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ABSTRACT 
 

Among the various microorganisms reported for their capabilities of cellulases and xylanases 
production, fungi are the most potent producers. This study reports the production of xylanolytic and 
cellulolytic enzymes by potential decomposing fungal isolates using a cheap medium containing 
green manure substrate and chemically defined basal medium under solid-state culture. A number 
of decomposing fungi were screened for cellulolytic and xylanolytic potential. The  enzyme  
production  with  purified  carboxy  methyl  cellulose  (CMC)  and  birch  wood  xylan  was  studied 
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and found to be promising. Aspergillus niger produced the highest amount of endoglucanase and 
xylanase viz., 3.635 U mg

-1
 protein min

-1
 and 2498.20 U mg

-1
 protein min

-1
, respectively at 25ºC. 

Growth and enzyme production was affected by the alterations in temperature. Highest production 
of endoglucanse and xylanase were noted at 25ºC and 30ºC.  
 

 
Keywords: Endoglucanase; fungal decomposers; Sesbania aculeata L. and xylanase.  
 

1. INTRODUCTION 
 
Numerous  microbial  enzymes  are  
commercially  exploited  and auspiciously passed 
down  on  industrial  scale  to  catalyze  several  
chemical  processes [1]. Cellulose degrading 
enzymes are commercially available, but still too 
expensive for production of fuel ethanol [2]. In 
nature, several bacteria and fungi are capable of 
metabolizing plant cellulose aerobically and the 
final product is CO2 [3].  The capability to degrade 
cellulose aerobically is a common feature among 
various bacterial and fungal communities. 
Cellulolytic ability is widespread in members of 
the Ascomycota and Basidiomycota [4-6]. 
Aerobic cellulolytic microbes produce freely 
diffusible extracellular cellulase enzyme systems 
consisting of endoglucanases, exoglucanases 
and α-glucosidases that act synergistically in the 
conversion of cellulose to glucose [2,7-8].   
 
Xylans are major structural polysaccharides in 
plants. They belong to the group of complex 
structural polymers collectively referred as 
hemicelluloses [9]. Xylanases are group of 
enzymes, crucial in the bio-conversion of 
hemicelluloses into their constituent sugars.  
Variety of microorganisms, including bacteria, 
yeasts and filamentous fungi have been reported 
to produce xylanases, of which the most potent 
producers are fungi [10].   
 
Solid state fermentation (SSF) offers advantages 
over submerged fermentation, it generally 
employ a natural raw material as carbon and 
energy source [11]. SSF processes have 
adequate economical potential in producing 
products for the food, feed, pharmaceutical and 
agro-industries. Latest applications of SSF 
include the protein enrichment of agro-industrial 
residues, the production of enzymes, organic 
acids and other fungal metabolites and spore 
production [11].  
 
The production of endoglucanase and xylanases 
from different microbes using different substrates 
have been performed but little attention was paid 
towards the optimization for cultural conditions 
and particularly the possibility of a green manure 

substrate for its use for the production of these 
enzymes. Thus, the present study was 
undertaken to exploit the potential of green 
manure decomposer fungal isolates for the 
production of endoglucanase and xylanase.    
             

2. MATERIALS AND METHODS  
 
2.1 Collection of Sample  
 
The substrate used for the study was green 
manure Sesbania aculeata L., which is a cheap 
and readily available source of lignocelluloses 
and hemicelluloses. The green manure plants 
(45-50 days old) were collected from local fields, 
cut into small pieces (1-2 cm) followed by 
washing and drying. These samples were stored 
in autoclavable plastic bags in a cold room which 
had its temperature set at 4ºC.  
 

2.2 Microorganisms and Inoculum 
Preparation        

 
A large number of decomposing fungi were 
isolated from various samples of decomposing 
green manure Sesbania aculeata L. in soil [12] 
and screened for their cellulolytic and xylanolytic 
potentials. The best enzyme producing isolates 
of dominant decomposing fungi were selected 
following the method of Kheng and Ibrahim [13]. 
These isolates were maintained on PDA plates. 
The  cultured  plates  were  washed  with  100  
ml  of  sterilized distilled  water. The  surface was  
gently  rubbed  with  a sterilized small glass-
spreader and the mycelial suspension was  
transferred  into  a  sterilized  250  ml  conical  
flask  by filtration. The inoculum was kept in the 
refrigerator at 4ºC for enzyme assays. 
 

