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This study aims to determine the effect of pretreatment on the content of cellulose, hemicellulose, lignin, 
and combinations types of mold (Penicillium sp., Aspergillusniger and Trichodermaviride) and the 
incubation time (1, 2, 3, 4, 5, 6, 7, 8 days) against dry biomass, pH value, enzyme activity value (filter 
paper-ase (FP-ase), endoglucanase (EG), and cellobiohydrolase (CBH). The result show that 
delignification reached by 2% NaOH pretreated substrate andincrease the surface area of cellulose on 
cogongrass substrates with cellulose level48.32%, hemicellulose level 9.88% andlignin level1.14%.The 
fibers of the sample distorted as figured using SEM (Scanning Electronic Microscope). The microfibril 
section was torn and completely exposed, thus increased the external surface area and porosity. 
Compared with two other molds, Aspergillus niger had optimum cellulase enzyme activity achieved on 
the 7th day of incubation time with filter paper-ase enzyme value of 3.97 U/ml, endoglucanase (EG) 
enzyme value of 4.53 U/ml and cellobiohydrolase (CBH) enzyme value of 4.45 U/ml. Imperata cylindrica 
(L.) Beauv.,can be used as substrate for cellulase enzyme production by Aspergillus niger as the basic 
ingredient of bioethanol. 

Keywords: cellulase enzyme activity, cogongrass (Imperata cylindrica (L.) Beauv.), Aspergillus niger, Penicillium sp., 
pretreatment, Trichoderma viride. 

 
INTRODUCTION 

Ethanol contains 35% oxygen that can be 
used in gasoline blends thus helping to refine 
combustion from fuel and reduce particulate 
emissions (Badger, 2002). Ethanol is currently 
produced from starchy plants, where this type of 
plant is a source of food to meet human needs 
(Farell et al., 2006). These problems can be 
suppressed by producing ethanol from biomass 
raw materials such as lignocellulose, derived from 
agricultural and forest waste residues. 

One of the lignocellulosic materials whose 
availability is abundant, has not been widely 
utilized, and naturally has a negative impact on 
other plants is Imperata cylindrica (L.) Beauv.). 
Cogongrass is found almost in every hemisphere, 

and is considered as a weed. According to Garrity 
et al., (1997), 8.5 million ha of cogongrass is 
spread over Indonesia from 35 million ha in 
Southeast Asia. It has a fast growing power every 
year and is able to grow on critical land. Chemical 
content include α-cellulose 40.22%, holocellulose 
59.62%, hemicellulose 18.40%, and lignin 31.29% 
(Sutiya et al., 2012). Based on the dry weight, the 
content of cogongrass cellulose is equivalent to 
rice straw (37.2%) (Vlasenko et al., 1997), and 
higher than grass (25.6%) (Holtzapple et al., 
1993). 

The main component of lignocellulosic 
material is cellulose. Cellulose is a carbohydrate 
consisting of a linear glucose polymer with a 
length of about 1,200-15,000 degrees of 
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polymerization (DP). Cellulose is difficult to 
decipher because it has a high level of crystal 
structure with a lignin layer that envelops cellulose 
tissue to become a barrier. Therefore, a pre-
treatment process is needed to release the 
cellulose from the lignin bond and damage the 
crystal structure. 

There are three groups of enzymes involved 
in the process of cellulose hydrolysis, such as 
endoglucanase or carboxy methyl cellulose 
(CMC-ase) or endo-1,4-β-glucanase, 
exoglucanase or cellobiohydrolase or ekso-1,4-β-
glucanase, and β- glucosidase (Hermiati, 2010). 
The cellulose hydrolysis stage is cellulose 
degradation to cellobiose by endo-β-1,4-
glucanase and ekso-β-1,4 glucanase followed by 
breakdown of cellobiose by β-1,4 glucosidase. 
This study was conducted to determine the effect 
of pretreatmenton cellulose, hemicellulose and 
lignin content and to know the effect of 
combination of mold type (Penicillium sp., 
Aspergillusniger and Trichodermaviride) and 
incubation time (1 day, 2 days, 3 days, 4 days, 5 
days, 6 days, 7 days, 8 days) on the amount of 
dry biomass, pH value and enzyme activity value 
(FP-ase, EG and CBH). 
 
