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ABSTRACT 

Amylase and cellulase production from Bacillus licheniformis P1 and Bacillus amyloliquefaciens UMAS 1002 

was enhanced using Submerged Liquid Fermentation (SmF) with respect to the use of types of substrates, time 

course of incubation and volume of inoculums. Banana peel was chosen as the best substrate for both enzymes 

production. An optimum production of amylase and cellulase was achieved after 12 h time course of incubation. 

Besides, both enzymes were highly produced with the use of 3 % (v/v) inoculums percentage. A further study 

was continued by performing the enzymatic deinking trials. The crude enzymes used were those extracted from 

the previous experiment which was already optimized. As comparison to the enzymatic deinking, a conventional 

chemical deinking was set up, plus a set of control assay. The deinking trials were quite successful with some 

improvement and modifications must be done for future research. Although enzymatic deinking pulp showed 

lower level of brightness compared to the chemical treatment, the detection of black spots was much more 

reduced. 

Key words: amylase, cellulose, solid liquid fermentation, banana peel, enzymatic deinking 

ABSTRAK 

Penghasilan enzim amylase dan sellulase oleh Bacillus licheniformis P1 dan Bacillus amyloliquefaciens UMAS 

1002 dipertingkatkan melalui proses penapaian cecair berpepejal (SmF). Tiga parameter ditetapkan bagi 

mencapai objektif tersebut; jenis substrat, tempoh pengeraman, dan isipadu inokulum. Kulit pisang dipilh 

sebagai substrat utama penghasilan enzim manakala penghasilan optima enzim amylase dan sellulase dikesan 

selepas tempoh 12 jam pengeraman. saiz inokulum yang paling ideal pula ialah 0.3 % (v/v). Kajian diteruskan 

dengan proses nyahdakwat dari kertas campuran pejabat menggunakan enzim yang telah dihasilkan secara 

optimum itu tadi. Sebagai perbandingan kepada rawatan nyahdakwat menggunakan enzim, satu set rawatan 

nyahdakwat secara kimia turut dilakukan. Hasilnya kertas yang dirawat menggunakan enzim kurang mempunyai 

bintik dakwat, tetapi warnanya lebih kekuningan manakala kertas yang dirawat secara kimia lebih cerah, tetapi 

terdapat banyak kotoran bintik dakwat. 

Kata kunci: amylase, sellulase, penapaian cecair berpepejal, kulit pisang, nyahdakwat enzimatik. 
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CHAPTER ONE 

 

INTRODUCTION 

 

 

The recovery and the utilization of waste papers are increasing all over the world. However 

the major problem in recycling the waste paper is the removal of inks (Vyas and Lachke, 

2003). Generally mixed office waste (MOW) papers such as laser printed and photocopier 

waste papers are coated with chemical toners which are consist of copolymers of styrene and 

acrylate that get thermally fused with the cellulosic fibers during printing . The toners used for 

printing usually contain carbon black as the colorant, resin (as a binder), water (as solvent), 

surfactants (to reduce surface tension), humifactant, buffering agent and also fungicides. The 

thermally tight fusion between the toners and the cellulosic papers leads to the difficulty in 

separating the inks from the fibers although extra dewatering, dispersion, additional flotation 

and washing process are carried out. The extra processes are also costly and wasted. 

Therefore in order to overcome this problem, scientists have come out with the 

biological deinking of MOW papers using several microorganisms and their enzymes. 

According to Mørkbak and Zimmermann (1998), various hydrolytic enzymes such as 

cellulases, glucanases, amylase, lipase and xylanase of bacterial or fungal origin and more 

recently oxidative enzyme laccase (Franks, 2001), have been used in biological deinking.   

There are three major types of enzymes involved in the complete enzymatic hydrolysis 

which are cellobiohydrolases, endoglucanases or carboxymethylcellulases (CMCase) and 6-



3 

glucosidases (Bhat, 2000). These enzymes act in synergistic action. Endoglucanases play an 

important role in cellulose hydrolysis and catalyse the initial attack on the polymer by 

randomly hydrolysing the β-1,4 glucosidic bonds within the amorphous regions of cellulose 

chains (Oyekola, 2003). This action increases the releasing of the ink particles from MOW 

papers during the floatation process by loosening the fibers. 

The biodeinking process was best done in alkaline stable condition because according 

to Sreenath et al. (1996), the application of alkaline stable enzymes effectively increased the 

brightness and reduced the ink counts of the recycled paper. Besides that, the biodeinking 

treatment was also done at high temperature. Thus the most suitable microorganism that can 

fit with these two conditions seems to be the Bacillus spp.  

