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ABSTRACT

In this study, a fungal strain Aspergillus niger was isolated from soil con-
taminated with effluents of cotton ginning mill for cellulase production.
The cellulolytic property of fungal culture was confirmed by Plate screen-
ing method. Formation of clear yellow zone of inhibition on Congo-red
agar medium is an indication of endoglucanase activity of fungal strain.
The endoglucanse activity was measured by viscometric method. The
maximum reduction in Carboxy Methyl Cellulose viscosity with 98.77 per-
centages at 70 minutes is an indication of improved endoglucase activity
of Aspergillus niger.  2012 Trade Science Inc. - INDIA
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INTRODUCTION

In recent years, the interest in cellulases has in-
creased due to many potential applications for example,
in the production of bio-energy and bio-fuel, in the tex-
tile industry and in the pulp and paper industry[1,2, 3].
The growing concerns about the shortage of fossil fu-
els, the emission of green house gasses and air pollution
by incomplete combustion of fossil fuel have also re-
sulted in an increasing focus on production of bioethanol
from lignocelluloses[4] and especially the possibility to
use cellulases to perform enzymatic hydrolysis of the
lignocellulosic materials[5]. In production of bioethanol,
the cost of the enzymes used for hydrolysis needs to be
reduced and the enzyme�s efficiency needs to be im-

proved in order to make the process economically fea-
sible[6]. The enzyme production costs are tightly con-

nected with the productivity of enzyme-producing mi-
crobial strain and the final activity (protein) yield in the
fermentation broth[7] The Enzymatic hydrolysis of cel-
lulose to soluble sugars is a complex process requiring
the concerted action of several enzymes with different
substrate specificity[8]. Endo-1,4-â-D-glucanases (or
1,4-â-D-glucan 4-glucanohydrolases, EC 3.2.1.4) hy-
drolyze â-1,4-glucosidic linkages of the cellulose chain

in a random manner, releasing cellodextrins with differ-
ent degrees of polymerization, and thus providing sub-
strates for exoglucanases. The standard substrate for
characterizing endoglucanases is a soluble cellulose
derivative, the sodium salt of carboxymethylcellulose,
CMC. The course of the reaction is followed either by
reduction in viscosity or by formation of reducing end-
groups[9] Many cellulolytic organisms produce cellulases
under suitable conditions that perform cellulolysis nec-
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essary for cell growth. Fungi constitute a most fascinat-
ing group of organisms and are most common industrial
source for hemicelluloses such as glucanases, xylanases,
and galactanases. The viscometric method is consid-
ered standard for evaluating endoglucanases since it is
highly sensitive and specific for enzymes that hydrolyze
internal bonds within a polymer molecule[10]. The change

in viscosity is primarily due to the change in the degree
of polymerization of CMC that is the result of cleavage
of the glucosidic linkages remote from the chain end. In
contrast, exoglucanases, which act on CMC near the
chain end, give little change in viscosity while releasing
significant amounts of reducing end-groups. In this study
an attempt was made to isolate and screen fungal cul-
ture for cellulase (endoglucanase) production, and de-
termine the endoglunase activity by cost-effective and
convenient viscometric method.

MATERIALS AND METHODS

Organism and growth conditions

The fungal culture used in this study for endoglucanse
production was isolated from soil contaminated with
cotton ginning mill effluents and the fungal isolate was
identified as Aspergillus niger based on its macroscopic
and microscopic observations and values matching these
characteristics recorded with those listed in standard
reference book entitled Compendium of Soil Fungi, Vol.
1 Domsch et al.,[11]. The identified fungal culture was
further purified by sub-culturing number of times in Po-
tato Dextrose Agar (PDA) plates for further experi-
ments

Screening of Aspergillus niger for cellulase pro-
duction

The cellulolytic nature of Aspergillus niger was con-
firmed by plate screening method[12] For this 1%
Carboxy Methyl Cellulose was amended with Czapeck
-Dox agar media and the pH was adjusted to 5. The
media was poured into sterile Petri dishes, after solidi-
fication of media a small hole was made on the centre
of Petri dish aseptically and the A.niger spores were
added to the well made centre of medium. The plates
were incubated for 3days at 300 C and 2days at 500 C.
After incubation the plates were stained with 1% Congo
red solution for 15 minutes, after that the Congo red

stain was neutralized with 1M Nacl solution. The yel-
low color zone formation concern the ability of sub-
strate utilization and CMCase (endoglucanse) enzyme
activity of fungal culture.

