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ABSTRACT  
 

                 Xylanases are hydrolytic enzymes which randomly cleave the beta 1,4 backbone of the 
complex plant cell wall polysaccharide xylan. Diverse forms of these enzymes exist, displaying varying 
folds, mechanisms of action, substrate specificities, hydrolytic activities (yields, rates and products) 
and physicochemical characteristics. This research has mainly focused on four strains of thermophilic 
fungi viz. Sporotrichum thermophile, Chaetomium thermophile, Humicola grisea and Torula 
thermophila which obtained from National Institute for Biotechnology and Genetic Engineering, 
Faisalabad, Pakistan. Four thermophilic fungi were screened for their production of xylanolytic 
enzymes in soluble and lignocellulosic insoluble substrate( Kallar grass, xylan, glucose, cellobiose and 
wheat bran). Kallar grass used as single substrate for enzyme production, it was noticed that the higher 
enzyme activity (4.8Unit/ml) was produced by H. grisea where as the (lower 1.3 unit/ml) was produced 
by C. thermophile. However when supplemented with 0.5 % xylan the enzyme activity increased to a 
level of 1.2,2.9,1.2 and 2.2 fold for S. thermophile,C. thermophile, N. grisea and T.thermophila 
respectively. The carbon source combination consisting of Kallar grass plus xylan plus glucose were 
found to be the best for production of xylanases from these fungus in order of H.grises > C. 
thermophila > T.thermophila > S. thermophila. The maximum enzyme activity for S. thermophile and 
C. thermophile was marked at pH 6 . that of H. grisea and T. thermophila was comparable at pH 5 and 
6 respectively. Enzyme activity values for S. thermophile ,C.thermophile,H. grisea and T. thermophila 
were recorded as 4.0,6.7,7 and 5.7 respectively. The optimum pH for xylanases produced from four 
various fungi is 6. The optimum temperature for xylanases assay produced from the various species of 
fungi was found to be 70 ºC. The four crude enzymes produced in this study a potential to be a 
candidate for the application and feed and food industry. 
KEY WORDS: Thermostable Enzymes, Xylanase , Chaetomium thermophile, Humicola grisea, 

Torula thermophila , Fungal xylanases. 
 

INTRODUCTION 
 

Pakistan is an agricultural country and the waste of major crops of lignocellulosic material , its 
accessibility and cost effective agricultural residual, such as wheat straw, wheat bran, xylan, sugar cane 
bagasse, corn cobs, α-cellulose, carboxy-methyl cellulose(CMC),  Kallar grass, rice bran and wheat 
bran were used to achieve higher xylanase yields, less chance of contamination using microbial 
fermentation. Lignocelluloses consists primarily of three major polymers cellulose, hemicelluloseis the 
second largest component (20-40%) of lignocellulosic material after cellulose (He et al.,1993; Irshad 
et al.,2011;Khonzue et al.,2011; Amaro-Reyes et al.,2011).   

Lignocellulolytic materials are abundant in nature and have great value as alternative energy 
source. The composition of this biomass vary. The major component is cellulose (35-50%), followed 
by hemicelluloses (20-30%) and lignin(10-25%), in the addition to minor components such as proteins, 
oils and ash that make up the remaining fraction of lignocellulosic biomass. Hemicellulose is the 
second source of renewable organic carbon on earth, with a high potential for the recovery of useful 
end products (Wong et al.,1994; Park and Cho,2010).The biodegradation and bioconversion into 
useful products and biological alleviation of pollution from lignocelluloses waste in an enormous 
environmental challenge. A great variety of fungi can degrade these macromolecules by using a battery 
of hydrolytic or oxidative process. Over the past decades, enzyme-based technologies have aroused 
worldwide research interest. Finding economically suitable substrates has always been of particular 
interest. An ideal lignocellulosic substrate is cheap, easily processed with a high yield and is suitable 
both for hydrolysis and for production of enzyme. Production of enzymes in situ instead of inoculating 
with commercially available enzymes can improve the economics of process (Sjostrom,1981; 
Archana and Satyanarayan,1997;Archana and Satyanarayan,1997;Hong et al.,2011;Amaro-
Reyes et al.,2011). 
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Xylan, the major hemicellulosic constituent of hardwood and soft wood, is branched 
heteropolysaccharide constituting a backbone of β-1, 4 linked xylopyranosyl units substituted with 
arabinosyl, glucuronyl and acetyl residues (Shallom and Shoham,2003).The structure of xylan 
components from different sources depends upon extraction procedure as well as the frequency, 
number and type of substitutions.   

