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ABSTRACT 
 

Aims: Xylanase (EC 3.2.1.8) also known as endo-1,4-β-xylanohydrolase is a type of hydrolytic 
enzyme participated in the hydrolysis of hemicelluloses particularly in xylan to generate xylose and 
xylo-oligosaccharides. Due to its enormous potentials, xylanase is frequently used in biobleaching 
of kraft pulp, clarification of fruit juice, extraction of plant oils, processing of animal feeds, softening 
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of fruits, degradation of agricultural wastes and plant fibers and manufacturing of chemicals 
including biofuel, ethanol and xylitol. These applications of xylanase avoid the use of chemicals that 
are expensive, mutagenic and highly non-biodegradable. Interestingly, in recent years, the 
applications of xylanase in biobleaching and bioprocessing of paper pulp have gained numerous 
attentions and interests in the industry over the world. Therefore, couple of lignocellulolytic 
substrate as the alternative cheap carbon source and strain improvement for overproduction of 
microbial xylanase is implemented as a more potent approach in improving its yield and 
productivity in submerged fermentation. As a result, the main aim of the present study was primarily 
involved in the overproduction of xylanase by five mutant strains of Bacillus subtilis subsp. 
spizizenii ATCC 6633 designated as the MXB 1, MXB 2, MXB 3, MXB 4 and MXB 5 in submerged 
fermentation using barley husk as the prime carbon source.  
Methodology: In order to attain the mutants, B. subtilis was subjected to random mutagenesis 
using ethyl methane sulfonate (EMS) and acridine orange (AO) in the earlier study before screened 
for the overproduction of xylanase in the present investigation.  
Results: Based on the present investigation, mutant strains of B. subtilis ATCC 6633 were 
identified as the potent xylanase producers using cheap agro-industrial residue of barley husk as 
the sole carbon source under submerged fermentation. Furthermore, extracellular protein 
production and profile of medium pH during growth of wild type and mutants of B. subtilis under 
submerged fermentation were also elucidated. Based on the result findings, the time course of 
xylanase biosynthesis by the mutants of B. subtilis revealed that the enzyme production was 
initiated from the logarithmic to stationary growth phase whereby the maximum xylanase activity 
was achieved after 24 h of fermentation. In fact, all mutant strains of B. subtilis were successfully 
synthesized relatively higher production of xylanase than their parental wild type in submerged 
fermentation using barley husk as the prime carbon source. Notably, the maximum xylanase 
activity of 1.76±0.02 U/mL was attained by the mutant MXB 4 of B. subtilis which was 
approximately 29.4% increase in xylanase activity than the wild type with 1.36±0.003 U/mL. 
Furthermore, MXB 1, MXB 2, MXB 3 and MXB 5 also exhibited comparatively higher maximum 
xylanase activity of 1.64±0.009 U/mL, 1.73±0.05 U/mL, 1.74±0.02 U/mL and 1.66±0.02 U/mL 
compared to their parental wild type. Indeed, the statistical single factor analysis of variance 
(ANOVA) on xylanase production revealed there was significant difference in the mean of the 
xylanase production by the wild type and mutant strains of B. subtilis (p<0.05). On the other hand, 
the total maximum extracellular protein production was achieved by mutant strains of MXB 2 and 
MXB 4 with 0.82±0.02 mg/mL and 0.82±0.03 mg/mL, respectively. Both demonstrated increment of 
49.1% in protein production than the wild type which possessed relatively lower concentration of 
0.55±0.01 mg/mL. Besides that, the profile of medium pH on xylanase activity by mutants and wild 
type of B. subtilis was also elucidated in the present study. The highest xylanase activity was 
attained at slight acidic pH of 6.1±0.2 as shown by the mutant MXB 4 in comparison with wild type 
at pH 6.47±0.3. 
Conclusion: In a nutshell, the result findings suggested the mutant strains of B. subtilis ATCC 
6633 particularly MXB 4 as the most potent xylanase producer under submerged fermentation 
using barley husk as the prime carbon source. Mutant MXB 4 of B. subtilis is anticipated to be 
beneficial in various xylanase applications especially in the processing of animal feeds and food 
industry.  
 

 
Keywords: Overproduction; xylanase; random mutagenesis; Bacillus subtilis; submerged 

fermentation. 
 

1. INTRODUCTION 
 
Enzymes are the biocatalysts with crucial roles in 
all stages of metabolism and biochemical 
reactions. In recent years, a tremendous upsurge 
in the utilization of enzymes as industrial 
catalysts has been observed. These enzymes 
often offer immense benefits in comparison to 
the use of conventional chemical catalysts for 
numerous reasons. Enzymes generally exhibit 

