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ABSTRACT8

Aims: Xylanase also known as endo-1,4-β-xylanohydrolase is a type of hydrolytic enzyme participated in9
the hydrolysis of hemicelluloses particularly in xylan to generate xylose and xylo-oligosaccharides. Due to10
its enormous potentials, xylanase is frequently used in biobleaching of kraft pulp, clarification of fruit juice,11
extraction of plant oils, processing of animal feeds, softening of fruits, degradation of agricultural wastes12
and plant fibers and manufacturing of chemicals including biofuel, ethanol and xylitol. These applications13
of xylanase avoid the use of chemicals that are expensive, mutagenic and highly non-biodegradable.14
Interestingly, in recent years, the applications of xylanase in biobleaching and bioprocessing of paper15
pulp have gained numerous attentions and interests in the industry over the world. Therefore, couple of16
lignocellulolytic substrate as the alternative cheap carbon source and strain improvement for17
overproduction of microbial xylanase is implemented as a more potent approach in improving its yield and18
productivity in submerged fermentation. As a result, the main aim of the present study was primarily19
involved in the overproduction of xylanase by five mutant strains of Bacillus subtilis subsp. spizizenii20
ATCC 6633 designated as the MXB 1, MXB 2, MXB 3, MXB 4 and MXB 5 in submerged fermentation21
using barley husk as the prime carbon source.22
Methodology: In order to attain the mutants, B. subtilis was subjected to random mutagenesis of ethyl23
methane sulfonate (EMS) and acridine orange (AO) in the earlier study before screened for the24
overproduction of xylanase in the present investigation.25
Results: Based on the present investigation, we targeted to verify and produce xylanase from mutant26
strains of B. subtilis ATCC 6633 as the potent bacterial xylanase producers using cheap agro-industrial27
residue of barley husk as the sole carbon source under submerged fermentation. Furthermore,28
extracellular protein production and profile of medium pH during growth of wild type and mutants of B.29
subtilis under submerged fermentation were also elucidated. Based on the result findings, the time course30
of xylanase biosynthesis by the mutants of B. subtilis revealed that the enzyme production was31
materialized starting from the logarithmic to stationary growth phase whereby the maximum xylanase32
activity was achieved after 24 h of fermentation. In fact, all mutant strains of B. subtilis were successfully33
synthesized relatively higher production of xylanase than their parental wild type in submerged34
fermentation using barley husk as the prime carbon source. Notably, the maximum xylanase activity of35
1.76 U/mL was attained by the mutant MXB 4 of B. subtilis which was approximately 1.3-fold increase in36
xylanase activity than the wild type with 1.36 U/mL. Furthermore, MXB 1, MXB 2, MXB 3 and MXB 5 also37
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exhibited comparatively higher maximum xylanase activity of 1.64 U/mL, 1.73 U/mL, 1.74 U/mL and 1.6638
U/mL compared to their parental wild type. Indeed, the statistical single factor analysis of variance39
(ANOVA) on xylanase production revealed there was significant difference in the mean of the xylanase40
production by the wild type and mutant strains of B. subtilis (p<0.05). On the other hand, the total41
maximum extracellular protein production was achieved by mutant strains of MXB 2 and MXB 4 with42
protein concentration of 0.82 mg/mL. Both demonstrated increment of 1.49-fold in protein production than43
the wild type which possessed relatively lower concentration of 0.55 mg/mL. Besides that, the profile of44
medium pH on xylanase activity by mutants and wild type of B. subtilis was also elucidated in the present45
study. The highest xylanase activity was attained at slight acidic pH of 6.1 as shown by the mutant MXB 446
in comparison with wild type at pH 6.47.47
Conclusion: In a nutshell, the result findings suggested the mutant strains of B. subtilis ATCC 663348
particularly MXB 4 as the most potent xylanase producer in submerged fermentation using carbon source49
from agricultural extract of barley husk. Mutant MXB 4 of B. subtilis is anticipated to be beneficial in50
various xylanase applications especially in the processing of animal feeds and food industry.51

52
Keywords: Overproduction, xylanase, random mutagenesis, Bacillus subtilis, submerged fermentation53

54

1. INTRODUCTION55
56

Enzymes are the biocatalysts function with crucial roles in all stages of metabolism and biochemical57
reactions. In recent years, a tremendous upsurge in the utilization of enzymes as industrial catalysts has58
been observed. These enzymes often offer immense benefits in comparison to the use of conventional59
chemical catalysts for numerous reasons. Enzymes are generally exhibit high catalytic activity.60
Furthermore, they are highly biodegradable and economically feasible that commonly produced in large61
amounts without any danger threats to the environment [1]. Amongst these enzymes, there has been62
drastic increase in the production of enzymes such as xylanase due to its pivotal roles in vast63
biotechnological applications. The biodegradation characteristic of xylanase on plant cell wall described64
this enzyme possesses one essential character along with many significant applications [2]. Xylanase has65
also proven plausible in the clarification of fruit juices and wines, production of modified xylan as bulking66
agent for food processing, conversion of xylan into monomeric products such as sweetener liked xylitol as67
well as modification of cereal flour to enhance volume, texture and staling properties of bread [1]. In fact,68
biobleaching using xylanase is crucial especially in the manufacturing of pulp paper by reducing and69
releasing lignin component. As a result, it increases the brightness of pulp which involves the hydrolytic70
breakdown of xylan. Notably, xylan is a heterogeneous polysaccharide that consists of a linear backbone71
of β-1,4-D-xylopyranoside residues with short side-chain branches [3]. Xylan is the most abundant,72
natural non-cellulosic polysaccharide present mainly in the secondary cell wall in plants constituting about73
20% to 35% of the total dry weight in tropical plant biomass. Xylan hydrolyzing enzymes are crucial74
industrial enzymes. Consequently, intense researches in modern years have focused on xylanases75
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production by many types of microorganisms. On the other hand, the choice of the substrate is of great76
importance for the selection and successful production of large amount of xylanases. Many77
lignocellulolytic substrates such as barley husks, corncobs, sugarcane bagasse and wheat bran have78
been studied and a good number of them have performed significantly better than isolated purified xylans79
with respect to the yields of xylanase in large-scale production processes. Maximum xylanase production80
and activity using cassava bagasse as the carbon source was reported by Sugumaran et al. [4]. Indeed,81
Ecaterina et al. [5] mentioned that barley husk comprised of various polysaccharides with hemicelluloses82
as the most important component suitable for xylanase hydrolysis. In fact, a study was conducted by83
Soliman et al. [6] where they reported that the maximum xylanase activity of 8.66 g/L was produced by84
Bacillus mojavensis A21 using barley bran as the carbon source. In accordance, many studies have also85
been evaluated using barley husk for production of ethanol [7]. Nonetheless, only a few studies have86
been conducted regarding B. subtilis subsp. spizizenii ATCC 6633 in respect to xylanase production.87
Therefore, in the present study, we embarked on the following objectives to verify the production of88
xylanase from the mutants of B. subtilis after random mutagenesis of ethyl methane sulfonate (EMS) and89
acridine orange (AO) using plate hydrolysis assay and to elucidate overproduction of xylanase from the90
mutants of B. subtilis under submerged fermentation using the prime carbon source of barley husk91
compared with its parental wild type of B. subtilis.92