  Endo 1,4-b- D-xylan  xylanohydrolase  (EC3.2.1.8), a glycosyl  hydrolase,  is  generally  
secreted  by  microorganisms grown on plant biomass, for hydrolyzing xylan in  plant  cell walls. These  
enzymes  are  important  in  various  industrial  processes  such  as  food,  feedstuffs  and biobleaching 
process (Butt et al.,2008;  Kumar et al.,2009). Xylanases (E.C.3.2.1.8) are key enzymes, which play 
an important role in the breakdown of xylan. Xylan, a major component of hemicellulose, is a 
heterogeneous polysaccharide consisting of â-1,4 linked to D-xylosyl residues on the backbone, but 
also containing arabinose, glucuronic acid, and arabino glucuronic acid linked to D-xylose backbone 
(Wong et al.,1988). Enzymatic hydrolysis of xylan is catalysed by different xylanolytic enzymes such 
as endo-1,4-beta xylanase, beta xylosidase, alpha glucuronidase, alpha-arabinofuranosidase, and 
esterase. Among these endo-1,4-beta xylanase (E.C.3.2.1.8) and beta-xylosidase are the most important 
enzymes where the first attacks the main internal chain linkages, and the second releases xylosyl 
residues by where first attack the main internal chain linkages and second releases xylosyl residue by 
endwise attack of of xylo-oligosaccharides (Bakir et al.,2001; Beg et al.,2001).  

Filamentous fungi are more attractive than bacteria as potential enzyme producers since these 
microorganisms secrete higher levels of enzymes into the culture medium (Palaniswamy et al.,2008). 
Thermophilic enzymes are commonly used in strategies of SSF using inert supports (Rana and Bhat, 
2005), to achieve functional and more stable recombinant proteins.  

 Thermophilic fungi, a unique group of microorganisms, that thrive at high temperature are 
often associated with piles of agricultural and forestry products and other composting materials 
(Maheshwari et al.,2000). The distribution and colonization of thermophilic fungal population in 
compost is closely related to their ability to produce a variety of cell wall degrading enzymes (Sharma, 
1989; Ghatora et al.,2006). Since these fungal strains function in amelioration of xylan substrate 
present in lignocellulosic waste, each xylanase produced may be biotechnologically important and 
show specialized function. There is need to isolate and identify such novel xylanases from diverse 
indigenous strains. Some of the thermophilic fungi, Chaetomium thermophile, Humicola insolens , 
Thermomyces langinosus and Thermoascus aurantiacus have been reported to produce 
biotechnologically-important, thermostable xylanases. These xylanases are used in a variety of 
applications, i.e. clarification of juice and wine, starch separation and production of functional food 
ingredients, improving the quality of bakery products and in animal feed biotechnology (Poorna and 
Prema,2006; Saha,2003). Alkaline –active xylanases of thermophilic fungi find application in 
bleaching of pulp in paper industry obviating the need for chlorine in eco-friendly process 
(Subramanium and Prema,2002; Ghatora et al.,2006).   

In recent years xylanase has attracted considerable research interest because of its potential 
industrial applications like in bleaching paper pulp, increasing the brightness of pulp, improving the 
digestibility of animal feed and for clarification of fruit juices (Anand et al.,1990).  

This study highlights the survey to select thermophilic fungi for xylanases production, 
increase xylanase production and study factors affecting the thermostable enzyme production by 
thermophilic and thermotolerant fungi were optimized. 

