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.0 Introduction 

Bacteria are capable of producing various enzymes when the environmental condition is 

favorable. In this study, Bacillus spp isolated from pepper agricultural waste is used in 

the production of xylanase which is able to degrade xylan. However, the amount of 

xylanase produced is dependent on the surrounding conditions. Therefore, the parameters 

like incubation period, shaking rate, concentration of substrate and inoculum are 

optimized for the maximal production of xylanase by Bacillus spp. At the same time, 

xylanase produced by different microorganism and various substrates has significantly 

different activity and characterization. Hence, the purpose of this study is also to 

chamcterize the xylanase produced by Bacillus spp using pepper agricultural waste as the 

sole carbon source. 

Xylan is the second most abundant biopolymer in the major component of 

hemicellulose which is found abundantly in plant cell walls and consists up to 35% dry 

weight of higher plants (Yang et aI., 2005). Xylanase (l,4-P-D-xylan xylanohydrolase) is 

typically produced as a mixture of different hydrolytic enzymes by microorganism to act 

on xylan. Basically, xylanase functions to break down the plant cell wall component 

which holds the cell walls together (Singh et aI., 2003). 

Xylanase degrades xylan to xylose which is the maIn building block of 

hemicellulose. It is a significant resource for renewable biomass, which can be utilized as 

a substrate for the preparation of many products such as fuels, solvents and 

pharmaceuticals and also utilized in some other areas such as food, animal feeding and 

textile industries. Currently, the most important application of xylanase is in the pre



bleaching of kraft pulp (Gupta et ai., 2000). It is used to replace chlorine and hydrogen 

peroxide for bleaching the wood pulp to reduce the environmental pollution. 

To date, the production of xylanase has been widely studied in submerged culture 

processes using several microorganisms such as Aspergillus, Penicillium, Streptomyces 

and Bacillus (Kiddinimoorthy et ai. , 2008). Even though submerged fermentation is an 

attractive method for xylanase production, it does present few limitations in particular, 

cost. The cost of carbon source plays a major role in the production of xylanase. 

Agricultural wastes are among of the causes for environmental pollution. Mostly, 

the agricultural wastes are disposed by burning, which leads to global warming. 

Agricultural residues which are regarded as wastes are actually biodegradable and can be 

converted into valuable products such as improved animal feeds, human nutrients and 

low cost energy source for fermentation. Recently, agricultural wastes have been used as 

carbon, hydrogen and oxygen sources to produce ethanol, proteins and microbial 

enzymes (Ibrahim, 2008). Since Sarawak is one of the leading producers of pepper, 

pepper residues it are produced almost everyday (Ibrahim, 2008). In Sarawak, such 

residues are generated continuously but not adequately disposed, thus causes 

environmental pollution problems. Hence, the objectives of this study were: 

1. 	 To determine the optimum condition for xylanase production by Bacillus spp utilizing 

pepper waste as carbon source. 

2. 	 To characterize the xylanase produced by Bacillus spp by utilizing pepper waste as 

the carbon source. 
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2.0 Literature review 

2.1 Xylan 

Plant cell walls are made up of cellulose, hemicellulose and lignins that form a strong 

heterogenous substrate. Xylan which happens to be the second most abundant biopolymer 

in the world is the major component of hemicellulose and constitute up to 35% of plant 

dry weight in higher plants (Khanderparker et aI., 2006). Xylan is a heterogenous 

polysaccharide consisting of a I,4-~-O-xylan xylanohydrolase backbone substituted to 

varying degrees with a-L-arabinofuranosyl, 4-0-methylglucuronic acid groups and 

glucuronic acids (Singh et aI., 2003). 

2.2 Xylanase 

Xylanase is an enzyme that is responsible for hydrolysis of xylan, a major hemicellulose 

of plant cell wall which is second most abundant in plants into xylose. This enzyme is 

extensively used in food processing, chemical and pulp industries. The major uses of this 

enzyme are bio-pulping, bio-bleaching, clarifying and liquefying fruit and vegetables 

juices. In paper and pulp industries the use of xylanase causes a decrease in consumption 

of chlorine, absorbable organic halogen (A OX), chemical oxygen demand (COD) and 

improves thereby the quality of wastewater (Sanjay et. al.. 2009). This statement strongly 

supports that xylanase has various functions in industrial application. Thus, there is a 

continuous need to find new xylanase which is active in different in temperature and pH 

conditions from various xylanase producers employing various substrates available. 