high catalytic activity. Furthermore, they are 
highly biodegradable and economically feasible 
biocatalysts that commonly produced in large 
amounts without any danger threats to the 
environment [1]. Amongst these enzymes, there 
has been drastic increase in the production of 
enzymes such as xylanase (EC 3.2.1.8) due to 
its pivotal roles in vast biotechnological 
applications. The biodegradation ability of 
xylanase on plant cell wall proves this enzyme 
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possesses essential function in many significant 
applications [2]. Xylanase has also been used in 
clarification of fruit juices and wines, production 
of modified xylan as bulking agent for food 
processing, conversion of xylan into monomeric 
products such as sweetener such as xylitol as 
well as modification of cereal flour to enhance 
volume, texture and staling properties of bread 
[1]. In fact, biobleaching using xylanase is crucial 
especially in the manufacturing of pulp paper by 
reducing and releasing lignin component. As a 
result, it increases the brightness of pulp which 
involves the hydrolytic breakdown of xylan. 
Notably, xylan is a heterogeneous 
polysaccharide that consists of a linear backbone 
of β-1,4-D-xylopyranoside residues with short 
side-chain branches [3]. Xylan is the most 
abundant, natural non-cellulosic polysaccharide 
present mainly in the secondary cell wall in 
plants constituting about 20% to 35% of the total 
dry weight in tropical plant biomass. Xylan 
hydrolyzing enzyme is one of the crucial 
industrial enzymes. Consequently, intense 
researches in modern years have focused on 
xylanases production by many types of 
microorganisms. On the other hand, the choice 
of the substrate is of great importance for the 
successful production of large amount of 
xylanases. Many lignocellulolytic substrates such 
as barley husks, corncobs, sugarcane bagasse 
and wheat bran have been studied. A good 
number of them have performed significantly 
better than purified xylan with respect to the 
yields of xylanase in large-scale production. 
Maximum xylanase production using cassava 
bagasse as the carbon source was reported by 
Sugumaran et al. [4]. Indeed, Ecaterina et al. [5] 
also mentioned that barley husk comprised of 
various polysaccharides with hemicelluloses as 
the most important component suitable for 
xylanase hydrolysis. In fact, a study was 
conducted by Soliman et al. [6] where they 
reported that the maximum xylanase activity of 
8.66 g/L was produced by Bacillus mojavensis 
A21 using barley bran as the carbon source. 
Notably, many studies have also been carried 
out using barley husk for production of ethanol 
[7]. Nonetheless, only a few studies have been 
conducted using B. subtilis subsp. spizizenii 
ATCC 6633 for the xylanases production. 
Therefore, in the present study, we embarked on 
the following objectives to qualitatively confirm 
the activity of xylanase from the mutants of B. 
subtilis using plate hydrolysis assay and to 
elucidate overproduction of xylanase from the 
mutants of B. subtilis under submerged 
fermentation using the prime carbon source of 

barley husk compared with its parental wild type 
of B. subtilis. 
 
2. MATERIALS AND METHODS 
 
2.1 Mutants and Wild Type of Bacillus 

subtilis subsp. spizizenii ATCC 6633  
 
Bacillus subtilis subsp. spizizenii ATCC 6633 as 
the wild type in this study was obtained from 
American Type Culture Collection (ATCC), 
Manassas, USA. B. subtilis ATCC 6633 was 
subcultured on nutrient agar and incubated at 
37°C until bacterial colonies developed. 
Subsequently, the bacteria was maintained and 
stored at 4°C. On the other hand, a total of five 
mutants of B. subtilis were produced after 
random mutagenesis using EMS and AO as the 
chemical mutagens to induce the random 
mutation in wild type of B. subtilis subsp. 
spizizenii ATCC 6633 for xylanase production in 
submerged fermentation according to the method 
mentioned by Ho and Chor [8]. Notably, in this 
study, the mutant strains of B. subtilis were 
designated as MXB 1, MXB 2, MXB 3, MXB 4 
and MXB 5 for xylanase production under 
submerged fermentation compared to their 
parental wild type as shown in Table 1, 
respectively.  
  

Table 1. Mutagens concentrations used for 
generation of mutants  

 
Mutagen 
concentration   

Exposure 
time 
(min) 

Mutants 
generated 

100 µg/mL EMSa 15 MXB 1 
50 µg/mL AOb 15 MXB 2 
50 µg/mL AOb 30 MXB 3 
10 µg/mL AOb 15 MXB 4 
10 µg/mL AOb 30 MXB 5 

aEthyl methane sulphonate (EMS) 
bAcridine orange (AO) 

 
2.2 Preparation of Standard Inoculums 
 
In this study, mutant cells were harvested from 
overnight nutrient agar grown with the mutant 
cultures of B. subtilis. A loopful of MXB 1, MXB 2, 
MXB 3, MXB 4 and MXB 5 mutant cultures was 
aseptically transferred into five different test 
tubes containing nutrient broth and incubated at 
37°C at 150 rpm for 24 h, respectively. The test 
tubes were then vortex to produce a 
homogeneous cell suspension. Serial dilution of 
the cell suspension of the mutant cultures was 



 
 
 
 

Ho and Chinonso; BMRJ, 14(1): 1-17, 2016; Article no.BMRJ.22959 
 
 

 
4 
 

conducted using sterile distilled water to prepare 
the standard inoculums of 2.0 × 106 cells. On the 
other hand, the same standard inoculum of 2.0 × 
106 cells of the wild type of B. subtilis was also 
used as the control in this study. The standard 
inoculum used in the submerged fermentation for 
xylanase production was counted using 
Haemocytometer in this study.  
 
2.3 Qualitative Confirmation of Xylanase 

Activity from Mutants of B. subtilis  
Using Plate Hydrolysis Assay 

 
The qualitative confirmation of xylanase activity 
from five mutants of B. subtilis ATCC 6633 was 
conducted using plate hydrolysis assay. To 
detect the activity of xylanase, beechwood xylan 
agar adjusted at medium pH 6.5 with the 
following composition (g/L): beechwood xylan, 
10; peptone, 5; yeast extract, 5; MgSO4·7H2O, 
0.1; K2HPO4, 1 and agar, 15 was used in this 
confirmation test. To begin, 20 µL of the five 
mutant cultures were aseptically pipetted on the 
xylan agar, respectively. Using sterile hockey 
stick, the mutant cultures were spread uniformly 
on the agar. The agar plates were then incubated 
at 37°C until the mutant cultures developed and 
covered the thin layer on the surface of the agar 
after 2 to 3 days of incubation. The plates were 
then subjected to staining with 3 mL of 1% w/v 
Congo red dye before allowed to stand for 15 
min at room temperature. Subsequently, 1 M 
NaCl was used as the distaining reagent to drain 
off the excess dye from the agar. Meanwhile, 
wild type of B. subtilis was used as the control of 
this experiment to detect the production of 
xylanase. All experiments were performed in 
triplicate. At the end of the experiments, the 
appearance of clear ring zone of discoloration on 
the xylan agar occurred due to the presence of 
xylanase activity where xylan substrate was 
hydrolyzed by xylanase secreted by the mutants 
of B. subtilis ATCC 6633. Thereafter, the mutant 
strains and wild type were subjected to 
quantitative confirmation using xylanase activity 
assay on the samples obtained from submerged 
fermentation in this study.  
 