2.3 Preliminary Screening of Potential 
Isolates of Decomposing Fungi for 
Enzymatic Activity through Plate 
Assay 

 
The evidences for the microbial utilization of 
cellulose and hemicelluloses can be detected by 
using congo red [14]. Screening was carried out 
on Czapex-mineral salt agar medium [Sodium 
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nitrate (NaNO3)-0.2%, Potassium phosphate 
(K3PO4)-0.1%, Magnesium sulphate (MgSO4)-
0.05%, Potassium chloride (KCl)-0.05%, 
Peptone-0.2%, Agar-2.0%, pH-6.5]. This medium 
was supplemented with 0.5% carboxymethyl 
cellulose (CMC) or Birch wood xylan for 
screening of cellulase and xylanase activity, 
respectively. The medium (20 ml) was poured 
into sterilized Petri-dishes and allowed to solidify. 
The different dominant decomposing fungi were 
separately inoculated (5 mm disc) in the middle 
of Petri-dishes containing solidified medium. 
Petri-dishes were incubated at 28±2ºC for 3-5 
days. After incubation Petri-dishes were flooded 
with 1% congo red for 1 hour then these plates 
were de-stained by 1 N NaCl solution for 2-3 
hour. The radius of clear zone was measured. 
 

2.4 Enzymes Production by Potential 
Decomposing Fungi 

 
Powdered green manure (Sesbania aculeata L.) 
was used as carbon source for the solid 
substrate production of endoglucanase and 
xylanase. The medium (basal salt solution) used 
for production contained Ammonium Sulphate 
[(NH4)2SO4], 0.3%, Potassium dihydrogen 
phosphate (KH2PO4), 0.3% and Ammonium 
Acetate, 0.6%; and pH of the medium was 
adjusted to 6.0 prior to the sterilization. Each 
Erlenmeyer flask (250 ml) containing 5 g of 
substrate (particle size 2-5 mm) and 15 ml of 
production medium was inoculated with 2 ml 
(1.5×107spore ml-1) of spore suspension 
prepared from 5 days old culture of test fungi 
grown on potato dextrose agar (PDA) medium. 
SSF was carried out for five days at 15ºC, 20ºC, 
25ºC, 30ºC and 35ºC. The crude enzyme was 
extracted by addition of 50 ml sodium citrate 
buffer (50 mM, pH 6.0) to each flask and kept at 
28ºC for 1 h under mild shaking. The fermented 
extract was filtered through muslin cloth, 
centrifuged at 11,000 rpm for 10 min [rcf = 8,928 
× g] and the resultant extract was used for assay 
of enzyme activities. Enzyme production was 
studied at 15ºC, 20ºC, 25ºC, 30ºC and 35ºC.   
 

2.5 Enzyme Assay  
 
Endoglucanase and Xylanase activities were 
determined using 1% CMC (carboxy methyl 
cellulose) and 1% Birch wood xylan as 
substrates, respectively, prepared in sodium 
citrate buffer (50 mM, pH 6.0) [11]. The reaction 
was initiated by incubating equal amount of 
suitably diluted enzyme and substrate for 30 
minute at 50ºC. The reaction was stopped 

thereafter, by addition of dinitrosalicylic acid 
(DNS) reagent followed by boiling the content for 
10 minute [15] and the developed colour was 
read at 540 nm using Labnics LUV100A UV/VIS 
spectrophotometer. The amount of released 
sugar was quantified using the glucose (for 
endoglucanase) and xylose (for xylanase) 
standards. The protein estimation of crude 
enzyme extract (for both, endoglucanase and 
xylanase) was also done based on Bradford 
method [16]. One unit of enzyme activity was 
expressed as the amount of enzyme required to 
release 1µmol of glucose (for endoglucanase) 
and xylose (for xylanase) per mg of protein per 
minute under the assay conditions. The data 
used were the average of three replicates. 
 

2.6 Statistical Analysis 
 

All the data have been analyzed statistically. The 
enzymatic activity of different fungal agent at 
varying temperature and their impact on 
subsequent biomass reduction analyzed with 
factorial CRD with P= 0.01 level of significance. 
Different standard curves used during  
calculation were generated through regression 
analysis using different concentrations of 
glucose/ xylose/BSA as independent variable 
and corresponding OD values as dependent 
variable. 
 
3.  RESULTS AND DISCUSSION 
 

3.1 Screening of Potential Decomposing 
Fungi for Producing Cellulolytic and 
Xylanolytic Enzymes 

 
During the screening, dominant fungi were found 
to be exhibiting endoglucanase activity on 
modified czapek-mineral salt agar medium with 
the diameter of the clear zones ranging from 
21.50 to 53.00 mm and xylanase activity with the 
diameter of clear zone ranging from 25.50 to 
57.00 mm (Fig. 1). Trichoderma harzianum 
exhibited reproducible zone of hydrolysis of 
53.00 mm diameter of endoglucanase and 
Penicillium citrinum demonstrated reproducible 
zone of hydrolysis of 57.00 mm of xylanases 
were found the best producers of endoglucanase 
and xylanase respectively during the plate 
screening. Aspergillus flavus was recorded as 
least producer of endoglucanase and xylanases 
with the clear zones of 21.50 and 25.50 mm, 
respectively.   

