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Abstract
Enhancement of xylanase activity in Aspergillus niger was obtained by changing the growth parameters during present
investigation. Previously isolated strain of A. niger was cultivated by optimizing the culture conditions in submerged culture
for enhanced xylanase activity using low cost lignocellulosic waste like wheat bran, sugarcane baggase, wheat straw, corn
cobs and rice straw. Highest activity of xylanase (25.49 U/ml) was observed when fungus was grown on media containing
wheat bran as carbon source. The influence of temperature, pH, salt concentrations and incubation period on activity of
xylanase was also observed. The maximum activity (36.06 ± 0.148 U/ml) was recorded on day 7th at 3 percent salt concentration
and optimum temperature of 45ºC and 5.5 pH. It has been found that A. niger could be the important fungus for conversion
of lignocellulosic waste into useful products.
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Introduction
Plants cell wall is consists of cellulose, hemicellulose

and pectin materials of which hemicellulose is more
complex heterogenous substance consist of its basic
structural unit xylan, which is a branched
heteropolysaccharide composed of a backbone of -1-4
xylopyranosyl units and different side groups like D-
galactose, L-arabinose, feruloyl and glucouranyl acetyl
residues (Shallom and Soham, 2003). Xylanases are the
class of enzyme able to hydrolyze the xylan into
oligosaccharide and D- xylose. Because of complex
structure of xylan several side chains cleaving enzymes
required for its complete hydrolysis of which endo 1-4 -
xylanase and - xylosidase are key enzymes responsible
for breakdown of the xylan backbone (Thomas et al.,
2014). Endoxylanase attack on xylan to produce
xylooligosaccharides and the -xylosidase hydrolyze
xylobiose and xylotriose to xylose and other monomers.

Xylanase are found to produced by various
microorganisms like fungi, bacteria, actinomycetes and
yeast. Among the different sources of xylanase,
filamentous fungi are widely used for commercial
production of the enzyme because they are more capable

to produce higher level of extracellular xylanase into the
medium (Sakthiselvan et al., 2014) as compared to yeast
and bacteria.

In the last few decades the biotechnological
applications of xylanase seeking greater attention of
researchers. The use of xylanase in the bioconversion of
lignocellulosic waste is the focus of several studies
because of the xylose production which is used as a raw
material for the cultivation of single cell protein and in
the production of xylitol, xylonic acid and ethanol. A major
application of xylanase is in paper and pulp industry as a
biobleaching agent where xylanse could reduce the
demand of chlorine which causes environmental pollution
(Singh et al., 2013). A part from this xylanase also have
applications in animal feed industry, food industry, textile
and pharmaceutical industry (Pedersen et al., 2015).
Submerged fermentation (SmF) technique has been used
traditionally for the cultivation of useful enzymes because
of easy handling and maintenance of homogenous
conditions throughout the experiment (Guleria et al.,
2013). However, the productivity of enzyme in solid state
fermentation (SSF) technique is much higher and can
also minimize the production cost (Hui et al., 2010).
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xylanase and improvement in enzyme yields and activity
has been achieved by modifying cultural parameters or
by mutation (Singh et al., 1995) and hybridization. During
present study we reports on enhancement of activity of
xylanase in Aspergillus niger by modifying its cultural
conditions.

Material and Methods
Chemicals used

The chemicals used in this experiment were of
analytical grade and purchased from Himedia, Merck
and SRL. Lignocellulosic waste (wheat straw, sugarcane
baggase, wheat bran, corn cobs and rice straw) were
arranged from local market.
Selection of experimental organisms

The fungal isolates Aspergillus niger used in this
study was isolated previously from the soil of agricultural
field. Being one of the best xylanse producing fungi it
was selected for further studies. The culture of
Aspergillus niger was maintained and preserved on
YPSs medium on agar slants at 4ºC.
Cultivation of enzyme through submerged culture