3 
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Fig. I: Process of lignin removal in bio-bleaching and degradation of xylose by xylanase (adapted from 
Charin et aI., 2003) 

Currently, xylanase has gained attention in the pulp and bleaching process. The 

chemical bleaching process uses a large amount of chlorine and chlorine based 

chemicals. The byproducts formed during chemical processing are toxic, mutagenic, 

persistent, bio-accumulating and causes numerous harmful disturbance to biological 

systems (Charin et aI., 2003). Bio-bleaching process is the new procedure that replaces 

the chemical bleaching process. It involves the use of microorganism and enzymes to 

bleach pulp. This is the major application of xylanase recently. Xylanase is produced by 

microorganism and it attacks the hemicellulose and alters the interface between cellulose 
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and lignin, thus facilitating the removal of lignin associated hemicellulosic fraction with 

minimal damage to the pulp. This process is less drastic, less expensive and less toxic. 

2.3 Xylanase producer 

Production of industrial enzymes has been carried out extensively using microbial 

isolates, which exhibited higher productivity compared to the plants and animal sources. 

In previous study, xylanase have been reported from bacteria, fungi, yeast and 

actinomycetes. Xylanase from fungi are well documented and some of the xylanase 

producers are Aspergillus, Trichoderma, Rhizopus and Penicillium (Bakir, 2004). Fungal 

xylanase are active in neutral or acidic pH. However, large scale cultivation of fungi and 

actinomycetes is often difficult because of their slow generation time, coproduction of 

highly viscous polymers and poor oxygen transfer (Horikoshi, 1999). 

Bacteria, due to their high diversity and capability to produce highly thermostable 

and alkali stable enzyme complement, may serve as highly potent sources of industrially 

important enzymes (Sheikh et aI. , 2009). On the other hand, bacterial xylanase generally 

have higher optimal pH and consequently, are stable at alkaline pHs which makes 

bacterial xylanase being more suitable for applications in the paper and pulp industry 

(Kiddinamoorthy et aI. , 2008).The most studied xylanase producers among bacterial 

sources are Bacillus species due to their high yield and stability at alkaline pH (Saleem et 

al., 2009). At the same time, members of genus of Bacillus produces a large variety of 

extracellular enzymes, of which xylanase is particularly significant industrial importance. 

Therefore, Bacillus spp that has been isolated from pepper agricultural waste was used in 

this study for xylanase induction since it secretes most of its enzymes to the surrounding. 
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2.4 Pepper as carbon source and corn cob as xyJan source 

Large quantities of lignocellulosic wastes are generated through forestry, agricultural 

practices and industrial processes, particularly from agro-allied industries such as 

breweries, paper-pulp, textile and timber industries. These wastes generally accumulate 

in the environment thereby causing pollution problem. Most of the wastes are disposed 

by burning, a practice considered as major factor in global warming. However, the plant 

biomass regarded as "wastes" are biodegradable and can be converted into valuable 

products such as biofuels, chemicals, cheap energy sources for fermentation, improved 

animal feeds and human nutrients (Ukafor et. at. , 2009). 

Submerged fermentation is usually preferred for large-scale fermentations (Holker 

e/ al., 2004), and has been used extensively for industrial production of antibiotics, amino 

acids, ethanol, organic acids, baker's and distiller's yeasts. Submerged fermentation is 

considered more readily available, economical , and practical than other methods for large 

scale fermentation due to some existing equipment (flasks or bioreactors) can be utilized 

without modification (Jackson et al., 1996). Liquid cultures are homogenous, which 

makes them easier to control, maintain, and monitor (Jackson, 1997). 