2.4 Xylanase Production by Wild Type 
and Mutants of B. subtilis  under 
Submerged Fermentation Using 
Barley Husk as the Prime Carbon 
Source 

 
The medium composition used for the xylanase 
production by mutants and wild type of B. subtilis 
ATCC 6633 in 250 mL working volume 

comprised of  (g/L): yeast extract, 5; peptone, 5; 
MgSO4·7H2O, 0.1; K2HPO4, 1 and pre-treated 
barley husk, 20 employed as the prime cheap 
alternative carbon source for the production of 
xylanase. In order to treat the barley husk, it was 
first being homogenized using a food grinder to 
obtain smaller and smoother structure before 
dried in an oven at 65°C until the constant weight 
achieved. Then, the pre-treated barley husk was 
mixed with other medium components except for 
yeast extract and peptone in 150 mL distilled 
water before adjusted its initial pH to 6.5. On the 
other hand, yeast extract and peptone as the 
nitrogen sources were dissolved in 100 mL 
distilled water and likewise adjusted its initial pH 
to 6.5. Thereafter, both the carbon and nitrogen 
sources were autoclaved at 121°C for 15 
minutes separately to prevent Maillard reaction. 
Then, both the medium were mixed well after 
cooling down at room temperature to obtain the 
standard working volume of 250 mL in a 500 mL 
Erlenmeyer flask. Subsequently, 2.0 × 106 cells 
of mutants used as the standard inoculum were 
inoculated into 250 mL medium and incubated in 
the rotary incubation shaker at 150 rpm at 37°C 
for 72 h of submerged fermentation. On the other 
hand, wild type of B. subtilis was also inoculated 
and incubated for the production of xylanase as 
comparison. Samples were withdrawn and 
collected at every 12 h interval. In the present 
study, sampling analysis was carried out to 
elucidate the maximum production of xylanase 
by mutants and wild type of B. subtilis using 
barley husk as the sole carbon source under the 
submerged fermentation. All the experiments 
were performed in triplicate and the mean value 
was generated from the analysis. 
 
2.5 Sampling and Analysis  
 
10 mL samples of submerged fermentation were 
collected aseptically at regular interval of 12 h. 
The cell count and pH of the medium were 
measured from the collected samples. Then, the 
samples were centrifuged at 9000 rpm for 20 min 
at 4°C. Subsequently, the supernatant was 
collected and used for the quantification of 
extracellular protein concentration and xylanase 
activity based upon its specific substrate of 
beechwood xylan.  
 
2.6 Xylanase Activity Assay  
 
The xylanase activity was estimated according to 
Bailey et al. [9] with slight modification using 1% 
beechwood xylan in 0.05 M sodium phosphate 
buffer, pH 5.3 as the substrate to liberate xylose 
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as the reducing sugar. The detection of xylose 
after xylanase activity was conducted using 3,5-
dinitrosalicyclic acid (DNS). To determine the 
xylanase activity, 0.1 mL of supernatant was 
added into 0.9 mL of 1% beechwood xylan 
substrate. The reaction was then incubated at 
50°C for 30 min. 1.5 mL of DNA was added to 
the reaction mixture and incubated at 90°C for 5 
min followed by the addition of 0.5 mL of 40% 
potassium sodium tartrate and subsequently 
allowed to cool at room temperature. The amount 
of xylose was determined by measuring the 
absorbance of the mixture at 575 nm via 
spectrophotometer. To quantify the xylanase 
activity, one unit of xylanase enzyme activity is 
defined as the amount of xylanase that catalyses 
the release of one micromole xylose per mL of 
enzyme extract per min under the standard 
assay conditions. The activity of xylanase was 
measured according to the standard curve of 
xylose. Several concentrations of xylose from 1 
to 10 mg/mL were prepared, measured and 
plotted into a graph of the absorbance reading 
versus against concentrations. The activity of 
xylanase was quantified according to the 
standard curve of xylose. The results represent 
the mean value of xylanase activity from three 
independent experiments obtained from the 
fermentation samples of the wild type and 
mutants of B. subtilis. Standard deviation was 
calculated for the xylanase activity obtained at 12 
h interval from the wild type and mutants of             
B. subtilis. 
 
2.7 Quantification of Total Extracellular 

Protein Concentration 
 
Total extracellular protein concentration was 
determined by Lowry method using Bovine 
Serum Albumin (BSA) as the standard [10]. 0.2 
mL of supernatant was subjected to the 
quantification of total protein concentration by 
measuring the optical density at 750 nm.  
 

2.8 Quantification of Cell Number of Wild 
Type and Mutants of B. subtilis 

 
Haemocytometer was used to count the number 
of cells of wild type and mutants of B. subtilis 
found in the fermentation samples.  
 

2.9 Measurement of Medium pH  
 
The medium pH used for the submerged 
fermentation was adjusted to 6.5 by using 1 M 
NaOH and 1 M HCl. The pH of medium was 
measured using a pH meter. 

2.10 Statistical Analysis 
 
In the present study, the data of the xylanase 
production by wild type and mutants of B. subtilis 
in the submerged fermentation in this study was 
statistically evaluated using single factor analysis 
of variance (ANOVA) at a significance level of 
p<0.05. 
 
