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Enzyme production 
 
The culture was grown in 250 ml Erlenmeyer flask that contained 
50 mL of the medium. Concentrations of the nutrients were 5 g/L 
trisodium citrate, 5 g/L KH2PO4, 2 g/L NH4NO3, 4 g/L (NH4)2SO4, 0.2 
g/L MgSO4 (Ahmed et al., 2007) supplemeted with different carbon 
and nitrogen sources. After adjusting pH 5 of the medium prior to 
sterilization, the flasks were then inoculated with 2 agar discs (2 
mm in diameter) of 5 days old culture grown on PDA plates and 
later incubated under stationary condition at 25, 30 and 35°C for up 
to 5 days. The crude enzyme was filtered and centrifuged at 12000 
xg for 20 min. 
 
 
Enzyme assay 
 
Cellulase (exoglucanase activity) was assayed by measuring the 
release of reducing sugar by DNS (Miller, 1959). The assay mixture 
contained 1 ml of 0.5% cellulose (Sigma Co.) suspended in 50 mM 
citrate phosphate buffer (pH 4.8) and 1 ml of culture filtrates of 
different T. harzianum and T. reesei strains, respectively. The reac-
tion mixture was incubated for 30 min at 50°C and then centri-fuged 
at 12000 rpm for 15 min at 4°C. The reaction was arrested by 
adding 3 ml of 1% DNS (dinitrosalicylate) reagent in 1 M NaOH and 
followed by 1 mL of 40% Rochelle salt (potassium sodium tartarate) 
which was added to stabilize the colour. Endoglucanase activity 
(CMCase) was measured using a reaction mixture containing 1 ml 
of 1% carboxymethyl cellulose (CMC) made in 0.5 M citrate acetate 
buffer (pH 5.0) into the culture filtrates. The blanks were made in 
the same way using distilled water and absorbance was measured 
at 540 nm. One unit of cellulase activity was defined as the amount 
of enzyme in 1 ml of the reaction mixture that released 1 µmol of 
reducing sugar under assay condition. 
 
 
Optimization of parameters for cellulase production 
 
Effect of temperature and incubation period on enzyme activity 
 
In this study, the cellulase activity of fungal isolates grown under 
different temperature conditions of 25, 30 and 35°C and at time 
interval of 96, 112, 128, 134, 150, 166, 172h and 188 h was 
monitored. 
 
 
Effect of pH on enzyme production 
 
The most suitable pH optimum for the growth of Trichoderma sp. 
was obtained by adjusting the pH of the growth medium from 2-5 
using 50 mM sodium phosphate and 50 Mm citrate buffers and the 
cellulase activity was measured at 540 nm at each pH to know the 
ideal condition. 
 
 
Effect of carbon sources on enzyme production 
 
Effect of various carbon compounds viz., cellulase, CMC, glucose, 
sucrose and maltose were used for the study. The broth was 
distributed into different flasks and 1% of each carbon sources were 
then added before inoculation of the strain at 28°C. 
 
 
Effect of nitrogen sources on enzyme production 
 
In the present study, the whole idea was to detect the appropriate 
nitrogen source for getting maximum cellulase enzyme activity by T. 
harzianum and T. reesei. The influence of peptone, beef extract, 
ammonium nitrate and yeast extract procured from HIMEDIA, India, 

Sharma et al.         1941 
 
 
 
by supplementing the growth medium with the organic and 
inorganic compounds was studied. 
 
 
Statistical analysis 
 
Average value of cellulase activity was determined for multiple 
mean comparisons obtained through three separated experiments 
and to use the values for analyzing data for calculating standard 
deviation (±SD) from there independent experiments ranging 
between ±0.01 to ±0.05, respectively. 
 
 
RESULTS 
 
Effect of incubation period on enzyme production 
 
Time of incubation has great bearing with the production 
of enzyme and operation of other metabolic systems. To 
a certain extent, Trichoderma sp. showed most active 
cellulolytic species along different incubation period (96, 
112, 128, 134, 150, 166, 172 and 188 h, respectively). 
Cellulase activity values ranges from 0.1 to 0.47 U/ml 
(EXG) and 0.13 to 0.46 U/ml (EG) in T. harzianum with 
peak cellulolytic (EXG) activity of 0.7U/ml achieved at 
112 h whereas activity value ranges from 1.30 to 1.76 
U/ml (EXG) and 1.30 to 1.76 U/ml (EG) at different hours 
of incubation with the peak value of 1.96 U/ml at 112h in 
T. reesei shown in Figure 2. 
 
 
Effect of pH on enzyme production 
 
Cellulase yield by Trichoderma sp. depends on the pH 
value. Results illustrated in Figure 3 indicate that 
cellulase activity increased gradually as pH increase from 
2 to 4 with the increase of 0.02 to 0.76 U/ml (EXG) and 
0.03 to 0.07 U/ml (EG) in T. harzianum and remain 
maximum (0.76U/ml) for T. harzianum at pH 5. Almost, 
similar trend was observed in T. reesei from pH 2 to 5 
with the maximum value of cellulose activity, 1.76 U/ml 
(EXG) at pH 4. Effect of pH on cellulase production by 
Trichoderma supports the findings of Lee et al. (2002) 
who reported that CMCase exhibit the pH optimum of 4 
and β-glucosidase ranges between pH 4-5. 
 
 
Effect of temperature on enzyme activity 
 
Like pH, temperature is also an important factor that 
influences the cellulase activity. It was found to be 0.45 
U/ml at 25°C and 0.57 U/ml at 30°C and maximum (EXG) 
activity of T. harzianum was found to be 0.95 U/ml. In the 
case of T. reesei, it was 1.22 U/ml at 25°C and 1.44 U/ml 
at 30°C. If we see the EG activity of T. harzianum, it was 
found to be 0.33 U/ml at 25°C and 0.47U/ml at 30°C 
which was low in comparison with T. reesei with EG 
activity of 1.22 and 1.33 U/ml activities at 25 and 30°C as 
shown in Figure 4. Maximum activity in T. harzianum was 
found at 35°C that is, 0.94 U/ml (EXG), 0.77 U/ml
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