Xylanase was produced by submerged fermentation (SmF) in this study because 

according to Hofer (2004), fed-batch and solid state fermentation techniques are reported 

to be more efficient than SmF, but approximately 90% of the industrial enzymes are 

produced by SmF techniques due to its reduction of contamination where it has relatively 

short growth period. Moreover, it has higher conversion levels of the raw medium 

substrates due to the controlled growth period, less production monitoring labor and well 

developed scale-up methods. Agricultural waste such as sugar cane, corn cobs, straw and 
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leaves are highly utilized in Africa, especially Nigeria for production of wood products 

such as textiles, papers and jutes which enhanced by microorganism through fermentation 

employing these agricultural wastes as the sole carbon source (Milala et aI. , 2005). In this 

study, pepper residues had been used as carbon source in submerged fermentation for 

xylanase induction. This does not only reduces the fermentation cost but also reduces the 

agricultural residues and environmental pollution. 

Corn cob was used as alternative substrate as products of corn processing which 

are cost effective and much easier to be obtained in larger quantities compared to xylan 

since it is riched in xylan source. The substrate specificity of corn cob is not as specific as 

xylan yet it was very useful in this study and it still linked to oligomeric side chains 

containing arabinose, xylose and galactose residues (Saha, 2000). Corn cobs have been 

used by Aslansia (2007) as a substitute for xylan. Moreover, xylan has been extracted 

from corn cobs for the production of xylooligosaccharides for the creation of micro and 

nanoparticles (Zhu et aI., 2006). 



3.0 Materials and method 

3.1 Microorganism and gram staining 

Bacillus spp isolated form pepper agricultural waste was obtained from a postgraduate 

student in Genetic Molecular lab, Mr. Farhan. Bacillus spp is the xylanolytic bacteria 

under study. As for gram staining, smear was prepared from the from the overnight 

nutrient agar plate. A drop of distilled water was placed on the microscope slide. Small 

portion of single colony was transferred to the slide using a sterile wood stick. Then, the 

colony and the water were mixed gently. The smear was fixed using heat until it was dry. 

Before the staining was done, the smear was allowed to dry. For staining procedure, the 

slide was flooded with crystal violet solution and remained on the slide for 30 seconds. 

Then, the crystal violet was washed off using running water and flooded with iodine 

solution for 3 seconds. The iodine was washed off gently using running water. The smear 

was decolorized with ethanol for another 3 seconds. Then, the ethanol was washed off 

with running water. Finally, the smear was flooded with safran in and remained for 30 

seconds. The safranin was washed off and the smear was allowed to dry and viewed 

under the microscope. 

3.2 Bacterial preservation and cultu·re 

Bacillus spp was stocked in 10% glycerol and stored at -20oe or freeze dried using liquid 

nitrogen and stored at -80oe (Soccol et. aI., 2003). The tubes were labeled as GMLB 

000 1, GMLB 0002, GMLB 0003 and GMLB 0004 with the date they were prepared. 

Bacillus spp was revived from glycerol stock at -20oe. The culture tube was thawed 
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gently at room temperature. Approximately, 100flL was transferred and streaked using 

spread plate technique onto nutrient agar plate. It was then incubated for 24 hours at 

37°C. Approximately, SOOflL of bacterial culture in glycerol stock was also transferred 

using sterile pipette tips into sterile nutrient broth under a laminar flow hood and 

incubated overnight by shaking at 37°C. Then IOOflL of the overnight culture was 

tran ferred to nutrient agar plate and spread plate technique was applied to plate the 

bacteria. It was then incubated for 24 hours at 37°C and stored at 4°C as working culture 

stock. 

3.3 Screening for xylanolytic activity 

3.3.1 Corn cob powder 

Corn cobs were chopped into smaller pieces and grounded into fin particles using a 

blender. The blended corn cobs were then dried in an oven. After dried, the particles were 

blended again into fine particles. The particles were passed through a sieve to obtained 

corn cob powder. The dried corn cob powder was autoclaved and kept in a bottle at room 

temperature (Ukafor et aI., 2009). 

3.3.2 Minimal salt medium 

Minimal salt media was prepared and contained 6.8g Na2HP04, 3g KH2P04, O.Sg NaCI, 

Ig N~CI, 7.2g agar and I g corn cob as substrate was added into a bottle and topped up 

to 100mL with dH20. The contents were shaken and autoclaved. After autoclaving, 

IOOflL of sterile MgS04 was added. The hot agar was left to cool before poured into Petri 
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dishes. Petri dishes were kept in the laminar flow hood and agar was poured into each 

Petri dishes. The agar was frequently swirled in the bottle to get more uniform 

distribution of the insoluble corn cob powder. The plates were left open to coolon under 

the laminar flow hood. After cooled, they were covered and stored at 4°C with the agar 

on facing upwards. Screening for xylanolytic activity was performed using the Congo red 

staining method as performed by Su et af. (2006). The bacteria were inoculated in 

minimal salt medium for 5 days at 37°C. The plates were stained with Congo red reagent 

for 15 minutes, rinsed with dH20 and counterstained with 1M NaCI until the halos 

appeared. 

