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Abstract: In the present study a strain of Bacillus subtilis-BS05 was grown in submerged fermentation of
agricultural wastes for xylanolytic activity. Various agricultural wastes such as sugarcane bagasse, wheat straw,
rice husk, soybean meal, corn cobs and wheat bran were evaluated for xylanolytic acitivity using different media
(M-I, M-II, M-III & M-IV). Among all these tested substrates maximum xylanolytic activity was observed in
sugarcane bagasse (439.5±2.84 IU) using medium constituents IV (M-IV) with agitation speed of 140rpm for 48h
of fermentation period at 37°C. In static conditions maximum xylanase enzyme activity was recorded with rice
husk (408.9±2.9 IU) at 37°C using media M-IV for 72h of fermentation period.
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INTRODUCTION

Submerged Fermentation

agricultural waste and media optimization for maximum
yield of xylanase enzyme from Bacillus subtilis-BS05 in
submerged fermentation.

Hemicellulose is the second most abundant polymer
present on earth which is composed of xylan, arabinose,
glucuronic acid and arabino glucuronic acid [1]. Xylan is
hydrolysed by a mixture of enzymes such as endo-1,4-ßxylanase,
ß-xylosidase,
-glucuronidase,
arabinofuranosidase and esterase [2]. Xylanases have
been produced from a variety of microorganisms such as
bacteria and fungi [3-9]. Some species of genus Bacillus
produce a large number of enzymes which are industrially
very important [10]. Bacterial and fungal xylanases are of
great interest due to its potential application in
biobleaching of pulp and paper industry and recovery of
fermentable sugars from hemicellulose [1, 11-13].
For industrial production of enzymes, production
cost is very important for the successful industrial
processes. 30-40% of the production cost of many
industrial enzymes is affected by the cost of growth
substrate [14]. Reduction in this cost is achieved by the
utilization of low cost substrates in fermentation
processes. For this, solid agricultural wastes can be
used to make the process cost effective [15]. Sugarcane
bagasse, wheat bran, rice bran and corn cob are
agricultural wastes which are abundant in several
countries and can be used as raw materials for developing
biotechnological process of industrial interest [16]. The
main objective of this study was to evaluate the various

MATERIALS AND METHODS
Procurement of Substrates: Various agricultural wastes
such as sugarcane bagasse, wheat bran, rice husk,
soybean meal, corn cobs and wheat straw were procured
from local market of Lahore city and were used as
substrates for xylanase enzyme production in submerged
fermentation. All these wastes were washed and oven
dried at 70°C and then ground to powder form (2mm)
using hammer beater mill.
Bacterial Strain: Bacterial strain of Bacillus subtilisBS05 was obtained from Fermentation Laboratory, Food
and Biotechnology Research Center, PCSIR Laboratories
complex, Ferozpure road Lahore, Pakistan. The strain was
maintained on nutrient agar (Oxoid) slants and store at
4°C.
Cultivation of Vegetative Cells: Twenty five milliliter of
nutrient broth (Oxoid) was inoculated with a loopful of
24h old Bacillus subtilis-BS05 and incubated at 37°C for
24h with agitation speed of 140 rpm. These vegetative
cells were used as a source of inoculum throughout the
study.
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Fermentation Media: In the present study four different
types of media were used to check the production of
xylanase enzyme by Bacillus subtilis-BS05 in submerged
fermentation. The composition of the media (g/L) used
was as fallows;

Statistical Analysis: The data obtained after
experimentation was statistically evaluated using ANOVA
at significance level of p<0.05 by using Microsoft excel
programme.
RESULTS AND DISCUSSION

M-I: peptone 20, yeast extract 10, KH2PO4 1,
Na2HPO4.12H2O 2.5 and
MgSO4.7H2O 0.32; M-II: yeast extract 2, KH2PO4 1.6 and
MgSO4.7H2O
5; M-III: KH2PO4 1, K2HPO4 1.76, (NH4)2SO4 5, CaCl2.H2O
0.08,
and MgSO4.7H2O 0.16 and M-IV: sucrose 20, K2HPO4 0.5,
NaCl 0.2,
MgSO4.7H2O 0.16 and yeast extract 0.5.