93

2. MATERIALS AND METHODS94
95

2.1 Mutants and wild type of Bacillus subtilis subsp. spizizenii ATCC 663396
Bacillus subtilis subsp. spizizenii ATCC 6633 was obtained from American Type Culture Collection97
(ATCC), Manassas, USA. B. subtilis ATCC 6633 was subcultured on nutrient agar and incubated at 30°C98
until bacterial colonies developed. Subsequently, the bacteria was maintained and stored at 4°C. On the99
other hand, total of five mutants of B. subtilis were produced after random mutagenesis using EMS and100
AO as the chemical mutagens to induce the random mutation in wild type of B. subtilis subsp. spizizenii101
ATCC 6633 for xylanase production according to the method mentioned by Ho and Chor [8]. Notably, in102
this study, the mutant strains of B. subtilis were designated as MXB 1, MXB 2, MXB 3, MXB 4 and MXB 5103
as shown in Table 1, respectively.104

105
Table 1. Mutagens used for random mutagenesis of B. subtilis ATCC 6633106

107
Mutant Mutagen concentration Exposure time (min)
MXB 1 100 µg/mL EMSa 15
MXB 2 50 µg/mL AOb 15
MXB 3 50 µg/mL AOb 30
MXB 4 10 µg/mL AOb 15
MXB 5 10 µg/mL AOb 30

108
aEthyl methane sulphonate (EMS)109
bAcridine orange (AO)110
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2.2 Preparation of standard inoculum111
In this study, mutant cells were harvested from overnight nutrient agar grown with the mutant cultures of112
B. subtilis. A loopful of MXB 1, MXB 2, MXB 3, MXB 4 and MXB 5 mutant cultures was aseptically113
transferred into five different test tubes containing nutrient broth and incubated overnight at 37°C at 150114
rpm for 24 h, respectively. The overnight test tubes were then vortexed to produce a homogeneous cell115
suspension. Serial dilution of the cell suspension of the mutant cultures was conducted using sterile116
distilled water to prepare the standard inoculum. On the other hand, the standard inoculum of the wild117
type of B. subtilis used as the control was also performed using the similar steps. 2.0 × 106 cells were118
used as the standard inoculum in the submerged fermentation for xylanase production by wild type and119
mutants of B. subtilis in this study.120

121
2.3 Confirmation of xylanase activity from mutants of B. subtilis using plate hydrolysis assay122
The confirmation of xylanase activity from five mutants of B. subtilis ATCC 6633 was conducted using123
plate hydrolysis assay. To detect the activity of xylanase, beechwood xylan agar adjusted at medium pH124
6.5 with the following composition (g/L): beechwood xylan, 10; peptone, 5; yeast extract, 5; MgSO4·7H2O,125
0.1; K2HPO4, 1 and agar, 15 was used in this confirmation test. To begin, 20 µL of the five mutant cultures126
were aseptically pipetted on the xylan agar, respectively. Using sterile hockey stick, the mutant cultures127
were spread uniformly on the agar. The agar plates were then incubated at 37°C until the mutant cultures128
developed and covered the surface of the agar. The plates were then subjected to staining with 3 mL of129
1% w/v Congo red dye before allowed to stand for 15 min at room temperature. Subsequently, 1 M NaCl130
was used as the distaining reagent to drain off the excess dye from the agar. Meanwhile, wild type of B.131
subtilis was used as the control of this experiment to detect the production of xylanase. All experiments132
were performed in triplicate. At the end of the experiments, the appearance of clear ring zone of133
discoloration on the xylan agar occurred due to the presence of xylanase activity where xylan substrate134
was hydrolyzed by xylanase secreted by the mutants of B. subtilis ATCC 6633.135

