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 Cellulase production by the fungi Aspergillus niger and Saccharomyces 
cerevisiae was studied using pineapple and orange peels (fruit wastes) as 
substrates. The peels were dried, pre-treated with alkali and steamed; and then 
blended. The powdered wastes were used as substrates in conical flasks, which 
contained Czapek dox media and inoculi of A. niger and S. cerevisiae. 
Fermentation was carried out in 250 ml conical flasks containing 100 ml of the 
media, the wastes substrates, 1% substrate concentration, 2 ml inoculum size at 
a pH of 5.0 and cultured on a rotary shaker at 30°C. The effects of pH, 
temperature and substrate concentrations in the enzymes activity were also 
studied. Cellulase activity and amount of glucose produced by the test 
organisms from the waste substrates were determined and compared. Optimal 
cellulase secretion was achieved on day 5 when A. niger was cultured on the 
media containing pineapple peel, orange peel and Carboxymethyl cellulose 
(CMC) while it was achieved on day 3 for pineapple peel and day 5 for media 
containing orange peel and CMC when inoculated with S. cerevisiae.  Substrate 
concentration of 1-3% w/v favoured cellulase activity while pH of 4 and 5 
produced optimal enzyme secretion.  Also temperature of 45°

 
C and 50°C 

favoured cellulase production. 
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INTRODUCTION 
 
The availability of huge amount of cellulosic materials in 
Nigeria underlines the need to explore the potentials of 
the natural decomposers of the plant cell wall polymers 
for the transformation of these wastes into useful 
products. The waste cellulosic materials can be classified 
as agricultural, industrial and municipal wastes. These 
solid wastes are usually discarded indiscriminately or 
dumped at various sites where some are burnt, buried or 
left to decompose thereby causing enormous environ-
mental pollution with serious health consequences. 
Agricultural wastes for example wheat and rice bran, 
sugar cane bagasse, corn cobs, citrus and  mango  peels 
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are one of the major pollutants in the environment, their 
biotechnological conversion could serve as a remedy for 
environmental problems as well as a source of suitable 
microbial byproducts like food, fuel and chemicals (Amir 
et al., 2011).  

The most abundant renewable organic compound in 
the biosphere is cellulose, which account for 40-50% of 
plant composition and its production is expected to be 
10

10
 tones from cell wall of plant per year (Amir et al., 

2011). Cellulose is the principal constituent of the cell 
wall of most terrestrial plants. The source of cellulose is 
in plant and it is found as micro-fibrils (2-20 nm) in 
diameter and 100-40000 long) (Omojasola et al., 2008). 
These form the structurally strong framework in the cell 
walls. It is biosynthesized by a number of living 
organisms ranging from higher  animals  to  plants,  some  



 

 

 
 
 
 
amoebae, sea animals, bacteria and fungi (Kamoldeen et 
al., 2013). Cellulose rarely occurs freely in plant but in 
complex structure with hemicellulose and lignin 
components to form lignocellulosic biomass. Hemicellu-
loses are less complex, its concentration in lignocellulosic 
biomass is 25 to 35% and it is easily hydrolysable to 
fermentable sugars (Bishnu et al., 2011). Hemicellulose 
is a hetero-polysaccharide composed of pentoses (D-
xylose and D-arabinose), hexoses (D-manose, D-glucose 
and D-galactose) and sugar acids (Kamoldeen et al., 
2013). Lignin is the third major component of 
lignocellulosic biomass and its concentration ranges from 
20 to 35%. It is a complex polymer of phenyl propane (P-
Coumaryl, coniferyl and sinapyl alcohol). Lignin acts as 
cementing agent and an impermeable barrier for 
enzymatic attack (Bishnu et al., 2011). Lignin provides 
plants with the structural support and impermeability they 
need as well as resistance against microbial attack and 
oxidative stress (Kamoldeen et al., 2013). These 
properties of lignin may be attributed to its amorphous 
nature, water insolubility and optical inactivity.  The latter 
properties also make it tough to degrade (Bishnu et al., 
2011).  