MATERIALS ANDMETHODS 

Preparation of Materialsand Initial Treatment 
(Pretreatment) 

Initial treatment of cogongrass is done 
mechanically, physically and chemically. 
Physically and mechanically, the cogongrasss 
were first washed, then dried in the sun for 12 
hours. The dried cogongrass is then cut into 
pieces of ± 2 cm, milled with a grinder, sifted to a 
40-mess, then stored in a dry place. For chemical 
pretreatment, the cogongrass were immersed in 
2% NaOH at a ratio of 1:10 (w/v) at room 
temperature for 24 hours, then heated using an 
autoclave at 121ºC for 1 hour. After that, washed 
with tap water to neutral pH and dried with oven at 
65ºC to obtain constant weight (Lin and Lee, 
2011; Pasha et al., 2012). As for chemical content 
analysis, Imperata cylindrica (L.) Beauv. substrate 
samples were tested to Researchand Consulting 
Industry Surabaya, East Java, Indonesia. 

Basal Medium Preparation (MB) 
The basal medium used consists of a solution 

of mineral salts and organic nitrogen to increase 
the production of enzymes. A total of 1.4 g of 
yeast extract, 2.0 g of KH2PO4, 0.34 g 
CaCl2.2H2O, 0.30 g MgSO4.7H2O, 5 mg 

FeSO4.7H2O, 1.6 mg MnSO4.H2O, 1.4 mg 
ZnSO4.7H2O and 2.0 mg CoCl2.6H2O were added 
up to volume 1L and boiled with a magnetic stirer. 
After that sterilization process is done by using 
autoclave for 15 minutes. The basal medium is set 
at pH 6 (I-son et al., 2010). 

Starter production of Penicillium sp., 
Aspergillus niger, andTrichoderma viride 

The 7thday cultured in Petri dishes was 
suspended in a 50 ml centrifuge tube containing 
10 ml of 0.9% tween 80. Using a centrifuge tube 
then shaken to re suspend the spores to a 
concentration of 107 spores/ml. Subsequently 5 ml 
of spore suspension was inoculated into 250 ml 
Erlenmeyer containing 50 ml basal medium (MB) 
and 2.5 grams of cogon grass substrate which 
had been sterilized. Then incubated at room 
temperature for 8 days (I-son et al., 2010; Huang 
et al., 2015). Mold growth was observed every 24 
hours for 8 days by measuring dry biomass mold 
using analitical balance. 

Enzyme production ofPenicillium sp., 
Aspergillus niger, andTrichoderma viride 

Amount 5 ml mold starter was inoculated in 
250 ml Erlenmeyer containing 50 ml basal 
medium. The culture was incubated using rotary 
shaker at 200 rpm at room temperature for 8 
days. The crude enzyme extraction was 
performed by variation of incubation time 1, 2, 3, 
4, 5, 6, 7, 8 days, by adding 100 ml of tween 80% 
solution 0.1% (v/v) pH 6 into the incubated 
culture. Then centrifuged on 4000 rpm for 15 
minutes (Widjaja, 2009; Huang et al., 2015). The 
result of centrifugation in the supernatant section 
was a crude enzyme extract used for test of 
enzyme activity and measured pH value.  

Calculation Cellulase Enzyme Activity 
The calculation of enzyme activity is 

expressed by U/ml refers to Dybkaer (2001). One 
unit of cellulase enzyme activity is the amount of 
enzyme needed to release 1μmol of reducing 
sugar per minute. Cellulase enzyme activity is 
expressed by formulation: 

 
Enzyme activity=  [sample-control reducing sugar] x 1000 x FP (U/ml) 
                                t (min) x BM reducing sugar x vol. enzyme 

Information: 
FP : dilution factor of the enzyme 
1 U : µmol sugar products / min 

 
RESULTS AND DISCUSSION 
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Pretreatmentof Imperata cylindrica (L.) Beauv. 
Substrate 

Prior to the chemical pretreatment process, 
the cogongrass are treated physically and 
mechanically first, to obtain a small substrate in 
order to maximize the enzymatic hydrolysis 
process. According to Sun and Cheng (2002), the 
size of the raw material will affect porosity, so as 
to maximize the contact between raw materials 
with enzymes. The smaller the size of the 
substrate, it will facilitate lignin degradation so that 
cellulose and hemicellulose will be hydrolyzed 
optimally. 

From this research we found the initial weight 
of cogongrass is 5 kg, after the drying process in 
the sun for 12 hours is 2.8 kg. While the process 
of 2%NaOH pretreatment is 2.1 kg. 

Table 2 showed that there was a decrease in 
lignin content, whereas in cellulose content were 
increase. This result suggests that the 
pretreatment process has successfully damaged 
the lignin structure (delignification). Also proven 
using SEM (Scanning Electronic Microscope) as 
in Figure 1. 