The production of enzyme through submerged culture
was undertaken in an Erlenmeyer flasks of 250 ml
containing 60 ml of Bhatt and Maheshwari medium
(1987). The medium composition in g/l was CoCl2.6H2O,
0.02; NH4H2PO4, 2.0; KH2PO4, 3.0; MgSO4 7H2O, 0.5;
K2HPO4, 2.0; CaCl2. 2H2O, 0.1; MnSO4, 4H2O, 0.016,
FeSO4, 7H2O, 0.05; ZnSO4.7H2O, 0.0143, Peptone, 1.0;
Yeast extract 1.0, in which carbon source was
supplemented with 1% sugarcane baggase. After
sterilizing the medium flasks were inoculated by 1ml spore
suspension of test fungus. The incubation was carried
out on a rotary shaker at 120 rpm and 28 ± 2ºC for 120
hours. After termination of the required period centrifuged
the broth at 6000 rpm for 15 min in order to remove
unwanted residues and the supernatant thus obtained was
treated as enzyme.
Xylanase assay

The beech wood xylan was used as a substrate for
the assay of enzyme activity. The reaction mixture was
prepared by adding 1.8 ml substrate (1% xylan) and 0.2
ml of enzyme and keeping it in a water bath for 30 min at
50ºC (Bailey et al., 1992). 1 ml of above reaction mixture
was taken after incubation and 3 ml of DNS reagent
added to it, shaken well boiled for 5 minutes. Reading
was taken after cooling the mixture at 540 nm against
spectro zero. Enzyme activity was calculated by
determining the reducing sugar against the standard of
xylose (Miller and Khan, 1959). One unit of enzyme
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activity was defined as the amount of enzyme required
for hydrolyzing 1µmol of xylose per minute under the
assay conditions.
Optimization of cultural parameters

The optimization of cultural conditions was undertaken
by modification of different parameters in a stepwise
manner for production of xylanase. The effect of
incubation period was undertaken by taking the enzyme
activity of A.niger at every 24 hour interval for 7 days.

The test organism was grown on different
lignocellulosic waste i.e. sugarcane baggase, wheat bran,
rice straw, corn cobs and rice bran. 1 gm substrate of
each was added in 100 ml Erlenmayer flask separately
containing 25 ml of medium and incubated at 28±2 for 7
days.

Temperature effect was examined by growing test
organisms on different temperature ranging from 35ºC
to 60 with an interval of 5ºC each for growth while effect
of temperature on enzyme assay was found out by
detecting enzyme activity at different incubation
temperature from 35 to 80ºC with the help of DNS
method as mentioned above.

The effect of pH on enzyme activity was observed
by changing pH of the medium from 4.0-9.0 in citrate
phosphate buffer, keeping other conditions as optimum.
The optimization of different salt concentration was
examined by growing test organism on standard medium
with different salt concentration i.e. from 1.0 to 5.0
percent. Xylanase activity in optimized conditions was
compare with that of its activity during unoptimized
conditions.

The activity of xylanase was calculated by taking
standard graph of xylose at 540 nm. Results obtained
from the above experiments were shown as their mean
± standard deviation of triplicates.

Result and Discussion
Submerged cultivation of xylanase using

lignocellulosic waste was proved to be a potential
technique because of sufficient oxygen supply, availability
of more nutrients and least time requirement for growth
than other techniques. The synergistic effect of several
xylan decomposing enzymes could also be observed
Table 1: Xylanase activity of Aspergillus niger at different

incubation periods on wheat bran.

Incubation period (Days) Enzyme activity (U/ml)
3rd 10.96 ± 0.681
5th 16.49 ± 0.406
7th 22.19 ± 0.286
9th 18.89 ± 0.649
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during submerged culture which results in better utilization
of biomass for improved xylanase production (Bajpai,
2014; Polizeli et al., 2005).

The activity of xylanase on different incubation period
was examined and result showed that the maximum
activity (22.19 U/ml) was achieved at 7th day of incubation
(Table 1) while at 3rd day of incubation the minimum
activity was observed. A notable decline of enzyme
production was observed after 7th day of incubation. This
might be due to the nutrient depletion and aggregation of
toxic wastes in culture media. The result obtained
indicates that among the different substrate used wheat
bran proved to be the best substrate for xylanase
production followed by sugarcane baggase (Fig. 1). Rice
straw had been proved as poor substrates for the xylanase
production by A. niger.