The main objective of this research is to perform the trial of MOW papers using the crude 

mix enzymes produced by Bacillus licheniformis P1 and Bacillus amyloliquefaciens UMAS 

1002. Thus, this research aim: 

1. To purify and isolate the crude enzymes produced by Bacillus licheniformis P1 and 

Bacillus amyloliquefaciens UMAS 1002 using submerged liquid fermentation (SmF). 

2. To optimize the production of cellulase and amylase from Bacillus licheniformis P1 

and Bacillus amyloliquefaciens UMAS 1002, respectively. 

3. To prove that enzymatic deinking is better compared to the conventional methods. 

4. To investigate whether the biodeinking treatment can improve the recycled paper 

quality. 
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 Bacillius spp. 

The genus Bacillus is a rod-shaped Gram positive (or positive only in early stages of growth). 

It is able to produce endospores that are resistant to adverse environmental conditions for 

example heat and desiccation (Claus and Berkeley, 1986). Horikoshi (1999) has explained the 

role of Bacillus strains KSM-19, KSM-64 and KSM-520 in the production of alkaline 

cellulases which have the optimal activities in pH 8.5 to 9.5. Besides that, Bacillus spp. also 

secreted starch-degrading enzymes, alkaline amylases which are stable in the presence of 

EDTA. According to Schallmey et al. (2004), Bacillus spp. will continuously be the most 

dominant-producing microorganisms in industrial microbiology fermentation. In addition, this 

genus was able to ferment in wide pH range and stable at high temperature. Certain strains 

have a big capacity to produce and secrete large quantities of extracellular enzymes and have 

high growth rates leading to short fermentation cycles times too. Some Bacillus spp. was 

specifically used to produce nucleotides, riboflavin and also poly-γ-glutamic acid. 
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2.2 Cellulase 

Cellulases are the crucial enzyme for the cleavage of the β–1,4–glycosidic linkages in 

cellulose. They are members of the glycoside hydrolase families of enzymes that hydrolyse 

oligosaccharides and / or polysaccharides (Schülein, 2000). There are three main types of 

cellulase enzymes, endoglucanases (EC 3.2.1.4), cellobiohydrolases or exoglucanases (EC 

3.2.1.91) and β-glucosidases (EC 3.2.1.21).  

(1) Endoglucanases: The random action of endoglucanases rapidly increases the degradation 

of cellulose chain ends, thus increases the specific surface area of the substrate for 

exocellulase activity too (Ramos et al., 1999). Endoglucanase attacks the β-1,4 glycosidic 

bonds within the amorphous regions of cellulose chains (Mosier et al., 1999), producing 

oligosaccharides of various lengths and subsequently new chain reducing ends (Lynd et al., 

2002).  

(2) Exoglucanases: These degrade crystalline cellulose most efficiently and act towards the 

reducing or non–reducing ends of cellulose polysaccharide chains, releasing either glucose 

(glucohydrolases) or cellobiose (cellobiohydrolases) as major products (Bhat and Bhat, 1997; 

Lynd et al., 2002).  

(3) β-glucosidases: These complete the hydrolysis of cellulose. They hydrolyse cellobiose, a 

potential inhibitor of cellobiohydrolases (Lemos et al., 2003). Though a cellulase, it does not 

attack cellulose. These enzymes can be grouped as aryl β-D glucosidases (hydrolysing 

exclusively aryl-β-glycosides), cellobiases (hydrolysing diglycosides and 

cellooligosaccharides) or β-glucosidases with wide range of substrate specificities (Bhat and 

Hazlewood, 2001). Hydrolysis of cellulose requires interaction of numerous cellulase 



6 

constituents in a mixed reaction system (Gan et al., 2003). Cellulase systems demonstrate 

better joint activity than the addition of the individuals’ activities, a phenomenon known as 

synergism (Lynd et al., 2002). Cellulases from different sources have also been reported to 

perform similar modes of action (Mosier et al., 1999). 

 

2.3 Amylases 

Amylases have potential as starch-hydrolyzing enzymes where starch needs to be removed. 

Besides its use in the saccharification or liquefaction of starch, the enzyme is also used for the 

warp sizing of textile fibres, the clarification of haze formed in beer or fruit juices, and for the 

pretreatment of animal feed to improve the digestibility (Hanes & Stedt, 1988). Thus, 

amylases were shown 12 years ago to be useful in freeing pulp fibers from the microcapsules 

in pressure-sensitive carbonless copying paper waste (Schulz, 1984). Therefore any starch 

hydrolysis and removal process might be facilitated with amylases. According to Rajendra et 

al. (2007), maximum amylase activity was at pH 10.0 and 90 °C. The enzyme retained 80 % 

activity after 1 h at pH 10.0. It exhibited 65 % activity at 105 °C and had 100 % stability in the 

temperature range between 80 and 100 °C for 1 h. In addition, there was 86.36 % stability 

after 1-h incubation with sodium dodecylsulphate. These properties indicated possible use of 

this amylase in starch saccharification and detergent formulation. 
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2.4 Application of cellulase and amylase in pulp and paper industry 

