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Abstract: Two isolates of cellulase producer were isolated from agriculture waste and identified as Aspergillus
terreus MAM-F23 and Aspergillus flavus MAM-F35. The results under solid state fermentation of wheat straw
revealed that, the optimum pH values for the three cellulases (CMCase, FPase and Avicelase) and soluble
protein production by T. viride as standard strain, A. terreus and A. flavus were ranging from 3.5 to 5.0 and the
best inoculum size (level) was 0.5 ml spore suspension (~ 2 x 10  spores/ml). Tap water was the best moisting7

agent in producing CMCase, FPase and Avicelase by A. terreus MAM-F23, but phosphate buffer was the best
moisting  agent  for  CMCase  and  Avicelase  by  T.  viride  and CMCase and FPase by A. flavus MAM-F35.
The trend for cellulases production as the incubation period increased was almost the same in the three tested
strains (T. viride, A. terreus and A. flavus). The maximum CMCase had been reached after 6 days incubation
period and soluble protein increased as incubation period increased. On the other hand, Avicelase recorded
the highest productivity after 12 hours incubation and decreased gradually as incubation period increased.
However, FPase increased as incubation period increased to reach the maximum productivity after 48-60 hours,
then decreased.
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INTRODUCTION productivity per reactor volume [7-9]. Production of

Cellulose  enzymes, which can hydrolyze cellulose microorganisms has been reported [10-12]. The growing
forming glucose can be divided into three types: approaches to reduce the cost of cellulases production
endoglucanase (endo, 1,4-D-glucanase, E.G. EC 3.2.1.4); can be achieved via using of cheap, renewable agriculture
cellobiohydrolase (exo-1,4,-D-glucanase, CBH, EC wastes which consider an excellent carbon source for
3.2.1.91) and -glucosidase (1,4-â-D-glucosidase BG, EC microbial enzymes production and also looking for
3.2.1.21) [1,2]. Increasing interests in cellulases growing microorganism having the ability to hyper-production of
day by day because of their applications in industries as cellulases.
follows: in the textile industry for biobleaching of cotton In this study, two species of isolated Aspergillus
fabries and treatment of denime garments to achieve a proved to be good producer of cellulases on solid state
stone-wash effect, in the paper industry for de-inking and fermentation of agriculture wastes, were used for studying
recycling of paper, in separation and isolation of starch some of the critical factors affecting cellulose(s)
and gluten from wheat flour, in animal food production, in production to get enhanced cellulase production for
grain alcohol fermentation, in extraction of fruit and industrial application. 
vegetable  juices  and  in  bioethanol  production  [3-6].
The major bottle neck of comprehensive application of MATERIALS AND METHODS
cellulases in industry is the highest cost of the enzymes
production. It has been reported that solid state Isolation and Identification: Two strains of Aspergillus
fermentation (SSF) is an attractive process to produce MAM-F23 and MAM-F35 were isolated previously from
cellulase economically due to its lower capital investment, wheat straw agricultural waste on Sabroud's dextrose agar
lower operating expenses, simpler equipment and higher medium [13]. Potato dextrose agar medium (PDA, [13]) was

cellulases in SSF using various substrate and
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used   for   strain   maintenance.   Identification   of  the second experiment, the inoculum size was supplemented
two  strains  was  performed  at  National  Research at 4 levels (0.5 ml, 1.0 ml, 3.0 ml or 4.0 ml spore
Center, Dokki, Giza, Egypt. Identification on Sabroud suspension) one ml suspension contains 2x10  spore/ml.
medium  according  to  Pitt  and  Hocking   [14,   15]  on All the culture conditions except that factors were applied
the  bases  of  cultural  characters (colour, shape of as previously mentioned. In the third experiment, the only
colony, surface  and  reverse  pigmentation,  texture of exception was the moisting agents, which were distilled
the colony) as well as  microscopical  structure  (septate water, tap water, acetate buffer (pH 5.0), citrate buffer (pH
or nonseptate  hyphae,  structure  of  hyphae  and 5.0) or phosphate buffer (pH 7.0).The fourth experiment,
conidia) was performed. all conditions as previously mentioned except, samples

Standard  Strain:  Trichoderma  viride kindly provided incubation.
by MERCIN, Faculty of Agriculture, Ain Shams
University, Cairo, Egypt. Enzyme Extraction: The solid state cultures were

Substrate: Wheat straw as agricultural waste obtained shaking (180 rpm) at 30°C for 60 min. The solid materials
from Upper Egypt Governorates was used. Wheat straw and fungal biomass were separated by centrifugation
was firstly dried and then milled (3-5 mm) into small (8000 rpm, 15 min). The clear supernatant used for enzyme
pieces. assays and soluble protein determination.

