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Abstract: Direct utilization of Groundnut shell for the production of xylanase by Acremonium implicatum 
GCKAP3SASTRA was performed under solid state fermentation (SSF). Maximum production of xylanase was 
obtained at 75% moisture level, initial pH 6.0, yeast extract and potassium nitrate as organic and inorganic 
nitrogen sources with groundnut shell as sole carbon source for 5 days. The optimum enzyme activity for crude 
was found to be at pH 6.0 and 40°C. Crude xylanase was stable at pH 6.0 and temperature 40°C for 2 hr and 
retains 95% of enzyme activity. The enzyme produced under optimized condition was 5 fold higher than 
unoptimized condition. 
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Introduction 

Agricultural residues are widely available and are usually left to rot or burned in the field after 
harvesting. They are lignocellulosic in nature composed of cellulose, hemicelluloses and lignin1. A large 
number of value added products are produced by bioprocess technique by using hemicelluloses rich agricultural 
leftovers as a alternative substrate and also reduces the risk of pollution2. Xylan is the primary hemicellulosic 
component and accounts for about 20-35% of dry weight of plant biomass3. It is a heteropolymer, which 
contains xylopyranosyl residues as building blocks linked together by β-1,4 linkages with different substituent 
as side chains. The complete degradation of xylan requires hydrolytic enzymes like xylanase, β-xylosidase, β- 
glucuronidase and esterase4. Because of wide variety of industrial applications, interests in xylanase have been 
increased tremendously. It is used in pretreatment process, biofuel production, poultry and bakery products, 
pulping and biobleaching in paper industry, clarification of fruit juices and wines, waste treatment, extraction of 
oils and pigments5. 

Xylanase (EC 3.2.1.8) are involved in depolymerization of xylan by cleaving β- 1, 4 glycosidic linkages 
of xylan6. Xylanase are produced by bacteria, filamentous fungi, yeasts and actinomycetes. Of this filamentous 
fungi are the most potential producer and cultured easily7-8. They can be produced by both solid state 
fermentation and submerged fermentation. Solid state fermentation is preferred over submerged process 
because of reduction in production cost by the use of ligocellulosic waste as substrate. SSF are advantageous 
because of low contamination risk, high productivity, high stability and low instrumentation costs9. Wheat bran, 
corncob and sugarcane baggasses are known lignocelluloses for the production of xylanase10. In this present 
work, the fungal was investigated for the production of xylanase from groundnut shell and its application in 
bakery and bleaching industry. 
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Methods 

Isolation of xylanolytic fungi 

The xylanase positive microorganism was isolated and screened from paper mill effluent collected from 
local paper and pulp industry. The isolate GCKAP3SASTRA shows promising xylanase activity in xylan plate 
assay as it produces large amount of xylanase. The organism was preserved in xylan agar slants (1% xylan, 
0.5% yeast extract, 0.1% sodium nitrate, 0.1% KH2PO4, 0.03% MgSO4.7H2O) and preserved at 4°C and used 
for further studies.  

Identification of fungal strain 

The organism was identified based on morphology and 16S rRNA sequencing (Bhat Biotech, 
Bengaluru, India). Genomic DNA from fungal strain was isolated using fungus genomic DNA extraction kit 
(Bhat Biotech). The isolated genomic DNA was subjected to PCR amplification of ITS region using Universal 
primers (Primer ITS1: 5’-TCCGTAGGTGAACCTGCGG-3’, Primer ITS4: 5’-TCCGTAGGTGAACCTGCGG-
3’). The ampli fication was carried out for 40 cycles in Master cycler® Thermocycler (Eppendorf, Germany). 
Sequence was compared to the non-redundant NCBI database by using BLASTN, and aligned using CLUSTAL 
W2, and phylogram was generated (MEGA5 software).  

Production and extraction of xylanase 

Xylanase production was carried out in solid state fermentation containing groundnut shell as a sole 
carbon source. The strain GCKAP3SASTRA was cultured in 250 ml conical flask encompassing 5% of 
groundnut shell, yeast extract 0.5%, KH2PO4 1%, NaCl 1%, MgSO4.7H2O 0.03%  and moistened using 
deionized water. The initial pH was maintained at 5.8 and sterilization was performed at 121°C for 20 min. The 
fungal isolate was cultivated in PDB medium for 3 days under shaking (150 rpm) and was inoculated into the 
production medium and allowed to grow for 5 days at a temperature of 28±2°C. The enzyme was extracted 
using distilled water at solid to liquid ratio of 1 g initial dry weight of substrate per 4ml of distilled water. The 
mixture was kept in shaker at 150 rpm for 1 h and then subjected to centrifugation at 8000 rpm for 15 min at 
4°C to separate solid from extract. The crude enzyme (supernatant) was analyzed for enzyme activity. 