Pineapple and orange peels are example of 
lignocellulosic materials, and has not been extensively 
harnessed for its potential energy value in Nigeria. 
Pineapple and orange peels contains appreciable amount 
of cellulose and hemicelluloses, which can be 
depolymerized by chemical or enzyme cocktails into 
simple sugar monomers (glucose, xylose, arabinose, 
mannose, galactose etc.). Such sugar streams obtained 
from lignocellulosic wastes can be converted into 
bioethanol and value-added products of commercial 
significance, which has joint economic importance 
(Chinedu et al., 2011). Currently, there are two major 
ways of converting cellulose to useful products; chemical 
versus enzymatic. Enzymatic hydrolysis of cellulose is an 
important reaction in nature for its marks the first step in 
the decay of cellulose, the most abundantly occurring 
organic material (Omojasola et al., 2008). Bioconversion, 
particularly enzymatic hydrolysis of cellulosic materials to 
useful products has great potential. The production of 
industrial enzymes such as cellulases, xylanases, 
glucose oxidase etc. from organisms grown on cellulosic 
materials is of increasing interest.  

Cellulase, a group of hydrolytic enzymes that hydrolyze 
the β-glycosidic bond of native cellulose and related 
cellooligosaccharides, is the key enzymes of potential 
use for industrial saccharification of cellulosic materials 
into simple sugars (Chinedu et al., 2011). Synergistic 
action of three principal types of the enzyme namely, 
endo-1, 4-β-glycanase (EC 3.2.1.4), cellobiohydrolase 
(EC 3.2.1. 91) and β-D-glucosidase (EC 3.2.1.2) is 
required to accomplish the degradation of native 
hydrogen bond ordered in cellulose by cellulolytic fungi 
(Chinedu et al., 2005). Cellulase  production  by  different  
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cellulolytic fungi using various waste cellulosic materials 
is being vigorously studied for cost reduction strategies 
(Chinedu et al., 2011). Although a large number of 
microorganisms (fungi, bacteria and actinomycetes) are 
capable of degrading cellulose, only a few of them 
produce significant quantities of cell free enzyme 
fractions capable of complete hydrolysis of cellulose in 
vitro  (Chinedu et al., 2011). Fungi are the main cellulase-
producing microorganisms, though a few bacteria have 
been reported to yield cellulase activity (Saraswati et al., 
2012). Fungi are capable of decomposing cellulose, 
hemicellulose and lignin in plants by secreting 
multifarious set of hydrolytic and oxidative enzyme (Abd 
Elzaher and Fadel, 2010; Amir et al., 2011).  

Cellulases are used for commercial food processing in 
coffee where it performs hydrolysis of cellulose during 
drying of coffee beans. Cellulase is also used in textile 
industry, in laundry detergents and in pulp and paper 
industry for various purposes. Other applications of 
cellulase include pharmaceutical application, improving 
digestibility of animal feeds and in food industry. It is used 
for bioremediation, wastewater treatment and also for 
single cell protein. Cellulase is used in the formation of 
biomass into biofuels, although this process is relatively 
experimental (Alam et al., 2005; Sukumaran et al., 2005; 
Abubakar and Oloyede, 2013).  

The aim of this research was to investigate the 
bioconversion of fruit waste pineapple peels and orange 
peels which could cause pollution to the environment into 
a more useful productusing Aspergillus niger and 
Saccharomyces cerevisiae. The amounts of cellulase 
produced as well as its assay were also determined. 
 
 
MATERIALS AND METHODS 
 
Substrate collection  
 
The substrates (Pineapple peels and Orange peels) was 
obtained from the road side fruit sellers along 
Gwagwalada Market road, Gwagwalada F.C.T Abuja, 
Nigeria in a clean sterile polythene bag and was 
transported to the Microbiology Laboratory of University 
of Abuja. 
 
 
Pretreatment of the substrates   
 
The substrates were washed with water to remove 
surface dirt, shredded into small pieces and oven dried at 
70°C for 24 h. The dried samples were broken into pieces 
with the aid of mortar and pestle in preparation for 
alkaline and steam treatment (Omojasola et al., 2008). 
One (1 g) gram each of the broken samples was 
measure into separate conical flasks containing 20 ml of 
5% NaOH solution. This was autoclaved at 121°C for 1  h  
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to release cellulose from the lignin hold. The NaOH 
solution was drained off using a muslin sieve. Samples 
were rinsed several times with distilled water, neutralized 
with 0.1 M HCl and finally washed with distilled water. 
The pre-treated samples were dried in an oven at 70°C 
for 24 h and further broken into powder form using an 
electric blender.  

The organisms used for this study was isolated from 
two sources: A. niger was isolated from soil and S. 
cerevisiae was isolated from palm wine bought from a 
palm wine tapper. 
 