 
MATERIALS AND METHODS 

I-Fungal strains:  
The pure fungi used in this study consisted of Sporotrichum thermophile, Chaetomium 

thermophile, Humicola grisea and Torula thermophila which obtained from National Institute for 
Biotechnology and Genetic Engineering, Faisalabad, Pakistan. The fungi were grown on potato 
dextrose agar slants at 45-50ºC until sporeulation(5-7days) and then were maintained at 4ºC until used. 
The inoculum was prepared by adding 4 ml of sterile distilled water to an agar slant and adjusting the 
spore suspension to 1x 106 spores per ml. Four the previously mentioned fungal strains were employed 
to select suitable fungi for xylanase maximum production. 
II-Fungal growth medium:  

Growth medium was made from the ingredient obtained from Sigma company according to 
the method of Eggins and Pugh (1962) as shown in the following (%):  Yeast extract, 0.05; L-
Asparagine, 0.05; MgSO4, 2.0; KH2PO4, 10.0; (NH4)2SO4, 5.0 and CaCl2, 1.0.The distilled water 
supplemented to 100 ml. The pH of the medium was adjusted to 5 using 0.1 N HCl. 
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III-Carbon source:  
The main carbon source was used in the present study " Kallar" grass which was grinded into 

pieces of about 0.5 mm. To optimize the substrate combination for production of maximum enzyme 
further enrichment with xylan, glucose, cellobiose and wheat bran was done in the following manner : 
1% Kaller grass (KaG) ;  1% KaG + 0.5 % xylan, 1% KaG + 0.5 % xylan + 0.25% glucose; 1% KaG+ 
0.5 xylan+ 0.25% cellobiose; 1% KaG + 0.5 xylan+ 0.5 wheat bran. The culture flasks containing 100 
ml of each substrate were plugged with cotton, covered with aluminum foil and autoclaved to 121 ºC 
for 10 minutes. 
IV-Fungal inoculum preparation:  
 For preparation of inoculum from each fungi to a conical flask (500 ml capacity containing 
100 ml cooled and presterilized medium at 121ºC for 10 minutes) one loopful each of pure slant was 
inoculated in inoculating hood. Each flask containing inoculum in growth medium was kept in orbital 
flask at 100 rpm for 24 hours at 45 ºC. 
V-Propagation of organism on different carbon sources to optimize production of xylanase:  
 In a conical flask (500 ml capacity already containing 100 ml) cooled presterilized growth 
medium supplemented with different carbon source as described earlier, 10 ml of inoculum was 
introduced and kept in orbital shaker at 100 rpm for 6 days at 45 ºC. 
VI-Separation of xylanase: 

After propagation the culture mixture was centrifuged using Beckman (Model J 2-21) 
centrifuge for 10 minutes at 10,000 rpm. The supernatant was further filtered through Buchner funnel 
under vacuum to get a clear filtrate . the filtrate was made contamination free by the addition of 0.02 % 
sodium azide. 
VII-Enzyme evaluation by spectrophotometer: 

The enzyme filtrate obtained was tested for the enzyme activity (at different pH and temperature).  
VIII-Xylanase activity: the activity of the enzyme tested according to Miller(1959). 
IX-Reagents:  

1- Citrate buffer (pH:5): To 25 ml 0.1 % citric acid 25 ml of 0.2 % of NaH2PO4 was mixed and 
the pH was adjusted to 5 with further addition of 0.2 % NaH2PO4. 

2-  Xylan sugar (1%): xylan (0.5 g) was dissolved in distilled water and made the volume to 50 
ml. 

3- Dinitrosalicylate reagent (DNS): this reagent was prepared by mixing (182 g of Na K 
tartarate, 10 g of NaOH, 10 g of 3- dinitrosalicylic acid, 2 g of phenol, 0.5 g of Na2SO5 in 
water and made the volume to one liter. 

4- Assay: in a test tube containing 1 ml of citrate buffer and 0.5 ml of xylan solution a volume of 
0.5 ml of diluted enzyme (Enzyme : water = 1:4 v/v) was added. The mixture was incubated 
for 15 minutes at 50 ºC in orbital shaker at 100 rpm. After expiry of time 3 ml of 
dinitrosalicylate reagent (DNS) was added to test tube then boiled for 5 minutes according to 
Miller (1959) method. A control was run–parallel as above but the enzyme was added after 
addition of DNS reagent. The absorbance of the mixture in each test tube was taken with help 
of computational spectrophotometer (Model 4-3210,Hitachi,Japan) at 550nm. A zero point 
absorbance was adjusted by a blank reagent containing equal volume of DNS and water. 

Calculation of enzyme activity:  
  The factor was derived from slope of slandered curve (Fig. 1) made by taking absorbance at 550 
nm after reacting with DNS reagent with different concentration of xylose.  
 