Xylanase assay 

Xylanase enzyme was analyzed spectrophotometrically using 1% beech wood xylan as substrate at 
room temperature. Dinitrosalicylic acid method11 was employed to quantify the amount of reducing sugar  
liberated with standard xylose. One unit xylanase was the quantity of enzyme that were required to liberate 
1µmol of xylose per minute. 

Effect of nitrogen source and moisture level 

For studying the effect of different nitrogen sources on xylanase production, the production media was 
supplimented with different organic (yeast extract, peptone, beef extract, urea) and inorganic (ammonium 
sulphate, potassium nitrite, sodium nitrate) nitrogen sources and fermentation was carried out for 5 days. 
Xylanase activity was determined for crude enzyme. 

The influence of moisture content on xylanase enzyme production was explored by inoculating the 
fungal strain in production media containing different moisture level (30-90%) and the enzyme activity was 
determined. Moisture content was calculated by considering all liquids added to the medium. 

Effect of fermentation time and initial medium pH 

The optimum fermentation period for xylanase production was determined by incubating 
microorganism in production medium and sampled at various time intervals (1-14 days). The initial pH of the 
medium was varied from 3.0-10.0 using various buffer systems and adjusted using 0.1N HCl and 2% Na2CO3. 
The organism was grown in medium for 5 days at room temperature. 

Effect of pH and temperature on xylanase activity 

The enzyme activity was influenced by pH of the solution and that was investigated by incubating 
xylanase at room temperature in different pH ranges from 4.0 to 10.0. The following buffer solution was 
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employed: 10mM Citrate buffer pH 3.0 – 5.0, 10mM phosphate buffer pH 6.0-7.0, 10mM Tris HCl pH 8.0, 
10mM carbonate-Bicarbonate buffer pH 9.0-10.0. The stability was investigated after incubating the enzymes at 
a pH of 4-10 at room temperature for 2 h and the residual activity at different time interval was determined.  

To study the effect of temperature on xylanase enzyme activity, the enzyme was incubated at different 
temperature (30-70°C) at pH 6.0 in 1% beech wood xylan solution. The activity of enzyme was measured at a 
time intervalof 30 minute for 2 h at various temperature from 30 - 70°C to determine the thermal stability. 

Results 

Isolation and Identification of Fungal Strain 

Diverse fungal species were isolated from the paper mill effluent and screened for xylanase production 
using xylan plate assay. The isolate GCKAP3SASTRA shows most prominent zone of clearance on congo red 
staining was selected. The organism was analyzed based on morphologic al characteristics and 16S rRNA 
sequencing. The morphological features were slow growing white colonies with thin and long hyphae. Analysis 
by 16S rRNA confirmed the isolate GCKAP3SASTRA as Acremonium implicatum (GenBank Accession 
number KC832475). The phylogenetic analysis was depicted in Fig.1. 
 

 

Fig 1: Phylogenetic analysis of isolated strain GCKAP3SASTRA  
 

Optimization of SSF 

The production of xylanase by Acremonium implicatum GCKAP3SASTRA was studied in shake flask 
cultures by SSF using lignocellulosic residue groundnut shell as a sole carbon source. The chemical 
composition of groundnut shell contains cellulose 38%, hemicelluloses 36%, ash 5%, moisture 5% and lignin 
16%12. Xylanase activity was examined after 5 days. Optimization was carried out to increase the xylanase 
production.  Moisture content, initial pH, fermentation time, nitrogen source were investigated for maximum 
xylanase production.  

Effect of Nitrogen Source 

The nitrogen source influences the mycelia growth and xylanase production. Different organic and 
inorganic nitrogen sources were supplied with groundnut shell as a carbon source. Among various nitrogen 
sources examined xylanase production was high in yeast extract followed by peptone and beef extract. 
Potassium nitrate shows enhanced enzyme production among inorganic nitrogen sources as shown in Fig 2. 
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 Yeast extract facilitated the growth and maximum enzyme production in Melanocarpus albomyces13, 
Paecilomyces themophila J1814. Inorganic nitrogen source nitrate accumulates more xylanase compared to 
organic nitrogen source yeast extract. This result was in accordance with xylanase production by Aspergillus 
awamori15. 

