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ABSTRACT
The production of xylanase using the fungus Aspergillus species S6 isolated from agriculture soil
under submerged cultivation was investigated. Growth conditions including incubation time,
temperature, inoculum size, initial pH, carbon and nitrogen sources that affect xylanase production
were optimized sequentially using the classical change-one-factor-at-a-time method. Optimal xylanase
production was obtained in liquid xylan medium at pH 5.5, inoculum size 6% v/v and temperature 300C
during 7 days. Media supplementation with xylan as a carbon source (1% w/v) and nitrogen
supplementation with ammonium nitrate (0.4% w/v) produced maximum xylanase. Enzyme yield was
studied using a medium with different agricultural wastes as inducers. Wheat bran was the best
inducer of xylanase activity. Influence of agitation of fermentation medium during incubation was
studied. The optimum pH, temperature and substrate concentration for optimum enzyme activity
were pH 6.0, 500C, and 8 mg/ml, respectively. The Lineweaver-Burk plot for xylanolytic reaction
revealed that the Vmax of the reaction was 0.714 mg/min and Michaelis-Menten constant (Km) was
found to be 4.54 mg/ml. The xylanase produced was as an acid-active and displayed suitable thermo-
stability feature.

Key Words :  Aspergillus species S6, Xylanase, Agricultural wastes,
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INTRODUCTION
Lignocellulosic wastes are rich source of cellulose,
hemicelluloses and lignin. Several hemicelluloses
exist in nature; the major hemicelluloses is xylan,
which is a heteropolymer composed of  -1-4-
linked xylose backbone.
Large quantities of lignocellulosic wastes are
generated through forestry, agricultural practices
and industrial processes. Lignocellulosic wastes
generally accumulate in the environment thereby
causing pollution problem1. Most of the wastes
are disposed by burning, a practice considered as
major factor in global warming. Lignocellulosic
materials are renewable resources; therefore
making use of them in various industries is of great
importance. Lignocellulosic wastes can readily be
used as substrates for the cultivation of numerous
microorganisms for the production of various
metabolites which are important for industrial
applications.  Enzymes remain the most frequently

reported metabolites produced via fermentation2.
Acid or enzymatic hydrolysis of xylan results in
xylose which is a substrate for the production of
several useful compounds, for example, single cell
proteins, ethanol, butanol and xylitol3. Enzymatic
hydrolysis has an advantage over acid hydrolysis
in that the xylose obtained has higher purity and it
does not cause a chemical pollution problem.
In the last decade, production of xylanase
enzymes has attracted the attention of many
researchers as these enzymes are essential for
the degradation of xylan to xylose. Xylanases have
potential applications in the pulp and paper, food,
feed and beverage industries4.
Typical xylan-degrading enzymes are endo-
xylanases (EC 3. 2. 1. 8) which attack the main
chain of xylan, and beta- D-xylosidases (EC 3. 2.
1. 37) which hydrolyze xylooligosaccharides into
D-xylose. Many microorganisms including
bacteria, yeast, actinomycetes and filamentous
fungi produce xylanase5,6.  From an industrial point
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of view, filamentous fungi are interesting
producers of these enzymes due to extracellular
enzyme production capacity and their easy
cultivation7.Most commercial xylanases are
produced by Trichoderma, Bacillus, Aspergillus,
Penicillium, Aureobasidium and Talaromyces
spp.8 Filamentous fungi such as Aspergillus spp.
and Trichoderma spp. are of particular interest,
because they can excrete higher levels of
xylanase than yeast and bacteria9.Xylanase can
either be produced via submerged or SSF system.
Most research on xylanase production has used
submerged fermentation. Annually, large quantities
of lignocellulosic wastes are generated through
industrial processes10. So this can be utilized for
economic production of xylanase by
microorganism through fermentation processes.
The use of agro wastes not only helps to
overcome the problem of solid waste management
but allows the development of biotechnological
processes from cheap natural resources.
For commercial applications, xylanases should
ideally be produced quickly and in large quantities
from simple and inexpensive substrates.
Consequently, investigation on novel sources
(xylanase producer strains), which display high
xylanase activity and stability in more drastic
conditions, is still in progress.   It is not unrealistic
to foresee that coal and crude oil are likely to be
substituted by biomass in another 50 years11,12.In
this paper, we report the production and
characterization of xylanase from a local isolate
Aspergillus species S6 via submerged
fermentation using low-cost substrates like sugar
cane baggase, rice straw, rice bran and wheat
bran.

