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ABSTRACT 
Xylanase catalyze the hydrolysis of xylan, the major constituent of hemicellulose. Applications of 

xylanases can be found in the food, feed and paper industry. The major problem in the field of paper 

bleaching is the removal of lignin and its derivatives, which are linked to cellulose and xylan. Xylanases 
are more suitable in paper and pulp industry than lignin degrading systems. This study aimed to find out 

the most efficient producer of xylanase enzyme isolated from soil samples of Jharna village. Various 

Aspergillus species were isolated from soil samples. Comparative studies were done to identify the most 

efficient producer of Xylanase among various species of Aspergillus namely A.niger, A. fumigatus and A. 
flavus after three days of incubation, at optimum temperature and pH conditions. Wheat substrate provide 

maximum yield at optimum temperature and pH conditions as compared to rice substrate. Aspergillus 

fumigatus showed the highest enzyme production in presence of wheat substrate as a carbon source. A. 
fumigatus showed on wheat substrate as the source of xylan produced highest enzymatic activity, clearing 

zones formation i.e. 79 mm at 37°C and pH 9 and produced high amount of Xylanase with optical density 

reading 0.897 at pH 7.4 respectively, thus A. fumigatus produced maximum amount of cellulose free 

Xylanase.  
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INTRODUCTION  

Xylan is found mainly in the secondary cell wall and a heteropolysaccharide containing substituent 

groups of acetyl, β-O-methyl-D-glucuronosyl and α-arabinofuranosyl residues linked to the backbone of 
β-1, 4 linked xylopyranose units and has the binding properties mediated by covalent and non-covalent 

interactions with lignin, cellulose and other polymers. The depolymerisation action of xylanase results in 

the conversion of polymeric substance into xylooligosaccharides and xylose (Subramaniyam et al., 2002; 

Kamble and Jadhav, 2012). Xylanase is an enzyme that catalyzes the hydrolysis of 1, 4-β-D-xylosidic 
linkages in xylan that are constituents of hemicellulose, a structural component of plant cell walls. 

Xylanase (endo-1, 4-β-xylanase) and β- xylosidase (β- Dxyloside xylohydrolase) are the main 

constituents of the xylanolytic enzyme system, converting xylan (the main hemicellulosic polysaccharide) 
into a more readily fermentable form (Ghosh et al., 1993). Microorganisms are rich sources of xylanase 

enzymes, which are produced by diverse genera and species of bacteria, actinomycetes and fungi. 

Aspergillus a fungus known to produce cellulase free xylanase is of high industrial importance. The three 
species of Aspergillus, namely, A. niger, A. fumigatus and A. flavus were compared to determine high 

xylanase producing rate on different substrate, wheat bran and rice bran and the most optimize condition 

for microorganism growth was determined by incubating cultures at different temperatures and prepared 

medium with three different pH.  
 

MATERIALS AND METHODS 

Isolation and Identification of Fungi from Soil Samples 
Serial dilution of various soil samples were prepared and inoculated on Potato Dextrose Agar (PDA) 

medium for 4 days at 28°C, taken from the site of decomposing wood at Jharna Village (East Longitude-

75° 27’ 38”, North Latitude-26° 49’ 34”, 450-500mtr above sea level, Weather: Temp.- 28°- 34° C in 
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summer,  Temp.- 12°- 18° C in winter), Jaipur and identification was done using various microscopic and 

macroscopic methods.  

Screening of Xylanase Activity on M9 Media 
Three selected fungal isolates were screened by xylan-agar diffusion method for their abilities to produce 

extracellular xylanase during their growth on M9 medium with the following composition (g/l) 

(Na2HPO4,  6.0; K2HPO4, 3.0; NH4Cl, 0.3; NaCl, 0.15; MgSO4.7H2O, 1; CaCl2.2H2O, 1; Agar,  20; wheat 
and rice bran, 10; in phosphate buffer. The medium was taken into 3 separate conical flask, prepared into 

the pH of the medium was adjusted to 7.4, 9 and 11 respectively to find out the most optimum conditions 

and the effect of temperature on growth were recorded. Positive xylanolytic isolates were detected based 

on the clear zones of hydrolysis. Fungal strains, which produced distinct clearing zones around their 
colonies, were selected. The amount of xylanase produced was quantified. 

Quantitative Estimation of Xylanase by Fungi 

50mg of solid substrate was weighed from the outer peripheral region of enzymatic zone. The solid 
substrate was dissolve in 10 ml of Glycine NaOH buffer. The suspension was vortexes. The suspension 

was then centrifuged at 10,000 rpm at 4°C for 10 minutes. The supernatant containing xylanase enzyme 

were collected, pellet along with all debris were discarded. 1 ml of enzyme solution taken, to which 2 ml 
of 1% xylan (substrate) solution was added. The reaction mixture was incubated for 20 minutes at 70°C. 