 

 

Fig 2: Influence of different organic and inorganic nitrogen sources on enzyme production 
 

Initial Moisture Content 

SSF is the process of growing microorganism in solid substrate with lack of free water and it 
particularly stimulates the growth and activity of filamentous fungi by creating natural habitat16. Moisture level 
is the crucial factor for enzyme production in SSF because free water and oxygen is required for the metabolism 
of microorganism17. The relation between various moisture content (30-90% initial moisture level) and enzyme 
production was depicted in Fig 3. The growth and enzyme production was poor at low water level and it 
steadily increased as the water content increases. Maximum xylanase production was achieved at 75% of 
moisture level. Enzyme production decreases with further increase in moisture level. This is due to the fact that 
increase in moisture level above its optimum level will cause reduction in porosity that affects oxygen and heat 
transfer18.  In contrast, lower moisture level leads to poor dispersion of nutrients and also causes water tension19.  
Moisture content with similar effect was observed by many researchers20-22. Thus, in SSF when agro residues 
were used as carbon source with high moisture content facilitates enhanced fungal growth and enzyme 
production.  
 

 

Fig 3: Impact of moisture level on xylanase production 
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Effect of initial pH and fermentation time 

Microbial growth and activities were effected greatly by pH of the medium23. Xylanase production was 
evaluated for all pH ranges (pH 4.0-10.0). Highest production was obtained at pH 6.0 over pH 7.0 and 5.0 (Fig 
4). This indicates the acidophilic character of the isolated fungal species. Certain fungal xylanase from 
Aspergillus flavus FPDN124, Aspergillus terreus23 exhibited optimum production at initial pH 6.0. 

To evaluate the relation between fermentation time and the growth of fungal isolate, the production 
medium was inoculated with fungus and xylanase activity was measured at different time intervals (1-14 days). 
The growth and enzyme production were determined by standard xylanase assay with 1% beech wood xylan as 
substrate. Fig 5 shows low level of xylanase production was observed initially and the maximum xylanase 
activity was reached at 5th day. The enzyme production was declined after 10th day of incubation. The reduction 
in enzyme production during SSF after prolonged incubation period was due to fungal autolysis or decline in 
medium pH19,25. Streptomyces galbus NR26, Aspergillus flavus FPDN124, Penicillium citrinum MTCC 255327 
have maximum xylanase production during 5th day.  

 

 

Fig 4: Effect of initial pH on enzyme production 
 

 

Fig 5: Fermenation time profile of xylanase production 

 
Effect of pH and temperature on xylanase activity 

The xylanase activity pH profile was illustrated in Fig 6A. The xylanase activity was studied over 
different pH range (3-10). The xylanase activity was detected in wide range of pH of 5.0-9.0. The optimum 
enzyme activity was observed in pH 6.0. The acidic pH of the enzyme favors the fruit juice clarification 
process8. Penicillium oxalicum ZH-3028, Aspergillus carneus M342, Streptomyces sp. 7b29, Chaetomium 
thermophilum30 have optimum activity at pH 6.0. The relative activity of xylanase at pH 7.0 is 83% after 2 h of 
incubation. The pH stability of xylanase was depicted in fig 6B. and it shows activity of 95% at pH 6.0 after 
incubation of 2 h and it maintains 52% activity at pH 3.0. 
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The temperature activity pattern was depicted in Fig 7A. The enzyme activity was studied over 
temperature range of 30 - 70°C. Xylanase activity was found over broad range of temperature. The maximum 
activity was found at 40°C and enzyme activity declines after 70°C. Enzyme from Aspergillus niger DFR-58 
showed maximum activity at same temperature. Thermal stability of different fungal xylanase varies between 
40 - 70°C31. The temperature stability profile was depicted in fig 7B. The enzyme incubated for 2 h shows 76%, 
97%, 86.6%, 75% at temperature of 30, 40, 50 and 60°C respectively. 
 

 

 

Fig 6a: pH profile of xylanase activity 

 

 

Fig 6b: pH stability of xylanase from A.implicatum GCKAP3SASTRA 

 

 

Fig 7a: Temperature profile of xylanase activity 
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Fig 7b: Temperature stability of xylanase 

Conclusion 

Feasibility of groundnut shell to produce maximum level xylanase by solid-state fermentation was studied. It 
also highlighted a newly isolated fungal strain, Acremonium implicatum GCKAP3SASTRA showed ability to 
hydrolyse complex groundnut shell. Maximum level of xylanase was obtained with 75% moisture content, 
initial pH 6.0, potassium nitrate and yeast extract as inorganic and organic nitrogen sources with fermentation 
time of 5 days. Xylanase secreted by Acremonium implicatum GCKAP3SASTRA showed maximum activity at 
40°C and pH 6.0. 
 