Wheat bran is a cheapest substrate for fermentation
and contain highest amount of xylan and proved to be a
promising lignocellulosic substrate for xylanase cultivation
in submerged cultivation. It is also believed that wheat
bran particles have decomposed and form soluble
compound could be utilized by the fungus. The highest

activity of xylanase in media having wheat bran as a
single carbon source was also obtained by many workers
(Okafor et al., 2007; Padmavathi et al ., 2009;
Muthezhilan et al., 2007; Batailon et al., 2000), however
lowest xylanase production on wheat bran was observed
by Bacillus lichenformis (Archana and Satyanarayana,
1997; Zychlinski et al., 1994).

Temperature range from 30 to 60ºC was selected
for optimization of temperature for production of xylanase.
Results obtained indicate that optimum cultivation
temperature was 45ºC at which maximum enzyme activity
(27.40 U/ml) was achieved by the fungus (Table 2). While
highest activity of xylanase was noticed at 50ºC of
incubation temperature. A notable decrease in activity
was also seen thereafter. Growth rate as well as enzyme
production both are affected dramatically by cultivation
temperature. The A. niger is a mesophilic fungus however
the optimum temperature for maximum activity was at
thermophilic range. The temperature generated through
metabolic activities of the organisms also influence their
cultivation temperature because the growth of fungus at
the temperature below and above the optimum was
inhibited thus the enzyme activity could also be decreased
(Yaun and Rangyu, 1999; Rahman et al., 2003).

Fig. 1: Xylanase activity of A. niger on different substrate.
S.B= sugarcane baggase, W.B= wheat bran, R.S= rice
straw, W.H= wheat husk, C.C= corn cobs.

Fig. 2: Effect of pH on xylanase activity of A. niger at optimum
temperature on wheat bran.

Fig. 3: Effect of different salt concentration on xylanase
activity of A. niger at optimum temperature and pH on
wheat bran.

Table 2: Xylanase activity of Aspergillus niger at different
temperature at optimum incubation period on wheat
bran.

Temperature (ºC) Enzyme activity (U/ml)
30 16.29 ± 0.532
35 17.4 ± 0.466
40 18.49 ± 0.399
45 27.40 ± 0.412
50 24.40 ± 0.443
55 23.37 ± 0.294
60 20.46 ± 0.386



Optimum pH was explored by growing test organism
on different pH from 4.0 to 8.0 which was found as pH
5.5 (30.75 U/ml). The pH optima for xylanase activity
i.e. for enzyme substrate reaction were found to be 6.5.
The pH of a medium effectively influences enzymatic
activities and movement of various substances across
the cell membrane (Kuhad, Kapoor and Nair, 2008).
There are several reports on production and
characterization of thermostable and alkali tolerant
xylanase (Bim and Franco, 2000; Tseng et al., 2002;
Dhillon et al., 2000).

Effect of salt concentration was also determined on
xylanase activity which was highest (36.06 U/ml) at 3%
of salt concentration (Fig. 3). Similar result was also
obtained by Muthezhilan et al., (2007). Activity was found
to be increase with increase in salt concentration but upto
a limit because at higher salt concentration the ions of
salt can denature the enzyme. Double salt optima were
observed for Thermoascus aurantiacus at 1.5% and
2.5 % (Yadav and Jaitly, 2011). The study of xylanase
profile before and after optimization of growth conditions
showed that higher production of xylanase was recorded
at optimized conditions as compare to unoptimized
conditions. It was observed from this study that xylanase
production could also be enhanced by modifying their
ecological parameters in order to make it more suitable
for industrial purpose. Aspergillus niger proved to be a
potential fungal strain for production of xylanase on
optimized submerged fermentation conditions using
cheaper lignocellulosic waste.
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