Cellulases have several uses in this industry as the raw materials used are lignocellulosics 

(Tengerdy and Szakacs, 2003) in which cellulose is sequestered within a matrix of other 

components. Cellulases therefore are used at both the pre–production and post-production 

stages in pulp and paper making, and these include:  

(1) Treatment of waste paper: Detachment of ink (bio–deinking) is improved by using 

cellulases in waste paper treatment and this waste paper can be subsequently biotransformed 

to fermentable sugars. Glucose released from cellulose is fermented into ethanol, which shows 

a potential alternative for fossil fuels due to its low net emission of CO2 upon combustion 

(Levy et al., 2002). The main advantage of enzymatic deinking is the prevention of the use of 

an alkali, it is therefore environmentally friendly (Bhat, 2000).  

(2) Treatment of recycled pulps: Endoglucanase facilitates pulp drainage by removing 

amorphous cellulosic materials such as fines and surface elements (peeling off of individual 

fibrils) (Ramos et al., 1999). 

 

2.5 Agriculture waste residue 

Large quantities of agro-industrial waste residues are generated throughout the world from 

processing raw agricultural materials for foods. These, in turn, impose a serious environmental 

problem when disposed improperly. Thus, agro-industrial residues from the processing of 

banana, sugarcane, orange, coffee, and rice provide suitable feedstock for bioconversion into 

chemicals. This includes enzymes, which are produced by fermentation process. 
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Asia is the largest producer of banana. It has been estimated that about 20,000 tones of 

banana peel are discarded annually from their processing plants, posing serious environmental 

problems. A study of sugars in banana peels showed that the peel contained 14.6 % glucose 

and 56 % sucrose (Goewert & Nicholas, 1980). 

Brazil is known as one of the greatest producers of sugar from sugarcane in the world. 

Sugarcane production in 2004 was 410 million t per month. The crop is mainly directed for 

production of ethyl alcohol, sugar and spirits. Sugarcane bagasse is a by-product resulting 

from juice extraction. This waste basically consists of 50 % of cellulose, 30 % sugars and 2.4 

% of ashes (Pandey et al., 2000). 
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CHAPTER THREE 

MATERIALS AND METHODS 

 

3.1 Preparation of media and microbial stocks 

3.1.1 Microorganisms 

The strains of B. licheniformis P1 and B. amyloliquefaciens UMAS 1002 that were used in this 

experiment were obtained from the UNIMAS microbial collection. The strains selected were 

based on their enzymatic activities and were maintained on agar medium containing 0.1 % 

carboxymethyl cellulose (CMC). 

 

3.1.2 Inoculums 

A colony of bacterial strain was selected using wire loop and inoculated into LB. The 

incubation process was carried out at 55 °C under 200 rpm agitation for 12 hours. After the 

bacterial culture growth OD600 reached 2.0, 500 µl of culture supernatant was used as 

inoculation into another fresh media and incubated in the same condition until it reached the 

same optical density again. That was called overnight two-stage incubation. Next, 500 µl of 

the overnight two-stage inocular bacterial culture was transferred into SmF medium. 
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3.1.3 Cellulase and amylase enzymatic assays 

After the incubation period, the crude supernatant was harvested and filtered using cotton 

fabric. The remaining solid was removed by centrifugation. The endoglucanase activity was 

determined spectrophotometrically as adapted from the recommendations of the Commission 

of Biotechnology (Wood and Bhat, 1988) by following the DNS method (Miller, 1969). Then, 

an enzyme sample (400 µl) was added to a falcon tube containing 400 µl substrate which 

containing 1 % (w/v) CMC or starch solution and incubated in a water bath at 50 °C for 10 

min. After that, Dinitrosalicylic acid (DNS) reagent (800 µl) was added and the solution was 

boiled for 15 minutes. Next, 400 µl Rochelle salt was added and the solution was mixed well. 

The absorbance was read at 575 nm with distilled water replacing the enzyme was used as the 

control. The same assay was used to determine the amylase activity except for the substrate it 

was replaced with soluble starch. The enzyme activity was expressed as micromoles of 

glucose equivalent liberated per minute per mL of enzyme solution (U/mL).  

 

3.1.4 Submerged liquid fermentation (SmF) 

The bacteria were inoculated into the Submerged Liquid Fermentation (SmF) media. Banana 

peel and sugarcane waste were used as the substrates, respectively. The submerged liquid 

fermentation (SmF) medium composed of 5 % (w/v) substrate, 20 mL MSM media (prepared 

in 100 mL distilled water and consisted of 0.05 % (w/v) KH2PO4, 0.05 % (w/v) of MgSO4 and 

0.05 % (w/v) (NH4)2SO4). The initial pH of SmF media was pH 7.0. All media was prepared 

in 250 mL Erlenmayer Flasks. Then the media was autoclaved at 121 °C for 15 minutes. 500 
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µL of overnight bacterial culture was transferred into SmF medium and incubated at 50 °C 

under 120 rpm agitation for 12 hours. 