References 

1. Akpinar, O., Erdogan, K., & Bostanci, S. (2009). Enzymatic production of xylooligosaccharide from 
selected agricultural wastes. Food and Bioproducts Processing, 87(2), 145-151. 

2. Fang, H. Y., Chang, S. M., Hsieh, M. C., & Fang, T. J. (2008). Production, optimization growth 
conditions and properties of the xylanase from Aspergillus carneus M34. Journal of Molecular 
Catalysis B: Enzymatic, 49(1), 36-42. 

3. Adhyaru, D. N., Bhatt, N. S., & Modi, H. A. (2013). Enhanced production of cellulase-free, thermo-
alkali-solvent-stable xylanase from Bacillus altitudinis DHN8, its characterization and application in 
sorghum straw saccharification. Biocatalysis and Agricultural Biotechnology. 

4. Asha Poorna, C., & Prema, P. (2007). Production of cellulase-free endoxylanase from novel 
alkalophilic thermotolerent Bacillus pumilus by solid-state fermentation and its application in 
wastepaper recycling. Bioresource technology, 98(3), 485-490. 

5. Li, X., Li, E., Zhu, Y., Teng, C., Sun, B., Song, H., & Yang, R. (2012). A typical endo-xylanase from 
Streptomyces rameus L2001 and its unique characteristics in xylooligosaccharide production. 
Carbohydrate research, 359, 30-36. 

6. Abirami, V., Meenakshi, S. A., Kanthymathy, K., Bharathidasan, R., Mahalingam, R., & 
Panneerselvam, A. (2011). Partial purification and characterization of anextracellular xylanase from 
Penicillium janthinellum and Neurospora crassa. Journal of Natural Product & Plant Resources, 1(4). 

7. Ishihara, M., Nojiri, M., Hayashi, N., Nishimura, T., & Shimizu, K. (1997). Screening of fungal β-
xylanases for production of acidic xylooligosaccharides using in situ reduced 4- O-
methylglucuronoxylan as substrate. Enzyme and microbial technology, 21(3), 170-175. 

8. Pal, A., & Khanum, F. (2011). Purification of xylanase from Aspergillus niger DFR-5: Individual and 
interactive effect of temperature and pH on its stability. Process Biochemistry, 46(4), 879-887. 

9. Ang, S. K., & AA, Suraini. (2013). Production of cellulases and xylanase by Aspergillus fumigatus SK1 
using untreated oil palm trunk through solid state fermentation. Process Biochemistry, 48(9), 1293-
1302. 

10. Kango, N., Agrawal, S. C., & Jain, P. C. (2003). Production of xylanase by Emericella nidulans NK-62 
on low-value lignocellulosic substrates. World Journal of Microbiology and Biotechnology, 19(7), 691-
694. 

11. Miller, G. L. (1959). Use of dinitrosalicylic acid reagent for determination of reducing sugar. Analytical 
chemistry, 31(3), 426-428. 



D.Gowdhaman  et al /Int.J. ChemTech Res.2014,6(5),pp 3203-3210.  
 

 

3210 

12. Raveendran, K., Ganesh, A., & Khilar, K. C. (1995). Influence of mineral matter on biomass pyrolysis 
characteristics. Fuel, 74(12), 1812-1822. 

13. Gupta, G., Sahai, V., & Gupta, R. K. (2013). Optimization of xylanase production from Melanocarpus 
albomyces using wheat straw extract and its scale up in stirred tank bioreactor. Indian Journal of 
Chemical Technology, 20(4), 282-289. 

14. Yang, S. Q., Yan, Q. J., Jiang, Z. Q., Li, L. T., Tian, H. M., & Wang, Y. Z. (2006). High-level of 
xylanase production by the thermophilic Paecilomyces themophila J18 on wheat straw in solid-state 
fermentation. Bioresource Technology, 97(15), 1794-1800. 

15. Gottschalk, L. M. F., Paredes, R. D. S., Teixeira, R. S. S., Silva, A. S. A. D., & Bon, E. P. D. S. (2013). 
Efficient production of lignocellulolytic enzymes xylanase, β-xylosidase, ferulic acid esterase and β-
glucosidase by the mutant strain Aspergillus awamori 2B. 361U2/1. Brazilian Journal of Microbiology, 
44(2), 569-576. 