Present study described the production of enzyme
xylanase from bacterial strain of Bacillus subtilis-BS05 in
submerged fermentation using various agricultural wastes
as a substrate. In this study fermentation media was
optimized under two conditions i.e. agitated and static.
Every microorganism requires proper nutrition for its
growth and other processes. Media I (M-I) was examined
for enzyme production under agitated (Fig. 1) and static
conditions (Fig. 2) for 24,48 and 72h of fermentation
period. Results of this experimentation revealed that
highest level of enzyme production (36.8±1.21 IU) was
observed using wheat bran as a substrate for 48h of
fermentation period with agitation speed of 140 rpm and
24 h of fermentation period under static conditions. In this
experiment both in static and agitation conditions wheat
bran was found best inducer of xylanase enzyme
production.
Figure 3 and 4 illustrate the xylanase production by
Bacillus subtilis using medium constituent II (M-II) in
submerged fermentation. Results of this experiment
indicated that static conditions for 48h favored maximum
enzyme (30.6±1.08 IU) production with wheat bran but in
agitation condition Soybean meal was found best among
various tested substrates. In this experimentation enzyme
production was found better in static as compared to
agiatation. Archana and Satyanarayan [20] reported that
xylanase enzyme production was found to be maximum by
72 h of fermentation period using wheat bran medium.
Battan et al. [21] isolated a strain of Bacillus pumilus
producing maximum xylanase activities on 2% wheat bran
supplemented basal medium in submerged fermentation.
Wheat bran and corn cob are thought to be the enhancer
for xylanase production by Streptomyces cyancus SN32
[22].
When medium constituents III were supplemented
with various substrates, it was noted that sugarcane
bagasse (44.3±2.11 IU) found to be best for xylanase
production for 48h of fermentation period with agitation
speed of 140rpm at 35°C (Fig. 5). When the same
experiment was performed in static condition (Fig. 6), it
was observed that wheat bran (30.6±1.36 IU) better
induced the xylanase enzyme production for 48h of
fermentation period.

Fermentation Technique: Twenty five milliliter of
fermentation media with 2% substrates were sterilized in
250 ml Erlenmeyer flask at 121°C for 15 min. After
sterilization, the media was inoculated with 2% solution
containing vegetative cells of 24h old Bacillus subtilisBS05 and incubated at 37°C for 24, 48 and 72h with
agitation speed of 140 rpm.
Production of Xylanase Enzyme: After the completion of
the fermentation period, the fermented broth was filtered
through muslin cloth and centrifuged at 8000 xg, 4°C for
10 min to remove the bacterial cells and unwanted
particles. The clear filtrate was used as a source of crude
enzyme.
Assay of Xylanase Enzyme: Xylanase enzyme in the
culture filtrate was estimated as reported earlier [17].
Reaction mixture containing 0.5 ml of appropriately
diluted culture filtrate with 0.5 ml of 1% birchwood
xylan (Sigma) solution prepared in citrate buffer
(0.05M, pH5.0) for 15min at 50°C. After incubation the
reaction was stopped by the addition of 1.75ml of 3, 5
dinitrosalicylic acid [18] and heated for 10 min in
boiling water bath. After cooling the reducing sugars
liberated were measured spectrophotometrically at
550nm and expressed as xylose equivalent. Xylose was
taken as standard. One unit enzyme activity was defined
as the amount of enzyme required to produce 1 µmole
reducing sugar equivalent per minute under assay
conditions. Units were calculated by using following
formula [19].
Xylanase activity (IU) =

Reducing sugars (mg/ml) x 1000
Incubation time (15min) x 150
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Fig. 2: Production of xylanase by Bacillus subtilis-BS05
using media-1 under static conditions at 37°C. Bars
represent the standard deviation among replicates
which differ significantly at p 0.05
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Fig. 6: Production of xylanase by Bacillus subtilis-BS05
using media-III under static conditions at 37°C.
Bars represent the standard deviation among
replicates which differ significantly at p 0.05
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Fig. 5: Production of xylanase by Bacillus subtilis-BS05
using media-III at 37°C with agitation speed of
140rpm. Bars represent the standard deviation
among replicates which differ significantly at
p 0.05
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Fig. 4: Production of xylanase by Bacillus subtilis-BS05
using media-II under static conditions at 37°C.
Bars represent the standard deviation among
replicates which differ significantly at p 0.05
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Fig. 1: Production of xylanase by Bacillus subtilis-BS05
using media-1 at 37°C with agitation speed of
140rpm. Bars represent the standard deviation
among replicates which differ significantly at
p 0.05
40

35

Corn cobs Wheat bran

Fig. 3: Production of xylanase by Bacillus subtilis-BS05
using media-II at 37°C with agitation speed of
140rpm. Bars represent the standard deviation
among replicates which differ significantly at
p 0.05

agitation and static conditions. Soybean meal, corn cobs
and wheat bran showed no remarkable production with
this medium supplementation. In agitation, maximum
enzyme synthesis was observed with sugarcane bagasse
(439.5±2.84 IU) for 48h of fermentation period but in static
condition, rice husk (408.9±2.92 IU) favored maximum
xylanase enzyme production for 72h of fermentation
period. Nutrient supplementation to the medium greatly
affects the enzyme production. Virupakshi et al. [23]

Fig. 7 and 8 indicated the xylanase enzyme
production using medium constituent IV (M-IV) with
various agricultural wastes. In this experiment three
substrates i.e. sugarcane bagasse, wheat straw and rice
husk produced better levels of enzyme production in both
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observed maximum enzyme production by Bacillus sp.
in rice bran medium with 72 h of fermentation period.
Gupta and Kar [24] isolated a strain of Bacillus
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free xylanase using rice bran as a carbon source in
submerged fermentation.
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(439.5±2.84 IU) after 48h of incubation period with
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