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Abstract: Cellulase (E.C.3.2.1.4) production levels were compared in Aspergillus niger (NRRL – 322) and
Trichoderma reesei (NCIM – 1052). T. reesei was used for media optimization studies and the cellulase
activities were calculated at various assay pH and temperatures. The maximum cellulase activity was 217.17
U/ml at pH 2 and temperature 50 ⁰C for the media containing 2% groundnut, 1% soya bean meal. The
lyophilized cellulase powder had 22.5 U/g for sucrose based formulation and 12.166 U/g for dextrose based
formulation. % loss on drying was also calculated.
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1. INTRODUCTION:

Enzymes are biological catalysts. A catalyst is any
substance which makes a chemical reaction proceeds
faster, without itself being changed [1]. Cellulases
are enzymes which break down cellulose to β –
glucose [2]. Cellulases are one of the most useful
enzymes in wide range of industrial applications [3].
Cellulases are generally produced by fungi, bacteria
or actinomycetes but the most common producer for
industrial application is fungi [4, 5]. The cost of
cellulases is high due to the high cost of substrates
used in production and the slow growth rate of
fungi. Bacteria, which has higher growth rate as
compared to fungi has good potential to be used in
cellulase production. However, the application of
bacteria in producing cellulase is not widely used.

Bacterial cellulase usually lacks one of the three
cellulase activities, i.e. FPase.

Cellulases are used in the textile [6], detergent [7],
pulp and paper industries [8] etc. [9-12] Today,
these enzymes account for approximately 20% of the
world enzyme market, mostly from Trichoderma
and Aspergillus species.

In this work, the cellulase production in Aspergillus
niger (NRRL – 322) and Trichoderma reesei (NCIM
– 1052) was reported. Also, the media optimization
for the maximum enzyme production and the
enzyme characterization were studied.
Lyophilization of the crude cellulase enzyme was
also carried out.
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2. MATERIALS AND METHODS

2.1 Micro-organisms:
The micro – organisms used in the experiments were
Trichoderma reesei (NCIM – 1052) obtained from
National Collection of Industrial Microorganisms
(NCIM), Pune, India and Aspergillus niger (NRRL –
322) obtained from Agricultural Research Service
(ARS), USA.

2.2 Chemicals and reagents:
Potato dextrose agar (HIMEDIA, India), Yeast
extract (MERCK, India), 3, 5 – Dinitrosalicylic acid
(MERCK, India), citric acid (Fisher scientific,
India), sodium acetate (MERCK, India), di-sodium
hydrogen phosphate anhydrous (HIMEDIA, India)
of analytical grade were used.

2.3 Shake flask studies:
Stock cultures of Trichoderma reesei (NCIM 1052)
and Aspergillus niger (NRRL 322) were stored on
potato dextrose agar, incubated at 26 ⁰C for 120 h
[13, 14]. A loopful of inoculum from the potato
dextrose agar slant was used for further level
production studies. Final production level was
carried out in 1L flask containing 300mL production
media with 10% inoculum, incubated at 150 rpm, 30
⁰C for 120 h.

2.4 Enzyme Extraction:
After incubation for 120 h, the culture was filtered
using Whatman No. 1 filter paper and the filtrate
was further centrifuged at 3000 rpm for 20 min. The
insoluble materials and cell debris were separated
and the crude enzyme was obtained. If required the
crude enzyme was again filtered using cellulose
nitrate filter paper (pore size 0.45 µm) [15]. The
supernatant which contains the crude cellulase
enzyme was stored at 4 ⁰C and was used for further
assay studies.

2.5 Enzyme Assay:
Filter paper activity (FPase) of cellulase in the
culture filtrate was determined with a modification
to the method described [16]. A 40 mg strip of filter
paper was added to 0.1 ml of culture filtrate (crude
enzyme extract) in 50 mM citrate buffer (pH 4.5).
The reaction mixture was incubated at 50 ⁰C for 1 h.
The hydrolysis was terminated by addition of 1 mL
DNS solution, followed by 10-15 min boiling. After
cooling, 5 mL of distilled water was added and the
absorbance was measured at 540 nm using glucose
as standard.
One unit of cellulase (U) is equal to 1µg of reducing
sugar released in terms of glucose per minute.

2.6 Media Optimization:
Four different media containing one of the following
carbon source: wheat bran, cellulose, dextrose,
groundnut were selected. The media components of
each were: media (1) Wheat bran - 1%, Di-sodium
hydrogen phosphate – 0.5% , Sodium chloride –
0.2%, Magnesium sulphate – 0.1%, dextrose – 0.1%;
(2) cellulose – 1%, Di-sodium hydrogen phosphate –
0.5% , Sodium chloride – 0.2%, Magnesium
sulphate – 0.1%, dextrose – 0.1%; (3) Dextrose –
0.6%, soya bean meal – 1%, Sodium chloride –
0.2%, Magnesium sulphate – 0.1%; (4) Groundnut –
2%, Di-sodium hydrogen phosphate – 0.5% ,
Sodium chloride – 0.2%, Magnesium sulphate –
0.1%, dextrose – 0.1%, cellulose – 0.2%.

