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ABSTRACT 
 
Aim: In this study, two fungal species, Aspergillus niger and Aspergillus fumigatus were screened 
and optimized for their abilities to degrade cellulose using filter paper and Carboxymethylcellulose 
(CMC) as substrates. 
Materials and Methods:  Aspergillus niger and A. fumigatus procured from the Applied 
Microbiology Unit of Department of Plant Science and Biotechnology, University of Jos were 
screened using Whatman No. 1 filter paper and Carboxymethylcellulose as substrates in Petri 
plates. The fungal species abilities to produce cellulase at varying optimization parameters such as 
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incubation periods (5 days), different incubation temperatures (25-500C), different pH(3-9) and 
different substrate concentration (0.25-2%) using Submerged Fermentation (SmF) were also 
studied.  
Results: The plate assay showed that the two species produced cellulases. The highest cellulolytic 
activity was shown by A. niger (23±3.22 mm) as it had larger zones of clearance compared to A. 
fumigatus (13±3.06 mm). However, the organisms grown on filter paper agar showed better 
hydrolysis compared to the growth on CMC agar. For the Submerged Fermentation (SmF), enzyme 
activity increased for the first 98 hours of incubation on filter paper recording 2.62 IU/ml for A. niger 
and 2.45 IU/ml for A. fumigatus after 48 h and then there was decrease in enzyme activity. For the 
CMC, the highest enzyme activity was observed at 48 h recording 1.76 U/ml and 1.37 IU/ml for A. 
niger and A. fumigatus respectively. Maximum enzyme production was observed at incubation 
temperature of 30 

0
C for A. niger and A. fumigatus recording 1.05 IU/ml and 1.10 IU/ml on filter 

paper. Enzyme activity was found to be highest at pH 6 with A. niger and A. fumigatus recording 
2.27 IU/ml and 2.03 IU/ml respectively on CMC broth. The 2% substrate concentration gave the 
highest enzyme activity of 0.58IU/ml and 0.54IU/ml for A. niger and A. fumigatus respectively. The 
increase was linear, the higher the concentration of the substrate, the higher the enzyme activity. 
Conclusion: Aspergillus  niger and A. fumigatus have demonstrated potential of synthesizing 
hydrolytic cellulolytic enzymes and could be employed in the degradation of lignocellulosic wastes. 
These enzymes could find applications in different industries. 
 

 
Keywords: Cellulolytic fungi; optimization; filter paper; Aspergillus; Carboxymethyl cellulose; Congo red. 
 

1. INTRODUCTION 
 
Cellulose, a major component of all vegetation is 
one of the world’s most abundant resources [1]. 
It is constantly replenished by photosynthesis 
and accounts for nearly one-half of the 18 to 20 
metric tons of organic carbon annually fixed by 
photosynthesis. Cellulose is also a major 
component of solid waste daily produced in large 
quantities from such activities as food 
processing, lumbering operations, paper making, 
cereal grain harvesting, sugarcane processing, 
domestic and office activities [2]. It is the main 
components in the cell walls of plants and is 
most widely distributed on earth. As the most 
abundant carbohydrate, cellulose is one of the 
most important carbon sources in the biosphere 
[3]. It is a polysaccharide with the formula 
[C6H5O10]n, where n ranges from 500 to 5000, 
depending on the source of the polymer, 
consisting of a linear chain of several hundred to 
over ten thousand β-1,4 linked D-glucose units 
[4]. Due to the strong hydrogen bonds that are 
found between cellulose chains, through the 
association of hydrogen bonds, cellulose chains 
can form cellulose base fibre. Cellulose fibres are 
composed of long parallel chains of these 
molecules. The chains are interlinked to each 
other by hydrogen bonds between the hydroxyl 
groups of adjacent molecules, leading to the 
formation of crystalline regions of cellulose [5]. 
 
Cellulases are a group of hydrolytic enzymes 
capable of hydrolyzing the most abundant 