The reaction was stopped by the addition of 3.0 ml of 3, 5- dinitrosalicylic acid (DNS) and the contents 

were boiled for 15 min (Miller, 1959). After cooling, the color developed was read at 540 nm on UV 

visible spectrophotometer.  
 

RESULTS  
The objective of present investigation was to isolate fungal strains with high level of xylanase producing 
ability. In order to achieve the aims, we have selected agricultural wastes as they are rich sources of 

hemicellulose. During the initial screening, a total of 20 different fungal species were isolated on PDA 

media. Identification of fungal species was made on the basis of morphological, cultural and microscopic 

characteristics by using standard reference manuals (Ellis, 1976; Raper and Fennel, 1965). In our results, 
among 20 soil samples collected from semi-arid soil of Jharna area, various fungal floras were isolated 

from 10 samples. The dominant fungal species isolated were Aspergillus niger, A. fumigatus and A. 

flavus; they were inoculated on M9 medium provided with wheat bran and rice straw as a xylan source, to  

 
Figure 1.1 The clear enzymatic zone produced by activities of xylanases (hydrolyzed zone in mm) 

produced by A. niger, A .fumigatus and A. flavus after 4 days of incubation at temperature 37°C 

using wheat bran as a xylan source 
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identify the high xylanase producing fungal species. Various diameter of enzymatic zone were produced 

after 4 days of incubation at various pH and temperature (Fig. 1.1).  

This study shows that among wheat bran and rice straw given as carbon source, wheat bran was found out 
to be most efficient as enzymatic zone of greater diameter were obtained on the media. Enzymatic zone of 

highest diameter 79 mm was produced on wheat bran by A. fumigatus. Similarly A. niger and A.flavus 

also showed high enzymatic activity on wheat bran substrate. The diameter of reaction zone formed 
around colony was directly proportional to the enzyme activity the pH of the medium has an intense 

influence on the overall activity of the fungal growth. The effect of pH on xylanase production was 

studied by adjusting the pH of the M9 medium at 7.4, 9 and 11. Among the optimum conditions 

investigated, pH 7.4 was found to be most suitable for fungal activity as fungal species, studied, show 
efficient production and growth at this pH. Temperature also affects the production of xylanase enzyme 

by fungi. Suitable temperature condition for enzyme production from selected fungal species was 

investigated by inoculating the organisms on M9 medium and incubating the samples at two different 
temperatures namely 37°C and 45°C. Aspergillus niger at 45°C and pH 9 on wheat substrate as the source 

of xylan showed maximum enzymatic activity which was 60 mm. Moreover, considering A. fumigatus, 

production of xylanase is crucially affected by pH and temperature as maximum enzymatic zone, which 
was 79 mm obtained at pH 9 and temperature 37°C with wheat bran as a carbon source. A. flavus shows 

maximum enzyme production on the basis of enzymatic zone at pH 11 and temperature 45°C with wheat 

bran as source of carbon (Tables 1, 2 and 3).  

 

Table 1: Enzymatic zone by Aspergillus fumigatus on wheat substrate at 37°C temperature and 

various pH. 
  

S.No. pH Enzymatic zone measured Microbial growth measured Pz 

1. 7.4 65 mm 56 mm 0.53 mm 

2. 9 79 mm 65 mm 0.54 mm 

3. 11 65 mm 60 mm 0.52 mm 

 

Table 2: Enzymatic zone by Aspergillus niger on wheat substrate at 45°C temperature and various 
pH.  
  

S.No. pH Enzymatic zone measured Microbial growth measured Pz 

1. 7.4 58 mm 45 mm 0.56 mm 

2. 9 60 mm 50 mm 0.54 mm 

3. 11 49 mm 24 mm 0.67 mm 

 

Table 3: Enzymatic zone by Aspergillus flavus on wheat substrate at 45°C temperature and various 

pH.  
 

S.No. pH Enzymatic zone measured Microbial zone measured Pz 

1. 7.4 56 mm 40 mm 0.58 mm 

2. 9.0 64 mm 52 mm 0.55 mm 

3. 11 65 mm 54 mm 0.54 mm 

*Pz = (Diameter of enzymatic zone / diameter of enzymatic zone + diameter of microbial growth 
measured) 
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Quantitative estimation of Xylanase was done using 1% birch wood xylan as the substrate; xylanase 

activity was assayed in 3.0 ml of reaction mixture containing 1.0 ml of crude enzyme extracted through 

cooling centrifugation at 10,000 rpm for 10 mins at 4°C. A. fumigatus on wheat bran as substrate 
produced high amount of Xylanase with optical density reading 0.897, 0.87 and 0.84 at pH 7.4, 9 and 11 

respectively, thus A. fumigatus produced maximum amount of cellulose free Xylanase as compared to A 

.niger and A. flavus on wheat substrate. (Tables 4,5,6). 