 
 

Fig. (1): Standard curve xylose concentration for enzyme activity in unit /ml. 
Factor= slope x 1000 x vol of sample x dilution / mol.wt of xylose x time (min). 

0.6 x 1000 x 2 x 5 / 150 x 15  = 2.7 
Enzyme activity ( Unit /ml) = (absorbance – control ) x factor (2.7). 
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Optimization of pH for maximum enzyme activity: 
Citrate buffer of different pH (4.5,5,5.5,6 and 6.5) were prepared by using 0.1 % citric acid 

and 0.2 % NaH2PO4 in different quantities and enzyme activity was tested by using the assay described 
earlier to select optimum pH. 
Optimum temperature for maximum enzyme activity:  

After adding 1 ml citrate buffer (pH 5) and xylan and enzyme in each test tube it was 
incubated at different temperature (50, 60 and 70 ºC) for 15 minutes. The enzyme activity was tested 
with help of spectrophotometer at 550 nm using micro-cuvette tube after addition of DNS reagent and 
boiling for 5 minutes with a view to select optimum temperature. 

 
RESULTS AND DISCUSSION 

 
The production of microbial xylanases has attracted great interest due to their potential 

application in chemical, pharmaceutical and food industries. Xylanases preparations free of cellulose 
activity are of particular interest for the pre-treatment of paper pulps to decrease the xylan content and , 
therefore, reduce the dependence on chlorine used for bleaching in the brightening process (Gilbert et 
al.,1993). The production of enzyme by using xylan rich substrate mainly depends on the selection of a 
suitable strain from an appropriate habitat. Fungal systems have been mainly used for enzyme 
production (Ghosh et al.,1991;Itmai et al.,1994;Crabb and Mitchinsan,1997;Irshad et al.,2011). 
Extensive work has been going on in many laboratories to select a proper organism for production of 
concentrated xylanases and efficient inducer for large-scale enzyme production particularly using 
biomass wastes in microbial fermentation.  

This study was conducted to produce xylan hydrolyzing enzymes from different species of 
thermophilic fungi when grown on five different combinations of insoluble and soluble carbon 
substrates. The enzymes obtained from different sources of fungi were characterized for their enzyme 
activity, optimum pH and temperature. The results relating to these parameters have been presented 
and discussed here:   
I-Effect of different combination of carbon source on enzyme production:  

Different carbon sources were used to find economical and potent inducer of xylanase using 
the four thermophilic fungi. By conducting screening of various carbon sources it is realistic to identify 
highly efficient inducer of enzyme which leads to substantial increase in yield.   

Kallar grass, a straw (salt tolerant) lignocellulosic material consisting of 30 % hemicelluloses 
(Latif et al.,1988) was mainly employed as a substrate for fungi in this study. Other carbon sources 
like xylan, glucose, cellobiose and wheat bran were also incorporated in the liquied growth culture 
medium to see their enrichment effect of the production of xylanse in the form of enzyme activity. Data 
on the enzyme activity were presented in Table (1). Kallar grass is a natural source of xylanase inducer 
(Latif,1990). Kaller grass used as single substrate for enzyme production, it was noticed that the higher 
enzyme activity (4.8 Unit / ml) was produced by H. grisea where as the (lower 1.3 unit/ml) was 
produced by C. thermophile. However when supplemented with 0.5 % xylan the enzyme activity 
increased to a level of 1.2,2.9,1.2 and 2.2 fold for S. thermophile,C. thermophile, N. grisea and 
T.thermophila respectively.   

The enzyme activities further increased when 0.25 % glucose was added. The level of increase 
was 1.5,5,1.5 and 3.4 fold for S. thermophile, C. thermophile, H. grisea and T. thermophila 
respectively. Thus an increase of 0.75% carbon source (in the form of 0.5% xylan plus 0.25 % glucose) 
had a marked effect on enzyme induction. Substituting glucose by cellebiose could not induce xylanase 
to similar level except in H. grises whereas addition of wheat bran resulted in moderate effect on these 
enzyme production.  