 

3.2 Optimization of endoglucanase enzyme production using Submerged Liquid 

Fermentation (SmF) 

3.2.1. Types of substrates  

3.2.1.1 Banana peel 

Fresh banana peel was obtained from Rubiah Cafeteria at Alamanda College, UNIMAS. The 

fresh banana peel was cleaned and cut into small pieces. The peel was then dried at 70 °C and 

milled into 300 µm or 40 mesh sizes. The banana peel was autoclaved at 121 °C for 15 

minutes. 

 

3.2.1.2 Sugarcane bagasse 

Sugarcane bagasse was collected from stall around Kota Samarahan area. The sugarcane waste 

was cleaned and separated from any other rubbish. Then it was dried at 70 °C and milled into 

300 µm or 40 mesh sizes. The sugarcane waste was autoclaved at 121 °C for 15 minutes. 

 

3.2.2 Time course of incubation 
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Two hundred and fifty milliliters Erlenmeyer flask containing 20 ml of fermentation media 

with 5 % substrate was prepared. Then, 500 µl of two-stage inocular bacterial culture with 

OD600 reading of 2.0 was inoculated into the fermentation media. After that, the shake flasks 

were incubated in 50 °C water bath with shaking at 120 rpm. Samples were harvested at time 

interval of 4 hours; 4, 8, 12, 16, and 20 hours. Next, the samples were run for enzyme assay. 

Blank containing the same media except the inoculums was set as control. 

 

3.2.3 Inoculums percentage 

Optimization of inoculums concentration was conducted using five different concentrations 

which are; 1, 2, 3, 4 and 5 % (v/v). SmF media was prepared as described previously and the 

two-stage inocular bacterial culture with OD600 reading of 2.0 was inoculated into the 

fermentation media. The volume of the bacterial added was according to the concentrations 

mentioned before. 

 

3.3 Enzymatic deinking trials using mixed office paper 

3.3.1 Mixed office paper 

The paper used in this experiment was collected from Faculty Resource of Science and 

Technology (FRST) office, UNIMAS, and consisted of mixed office paper. 
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3.3.2 Enzymatic deinking 

The biodeinking trial was carried out as described by Pala et al. (2006). Meanwhile, the 

conventional chemical deinking was also set up as the control against the enzymatic 

biodeinking, also as described by Pala et al. (2006).  The enzymes used were crude mixture of 

cellulase and amylase with ratio 1:1. The pulp was suspended in distilled water and shake. The 

enzymatic preparations were previously diluted in 10 % of the total reaction volume. Then the 

enzymes were added to Erlenmayer flask with the addition of distilled water and NaOH. The 

initial pH for deinking process was set at pH 11.4. Lastly the enzyme was deactivated by 

boiling the pulp for 10 minutes. The foam containing ink particles was removed using filter 

paper. Then the pulp was washed with tap water (≈ 30 L) through 200 micron mesh wire and 

recovered for testing. Control assays were performed with distilled water instead of enzymes. 

 

3.4 Conventional chemical deinking 

The chemical deinking assays was also carried out similar to the enzymatic deinking trials 

(exclude for the final boiling) as performed by Pala et al. (2006). The concentration of 

chemical being used was 2 % NaOH (w/v), 2 % Na2SiO3 (w/v) and 1 % H2O2 (v/v); the final 

pH in the pulp suspension was pH 11.4. Control assays were performed with distilled water 

instead of chemicals.   
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3.5 Deinking evaluation 

The deinking evaluation was determined based on the physical properties of pulp and paper 

and comparison of the amount of ink present in paper sheets. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

 

4.1 Optimization of crude enzyme production using SmF 

4.1.1 Types of substrates 

The first step in the optimization process is to identify the best substrate for the enzymatic 

production. Hence, two types of agricultural waste were chosen; banana peel and sugarcane 

waste. These wastes were selected due their ability to act as the carbon source to enhance the 

endoglucanase production. The percentage of substrate used for both experiment was at 5 % 

(w/v). After overnight incubation period stage at 50°C with 120rpm shaking, both Bacillus 

amyloliquefaciens UMAS 1002 and Bacillus licheniformis P1 rapidly utilized banana peel for 

the highest crude amylase and cellulase production, respectively.  
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Figure 1: Meshed banana peel 

 

Figure 2: Meshed sugarcane bagasse 

 

 

 