2.7 Protein Assay:
Soluble protein was estimated by Lowry’s method
using bovine serum albumin (BSA) as standard [17].

2.8 Enzyme activity parameters:
2.8.1 pH:
Enzyme activity of cell – free crude enzyme extract
was measured in various pH values (2, 4.8, 6, 8 and
10.5). Potassium chloride – Hydrochloric acid buffer
for pH 2, Citrate – phosphate buffer for pH 4.8,
Phosphate buffer for pH 6, 8, Carbonate–
bicarbonate buffer for pH 10.5 were used.
2.8.2 Temperature:
For various temperature ranges (20, 40, 50, 60 and
80 ⁰C) the enzyme activity was measured.

2.9 Lyophilization:
Lyophilization was carried out for the crude enzyme
extract with drying parameters -50 ⁰C and 0.1 mbar.
The samples were pre-freezed at -20 ⁰C overnight
and were used for drying.
Two different formulations were made and the
enzyme was lyophilized.
A. Sucrose 10%, Sodium chloride 3%,

Ammonium sulphate 4%
B. Dextrose 15%, Sodium chloride 5%,

Ammonium sulphate 4%

3. RESULTS:

The cellulase production in Aspergillus niger
(NRRL – 322) was 23.3 U/mL whereas for
Trichoderma reesei (NCIM – 1052) 38.75 U/mL
was obtained. In media optimization, highest
enzyme activity of 217.17 U/mL was obtained for
groundnut containing media (media – 4) at 50 ⁰C
and pH 2. The lyophilized enzyme had an activity of
22.5 U/g and 12.166 U/g for sucrose (formulation A)
and dextrose (formulation B) containing media
respectively, at standard assay conditions.
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4. DISCUSSION:

Enzyme activity of cellulase was analysed in both A.
niger and T. reesei, which had 23.3 U/mL and 38.75
U/mL respectively in commercial media (potato
dextrose) (Figure 1).

Figure 1: Cellulase production (Enzyme activity)
of Aspergillus niger vs Trichoderma reesei

This result was contrary to the results obtained for
Lee et al. where enzyme activity was 3.4 U/g and
2.2 U/g for Aspergillus niger and Trichoderma
reesei respectively. This may be due to the changes
in media composition where Lee et al. had used
sugarcane bagasse and palm cake substrates [18].
In this experiment, since T. reesei had higher
production (enzyme activity) than A. niger, T. reesei
was taken up for further media optimization and
enzyme production studies. Among different media
chosen, groundnut containing media (media – 4) had
the maximum enzyme activity of 43.067 U/mL
(Figure 2).

Figure 2: Cellulase activity of Trichoderma reesei
in various substrate media

The enzyme activity of cellulose containing media
(media – 2) was also almost equal to that of media –
4. But media – 2 was not taken for further studies
since the cost of cellulose was higher compared to
groundnut and also cellulose is a substrate to the
production enzyme because of which more enzyme
flux would be wasted in the growth phase itself that
might lead to lower enzyme production quantities
when used in large-scale levels. For cellulose based

media, Guatam et al. had reported an activity of 1.99
U/mL for 1% substrate concentration [19].
Deshpande et al. had discussed that wheat bran had
produced cellulase activity of 0.41 U/mL [20] while
enzyme activity of 0.681 U/mL had been obtained
for dextrose [19].
The enzyme activities of the media – 4 crude
enzyme extract were assayed at various pH and
temperature were studied. The maximum enzyme
activity was obtained at pH 2 and the minimum was
obtained at pH 6. Temperature profile (20 – 80 ⁰C)
of cellulase activity for various pH ranges (2 – 10.5)
was also studied (Table 1). Andrade et al. had
reported an enzyme activity of 0.564 U/mL for 4%
wheat bran media at temperature of 60 ⁰C and had
an optimum pH of 3 [21].

Table 1: FPase activity for media – 4 enzyme
extract at various pH and temperatures

Optimum enzyme activity was obtained at
temperature 50 ⁰C, pH 2 and lowest cellulase
activity was observed at temperature of 40 ⁰C and
pH 6. The reason for lowest activity at pH 6 may be
due to the buffer used which might interfere with the
enzyme and substrate reactions. But the exact reason
for the same was not clear. The enzyme activity is
more at lower and higher pH ranges whereas the
enzyme activity declines at higher temperatures.
Lyophilized enzyme activity was higher for sucrose
added formulation (22.5 U/g) whereas for the
enzyme with dextrose the residual activity was very
low (12.166 U/g) compared to sucrose and the loss
on drying was 27.027% and 60.54% for formulation
A and B respectively. There was considerable loss of
enzyme activity after lyophilization for which
further studies on additives has to be studied to
prevent activity loss.