136
2.4 Xylanase production by wild type and mutants of B. subtilis under submerged fermentation137
using barley husk as the prime carbon source138
The medium composition used for the xylanase production by mutants and wild type of B. subtilis ATCC139
6633 in 250 mL working volume comprised of (g/L): peptone, 5; yeast extract, 5; MgSO4·7H2O, 0.1;140
K2HPO4, 1 and barley husk, 20 employed as the prime cheap alternative carbon source for the production141
of xylanase. Then, the pH of medium was adjusted to 6.5 before autoclaved at 121°C for 15 min.142
Subsequently, 2.0 × 106 cells of mutants used as the standard inoculum were inoculated into 250 mL143
medium in 500 mL Erlenmeyer flasks and incubated in the rotary incubation shaker at 150 rpm at 37°C144
for 72 h of submerged fermentation. On the other hand, wild type of B. subtilis was also inoculated and145
incubated for the production of xylanase as comparison. Samples were withdrawn and collected at every146
12 h interval. In the present study, sampling analysis was carried out to elucidate the maximum147
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production of xylanase by mutants and wild type of B. subtilis using agricultural extract of barley husk as148
the sole carbon source in submerged fermentation. All the experiments were performed in triplicate and149
the mean value was generated from the analysis.150

151
2.5 Sampling and analysis152
10 mL samples of submerged fermentation were collected aseptically at regular interval of 12 h. The cell153
count and pH of the medium were measured from the collected samples. Then, the samples were154
centrifuged at 9000 rpm for 20 min at 4°C. Subsequently, the supernatant was collected and used for the155
quantification of extracellular protein concentration and xylanase activity based upon its specific substrate156
of beechwood xylan.157

158
2.6 Xylanase activity assay159
The xylanase activity was estimated according to Bailey et al. [9] with slight modification using 1%160
beechwood xylan in 0.05 M sodium phosphate buffer, pH 5.3 as the substrate. The detection of xylose as161
the reducing sugar after xylanase activity was conducted using 3, 5-dinitrosalicyclic acid. To determine162
the xylanase activity, 0.1 mL of supernatant was added into 0.9 mL of 1% beechwood xylan substrate.163
The reaction was then incubated at 50°C for 30 min. 1.5 mL of 3, 5-dinitrosalicylic acid was added to the164
reaction mixture and incubated at 90°C for 5 min followed by the addition of 0.5 mL of 40% potassium165
sodium tartrate and subsequently allowed to cool at room temperature. The amount of xylose was166
determined by measuring the absorbance of the mixture at 575 nm via spectrophotometer. To quantify167
the xylanase activity, one unit of xylanase enzyme activity is defined as the amount of xylanase that168
catalyses the release of one micromole xylose per mL of enzyme extract per min under the standard169
assay conditions. The activity of xylanase was measured according to the standard curve of xylose.170
Several concentrations of xylose from 1 to 10 mg/mL were prepared, measured and plotted into a graph171
of the absorbance reading versus against concentrations. The activity of xylanase was quantified172
according to the standard curve of xylose. The results represent the mean value of xylanase activity from173
three independent experiments obtained from the fermentation samples of the wild type and mutants of B.174
subtilis. Standard deviation was calculated for the xylanase activity obtained at 12 h interval from the wild175
type and mutants of B. subtilis.176

177
2.7 Quantification of total extracellular protein concentration178
Total extracellular protein concentration was determined by Lowry method using Bovine Serum Albumin179
(BSA) as the standard [10]. 0.2 mL of supernatant was subjected to the quantification of total protein180
concentration by measuring the optical density at 750 nm.181

182
2.8 Quantification of cell number of wild type and mutants of B. subtilis183
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Haemocytometer was used to estimate the number of cells of wild type and mutants of B. subtilis found in184
the fermentation samples.185

186
2.9 Measurement of medium pH187
The pH of culture medium was measured using a pH meter. The pH meter was calibrated with special188
calibration solution. The medium pH was adjusted by using 1 M NaOH and 1 M HCl.189

190
2.10 Statistical analysis191
In the present study, the data of the xylanase production by wild type and mutants of B. subtilis in the192
submerged fermentation in this study was statistically evaluated using single factor analysis of variance193
(ANOVA) at a significance level of p<0.05.194

195

3. RESULTS AND DISCUSSION196

197

3.1 Confirmation of xylanase activity from mutants of B. subtilis using plate hydrolysis assay198
Based on the results, all mutants of B. subtilis ATCC 6633 were detected with the ability to produce199
xylanase. The xylan plate hydrolysis assay provided unequivocal evidence that all mutants of B. subtilis200
ATCC 6633 produced extracellular xylanase activity as shown in Figure 1. The clear ring zone of201
discoloration was evidently formed surrounding the cultures and Congo red dye was in fact, added on the202
xylan agar for better observation of the clear zone. The discoloration of the clear zone was large enough203
where they were easily observed and detected with the naked eyes. Indeed, the ring zones of204
discoloration on the xylan agar incubated with mutants appeared after overnight incubation at 30°C. The205
presence of discoloration around the mutants colonies on the xylan agar occurred after overnight206
incubation proved the secretion of xylanase which particularly hydrolyzed its beechwood xylan substrate207
as a result of xylan hydrolysis. The xylan hydrolysis might be varied depends on their different tones of208
discoloration. Some of bacteria species might produce darker zone color compared to those from Bacillus209
spp. Members of the genus Bacillus have proven to possess the ability to produce a wide variety of210
extracellular enzymes in which xylanases are notably peculiar significance and industrial importance.211
When Bacillus spp that isolated by Annamalai et al. [11] were subjected to screening, they detected that212
the xylan binding xylanases could eliminate side chains from the xylan backbones. As a result, halo clear213
zones with the sizes of 18 mm to 24 mm in diameter around the bacteria colonies were observed on the214
xylan agar, thus, proving their xylanolytic abilities to hydrolyse xylan backbone which led to the formation215
of complex xylo-oligosaccharides with different degrees of composition and polymerization [12]. Xylo-216
oligosaccharides are composed of a mixture of oligosaccharides obtained from the breakdown of β-1,4-217
linkages of xylan-containing substrates by xylanase enzyme. Furthermore, an approximate study was218
also carried out amongst twelve strains of Bacillus spp in Rajshahi University, Bangladesh. One of which219
was characterized and found to be B. cereus isolated from soil. Their findings revealed the presence of220
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Wild type                                                             MXB 1