organic polymer, cellulose to smaller sugar 
components. Cellulases have enormous potential 
in industries and are used in food, beverages, 
textile, laundry, paper and pulp industries 
[6,7,8,9]. Cellulolytic enzymes also play an 
important role in natural biodegradation 
processes in which plant lignocellulosic materials 
are efficiently degraded by cellulolytic fungi, 
bacteria, actinomycetes and protozoa. However, 
fungi are well known agents of decomposition of 
organic matter in general and of cellulosic 
substrate in particular [1,10]. As lytic enzymes, 
they are also of major importance in the 
protoplast production for tissue culture and plant 
metabolites production [11,12,13]. Researches 
on cellulases have progressed very rapidly over 
the last five decades. There have been much 
researches aimed at obtaining novel 
microorganisms producing cellulases with higher 
specific activities and greater efficiency. Major 
impediments to exploit the commercial potential 
of cellulase are the yield, stability, and cost of 
cellulase production in  the  economics  of  the  
process,  which  hinder  their application  in  
industries. A number of approaches have been 
adopted, aiming towards reducing the cost of 
enzyme production which includes the use of 
different lignocellulosic wastes such as sawdust, 
corn cob, wheat straw, rice straw and wheat bran 
[14,15]. Since it is already a known fact that fungi 
are involved in the degradation of materials, also 
keeping in view the importance and application of 
the cellulases in broad areas, this study was 
therefore designed to screen two fungal strains 
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of Aspergillus niger and Aspergillus fumigatus as 
hyper-producers of cellulase using 
CaboxymethylCellulose (CMC) and filter paper 
as substrates. 
 
2. MATERIALS AND METHODS 
 
2.1 Isolation of Fungi 
 
Preserved fungi samples (Aspergillus niger and 
Aspergillus fumigatus)were obtained from the 
Applied Microbiology Culture Room in 
Department of Plant Science and Biotechnology, 
University of Jos. The bottles containing the 
organisms were flooded with distilled water to 
harvest the spores. Using pour plate method, the 
fungi were inoculated and grown on Sabouraud 
Dextrose Agar (SDA) medium and kept in an 
incubator at 25±2

o
C for 5days. Fungal colonies 

were observed after 5days of incubation. 
Macroscopic and microscopic examination were 
carried out for the authentication of the two 
fungal species, Aspergillus niger and Aspergillus 
fumigatus. Identification of each of the fungal 
isolates was done using identification scheme of 
[16,17].  

 
2.2 Screening of the Test Fungi for 

Cellulolytic Activity 
 
The fungal isolates were grown on basal salt 
agar medium as originally defined by Mandels et 
al. [12], (g/l KH4PO4, 1.4; NH4NO3, 1.0; KCl, 0.5; 
MgSO4.7H20, 0.1; FeSO4. 7H2O, 0.01; H2O, 
1000L, agar powder, 10) supplemented with 1% 
Carboxymethylcellulose (CMC) powder. The 
Petri plates were incubated at 25oC for 5 days. 
The plates were removed after 5days. At the end 
of the incubation, to visualize the zones of 
hydrolysis, the agar medium was flooded with 
aqueous solution of Congo red (1%) for 
15minutes. The Congo red was then poured out 
and the plates were left to stand for 24hours at 
room temperature. Clear zones of hydrolysis 
were observed and the diameters of the zones 
were measured (mm) in triplicates and recorded. 
Similar experiment was carried out using 1% 
Whatman (No 1) filter paper powder as 
substrate.  

 
2.3 Effects of Incubation Period of Five 

(5) Days on Cellulase Production 
 
The fungal isolates were grown in separate 
conical flasks on basal salt solution using 
Submerged Fermentation (SmF) as defined by 

Mandels et al. [12], (g/l KH4PO4, 1.4; NH4NO3, 
1.0; KCl, 0.5; MgSO4.7H2O, 0.1; FeSO4. 7H2O, 
0.01; H2O, 1000L) supplemented with 1% 
Carboxymethylcellulose (CMC) powder. The 
conical flasks were properly plugged, labeled and 
were incubated at 25

o
C for 5days. Aliquots (2ml) 

of the culture filtrate from the incubated flasks 
were harvested at 24 hour interval and were 
centrifuged at 6000rpm for 15minutes. Cell-free 
supernatants were obtained and served as the 
enzymes source. A volume of 0.5ml of each of 
the enzymes source was measured and put into 
four separate test tubes. A volume of 0.5ml of 
0.05ml citrate buffer of pH 4.8 was added into the 
four (4) test tubes containing 0.5ml of enzymes 
solutions each. The fifth test tube that contained 
only distilled water served as the blank. A volume 
of 0.5ml of 1% CMC was added into the four (4) 
test tubes and mixed properly. The 5 test tubes 
were then placed in water bath at 30oC for 
30minutes. The reaction was stopped by the 
addition of 1ml of 3, 5 -Dinitrosalicylic acid 
(DNSA) reagent into 5 test tubes and mixed 
properly. It was afterwards boiled for 10minutes 
and cooled in ice water for colour stabilization. 
Reading of absorbencies was done in triplicates 
using Jen way spectrophotometer at 540nm 
wavelength to ascertain the enzyme activity. The 
CMCase activity was measured using a 
calibration curve of glucose. One (1) unit of 
CMCase was defined by the amount of enzyme 
that released 1µmol of glucose per minute. 
Similar experiment was carried out using 1% 
Whatman (No 1) filter paper powder as 
substrate.  
 