 

Table 4: Optical density of xylanase production by A. niger on wheat and rice substrate at 540 nm 

absorbance, optimum temperature and different pH condition. 
 

pH Optical density on Wheat substrate Optical density on Rice substrate 

7.4 0.697 0.76 

9 0.721 0.74 

11 0.724 0.58 

 

Table 5: Optical density of xylanase production by A. fumigatus on wheat and rice substrate at 540 

nm absorbance, optimum temperature and different pH condition  
 

pH Optical density on Wheat substrate Optical density on Rice substrate 

7.4 0.897 0.598 

9 0.87 0.531 

11 0.84 0.583 

 

Table 6: Optical density of xylanase production by A. flavus on wheat and rice substrate at 540 nm 

absorbance, optimum temperature and different pH condition  
 

pH Optical density on Wheat substrate Optical density on Rice substrate 

7.4 0.597 0.629 

9 0.496 0.427 
11 0.31 0.443 

 

DISCUSSION 
The present study revealed that maximum xylanase activity by fungi was shown on media with wheat 
bran as carbon source (Okafor et al., 2007). The large number of bacteria, yeast and filamentous fungi 

have been reported to produce Xylanase (Wong et al., 1988), filamentous fungi are gaining importance as 

producers of xylanase over others from the industrial point of view due to non pathogenic nature, ease in 
cultivation under fermentation conditions and capable of producing high levels of extracellular enzymes 

(Kar et al., 2006). Hence, during present work the main focus was on the isolation of fungi with xylanase 

producing ability. Under natural conditions, depending upon various external factors, microflora varies 

from sample to sample. Therefore, in order to rule out any biased selection criteria, we have selected 
samples from different agricultural soils and wood-wastes in our initial screening approach. During 

present study most of the isolates were found positive to the cellulase- free xylanase production. In this 

study, wheat and rice straw were used as a substrate in the basal media (M9) for the enumeration of 
growth of those organisms which produce the xylanase enzyme under optimum pH and temperature 

conditions. Our aim was isolation of fungal isolates, in order to avoid the growth of bacteria which 

overgrows the fungi in very short time, acidic pH have been selected during our present screening work. 
During screening on PDA plates, we obtained 20 isolates belonging to different genera with no 

correlation among the total count. One of the major problems in screening large number of microbial 

strains for their xylanase producing ability is the lack of single rapid reliable screening technique. Hence, 

solid agar screening method was used for screening and confirmed the xylanase production under 
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submerged conditions by using the standard procedures. Initially, solid screening medium containing 

xylan as the sole carbon source developed for this purpose was employed (Flannigan and Gilmour, 1980). 

Xylanase producing organisms were identified on the basis of the clearing zone formed around the 
colonies. This investigation, in accordance with others (Anthony et al., 2003; Ghosh and Nanda, 1994; 

Hrmova et al., 1991) have showed that the highest xylanase producing strain, with less or no cellulase 

activity, belong to the genus Aspergillus sp. Therefore all the three species belonging to Aspergillus genus 
were studied for high xylanase production and optimized conditions for relative high production of 

xylanase by fungi have been determined. From our studies, out of all the isolates, owing to ease in 

cultivation and efficient producing ability of xylanase, Aspergillus niger, A. fumigatus, A. flavus was 

found to be a useful organism for the large-scale production of enzymes for paper and pulp industry. We 
are well aware that irrespective of the medium used in combination with substrate, the conditions such as 

degree of aeration, pH and temperature during fermentation regulate the enzyme production. Nair et al., 

(2008), Biswas et al., (1990) and Gilbert et al., (1992) found that screening is carried out on pure and 
defined substrate, to isolate cellulase free xylanase producing fungi. Therefore in our studies, it was found 

that species of Aspergillus producing cellulase-free xylanase.  

Conclusion 
Microorganisms are rich sources of xylanase enzymes, which are produced by diverse genera and species 

of bacteria, actinomycetes and fungi. Aspergillus a fungus known to produce cellulase free xylanase, 

which is of high industrial importance. The three species of Aspergillus, namely, A. niger, A. fumigatus 

and A. flavus were compared to determine high xylanase producing rate on different substrate, with 
optimum pH and temperature conditions. Among all species of Aspergillus studied, A. fumigatus showed 

highest enzymatic activity at 37°C and pH 9 on wheat substrate as the source of xylan which obtained 79 

mm enzymatic zone. According to the quantitative estimation of xylanase production we observed that A. 
fumigatus showed the maximum optical density on wheat substrate as a carbon source at 7.4 pH 

condition. Moreover considering A. niger and A. flavus showed the maximum optical density on rice 

substrate as a carbon source at 7.4 pH and 37°C temperature condition. 
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