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Abstract:

Cellulase production from fungal sources is utilized in the processing of lignocellulosic biomass for production of alternative fuels.
Biomass selection is an important consideration in commercial production of cellulase. Wheat straw is a cheap and readily available
substrate with potential for bioconversion. The production of cellulase using wheat straw as substrate and subsequently
saccharification was investigated in this study. Rapid production of cellulase viz. FPase & CMCase derived from Aspergillus flavus
was observed. Maximum activity of FPase 167 IU/g and CMCase 4151U/g was obtained after 96h of incubation with cellulose as co-
substrate and pH 4.5. Highest saccharification yield was with 259L'1 (72%) substrate though higher concentration of wheat straw
inhibited enzyme activity. The study suggests that production of cellulase from Aspergillus flavus using low cost wheat straw as
substrate can be an alternative for large scale low cost enzyme production.
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Introduction:

Waste lignocellulosic biomass is considered as one of
the most promising alternatives to fossil fuels for the
production of biofuels and other useful chemicals. In
bio-conversion of cellulosic material into biofuels
cellulases are a perquisite.Agro-industrial = wastes
being rich in carbohydrates and other vital
nutrients are considered promising substrates for
culturing fungi wused in production of cellulases.
Cellulases are glycosyl hydrolases (GH) and play an
important role however; the major obstacle for the
conversion of lignocellulosic biomass into ethanol is
their production cost [1]. A great deal of effort has been

made to screen and develop cellulases with high

enzymatic activity, stability and low production costs.
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Efficient cellulose hydrolysis requires the cooperative
action of endoglucanases (EC.3.2.1.4) which hydrolyze
the cellulose polymer internally, exposing reducing and
non- reducing ends and exoglucanases or
cellobiohydrolase (EC. 3.2.1.91) which act on the
reducing and non-reducing ends, releasing cellobiose
and cellooligosaccharides. The cellulose hydrolysis
process culminates through the action of 3-glucosidase

(EC. 3.2.1.21) which cleaves cellobiose, liberating two

molecules of glucose. [2]

Solid-state fermentation resembles the natural

environment of the fungi and has tremendous
potential for the production of hydrolytic enzymes.
The use of low cost wastes as substrates helps to
reduce the cost of the enzymes for which raw
material translates into 40-60% of the production

cost [3]. Various agro-industrial wastes have been
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used as substrates for the cost efficient production of

cellulases, such as  apple pomace, kino waste,

soybean hulls, sugarcane bagasse and rice straw
[4],[51[61,[7].

selection of fungal strains possessing high expression

For on-site cellulase production, the

capacities and a diversity of cellulolytic enzymes with
high specific activity is essential in order to obtain these
enzyme complexes [1]. In addition to the selection of
fungal strain, the level of expression of cellulases is
determined by the composition of the medium and
changes of temperature, pH, and substrate as well as by
the inoculum concentration. Optimal culture conditions

vary widely between species of the same organism

The genera Aspergilli (A. niger, A. tubingensis, A.
foetidus, A. carbonarius, A. japonicus, A. aculeatus,
A. heteromorphus, and A. ellipticus), have a number
of characteristics which make them ideal organisms
for  cellulase production For what, viz. good
fermentation capabilities and high levels of protein
secretion; assimilate various

ability to organic

substrates;  suppress the development of other
microorganisms; and high sporulation capacity [8]. The
objective of the present work was to optimize cellulase
production by A. flavus under the following
parameters: Concentration of basal medium, pH, and
incubation period and carbon source. The enzyme

extract obtained was then used for cellulose and wheat

straw hydrolysis.

2. Materials and methods:

2.1 Microorganism cultivation condition and

enzyme production optimization:

Aspergillus flavus obtained from the soil of Allahabad
(UP) was cultured on (PDA) media with CMC (1.2%
w/v) for 3-5 days at 320C and identified at NFCCI Pune.