 
Isolation of Aspergillus niger from soil sample 
 
Soil sample was obtained from garden soil along 
University of Abuja boys’ hostel road by means of sterile 
container and taken to the laboratory. Serial dilution agar 
plating was employed for the isolation of A. niger (Latif 
and Rajoka, 2000). The inoculated plates of Sabouraud 
Dextrose Agar (SDA) were incubated at 25-27°C for 24-
48 h for moderate growth of mycelium. The isolates were 
identified by comparing their characteristics with those of 
known taxa using the schemes of Domsch and Gams 
(1970). The isolates were characterized based on the 
colour of aerial and substrate hyphae, type of hyphae, 
shape and kind of asexual spores, sporangiophore and 
conidiophores, and the characteristics of spore head. 
Sub-culturing was carried out until pure cultures of A. 
niger were obtained and a pure A. niger was preserve on 
agar slants until use.  
 
 
Isolation of Saccharomyces cerevisiae from palm 
wine 
 
1 ml of fresh palm wine was taken aseptically at 24 h of 
fermentation. The sample was diluted serially using 
peptone water. 0.1 ml of the dilution was plated out using 
spread plate method on Sabouraud Dextrose Agar (SDA) 
containing 0.05 µg/ml chloramphenicol (Latif and Rajoka, 
2000). The inoculated plate was incubated at 37°C for 
24-48 h for moderate growth of colonies. The isolates 
were identified by comparing their characteristics with 
those of known taxa using the schemes of Domsch and 
Gams (1970). The pure culture obtained through sub-
culturing and maintained in Agar slants till use. 
 
 
Screening of Aspergillus niger and Saccharomyces 
cerevisiae for cellulase activity  
 
A loopful of grown culture of isolated colonies were 
inoculated on selective media and amended with 0.1% 
CMC as carbon source (Khalid et al., 2006). The 
inoculated plates were incubated for 3 days at  25°C  and  

 
 
 
 
observed for growth. The plates were then flooded with 
1% Congo redsolution and allowed to stand for 15 min at 
room temperature, it was de-stained with 1 M NaCl 
solution for 15 min. The plates that showed zone of 
clearance around the line of growth indicated cellulose 
hydrolysis (Immanuel et al., 2006).  
 
 
Media preparation for enzymes production 
 
The Czapek dox media which comprises of (per litre of 
distilled water) NaNO2 2.0 g, KH2PO4 1 g, MgSO4.7H2O 
0.5 g, KCl, 0.5 g, FeSO4.7H2O 0.01 g, Peptone 0.5 g, 
yeast extract 0.5 g was prepared and used for the 
production of cellulase.100 ml of the prepared media was 
dispense into 250 ml conical flasks using a measuring 
cylinder and 1.0 g of each of the pre-treated carbon 
source (pineapple peel and orange peel) was added into 
the conical flasks and labeled properly. 1.0 g of CMC 
were used as control on a 250 ml conical flask and the 
pH of the media was adjusted to 5. Experiments were 
carried out in triplicates and the media were sterilized in 
an autoclave at 121°C for 15 min (Milala et al., 2005).  

Sabourauds’ Dextrose Agar (Merck, Germany) and 
Potato Dextrose Agar (PDA) were prepared according to 
manufacturer’s instruction. 
 
 
Fermentation 
 
The media were inoculated with 2 disc of A. niger using a 
6 mm cork borer and 2 ml of culture suspension from S. 
cerevisiae and incubated at 30°C in an orbital shaker 
(Gallenkamp) at 120 rpm.  The culture was grown for 7-9 
days and cells were harvested at 48 h (2 days) intervals 
by centrifugation at 6000 g for 15 min using ultra 
centrifuge. The cell – free culture supernatants was used 
as source of crude extracellular enzyme (Singh and 
Hayashi, 1995).  
 
 
Cellulase assay 
 
Cellulase assay was done using a modified method of 
Mandels. 1 ml of 1% CMC in 0.1 M citrate buffer (pH 5.5) 
was placed in a test tube and 1 ml of culture filtrate was 
added. The reaction mixture was incubated at 50°C for 
30 min and the reaction was terminated by adding 3 ml of 
3, 5-dinitrosalicylic acid (DNSA) reagent. The tubes were 
heated at 100°C in boiling water bath for 15 min and then 
cooled at room temperature. The absorbance was read at 
540 nm using a spectrophotometer. The linear glucose 
standard was used to translate the absorbance values of 
the sample tubes into glucose (that is, mg glucose 
produced during the reaction. For a 30 min assay, 1 mg 
of glucose equal 0.185 units). 
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Figure 1. Time course for the production of cellulose. 