3.4 Submerged fermentation 

3.4.1 Pepper agricultural waste 

Pepper waste was obtained from Genetic Molecular lab which was already grounded. The 

particles were passed through a sieve to obtain uniform fine particles. The pepper powder 

was then added into a bottle and autoclaved. After autoclaving, it was cooled and kept at 

room temperature. 

3.4.2 Inoculum 

Bacillus spp which produced the widest halos were selected for xylanase production 

during the fermentation. The inoculum was maintained at 37°C in broth containing (w/v): 

1.0010; glucose, 0.5%; peptone, 0.5%; yeast extract, 0.1 %; KH2P04, 0.02%; MgS04 and 

2.0010; agar to which sterile 0.0 I %; and Na2C03 added separately by shaking. 

10 




3.4.3 Submerged fermentation medium 

Xylanase production was performed in 50mL Erlenmeyer flask containing (w/v): 0.6% 

Na2HP04, 0.3% KH2P04, 0.2% NH4CI, 0.1 % NaCI and 1 % pepper as carbon source 

(Oliveira et at. , 2006). Approximately, 50llL of MgS04 was added separately. The 

medium was then top up to 50mL with sterile dH20. Then, the flask was inoculated with 

1% of the bacterial inoculum. The medium was incubated at 37°C at shaking rate of 100 

rpm. The production of xylanase was recorded in interval of two days by carrying out 

xylanase enzyme assay using dinitrosalicyclic acid (ONS) method (Sanjay et at. , 2009). 

The maximal xylanase production by Bacillus spp was determined by carrying out 

fermentation at different incubation period, inoculum concentration, substrate 

concentration and shaking rate. At the end of the fermentation, the biomass was filtered 

and the filtrate was centrifuged at 8,000 rpm for 15 minutes to remove the suspended 

materials from the crude enzyme. The supernatant was collected, 30mL was used for 

enzyme assay and the rest was frozen with liquid nitrogen and kept at -80°C. In order to 

concentrate the xylanase enzyme harvested, the supernatant was added with ammonium 

sulphate to give 70% saturation and stirred at room temperature for 30 minutes. Then, it 

was centrifuged at 8,000 rpm at 4°C for 30 minutes. The pellet was collected and 

dissolved in 7.0 mL of 2M sodium acetate buffer at pH7 for enzyme assay. 

3.5 Optimization of fermentation parameters 

For all the parameters mentioned above, the production of xylanase was determined by 

carrying out enzyme assay every two days. As for the incubation time, the fermentation 
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reaction ranging between 5 to 25 minutes to determine the optimum period for the 

12 

was carried out up to 14 days to determine the maximal xylanase production by Bacillus 

spp. For determination of inoculum concentration, varying concentration was used 

ranging of 1%, 2%, 3%, 4% and 5%. As for substrate concentration, different 

concentration of pepper used ranging of 1%, 2%, 3%, 4% and 5%. The shaking speed 

was carried out at the speed of 50, 100, 150 and 200 rpm in order to determine the best 

speed needed for the bacteria survive (Sharma, 2005). 

3.6 Enzyme assay 

Approximately, 150 !lL of enzyme was transferred into fresh test tube and added with 

150 ilL of xylan for enzyme assay. The reaction mixture was incubated for 15 minutes at 

37°C for enzyme-substrate reaction. After 15 minutes, 3 mL of DNS reagent was added 

to stop the reaction. The mixture was heated in boiling water for another 15 minutes 

where a red brown color appeared. Then, I mL of Rochelle salt was added to the reaction 

mixture to stabilize the color formed. The test tubes were cooled down in running water 

and top up with 2.7 mL of dH20. A volume of 3 mL of the reaction mixture was 

transferred into cuvette tubes and the absorbance reading was measured at 550 nm 

(Sanjay et aI., 2009). A blank was prepared which consisted of 150 !lL of the enzyme that 

boiled for 15 minutes and was treated the same as the enzyme reaction mixture. 