5. CONCLUSION:

From the results obtained, Trichoderma reesei
(NCIM – 1052) was proved to be one of the
maximum production organisms and groundnut
based media can be used for cheap and efficient
enzyme productions. Further large-scale studies
have to be done for studying the stability and
applicability of the cellulases and to maximize the
yield of cellulases.

pH Temperature ( ⁰C)
20 40 50 60 80

2 189.500 41.634 217.167 184.000 200.500
4 137.334 42.567 213.833 164.334 144.834
6 102.834 24.034 87.667 113.667 82.834
8 130.000 30.467 122.330 180.166 116.666

10.5 139.000 30.567 157.667 175.833 135.834



Sathyavrathan P.et al /Int.J.ChemTech Res.2013,5(1) 557

ACKNOWLEDGEMENTS:

We sincerely thank our company M/s. SVBIOTECH
and Periyar TBI, Thanjavur for great co-operation
and technical supports.

REFERENCES:

1. Smith A.L., (Ed).Oxford dictionary of
biochemistry and molecular biology. Oxford
[Oxfordshire]: Oxford University Press., 1997,
ISBN 0-19-854768-4.

2. Nathan S., Mosier, Phillip Hall, Christine M.,
Ladisch, Reaction Kinetics, Molecular Action,
and Mechanisms of Cellulolytic Proteins, Adv.
Biochem. Engg., 1999, 65, 23-40.

3. Ramesh Chander Kuhad, Rishi Gupta and Ajay
Singh, Microbial Cellulases and Their Industrial
Applications, Enzyme Res., 2011,
10.4061/2011/280696

4. Miranda L Maki1, Michael Broere, Kam Tin
Leung, Wensheng Qin, Characterization of some
efficient cellulase producing bacteria isolated
from paper mill sludges and organic fertilizers,
Int. J. Biochem. MolBiol., 2011, 2, 146-154.

5. Ilmén M., Saloheimo A., Onnela M.L. and
Penttila M.E., Regulation of cellulase gene
expression in the filamentous fungus
Trichoderma reesei, Environ. Microbiol, 1997,
63, 1298.

6. Pere J., Puolakka A., Nousiainen P. and Buchert
J., Action of purified Trichoderma
reeseicellulases on cotton fibers and yarn, J.
Biotechnol, 2001, 89, 247–255.

7. Kottwitz B. and schambil F., cellulase and
cellulase containing detergent, US patent
20050020472, 2005, 27.

8. Mai C.U., Kües and Militz H., Biotechnology in
the wood Industry, Applied Microbiol.
Biotechnol., 2004, 63, 477–494.

9. Fennema V., Food Chemistry, Marcel Dekker,
New York, NY, USA, 1985.

10. Bassi R., Pineau B., Dainese P. and Marquardt
J., Carotenoid-binding proteins of photosystem
II, Eur. J. Biochem., 1993, 212, 297–303.

11. Inar I.C., Effects of cellulase and pectinase
concentrations on the colour yield of enzyme
extracted plant carotenoids, Process Biochem.,
2005, 40, 945–949.

12. Ory R., and Angelo A.J., Enzymes in Food and
Beverage Processing, Am. Chem Soc, 1977.

13. Acharya P.B., Acharya D.K. and Modi H.A.,
Optimization for cellulase production by
Aspergillus niger using saw dust as substrate,
Afr. J. Biotechnol., 2008, 7, 4147-4152.

14. Hao X.C., Yu X.B., Yan Z.L., Optimization of
the medium for the production of cellulase by

the mutanu Trichoderma reesei WX-112 using
response surface methodology, Food Technol.
Biotechnol., 2006,44, 89-94.

15. Aikat K. and Bhattacharyya B.C., Protease
extraction in solid state fermentation of wheat
bran by a local strain of Rhizopus oryzae and
growth studies by the soft gel technique, Process
Biochem., 2000, 35, 907–914.

16. Ghose T.K., Measurement of cellulase activities,
Pure & Appl Chem., 1987, 59, 257–268.

17. Lowry O.H., Rosebrough N.J., Farr A.L. and
Randall R.J, Protein measurement with the Folin
phenol reagent,  J. Biol. Chem., 1951, 193, 265-
275 .

18. Lee G.K., Darah I. and Ibrahim C.O., Production
and Optimization of Cellulase Enzyme Using
Aspergillus niger USM AI 1 and Comparison
with Trichoderma reesei via Solid State
Fermentation, Sys. Biotechnol. Res. Int., 2011,
2011 Article ID 658493.

19. Gautam S.P., Bundela P.S., Pandey A.K.,
Jamaluddin., Aswathi M.K., Sarsaiya S.,
Optimization of the medium for the production
of cellulase by the Trichoderma viride usong
submerged fermentation, Int. J. Environ Sci.,
2010, 1, 656-665.

20. Deshpande S.K., Bhotmange M.G.,
Chakrabarthi T. and Shastri P.N., Production of
cellulase and xylanase by Trichoderma reesei
(QM 9414 mutant), Aspergillus niger and mixed
culture by solid state fermentation of water
hyacinth (Eichhornia crassipes), Int. J. Chem.
Technol., 2008,15, 449-456.

21. Andrade J.P., Bispo A.S.R., Marbach P.A.S. and
Nascimento R.P., Cellulases from Trichoderma
sp. IS-05 isolated from sandy coastal plains of
north east Brazil, Enzyme Res., 2011,2011
Article ID 167248.

*****


