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Cellulase Production from Rice Straw by Aspergillus flavus NRRL 5521
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ABSTRACT

The production of cellulase under the optimum fermentation conditions was studied. Non toxic Asperigllus flavus
INRRL 5521 was grown as stand cultures in 500 mL conical flasks containing 50 mL Cellulose Powder Medium (CPM)
for screening its ability for utilizing agricultural wastes as a carbon sources for cellulase production. The maximum
production of cellulase by A. flavus NRRL 5521 reached (0.11 IU mL ™" min~") was achieved at 10% rice straw, inoculum
size of 7%, 48 h of incubation period, initial pH of growth medium 7.0 and yeast extract as a nitrogen sources at a
concentration of 0.33 g N L™, Scanning electron micrographs were taken to observe the hydrolytic impact of enzyme
on the rice straw, it was evident from the photographs that the cells were separated after treatment as a result of
cellulose hydrolysis.
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INTRODUCTION may therefore reduce the cost of importation and solve
Cellulose present in renewable lignocellulosic  environmental problems, which are otherwise caused by
material is considered to be the most abundant organic  their disposal.
substrate on earth for the production of glucose, for fuel This study was carried out to produce cellulase by
and as chemical feed stock. Cellulose biodegradation by A, flavus 5521 under the optimum conditions and evaluates
cellulases, produced by numerous microorganisms is  the effects of resultant cellulase on rice straw degradation
very important in several agricultural and waste treatment by using electronic microscope.
processes™*,
Research on cellulase has progressed very rapidly in ~ MATERIALS AND METHODS
the past few decades, emphasis being on enzymatic Agricultural wastes substrates: Corn stalks, rice
hydrolysis of cellulose to glucose. The enzymatic straw, wheat straw and banana wastes were collected after
hydrolysis of cellulose requires the use of cellulase harvesting. The air-dried wastes were cut into 1-2 cm
[1.4-(1,3:1,4)-b-D-glucan glucanohydrolase, EC 3.2.1.41,  then dried at 60°C for 48 h in air-circulation oven and

a multiple enzyme system consisting of endol.4,-b-D- " ground to powder then packed and stored in dry place at
glucanases [1,4-b-D-glucanases (CMCase, EC32.1.4)].  room temperature till use.

and  exo 14.-b-D-glucanases [1,4-b-D  glucan

cellob%ohydrolase, FPA=l EC 3.2.181] along with  Mijcroorganism, media and inoculum preparation:
CEHOblOSf (b-D-glucoside  glucanohydrolase,  EC Asperigillus flavus NRRL 5521 (non-aflatoxin producer
3.2.1.21)% strain} was used for screening its ability for utilizing

Eungal genera h'k‘? ASPE@HU'S’ Cladasporiuf??,' F wsarim.  cellulose as a main carbon source for production of
Geotrichum, Myrothecium, FPaecilomyces, Penicillfum and cellulase; it was obtained from WNational Center for

Trichoderma have received considerable study with respect Agriculture Utilization Research, Microbial Genomics

to their cellulolytic ~enzymes capability’. The .4 Bioprocessing Research Unit, Department of
development of microbial strains, media composition Agriculture, Pearia, Illinois, USA. It was cultivated and
and process control have all contributed to achievements 2. o004 00 potato dextrose agar medium (PDA). Malt
of high levels of extra cellular accumulation of cellulases 40 containing malt extract (30 g L™'); yeast extract
for subsequent applications in industrial processes’. (5 g L) was used for preparing the activated fungal

The local production of such enzymes using locally inocula;  Cellulose  Powder ~ Medium  (CPM)

available agricultural wastes which can serve as substrates recommended by Fadel was used for growth and

cellulase production. The medium has the
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extract,0.5; peptone, 0.5; glucose, 4.0; cellulose powder,
2.0 and medium pH was adjusted to pH 6.0. Spores of
Asperigilfus flavus INRRL 552 were transferred from surface
of the actively growing slants of (PDA) medium to
250 mL conical flasks each containing 50 mL of malt
medium. After incubation on rotary shaker (110 rpm) at
28+1°C for 48 h, the grown cultures were employed as
inocula for triplicate 500 mL conical flasks containing
50 mL of CPM at rate of 5% (v/) inoculum size.