16. Zhang, Z., Li, J., Feng, F., Liu, D., Pang, Q., Li, M., & Chen, K. (2013). Optimization of Nutrition 
Constituents for Xylanase Activity by Rhizopus stolonifer Under Solid-State Fermentation on Corncob. 
BioResources, 8(2). 

17. Sadaf, A., & Khare, S. K. (2014). Production of Sporotrichum thermophile xylanase by solid state 
fermentation utilizing deoiled Jatropha curcas seed cake and its application in xylooligosachharide 
synthesis. Bioresource technology, 153, 126-130. 

18. Lu, W., Li, D., & Wu, Y. (2003). Influence of water activity and temperature on xylanase biosynthesis 
in pilot-scale solid-state fermentation by Aspergillus sulphureus. Enzyme and Microbial Technology, 
32(2), 305-311. 

19. Kar, S., Gauri, S. S., Das, A., Jana, A., Maity, C., Mandal, A., Mohapatra P.K.D., Pati B.R & Mondal, 
K. C. (2013). Process optimization of xylanase production using cheap solid substrate by Trichoderma 
reesei SAF3 and study on the alteration of behavioral properties of enzyme obtained from SSF and 
SmF. Bioprocess and biosystems engineering, 36(1), 57-68. 

20. Deschamps, F., & Huet, M. C. (1985). Xylanase production in solid-state fermentation: a study of its 
properties. Applied microbiology and biotechnology, 22(3), 177-180. 

21. Ghanem, N. B., Yusef, H. H., & Mahrouse, H. K. (2000). Production of Aspergillus terreus xylanase in 
solid-state cultures: application of the Plackett–Burman experimental design to evaluate nutritional 
requirements. Bioresource Technology, 73(2), 113-121. 

22. Pang, P. K., Lee, C. K., Ibrahim, D., & Che Omar, I. (2006). Production Of Cellulase And Xylanase 
Via Solid State Fermentation And Its Application In The Enzymatic Deinking Of Laser Printed Waste 
Papers. 

23. Lakshmi, G. S., Bhargavi, P. L., & Prakasham, R. S. (2011). Sustainable Bioprocess Evaluation for 
Xylanase Production by Isolated Aspergillus terreus and Aspergillus fumigatus Under Solid-State Ferm 
entation Using Oil Palm Empty Fruit Bunch Fiber. Current Trends in Biotechnology & Pharmacy, 5(4). 

24. Bhatt, N., Adhyaru, D., & Thakor, P. (2012). Production of xylanase by Aspergillus flavus FPDN1 on 
pearl millet bran: optimization of culture conditions and application in bioethanol production. 
International Journal of Research in Chemistry and Environment (IJRCE), 2(3), 204-210. 

25. Pal, A., & Khanum, F. (2010). Production and extraction optimization of xylanase from Aspergillus 
niger DFR-5 through solid-state-fermentation. Bioresource technology, 101(19), 7563-7569. 

26. Kansoh, A. L., & Nagieb, Z. A. (2004). Xylanase and mannanase enzymes from Streptomyces galbus 
NR and their use in biobleaching of softwood kraft pulp. Antonie van Leeuwenhoek, 85(2), 103-114. 

27. Ghoshal, G., Banerjee, U. C., Chisti, Y., & Shivhare, U. S. (2012). Optimization of Xylanase 
Production from Penicillium citrinum in Solid-State Fermentation. Chemical and Biochemical 
Engineering Quarterly, 26(1), 61-69. 

28. Li, Y., Liu, Z., Cui, F., Xu, Y., & Zhao, H. (2007). Production of xylanase from a newly isolated 
Penicillium sp. ZH-30. World Journal of Microbiology and Biotechnology, 23(6), 837-843. 

29. Bajaj, B. K., & Singh, N. P. (2010). Production of xylanase from an alkalitolerant Streptomyces sp. 7b 
under solid-state fermentation, its purification, and characterization. Applied biochemistry and 
biotechnology, 162(6), 1804-1818. 

30. Ahmed, S., Imdad, S. S., & Jamil, A. (2012). Comparative study for the kinetics of extracellular 
xylanases from Trichoderma harzianum and Chaetomium thermophilum. Electronic Journal of 
Biotechnology, 15(3), 3-3. 

31. Polizeli, M. L. T. M., Rizzatti, A. C. S., Monti, R., Terenzi, H. F., Jorge, J. A., & Amorim, D. S. (2005). 

Xylanases from fungi: properties and industrial applications. Applied Microbiology and Biotechnology, 

67(5), 577-591. 

***** 