2.4 Optimization Studies On Cellulase 
Production 

 
2.4.1 Effects of incubation temperature on 

cellulase production 
 
To determine the optimum temperature for 
cellulase production, the reaction mixture was 
incubated at different temperatures of 25

o
C, 

30oC, 40oC and 50oC for 30 minutes after mixing 
one (1) ml of crude enzyme, one (1) ml of 0.05 M 
sodium citrate buffer ( pH 4.8) and  one (1) ml of 
1% CMC respectively. After incubation at the 
different temperatures, DNSA reagents were 
added to stop the reaction and the mixtures were 
boiled for 10minutes and cooled in ice water 
afterwards. Boiled enzyme extract from the 
control flask served as blank and D-glucose 
served as standard. The absorbencies of the 
mixtures were read in triplicates at 540nm 
wavelength using a spectrophotometer as 
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described by Jeffries [18]. Enzyme activity 
expressed in international units (IU) is defined as 
micromoles (μmol) of glucose released per min 
per ml of culture filtrate. Similar experiment was 
carried out using 1% Whatman (No 1) filter paper 
powder as substrate.  

  
2.4.2 Effects of different pH on cellulase 

production 
 
To determine the optimum pH for cellulase 
production, 1 ml 0.05 M  sodium citrate buffer) 
was adjusted to pH 3, 4, 5, 6, 7, 8 and 9. One (1) 
ml of the crude enzyme was then mixed with one 
(1) ml of 1% CMC in test tubes and incubated at 
30oC for 30 minutes. DNSA reagent was then 
added to stop the reaction and the resultant 
mixture was boiled for 10 minutes and then 
cooled in ice water. Boiled enzyme extract from 
the control flask served as blank and D-glucose 
served as standard. After cooling, the 
absorbencies of the mixtures were obtained in 
triplicates at 540nm wavelength using a 
spectrophotometer [18]. Enzyme activity 
expressed in international units (IU) is defined as 
micromoles (μmol) of glucose released per min 
per ml of culture filtrate. Similar experiment was 
carried out using 1% Whatman (No 1) filter paper 
powder as substrate.  
 
2.4.3 Effects of substrate concentration on 

cellulase production 
 
Modified method of Jaafaru and Fagade [19] was 
used for the effects of Substrate concentration on 
cellulase production. This was done to ascertain 
which substrate concentration was the optimum 
for the production of cellulase. This was done in 
16 test tubes that were properly labeled. Different 
concentrations of the substrate (CMC), 0.25%, 
0.5%, 1%, 1.5% and 2% were put into 
appropriate labeled tubes. One ml of the crude 
enzyme was mixed with 1ml of 0.05 M citrate 
buffer (pH 4.8) which were then added to the 
tubes and mixed properly to obtain a 
homogenous mixture. The test tubes were then 
incubated in a water bath at 30

o
C for 30mins 

after which 1ml of DNSA reagent was dropped 
into each of the test tubes and mixed properly to 
stop the reaction. Boiled enzyme extract from the 
control flask served as blank and D-glucose 
served as standard. The mixtures were then 
boiled for 10minutes to ensure colour 
stabilization and then cooled immediately in the 
ice water and their absorbances were taken in 
triplicates [18]. Enzyme activity expressed in 
international units (IU) is defined as micromoles 

(μmol) of glucose released per min per ml of 
culture filtrate. Similar experiment was carried 
out using 1% Whatman (No 1) filter paper 
powder as substrate.  
 
2.5 Statistical Analysis 
 
Statistical analysis was carried out by subjecting 
data to Analysis of Variance (ANOVA) followed 
by a Tukey-Kramer comparison test. Results 
were represented as mean ± SEM and at P < 
0.05, the results were considered statistically 
significant. 
 

3. RESULTS   
 
The fungi identification showed the test 
organisms as Aspergillus niger and Aspergillus 
fumigatus respectively with their distinct features 
as observed under the microscope. The cultural 
characteristics and the structure of the test 
organisms are shown in Plates 1 and 2. 
 
The results of the cellulolytic activity of the fungal 
strains and their growth in broth media is 
presented in Table 1. The diameters of the 
clearance zones indicated the cellulose 
degrading ability of the fungi and thus, their 
cellulose production capability. The highest 
cellulolytic activity was shown by A. niger 
(23±3.22 and 13±3.06 mm) for filter paper and 
CMC respectively as it had larger zones of 
clearance compared to A. fumigatus (14±1.53 
and 8±1.00 mm) for filter paper and CMC 
respectively. The growth of the organisms was 
evident after 48 hours of inoculation as the broth 
became cloudy with time. Also, the pH of the 
organisms in the different broths containing 
different substrates increased from its acidic pH 
towards neutral and gradually towards basic. 
 