Spore Suspension Preparation: Two Aspergillus species CMCase Assay: Endoglucanase (CMCase) activity was
spore suspension had been prepared according to Abo- determined according to Wang et al. [17]. One ml of the
State [16] and the standard strain were inoculated on PDA crude enzyme supernatant was incubated with 1 ml of 1%
plates and incubated for 7 days at 28°C. One disc of 9 mm (w/v) Carboxymethyl cellulose (Chemicals Co., St. Louis,
diameter, from 7 days old culture was used to inoculate MO, Sigma USA) in 0.1 M Sodium acetate buffer solution
each flask (250 ml) containing 100 ml Sabroud's dextrose (pH 5.0) for 30 min at 63°C. The resulted reducing sugars
agar medium. Five flasks were used for each strain. The were determined according to Miller [18] by
inoculated flasks were incubated for 7 days at 28°C. The dinitrosalisylic acid (DNS). 
spores were collected by adding 30 ml saline solution
supplemented with 0.1% Tween 80 and the flasks were Fpase Assay: Total cellulase (FPase) activity was
shacked at 180 rpm for 15 min. The spores were collected determined as described by Gadgil et al. [19]. One ml of
by centrifugation for 15 min at 8000 rpm, the supernatant the supernatant was incubated with 2 ml of 0.1 M citrate
was decanded and the spore pellets were washed with buffer (pH 4.8) containing 50 mg Whatman No. 1 filter
saline three times. The spore pellets were resuspended in paper. After incubation for 1 hour at 50°C, the resulted
saline and pooled in clean strile scrow capped flask as reducing sugars were determined. 
spore suspension. Spore suspension was kept at 4°C for
further use. Spore suspension count had been Avicelase Assay: Exoglucanase (Avicelase) activity was
determined. determined according to Li and Gao [20]. One ml of

Culture Conditions: Ten grams of wheat straw was mixed (Sigma) in 0.1 M phosphate-citrate buffer (pH 6.6) at 40°C
with 25 ml distilled water (pH 7.0) as moisting agent into for 2 hours. The resulted reducing sugars were
250 ml Erlenmeyer flasks. The flasks were sterilized for 30 determined.
min at 121°C. Four milliliters of spores (2x10 spores/ml)7

were inoculated and incubated for 7 days at 30°C under Protein Determination: Protein was determined according
static condition. to Lowry et al. [21]. One ml of the supernatant was used

Experimental Design: The first experiment, the initial pH added. The tubes were kept at room temperature for 10
value of the moisting agent (distilled water) was adjusted min. Then 0.5 ml of Folin reagent (Fluka) was added. The
to be 3.0, 3.5, 4.0, 4.5, 5.0, 6.0, 6.5, 7.0 or 8.0 and all, the tubes were leaved for 20 min. at room temperature and the
other culture conditions as previously mentioned. The absorbance was measured at 720 nm. 

7

were taken after 12, 24, 36, 48, 60, 72, 96, 120 and 144 hours

prepared by adding 10-fold (v/w) distilled water and

supernatant was incubated with 1 ml of 2% (w/v) Avicel

in a clean dry test tube and 5.0 ml of reaction mixture was
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RESULTS AND DISCUSSION Endoglucanase  produced  by  the  thermophilic

Identification of the Isolates: Colonies of the two isolated thermophila gave the optimum activity at pH 6.0 [25].
Aspergillus strains were spreaded around with velvety, Meanwhile, the optimum pH for cellulases production by
white hyphae after incubation for 2 days on Sabroud's the newly isolated strain of the fungus Mucor
dextrose agar medium. After 5 days, the first strain circinelloides (NRRL 26519) was ranged from 4.0 to 6.0
Aspergillus MAM-F23 became brownish yellow, while the [26]. The highest production of cellulase was noted at pH
second strain Aspergillus MAM-F35 became greenish 4.0 [27]. On the other hand, Gao et al. [11] reported a lower
cumin. The microscopic morphology showed that hyphae range of pH value between 2.0 and 3.0 for endoglucanase
were septate and hyaline, conidial heads were columnar, and -glucosidase respectively, produced under solid
condiophores were smooth-walled and hyaline and state  cultivation  on corn stover by Aspergillus terreus
conidia were small, globose and smooth in case of M 11.
Aspergillus MAM-F23, which identified as Aspergillus
terreus MAM-F23. The second strain was identified as Effect of Inoculum Size: Inoculum size (level) has also
Aspergillus flavus MAM-F35, the hyphae were septated, significant effect on the production of cellulases and
with smooth unceptated conidiphore and rounded vesicle protein. The best inoculum size on cellulases production
with small, smooth globose conidia. by T. viride, A. terreus MAM-F23 and A. flavus MAM-35