MXB 2 MXB 3

transparent-clear zone formation on xylan agar after incubated with B. cereus overnight [13]. Additionally,221
a 33 mm zone of clearance occurred around a bacteria colony on xylan agar after staining with Congo red222
dye, hence, proving the presence of xylanolytic ability that was belonged to Bacillus arseniciselenatis223
strain DSM-15340 [14].224

225
Congo red dye was noted to interact only with intact 1,3- and 1,4-β-D-glucans. Pure beechwood xylan226
substrate used in this study was employed in the agar for the qualitative identification of xylan degrading227
microorganisms. Thus, the molecular mass of the substrate decreases simultaneously as the enzymatic228
reaction occurs [12]. Xylanase activity confirmation could be prepared with xylan extracted from different229
sources such as beechwood, oat spelt and birchwood. All demonstrate xylan hydrolysis process by230
producing xylose and xylo-oligosaccharides regardless of whether xylose is produced by xylan hydrolysis231
is based upon the origin of the xylanase [15, 16]. Notably, higher xylo-oligosaccharides and xylotetraose232
were also identified after hydrolysis using birchwood and oat spelt xylan [16]. Indeed, Bacillus sp. strain233
DSNC 101 released higher oligosaccharides, xylotriose and xylobiose, but a minor quantity of xylose was234
also observed, thus suggesting that the enzyme was an endoxylanase [17]. Furthermore, B. subtilis235
generated traces of xylose, xylobiose and xylotriose following hydrolysis of xylan but elicited no reducing236
sugar from cellulose and it thus described as true xylanase [18]. Based on the results in the present237
study, we could suggested that all mutant strains of B. subtilis ATCC 6633 released some xylo-238
oligosaccharides and xylose after xylanase hydrolysis of xylan as detected from the plate hydrolysis239
assay.240
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MXB 4 MXB 5
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Figure 1. Xylan plate hydrolysis assay of wild type and mutants of B. subtilis ATCC 6633. The270
discoloration of Congo red dye occurred after overnight incubation of wild type and mutants of B. subtilis271
on xylan agar. The appearance of the clear ring zone as a result of discoloration of Congo red dye was272
observed on the xylan agar after the incubation of mutants of MXB 1, MXB 2, MXB 3, MXB 4 and MXB 5273
of B. subtilis overnight. Wild type of B. subtilis ATCC 6633 as the control of the experiments also shows274
the presence of clear ring zone of discoloration. The clear ring zone formation occurred after the xylanase275
hydrolysis of xylan proving the secretion of xylanase from the mutant cultures.276
3.2 Growth of wild type and mutants of B. subtilis under submerged fermentation using barley277
husk as the prime carbon source278
Microbial enzymes production is usually growth-associated. The highest enzyme production from different279
microorganisms has been found to accelerate during stationary growth phase but deteriorate thereafter280
during the death phase [19]. In the present study, we disclosed the xylanase overproduction by mutant281
strains of B. subtilis subsp. spizizenii ATCC 6633 as the potent bacterial xylanase producer using cost282
effective sustainable agro-industrial residues of barley husk as the prime carbon source under submerged283
fermentation. B. subtilis ATCC 6633 is a subspecies of B. subtilis. ATCC nucleic acid data sheet284
describes it as Bacillus subtilis subsp. spizizenii strain NRS 231 created by Nakamura et al. [20] Based285
on the results, wild type and mutants of B. subtilis ATCC 6633 grown exponentially from 12 h to 24 h286
before crossed the threshold of the stationary growth phase. When B. subtilis grown in the batch287
submerged fermentation, the xylanase production and cell count typically changed constantly as a result288
of the metabolism of the bacterial cells. Data showed that the maximum xylanase activity from the wild289
type and mutants of B. subtilis was detected at 24 h of fermentation. Notably, the extracellular xylanase290
production was commenced after 12 h of inoculation of B. subtilis in submerged fermentation. Submerged291
fermentation has been exploited to play pivotal roles in attaining improved xylanase yields. Submerged292
fermentation allows the increased regulation of fermentation conditions including adequate and effective293
transfer of heat and mass. In fact, it is the preferred production method to obtain more purified enzymes294
[21, 22, 23]. As such, approximately all xylanases manufactured worldwide are produced under295
submerged fermentation [1]. Submerged fermentation also allows higher enzyme titres besides being296
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fermentation allows the increased regulation of fermentation conditions including adequate and effective329
transfer of heat and mass. In fact, it is the preferred production method to obtain more purified enzymes330
[21, 22, 23]. As such, approximately all xylanases manufactured worldwide are produced under331
submerged fermentation [1]. Submerged fermentation also allows higher enzyme titres besides being332
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able to efficiently control the fermentation conditions. Apparently, it is diversely known for fermentation of297
aerobic microorganisms especially in the production of xylanase [21].298