MATERIAL    AND   METHODS
Microbiological media and chemicals
Microbiological culture media ingredients were
purchased from Hi-Media Laboratories, Private
Limited, Mumbai, India. The chemicals used for
preparation of media and reagents were from S.D.
Fine Chem. Ltd., Bombay and Hi-Media
Laboratories Private Limited, Mumbai, India. All
were of analytical grade. All reagents and culture
media were prepared with distilled water. Culture
media were sterilized by autoclaving at
temperature 1210C and pressure 15 lb / inch2 for

15 minutes. Glass wares, pipettes were also
sterilized by autoclaving.
Sample collection
For isolation of molds, soil samples were collected
from agricultural fields. Samples were collected
in sterile polythene bags and brought to laboratory
for isolation of molds.
Isolation of molds
For isolation of molds the standard pour plate
isolation technique was used. 10 gm of soil sample
was suspended in 100 ml distilled water. This soil
suspension was diluted as 10-1, 10-2, 10-3, 10-4 and
10-5, using sterile distilled water. 1.0 ml of most
diluted suspension was transferred aseptically
over a layer of Potato Dextrose Agar (PDA).
The plates were incubated at room temperature
for 7 days.   The isolated colonies were grown on
PDA slants by incubation at room temperature
for 3 days.
Maintenance of culture
The pure cultures of molds were maintained on
Potato Dextrose  Agar (PDA) slants at 40C in
refrigerator with regular sub culturing.
Primary screening
Xylanase producers were identified by inoculating
mold isolates over a layer of xylan agar medium
by pin point technique. The inoculated plates were
incubated for 7 days at room temperature. The
clear zones formed around the fungal growth were
made more visible when the plates were flooded
with 0.1 % (w/v) Congo red. After 30 minutes ,
plates were washed with 1M NaCl. Molds which
produced clear zones around their colonies were
subjected to secondary screening. The xylan agar
medium (pH- 5.0) containing (g/l) ;xylan- 5,
peptone- 5, yeast extract- 5,K2HPO4-
1.0,MgSO4.7H2O-0.2, agar-20 and distilled water-
1 liter was used for primary screening13.
Secondary screening
The xylanase producing potential of mold isolate
was determined .The medium (pH-5.0)  of
composition (g/l), xylan-5,NaNO3_1.0,NH4Cl-
1.5,KH2PO4 1.0,MgSO4.7H2O-0.2, Tween80-
2ml and distilled water 1L was used for secondary
screening and fermentation studies14.  The
screening medium was sterilized at temperature
121oC for 15 min at 15lb/ inch square pressure.
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The cultivation of mold isolates was performed in
250ml conical flask with 100ml of production
medium in stationary condition at room
temperature.   4% v/v of dispersion of mold spores
washed out from PDA slant by scratching using
10ml sterile distilled water was used to inoculate
production medium. Inoculated flask was
incubated for three days at RT. Culture broth was
separated from mycelium by filtration and filtrate
was used as crude enzyme source for estimation
of xylanase
Xylanase activity assay (modified)
Enzyme solution (1.0 ml) was added to 1% xylan
suspension (1ml) in   0.2M acetate buffer of pH
5.0 and the mixture was incubated at 550C for 30
minutes. After this mixture was cooled rapidly on
ice water, the insoluble xylan was removed by
filtration. To the resulting filtrate, 1ml 3, 5-dinitno
salicylic reagent was added and the mixture was
cooked in boiling water. Color development was
measured on a spectrophotometer at 540 nm. 1
unit of xylanase was defined as the activity
releasing 1mmole of xylose in 1 min15.
Identification of efficient molds
The mold isolate which was found efficient for
xylanase production was identified by cotton blue
staining and cultivation on PDA16.
Fermentation studies
The chemical composition of medium, as well as
physicochemical conditions required for best
growth of molds varies considerably among micro-
organisms. Among many factors that   influence
the formation of mold enzymes, presence of
particular substrate, temperature and pH has been
known to be the most important once. Culture
conditions and medium composition required for
maximum production of xylanase from
Aspergillus species. S6 were optimized by
performing various experiments. The optimization
of medium composition and cultural conditions
was carried out based on the stepwise
modifications of governing parameters for
xylanase production. The parameters included in
study to know their impact on xylanase production
were pH, inoculum size,  incubation time,
temperature,different carbon sources, conce-
ntration of xylan(0.2 to 1.2gm%w/v), different
additional nitrogen sources, different concen-

