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Aspergillus niger KSU 23 isolate was selected as a potential producer of xylanase
via a submerged fermentation technique using corn cobs as substrate. The trials for
xylanase production were conducted at two concentration levels (2.5 and 3.0) of corn
cobs, four different fermentation temperatures (25.0, 27.5, 30.0 and 32.5°C) and four
various initial pH levels (5.0, 5.5, 6.0 and 6.5) of the culture medium for a period of 96 h.
The results revealed that the A. niger KSU 23 exhibited maximum enzyme activity
(62.36±1.91 IU/mL) at 3.0 % corn cobs concentration followed by (60.12±1.09 IU/mL) at
2.5 % concentration respectively at 30oC, 6.0 pH after a period of 72 h of incubation. The
comparison of the effect of different initial pH grades of culture medium exhibited that
pH 6.0 had most potent role in xylanase production as compared to different other pH
levels. Time scale analysis revealed that fermentation period of 72 h was the most suitable
for obtaining maximum enzyme activity. Moreover a temperature of 30oC was found to be
optimum for higher yields of xylanase.
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Microbial enzymes are a fast growing
field in biotechnology. The global market of
industrial enzymes was closed to a billion dollars
in 1990 and crossed the 2.0 $ billion mark in 2005
the market has been estimated at 3.3 $ billion in
2010 and is expected to reach 4.4 $ billion by 2015
(Krishna, 2005). Endo-1, 4-β-xylanase (Endo-²-1, 4-
xylan, xylanohydrolase; EC. 3.2.1.8) commonly
called xylanase is an industrialy important enzyme
(Sharma and Kumar, 2013).

Xylan is the most abundant hemicellulose
and a complex polysaccharide composed of a
backbone of β-1, 4-glycoside-linked xylose
residues. Several hydrolytic enzymes are required
for complete xylan degradation. xylanase play a
major role in the degradation of xylan by cleaving

the xylosyl backbone and releasing short
xylooligosaccharides, which are further hydrolyzed
into xylose units by xylan 1,4-β- xylosidase (EC.
3.2.1.37) (Shallom and Shoham 2003).

Many microorganisms, including bacteria,
fungi, and yeast, are known to produce xylanase
(Beg et al. 2001). The filamentous fungi Aspergillus
and Penicillium are particularly important xylanase
producers because they excrete the enzyme into
media at higher levels than other microorganisms
(Chávez et al., 2006).

Aspergillus niger was used for production
xylanase by using most of the agricultural waste
materials/by products like corn cobs, sugar cane
bagasse, rice husk, rice straw and oat straw
(Siedenberg et al., 1998, Haq et al., 2002).

The xylanase has been used for a number
of commercial applications 1) bioethanol
production (Beg et al., 2001), 2) animal feedstocks,
3) paper industries (Tan et al., 2008), 4)
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Biobleaching (Birijlall et al., 2011), 5) baking
technology Pariza and Johnson, 2001) and 6)
Bioenergy (Chiranjeevi et al., 2012).

This work was aimed to optimize xylanase
enzyme production by A. niger using corn cobs
(two concentrations) and different pH grades and
temperatures.

MATERIALS   AND  METHODS

Substrate
Using corn cobs like carbon source were

utilized as substrate for the production of xylanase
enzyme.  Corn cobs were dried, ground to 40 mm
mesh and treated with 2.0% NaOH. The prepared
sample was stored in air tight container for
additional utilization in the xylanase production.
Fermentative organism

The isolation, purifications and
identification of A. niger isolate was obtained from
the team of authors in this paper depend on
experience in Aspergillus spp. for xylanase
production.
Growth on PDA for sporulation

A. niger isolate was cultivated on the
Potato dextrose Agar (PDA) as the spores were to
be stored for longer period for the utilization of
organism in different trials according to (Asghar,
2000).
Preparation of inoculum

The medium for inoculation was prepared,
maintained at pH 5.5 and sterilized by autoclaving.
The culture from the sporulation medium was
transferred to the inoculation medium in 500 ml
conical flask by using inoculation loop under
sterilizer conditions. The inoculated medium was
incubated at 37°C in an orbital shaker at 130 rpm
for 3 days.
Enzyme production

After 72 h of incubation, 3% of the
inoculum was added to each fermentation flask
(250 ml) for xylanase production. The optimization
of various culture conditions like temperature, pH
and period of incubation for fermentation was
carried out during the work.
Optimization conditions for xylanase production
Carbon source