299
Based on the results observation, a rapid simultaneous increase of xylanase production was detected300
with a continuous increase of the log growth phase. The maximum cell count of 1.40 ×108 cells/mL for301
wild type, 1.16 × 108 cells/mL for MXB 1, 1.32 × 108 cells/mL for MXB 2, 1.13 × 108 cells/mL for MXB 3,302
1.27 × 108 cells/mL for MXB 4 and 1.21 × 108 cells/mL for MXB 5 were attained at 24 h of fermentation,303
respectively. Apparently, the cells of wild type and mutants of B. subtilis grew at the fastest rate at 24 h of304
fermentation resulting in the most rapid xylan hydrolysis of barley husk. Subsequently, xylanase activity305
was decreased with increase in fermentation time from 36 h to 72 h. The xylanase production observed306
during the later stage of growth could be attributed to the reflection of minute amounts of xylanase307
liberated from the bacterial cells which were undergoing autolysis [24]. Nonetheless, the gradual decline308
of xylanase yield was associated with the bacterial cells which entered the death phase. Diminishing309
amount of nutrients, presence of growth inhibitors, cellular fragmentation and liberation of intracellular310
residues such as protease into the fermentation medium could be the reasons to inhibit and terminate311
xylanase activity [25, 26, 27]. In addition, according to Haq et al. [28], it might also due to the presence of312
crystalline residuals left in the medium that could not be hydrolysed by the bacteria for further xylanase313
production after the digestion of susceptible portion of xylan molecules was carried out. Indeed, the result314
findings in the present study revealed that there was a direct relationship between secretion of315
extracellular xylanase and cell count of B. subtilis. An increase in cell count resulted in a simultaneous316
increase in xylanase secretion into the culture medium which suggested that xylose was actively utilized317
by the wild type and mutants of B. subtilis during the growth phase. Several studies of xylanase318
production with similar patterns have been reported. Indeed, the maximum xylanase production from B.319
subtilis was detected during the stationary growth phase according to Bansal et al. [25].320

321
Microbial xylanases from bacteria such as B. subtilis are the preferred catalysts for xylan breakdown due322
to their mild reaction conditions, high substrate specificity, minimal loss of substrate and nominal side323
product generation and it therefore has been considered worthy in diverse applications in the processing324
of food, animal feeds and paper pulp [1, 29]. Many microorganisms including fungi and bacteria have325
demonstrated their readiness to hydrolyse xylans by synthesising 1,4-β-D endo-xylanases (enzyme of326
this study) which cause the partial degradation of plant cell wall as a result of the softening occurred at327
the penetration region of cell wall. Indeed, microbial xylanolytic enzyme systems which hydrolyse xylan by328
synthesizing 1,4-β-D endo-xylanases and sometimes with β-xylosidases were also being reported in329
actinomycetes [30, 31], fungi [32, 33] and bacteria [34, 35]. There are several important xylanolytic330
enzyme producers include Bacillus [36], Aspergillus [37], Streptomyces [38], Trichoderma [39], Clostridia331
[40] together with a few of novel xylanases from Simplicillia [41] and Armillaria [32]. Among all the332
microorganisms, B. subtilis has been evaluated as a dominant xylanase producer [42]. Bacillaceae as the333
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interesting industrial microorganisms have been widely used than other bacteria. B. subtilis is described334
as a rod-shaped catalase-positive bacterium. In biotechnological applications for xylanase production, this335
microorganism is regarded as one of the most popular microorganisms exhibiting excellent fermentation336
properties. Therefore, B. subtilis is currently being utilised as the best characterized Gram-positive337
bacterium for xylanase production. B. subtilis has shown its viability to use various agricultural residues as338
sources of carbon in diverse medium compositions for biomass and xylanase production. Various339
agricultural wastes such as wheat straw, sugarcane bagasse, corn cobs, rice husk, soybean meal and340
wheat bran in varying medium components were evaluated to enhance growth and to produce high titres341
of xylanase.342

343
Based on the uneconomical use of pure xylan for industrial xylanase production, the current inducement344
of this study is also investigated the deployment of xylan-rich low-cost agricultural residue such as barley345
husk. The finding obtained from this study is homogenous to the published reports from Bacillus species346
in attempt to employ agricultural residues as sources of carbon to boost xylanase production. In a study347
by Tork et al. [43], the highest maximum xylanase activity of 1.06 U/mL produced by B. subtilis XP10 was348
attained using barley bran as an inducer. Sugumaran et al. [4] exhibited 7.5 U/mL of xylanase activity349
from B. subtilis using cassava bagasse as carbon substrate achieved after optimisation of culture350
medium. Similar result was described by Sharma et al. [34]. They reduced the enzyme production cost of351
B. coagulans B30 by utilizing microwave treated forest agro-residuals as carbon sources for xylanase352
production. The biosynthesis of xylanase on xylan or xylan containing agro-residues suggested that xylan353
plays a pivotal role in effective induction of xylanase by Bacillus strains. Furthermore, Amore et al. [44]354
evaluated an appreciable xylanase activity produced by Bacillus amyloliquefaciens XR44A for its ability to355
hydrolyse brewer’s spent grain which yielded the maximum xylanase activity of 10.5 U/mL following pre-356
treatment of grain with aqueous ammonia soaking under optimised conditions. Likewise, Irfan et al. [45]357
also investigated vast agricultural-based substrates for xylanase production from bacterial strain of B.358
subtilis BS05. As a result, the maximum xylanolytic activity of 439.5 ± 2.84 U/mL was attained using359
sugarcane bagasse in the production medium constituents containing sucrose and yeast extracts. On the360
other hand, Bacillus subtilis BL53 showed the highest specific activity of xylanase within 72 h of361
cultivation using industrial soybean residue as the carbon source [46]. Furthermore, the use of barley362
husk as the optimum alternative cheap substrate for xylanase production by B. subtilis was detected in a363
study conducted by Soliman et al [6]. Therefore, carbon source of barley husk was used in the present364
study to elucidate the production of xylanase by wild type and mutant strains of B. subtilis ATCC 6633.365
Below here in Figure 2 shows the growth profile of wild type and mutants of B. subtilis ATCC 6633 during366
the production of xylanase using barley husk as the prime substrate in the present study.367
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Figure 2. Growth profile of wild type and mutants of B. subtilis ATCC 6633 during the production391
of xylanase in submerged fermentation. All experiments were conducted in triplicate while the error392
bars indicate the standard deviation.393
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3.3 Xylanase production by wild type and mutants of B. subtilis under submerged fermentation395
using barley husk as the prime carbon source396
Submerged fermentation has brought out industrial-level production of xylanase. According to Corral and397
Villasenor-Ortega [22], significant fermentation conditions such as temperature, medium pH, oxygen398
saturation and agitation of the culture medium which possess significant effects on yield of xylanases are399
optimized in submerged fermentation. Almost all industrial xylanases production worldwide is conducted400
under submerged fermentation [1]. Study on the time course is a crucial determining factor which exhibits401
the efficacy of the fermentation process in association with enzymes formation. Copious studies divulged402
the maximum xylanase production occurred at 36 h to 48 h after inoculation [2, 11]. In this study,403
submerged fermentation supported the growth of the wild type and mutants of B. subtilis utilizing free404
flowing liquid substrate of barley husk to produce xylanase is shown in Figure 3. Based on the results, all405
of the mutants were observed to possess their own maximum xylanase activity under the same growth406
conditions at 24 h of fermentation. Notably, the maximum xylanase activity of 1.76 U/mL by the mutant407
MXB 4 of B. subtilis was attained compared to the xylanase production of the wild type with 1.36 U/mL.408
Indeed, this maximum xylanase activity from the MXB 4 was increased by approximately 1.3-fold409
compared to the wild type. Furthermore, MXB 1, MXB 2, MXB 3 and MXB 5 also exhibited relatively410
higher maximum xylanase activity of 1.64 U/mL, 1.73 U/mL, 1.74 U/mL and 1.66 U/mL in comparison with411
their parental wild type of 1.36 U/mL.412