3. RESULTS AND DISCUSSION  
 
3.1 Qualitative Confirmation of Xylanase 

Activity from Mutants of B. subtilis  
Using Plate Hydrolysis Assay 

 
Based on our results, all mutants of B. subtilis 
ATCC 6633 were identified with their ability to 
produce xylanase. The xylan plate hydrolysis 
assay provided unequivocal evidence that all 
mutants of B. subtilis ATCC 6633 produced 
extracellular xylanase activity as shown in Fig. 1. 
The clear ring zone of discoloration was evidently 
formed surrounding the cultures and Congo red 
dye was in fact added on the xylan agar for 
better observation of the clear ring zone. The 
discoloration of the clear ring zone was large 
enough where they were easily observed and 
detected with the naked eyes. Indeed, the ring 
zones of discoloration on the xylan agar 
incubated with mutants appeared after 2 to 3 
days of incubation at 37°C. The presence of 
discoloration around the mutants colonies on the 
xylan agar occurred after incubation proved the 
secretion of xyl anase which particularly 
hydrolyzed its beechwood xylan substrate as a 
result of xylan hydrolysis. The xylan hydrolysis 
might be varied depends on their different tones 
of discoloration. Some of bacteria species might 
produce darker zone color compared to those 
from Bacillus spp. Members of the genus Bacillus 
have proven to possess the ability to produce a 
wide variety of extracellular enzymes in which 
xylanases are notably important for industrial 
applications. When Bacillus spp isolated by 
Annamalai et al. [11] were subjected to 
screening, they detected that the xylan binding 
xylanases could eliminate side chains from the 
xylan backbones. As a result, halo clear ring 
zones with the sizes of 18 mm to 24 mm in 
diameter around the bacteria colonies were 
observed on the xylan agar, thus, proving their 
xylanolytic abilities to hydrolyse xylan backbone 
which led to the formation of complex xylo-
oligosaccharides with different degrees of 
composition and polymerization [12]. Xylo-
oligosaccharides are composed of a mixture of 
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oligosaccharides obtained from the breakdown of 
β-1,4-linkages of xylan-containing substrates by 
xylanase enzyme. Furthermore, an approximate 
study was also carried out amongst twelve 
strains of Bacillus spp in Rajshahi University, 
Bangladesh. One of which was characterized 
and found to be B. cereus isolated from soil. 
Their findings revealed the presence of 
transparent clear ring zone formation on xylan 
agar after incubated with B. cereus [13]. 
Additionally, a 33 mm zone of clearance 
occurred around a bacteria colony on xylan agar 
after staining with Congo red dye, hence, proving 
the presence of xylanolytic ability that was 
belonged to Bacillus arseniciselenatis strain 
DSM-15340 [14].  
 
Congo red dye was noted to interact only with 
intact 1,3- and 1,4-β-D-glucans. Pure beechwood 
xylan substrate used in this study was employed 
in the agar for the qualitative identification and 
confirmation of xylan degrading microorganisms. 
Thus, the molecular mass of the substrate 
decreases simultaneously as the enzymatic 
reaction occurs [12]. Xylanase activity 
confirmation could be prepared with xylan 
extracted from different sources such as 
beechwood, oat spelt and birchwood. All 
demonstrate xylan hydrolysis process by 
producing xylose and xylo-oligosaccharides 
regardless of whether xylose is produced by 
xylan hydrolysis is based upon the origin of the 
xylanase [15]. Notably, higher xylo-
oligosaccharides and xylotetraose were also 
identified after hydrolysis using birchwood and 
oat spelt xylan [15]. Indeed, Bacillus sp. strain 
DSNC 101 released higher oligosaccharides, 
xylotriose and xylobiose, but a minor quantity of 
xylose was also observed, thus suggesting that 
the enzyme was an endoxylanase [16]. 
Furthermore, B. subtilis generated traces of 
xylose, xylobiose and xylotriose following 
hydrolysis of xylan but elicited no reducing sugar 
from cellulose and it thus described as true 
xylanase [17]. Based on the results in the 
present study, we suggested that all mutant 
strains of B. subtilis ATCC 6633 released some 
xylo-oligosaccharides and xylose after xylanase 
hydrolysis of xylan as detected from the plate 
hydrolysis assay. On the other hand, according 
to Meddeb-Mouelhi et al. [18], they suggested 
that methods that relied on the interactions 
between a dye of Congo red and a polymeric 
substrate such as birchwood xylan for indirect 
detection of enzyme hydrolysis might require the 
use of relevant controls and independent 
confirmation of enzymatic activities assay. 

Hence, the mutants used in this study were 
thereafter scaled up in the submerged 
fermentation to quantitatively confirm the 
xylanase activity in the fermentation samples 
using the enzyme activity assay according to 
Bailey et al. [9]. 
 
3.2 Growth of Wild Type and Mutants                

of B. subtilis  under Submerged 
Fermentation Using Barley Husk as 
the Prime Carbon Source  