 
 
 
Determination of optimized condition for cellulase 
production 
 
Effect of varying substrate concentration on the 
production of cellulase 
 
The optimal concentration of the carbon source for the 
enzyme production was determined by measuring the 
activity of cellulase produced when the fungus was grown 
in the sterile media containing any of the substrates 
(pineapple peel, orange peel or CMC) at concentration of 
1, 2, 3, 4 and 5%, respectively and reducing sugars was 
estimated by the DNSA reagent method (Omojasola et 
al., 2008). 
  
 
Effect of varying pH on the production of cellulase  
 
The optimal pH for enzyme production was determined 
by growing the fungus in sterile media containing the 
substrates with pH adjusted to 3, 4, 5, 6, 7 and 8 with HCl 
and NaOH. Reducing sugars was estimated by the DNSA 
reagent method (Omojasola et al., 2008). 
 
 
Effect of varying temperature on the production of 
cellulase  
 
The optimal temperature for enzyme production was 
determined  by  growing   the   fungus   in   sterile   media 

containing the substrates and incubated at temperature 
of 30, 35, 40, 45 and 50°C. Cellulase activity was 
determined by the DNSA reagent method (Omojasola et 
al., 2008).  
 
 
RESULTS 
 
The growth of the two isolates A. niger (isolated from soil) 
and S. cerevisiae (from palm wine) were supported on 
the selective media using cellulose (CMC) as the carbon 
source. Efficient cellulase production by the fungi isolates 
were observed based on the zone of clearance around 
the fungi on carboxymethylcellulose agar (CMC agar) 
plates. The appearance of the clear zone around the 
colony when the Congo red solution was added was 
strong evidence that the fungi produced cellulase in order 
to degrade cellulose. 
 
 
Cellulase production and time course for cellulase 
production 
 
Figure 1 shows cellulase enzyme activities for a period of 
7-9 days and also the production rate of the enzyme 
measured as ratio of yield to time. Enzymes activities 
were maximal on day 5 when using media containing 
pineapple peel, orange peel or carboxymethylcellulose 
CMC (control) for A. niger with values of 0.385 mg/ml, 
0.362 mg/ml and 0.298 mg/ml respectively while at Day 3  
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Figure 2. Effect of temperature on cellulase production. 

 
 
 
for media with Pineapple peel and day 5 for media with 
Orange peel and carboxymethylcellulose (control) when 
cultured with S. cerevisiae with values of 0.330, 0.251 
and 0.269 mg/ml respectively. The media containing all 
the substrates had a decrease in enzyme activity after 
day 5 when inoculated with A. niger except media 
containing pineapple peel and S. cerevisiae which had a 
decrease after day 3 of the fermentation. Pineapple peel 
has the highest cellulase activity while CMC has the least 
cellulase activity. 
 
 
The effect of substrate concentrations on the 
production of cellulase 
 
The effect of substrate concentrations on the production 
of cellulase by the test fungi (A. niger and S. cerevisiae) 

were carried out with variation of substrates (pineapple 
peel, orange peel and carboxymethylcellulose) as 1, 2, 3, 
4 and 5% w/v in the media. Enzyme activities increased 
for the substrates concentration of 1, 2 and 3% as shown 
in Figure 2. There were maximum cellulase activities for 
all the substrates used at 3% concentration. Media 
containing pineapple peel, orange peel and carboxyl 
methyl cellulose (control) have their maximum cellulase 
activities at substrate concentration of 3% with values of 
0.365, 0.301 and 0.221 mg/ml respectively when 
inoculated with A. niger while 0.308, 0.301 and 0.220 
mg/ml when cultured with S.  cerevisiae.  Pineapple  peel 

had the highest value while carboxymethylcellulose 
(control) had the least value. There was a decline in 
enzyme activity at concentration above 3%. 
 