413
In the present study, the data of the xylanase production by wild type and mutants of B. subtilis ATCC414
6633 in the submerged fermentation in this study was statistically evaluated using single factor analysis of415
variance (ANOVA) at a significance level of p<0.05. Based on the results, we observed that there were416
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variations in the sum of square (SS) in xylanase production, producing values of 0.098316 and 0.010815417
between and within the groups of wild type and mutants of B. subtilis in the present study. Furthermore,418
there were also differences in the mean square (MS) of xylanase production between and within the419
groups of wild type and mutants with the values of 0.098315 and 0.002704, respectively. MS was420
quantified by dividing the SS with the degree of freedom (df). In addition, since the F-statistics value of421
36.363187 is larger than F-critical value of 7.708647 and p value of 0.003812 is less than the alpha value422
of 0.05, we rejected the null hypothesis. As such, we concluded that there was significant difference in the423
mean values for the production of xylanase between the mutants and wild type of Bacillus subtilis ATCC424
6633 using barley husk as the carbon source under submerged fermentation.425

426
Other related approaches in attempt to increase xylanase production using mutant strains have also been427
conducted and elucidated. Khodayari et al. [47] performed related study by using Bacillus sp. KH-13 to428
improve xylanase production. In their experiments, the chemical mutagen of ethidium bromide was used429
to induce mutation of the bacterial strain. As a result, the mutant known as Bacillus sp. KH13-M4430
produced xylanase activity of 2.58 U/mL which was around 1.36-fold higher than its parental strain.431
Additionally, UV mutagenesis was also subjected to Bacillus mojavensis PTCC 1723 to overproduce432
xylanase under the optimised growth conditions [2]. In their study, the selected mutants were successfully433
produced 3.45-fold more xylanase enzyme than the wild strain. Likewise, Kumar et al. [48] also performed434
the overproduction of extracellular xylanase by Thermomyces lanuginosus SK after subjected to N-435
methyl-N-nitro-N-nitrosoguanidine and UV irradiation. As a result, the mutant T. lanuginosus MC 134436
possessed 1.5-fold increase in xylanase yield using oat spelt xylan as the substrate when compared to437
the wild type strain. On the other hand, Desphpande et al. [49] studied a mixed culture of Aspergillus438
niger and Trichodermareesei QM, whereby the mutant number 414 stimulated 2-fold increase in xylanase439
production in the fermentation medium. Random mutagenesis in earlier study also showed improved440
efficacy for strain improvement of B. subtilis ATCC 6633 by enhancing its xylanase productivity several441
fold in comparison to the wild type [8]. Chemical mutagens of EMS and AO were probably caused by442
alkylation of guanine residues in the mutants of B. subtilis. As a result, the permanent lesions within the443
gene of xylanase were anticipated in the mutants that eventually formed clusters of closely linked444
mutations. It would therefore potentially increase and improve xylanase production [50]. Furthermore, the445
increased production of xylanase in mutants of B. subtilis particularly MXB 4 with the highest maximum446
xylanase activity could also owing to the ability of the mutant strain in gaining easier access of the447
hemicelluloses of xylan in barley husk [51]. In essence, the results from the present study indicated the448
use of mutant strains was a constructive method for significant xylanase overproduction utilising449
lignocellulosic material of barley husk as the substrate. Barley husk is a by-product of barley germination.450
The cell wall of barley tissue is primarily consisted of arabinoxylan found in the husk [52]. The husk which451
also known as the hull represents 10% to 30% of the barley kernel is composed of hemicellulose,452
cellulose and lignin with a minimal quantity of barley [53]. Indeed, it is predicted that the complete xylan453
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degradation of barley requires endoxylanases and β-xylosidases in association with arabinofuranosidases454
in order to liberate arabinose and xylose [54]. Furthermore, huge differences in the digestibility and455
solubility of barley cell wall polysaccharides are apparently depended on the composition of the growing456
barley grain [55]. In essence, one of the advantages of using barley husk as a substrate includes the457
production of high xylanase titres. Barley grain possesses a characteristic of softwood xylan that is known458
for a high content of β-glucans ranging from 2.5% to 11.3%. In fact, arabinoxylans and β-glucans are the459
principal structural residues of the cell wall in the different tissues that make up the barley grain which is460
suitable for enhanced xylanase production.461
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Figure 3. Production of xylanase by wild type and mutants of B. subtilis ATCC 6633 using barley480
husk in submerged fermentation. All experiments were conducted in triplicate and all assays were481
carried out at 12 hour interval. The error bars indicate the standard deviation. Xylanase activity is482
represented as column charts while cell count is represented as line graphs.483
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3.4 Extracellular protein production by wild type and mutants of B. subtilis under submerged486
fermentation using barley husk as the prime carbon source487
Protein is one of the biological metabolites produced by Bacillus spp during the fermentation using488
agricultural residues as the carbon sources. Based on Figure 4, the maximum level of extracellular489
protein secretion from the wild type and mutants of B. subtilis was attained after 24 h of fermentation. In490