 
Measurement of clear zone is an indication of 
capability of fungal strains for production of their 
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respective enzymes. This method has been 
employed for selection of potential 
endoglucanases [7] and xylanases [14] 
producers.  
 

3.2 Endoglucanase and Xylanase Activity  
 
The results from the CMC analysis for 
determining cellulases activities were 
successfully obtained for all eight fungal 
decomposers. The highest endoglucanase was 
produced by Aspergillus niger (3.635 U mg-1 
protein min.

-1
) at 25ºC, whereas the lowest 

amount of endoglucanase was produced by 

Cladosporium cladosporioides (0.212 U mg-1 
protein min.

-1
) at 15ºC (Table 1). Iyayi [17] 

reported production of higher amounts of 
cellulases by species of Aspergillus and 
Penicillium genera using agro-industrial by-
products.  
 

In the present study decomposer fungal strains 
of A. niger, T. harzianum, P. citrinum revealed 
that these strains were capable of growing not 
only on commercial preparation of cellulose but 
also on agricultural residues i.e., green manure 
substrate as well with high titers of enzymes. The 
finding of the present study is also in line

 

Table 1. Estimation of endoglucanase production (U mg
-1

 protein min
-1

) by dominant 
decomposing fungi at different temperatures 

 

Dominant fungi Temperature (ºC ) 

15ºC 20ºC 25ºC 30ºC 35ºC 

Aspergillus niger  1.397 1.563 3.635 2.341 2.122 

Aspergillus flavus  0.635 0.673 1.704 1.495 1.196 

Aspergillus fumigatus  0.915 1.328 1.995 1.892 1.484 

Trichoderma harzianum 1.208 1.957 3.274 2.298 1.783 

Penicillium citrinum  0.403 1.437 3.108 1.795 0.720 

Penicillium rubrum  0.462 0.748 1.650 1.356 0.976 

Cladosporium cladosporioides 0.212 0.681 1.920 1.396 0.393 

Curvularia lunata  0.348 0.596 1.548 1.495 1.295 

LSD ( P=0.01)  fungi  0.04 - - - - 

LSD ( P=0.01) temperature  0.03 - - - - 

LSD ( P=0.01) fungi ×temperature 0.08 - - - - 
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with a study carried out by Kamil and Sinha [2] 
that indicates the considerable amount of 
cellulases and xylanases by indigenous A. niger 
strain under solid state culture conditions.  
 
Economic potential in producing different 
enzymes using agro-waste was reported by 
Badhan et al. [11]. Other investigations on 
fermentation of agro-industrial by-products by A. 
niger, A. flavus and Penicillium  sp. led to a 
conclusion that the strain of A. niger are better in 
degrading cellulose and hemicellulose in the 
crude natural substrates [17,18].  
 
All eight fungal decomposers were capable to 
produce xylanases. The highest level of 
xylanases production was obtained by 
Aspergillus niger (2498.20 U mg-1 protein min-1) 
at 25ºC and lowest amount of xylanases was 

produced by Cladosporium cladosporioides 
(133.24 U mg-1 protein min-1) at 15C (Table 2). 
A number of microorganisms such as 
Trichoderma, Bacillus, Cryptococcus, 
Aspergillus, Penicillium, Aureobasidium, 
Fusarium, Chaetomium, Phanerochaete, 
Rhizomucor, Humicola, Talaromyces and many 
more are capable to produce xylanases to a 
great extent [2,13,18-20].  
 

During the experiment, among the temperatures 
tested for enzymes production, 25ºC and 30ºC 
temperature were found most suitable for the 
production of both the enzymes, whereas the low 
levels of both enzymes were recorded during the 
study at 15ºC, 20ºC and 35ºC temperature. This 
may be due to slow growth of fungal isolates at 
very low (15ºC, 20ºC) and higher (35ºC) 
temperature [2].  