Cultivation of Aspergillus niger for endoglucase
production

For cellulase production, A.niger was cultivated in
basal medium[13] with following ingredients in g/L.
KH
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4
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3
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acids, 0.4; Tween-80, 1 ml and trace elements (mg/L),
FeSO

4
.7H

2
O, 5.0; MnSO

4
.4H

2
O, 1.6; ZnSO

4
.2H

2
O,

1.4 and CuSO
4
.5H

2
O, 1.0. The pH of the medium was

adjusted to 5.0. Sterile fifty milliliters of the above growth
medium in 250 ml Erlenmeyer flasks were amended
with 0.5% W/V cellulose. Inoculums� of mycelial sus-

pension was prepared by flooding the slant with 2 ml of
sterile distilled water and was used to inoculate basal
medium in the flasks. Inoculated fresh fungal cultures
were incubated at 28 ± 20°C on a rotary shaker (180

rpm). The filtrate obtained after removal of mycelial mat
by filtration through Whatman Filter paper No. 1, was
used as an enzyme source.

Determination of endoglucanase activity by vis-
cometric method

The fungal strain Aspergillus niger endoglucanase
activity was measured by Viscometric method[14]. Five
grams of carboxymethyl (CMC) cellulose was slowly
dispersed into 500 ml hot water (80°C). The solution

was cooled to room temperature after complete solu-
bilization of CMC and volume was made up to one liter
with 0.1 M sodium acetate buffer pH 5.0 and stored at
4°C as stock solution until usage. CMC hydrolysis was

performed in 50mM acetate buffer, pH 5 at 40°C. Fif-

teen milliliter aliquots of carboxymethyl cellulose stock
solution were dispersed into 25 ml screw cap tubes
followed by 5 ml of acetate buffer. Tubes were divided
in two groups. Five milliliters of diluted enzyme culture
filtrate was added to tubes of the first group whereas
only 5 ml of acetate buffer was added to tubes of the
second group (control) instead of enzyme. These tubes
were equilibrated in water bath at 40°C. All tubes of

both groups except two tubes from each group were
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incubated in a water bath at 40°C immediately after

addition of enzyme source/acetate buffer. Two tubes
from each group were withdrawn immediately and vis-
cometric measurement was made. The reaction mix-
ture in the tubes was separately transferred to
Ubbelohde capillary tube of viscometer. The mixture
was immediately made to flow down between two pre-
determined points in the viscometer and the flow rate
was measured at zero time.

Two tubes from each group at the end of desired
period of incubation were withdrawn and enzyme ac-
tivity was determined by measurements of flow rate in
the same fashion as described above. The same pro-
cess was repeated with water in the place of enzyme.
Per cent loss of carboxy methyl cellulose viscosity was
separately calculated by the following formula in re-
spect of enzyme treated carboxymethyl cellulose and
untreated carboxymethyl cellulose (control) at any given
time interval

100
VV

VV
V

O2HT

0TT







Where V = loss of carboxymethyl cellulose viscosity;
V

T 
= flow time of CMC in seconds; T

O 
= flow time in

seconds at zero time (control); O2HV  = flow time of
water in seconds

Difference between these two values represents net
per cent loss of viscosity of carboxymethyl cellulose
that is used to express the activity of endoglucanase.

RESULTS AND DISCUSSIONS

The cellulolytic activity of fungal striain Aspergillus
niger was confirmed by plate screening method and
formation of a clear yellow zone of hydrolysis concerns
its ability of cellulolytic property (Figure 1).

Similarly Sadaf Jahangeer et al.[15] observed the
cellulolytic activity of P.tigrinus, P.ostreatus,
F.fomentarus and A.terreus. The CMCase activity of
mutant Aspergillus niger confirmed by plate screening
method[16]. The endoglucanase activity of A.niger was
determined by viscometric method[14] and the activity
was measured in terms of loss in CMC viscosity in per-
centage with increasing the time interval. With increas-
ing the time interval the loss of carboxy methyl cellulose
(substrate) increased upto 90min. and constant at fur-
ther intervals ( Figure 1). For instance the endoglucanse
activity of A.niger at 0-10 mints is 18.5 of loss of CMC
viscosity percentages whereas at 90 minutes this loss
was tremendously increased up to 98.77 percentage
and further intervals the activity was constant. Similar
observation made Ortega[17] Nóra Szijártó[18] isolated
the thermostable endoglucanse from Thermoascus
aurantiacus and maximum activity was measured even
at higher temperature.

CONCLUSIONS

The fungal culture Aspergillus niger isolated from
soil contaminated with effluents of cotton ginning mill
was used for Cellulase (endoglucanse) production. The
endoglucanase activity was confirmed by Plate screen-
ing method with formation of clear zone of inhibition on
Congo red agar medium. The endoglucanase activity
was determined by viscometric method. Maximum of
loss of Carboxy Methyl Cellulose viscosity (98.77%)
at 70 minutes of time interval is an indication higher
endoglucanse (CMCase) activity of fungal culture As-
pergillus niger.