the present study, the mutant strains of MXB 2 and MXB 4 possessed the highest maximum extracellular491
protein concentration of 0.82 mg/mL with the cell count of 3.36 × 108 cells/mL and 3.13 × 108 cells/mL,492
respectively. This was followed by the mutant of MXB 3 with its protein production of 0.81 mg/mL from cell493
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count of 3.32 × 108 cells/mL. On the contrary, wild type of B. subtilis showed an extracellular protein494
concentration of 0.55 mg/mL. Indeed, mutants of MXB 2 and MXB 4 exhibited 1.49-fold increment in495
protein secretion than the wild type under the same conditions. Thereafter, there was gradual decline in496
protein production in the medium along with reduction in the bacteria growth rate. In the course of this497
study, low yields of extracellular protein concentration produced by wild type and mutants of B. subtilis498
ATCC 6633 were probably due to the protease secretion [41]. Notably, Bacillus spp secrete high levels of499
extracellular protein into the medium. Nonetheless, they also secreted high amounts of proteases which500
hydrolyse the peptide bonds of proteins. Bacillus spp have also been found to be the principal producer of501
protease which results in shortcoming of protein production [56].502
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Figure 4. Total extracellular protein production by wild type and mutants of B. subtilis ATCC 6633521
using barley husk in submerged fermentation. All assays were done at 12 hour interval and conducted522
in triplicate. The error bars indicate the standard deviation. The total extracellular protein concentration is523
represented as column charts while cell count is represented as line graphs.524
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3.5 Profile of medium pH during growth of wild type and mutants of B. subtilis under submerged526
fermentation527
The influence of medium pH on xylanase production is shown in Figure. 5. Medium pH is among the most528
important parameters in fermentation process. The changes of medium pH are depended on the medium529
composition. The mutants in this study achieved the maximum cell count at medium pH range of 6.1 to530
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6.5 after 24 h of inoculation. In fact, simultaneous increase in xylanase activity with its increase in medium531
pH occurred at 24 h of fermentation when barley husk as the source of carbon was used for the xylanase532
production by wild type and mutants of B. subtilis ATCC 6633. Apparently, the maximum xylanase533
production of 1.36 U/mL by the wild type of B. subtilis ATCC 6633 was attained at the near neutral534
medium pH of 6.47 compared to the mutant of MXB 4 with the xylanase activity of 1.76 U/mL at slight535
acidic pH of 6.1. In fact, the maximum xylanase activity exhibited at slight acidic medium pH of 6.2, 6.0,536
6.1, and 6.2 for MXB 1, MXB 2, MXB 3 and MXB 5, respectively. On the contrary, when the fermentation537
was prolonged after 72 h, relatively lower xylanase production from the wild type and mutants of B.538
subtilis ATCC 6633 was observed at the medium pH from 7.5 to 7.9. Based on the result findings, we539
suggested that mutants of B. subtilis achieved their maximum xylanase production at the slight acidic540
medium pH while wild type produced xylanase at the near neutral pH under submerged fermentation.541
Similar optimum pH for Bacillus spp has been observed in many studies for xylanase production.542
Ammoneh et al. [57] reported the optimum medium pH of 7 was needed for the maximum production of543
xylanase by B. pumilus SY30A and medium pH 6 for B. subtilis SY185C and SY190E, respectively. In544
another study, B. subtilis was reported to produce the optimum xylanolytic enzymes of 12.0 U/mL at545
medium pH 6.0 within 18 h of fermentation [58]. Furthermore, the maximum xylanases production by B.546
licheniformis [59], Bacillus sp DM-15 [60] and B. pumilus [61] exhibited at the optimum medium pH of 6.5.547
Nonetheless, the optimum medium pH of a few bacterial xylanases has also been detected at the alkaline548
medium pH. The optimum pH for xylanase production by Bacillus sp KH-13 with its ethidium bromide549
mutant Bacillus sp KH13-M4 occurred at medium pH 9.5 besides B. pumilus showed its optimum activity550
at pH 9.0 [47, 62]. In this study, the medium pH might probably influence the transport of xylanase across551
the cell membrane. Knowing that enzymes are globular proteins, the ionic characteristic of the carboxylic552
and amino acid groups on the xylanase surface are predisposed to be influenced by changes in pH, as553
such, the catalytic attribute of the xylanase was strikingly influenced [63]. In the present study,554
fermentation that occurred at relatively higher and lower medium pH affect the xylanase production by555
wild type and mutants of B. subtilis ATCC 6633. Variations in the external pH of the medium possess the556
ability to alter the ionization of nutrient molecules by reducing the availability of nutrients to the557
microorganisms. As a result, the drastic changes in pH impair microbial cells by disrupting their plasma558
membranes, limiting their accessibility of substrate and interfering their metabolisms for growth and559
xylanase secretion [64]. Therefore, different mutants of B. subtilis ATCC 6633 displayed their distinctive560
pH profile for its optimal growth and xylanase activity using barley husk as the source of carbon in the561
submerged fermentation.562
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Figure 5. Profile of medium pH during growth of wild type and mutants of B. subtilis ATCC 6633582
under submerged fermentation. pH of the medium was quantified at 12 hour interval. All assays were583
conducted in triplicate. The error bars indicate the standard deviation. The xylanase activity is584
represented as column charts while medium pH is represented as line graphs.585