 
The effect of varying pH on the production of 
cellulase 
 
The effect of varying pH on the production of cellulase 
was carried out at pH values ranging from 3 to 8 in the 
media containing the different fruit wastes as substrates 
and the values are presented in Figure 3. Media cultured 
with pineapple peel, orange peel and CMC (control) using 
A. niger at pH value of 4 gave maximum cellulose 
activities of 0.270, 0.200 and 0.173 mg/ml respectively, 
while media with pineapple peel and orange peel using S. 
cerevisiae at pH value of 5 gave maximum cellulase 
activities of 0.218 and 0.162 mg/ml respectively except 
for media with CMC that gave the maximum cellulase 
activity of 0.142 mg/ml at pH value of 4. At pH value of 4 
media cultured with pineapple peel had a higheractivity 
than orange peel. 
 
 
The effect of varying temperature on cellulase 
production 
 
The effect of temperature on cellulase activities as shown 
in Figure 2 elucidates increases from  30°C  and  35°C  to  
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Figure 3. Effect of pH on the cellulase production. 

 
 
 
50°C for media containing S. cerevisiae and A. niger 
respectively, however, the highest cellulase activity was 
at temperature of 45°C and pineapple peel produced 
maximum cellulase activity at temperature of 45°C with 
value of 0.301 mg/ml, CMC produced maximum cellulase 
activity at 45°C with value of 0.177 mg/ml while orange 
peel produced maximum cellulase activity at temperature 
of 50°C with a value of 0.275 mg/ml when cultured with 
A. niger while S. cerevisiae at temperature of 45°C 
produced its highest cellulase enzyme with values of 
0.298, 0.220 and 0.200 mg/ml in media containing 
pineapple peels, orange peels and CMC respectively. 
Pineapple peels produced the highest cellulase enzyme 
while CMC has the least value of cellulase enzyme. 
 
 
DISCUSSION 
 
The results show that A. niger and S. cerevisiae produce 
cellulase enzyme (E.C.3.2.1.4) when cultured on “Czapek 
media” containing pineapple peels and orange peel as 
sole carbon source. Most members of the A. niger group 
are notable producers of extracellular enzyme such as 
cellulase (Chinedu et al., 2011; Abubakar and Oloyede, 
2013) and studies carried out by Omojasola et al. (2008), 
reported that S. cerevisiae also is a good cellulase 
producing fungi. The highest level of cellulase activity 
was obtained with pineapple peel using A. niger at day 5 
of  the   fermentation.   Caritas   and   Humphrey   (2006), 

Narasimha et al. (2006) and Omojasola et al. (2008) also 
gave similar time course reports of maximum enzyme 
yield in the 5

th
 day of fermentation using A. niger. The 

highest level of cellulase activity was also obtained with 
pineapple peel using S. cerevisiae on day 3. This is in 
line with the findings of Omojasola et al. (2008), who 
reported the same maximum enzyme yield on Day 3 of 
fermentationof pineapple peels using A. niger and S. 
cerevisiae. Carboxymethylcellulose gave the least 
cellulase activity at the 5

th
 day of fermentation while 

pineapple peel and orange peel gave higher value for 
cellulase activities with pineapple peel giving the highest 
cellulase activity of the three substrate. The cellulase 
activity trend in media containing the lignocellulosic 
wastes (pineapple peels and orange peels) gradually 
increased from day1 to day 3 and 4 of the period of 
fermentation and decreased after the day 4 of the 
fermentation period to the last day (day 9) of fermentation 
as shows in Figure 1. The decrease or falling of cellulase 
activity in media containing the lignocellulosic wastes 
after a fermentation period of their highest activities might 
be due to loss of moisture and inactivation by pH during 
fermentation as reported by Melo et al. (2007) and Amir 
et al. (2011). Dhilhion et al. (2004) also reported that 
prolonged incubation would led to depletion of nutrients, 
cell death, proteolytic digestion or thus may be because 
of the denaturation of the enzymes at various pH which is 
a common phenomenon during fermentation due to the 
release of acidic by-products in media. 
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Figure 4. Effect of substrate concentration on cellulase production. 

 
 
 
The decrease in the activity may also be attributed to 
cumulative effect of cellobiose, which is a dimer of 
glucose known to inhibit both endoglucanase and 
glucosidase. It may also suggest that delignification 
produce aromatic water-soluble products that repress the 
cellulolytic action of the enzyme (Abubakar and Oloyede, 
2013). This is supported by the finding of Emmanuel et 
al. (2007), who reported the inhibitory effect of 
accumulated cellobiose and cellodextrin of low degree of 
polymerization to the growth medium.  