trations of NH4NO3(0.2 to 2gm%w/v), pretreated
crude carbon sources(1.0 gm% w/v) and  agitation
rate . The carbon source used in the subsequent
experiments for enzyme characterization was
wheat bran.
Extraction of xylanase
After incubation, culture broth was separated
from mycelium by filtration and filtrate was used
as crude enzyme source for estimation of
xylanase.
Characterization of xylanase
Maximum xylanase activity was determined by
assaying xylanase over the pH range 4.0 to 9.0 in
0.2 M acetate buffers at 550 for 30 minutes. The
volume of crude enzyme is 1.0 ml.The optimum
temperature for maximum xylanase activity was
determined by assaying xylanase over the
temperature range 350C to 650C in 0.2M acetate
buffer of   pH (6.0) for 30 minutes. The optimum
substrate concentration for maximum xylanase
activity was determined by assaying xylanase at
500C in 0.2M acetate buffer of pH 6.0 with xylan
ranging from 1 to 8 mg/ml and the volume of
enzyme used was 1 ml.
The Michaels-Menten constant (Km) value was
determined for the hydrolysis of xylan by xylanase.
A Lineweaver-Burk Plot was drawn between
different concentrations of xylan and the reaction
velocity to determine the apparent Michaels-
Menten constant (Km) for the xylanase.

RESULTS    AND   DISCUSSION
Although xylanases produced by fungi , yeast and
bacteria, filamentous fungi are preferred for
commercial production as level of enzyme
produced by fungal cultures are higher than those
obtained from yeast or bacteria. Most researchers
have used submerged cultures for xylanase
production, which allows control over degree of
aeration, pH and temperature of medium as well
as control over other environmental factors
required for optimum growth of organisms. In the
present study, xylanase production was studied
by submerged fermentation.
Screening and identification
Based on a screening programme, a total of
thirteen mold isolates obtained from agriculture
soil samples were capable of exhibiting xylanolytic
activity.
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Aspergillus species S6 showing maximum
clear zone of xylanolytic activity
The thirteen mold isolates showed clear zones of
xylanolytic activity on xylan agar with the
diameters of zone of hydrolysis ranging from 10
to 15mm (Fig. 1). Xylanolytic mold isolates
obtained from agriculture soil samples were
examined for extracellular xylanase activity.  S6
isolate, which was potential producer of xylanase
was identified and used for further experiments.

The isolate Aspergillus Spp. (S6) was identified
on the basis of morphological (as observed under
light microscope) and cultural characteristics. It
was observed that the isolate possessed distinct
conidiophores terminated   by a swollen vesicle
bearing flask-shaped phialides. The spores
showed black coloration and were produced in
long chains from the ends of phialides. Growth
on Potato Dextrose Agar (PDA) showed black
mycelia. The conidial heads were seen as black
coloration. Based on these characteristics, isolates
was identified to be Aspergillus species (S6).
Optimization of cultural conditions and
medium composition for the production of
xylanase by Aspergillus species (S6).