 

 
Table 2. Estimation of xylanase production (U mg

-1
 protein min

-1
) by dominant decomposing 

fungi at different temperatures 
 
Dominant  fungi  Temperature (ºC ) 

15ºC 20ºC 25ºC 30ºC 35ºC 
Aspergillus niger  894.68 1110.55 2498.20 1356.14 1054.37 
Aspergillus flavus  202.79 389.60 756.55 526.85 442.70 
Aspergillus fumigatus  477.53 949.88 1576.45 974.92 936.73 
Trichoderma harzianum 427.26 754.12 1498.20 841.46 660.24 
Penicillium citrinum  209.61 436.18 762.34 525.88 236.26 
Penicillium rubrum  239.88 380.35 1174.08 478.18 315.44 
Cladosporium cladosporioides 133.24 254.61 620.92 424.46 244.03 
Curvularia lunata  281.33 450.44 605.27 574.21 348.70 
LSD ( P=0.01)  fungi  83.85 - - - - 
LSD ( P=0.01) temperature  66.29 - - - - 
LSD ( P=0.01) fungi ×temperature 187.50 - - - - 

 

Table 3. Per cent biomass
1
 reduction of Sesbania aculeata L. by dominant decomposing fungi 

at different temperatures under solid state culture conditions 
 
Dominant fungi Temperature (ºC) 

15ºC 20ºC 25ºC 30ºC 35ºC 
Aspergillus niger 21.04 27.86 41.20 37.60 26.20 
Aspergillus flavus 17.28 27.80 34.55 32.40 24.06 
Aspergillus fumigatus 15.30 23.60 28.10 27.86 26.50 
Trichoderma harzianum 19.35 27.45 35.50 34.82 24.92 
Penicillium citrinum 19.76 29.50 39.80 37.10 31.00 
Penicillium rubrum 18.82 26.65 32.40 31.24 23.60 
Cladosporium cladosporioides 14.70 18.75 26.35 25.20 22.54 
Curvularia lunata 13.90 19.40 25.20 22.74 21.46 
Control 3.36 4.00 5.20 4.68 3.80 
LSD (P=0.01) fungi 0.48 - - - - 
LSD (P=0.01) temperature  0.36 - - - - 
LSD (P=0.01) fungi × temperature  1.08 - - - - 

1= Dry Weight of substrate+ Fungal Mycelium 
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Different fungi have the capability to use the 
substrate at different rates. The maximum per 
cent reduction in biomass of Sesbania aculeata 
L. was recorded at 25ºC by Aspergillus niger 
(41.20%) and minimum % biomass reduction 
(13.90%) was found at 15ºC by Curvularia lunata 
(Table 3). The per cent weight loss was found to 
be reduced significantly in all substrates after 5 
days of incubation at various temperatures. 
Aspergillus niger recorded the maximum per cent 
weight loss of Sesbania aculeata, whereas the 
minimum per cent weight loss was found by 
Curvularia lunata in Sesbania aculeata substrate. 
The loss or reduction in weight is the indicator for 
the capabilities of the fungal species for better 
production of cellualses and xylanases; and 
utilization of substrates for mass production of its 
culture [21]. The level of enzymes enhanced with 
decomposition of green manures in the soils, is 
an indicator for the role of these enzymes in the 
decomposition of organic matter [22].  
 
4. CONCLUSION 
 
The present work has investigated the effect of 
temperature on production of endoglucanase and 
xylanase enzymes using a cheap medium viz., 
Sesbania aculeata L. green manure substrate. 
Experiment shows, that A. niger, T. harzianum 
and P. citrinum were able to produce significantly 
higher titers of endoglucanase and xylanase and 
may be exploited for possible biotechnological 
applications.  

  
ACKNOWLEDGEMENT  
 
The authors are sincerely thankful to the Head, 
Department of Mycology and Plant Pathology, 
Institute of Agricultural Sciences, Banaras Hindu 
University, Varanasi–221005 for providing 
necessary research facilities. Their sincere 
thanks are also due to University Grant 
Commission, Govt. of India for the financial 
support. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

 
REFERENCES 
 
1. Adrio JL, Demain AL. Microbial enzymes: 

Tools for biotechnological processes. 
Biomolecules. 2014;4(1):117–139.  
DOI: 10.3390/biom4010117 

2. Kamil D, Sinha A. Production of 
endoglucanases and xylanases from 
indigenous strain of Aspergillus niger: 
Optimization of cultural conditions. Indian 
Phytopath. 2011;64(1):44-47.   

3. Eichorst SA, Kuske CR. Identification of 
cellulose-responsive bacterial and fungal 
communities in geographically and 
edaphically different soils by using stable 
isotope probing. Appl. Environ. Microbiol. 
2012;2316-2327. 

4. Rayner ADM, Boddy L. Wood 
decomposition:  Its biology and ecology, 
John Wiley. Chichester. NY; 1988.  

5. Picart P, Diaz P, Pastor FIJ. Cellulases 
from two Penicillium sp. strains isolated 
from subtropical forest soil: Production and 
characterization. Lett. Appl. Microbiol. 
2007;45:108-113.  