The increase in the enzyme activity at substrate 
concentration ranging from 1 to 3% of the fruit wastes 
and carboxymethylcellulose (control) suggests the ability 
of the wastes to produce more of the cellulase at optimal 
substrate concentration of 3% as shown in Figure 4. 
Further increase in substrates concentration beyond the 
level that gave the optimum enzyme activities did not 
result in proportionate increase in the activity. Jeffries 
(1996) reported that maximum endoglucanase activity on 
the media with cellulose at 10 g/l. Since the substrates 
contain different minerals apart from carbon, which may 
serve as nutrient supplements, increase in substrate 
concentration leads to increase in these nutrients that 
may adversely affect the cell concentration. The increase 
in enzyme production until the optimum that was obtained 
was due to the availability of cellulose in the medium 
while   a   decrease    in   production    beyond    optimum 

concentration is as a result of an inhibiting effect of 
accumulated cellobiose and cellodextrin of low degree of 
the polymerization of the growth medium (Emmanuel et 
al., 2007; Omojasola et al., 2008; Abubakar and Oloyede, 
2013). Omojasola et al. (2008) further stated that it might 
also be due to specific binding of the enzyme with 
substrates.  

The cellulase activity trend was increasing gradually 
from pH 3.6 to 4.0 and 5.0 and then decreased from pH 
5.0 and 6.0 to 8.0 for substrates containing A. niger and 
S. cerevisiae respectively as shown in Figure 3. At pH 
value of 4.0 all the substrates were found to have its 
highest cellulase activities when inoculated with A. niger 
while at pH value of 5.0 when inoculated with S. 
cerevisiae, pineapple and orange peel had its highest 
cellulase activities, except for CMC that had its cellulase 
activities at 4.0. This supports the findings of Lee et al. 
(2002) and Omojasola et al. (2008) who reported that 
CMCase, Avicelase and Fpase activities exhibit a pH 
optimum of 5 and 6. The instability of these enzymes at 
very low or very high pH values is due to the fact that 
they are proteins that are generally denatured at extreme 
pH values.  

At temperature of 45°C pineapple peel and 
carboxymethylcellulose was found to support the highest 
cellulase activity while at 50°C orange peel support the 
highest cellulase activity when inoculated with Aspergillus  



 

 

 
 
 
 
niger as shown in Figure 2. This is in line with the findings 
of Abubakar and Oloyede (2013), who reported that 
cellulase of A. niger was found to be more active at 
temperature of 45-50°C. While at temperature of 45°C 
the pineapple peel, orange peel and CMC (control) were 
found to support highest cellulase activity when cultured 
with S. cerevisiae as shown in Figure 2. This support the 
findings of Omojasola et al. (2008), who reported that 
culture of S. cerevisiae was found to be more active at 
temperature between 40 and 45°C. The temperature 
requirement of an organism is based on the nature of the 
organisms (Saraswati et al., 2012). The optimum 
temperature for the synthesis of enzymes for 
saccharification of agro-waste in all cases to enzymatic 
hydrolysis can be attributed to lignin content of the 
material. Pretreatment of lignocellulosic material 
enhances enzyme activity and maximum saccharification 
was achieved within the range of 30-45°C coinciding with 
the characteristics of mesophiles (Baig et al., 2004; 
Omojasola et al., 2008). 
 
 
Conclusion 
 
Pineapple and orange peels have been used in the 
production of cellulase. Pineapple peel and orange peel 
which are examples of domestic and industrial agro-
wastes, produce large amount of cellulase enzymes 
when hydrolyzed by cellulolytic micro-organisms and 
instead of being left for natural degradation, it can be 
utilized effectively under these conditions to produce 
cellulase. The result obtained from this work highlight the 
potentials of the substrates as possible raw materials for 
cellulase production using A. niger and S. cerevisiae, with 
pineapple peel being more suitable substrate because of 
its ability to support more cellulase activity than orange 
peel. Hence technology using these cheap and readily 
available substrates for production and cellulase in 
optimum quantities holds promise for the future. 
 
 
RECOMMENDATION 
 
The production of cellulase using fruit wastes in large 
scale should be encouraged as this will have positively 
reduce environmental pollution and also serves as a 
good source of income in its application or use. Research 
should be carried out on how these agricultural wastes 
can be harnessed for the production of other useful 
products.   
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