min
-1

) for 1 unit of enzyme 

in 1 ml solution (U mL
-1

) (Choo, 2010). 

Glucose standard curve was plotted to determine the amount of glucose produced by 

bacteria during fermentation process. This was done by using different known concentration 

of glucose solution and mixed with citrate-phosphate buffer (pH 6.9). Then, test tubes were 

incubated in water bath for 12 minutes at 37
o
C. Approximately, 1.0 mL of DNS reagent was 

added and boiled for 5 minutes. At last, the mixture was read at the absorbance of 540 nm by 

using UV-spectrophotometer (biochrom Libra S12) (Khan and Husaini, 2006). 

3.4.0 Parameter optimization of enzyme production 

3.4.1 Incubation period 

The time course optimization of fermentation was carried out by using 100 mL shaker flask 

which consists of 30 mL of fermentation medium and 0.15 g of sago waste in the flask. Then, 

it was inoculated with 1% (v/v) bacterial culture at O.D600 ≈ 2.0. The shaker flask was placed 

and agitated at 121 rpm agitation speed at 37
o
C. Samples were harvested and filtered at time 

interval of 0, 4, 8, 12, 16, 20 and 24 hour. After that, the enzyme assay was carried out as 

described above (Section 3.3.0) 

3.4.2 Temperature 

Different temperature is tested on the fermentation and it was carried out with the same 

experimental design as described in Section 3.4.1. After that, the shaker flask will be placed 

and agitated at 121 rpm agitation speed but with different temperature. Temperature that used 
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to test on the enzyme production is at 27
o
C, 37

o
C, 40

o
C and 47

o
C. Lastly, the enzyme activity 

was test by using CMCase and FPase method (Khan and Husaini, 2006). 

3.4.3 pH 

The fermentation medium was tested on two different buffers with different pH in order to get 

the best optimum pH condition.  Two different buffers that used in this test were citrate buffer 

and phosphate buffer. Citrate buffer was prepared by using 0.2 M sodium citrate and adjusted 

using 1 M citric acid in order to obtain pH 5 and 6.  Phosphate buffer was prepared by using 

0.2 M K2HPO4 and adjusted using KH2PO4 in order to get pH 6 and 7. 30mL of fermentation 

medium with 0.15 g of sago hampas in the 100 mL shaker flask was adjusted to an appropriate 

pH with the particular buffer. Then, the shaker flask was inoculated with bacteria culture at 

O.D600 ≈ 2.0. This culture will be maintained at 121 rpm and the optimal temperature at 27
o
C. 

Replicates were prepared for each particular pH value. Finally, the enzyme samples were 

obtained after the optimal incubation period for further enzyme assay (Khan and Husaini, 

2006).  

3.4.4 Nitrogen source  

The substrate that used in this experiment is sago waste as it supplies the energy for bacterial 

growth. The nitrogen source that used was yeast extract. This was test on different 

concentration of yeast extract,  2.5%, 5% and 10% (.w/v). 

3.4.5 Inoculum size 

The inoculum used in this test is obtained from the overnight incubation of bacteria culture (at 

O.D.600  ᵙ 2.0). Fermentation medium will be added into the 30 mL optimized buffer with 
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suitable pH is poured into 100 mL shaker flask. Then, the flask was inoculated with 1, 3 and 

5% (v/v) of bacterial culture. This test was carried out in duplicate for particular inoculum size. 

The samples were incubated under optimal conditions. At last, samples were obtained after the 

maximal time for further cellulase assay (Khan and Husaini, 2006).   

3.5.0 Statistical analysis 

For statiscal analysis, SPSS ver 16.0 will be used. The data were analyzed by using one-way 

ANOVA. The tests involved are Tukey’s test and Least Significant Different (LSD) in order to 

prove the significance of the data. 

 

 

 

 

 

 

 

 

 

 

 