The effects of the incubation period of 5 days on 
the cellulase production are shown in Fig. 1.The 
results revealed that enzyme activity was at its 
maximum at 72 hours (3 days) after inoculation. 
Aspergillus niger and A. fumigatus had the 
highest peak of activity of cellulase production of 
2.63 and 2.45 IU/ml respectively for filter paper. 
For the CMC, A. niger with had the highest 
enzyme activity of 1.76 IU/ml, followed by A. 
fumigatus that produced 1.37 IU/ml.  
 
The effects of varying temperatures showed that 
Aspergillus fumigatus and A. niger recorded the 
highest enzyme activity of 1.10 IU/ml and 1.06 
IU/ml respectively at incubation temperature of 
250C for filter paper. For the CMC, also 
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A.fumigatus also had the highest enzyme 
production of 0.54 IU/ml at temperature of 40

0
C. 

Aspergillus niger recorded enzyme production of 
0.29 IU/ml at incubation temperature of 30

0
C. 

The details of the effects of varying temperatures 
on enzyme production are presented in Fig. 2. 
 

The results of the effects of varying pH on 
cellulase production are presented in Fig. 3. 
Different pH values also had effects on the 
enzyme production among the two fungal 
species. Optimum pH recorded for the 
Aspergillus fumigatus and A. niger was pH 3 with 
peak production of 2.92 IU/ml and 2.67 IU/ml for 
filter paper activity. However, pH 6 was the 
optimum for CMC activity with highest production 
of 2.22 IU/ml and 2.02 IU/ml respectively for 
Aspergillus niger and A. fumigatus respectively. 

  
The different concentrations of the substrate 
used in the study also had effects on enzyme 
production and activity. It was observed that For 
CMC, Aspergillus niger and A. fumigatus 
recorded the highest enzyme production peak of 
0.58 IU/ml and 0.54 IU/ml respectively at 
substrate concentration of 2%. Aspergillus 
fumigatus and A. niger recorded the highest 
enzyme production peak of 0.027 IU/ml and 
0.021 IU/ml respectively at the highest 
concentration of 2% of filter paper during 
hydrolysis. The lowest concentration of 0.001 
IU/ml and 0.002 IU/ml was recorded for the two 
fungi. The details of the results of the effects of 
substrate concentrations on enzyme production 
are presented in Fig. 4. 

 

 
                           (a)                                                              (b) 
Plate 1. (a) Culture of Aspergillus niger           (b) Photomicrograph of Aspergillus niger 
 

 
                            (a)                                                          (b) 
 

Plate 2. (a) Culture of Aspergillus fumigatus   (b) Photomicrograph of Aspergillus fumigatus 
 

Table 1. Cellulolytic activity  of the fungal isolates grown on different substrates 
 

Organism                          Substrate (mm)  
 Filter paper CMC 
A. niger 23±3.22 13±3.06 
A. fumigatus 14±1.53 8±1.00 
LSD 1.96  

Data are means ±standard deviation 
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            Days 
 

Fig. 1. Effects of incubation period on cellulase production 
 

 
 

Fig. 2. Effect of temperature on cellulase production 
 

 
 

Fig. 3. Effects of varying pH on enzyme activity 
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Fig. 4. Effects of substrate concentration on enzyme production 
 

4. DISCUSSION 
 
The cellulolytic activity of two fungal strains, 
Aspergillus niger and A. fumigatus were studied 
using two cellulose substrates including 
Carboxymethylcellulose and Whatman No.1 filter 
paper as sole carbon sources. Generally, 
production of fungal cellulase and hemicellulases 
has been shown to be inducible and was affected 
by the nature of the substrates used [20,21]. 
Therefore, the choice of appropriate inducing 
substrate for maximum enzyme production was 
put into consideration. Among the two substrate 
used, filter paper gave the highest cellulase 
production. This explains that filter paper showed 
better cellulase activity than CMC when 
fermented with both A. niger and A. fumigatus. 
This could be as a result of the fact that filter 
paper is 100% cellulose more than 
Carboxymethycellulose. However, considerable 
amount of enzyme production was observed on 
Carboxymethycellulose (CMC). Mandal and 
Ghosh [22] reported CMCase production on 
banana peels waste through conventional 
method and discovered CMCase activity 54 
U/mg in Solid State Fermentation. It has been 
reported in researches that inexpensive 
substrates such as wheat bran, wheat fiber, rice 
straw, and molasses are agro wastes that are 
successful for an adequate amount of 
construction and development of different 
enzyme [23]. In another study, the CMCase was 
produced maximally through Trichoderma sp. on 
apple pomace which was recorded at 32 ºC [24]. 