The following composition of basal media (gL-1) was
used for the production of cellulase: urea 0.3,
(NH4)2504 1.4, KH2PO4 2, CuCl2 0.3, Polypeptone 1,
MgS04.7H20 0.3 and trace elements were FeSO4.7H20
, MnSO4.4H20 1.6, ZnSO4 7H20 1.4, CoCl2.6H20 2 :
pH of the medium was adjusted 5 + 0.2 with 0.IN
NaOH. [9] Medium and trace elements were autoclaved
separately. Briefly, 5g of substrate was added 50 ml
basal medium (1:10 w/v). These flasks were inoculated
with 5ml (1x105spore/ml) of substrate and the contents
were incubated at 28+ 10C for 5 days. Thereafter 0.1IM
citrate buffer pH 4.8 was added to a final volume of
100ml/flask. The flasks were agitated at 200 rpm for 1hr

then filtrate used for determining the enzyme activity.

2.2 Preparation of wheat straw:

Wheat straw (substrate) was cut into small pieces. The
chopped substrate was ball milled, sieved over a mesh
and pre-treated with 1% NaOH (w/v) for one hour in a
boiling water bath (100°C), cooled and washed till
neutral pH. The residue was dried at 60°C till constant
weight. This dried substrate was used for further

analysis [10].

2.3 Optimization of production conditions:

The enzyme production was optimized at different
moisture levels (30-70ml) of basal media and was
monitored at pH 3.5-7.5; enzyme production was
observed at 24 h intervals up to 240h The carbon
sources (1% w/v) viz. glucose, sucrose, fructose,
cellulose were added in basal media to evaluate the best
co-substrate for cellulase production.

2.4 Enzyme assay:

Exo-cellulase (FPase) and endoglucanase (CMCase)

activity were assayed according to the given
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methodolog [11].The activities of the two enzymes are
considered to be representatives of total cellulase
activity.Reducing sugars liberated was quantified by
dinitrosalicylic acid (DNS) reagent using glucose as a
standard [12]. One unit of enzyme activity was defined
as the amount of enzyme producing 1pmol reducing
sugar minute-1 under assay conditions. Total
extracellular protein content was determined by
Lowry’s method [13]. Both, the enzyme activity and

specific activity are reported in the article.
2.5 Enzymatic hydrolysis:

Enzymatic hydrolysis of alkali pre-treated wheat straw
was performed in a reaction mixture containing 25g L-
1 and 50g L-1 (w/v) substrate in 0.1M citrate buffer(pH
4.8), supplemented with enzyme (2FPU/ ml). The
mixture was incubated at 320C on a rotatory shaker at
150rpm. Samples were taken from the reaction mixture
at different time intervals. Samples were immediately
heated to 1000C, cooled and centrifuged for 10min at
800rpm. The supernatant was used for the reducing
sugar analysis. The liberated reducing sugar was

assayed by DNS method [14],[15].
Results and discussion:
3.1 Effect of pre-treatment

Delignification of wheat straw was done through alkali
pre-treatment. Removal of lignin is necessary because
lignin retards fungal hydrolysis of cellulose thus; pre-
treatment is required to make cellulose accessible for
fungal utilization. In the study 1% NaOH (w/v) was
used. Jeya [16] , Yamashita [17], Beerre [18] & their
coworker showed that NaOH is an effective pre-
treatment agent for substrates with relative low lignin

content.

3.2 Effect of basal media:

Results of enzyme production by varying the basal
media (used as moistening solution) ratios (1:6, 1:8,
1:10, 1:12, 1:14) w/v are shown in Fig 1. The result
indicated that highest FPase and CMCase activity was
112 IU/g and 167IU/g respectively when 1:6 ratios were
taken. Lower or higher moisture levels yielded lower
cellulase activity. Basal media is regarded as a
fundamental parameter for microbial growth and
metabolite formation. Lower levels of moistening agent
leads to the sub-optimal growth, a lower degree of
substrate swelling and a high surface tension, whereas
high moisture levels decrease porosity which would
cause lower oxygen transfer and enhance formation of
aerial mycelium. Fatima and coworker [19] reported
that rice straw by T. ressei where maximum cellulase

production was reported in 30ml (1:6) basal medium.
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3.3 Effect of pH and incubation period:

The effect of pH on cellulase production by Aspergillus
flavus is given in Fig 2. The activities of CMCase and
FPase increased from pH 3.5 to 5.5 and reached a
maximum at pH 4.5 and then gradually decreased from
its optimal level. Another important factor for growth
of the microorganism and it’s metabolic activities is the
pH. Increasing and decreasing in pH on either side of
the optimum value resulted in decreased the rate of
fermentation. [20]. Irfan [21], Mutjuveladhyudhun [22]
and coworker showed data on rice straw and wheat
straw using A.niger where maximum production of

cellulase on lignocellulosic waste was between pH 4-5.
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Fig 2: Effect of pH:(a) FPase activity = specific activity

(b) CMCase activity specific activity X

3.4 Effect of carbon sources and incubation
period:

The effect of carbon sources on cellulase production is

presented in Fig 3. The enzyme activity and protein

415 IU/g was obtained after 96h of incubation (Fig.4).
Specific activity of these enzymes also followed a
similar pattern. Incubation period and carbon source
play a key role in growth of the micro-organism and
subsequent enzyme production [22]. Enzyme activity
and specific activity of both the enzymes assayed
(FPase and CMCase) declined on prolonged incubation
(> 96 h.), this could possibly be due to loss of moisture/
denaturation of enzymes/ depletion of C-sources. These
results indicate that the cellulose was the best co-
inducer for wheat straw in this study. Dashtbtan [21],
Bezerra [23] and coworker reported that cellulase
activities have generally been observed to be higher
during the incubation period with mixed C sources.
The activity of CMCase was higher in mixed substrate
as compared to FPase activities. The data reported is in
agreement with work done cellulosic substrate, (rice
straw, and sugarcane bagasse) with cellulose as co-

substrate for maximum production of enzyme (22).
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Fig 3: Effect of carbon source: (a) FPase activity = and
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3.5 Effect of enzymatic hydrolysis:

The activity of cellulase produced by Aspergillus
flavus, in bioconversion of wheat straw as substrate
was also studied. Degree of saccharification measured
through analysis of released sugar. The results given in
Fig. 5 reveal that out of the two different concentrations
of substrate (2.5% and 5.0 % w/v) used maximum
saccharification of 72% and 50.75% respectively peaked
at 24h and subsequently declined. The results indicate
that though saccharification occurs with both
concentrations of substrates however, it is more
substantial with 2.5% (w/v) substrate. The decrease in
hydrolysis rate over time has been attributed to
inhibition by the accumulation of end product.

The end product inhibition by glucose, cellobiose, and
ethanol has demonstrated their ability to significantly

inhibit endoglucanase and cellobiohydrolase. [24],[25] It

has been earlier reported that certain hydrolysis

products are able to inhibit cellulase adsorption [26],
[27], [28]. It has, however, recently been shown that
glucose strongly inhibit cellulase adsorption linearly
[29]. Inhibition of enzyme adsorption by hydrolysis
products appear to be the main cause of the decreasing
yields at increasing substrate concentrations in the
enzymatic decomposition of cellulosic biomass. In
order to facilitate high conversions at high solids
concentrations, a better understanding of the

mechanisms involved in high-solids product inhibition

and adsorption inhibition is required.
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Fig 5: Percent saccharification of substrate for at

varying substrate concentration

Conclusion:

The study showed that A. flavus has potential for the
cellulase production. Wheat straw is a cheap substrate
suitable for bioconversion into a value added product
like glucose.

The type and composition of the carbohydrates present
in wheat straw is well documented and have been

found suitable for the induction of cellulase and
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hemicellulase from Aspergilli under SSF (15). This
study was oriented towards delineating the process
parameters for maximum yield of cellulase under SSF.
Highest FPase 167IU/g and CMCase 415IU/g activity
was measured at pH 4.5 after 96h of incubation using
cellulose was co-substrate.

Cellulase produced was further utilized for
saccharification and yields a maximum of 72%
saccharification on 2.5% (w/v) substrate. The reported
work utilizes easy available and cheap lignocellulosic
biomass for bioconversion which may also be
significant in terms of reducing the cost of commercial

enzyme production.
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