3.7 Enzyme-substrate reaction incubation time 

A volume of 150 !lL of enzyme was transferred into fresh test tube and added with 150 

ilL of xylan for enzyme assay. The solution was incubated at 37°C for enzyme-substrate 



enzyme-substrate reaction. After the incubation period, 3 mL of DNS reagent was added 

to stop the reaction (Sharma, 2005). The mixture was heated in boiling water for another 

15 minutes. Then, I mL of Rochelle salt was added to the mixture to stabilize the color 

formed. The test tubes were cooled down in running water and top up with 2.7 mL of 

dH20. Approximately, 3 mL of the mixture was transferred into cuvette tubes and the 

absorbance reading was measured at 550 nm. A blank was prepared consisting ISO ilL of 

the enzyme that boiled between 5 to 25 minutes and was treated the same as the enzyme 

reaction mixture. 

3.8 Optimum pH and temperature 

Three different buffers ranging from pH 4 to pH 12 were prepared. 150 ilL of enzyme 
, 

was transferred to fresh tubes and ISO III of xylan solution prepared in the buffers was 

added to the enzyme. The same enzyme assay procedures were carried out. For optimum 

temperature determination, xylan solution in citrate buffer was used. ISO ilL of enzyme 

was transferred to fresh tubes added with ISO ilL of xylan solution. The mixture was 

incubated at different temperature ranging from 50°C to 80°C for IS minutes (Singh, 

2003). Then, the same procedures for enzyme assay as described earlier in Section 3.6 

were carried out. 

3.9 pH and temperature stability 

Three different buffers ranging from pH 4 to pH 12 were prepared. The enzyme was 

incubated in twice volume of buffers for an hour. As for temperature stability, the 

enzyme was incubated at temperatures varying from 50°C to 80°C for two hours. Then, 

13 




the same procedures for enzyme assay as described earlier in Section 3.6 were carried out 

using the pre-treated enzymes preparations. 

4.0 Results and discussion 

4.1 Screening for xylanase enzyme activity 

Confirmation test was done by using biochemical test, gram staining. From the 

observation under the microscope, it was confirmed that the bacteria is a gram positive 

bacteria since it appeared to be in purple color. According to Isenberg (1992), both gram 

positive and gram negative organisms form a complex of crystal violet and iodine within 

the bacterial cell during the staining procedure. As for gram positive organism, it will 

resist the decolorization by alcohol or acetone because the cell wall permeability 

decreases when it is dehydrated by these solvents. Thus, the dye complex will be 

entrapped within the cell. Therefore, it will resist from being washed out by the solvents. 

Hence, gram positive bacteria remain purple. At the same time, during the counterstain, 

the safranin will adhere to the gram positive and masked by purple of the crystal violet 

during viewed under microscope. 

The observation of halos as shown in Figure 2 after staining indicates that the 

bacteria are xylanolytic. In Table 1, it summarizes the diameter of the colony before and 

after staining. The diameter of the colony remains the same but the halos formed 

surround it causes the diameter to increase in a few centimeters. 
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Fig. 2: Observation of the plate staining Congo red reagent (left). Result showed after staining 
with Congo red reagent for 15 minutes and counterstained with 1M NaCI (right). 

Culture name Diameter of colony Diameter of colony Width of halo 
before staining after staining produced 

GMLB 0001 Icm 2.5 cm 1.5 cm 

GMLB 0002 
I 

0.5 cm 1.5 cm 1.0 cm 

GMLB 0003 0.2cm 1 cm 0.8cm 
I 

GMLB 0004 0.8 cm 1.3 cm 0.5 cm 
. . 

Table I: Results of the width of the halos formed surround the colony after staining . 

4.2 Submerged fermentation and optimization of parameters 

Incubation time is important to allow the reaction to achieve its highest activity and to 

reach equilibrium. Different types of enzymes obtained from different source have 

significantly different characteristic and rate of reaction. Most enzyme recorded before 

has highest rate of reaction and reach equilibrium in a short period between 10-20 
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