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ABSTRACT 

This study aims to isolate xylanase-producing fungi, i.e., Aspergillus flavus, isolated from the litter of the 
Orchha forest, and efforts are made to culture fungi on cheaper agricultural substrates, i.e., wheat bran and corn 
cobs. After isolation, the xylanolytic activity was tested on the malt extract agar culture medium. Optimization 
of growth parameters were also carried out with wheat bran and corn cobs. It was found that maximum xylanase 
was produced on the sixth and eighth days of incubation, with pH of 6.0 and 7.0, and substrates amount for corn 
cobs and wheat bran of 16 and 18 mg/ml, respectively. Temperature of 30°C, peptone concentration of 0.5 mg/
ml, and yeast extract concentration of 0.75 mg/ml were the same for both substrates. The enzyme produced 
through optimized conditions was assayed for its maximum activity. It was found that the enzyme showed 
maximum activity at 15 and 30 minutes of incubation, and at 60° and 55°C temperature for corn cobs and 
wheat bran, respectively. The pH and substrate (oat spelt xylan) concentrations were optimized at 5.5 and 15 
mg/ml, respectively. In. this study, the production of xylanase with the use of cheaper agricultural waste, such 
as wheat bran and corn cobs, will not only reduce the cost of production but will also help in their eradication 
from the environment.

1. INTRODUCTION
Lignocellulose derived from grasses, wood, forestry residues, 
agricultural, and municipal wastes is the major component of 
plant biomass and the most abundant, renewable raw material 
for producing high value-added bioproducts. Lignocellulose 
comprises three polymers: cellulose, hemicelluloses, and lignin. 
Cellulose is the major constituent of plants and the most abundant 
homopolysaccharide on the Earth. It makes up approximately 45% 
of the dry weight of wood [1].

It is a linear, crystalline, and unbranched polymer of 
D-glucopyranose units joined by 1,4-β-D-glycosidic linkages. 
Hemicelluloses are heteropolysaccharides making up about 
25%–30% of the total dry weight, which includes D-xylose, 
D-mannose, D-galactose, D-glucose, L-arabinose, 4-O-methyl-
glucuronic, D-galacturonic, and D-glucuronic [1]. Xylan is the 

main hemicellulosic, complex carbohydrate and it requires groups 
of hydrolyzing enzymes to break the β-1,4-xylan subunits into 
xylose.

The xylanolytic system involves several enzymes, such 
as α-arabinofuranosidase (E.C.3.2.1.55), α-glucuronidase 
(E.C.3.2.1.139), acetylxylan esterase (E.C.3.1.1.72), β-xylosidase 
(E.C.3.2.1.37), and endo-1,4-β-xylanase (E.C.3.2.1.8) [2,3]. Among 
these, endo-1,4-β-xylanases directly take part in the degradation 
of the glycosidic bond and produce xylooligosaccharides. 
Xylanases are inducible enzymes genetically having single-chain 
glycoproteins ranging from 6 to 80 kDa and are active at pH 
4.5–6.5 [4]. Xylanases are produced by various microorganisms, 
including crustaceans, insects, bacteria, filamentous fungi, and 
yeasts. Among these, filamentous fungi are the good producers of 
xylanases when compared to other microbes due to their maximum 
production of the enzyme and fungi are easy to cultivate [5].

The cost of the carbon source also plays important role in the 
enzyme production. To reduce the cost of production of xylanases, 
inexpensive and easily available lignocellulosic sources should 
be preferred over expensive and pure xylan under solid state 
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fermentation (SSF) and liquid state fermentation (LSF). It has been 
observed that the cost of maintenance and risk of contamination 
are low and the enzyme yield is high in LSF when compared to 
SSF [6].

Xylanases have enormous potential applications in many industrial 
processes. In the paper industry, it is used in the pre-bleaching process 
and in the feed industry it improves the digestibility of the ruminant 
feed [7]. Other applications of xylanases are in the food industry, in 
fruit juices and wine clarification [8], in production of biofuels, such 
as bioethanol, extraction of coffee and plant oils, etc. [9].

Therefore, considering the applications and importance of 
xylanases in industries, this study aims to produce and optimize 
the production of xylanase using wheat bran and corn as carbon 
sources by the fungal strain Aspergilllus flavus isolated from the 
decaying litter collected from the Orchha Wildlife Sanctuary.