Initial pH
The pH optima for production of enzyme depends
on its source. Xylanase activity was detected in
all pH evaluated. The results showed production
of xylanase  by Aspergillus species (S6) was
much dependent on pH and when  the optimum
initial pH was increased than 5.5, the production

of xylanase gradually decreased (Fig. 2). This
might be due to the fact that alkaline pH has
inhibitory effect on the growth of Aspergillus
species (S6). It has been observed that the initial
pH of the medium had striking effect on
xylanolytic enzyme production. The fungus
favored slightly acidic medium for production of
xylanase, although it has the propertyof xylanase
production at alkaline pH values. Xylanase from
different organisms showed an optimum pH within
a range of 4-7. However, certain xylanases from
Aspergillus , Penicillium and some other fungi
including  Fusarium oxysporum  exhibit   an
optimum pH more on the  acidic  side (pH 2-6)11.
Incubation period
The enzyme production was maximum on 7th day
of the incubation period. After 7th day, production
decreased (Fig. 3), it may be due to autolytic
release of the enzyme17.
Inoculum size
It was found that the increase in inoculum size
resulted in a rapid increase in xylanase production.
It was observed that xylanase production
increased significantly up to 6% v/v inoculum
(Fig. 4). Various studies point out that, over a
certain inoculum concentration  decline in
enzymatic activity begins to occur. This finding is
in accordance with work reported by Irwin and
Wilron18.  Raimbault and alazart showed that
maximum enzyme production and declination was
achieved much faster due to rapid degradation of
substrate as a consequence of rapid growth19.
According to Sikyta  the spore concentration on
fungal cultivation aiming enzyme production must
be big enough to colonize all substrate particles20.
However, a very little spore concentration lead to
a mycelium production  and therefore to a low
efficiency in the assimilationof carbon source and
nitrogen assimilation21. On the other hand when
the spore concentration is very high according to
Brown  and Zainudeen  a decrease in the specific
velocity of oxygen consumption can occur22. In
both cases the fungal metabolism is affected
including the enzymatic activity.
Temperature
Temperature is one of the important parameter
that determines the success of optimization
system.  Xylanases have been reported from both

Fig. 1 : Aspergillus species S6 showing
maximum clear zone of xylanolytic activity
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meso and thermophiles. Intensive investigations
have been carried out on xylanolytic enzymes of
mesophilic bacteria and fungi . Maximum xylanase
production was observed at temperature 300C
(Fig.  5). A lower activity was obtained with
cultivation temperature lower or above ambient
temperature. Kheng and Omar. studying
Aspergillus niger obtained optimum activity at

the optimum temperature and large decrease in
activity at very low or very high temperatures
which is due to the fact that at these temperatures
the growth of the fungus is inhibited, causing a
decrease in the synthesis of the enzymes23-25. The
best temperature range for the production of
xylanase by fungi is usually from 20 to 30oC.26

Fig. 2 : Effect of pH Fig. 3 : Effect of incubation period

Fig. 4 : Effect of inoculum size Fig. 5 : Effect of temperature

Effect of carbon sources
Different carbon sources as well as their
concentrations are important for optimum
production of enzymes. Concentration of different
C-sources was 0.5gm %w/v. As shown in
Fig. 6, xylan was a best carbon source for
xylanase production while sucrose and other
sugars were moderate sources. Xylanase
production was maximum at 1.0 % w/v xylan
concentration. According to Nakanishi et al,
xylan has been widely reported to support
xylanase production.27