In figures 1A and 1B are SEM results prior to 
2%NaOH pretreatment, a rigid and tight fibril 
section appears, while in figures C and D after 
2%NaOH pretreatment the fibers of the sample 
have been distorted. In addition, the microfibril 
section is torn and completely exposed, thus 
increasing the external surface area and the 
porosity of the Imperata cylindrica (L.) Beauv. 
Histologically, the pretreatment sample appears to 
shrink, and when touched by hand directly the 
texture feels softer than the Imperata cylindrica 
(L.) Beauv.) prior to pretreatment. This study 
shows results that are consistent with Zhang et 
al., (2008) research, using 2% NaOH 
pretreatment on rice straw are shown the more 
open fibril section with a wider surface. This 
suggests that 2% NaOH pretreatment 
successfully damages the lignin bond and 
increases the porosity of the rice straw substrate. 
 
The Effect of Combination of Mold Type and 
Incubation Time on Dry Amount of Biomass, 
pH Value and Enzyme Activity Value (FP-ase, 
EG and CBH) 

After 7 days of incubation period, spores 
density of Penicillium sp. equal to 22,4 x 107, 
Aspergillus niger equal to 25,7 x 107 and 
Trichoderma viride equal to 24,3 x 107. 

Figure 2 shows the mean dry biomass of 
mold. The optimum yield of optimum mold 
biomass was on the 7th day of incubation time. In 
Aspergillus nigervalue of 1.36 g/l and Trichoderma 
viridevalue of 1.33 g/l. While in Penicillium sp. 
value of 1.30 g/l. On the 7th day the incubation 
time was entering the final stationary phase which 
at this point is the optimum time to produce 
enzyme. The optimum biomass result on the 7th 
day of incubation time showed that the isolates 
succeeded converting cellulose and lignin from 
cogongrass into the mold biomass. The longer of 
incubation time, the enzyme activity decreases. 
This is due to the limitations of macro and 
micronutrients in the fermentation medium, so the 
physiological of microorganisms are disturbed, 
one of which is the inactivation of enzyme 
secretion (Nochure et al., 1992). 

According to Sanghania (2010), the 
production of cellulase enzyme is closely related 
to mold growth. Fungi have hyphae capable of 
growing and attached to the surface of the 
substrate. Naturally, the presence of contact 
between the molds with the substrate relates to 
the taking of nutrients, enzyme secretion, and 
growth of apical hyphae. The filamentous filament 
may grow significantly in a state of water shortage 
(Gao et al., 2005). 

In addition, aeration also affects mold growth. 
According to Darwis (1995), the aeration that 
takes place in the fermentation process helps 
remove some of the heat generated so that the 
temperature can be maintained at the optimum 
temperature for enzyme production. It is also 
followed by a decrease in enzyme activity on day 
8, presumably a lack of aeration during the 
hydrolysis process so that the oxygen content 
required by the mold for synthesis of the product 
becomes lessened. 

Figure 3 shows that there was a decrease in 
the initial medium pH value of 6 to 5.33 for 
Penicillium sp.,pH value of 4.67 for Aspergillus 
niger, and pH value of 5.00 for Trichoderma viride. 
Decreased pH occurs due to the hydrolysis 
process and oxidation reactions when molds 
break down cellulose using cellulase enzyme 
(Maurya, 2012). Each microbe including mold has 
a different permeability of the cytoplasmic 
membrane, thus affecting mold tolerance to the 
pH of the environment. The more medium acid will 
inhibit the growth of mold which causes the 
decrease of dry biomass of mold.  
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Table 1. Cellulose, hemicelluloseand lignin content before and after pretreatment 
 

Treatment Cellulose (%) Hemicellulose (%) Lignin (%) 

Before pretreatment 46.92 % 8.62 % 4.11 (%) 

After pretreatment 48.32 % 9.88 % 1.14% 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Figure 1: Results SEM of Imperata cylindrica (L.) Beauv.(A-B) before pretreatment of 2% NaOH 
with 1000x and 4000x magnification, and (C-D) after 2% NaOH pretreatment with 500x and 1000x 
magnification.