*Values represented in figure are mean triplicates

Figure 1 : Aspergillus niger showed clear yellow zone of
hydrolysis which indicates CMC degradation

*Loss of viscosity of carboxy methyl cellulose in percentage;
*Values represented in figure are mean triplicates

Figure 2 : Endoglucanse activity of Aspergillus niger



G.Narasimha and A.Sridevi 183

Regular  Paper
BCAIJ, 6(6) 2012

BioCHEMISTRYBioCHEMISTRY
An Indian Journal

REFERENCES

[1] Y.Ikeda, N.Park; Okida Bioconversion of waste
office paper to gluconic acid in a turbine blade re-
actor by the filamentous fungus Aspergillus niger.
Bioresour.Technol., 97, 1030-1035 (2006).

[2] T.Tanaka, M.Hoshina, S.Tanabe, K.Sakai,
S.Ohtsubo, M.Taniguchi; Production of D-lacticacid
fromdefatted rice bran by simultaneous saccharifi-
cation and fermentation. Bioresour.Technol., 97,
211-217 (2006).

[3] Z.Wen, W.Liao, S.Chen; Production of cellulase
by Trichoderma reesei from dairy manure.
Bioresour.Technol., 96, 491-499 (2005).

[4] J.Zaldivar, J.Nielsen, L.Olsson; Fuel ethanol pro-
duction from lignocellulose: a challenge for meta-
bolic engineering and process integration.
Appl.Microbiol.Biotechnol., 56, 17-34 (2001).

[5] Y.Sun, J.Cheng; Hydrolysis of lignocellulosic ma-
terials for ethanol production, a review.
Bioresour.Technol., 83, 1-11 (2002).

[6] J.Sheehan, M.E.Himmel; Enzyme, energy, and the
environment: a strategic perspective the
U.S.department of energy�s research and devel-

opment activities for ethanol. Biotechno Prog., 15,
817-827.

[7] R.A.Nieves, C.I.Ehrman, W.S.Adney, R.T.Elander,
M.E.Himmel; Technical communication: survey
andanalysis of commercial cellulase preparations
suitable for conversion to ethanol. W.J.Microbiol.
Biotechnol., 14, 301-304 (1998).

[8] T.M.Wood; Fungal cellulases Biochem. Soc. Trans.,
20(1), 46-53 (1992).

[9] K.R.Sharrock; Cellulase assay method a review J.
Biochem.Biophys.Methods., 17, 81-106 (1988).

[10] P.Beguin, J.Millet, S.Chauvaux, S.Salamitou,
K.Tokatlidis, J.Navas, T.Fujino, M.Lemaire,
O.Raynaud, M.K.Daniel, J.P.Aubert; Bacterial cel-
lulases Biochem.Soc.Trans, 20(1), 42-46 (1992).

[11] K.H.Domsch, W.Gams, Travte-Heidi Anderson;
Compendium of soil fungi.Academic Press, Lon-
don, 1 (1980).

[12] A.Sazci, A.Radford, K.Erenler; Detection of cel-
lulolytic fungi by using congo-red as Indicator: a
comparative study with the dinitrosalicyclic acid
reagent method. Journal of Appl.Bacteriology., 61,
559-562 (1986).

[13] L.S.Trivedi, K.K.Rao; Hydrolysis of cellulose
waste by Aspergillus fumigatus cellulase. Indian
J. Exp.Biology, 4, 425-427 (1980).

[14] A.Hulme; Viscometric determination of carboxym-
ethyl cellulase in standard international unit M arch.
Biochem.Biophy., 147, 49-54 (1971).

[15] S.Jahangeer, Nazia Khan, Saman Jahangeer,
M.Sohali, S.Shahzad, Aqeel Ahmad, Shakeel Ahmed
Khan; Screening and characterization of fungal cel-
lulases isolated from the native environmental
source. Pak.J.Bot., 37(3), 739-748 (2005).

[16] M.Reddi Pradeep, G.Narasimha. Utilization of Pea
seed husk as asubstrate for cellulose production
Insight Biotechnol, 1(2), 17-22 (2011).

[17] J.Ortega; Production of extracellular cellulolytic
enzymes by fusarium oxysporum f.sp.lycopersici.
Texas J.Sci., 42, 405-409 (1990).

[18] N.Szijártó, E.Horan J.Zhang, Terhi Puranen, Matti

Siika-ahoand, L.Viikari; Thermostable endoglucanases
in the liquefaction of hydrothermally pretreated wheat
straw, Biotechnology for Biofuels, 4, 2 (2011).