2. MATERIALS AND METHODS

2.1. Sample collection
Degrading litter samples were collected from different regions 
of the Orchha Wildlife Sanctuary, Madhya Pradesh, situated at 
25° 21′ 6.91″ N and 78° 38′ 25.19″ 78° 38′ 25.19″E (Figure 1). 
Samples were collected in sterile polythene bags with the help of 
a spatula and brought to the laboratory for isolating fungal strains.

2.1.1. Isolation of fungi
Isolation of fungal strains from decaying litter was carried out 
by using serial dilution agar plating [10] and direct inoculation 
method [11]. For isolation, a suspension of litter was prepared in 
double-distilled water which was then serially diluted up to 103 
times. About 1.0 ml of this suspension was streaked over the potato 
dextrose agar medium, supplemented with a pinch of antibiotic, 
ampicillin, to avoid bacterial contamination. The petri plates were 
incubated at 30°C for fungal growth.

2.2. Identification of fungi
The isolated fungi were identified and characterized based on 
their morphological characters and microscopic analysis using 
taxonomic guides and tools. The morphological characteristics 
included growth of colony (length and width), presence and 
absence of aerial mycelium, color of the colony, and spore 
pigmentation. Standard texts and photographs were used for 
identification [12–14].

2.3. Examination of xylanolytic activity
The isolated fungi were screened for xylanolytic activity using 
the xylan agar diffusion method. Fungal isolates were allowed 
to grow on the malt extract agar (MEA) medium (g/L): oat spelt 
xylan, 10.0; peptone, 5.0; yeast extract, 5.0; K2HPO4, 0.2; and 
agar, 20.0 [15]. The inoculated plates were incubated at 30°C for 
growth. On appearance of growth, the plates were flooded with 
0.1% congo red solution for 10 minutes and then washed with 1 M 
NaCl solution. Strains with clear zones on the plates were proved 
positive for the xylanolytic activity.

2.4. Enzyme production under LSF
LSF for xylanase production was carried out in a modified Mandel’s 
medium [16] containing (g/L): KH2PO4, 2.0; MgSO4.7H2O, 0.3; 
CaCl2, 2.0; FeSO4.7H2O, 0.5; ZnSO4.7H2O, 1.4; MnSO4.H2O, 1.6; 
peptone 0.3; yeast extract, 0.75; distilled water, 1l; and pH, 5.5. 
About 0.5 g of the substrate (corn cobs, wheat bran) was suspended 
in 25 ml of culture medium and then the flasks were sterilized at 
121°C for 20 minutes. On cooling, 1 ml of fungal spore suspension 
was inoculated into the flasks under sterile conditions. Then, the 
flasks were incubated at 30°C.

2.5. Optimization of enzyme production and assay
To obtain maximum xylanase production, several cultural 
conditions were optimized with respect to incubation period, 
temperature, pH, carbon source, and nitrogen sources like 
peptone and yeast extract. The enzyme assay was also optimized 
for incubation time, temperature, pH, and substrate (xylan) 
concentration.

2.5.1. Incubation period
The period of inoculation of inoculum was optimized in terms 
of incubation period to find out the time period for maximum 
xylanase production.

2.5.2. Temperature
The effect of temperature on xylanase production was determined 
to incubate the flasks at different temperature ranges: 20°C, 25°C, 
30°C, 35°C, and 40°C.

2.5.3. pH
To find the optimum pH for maximum xylanase production, pH of 
the culture medium varied at 3.0, 4.0, 5.0, 5.5, 6.0, 6.5, 7.0, and 
8.0. pH was maintained by 0.1N NaOH and 0.1N HCl with the 
help of an electronic pH meter.

2.5.4. Carbon source
Agriculture byproducts, i.e., corn cobs and wheat bran, were 
used as the carbon source for enzyme production. To find out the 
maximum xylanase production, substrate was obtained at different 

Figure 1: Location of the orchha wildlife sanctuary.
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concentrations (g/L): 2.0, 4.0, 8.0, 12.0, 16.0, 18.0, 20.0, 22.0, 
24.0, 26.0, 32.0, and 40.0.