Culture conditions affecting cellulase production:
Cellulase production under wvariable conditions
including carbon (substrate) source, inoculum size,
incubation period, initial pH and nitrogen source were
studied. Effect of substrate source was investigated
through replacing cellulose powder in CPM by 10%
(wiv) of different cellulolytic waste materials including
corn stalks, rice straw, wheat straw and banana wastes.
Effect of inoculum size ranged from 1 to 10% (v/¥) on
cellulase activity was studied. The influence of
incubation period was studied through determination of
cellulase activities after 24, 48, 72, 96 and 120 h. Effect of
the initial pH of growth medium was studied through
adjusting the initial pH values in a range between 3 and 8
using either NaOH or HCI 0.1 N. Effect of nitrogen
source included the wuse of three inorganic salts
(ammonium sulphate, ammonium chloride and sodium
nitrate; and three organic sources (meat extract, yeast
extract and peptone) were studied. Various nitrogen
sources were used separately at an equivalent
concentration of 0.33 g N L™ media as recommended by
Murad® these nitrogen sources replaced the original
nitrogen present in the CPM. The level of an optimized
parameter in an experiment was maintained in the
subsequent studies.

Enzyme assay: The carboxymethyl-cellulase activity
(CMC) for filtered and collected resultant enzyme was
determined according to Mandels® . The reducing sugar
liberated was determined by modified dinitrosalicyclic
acid method (DNS) of Miller'. One cellulase unit is
defined as the amount of enzyme that liberates reducing
sugar at the rate of one pmol mL™ min™ under assay
condition.

Enzymatic treatment of rice straw: Rice straw was
collected by hand stripping, dried and then treated with
laboratory produced crude enzyme extract (10 TU
cellulase/1 g DM of rice straw/1000 mL buffer acetate at
pH 6.4) for 24 h at 40°C and 100 rpm in a rotary shaker.
The enzymatic untreated rice straw (control) was kept in
flask at the same condition of treated rice straw. Finally,
scanning electron micrographs of both treated and
untreated rice straw fibers were taken to observe the
effect of enzyme treatment.

Statistical analysis: The significance of the results was
determined by the analysis of variance (ANOVA)
evaluated by Duncan’s multiple range tests" (at 0.05),
using TBM SPSS Statistics for Windows'.

RESULTS AND DISCUSSION

Effect of carbon source: As shown in Fig. 1 among of
the available lignocellulosic substrates tested rice straw
gave the highest cellulase production (p<0.05) with
A. flavus NRRL 5521 (0.046 TU mL™"). Ojumu” tested
bagasse, corncob and sawdust as lignocellulosic
substrates for production of cellulase enzyme using
Aspergiflus flavus; sawdust gave the best enzyme activity.
Several studies of cellulase enzyme production by using
different substrates and microorganisms have been found
with different yields''*". This is because various natural
substrates are able to induce secreted enzymes which are
favorable to degrade particular combinations of
polysaccharides and chemicals found in the carbon
source’’. Some environmental factors are also influenced
the growth of organisms as well as maximum enzyme
production including optimum temperature, pH, salt
concentration etc.'”. The superiority of tested cellulolytic
waste materials over carbon sources of CPM for cellulase
production may be due to that cellulolytic waste
materials can act as a source of carbon, nitrogen and
minerals as well as growth factors. From the previous
data, rice straw was selected as a sole carbon source for

conducting further studies on cellulase production by
A, flavus NRRL 5521,

Effect of inoculum size: The data shown in Fig. 2
indicated that the production of cellulase by A. favus
NRRL 5521 was increased significantly (p<0.05) by
increasing inoculum size up to 7% (0.060 U mL™),
respectively. Further increasing in inoculum size up to
10% led to decrease in cellulase production. Zhang'
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Fig. 1: Effect of carbon source on cellulase production
by A. flavus NRRL 5521
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Fig. 2: Effect of inoculum size on cellulase production
by A. flavus NRRL 5521

investigated the effect of inoculum size on cellulase
synthesis by Trichoderma viride they reported that the
impact of the amount of inoculant on cellulase
production was small and 5% inoculum was the most
suitable, while, Omojasola® found that amount of
cellulase activity was decreased at inoculum sizes above
6 and 8% for pineapple peel and pineapple pulp
fermentation by A. niger. The decrease in cellulase
production with further increase in inoculum might be
due to clumping of cells which could have reduced sugar
and oxygen uptake rate and also, enzyme release™”. From
the previous data, 7% inoculum size was selected for
conducting further studies on A. favus NRRL 5521.