Substrate of enzyme as corn cobs were
used at 2.5, 3.0 and 3.5 % concentrations.

pH
Xylanase production was performed at

different pH grades (5.0, 5.5, 6.0 and 6.5) using the
corn cobs to find out the optimum pH worth for
enzyme production.
Temperature

The production of xylanase was carried
out at different temperatures (25, 27.5, 30 and
32.5°C).
Incubation time

To find out the optimum time required for
maximum xylanase activity, samples were harvested
at different time intervals; 24, 48, 72 and 96 h.
Sample harvesting

After specific interval of incubation, the
biomass from the experimental flasks was filtered
through Whatman filter paper No.1. The filtrate
was centrifuged at 10,000 rpm for 15 min at 10°C in
the centrifuge to remove the spores and mycelia of
the organism. The supernatant was then carefully
collected and stored at a refrigerated temperature
in sterilized glass bottles.
Enzyme activity

Xylanase hydrolyzes the polymer xylan
into the xylose monomers. The free xylose units
produced as a result of xylanase activity react with
3-5 dinitrosalicylic acid (DNS) reagent, and form a
colored complex that is measured by
spectrophotometer at wavelength 550 nm.
Enzyme assay

The filtrate was assayed for xylanase
activity, determined at 55°C using 0.6% (w/v) oat
spelt xylan (Sigma) at pH 6.0. Reducing sugars were
measured using DNS method (Miller, 1959;
Carmona, 1998). Enzyme activity was expressed as
IU/ml.
Unit of activity

According to the International Union of
Biochemistry, one international unit of Xylanase
(1 IU) corresponds to the amount of enzyme
required to release 1 micromole of reducing sugar
(xylose) in 1 min.
Estimation of activity

For the estimation of enzyme activity, 1.0
ml of enzyme filtrate was added in a test tube
followed by 0.5 ml xylan (0.6%) along with 0.5 ml of
distilled water. The test tube was incubated at 30°C
for 30 min. Later, DNS reagent was added (2.0 ml)
to the test tube kept in boiling water for 5 min and
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cooled in ice water. A blank was also prepared in
the same way as aforementioned, but without
xylanase. The color intensity was estimated at 550
nm using spectrophotometer.
Statistical analysis

The data obtained were analyzed by
Complete Randomized Design (CRD) and level of
significance was determined by analysis of
variance technique as described by Steel et al.
(1997).

RESULTS

The production of xylanase by A. niger
was determination by two corn cobs
concentrations using four different pH levels (5.0,
5.5, 6.0 and 6.5) and four incubation temperatures
(25.0, 27.5, 30.0 & 32.5°C) over a period of 96 h.

The mean values in Fig. 1 depict the
effects of different pH grades on xylanase

production at 2.5% corn cobs concentration and
25°C over an incubation period of 96 h. The enzyme
production increased gradually up to 72 h and then
a decreasing trend was observed. The highest level
(46.36±1.12 IU/mL) of enzyme production was
obtained at pH 6 after 72 h of incubation that
decreased to 41.89±1.31 IU/mL at 96 h.

The production of xylanase was carried
out by A. niger at 27.5°C, various pH grades and
2.5% concentration of corn cobs (Fig. 2). The
enzyme production increased gradually up to 72 h
and then a decreasing trend was observed. The
highest level (50.21±1.56 IU/mL) of enzyme
production was obtained at pH 6 after 72 h of
incubation that decreased to 22.06±1.56 IU/mL at
96 h.

In another assay (Fig. 3) at the initiation
of the assay, lower activities of xylanase production
were observed at all pH grades, after that increasing
trend in enzyme production up to 72 h then showed

Fig. 3. Xylanase production by A. niger KSU 23 during
96 h fermentation at 30°C and 2.5% corn cobs
concentration in culture medium at different pH levels.

Fig. 4. Xylanase production by A. niger KSU 23 during
96 h fermentation at 32.5°C and 2.5% corn cobs
concentration in culture medium at different pH levels.

Fig. 1. Xylanase production by A. niger KSU 23 during
96 h fermentation at 25°C and 2.5% corn cobs
concentration in culture medium at different pH levels.