2.5.5. Nitrogen sources
Both peptone and yeast extract are good sources of nitrogen. 
Different concentrations were obtained in the production medium: 
peptone (g/l): 0.1, 0.2, 0.3, 0.4, 0.5, 0.8, 1.0, and 1.2; and yeast 
(g/l): 0.6, 0.65, 0.7, 0.75, 0.8, 0.85, 0.9, 0.95, 1.0, and 1.2.

Certain parameters, such as incubation time, temperature, pH, and 
substrate concentration, were also optimized for the enzyme assay.

2.6. Optimization of xylanase activity
After the standardization of parameters for enzyme production, 
some parameters, such as incubation period, temperature, pH, and 
substrate concentrations, were optimized to find out maximum 
enzyme activity. For incubation period, the enzyme reaction 
mixture was incubated at different time intervals, such as 5, 10, 
15, 30, 45, and 60 minutes. Similarly, optimum temperature for 
enzyme activity was assayed at various temperatures: 40°C, 45°C, 
50°C, 55°C, 60°C, and 65°C. The pH of the reaction mixture was 
assayed at different pH: 4.0, 4.5, 5.0, 5.5, and 6.0. For optimization 
of substrate concentration, oat spelt xylan (Himedia) was obtained 
at different concentrations (mg/ml): 1.0, 2.0, 5.0, 10.0, 15.0, and 
20.0.

2.7. Harvesting of the enzyme
The biomass of each flask was filtered through Whatman filter 
paper grade 1 and the filtrate was centrifuged at 10,000 rpm for 10 
minutes. The supernatant was collected in sterilized glass bottles 
and stored at 4°C in the deep freezer (REMI) for assay purpose.

2.8. Enzyme assay
Enzyme assay was carried out by using 3, 5-dinitrosalicyclic acid 
method [17]. For the assay purpose, the reaction mixture contained 
1.0 ml of substrate solution (1% oat spelt xylan prepared in buffer 
solution), 1.0 ml of 0.05M sodium citrate buffer at pH 5.3, and 1.0 
ml of harvested crude enzyme. The reaction mixture was stopped 
by adding 3.0 ml of 3,5-dinitrosalicyclic acid (DNS). The reaction 
mixture was incubated at 55°C for 10 minutes. Absorbance 
was measured at wavelength 540 nm using spectrophotometer 
(Systronics 104) [18]. The enzyme activity was expressed as 
International units (IU)/ml. 

3. RESULTS AND DISCUSSION
Saprophytic fungi play a very important role in ecosystems as 
decomposers, which break down the complex organic material 
into simple inorganic forms. They are the major component of 
soil microbiota ecosystems, which utilize the organic substrates 
present in the litter as energy and nutrient source by the process of 
decomposition [19]. During this study, the collection of litter samples 
was carried out in the month of January and October. Totally, 26 
fungal strains were isolated from decaying litter soil samples. All the 
strains were identified with cultural characteristics and microscopic 
examinations of each strain with the help of standard texts, out of 

which A. flavus was selected for further studies (Figure 2). It was 
characterized to have yellow conidial heads at a young stage and 
become greyish green at an older stage, conidiophores develop 
from the substratum, conidia globose to sub-globose, echinulate, 
yellowish green, sometimes elliptical when young [12].

Xylanolytic activity of A. flavus was examined by a well-diffusion 
method on the MEA plates, supplemented with 0.1% oat spelt xylan 
as the sole carbon source. After 72 hours of inoculation, growth 
around the wells appeared and spread around, forming a clear zone. 
To visualize a clear zone, petri plates were flooded with 0.1% congo 
red solution followed by 1M NaCl (Figure 3). The appearance of a 
clear zone is indicative of the ability of fungus to metabolize xylan 
in the culture medium. After that strain was studied for xylanase 
production with cheaper substrates, such as wheat bran and corn 
cobs, and various growth parameters, such as incubation period 
(days), temperature, pH, carbon, and nitrogen sources, it was 
optimized for maximum enzyme production under LSF.

Figure 2: A. flavus (a) Slant culture (b) Microscopic view.