Statistical analysis, given in table (2) revealed significant impact of carbon source and species 
on enzyme activity. Furthermore, the simultaneous impact on both was also significant at 5% level of 
probability assumed. ,DMR test indicated no significant paired difference between carbon sources (2) 
and carbon source (5) whereas all other paired difference differed significantly (P<0.05), concerning 
that data on species the paired monitored through DMR test were found significant for all comparison 
combination of kallar grass and xylan and glucose result in high enzyme activity, one can anticipate 
that glucose used in small quantity and its easily metabolized being a soluble carbon source and low 
molecular weight. Therefore glucose will be used for the growth of fungus only on the initial stage, 
then induction of xylanase on media containing already xylan and Kallar grass as hemicellulose 
substrate take place. The similarity in these results was also seen by (Milgares et al.,1993) who found 
an initial utilization of xylose and other molecular weight sugar for the cell biomass production with 
subsequent induction of xylose by relatively higher molecular weight oligomers. It is concluded that 
the carbon source combination consisting of Kallar grass plus xylan plus glucose were found to be the 
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best for production of xylanases from these fungus in order of H.grises > C. thermophila > 
T.thermophila > S. thermophila.  

 Kamble and Jadhav (2011) use of purified xylan as a substrate for enhanced production of 
xylanase is uneconomical and, therefore, the use of agro residues is cost effective method. In the 
present study agro-residues such as Wheat bran, Rice bran, Apple pomace and substrates Birchwood 
and Oat spelt xylan were supplemented as sole carbon sources for xylanase production in the 
production medium.  
 
Table (1): Xylanase activity of various fungi when grown on different carbon sources at 45ºC in 

submerged culture. 
 
 
       Carbon source 

Enzyme activity (unit /ml) 
Species of fungi 

Sporotorichum 
thermophile 

Chaetomium 
thermophile 

Humicola 
grisea 

Torula 
thermophila 

Kallar grass (1%) 2.5 1.3 4.8 1.6 
KG(1%) + Xylan (0.5%) 3 3.8 5.7 3.7 
KG (1%)+Xylan(0.5%)+ glucose (0.25%) 3.7 6.6 7.0 5.7 
KG (1%)+ xylan (0.5%)+ Cellobiose (0.25%) 2.7 5 7.0 4.4 
KG(1%)+ xylan(0.5%)+ Wheat bran (0.5%) 2.2 4.9 4.1 3.3 

 
Optimum pH for maximizing enzyme activity:  

High stability at wide range of pH and high temperature is required for  the enzyme  in animal  
feed. The enzymes produced from the four species of fungi were assayed at different pH values of 
citrate buffer to find optimum pH. The maximum enzyme activity for S. thermophile and C. 
thermophile was marked at pH 6. That of H. grisea and T. thermophila was comparable at pH 5 and 6 
respectively as shown in table (3). In Table (3) enzyme activity values for S. thermophile, 
C.thermophile,H. grisea and T. thermophila were recorded as 4.0,6.7,7 and 5.7 respectively. 

Analysis of variance in table (4) showed significant (p<0.05) impact of pH, species and pH x 
species interaction on enzyme activity. DMR test analyzed the significance of paired differences, for 
both pH as well as species factors. Regarding the data on pH values, all the paired comparison for 
enzyme activity differed significantly except enzyme activities between pH 5 and 6.5 which proved 
non significant. Similarly all paired comparison for enzyme activities associated with species used 
proved significant except for that between C. thermophile and T. thermophile. The optimum pH varies 
with species of fungi whereas the trends in these results on optimum pH being similar to those of 
Ganju et al.(1989) in case of C. thermophile which produce enzyme its optimum pH 6. It was 
concluded that the optimum pH for xylanases produced from four various fungi is 6. Maximum activity 
was observed at pH 6 by the investigated four thermophilic fungi used for production of xylanases. 
This is very important from practical point of view as pH control would not be critical as observed with 
many other enzyme preparations. High stability at wide range of pH and high temperature is required 
for the enzyme is animal feed. Khonzue et al., (2011) found that the optimal pH and pH stability of 
crude xylanases enzymes from Thermomyces lanuginosus THKU-56 were at 7 and in the range of pH 6 
to 9 respectively. The fungal included in this study produced xylanases to a varied extent. Ghatora et 
al.,(2006) identify and characterize of diverse xylanases from thermophilic and thermotolerant fungi.     

 
 Table (2): Analysis of variance with respect to the data shown in table (1). 