6. Baldrian P, Valášková V. Degradation of 
cellulose by basidiomycetous fungi. FEMS 
Microbiol. Rev. 2008;32:501–521. 

7. Onsori H, Zamani MR, Motallebi M, 
Zarghami N. Identification of over producer 
strain of endo-β-1,4- glucanase in 
Aspergillus species: Characterization of 
crude carboxymethyl cellulose. Afr. J. 
Biotechnol. 2005;4(1):26-30. 

8. Oberoi HS, Chavan Y, Bansal S, Dhillon 
GS. Production of cellulases through solid 
state fermentation using kinnow pulp as a 
major substrate. Food Bioprocess Technol. 
2008;10:1007.  

9. Bastawde KB. Cellulolytic enzymes of a 
thermotolerant Aspergillus terreus strain 
and their action on cellulosic substrates. 
World J. Microbiol. Biotechnol. 1992;8:45-
49. 

10. Lia Y, Liub Z, Zhaoa H, Xuc Y, Cuid F. 
Statistical optimization of xylanase 
production from new isolated Penicillium 
oxalicum ZH-30 in submerged 
fermentation. Biochem. Engin. J. 2007;34: 
82-86.  

11. Badhan AK, Chadha BS, Kaur J, Saini HS, 
Bhat MK. Production of multiple xylanolytic 
and celluloltytic enzymes by thermophilic 
fungus Myceliophthora sp. IMI 387099. 
Biores. Technol. 2007;98:504-510. 

12. Kumar R, Sinha A, Srivastava S, 
Srivastava M. Variation in soil mycobiota 
associated with decomposition of Sesbania 
aculeata L. Asian J. Plant Path. 2011;5(1): 
37-45. 

13. Kheng PP, Ibrahim  CO. Xylanase  
production  by local fungal isolate, 
Aspergillus niger USM AI1 via solid state 



 
 
 
 

Kumar et al.; ARRB, 25(5): 1-7, 2018; Article no.ARRB.40314 
 
 

 
7 
 

fermentation  using  palm  kernel  cake  
(PKC)  as  substrate. Songklanakarin J. 
Sci. Technol. 2005;27:325-236. 

14. Kheng PP, Omar IC. Xylanase production 
by a local fungal isolate Aspergillus niger 
USM A11 via solid state fermentation using 
palm kernel cake (PKC) as substrate. 
Songklanakarin J. Sci. Technol. 2004; 
27(2):325-336. 

15. Miller GL. Use of Dinitrosalicylic acid 
reagent for determination of reducing 
sugar. Anal. Chem. 1959;31(3):426-428. 

16. Bradford MM. A rapid and sensitive 
method for the quantization of microgram 
quantities of protein utilizing the principle of 
protein-dye binding. Anal. Biochem. 1976; 
72:248-254. 

17. Iyayi AE. Changes in the cellulose, sugar 
and crude protein contents of agro-
industrial by-products fermented with 
Aspergillus niger, Aspergillus flavus and 
Penicillium sp. Afr. J. Biotech. 2004;3:186-
188. 

18. Pandey P, Pandey A. Production of 
cellulase-free thermostable xylanases by 

an isolated strain of Aspergillus niger PPI, 
utilizing various lignocellulosic wastes.  
World J. Microbiol. Biotechnol. 2002;18(3): 
281-283.  

19. Ahammed SK, Aggarwal R, Sneh, Kapoor 
HC. Production,  partial  purification  and  
characterization  of extracellular  xylanase  
from  Chaetomium  globosum.  J. Plant 
Biochem. Biotechnol. 2008;17:95-98. 

20. Gupta U, Kar R. Optimization and scale up 
of cellulase free endo xylanase production 
by solid state fermentation on corn cob and 
by immobilized cells of a thermo-tolerant 
bacterial isolate. Jordan J. Biol. Sci. 2008; 
1(3):129-134.  

21. Skyba O, Douglas CJ, Mansfield SD. 
Syringyl-rich lignin renders poplars more 
resistant to degradation by wood decay 
fungi. Appl. Environ. Microbiol. 2013; 
79(8):2560–2571. 

22. Luxhøi J, Magid J, Tscherko D, Kandeler 
E. Dynamics of invertase, xylanase and 
coupled quality indices of decomposing 
green and brown plant residues. Soil Biol 
Biochem. 2002;34(4):501-508. 

_________________________________________________________________________________ 
© 2018 Kumar et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history/24127 


