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Abstract

Cellulase is an enzyme that is capable of hydrolyzing the complex organic form of cellulose into simple sugar (glucose).
Cellulase production by a combination of Aspergillus niger and Trichoderma viride isolated from decaying woods were
investigated and optimized in this study. Standard methods were used to assay for the cellulase activity. During the time
course production of cellulase, it was observed that cellulase production was maximum (9.51pmol/min) at 120 hours of
incubation. Increase in substrate concentration increased enzyme activity. Maximum cellulase activity (10.61umol/min)
produced by Aspergillus niger and Trichoderma viride was observed at pH 7 while the optimum temperature was at 35 °C.
In conclusion, it might not be suitable to use cellulase from this study above pH 7 and temperature above 35 °C for

industrial purposes.
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Abbreviations: SmF: Submerged Fermentation; CMC: abundant naturally occurring biopolymer [1]. Various
Carboxymethyl Cellulose; DNS: Dinitrosalicylic acid. natural fibers such as cotton and higher plants have
cellulose as their main constituent [2]. It consists of long

Introduction chains of anhydro-D-glucopyranose units with each
cellulose molecule having three hydroxyl groups

Cellulose is a carbohydrate polymer consisting of tens peranhydro-D-glucopyranose, with the exception of the

to hundreds to several thousand monosaccharide units terminal ends. Cellulose is insoluble in water and most
(glucose). Cellulose is the main building material out of ~ common solvents [1]. The poor solubility is attributed
which plants are made and plants are the primary or first primarily to the strong intramolecular and intermolecular
link in what is known as the food chain. It is the most ~ hydrogen bonding between the individual chains [3].
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Cellulose can be derived from a number of sources using a
number of techniques that are considered synthetic and
natural fibers. Natural fibers are made from plant, animal
and mineral sources while synthetic fibers generally come
from synthetic materials such as petrochemicals but some
types of synthetic fibers are manufactured from natural
cellulose, including rayon, modal and the more recently
developed lyocell [4].

Cellulases are a group of hydrolytic enzymes which are
capable of depolymerizing cellulose to smaller molecules.
These enzymes are produced mainly by fungi though
some bacterial strains have also been found to produce
cellulases. The production of cellulase has been reported
from a wide variety of bacteria [5] and fungi [6,7].
However, filamentous fungi are preferred for commercial
enzyme production, because the level of the enzymes
produced by these cultures is higher than those obtained
from yeast and bacteria [8]. Almost all fungi of genus
Aspergillus synthesize cellulase, therefore this genus has
the potential to dominate the enzyme industry.
Aspergillus and Trichoderma species are well known for
efficient production of cellulases [9]. Industrially
important enzymes have traditionally been obtained from
submerged fermentation (SmF) because of the ease of
handling and greater control of environmental factors
such as temperature and pH.

Cellulases are increasingly being used for a large
variety of industrial purposes in the textile industry, pulp
and paper industry and food industry, as well as an
additive in detergents and improving digestibility of
animal feeds. Now cellulases account for a significant
share of the world’s industrial enzyme market. The
growing concerns about depletion of crude oil and the
emissions of greenhouse gases have motivated the
production of bioethanol from lignocellulose, especially
through enzymatic hydrolysis of lignocellulosic materials
sugar platform [10,11]. However, costs of cellulase for
hydrolysis of pretreated lignocellulosic materials need to
be reduced and their catalytic efficiency should be further
increased in order to make the process economically
feasible [12]. It is against this background that this study
is carried out to isolate and optimize cellulase from a
combination of Aspergillus niger and Trichoderma viride
isolated from decaying wood.

Materials and Methods

Decaying wood samples were collected around
Adobayero hall, University of Maiduguri, Borno state,
Nigeria in a tightly closed container. One (1) g of the
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sample (decaying wood) was ground and dissolved in 100
ml of Ringers solution. Serial dilution of the sample was
made 5 times and cultured on solid media. Each distinct
colony was subcultured and incubated for 48 hours.
Fungal species Aspergillus niger and Trichoderma viride
were identified based on morphological appearance as
described by Devanathan, et al. [13] and Barnett, et al.
[14] respectively.

Preparation of Inoculum

The fungal species (Aspergillus niger and Trichoderma
viride) were inoculated into 100 mL fermentation media
containing 0.004 g ZnSO,; 10.5 g KH;PO4 05 g
MgS04-7H20, 0.5 g CaCl;, 0.13 g FeS047H:0, 0.005 g
MnCl;-4H,0, 0.5 g K;HPO4, 0.5 g NaMoOs and 0.5 g
(NH4)2S04. Incubation was carried out at 37 2C for 72
hours. All the experiments were done in triplicate and
average values were recorded. After 72 hours of
incubation the cells were harvested by centrifugation at
10,000 rpm for 15 minutes and the supernatant was used
as an enzyme source for estimation of cellulase activity
[15].

Assay for Cellulase Activity

The method of Miller, [16] was employed in
determining the enzyme activity. 1 ml of crude enzyme
filtrate was added to 1 ml of 0.1% (w/v) carboxymethyl
cellulose (CMC) in a test tube. Sodium acetate buffer (0.1
mL, pH 6.5) was pipetted into the mixture and then
incubated in a Water Bath at 35 °C for 30 min. After
incubation, 3 ml of the dinitrosalicylic acid (DNS) reagent
was added to terminate the reaction. The tube was boiled
for 5 min and monitored for colour development. Optical
density readings were taken at 546 nm and the sugar
released extrapolated from the standard glucose curve.
The result obtained was then expressed as cellulase
activity (umol/min) defined as the enzyme amount that
produced 1 pmol of glucose per minute under the assay
conditions.