S.O.V. Df SS MS F-Value 
Carbon source 4 45.76 11.691 168.82 
Species  3 46.16 15.386 222.18 
Carbon source x species  12 19.83 1.652 23.86 
Error  20 1.38 0.009  
Total  39    

Duncan's Multiple Range Test for carbon source  
Carbon source  1 2 3 4 5 
Mean 2.55 (D) 3.83(C) 5.75(A) 4.76(B) 3.64(C) 
For fungal species 1 2 3 4 
Mean 2.82 (D) 4.33(B) 5.72(A) 3.55(C) 
Significant at P < 0.05    Means sharing the same letters are insignificant. 
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Table (3): Xylanase activity of various fungi at 50 ºC when assayed at different pH. 
 
 

pH 

Enzyme activity (unit /ml) 
Species of fungi 

Sporotorichum 
thermophile 

Chaetomium 
thermophile 

Humicola 
grisea 

Torula thermophila 

4.5 3.2 3.3 6.8 3.2 
5 3.7 4.6 7.0 5.6 

5.5 3.9 5.3 6.9 5.9 
6 4.0 6.7 6.9 5.7 

6.5 3.7 5.6 5.8 5.4 
 
Table(4): Analysis of various with respect to date in table (3). 

S.O.V. df SS MS F-Value 
pH 4 12.51 3.128 109.77 
Species  3 45.64 15.213 533.78 
pH x species  12 11.59 0.966 33.9 
Error  20 0.57 0.028  
Total  39    

Duncan's multiple range test for pH 
pH  4.5 5 5.5 6 6.5 
Mean 4.15(D) 5.25(C) 4.46 (B) 5.82(A) 5.11 (C) 
For fungal species 1 2 3 4 
Mean 3.68 (C ) 5.13 (B) 6.7 (A) 5.13(B) 

Significant at P < 0.05    Means sharing the same letters are insignificant. 
 
Optimization of temperature for maximum enzyme activity:  

Xylanase production has been shown to be influenced by pH and temperature in several 
species of  thermophilic fungi. An Alkalo-thermophilic  Bacillus halodurans MTCC 9512 have been 
reported for maximum xylanase activity at the pH 9.5 and temperature 55oC in submerged condition 
using xylan as carbon source (Garg et al.,2009).  

The xylanases produced from S. thermophile, C. thermophile, N. grisea and T. thermophile 
were assayed at different temperatures so as to select optimum temperature. For S. thermophile as 
shown in table (5) the values of enzyme activity recorded are 3.7,4.5 and 5.4 at 50,60 and 70 ºC 
respectively. Statistical analysis of the data in table (5) revealed that a significant increase (P<0.05) in 
enzyme activity with proportional increase in the temperature of assay. This studies concluded that the 
optimum pH for assay of xylanase from S. thermophile 70 ºC. The results of xylanase obtained from C. 
thermophile assayed at different temperatures are presented in table (6). The results differed 
significantly (P<0.05) in this case also as shown in table (6). The enzyme obtained from other two 
fungi i.e. H. grisea and T. thermophile were assayed at different temperatures the trends of the results 
were similar to those obtained above. Maximal enzyme activity was found at 70 ºC. Four thermophilic 
fungi were selected  as potent strains for further study on the xylanases production and protein profiles.    
 
Table (5): Xylanase activity of four thermophilic fungi when assayed at different temperature 50 

ºC for 15 min.  

 
The optimum temperature for xylanases assay produced from the various species of fungi was 

found to be 70 ºC and this is in accordance with those of earlier worker conducted on C. thermophile 
(Ganju et al.,1989), and Myceliopthera thermophila (Zamost et al.,1991) whose reported the optimum 
temperature for xylanases produced from these species was 70ºC. Contradictory to this study reported 
by Tan et al.,(1987) whose reported the optimum temperature for xylanase from Thermoascus 
aurantiacus was 78ºC. 
 
 
 
 
 
 

Temperature 
(ºC) 

Xylanase activity (Unit/ml) 
S.thermophile C.thermophile H.grises T.thermophila 

50 3.7 6.6 7.0 5.7 
60 4.5 6.9 7.8 6.1 
70 5.4 7.2 8.4 7.2 
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Table (6): Analysis of various with respect to date in table (5). 

Significant at P < 0.05    Means sharing the same letters are insignificant. 
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