Effect of additional nitrogen sources
The source of nitrogen in culture medium is
another important parameter influencing the

production of metabolites. In the present study
the effect of nitrogen sources was tested by
replacing NaNO3 in the medium with other
nitrogen sources. The concentration of nitrogen
sources was 0.1gm% w/v.  Effect of different
nitrogen sources NH4NO3, (NH4)2 SO4 and urea
on the production of xylanase was studies, it was
observed that urea caused poor enzyme
production. Out of the inorganic nitrogen sources
NH4NO3 was the best nitrogen source for
xylanase production by local Aspergillus isolate
S6 (Fig. 7). The result obtained indicates that
optimum concentration of NH4NO3 was 0.4 gm
% w/v for maximum xylanase production.
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Effect of crude carbon sources
With a view to replace xylan, a costly substrate
for xylanase production, various cheap and
abundantly available pretreated lignocellulosics
have been tried as C-source for xylanase
production. The best induction for xylanase among
the lignocellulosics was shown by wheat bran
followed by rice bran ,rice straw and then baggase
(Fig. 8). As xylan is costly inducer for xylanase
production, among the lignocellulosics, wheat bran
was reported to be a good carbon source for
xylanase production.28 Many authors report the
advantages of using wheat bran as a substrate
for xylanase production in SSF when compared
to other solid wastes. De Souza et al., cultivating
A. tamari in wheat bran, obtained a higher
enzymatic activity than in sugarcane bagasse and
corn cob29and highest production was obtained
with wheat bran, maybe because wheat bran is
rich in proteins and hemicelluloses, which are used
by microorganisms as energy and carbon sources,
through specific enzymes such as xylanase and
amylases.30

Effect of agitation
In shaking condition xylanase production was
more (enzyme activity 0.432 U/ml) when the
culture flask was agitated with the speed of 100
rpm. Higher production level in shake cultures
may be due to formation of pellets by hyphae.
Mechanical agitation is a crucial factor for
production of xylanases, since this add in uniform
distribution of nutrient and supply of oxygen for
growth of organisms. Techapu et al reported
agitation speed of 150 rpm for the production of
thermostable and cellulose free xylanase by
Streptomyces species AB106.31

Properties of extracellular crude xylanase

Effect of pH
This study revealed that the best pH for the
xylanase activity was 6.0 (Fig. 9).Studies carried
out with Aspergillus species as well as with other
fungal species also concluded that the most
suitable pH value for xylanase activity was within
the acid range. The pH optima of fungal xylanases
(4.0-7.0) are somewhat lower than those of
bacterial xylanase (8.0-10.0)32,33

Fig. 6 : Effect of carbon sources Fig. 7 : Effect of additional nitrogen sources

Fig. 8 : Effect of crude carbon sources Fig. 9: Effect of pH
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Effect of temperature
The optimum temperature for xylanase activity
was 500C (Fig. 10).  In other studies with
Penicillium spp. it was concluded that the
optimum temperature varied between 40 and
50°C.34,35 Beside, others fungal xylanases show
optimum temperature at 50ºC. 36,37

Substrate concentration
Xylanase activity was studied by varying substrate

Fig. 10 : Effect of temperature

Fig. 11 : Lineweaver-Burk Plot

concentration [1–8 mg/ml]. The reaction rate
remains constant beyond a  substrate
concentration of xylan 8 mg/ml Xylanase activity
was studied by varying substrate
Lineweaver- Burk plot (Fig. 11) for the xylanolytic
reaction of xylan revealed that the Vmax of the
reaction was 0.714 mg/min and Michaelis-Menten
constant (Km) was 4.54 mg/ml. (Fig.  11)
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CONCLUSION
The production of xylanase from Aspergillus
species S6 was evaluated. Wheat bran, compared
to the other agro-waste material studied is a very
promising substrate for xylanase production. This
investigation has clearly established the effect of
growth conditions on the production of xylanase
by Aspergillus species S6. Following production
medium optimization, an increase in the enzyme
activity was obtained. Considering the optimum
conditions for xylanase production and specific
substrate of the xylanase produced, this strain of
Aspergillus has a potential role in the development
of a bioprocess for the mass production of
xylanase using low-cost media.
The use of agro-wastes in the production of
xylanase will ultimately bring down their production
cost and at the same time reduces environmental
pollution due to the wastes. Further studies can
be done on the enzyme purification, enzyme
immobilization and applications of xylanase. The
xylanase enzyme produced is thermostable and
acidophilic which has industrial   applications.
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