Figure 3: Showing hydrolyzed zone (a) before congo red treatment and  
(b) after congo red treatment.
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3.1. Optimization of incubation period on enzyme production
During this study, maximum xylanase production in terms of 
released sugar was high in wheat bran after 8 days of incubation, but 
it required a longer incubation period when compared to corn cobs 
powder, i.e., 6 days of incubation (Fig. 4 and Table 1). Subsequently, 
xylanase production was decreased due to scarcity of nutrients and 
accumulation of toxic compounds in the medium [20].

3.2. Optimization of temperature on enzyme production
Temperature is one of the essential parameters to find out the 
maximum xylanase production under LSF. To determine the 
optimum temperature for maximum xylanase production, A. 
flavus was cultured at different temperatures, ranging from 20°C 
to 40°C. At 30°C, maximum xylanase production was observed 
for both substrates. It was found that at 30°C, A. flavus produced 
xylanase on wheat bran 0.75 IU/ml and for corn cobs it was 1.28 
IU/ml. Several studies have reported similar results for species 
Aspergilllus [21,22]. Above the optimum temperature, it leads 
to denaturing the enzymes and thus decreasing the production of 
enzymes under the fermentation process. The effect of A. flavus on 
xylanase production at various temperatures is shown in (Figure 
5 and Table 2).

3.3. Optimization of pH on enzyme production
The pH of the culture medium also affects the enzyme production. 
Most of the fungi are reported for producing xylanase in acidic 
medium [23,24]. They are able to grow at pH ranges of 5.0–8.0 
[25]. This study observed that pH 6.0 and 7.0 were the optimum 
pH for corn cobs and wheat bran, respectively, for producing 
maximum xylanase by A. flavus, shown in (Figure 6 and Table 
3). The enzyme production decreased while increasing the pH 
from the optimum pH. Low enzyme production was observed 
when pH of the culture medium was adjusted at 8.0 [26]. 
According to Ho and Hood [27], at pH 6.5, maximum xylanase 
activity was found in Aspergillus brasiliensis after 72 hours of 
incubation.

Figure 4: Effect of incubation period on xylanase production by A. flavus.

Table 1: Effect of incubation period on xylanase production by A. flavus. 

Incubation period (days)
Enzyme activity (IU/ml)

Wheat bran Corn cobs

3 0.16 0.15

4 0.19 0.18

5 0.32 0.2

6 0.45 0.89

7 0.59 0.33

8 0.68 0.3

9 0.6 0.25

10 0.51 0.23

11 0.23 0.13

12 0.12 0.08

The values of xylanase activity are the mean of three replicates.

Figure 5: Effect of temperature on xylanase production by A. flavus.

Table 2: Effect of temperature on xylanase production by A. flavus. 

Temperature (°C)
Enzyme activity (IU/ml)

Wheat bran Corn cobs

20 0.25 0.44

25 0.68 0.65

30 0.75 1.1

35 0.48 0.85

40 0.42 0.51

The values of xylanase activity are the mean of three replicates.

Figure 6: Effect of pH on xylanase production by A. flavus.
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3.4. Optimization of substrate concentration on enzyme 
production
Another parameter is substrate concentration, i.e., the amount 
of substrate which has to be hydrolyzed by the fungal strain 
and during which hydrolyzing enzymes are released in the 
growth medium. The results are shown in (Figure 7 and 

Table 4), where the highest production was 1.22 IU/ml with 
18 mg/ml concentration for corn cobs and 1.28 IU/ml with 16 
mg/ml concentration for wheat bran. It can be explained that 
initially the substrate concentration was directly proportional 
to enzyme production, i.e., the increase in substrate amount 
favors the fungal growth, thus enzyme production was also 
increased. Above the optimum concentration, the fungi showed 
a declining trend in xylanase production because high substrate 
concentration led to medium viscosity and blocked oxygen 
supply in the medium [20].

3.5. Optimization of nitrogen sources on enzyme production
Peptone and yeast extract were supplemented to the medium 
and suggested by many researchers as nitrogen sources [22]. 
The optimum concentration of peptone and yeast extract 
for maximum enzyme production was 0.5 mg/ml (Fig. 8 and 
Table 5) and 0.75 mg/ml (Fig. 9 and Table 6), respectively, for 
both substrates.

3.6. Characterization of enzyme
After the optimization of physical parameters for enzyme 
production, the enzyme was assayed for its maximum activity in 
IU/mL. During investigation, it was found that enzyme was highly 

Figure 7: Effect of substrates (corn cobs and wheat bran) on xylanase 
production by A. flavus.