Effect  of  Initial  pH Values: The pH value of the inoculum size increased the production decreased as
substrate for cellulase production can be considered as indicated in Figures 4-6, except Avicelase for T. viride the
the  corner  stone  of the process of enzyme production. best (46 U/ml) was by inoculum size 4.0ml and the best
Cellulase(s) production influenced greatly by differing in CMCase (283 U/ml) of A. flavus was at 3.0ml. These
pH values. The best CMCase produced by T. viride was results are confirmed by previously studies of Sharma et
recorded at pH 5.0 (159 U/ml), FPase at pH 4.0 (51 U/ml) al. [28]. They found that small inoculum size controls and
and Avicelase at pH 3.5 (24 U/ml) and protein (338 µg/ml) shortens the initial lag phase whereas larger inoculum size
as indicated in Fig. 1. The results of isolated Aspergillus increased the moisture content to significant extent. The
terreus  MAM-F23  revealed  that,  the  best  production free excess liquid presents an additional diffusion barrier
for  CMCase was at pH 4.5 (385 U/ml), FPase at pH 4.0 together with that imposed by solid nature of the
(113 U/ml), Avicelase and protein at pH 4.5 (31 U/ml) and substrate and leads to a decreased in growth and enzyme
(376 µg/ml) respectively as indicated in Fig. 2. In case of production [23, 29-31]. However, Garg and Neelakantan
the isolated Aspergillus flavus MAM-F35, the best [22] reported that the highest CMCase by A. terreus was
CMCase, FPase and Avicelase were at pH 4.0 (430 U/ml, found at 5.0% v/v inoculum size.
138 U/ml and 45 U/ml), respectively, while the best
protein production was at pH 4.5 (476 µg/ml) as indicated Effect of Moisting Agent: Moisting agent plays another
in Fig. 3. important role in cellulases production by SSF. Phosphate

From the previous results it is clear that the optimum buffer was the best moisting agent for CMCase (107 U/ml)
pH for cellulases and protein production ranging from pH and Avicelase (15 U/ml) by T. viride, while acetate buffer
3.5 to 5.0. These results were confirmed by other previous was the best for FPase (46 U/ml) and protein (166 µg/ml)
researches. Garg and Neelakantan [22] found that, the as indicated in Figure 7. The results also, revealed that
optimum pH for fungal cellulases and crude protein CMCase production in case of using tap water (101 U/ml)
production varies from species to species. In most of the or distilled water (105 U/ml) was nearly comparable with
cases, the optimum pH ranges from 3.0 to 6.0. In case of phosphate (107 U/ml). Tap water was the best moisting
Aspergillus terreus GN1, the maximum biomass protein agent in producing CMCase (319 U/ml), FPase (49 U/ml)
content and protein recovery were obtained with initial pH and Avicelase (148 U/ml) by A. terreus as  indicated in
4.0. However, the optimum pH of the multi-form of T. Fig. 8. 
viride was ranging between 4.0 and 5.5 [23]. However, phosphate buffer supporting CMCase
Phanerochaete chrysosporium gave the maximum yield of production (268 U/ml) and FPase (36 U/ml) by A. flavus as
cellulase on soya hull SSF at pH 4.0 [24]. indicated  in  Fig.  9.  The  best  Avicelase was recorded in

fungus, Scytalidium thermophilum type culture Torula

have been recorded at 0.5 ml inoculum size and as the
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Fig. 1: Effect of different pH values on cellulases produced by  T. viride on SSF.
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Fig. 2: Effect of different pH values on cellulases produced by Aspergillus terreus MAM -F23 on SSF.
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Fig. 3: Effect of different pH values on cellulases produced by Aspergillus flavus AM -F35 on SSF.
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Fig. 4: Effect of inoculum size on cellulases produced by T. viride on SSF

Fig. 5: Effect of inoculum size on cellulases produced by Aspergillus terreus MAM -F23 on SSF
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Fig. 6: Effect of inoculum size on cellulases produced by Aspergillus flavus MAM -F35 on SSF.
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Fig. 7: Effect of moisting agent on cellulases produced by T. viride on SSF
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Fig. 8: Effect of moisting agent on cellulases produced by Aspergillus terreus MAM-F23 on SSF
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Fig. 10: Effect of incubation period on cellulases produced by T. viride on SSF.
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Fig. 11: Effect of incubation period on cellulases produced by Aspergillus terreus MAM-F23 on SSF.
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Fig. 12: Effect of incubation period on cellulases produced by Aspergillus flavus MAM -F35 on SSF. 
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case of using distilled water (59 U/ml). The previous [12] found that Thermoascus aurantiacus exhibited
results may be attributed to enhanced growth of T. viride maximum -glucosidase production after 48-72 incubation
and A. flavus when phosphorous was added to SSF as and pH 4.5. 
phosphate buffer. Mean- while, tap water which
containing trace elements, needed for enhanced growth REFERENCES
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