 
Microbial enzymes production is usually growth-
associated. The highest enzyme production from 
different microorganisms has been found to 
accelerate during stationary growth phase but 
deteriorate thereafter during the death phase 
[19]. In the present study, we disclosed the 
xylanase overproduction by mutant strains of B. 
subtilis subsp. spizizenii ATCC 6633 as the 
potent bacterial xylanase producer using cost 
effective sustainable agro-industrial residues of 
barley husk as the prime carbon source under 
submerged fermentation. B. subtilis ATCC 6633 
is a subspecies of B. subtilis. ATCC nucleic acid 
data sheet describes it as Bacillus subtilis subsp. 
spizizenii strain NRS 231 created by Nakamura 
et al. [20]. Based on the results, wild type and 
mutants of B. subtilis ATCC 6633 grown 
exponentially from 12 h to 24 h before crossed 
the threshold of the stationary growth phase. 
When B. subtilis grown in the batch submerged 
fermentation, the xylanase production and cell 
count typically changed constantly as a result of 
the metabolism of the bacterial cells. Data 
showed that the maximum xylanase activity from 
the wild type and mutants of B. subtilis was 
detected at 24 h of fermentation. Notably, the 
extracellular xylanase production was 
commenced after 12 h of inoculation of B. subtilis 
in submerged fermentation. Submerged 
fermentation has been exploited to play pivotal 
roles in attaining improved xylanase yields. 
Submerged fermentation allows the increased 
regulation of fermentation conditions including 
adequate and effective transfer of heat and 
mass. In fact, it is the preferred production 
method to obtain more purified enzymes 
[21,22,23]. As such, approximately all xylanases 
manufactured worldwide are produced under 
submerged fermentation [1]. Submerged 
fermentation also allows higher enzyme titres 
besides being able to efficiently control the 
fermentation conditions. Apparently, it is known 
for fermentation of aerobic microorganisms 
especially in the production of xylanase [21]. 
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Fig. 1. Xylan plate hydrolysis assay of wild type and mutants of B. subtilis ATCC 6633 
The discoloration of Congo red dye occurred after incubation of wild type and mutants of B. subtilis on xylan agar. 

The appearance of the clear ring zone as a result of discoloration of Congo red dye was observed on the xylan 
agar after the incubation of mutants of MXB 1, MXB 2, MXB 3, MXB 4 and MXB 5 of B. subtilis. Wild type of B. 

subtilis ATCC 6633 as the control of the experiments also shows the presence of clear ring zone of discoloration. 
The clear ring zone formation occurred after the xylanase hydrolysis of xylan  

proving the secretion of xylanase from the mutant cultures. 
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Based on the results, a rapid simultaneous 
increase of xylanase production was detected 
with a continuous increase of the log growth 
phase. The maximum cell count of 1.40 × 
108±1.53 × 106 cells/mL for wild type, 1.16 × 108 

±5.8 × 106 cells/mL for MXB 1, 1.32 × 108±2.3 × 
107 cells/mL for MXB 2, 1.13 × 108±1.47 × 107 

cells/mL for MXB 3, 1.27 × 108±2.14 × 107 
cells/mL for MXB 4 and 1.21 × 108±1.41 × 107 
cells/mL for MXB 5 were attained at 24 h of 
fermentation, respectively. Apparently, the cells 
of wild type and mutants of B. subtilis grown at 
the fastest rate at 24 h of fermentation resulting 
in the most rapid xylan hydrolysis of barley husk. 
Subsequently, xylanase activity was decreased 
1.29±0.002 U/mL to 1.05±0.01 U/mL for wild 
type, 1.49±0.04 U/mL to 1.17±0.01 U/mL for 
MXB 1, 1.51±0.02 U/mL to 1.23±0.005 U/mL for 
MXB 2, 1.60±0.07 U/mL to 1.25±0.02 U/mL for 
MXB 3, 1.61±0.09 U/mL to 1.30±0.03 U/mL for 
MXB 4 and 1.49±0.002 U/mL to 1.22±0.03 U/mL 
for MXB 5 with increase in fermentation time 
from 36 h to 72 h. The xylanase production 
observed during the later stage of growth could 
be attributed to the reflection of minute amounts 
of xylanase liberated from the bacterial cells 
which were undergoing autolysis [24]. 
Nonetheless, the gradual decline of xylanase 
yield was associated with the bacterial cells 
which entered the death phase. Diminishing 
amount of nutrients, presence of growth 
inhibitors, cellular fragmentation and liberation of 
intracellular residues such as protease into the 
fermentation medium could be the reasons to 
inhibit xylanase activity [25,26,27]. In addition, 
according to Haq et al. [28], it might also due to 
the presence of crystalline residuals left in the 
medium that could not be hydrolysed by the 
bacteria for further xylanase production after the 
digestion of susceptible portion of xylan 
molecules was carried out. Indeed, the result 
findings in the present study revealed that there 
was a direct relationship between secretion of 
extracellular xylanase and cell count of B. 
subtilis. An increase in cell count resulted in a 
simultaneous increase in xylanase secretion into 
the culture medium which suggested that xylose 
was actively utilized by the wild type and mutants 
of B. subtilis during the growth phase. Several 
studies of xylanase production with similar 
patterns have been reported. Indeed, the 
maximum xylanase production from B. subtilis 
was detected during the stationary growth phase 
according to Bansal et al. [25].  
 
Microbial xylanases from bacteria such as B. 
subtilis are the preferred catalysts for xylan 

breakdown due to their mild reaction conditions, 
high substrate specificity, minimal loss of 
substrate and nominal side product generation 
and it therefore has been considered worthy in 
diverse applications in the processing of food, 
animal feeds and paper pulp [1,29]. Many 
microorganisms including fungi and bacteria 
have demonstrated their readiness to hydrolyse 
xylans by synthesising 1,4-β-D endo-xylanases 
(enzyme of this study) which cause the partial 
degradation of plant cell wall as a result of the 
softening occurred at the penetration region of 
cell wall. Indeed, microbial xylanolytic enzyme 
systems which hydrolyse xylan by synthesizing 
1,4-β-D endo-xylanases and sometimes with β-
xylosidases were also being reported in 
actinomycetes [30,31], fungi [32,33] and bacteria 
[34,35]. There are several important xylanolytic 
enzyme producers include Bacillus [36], 
Aspergillus [37], Streptomyces [38], Trichoderma 
[39], Clostridia [40] together with a few of novel 
xylanases from Simplicillia [41] and Armillaria 
[32]. Among all the microorganisms, B. subtilis 
has been evaluated as a dominant xylanase 
producer [42]. Bacillaceae as the interesting 
industrial microorganisms have been widely used 
than other bacteria. B. subtilis is described as a 
rod-shaped catalase-positive bacterium. In 
biotechnological applications for xylanase 
production, this microorganism is regarded as 
one of the most popular microorganisms 
exhibiting excellent fermentation properties. 
Therefore, B. subtilis is currently being utilised as 
the best characterized Gram-positive bacterium 
for xylanase production. B. subtilis has shown its 
viability to use various agricultural residues as 
sources of carbon in diverse medium 
compositions for biomass and xylanase 
production. Various agricultural wastes such as 
wheat straw, sugarcane bagasse, corn cobs, rice 
husk, soybean meal and wheat bran in varying 
medium components were evaluated to enhance 
growth and to produce high titres of xylanase.  
 