586
587

4. CONCLUSION588

This work was investigated to verify, determine and analyse xylanase production by wild type and589
mutants of B. subtilis. It presents an attempt made to improve xylanase secretion of mutants of B. subtilis590
after random chemicals mutagenesis of EMS and AO using barley husk as the primary cheap xylan-rich591
source of carbon in submerged fermentation. The outcome obtained in the present study demonstrated592
that all mutants of B. subtilis ATCC 6633 were verified to produce xylanase after xylan hydrolysis as593
detected by Congo red dye staining on the xylan agar. The extracellular protein concentration and594
xylanase activity of all the mutants particularly MXB 4 increased after 24 h of fermentation compared to595
their parental strain. The result findings might attribute to the fact that EMS and AO induced visible and596
lethal mutations in the xylanase genes, causing alkylation of guanine residues which resulted the597
permanent lesions within the DNA and thereafter brought about clusters of closely linked mutations and598
thus improved the expression of the genes coding for xylanase production. Hence, EMS and AO could be599
considered as effective mutagens causing the overexpression and overproduction of xylanase enzyme. In600
fact, in comparison to the wild type, these mutants established relatively higher xylanase activity in601
submerged fermentation. Notably, five mutants of B. subtilis ATCC 6633 were successfully showed602
increase of the maximum xylanase activity after 24 h of inoculation in comparison to the wild type parental603
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4. CONCLUSION590

This work was investigated to verify, determine and analyse xylanase production by wild type and619
mutants of B. subtilis. It presents an attempt made to improve xylanase secretion of mutants of B. subtilis620
after random chemicals mutagenesis of EMS and AO using barley husk as the primary cheap xylan-rich621
source of carbon in submerged fermentation. The outcome obtained in the present study demonstrated622
that all mutants of B. subtilis ATCC 6633 were verified to produce xylanase after xylan hydrolysis as623
detected by Congo red dye staining on the xylan agar. The extracellular protein concentration and624
xylanase activity of all the mutants particularly MXB 4 increased after 24 h of fermentation compared to625
their parental strain. The result findings might attribute to the fact that EMS and AO induced visible and626
lethal mutations in the xylanase genes, causing alkylation of guanine residues which resulted the627
permanent lesions within the DNA and thereafter brought about clusters of closely linked mutations and628
thus improved the expression of the genes coding for xylanase production. Hence, EMS and AO could be629
considered as effective mutagens causing the overexpression and overproduction of xylanase enzyme. In630
fact, in comparison to the wild type, these mutants established relatively higher xylanase activity in631
submerged fermentation. Notably, five mutants of B. subtilis ATCC 6633 were successfully showed632
increase of the maximum xylanase activity after 24 h of inoculation in comparison to the wild type parental633
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strain. The highest xylanase producing mutant of MXB 4 attained after subjected the wild type to 10604
µg/mL of AO for 15 min. MXB 4 possessed the maximum xylanase activity of 1.76 U/mL in the medium605
compared to the xylanase production of the wild type with 1.36 U/mL at medium pH 6.47.606

607
Therefore, by employing combined approaches of strain improvement using random mutagenesis and608
economical source of substrate are potentially be cost effective in overproduction of xylanase for609
industrial perspective. Cheaper and efficient secretion and production of xylanases are in fact crucial to610
increase industrial production level. Thus far, many approaches on the enhancement of xylanase activity611
have been limited to the improvement of its alkaliphilicity and thermostability. Therefore, improved612
techniques are implemented to find more potent fungal or bacterial strains for xylanase production.613
Notably, the cost of production medium in the industry also affects the economics of the fermentation614
process. Decrease in production cost could be achieved by using lower cost and easily available615
agricultural residual materials. Barley husk is produced as a by-product of barley. It is also known to be616
rich in carbohydrates serving as a carrier in submerged fermentation, supporting the growth of617
microorganisms by providing nutrients in enhancing the production of enzymes. Furthermore, submerged618
fermentation is a preferred fermentation approach since it allows for increase regulation of fermentation619
conditions, conversion of batch to continuous fermentation, adequate and effective release of heat that620
are essential for the growth of microorganisms and production of enzymes. Divergence microorganisms621
with varying potentials with the capability of synthesizing xylanase enzyme have been reported recently.622
One of which would be belonged to Bacillus spp. B. firmus and B. subtilis have been observed to produce623
high xylanolytic activity. Nevertheless, the production of xylanase by wild types Bacillus spp possesses624
certain limitations in submerged fermentation even after the optimization of medium formulation and625
growth conditions are established. Hence, the strain improvement approaches have been employed to626
improve xylanase production. Quantitative enhancement which involves strain improvement using627
random mutagenesis has been regarded as the initial approach due to its relatively lower cost of process.628
In many studies, chemical mutagens including N-methyl-N-nitro-N-nitroso guanidine (MNNG) promoted629
the increase of xylanase productivity by several folds when compared to the parental strain. Besides that,630
physical mutagenic agents involving UV irradiation has been routinely implemented to produce631
overproducing mutants. Additionally, protein engineering, recombinant DNA technology and site directed632
mutagenesis which aid in improving the desirable traits of xylanase have also been explored and633
conducted to generate mutants with the positive motivating characteristics. Therefore, in the previous634
study, several attempts of mutagenesis have been made to produce overproducing xylanase mutants of635
B. subtilis in order to enhance the production of the enzyme and to reduce the cost of production as far as636
the industrial production is concerned. In a nutshell, the result findings suggested that the mutant strains637
of B. subtilis ATCC 6633 particularly MXB 4 as the most potent xylanase producer in submerged638
fermentation using carbon source from barley husk is applicable in various industrial applications639
especially in animal feeds and food processing industry.640
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