 
The incubation period showed that there was an 
exponential growth which showed increase in 
enzyme production linearly. The maximum yield 
of CMCase activity was detected at 72 hours (3 
days) after inoculation. Aspergillus niger and A. 
fumigatus had the highest peak of activity of 
cellulase production of 2.63 and 2.45 IU/ml 
respectively for filter paper. For the CMC, A. 
niger with had the highest enzyme activity of 1.76 
IU/ml, followed by A. fumigatus that produced 
1.37 IU/ml. However, further increase in the 
incubation time reduced enzyme production (Fig. 
1). This could be due to depletion of micro and 
macro nutrients in the fermentation medium with 
the lapse in time, which stressed the fungal 
physiology resulting in the inactivation of 
secreting machinery of the enzymes [25]. Short 
incubation periods for enzyme production offer 
the potential for inexpensive production of 
enzymes [26]. This was in line with the studies 
done by Devanathan et al. [27,28,29].  
 
The optimization studies showed that 
environmental factors such as pH, temperatures 
and substrate concentrations had effects on 
enzyme production for A. niger and A. fumigatus 
during the degradation of filter paper and CMC 
which were assessed using Liquid State 
Fermentation. On the effects of incubation 
temperature on enzyme production, it was 
observed that cellulase production gradually 
increased from 25

o
C for both organisms on filter 

paper and CMC substrates and reached their 
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maximum at 30oC except for A. fumigatus  that 
had its maximum production at 40

o
C on CMC 

medium (Fig. 2). This result is in line with the 
work done by Hanif et al. [30], who also reported 
an increase in cellulase production by A. niger up 
to 30

o
C and thereafter, the production declined. 

Deswal et al. [31] optimized physiological 
parameters for cellulase production by 
Fomitopsis sp under Solid State Fermentation 
and show that cellulase production was in its 
maximum at 30

o
C. Irshad et al. [32] also studied 

that if the temperature of incubation is changed, 
the activity of enzyme also changes in a valuable 
amount.  
 
Optimum pH for maximum cellulase production 
for A. fumigatus and A. niger grown on filter 
paper was pH 3 while the optimum pH for 
maximum cellulase production for A. fumigatus 
and A. niger grown on CMC was pH 6 (Fig. 3). 
The pH values were within the ranges that 
support fungal growth in culture.  Dutta et al. [33] 
carried out a research on the optimization of pH 
along with other parameters and found out that 
the optimal pH for the production of cellulases 
among different species of fungi varies but lies 
mostly in the optimum range values between pH 
3.0 to 9.0. Among physiological parameters, pH 
of the growth media plays important roles by 
inducing morphological changes in the 
microorganisms and enzyme secretion. The pH 
change observed during the growth of 
microorganisms also affects production stability 
in the medium [34]. Similar observation was 
made for cellulase production by Aspergillus 
terreus QTC in Submerged Fermentation (SMF) 
by Ali et al. [35] and Trichoderma reesei in Solid 
State Fermentation (SSF) by Doppelbauer et al. 
[36]. The pH 7 value was reported by Kirshna 
[37] for the production of bacterial cellulases by 
using banana waste in Solid State Fermentation. 
The results obtained in this research were in line 
with those reported for other fungal cellulases 
produced by Aspergillus aculeatus [38] and A. 
niger [39]. 
 
From the results on the effects of substrate 
concentration on enzyme production, the results 
obtained for the two fungal species for both filter 
paper and CarboxymethylCellulose revealed 
optimum level of substrate concentration at 2% 
(Fig. 4). These results were in slightly different 
from other works like those of Sarkar and Aikat 
[40] that had theirs at 1% and Amaeze et al. [41] 
who had theirs at 3%. This could be attributed to 
other factors such as the type of substrate used 
in the study and incubation temperature.  

5. CONCLUSION  
 

In conclusion, the research mainly compared 
how A. niger and A. fumigatus hydrolyzed 
cellulose when grown on filter paper and 
CarboxymethylCellulose and the effects of some 
optimization parameters like incubation period, 
temperature, pH and substrate concentration on 
enzyme activity and production.  At the end of 
the study, both test fungi showed abilities to 
degrade filter paper and 
CarboxymethylCellulose. Filter paper showed 
better production of cellulases than 
CarboxymethylCellulose. However, Aspergillus 
niger showed higher production of cellulase on 
both of the substrate used than A. fumigatus.  
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