Due to the uneconomical use of pure xylan for 
industrial xylanase production, this study is also 
investigated the employment of xylan-rich low-
cost agricultural residue such as barley husk. 
The finding obtained from this study is similar to 
the published reports from Bacillus species in 
attempt to employ agricultural residues as 
sources of carbon to boost xylanase production. 
In a study by Tork et al. [43], the highest 
maximum xylanase activity of 1.06 U/mL 
produced by B. subtilis XP10 was attained using 
barley bran as an inducer. Sugumaran et al. [4] 
detected 7.5 U/mL of xylanase activity from             
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B. subtilis using cassava bagasse as carbon 
substrate after optimisation of culture medium. 
Similar result was described by Sharma et al. 
[34]. They reduced the enzyme production cost 
of B. coagulans B30 by utilizing microwave 
treated forest agro-residuals as carbon sources 
for xylanase production. The biosynthesis of 
xylanase on xylan or xylan containing agro-
residues suggested that xylan plays a pivotal role 
in effective induction of xylanase by Bacillus 
strains. Furthermore, Amore et al. [44] evaluated 
an appreciable xylanase activity produced by 
Bacillus amyloliquefaciens XR44A for its ability to 
hydrolyse brewer’s spent grain which yielded the 
maximum xylanase activity of 10.5 U/mL 
following pre-treatment of grain with aqueous 
ammonia soaking under optimised conditions. 
Likewise, Irfan et al. [45]  also investigated vast 
agricultural-based substrates for xylanase 
production from bacterial strain of B. subtilis 
BS05. As a result, the maximum xylanolytic 
activity of 439.5 ± 2.84 U/mL was attained using 
sugarcane bagasse in the production medium 
constituents containing sucrose and yeast 
extracts. On the other hand, Bacillus subtilis 
BL53 showed the highest specific activity of 
xylanase within 72 h of cultivation using industrial 
soybean residue as the carbon source [46]. 
Furthermore, the use of barley husk as the 
optimum alternative cheap substrate for xylanase 
production by B. subtilis was detected in a study 
conducted by Soliman et al. [6]. Therefore, 
carbon source of barley husk was used in the 
present study to elucidate the production of 

xylanase by wild type and mutant strains of B. 
subtilis ATCC 6633. Below here in Fig. 2 shows 
the growth profile of wild type and mutants of B. 
subtilis ATCC 6633 during the production of 
xylanase using barley husk as the prime 
substrate in the present study.  
 

3.3 Xylanase Production by Wild Type 
and Mutants of B. subtilis  under 
Submerged Fermentation Using 
Barley Husk as the Prime Carbon 
Source 

 
Submerged fermentation has brought out 
industrial-level production of xylanase. According 
to Corral and Villasenor-Ortega [22], significant 
fermentation conditions such as temperature, 
medium pH, oxygen saturation and agitation of 
the culture medium that possess significant 
effects on yield of xylanases are optimised in 
submerged fermentation. Almost all industrial 
xylanases production worldwide is conducted 
under submerged fermentation [1]. Study on the 
time course is a crucial determining factor which 
exhibits the efficacy of the fermentation process 
in association with enzymes formation. Several 
studies divulged the maximum xylanase 
production occurred at 36 h to 48 h after 
inoculation [2,11]. In this study, submerged 
fermentation supported the growth of the wild 
type and mutants of B. subtilis utilizing free 
flowing liquid substrate of barley husk to produce 
xylanase is shown in Fig. 3. Based on the 
results, all of the mutants were observed to

 

 
 

Fig. 2. Growth profile of wild type and mutants of B. subtilis  ATCC 6633 during the production 
of xylanase using barley husk under submerged fermentation 

All experiments were conducted in triplicate while the error bars indicate the standard deviation. 
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possess their own maximum xylanase activity 
under the same growth conditions at 24 h of 
fermentation. Notably, the maximum xylanase 
activity of 1.76 ± 0.02 U/mL by the mutant MXB 4 
of B. subtilis was attained compared to the 
xylanase production of the wild type with 
1.36±0.003 U/mL. Indeed, this maximum 
xylanase activity from the MXB 4 was increased 
by approximately 29.4% compared to the wild 
type. Furthermore, MXB 1, MXB 2, MXB 3 and 
MXB 5 also exhibited relatively higher maximum 
xylanase activity of 1.64±0.09 U/mL, 1.73±0.05 
U/mL, 1.74±0.02 U/mL and 1.66±0.02 U/mL in 
comparison with their parental wild type of 
1.36±0.003 U/mL.  
 