Effect of incubation period: The production of
cellulase on CPM medium was monitored for a period
of 120 h (Fig. 3). The highest cellulase activity (p<0.05)
were recorded after 48 h of incubation with A. flavus
NRRL 5521. Ojumu® reported that A. flavus grown on
sawdust, bagasse and corncob gave the highest cellulase
activity at 12 h of fermentation. In our study the decrease
in cellulase activity after more than 48 h might be due to
denaturation of the enzyme, resulting from variation in
pH during fermentation as reported by Krishna®', or may
be due to cumulative effect of cellobiose, a dimer of
glucose which is known to inhibit both endoglucanase
and B-glucosidase’. Also, Hatakka™ suggested that
delignification  produces  aromatic  water-soluble
products which can repress the cellulolytic action of the
enzyme. From the previous data, 48 h incubation period
was selected for conducting further studies on A. flavus
NRRL 5521.

The effect of initial pH: The initial pH of the medium
has a great effect on the growth of the organism,
permeability membrane, as well as on the biosynthesis
and stability of the enzymes™*. As shown in Fig. 4. Tt is
obvious that the initial pH of the medium has profound

effect on cellulase production. The cellulase production
by A. flavus NRRL 5521 in varying pH of CFM showed
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Fig. 3: Effect of incubation period on cellulase

production by A. favus NRRL 5521
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Fig. 4: Effect of initial pH on cellulase production by
A. flavus NRRL 5521

highest values of cellulase activity (p<0.05) at pH 7.0
(0.042 TU mL™), more over when the pH level increased,
the enzyme production was decreased. It was reported
that optimal pH for CMCase from A. niger was found to
be 6 to7%. Coral” observed that the enzyme activity has a
broad pH range between 3 and 9. These data suggest that
the enzyme systems within the same species may vary,
depending on the strain under study. Based on the results
obtained, the initial pH of the medium was adjusted to
pH 7.0 for A. flavus NRRL 5521 in subsequent studies on
CPM medium,

Effect of nitrogen source: The data shown in Fig. 5
revealed that among the 6 nitrogen sources tested, the
yeast extract was found to be the best nitrogen source
producing the highest level of cellulase activity (p <0.05)
by A. flavus NRRL 5521 (0.11 TU mL™"). This data
indicating that the source of nitrogen should be organic
for better results. Cur results are in line with those of
Enari® who reported that good cellulase production can
be obtained with the organic nitrogen sources such as
yeast extract and peptone; also Abou-Taleb® reported that
organic nitrogen sources were found to be more suitable
for optimizing cellulase production by Bacillus alcalophilus
539 and Bacilfus amylofiquefaciens C23 than inorganic sources
while Xavier” indicated that the source of nitrogen
should be inorganic for better results. Differences in
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Fig. 5: Effect of nitrogen source on cellulase production by A. flavus NRRL 5521

Fig. 6(a-b): Scanning electron micrographs of rice straw
fibers. (A) Before and (b) after treatment

with crude pectinase

titres of enzyme yields in different studies can
be attributed to use of different materials as solid
matrix, different cultural practices and different

organisms®’. From the previous data, yeast extract was
selected for production of cellulase by A flavus
NRRL 5521.

Enzymatic treatment of rice straw fibers: In the
present study hand stripped and dried rice straw fibers
were treated with crude cellulase obtained from A. favus
INRRL 5521. Scanning electron micrographs were taken
to observe the impact of enzyme on the fibers (Fig. 6). It
was evident from the photographs that the cells were
separated after treatment as a result of cellulose
hydrolysis.

CONCLUSION

Cellulase  from A. flavys NRRL 5521 was
successfully produced under the optimum conditions
using rice straw as substrate. This may represent a
promising approach foe cellulose biodegradation of
agricultural wastes to be used in glucose, fuel production
and as chemical feed stock and overcoming its disposal
problems.
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