Figure 8: Effect of peptone on xylanase production by A. flavus.Table 4. Effect of substrate concentration on xylanase production by A. flavus.

Substrate  Conc. (mg/ml)
Enzyme activity (IU/ ml)

Wheat bran Corn cobs

2 0.42 0.08

4 0.94 0.22

8 1.02 0.34

12 1.12 0.64

16 1.25 0.88

18 1.19 1.22

20 1.14 1.18

22 0.9 1.1

24 0.84 0.98

26 0.81 0.86

32 0.7 0.67

40 0.63 0.31

The values of xylanase activity are the mean of three replicates.

Table 5. Effect of peptone concentration on xylanase production by A. flavus. 

Peptone conc.(mg/ml)
Enzyme activity (IU/ml)

Wheat bran Corn cobs

0.1 0.6 0.9

0.2 0.68 1.04

0.3 0.7 1.1

0.4 0.83 1.14

0.5 1.27 1.28

0.8 0.92 0.96

1.0 0.82 0.9

1.2 0.62 0.88

1.4 0.58 0.7

The values of xylanase activity are the mean of three replicates.

Table 3. Effect of pH on xylanase production by A. flavus. 

pH
Enzyme activity (IU/ ml)

Wheat bran Corn cobs

3.0 0.78 0.82

4.0 0.8 0.91

4.5 0.9 0.98

5.0 0.94 1.0

5.5 1.02 1.19

6.0 1.1 1.1

6.5 1.18 0.93

7.0 1.25 0.88

7.5 1.11 0.85

8.0 0.98 0.75

The values of xylanase activity are the mean of three replicates.
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active at 15 and 30 minutes of incubation (Fig. 10 and Table 7), 
60° and 55°C (Fig. 11 and Table 8), pH 5.5 of buffer solution  
(Fig. 12 and Table 9), and 20.0 and 15.0 mg/ml of the xylan 
substrate (Fig. 13 and Table 10) for corn cobs and wheat bran, 
respectively.

Figure 9: Effect of yeast extract on xylanase production by A. flavus.

Table 6. Effect of yeast extract concentration on xylanase production by  
A. flavus. 

Yeast extract conc.(mg/ml)
Enzyme activity (IU/ml)

Wheat bran Corn cobs

0.6 0.9 1.18

0.65 1.03 1.22

0.7 1.29 1.36

0.75 1.35 1.42

0.8 1.27 1.24

0.85 1.06 1.16

0.9 0.98 1.06

0.95 0.62 0.98

1.0 0.45 0.45

1.2 0.38 0.25

The values of xylanase activity are the mean of three replicates

Figure 10: Effect of the incubation period on xylanase assay by A. flavus.

Table 7. Effect of incubation time (minute) on xylanase assay by A. flavus. 

Incubation Period  (minute)
Enzyme activity (IU/ml)

Wheat bran Corn cobs

5 0.021 0.38

10 0.083 0.75

15 0.175 0.96

30 0.29 0.82

45 0.21 0.72

60 0.18 0.52

75 0.13 0.49

90 0.02 0.4

The values of xylanase activity are the mean of three replicates.

Figure 11: Effect of temperature on xylanase assay by A. flavus.

Table 8. Effect of temperature on xylanase assay by A. flavus. 

Temperature (°C)
Enzyme activity (IU/ml)

Wheat bran Corn cobs

40 0.06 0.52

45 0.15 0.64

50 0.29 0.69

55 0.38 0.71

60 0.15 1.03

65 0.01 0.8

The values of xylanase activity are the mean of three replicates.

Figure 12: Effect of pH on xylanase production by A. flavus.
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4. CONCLUSION
The xylanase enzyme produced in this study is quite important with 
regard to the fact that it is produced by using cheaper agricultural 
residues, such as wheat bran and corn cobs, as substrates. The enzyme 
produced by A. flavus has become important for being cellulase-
free, and thus can be recommended for industrial applications.
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15 1.14 0.41

20 0.64 1.19

The values of xylanase activity are the mean of three replicates.

Figure 13: Effect of xylan concentration on xylanase production by A. flavus.
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