Optimization of Cellulase Production

Effect of incubation time on cellulase production:
Effect of incubation time on cellulase production by a
combination of A. niger and T. viride was carried out for a
period of six (6) days. Enzyme activity was evaluated at
an interval of 24 hours.

Effect of temperature on cellulase production: Effect of
different incubation temperatures (30, 35, 40, 45 and
50°C) on the production of cellulase by a combination of
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A. niger and T. viride was studied. Cellulase activity was
assayed after 120 hours of incubation.

Effect of pH on cellulase production: The effect of pH on
cellulase activity was determined by varying the pH
values (4.0, 5.0, 6.0, 7.0 and 8.0), their influence on
cellulase production was determined after 120 hours of
incubation.

Effect of substrate concentration on cellulase
production: The effect of substrate (CMC) concentration
on cellulase production was determined by varying the
substrate concentration (0.5, 1.0, 1.5, 2.0 and 2.5 mg/ml)
enzyme activity was determined after 120 hours of
incubation.

Results and Discussion

The time course production of cellulase (Figure 1),
revealed that maximum enzyme activity (9.51 umol/min)
was at 120 hours of incubation. The lowest cellulase
activity (4.82 pmol/min) was observed at 24 hours of

incubation. The activity of the enzyme gradually
decreased after 120 hours of incubation. Fermentation
time has an important impact on product formation and
enzyme production, the enzyme activity gradually
increased as incubation time increased. Incubation period
of 120 hours was optimum for cellulase enzyme
production by the isolates. This is comparable with the
result of Karthikeyan, et al., [17] who reported incubation
time of 120 hours as optimum for the production of
cellulase by A. niger. This result revealed increasing trend
of enzyme activity up to 120 hours of incubation and then
a decline. This may be due to increase in concentration of
toxic substances and depletion of nutrients in the
fermentation media which led to decreased fungal growth
and enzymes production. Another reason may be the high
viscosity of the medium, which decreases the oxygen
supply to the microorganisms. High viscosity leads to
retard cell division, resulting in low production and
excretion of cellulase [18].
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Figure 1: Time course production of cellulase by A. niger and T. viride.

The effect of temperature on cellulase activity (Figure
2) revealed that maximum cellulase enzyme activity (2.41
umol/min) was at 35°C after 120 hours of incubation. The
lowest cellulase activity (0.35 pmol/min) was observed at
50°C after 120 hours of incubation. Cellulase activity
gradually decreases as temperature increases.
Temperature is another critical factor that influences
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enzyme activity and it has to be controlled in any
bioprocess. This result is in contrast with the results of
[19] who reported 30°C as optimum temperature for
cellulase enzyme production. Cellulase is highly sensitive
towards temperature and high temperature decreases
cellulase activity due to instability [18].
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Figure 2: Effect of temperature on cellulase production by A. niger and T. viride.

Figure 3 The effect of pH on cellulase activity,
maximum cellulase enzyme activity (10.61 pumol/min)
was observed at pH 7 after 120 hours of incubation. As
the pH increases, decrease in enzyme activity was
observed. The minimum cellulase enzyme activity (1.01
pumol/min) was observed at pH 4 after 120 hours of
incubation. Different enzymes have different optimum pH
values. The pH of the growth medium plays an important

role by inducing microbes to secret enzymes and other
metabolites [4]. The study conducted showed that
cellulase production was greatly influenced by pH of the
medium. Cellulase production was significantly inhibited
when the pH level of the medium was lower than 5.0.
Similar result was reported by Sazci, et al., [20] optimal
pH was at 7.0 when cellulase was produced under
submerged fermentation.
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Figure 3: Effect of pH on cellulase production by A. niger and T. viride.

The effect of different concentration of substrate on
cellulase activity (Figure 4) showed that the maximum
enzyme activity (3.52 umol/min) was observed at 120
hours when 2.5 mg/ml of the substrate was used. Lowest
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cellulase activity (0.35 pmol/min) was observed when 0.5
mg/ml of the substrate was used after 120 hours of
incubation. All fungi must utilize the energy source in
their environment in order to produce ATP. ATP is
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required by fungi for all of the biosynthetic processes that
fungi use for maintenance and reproduction. Carbon is a
major requirement of the cell and the rate at which a
carbon source is metabolized can often influence the
production of metabolites [4]. Among different volumes of
substrate studied, 2.5 mg/ml of the substrate showed
highest enzyme activity after 120 hours of incubation. As

the substrate concentration increases, increase in
cellulase enzyme activity was observed. The result was in
conformity with the work carried out by Ahmed, et al.,,
[21] who reported that CMC as the best substrate for
cellulase production due to its soluble nature compared to
other substrates.
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Figure 4: Effects of substrate concentration on cellulase production by A. niger and T. viride.

Conclusion

This study demonstrates that Aspergillus niger and
Trichoderma viride effectively produced cellulase and may
be used for industrial production of cellulases. The
combined effect of all the growth factors was observed
that there was a trend of increase in the cellulase activity
at every step of the optimization process which confirms
the optimization of the process parameters. Further
studies would focus on isolation and purification of
cellulase for industrial purposes.
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