pH is an important factor that can induce 
morphological changes in microbes and enzyme 
secretion. Changes in pH during microbial growth 
may affect product stability in the medium (Gupta 
et al., 2003). According to Mandels and Reese 
(1959), the production of cellulase enzymes has 
an optimal pH range of 4.5-6.5, whereas in this 
study has an mean pH range ranging between 
4.5-6 (Figure 3). In this study, the change of pH 
medium of the three isolates was suspected 
(statistically) to have no effect on dry biomass of 
the mold because the pH medium change was 
stable in the pH range of 5-6 to 8 days incubation 
time (Figure 3). In this research using submerged 
fermentation for 8 days. Based on the research of 
Widjaja (2010), the results of sugar reduction in 
cellulose hydrolysis using cellulase enzyme from 
Aspergillus niger with surfactant tween 80 
increased 2x from those not using surfactant 
tween 80. This is understandable because the 
tween 80 surfactant can increase the stability of 
the enzyme and prevent the decomposition of the 

enzyme during hydrolysis. According to Lehninger 
(2004), the higher concentration of reducing sugar 
produced, the higher value of cellulase enzyme 
activity. The concentration of cellulase enzyme in 
enzyme filtrate is influenced by several factors, 
such as; substrate concentration, nitrogen source, 
phosphate, magnesium, aeration, pH, incubation 
temperature, fermentation time, moisture, and 
microorganism composition (Lin et al., 2011; 
Dhillon et al., 2012). 

Figure 4 shows the mean value of optimum 
filter paper-ase (FP-ase) enzyme activity achieved 
on the 7th day of incubation time. In Aspergillus 
niger had an optimum enzyme activity value of 
3.97 U/mlfor filter paper-ase (FP-ase) compared 
with the Penicillium sp. and Trichoderma viride, 
followed by Penicillium sp. which has value of 
3.71 U/ml for filter paper-ase (FP-ase), whereas 
Trichoderma viridevalue of 3.37 U/ml for filter 
paper-ase (FP-ase). This is also supported by 
Kang et al., (2004) research on the production of 
filter paper-ase (FP-ase) enzyme by Aspergillus 
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niger in rice husk with an activity of 19 IU/g 
obtained on the 7th day of hydrolysis time. In 
addition,also reported byConsidine et al., (1988) 
that the enzyme activity of filter paper-ase (FP-
ase) by Penicillium capsulatum on bagasse 
substrate has activity of 2.7 IU/g. On Figure 4 also 
shows that on day 8 incubation time decreases 
value of filter paper-ase (FP-ase) enzyme activity, 
because of limited amount of minerals and lack of 
aeration so that the resulting enzyme decreases. 

Measurement of endoglucanase (EG) enzyme 
activity is intended to determine cellulase enzyme 
activity in randomly breaking cellulose in the 
amorphous part to form oligosaccharides. The 
endo-1,4-β-glucanase enzyme acts on cellulose 
chains with low crystallinity, such as CMC and 
produces shorter oligosaccharides or cellulose 
chains. Measurement of endoglucanase (EG) 
enzyme activity in this study using CMC 
(Carboxymethyl cellulose)substrate. 

Figure 5 shows the mean value of 
endoglucanase (EG) enzyme activity on all three 
isolates. The optimum endoglucanase (EG) 
enzyme activity was achieved on the 7th day of 
incubation time. In Aspergillus niger had optimum 
enzyme activity value of 4.53 U/mlfor 
endoglucanase (EG), while Penicillium sp. value 
of 4.11 U/mlfor endoglucanase (EG) and 
Trichoderma viridevalue of 3.38 U/ml for 
endoglucanase (EG). This corresponds to the 
mean yield of dry biomass of mold entering the 
stationary phase at day 6 (Figure 2). The 
stationary phase is known from the absence of an 
increase in mold biomass from day 6 to day 7. 

In a study of Kang et al., (2004), Aspergillus 
niger was able to produce endoglucanase (EG) 
enzyme on rice husk substrate with activity 
reaching 130 IU/g, while onI-Son et al., (2010) 
research, Penicillium sp. had enzyme value of 
156.5 IU/g for endoglucanase (EG) produced on 
rice husk substrate in SSF (solid state 
fermentation). In addition, Liming and Xueliang 
(2004) studies on cellulase enzyme production by 
Trichoderma reesei ZU-02 on corncob substrates 
with endoglucanase (EG) enzyme value of 5.48 
IU/ml. 

Measurements of cellobiohydrolase (CBH) 
enzyme activity were performed to determine the 
amount of glucose produced from cellulose 
hydrolysis and cellooligosaccharide. This enzyme 
is the determination of other enzymes because it 
is able to break the β-1,4 cellobiose bond. The β-

1,4 cellulose bonding is known to increase the 
hardness of the cellulose structure, making it 
harder to degrade. CBH showed high activity on 
cellulose substrate with high crystallinity such as 
Avicell 102 (Purwadaria, 2003). AvicellpH 102 is 
one type of microcrystalline cellulose which is 
widely used in the pharmaceutical industry 
especially as a binder on the process of making 
direct printing tablets. 