Fig. 2. Xylanase production by A. niger KSU 23 during
96 h fermentation at 27.5°C and 2.5% corn cobs
concentration in culture medium at different pH levels.
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a landing. The highest level (60.12±1.09 IU/mL) of
enzyme production was obtained at pH 6 after 72 h
of incubation that decreased to 42.11±1.34 IU/mL
at 96 h.

The Fig. 4 explained the time course
production of xylanase by A. niger at 32.5°C,
selected pH grades. The fungus exhibited maximum
enzyme production (47.19±1.41 IU/mL) after 72 h
when the fermentation was carried out at pH 6 that
decreased to 43.67±1.13 IU/mL at 96 h.

The mean values in Fig. 5 depict the
effects of different pH grades on xylanase
production at 3% corn cobs concentration and 25°C
over an incubation period of 96 h. The highest
level (51.89±1.26 IU/mL) of enzyme production was
obtained at pH 6 after 72 h of incubation that
decreased to 47.51±1.49 IU/mL at 96 h.

The production of xylanase was carried
out by A. niger at 27.5°C, various pH grades and
3% concentration of corn cobs (Fig. 6). The enzyme

production increased gradually up to 72 h and then
a decreasing trend was observed. The highest level
(56.74±1.38 IU/mL) of enzyme production was
obtained at pH 6 after 72 h of incubation that
decreased to 51.17±1.59 IU/mL at 96 h.

In another assay (Fig. 7) at 30°C, lower
activities of xylanase production were observed at
all pH grades, after that increasing trend in enzyme
production up to 72 h then showed a landing. The
highest level (62.36±1.91 IU/mL) of enzyme
production was obtained at pH 6 after 72 h of
incubation that decreased to 58.52±1.71 IU/mL at
96 h.

The Fig. 8 explained the time course
production of xylanase by A. niger at 32.5°C,
selected pH grades. The fungus exhibited maximum
enzyme production (55.22±1.63 IU/mL) after 72 h
when the fermentation was carried out at pH 6 that
decreased to 51.19±1.83 IU/mL at 96 h.

Fig. 5. Xylanase production by A. niger KSU 23 during
96 h fermentation at 25°C and 3% corn cobs
concentration in culture medium at different pH levels.

Fig. 6. Xylanase production by A. niger KSU 23 during
96 h fermentation at 27.5°C and 3% corn cobs
concentration in culture medium at different pH levels.

Fig. 7. Xylanase production by A. niger KSU 23 during
96 h fermentation at 30°C and 3% corn cobs
concentration in culture medium at different pH levels.

Fig. 8. Xylanase production by A. niger KSU 23 during
96 h fermentation at 30°C and 3% corn cobs
concentration in culture medium at different pH levels.
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DISCUSSION

The findings of the present study are in
line with those of Ali et al. (2002) that 30°C is the
best temperature for Aspergillus to produce
maximum xylanase activity. In another investigation
conducted by Chen et al. (1999), A. niger showed
maximum production 357.2 IU/ml for the enzyme
when grown in shake flask at 28 to 32°C for 60
hours.

Senthilkumar et al. (2005), who observed
optimum xylanase recovery at 72 h of incubation.
The findings are also supported by the results
found by Camacho and Aguillar (2003), that when
corn cob was used as carbon source for the growth
of Aspergillus sp, it synthesized 37.0 and 39.5 IU/
ml xylanase activity at an incubation period of 48
and 72 h, respectively. Aspergillus niger GCBT-35
was used for optimal production of xylanase
(289.86 U/ml/min) was achieved 72 h after the
conidial inoculation, when 1.0% (w/v) meat extract
was used as a nitrogen source in the culture
medium at an initial medium of 5.5 pH (HAQ et al.,
2008). Optimum pH and temperature for xylanase
activity were found to be 8 and 28°C, Thus the
present study proved that the fungal strain A.
niger used was potential and useful for xylanase
production (Tallapragada and Venkatesh, 2011).
Aspergillus niger was used for optimum production
of xylanase production 3.0% sugarcane bagass or
corn cobs were used in the culture medium having
pH 5.5 for the period of 72 h at 30oC (Zulfiqar et al.,
2013, Zulfiqar et al., 2012). Kohli et al. (2001)
observed maximum enzyme production after 96 h,
whereas Park et al. (2002) reported that the optimum
xylanase production could be obtained after 5 days
fermentation period. The contradiction may be due
to the difference in fermentation conditions.
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