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of the strain and after culture inoculation, the flasks were
incubated for 5 days at 45 ± 2◦C.

2.6.5. Effect of Nitrogen Sources on Enzyme Production. In
the present study, we aim to detect the appropriate nitrogen
source for cellulase production by the A. niger and Tricho-
derma sp. The fermentation medium was supplemented with
organic and inorganic compounds (peptone, beef extract,
ammonium nitrate, sodium nitrate, and yeast extract) at 0.5
to 3.0% level, replacing the prescribed nitrogen source of the
fermentation medium.

2.6.6. Effect of Municipal Solid Waste Residue on Enzyme
Production. In the present study, we aim to determine the
appropriate concentration of municipal solid waste residue
for cellulase production by the A. niger and Trichoderma
sp. The fermentation medium was supplemented with
municipal solid waste residue at 1.0 to 6.0% level, replacing
the prescribed carbon source of the fermentation medium.

2.7. Statistical Analysis. Data presented on the average of
three replicates (±SE) are obtained from there independent
experiments.

3. Results and Discussion

3.1. Screening of Fungi for Cellulase Activity. Screenings
of fungi for their cellulase activity were carried out by
the hydrolysis of substrate incorporating in the basal salt
medium. After an incubation period, enzyme activities were
detected by the appearance of zones either by substrate
clearances or coloration and discoloration around the fungal
colonies. A. niger and Trichoderma sp. were showed the
highest zone around the colony, used for further study.

3.2. Optimization of Culture Conditions for

Enzyme Production

3.2.1. Effect of pH on Enzyme Production. There exists a
strong influence of initial pH of the medium on enzyme
production. To evaluate the effects of pH value in substrate
on cellulase synthesis, the pH values were adjusted by
the addition of HCl or NaOH to 3.0, 4.0, 5.0, 7.0, 8.0,
and 9.0. The results shown in Figures 1 and 5 showed
that the production of exoglucanase (1.76 & 2.16 U/mL),
endoglucanase (1.25 & 1.94 U/mL), and β-glucosidase (1.44
& 1.71 U/mL) by A. niger and Trichoderma sp. was found
between 6-7 and 5-6 pH. The optimum pHs for cellulase
activity were found at pH 6.5. The enzyme activity gradually
increased when increasing the pH up to the optimum
followed by a gradual full in activity. It was also noted that
the enzyme activity was stable at pH range of 5.0–8.0. Effect
of pH on cellulase production by these fungi supports the
findings of [25] who reported that CMCase, Avicelase, and
FPase activities exhibit a pH optimum of approximately 4,
while the pH optimum of β-glucosidase was between pH 5-6.

3.2.2. Effect of Temperature on Enzyme Production. The effect
of temperature on cellulase activity was determined by
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Figure 1: Effect of pH on cellulase production (U/mL) by A. niger.
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Figure 2: Effect of temperature on cellulase production (U/mL) by
A. niger.

incubating the flask at a range of temperature of 20, 30, 40,
50, 60, 70, and 80◦C. The results of the test made at different
temperatures value showed that the optimal temperature
for exoglucanase (1.95 U/mL) and endoglucanase activity
(1.88 U/mL) produced by A. niger was between 40 and 50◦C
(Figure 2), while the optimum temperature for β-glucosidase
activity (1.98 U/mL) between 45 and 55◦C. Due to high tem-
perature (above 65◦C), the results showed that the enzyme
activity was decreased when the temperature increased
above 65◦C. However, maximum enzyme production by
Trichoderma sp. was found to be 1.95 U/mL exoglucanase,
1.88 U/mL endoglucanase and 1.88 β-glucosidase activity
between 40–50◦C (Figure 6). Many workers have reported
different temperatures for maximum cellulase production
either in flask or in fermentor studies using Aspergillus sp.
and Trichoderma sp. suggesting that the optimal temperature
for cellulase production also depends on the strain variation
of the microorganism [26, 27].