In the present study, the data of the xylanase 
production by wild type and mutants of B. subtilis 
ATCC 6633 in the submerged fermentation in 
this study was statistically evaluated using single 
factor analysis of variance (ANOVA) at a 
significance level of p<0.05. Based on the 
results, we observed that there were variations in 
the sum of square (SS) in xylanase production, 
producing values of 0.098316 and 0.010815 
between and within the groups of wild type and 
mutants of B. subtilis in the present study. 
Furthermore, there were also differences in the 
mean square (MS) of xylanase production 
between and within the groups of wild type and 
mutants with the values of 0.098315 and 
0.002704, respectively. MS was quantified by 
dividing the SS with the degree of freedom (df). 
In addition, since the F-statistics value of 
36.363187 is larger than F-critical value of 
7.708647 and p value of 0.003812 is less than 
the alpha value of 0.05, we rejected the null 
hypothesis. As such, we concluded that there 
was significant difference in the mean values for 
the production of xylanase between the mutants 
and wild type of Bacillus subtilis ATCC 6633 
using barley husk as the prime carbon source 
under submerged fermentation. 
 
Other related approaches in attempt to increase 
xylanase production using mutant strains have 
also been conducted and elucidated. Khodayari 
et al. [47] performed related study by using 
Bacillus sp. KH-13 to improve xylanase 
production. In their experiments, the chemical 
mutagen of ethidium bromide was used to induce 
mutation of the bacterial strain. As a result, the 
mutant known as Bacillus sp. KH13-M4 produced 
xylanase activity of 2.58 U/mL which was around 
1.36-fold higher than its parental strain. 
Additionally, UV mutagenesis was also subjected 
to Bacillus mojavensis PTCC 1723 to 

overproduce xylanase under the optimised 
growth conditions [2]. In their study, the selected 
mutants were successfully produced 3.45-fold 
more xylanase enzyme than the wild strain. 
Likewise, Kumar et al. [48] also performed the 
overproduction of extracellular xylanase by 
Thermomyces lanuginosus SK after subjected to 
N-methyl-N-nitro-N-nitrosoguanidine and UV 
irradiation. As a result, the mutant T. lanuginosus 
MC 134 possessed 1.5-fold increase in xylanase 
yield using oat spelt xylan as the substrate when 
compared to the wild type strain. On the other 
hand, Desphpande et al. [49] studied a        
mixed culture of Aspergillus niger and 
Trichodermareesei QM, whereby the mutant 
number 414 stimulated 2-fold increase in 
xylanase production in the fermentation medium. 
Chemical mutagens of EMS and AO were 
probably caused by alkylation of guanine 
residues in the mutants of B. subtilis. As a result, 
the permanent lesions within the gene of 
xylanase were anticipated in the mutants that 
eventually formed clusters of closely linked 
mutations. It would therefore potentially increase 
and improve xylanase production [50]. 
Furthermore, the increased production of 
xylanase in mutants of B. subtilis particularly 
MXB 4 with the highest maximum xylanase 
activity could also be ascribed to the ability of the 
mutant strain in gaining easier access of the 
hemicelluloses of xylan in barley husk [51]. In 
essence, the results from the present study 
indicated the use of mutant strains was a 
constructive method for significant xylanase 
overproduction utilising lignocellulosic material of 
barley husk as the substrate. Barley husk is a by-
product of barley germination. The cell wall of 
barley tissue is primarily consisted of 
arabinoxylan found in the husk [52]. The husk 
which also known as the hull represents 10% to 
30% of the barley kernel is composed of 
hemicellulose, cellulose and lignin with a minimal 
quantity of barley [53]. Indeed, it is predicted that 
the complete xylan degradation of barley 
requires endoxylanases and β-xylosidases in 
association with arabinofuranosidases in order to 
liberate arabinose and xylose [54]. Furthermore, 
huge differences in the digestibility and solubility 
of barley cell wall polysaccharides are apparently 
depended on the composition of the growing 
barley grain [55]. In essence, one of the 
advantages of using barley husk as a substrate 
includes the production of high xylanase titres. 
Barley grain possesses a characteristic of 
softwood xylan that is known for a high content of 
β-glucans ranging from 2.5% to 11.3%. In fact, 
arabinoxylans and β-glucans are the principal 
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structural residues of the cell wall in the different 
tissues that make up the barley grain which is 
suitable for enhanced xylanase production.  
 

3.4 Extracellular Protein Production by 
Wild Type and Mutants of B. subtilis  
under Submerged Fermentation 
Using Barley Husk as the Prime 
Carbon Source 

 
Protein is one of the biological metabolites 
produced by Bacillus spp during the fermentation 
using agricultural residues as the carbon 
sources. Based on Fig. 4, the maximum level of 
extracellular protein secretion from the wild type 
and mutants of B. subtilis was attained after 24 h 
of fermentation. In the present study, the mutant 
strains of MXB 2 and MXB 4 possessed           
the highest maximum extracellular protein 
concentration of 0.82±0.02 mg/mL with the cell 
count of 1.32 × 108±2.3 × 107 cells/mL and 
0.82±0.03 mg/mL with 1.27 × 108±2.14 × 107 

cells/mL, respectively. This was followed by the 
mutant of MXB 3 with its protein production of 
0.81±0.02 mg/mL from cell count of 1.13 × 108± 
1.47 × 107 cells/mL. On the contrary, wild type of 
B. subtilis showed an extracellular protein 
concentration of 0.55±0.01 mg/mL. Indeed, 
mutants of MXB 2 and MXB 4 exhibited 49.1% 
increment in protein secretion than the wild type 
under the same conditions. Thereafter, there was 
gradual decline in protein production in the 
medium along with reduction in the bacteria 
growth rate. In the course of this study, low yields 
of extracellular protein concentration produced 
by wild type and mutants of B. subtilis ATCC 
6633 were probably due to the protease 
secretion [41]. Notably, Bacillus spp secrete high 
levels of extracellular protein into the medium. 
Nonetheless, they also secreted high amounts of 
proteases which hydrolyse the peptide bonds of 
proteins. Bacillus spp have also been found to be 
the principal producer of protease which results 
in shortcoming of protein production [56].  