Figure 6 shows that the mean value of 
optimum cellobiohydrolase (CBH) enzyme activity 
of the three isolates of mold are achieved on the 
7th day of incubation time. In Aspergillus niger has 
an optimum enzyme activity value of 4.45 U/ml for 
cellobiohydrolase (CBH). While Penicillium sp. 
value of 3.50 U/ml for cellobiohydrolase (CBH) 
and Trichoderma viride value of 3.12 U/ml for 
cellobiohydrolase (CBH). This was supported by 
Purwadaria (2003) research on the production of 
cellulase enzyme by Aspergillus flavus S 13 with 
cellobiohydrolase (CBH) enzyme activity value of 
0.05 U/ml on the 3rd day of incubation 
time.Mrudula and Murugummal (2011) have 
reported that the production of cellulase enzymes 
with fermentation process in the liquid medium of 
coconut husk waste by Aspergillus niger has an 
enzyme activity value of 2.3 U/g for filter paper-
ase (FP-ase) and value of 3.9 U/g for 
endoglucanase (EG) on 4 days incubation time. 

In this study, the mean value of 
endoglucanase (EG) enzyme activity was greater 
than the mean value of filter paper-ase (FP-ase) 
enzyme activity and cellobiohydrolase (CBH). This 
is because cellulase enzyme is an enzyme 
complex composed of several proteins, such as 
endoglucanase (CMC-ase), exoglucanase, and β-
glucosidase (Iqbal et al., 2011). CMC-ase is one 
part of the cellulase complex, resulting in enzyme 
activity testing using a simpler CMC 
(Carboxymethyl cellulose) substrate. This is 
related to the specific enzyme work between the 
enzyme and its substrate, while the filter paper-
ase (FP-ase) enzyme activity presents the total 
cellulase activity (Oberoi et al., 2008). Moreover, 
in the enzyme activity test using substrate 
Whatmann no.1 which is more complex, because 
it involves three components of cellulase enzymes 
that require the synergism of the three enzyme 
complexes to break down cellulose. 
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Figure 2: Mean dry mold biomass (g/l) in basal medium on cogongrass substrate. 

 
 
Figure 3: Mean pH of the mold in basal medium on cogongrass substrate. 
 
 

 
 

Figure 4: Mean value of filter paper-ase (FP-ase) enzyme activity by mold on cogongrass 
substrate. 
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Figure 5:Mean value of endoglucanase(EG) enzyme activity by mold on cogongrass substrate. 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 6:Mean value of cello biohydrolase (CBH) enzyme activity by mold on cogon grass 
substrate. 

 In the test of cellobiohydrolase (CBH) 
enzyme activity was using Avicel 102 substrate 
which is a cellulose-specific substrate that has 
high crystallinity. 

In the test of cellulase enzyme activity on filter 
paper-ase (FP-ase), endoglucanase (EG) and 
cellobiohydrolase (CBH), Aspergillus niger has the 
most optimum mean value compared to 
Penicillium sp. andTrichoderma viride. This result 
is equal to the mean value of dry biomass 
obtained (Figure 2).This mean that the higherdry 
biomass of the mold, will affect to the higher value 
of cellulase enzyme activity (Sanghania, 2010). 

From this research, we can know the best 
combination of mold and incubation time in the 
production of cellulase enzyme. According to 
Pandey et al., (2005), cellulase enzymes are 
highly prospective in the fields of textile, laundry, 
food and animal feed industries, paper and pulp 
industries and biofuels. Thus, when cellulase 

enzymes produced by cellulolytic molds have the 
maximum potential, then the use of relatively 
expensive commercial cellulase enzymes can be 
replaced. 

CONCLUSION 
Pretreatment using 2% NaOH successfully 

damaged lignin structure and increased surface 
area of cellulose from Imperata cylindrica (L.) 
Beauv. substrate with cellulose level of 48,32%, 
hemicellulose level of 9.88% and lignin level of 
1,14%. In the test of enzyme activity was reached 
optimum on the 7th day of incubation 
time.Aspergillus niger has value of 3,97 U/ml for 
FP-ase, 4.53 U/ml for EG and 4.45 U/ml for CBH. 
Penicillium sp. has value of 3.71 U/ml for FP-ase, 
4.11 U/ml for EG, 3.50 U/ml for CBH. While 
Trichoderma viride has value of 3.37 U/ml for FP-
ase, 3.38 U/ml for EG and 3.12 U/ml for CBH.The 
crude cellulase enzyme of Aspergillus niger can 
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be applied further in the fermentation process to 
produce bioethanol. 
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