 

 
 
Fig. 3. Production of xylanase by wild type and mutants of B. subtilis  ATCC 6633 using barley 

husk under submerged fermentation 
All experiments were conducted in triplicate and all assays were carried out at 12 hour interval.  

The error bars indicate the standard deviation. Xylanase activity is represented as column charts while cell count 
is represented as line graphs 
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Fig. 4. Total extracellular protein production by wild type and mutants of B. subtilis  ATCC 6633 

using barley husk under submerged fermentation 
All assays were done at 12 hour interval and conducted in triplicate. The error bars indicate the standard 
deviation. The total extracellular protein concentration is represented as column charts while cell count is 

represented as line graphs. 
 
3.5 Profile of Medium pH During Growth 

of Wild Type and Mutants of                          
B. subtilis  under Submerged 
Fermentation  

 
The influence of medium pH on xylanase 
production is shown in Fig. 5. Medium pH is 
among the most important parameters in 
fermentation process. The changes of medium 
pH are depended on the medium composition. 
The mutants in this study achieved the maximum 
cell count at medium pH range of 6.09±0.2 to 
6.5±0.3 after 24 h of inoculation. In fact, 
simultaneous increase in xylanase activity with 
its increase in medium pH occurred at 24 h of 
fermentation when barley husk as the source of 
carbon was used for the xylanase production by 
wild type and mutants of B. subtilis ATCC 6633. 
Apparently, the maximum xylanase production of 
1.36±0.003 U/mL by the wild type of B. subtilis 
ATCC 6633 was attained at the near neutral 
medium pH of 6.47±0.3 compared to the mutant 
of MXB 4 with the xylanase activity of 1.76±0.02 
U/mL at slight acidic pH of 6.1±0.2. In fact, the 
maximum xylanase activity exhibited at slight 

acidic medium pH of 6.2±0.1, 6.09±0.2, 6.1±0.2, 
and 6.2±0.1 for MXB 1, MXB 2, MXB 3 and MXB 
5, respectively. On the contrary, when the 
fermentation was prolonged after 72 h, relatively 
lower xylanase production from the wild type and 
mutants of B. subtilis ATCC 6633 was observed 
at the medium pH from 7.5±0.2 to 7.9±0.3. 
Based on the result findings, we suggested that 
mutants of B. subtilis achieved their maximum 
xylanase production at the slight acidic medium 
pH while wild type produced xylanase at the near 
neutral pH under submerged fermentation. 
Similar optimum pH for Bacillus spp has been 
observed in many studies for xylanase 
production. Ammoneh et al. [57] reported the 
optimum medium pH of 7 was needed for the 
maximum production of xylanase by B. pumilus 
SY30A and medium pH 6 for B. subtilis SY185C 
and SY190E, respectively. In another study, B. 
subtilis was reported to produce the optimum 
xylanolytic enzymes of 12.0 U/mL at medium pH 
6.0 within 18 h of fermentation [58]. Furthermore, 
the maximum xylanases production by                
B. licheniformis [59], Bacillus sp DM-15 [60] and 
B. pumilus [61] exhibited at the optimum medium 
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Fig. 5. Profile of medium pH during growth of wild type and mutants of B. subtilis  ATCC 6633 

using barley husk under submerged fermentation 
pH of the medium was quantified at 12 hour interval. All assays were conducted in triplicate. The error bars 
indicate the standard deviation. The xylanase activity is represented as column charts while medium pH is 

represented as line graphs 
 
pH of 6.5. Nonetheless, the optimum medium pH 
of a few bacterial xylanases has also been 
detected at the alkaline medium pH. The 
optimum pH for xylanase production by Bacillus 
sp KH-13 with its ethidium bromide mutant 
Bacillus sp KH13-M4 occurred at medium pH 9.5 
besides B. pumilus showed its optimum activity 
at pH 9.0 [47,62]. In this study, the medium pH 
might probably influence the transport of 
xylanase across the cell membrane. Knowing 
that enzymes are globular proteins, the ionic 
characteristic of the carboxylic and amino acid 
groups on the xylanase surface are predisposed 
to be influenced by changes in pH, as such, the 
catalytic attribute of the xylanase was strikingly 
influenced [63]. In the present study, 
fermentation that occurred at relatively higher 
and lower medium pH affect the xylanase 
production by wild type and mutants of B. subtilis 
ATCC 6633. Variations in the external pH of the 
medium possess the ability to alter the ionization 
of nutrient molecules by reducing the availability 
of nutrients to the microorganisms. As a result, 
the drastic changes in pH impair microbial cells 
by disrupting their plasma membranes, limiting 
their accessibility of substrate and interfering 

their metabolisms for growth and xylanase 
secretion [64]. Therefore, different mutants of B. 
subtilis ATCC 6633 displayed their distinctive pH 
profile for its optimal growth and xylanase activity 
using barley husk as the source of carbon in the 
submerged fermentation. 
 
4. CONCLUSION 
 
In this study, all mutants of B. subtilis ATCC 
6633 were verified to produce xylanase after 
xylan hydrolysis as detected by Congo red dye 
staining on xylan agar. The extracellular protein 
concentration and xylanase activity of all mutants 
particularly MXB 4 increased after 24 h of 
fermentation compared to their parental strain. In 
fact, MXB 4 attained as the highest xylanase 
mutant producer after subjected the wild type to 
10 µg/mL of AO for 15 min. MXB 4 possessed 
higher maximum xylanase activity of 1.76 U/mL 
compared to the xylanase production by the wild 
type with 1.36 U/mL at medium pH 6.47. AO 
induced visible and lethal mutations in the 
xylanase genes, causing alkylation of guanine 
residues which resulted in permanent lesions 
within the DNA. Hence, AO could be considered 
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as one of the effective mutagens to enhance 
overexpression and overproduction of xylanase 
enzyme in B. subtilis.  
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