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Introduction
Cellulose containing wastes may be agricultural, urban or industrial 

in origin; for example sewage sludge might also be considered a 
source of cellulose. Since the cellulosic content provides the carbon 
source needed for methane production in anaerobic digestion of 
sludge. Cellulose which forms about 40-50% of plants composition is 
the most abundant organic matter on earth.1

Proper biotechnological utilization of these wastes in the 
environment will eliminate pollution and convert them into useful by-
product.2

The recent trust in bioconversion of agricultural and industrial 
wastes to chemical feedstock has led to extensive studies on cellulolytic 
enzymes produced by fungi and bacteria.3 Cellulase production by 
various microorganism including Saccharomyces cerevisiae and 
Aspergillus niger in some agro waste (such as banana peel, millet, 
Guinea corn, maize straw and rice husk) has been reported.2,3

Rice husk an agricultural by-product of rice milling, is available in 
abundance in Nigeria and presently has no direct nutritional value, it 
is left to rot or used as fuel. An attempt at feeding it to poultry resulted 
in poor growth performance as a result of low nutritional quality, high 
fiber and lignin content.4

Biodegradation is the application of biological principle for the 
purpose of converting food stuff into more palatable nutritional or 
staple food; it has the potential to improve the nutritional value of 
fibrous agricultural by-product.5 Enzymatic hydrolysis of cellulose 
is carried out by enzyme which is highly specific.6 Aspergillus niger 
is worldwide in distribution and has been isolated from numerous 
habitat.7 Humans are continually exposed to Aspergillus niger spores 
and vegetative forms on foodstuffs and in air. The vast majority 
of Aspergillus niger strains especially those used in industrial 
fermentation have a history of safe use.8

Despite the worldwide and numerous utilization of natural 

cellulosic sources; there are still abundant quantities of cellulose 
containing raw materials and waste products that are not yet exploited 
or used efficiently.9

The problem in this respect is to develop processes that are 
economically profitable. Proper biotechnological utilization of these 
waste in the environment will eliminate pollution and convert them 
into useful by product.2

The focus of this research was to investigate economically viable 
means of utilizing agro-industrial waste such as risk husk using 
Aspergillus niger by solid state fermentation.

Materials and methods
Collection of sample: The rice husk was collected from a small 

rice milling industry in Katako, Jos, in Plateau State.

Micro-organism: Stock culture of Aspergillus niger was obtained 
from the Botany Department of the University of Jos, Nigeria.

Maintenance medium: Aspergillus niger was maintained on 
Potatoes dextrose agar (PDA) plates.

Inoculum preparation: The fungus was sub-cultured on PDA 
plates for seven days. Spores suspension was prepared in 2%(v/v) 
of Tween 80 solution containing 2.52 × 106 spores /ml counted 
with binocular using Haemocytometer as described by Caritas and 
Humphrey.10

Substrate preparation for biodegradation:

Solar dried rice husk (10g) was dissolved in a 250ml conical flask 
with 100ml of distilled water as described by Caritas & Humphrey10 
Hydrolysate (10ml each) was taken into five different 100ml conical 
flask, then 1ml of 2.52 × 106 spores suspension of Aspergillus niger 
was added aseptically to each conical flask and incubated at room 
temperature (30o)
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Abstract

Rice husk, a major waste product of rice milling factory in Nigeria, was hydrolyzed by 
cellulolytic enzymes of Aspergillus niger. Aspergillus niger synthesizes cellulase which 
biodegrade the cellulose content of rice husk. The cellulase activity was measured by the 
release of reducing sugar over the period of biodegradation. The reducing sugar content 
of the biodegraded rice husk showed a significant increase with an increase in days of 
biodegradation (0.560 -1.020mg/ml from day zero through day five, to day nine). The 
maximum yield of glucose concentration was observed on day five of biodegradation at 
pH of 5.4, while the minimum yield of glucose concentration was observed on day nine 
of biodegradation at pH 6.18. The study revealed that the growth of Aspergillus niger on 
rice husk increases its usefulness and that rice husk can through microbial degradation be 
converted to fermentable sugars and other useful product like alcohol. It also highlights 
the industrial potential of rice husks as possible substrates for cellulase enzyme production 
by Aspergillus niger which can eliminate agro-waste environmental pollution in Nigeria.
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Samples were incubated for nine (9) days after which the reducing 
sugar was determine using Somogyi Nelson Method for the intervals 
of Days 0, 2, 5, 7, 8, and 9 respectively.

Test for cellulase activity of Aspergilus niger

The cellulase activity of Aspergillus niger was determined using 
mineral salt medium (MSM) as described by Omojasola & Jilani11 
Composition of mineral salt medium (MSM) : K2HPO4 (1.8g), NH4Cl 
(4.0g), MgSO4.7H2O (0.2g), NaCl (1.0g), NaSO4.7H2O (0.01g) and 
distilled water (250ml) 

The mineral salt medium ingredient were thoroughly mixed in 
a 500ml conical flask and 250ml of distilled water was added and 
swirled to mix and then 10g of powered rice husk was added into 
conical flask and mixed properly. The mixture was then sterilized by 
autoclaving at 121°C for 15minutes, cooled and poured into two test 
tubes (Test and Control). Isolate of Aspergillus niger was inoculated 
into the test tubes using wire loop and was plugged with cotton wool 
and wrapped with aluminum foil, then incubated at room temperature 
for two days and observed for turbidity.11

Results
During the experiment it was observed that there was a significant 

increase in the sugar content as the days increased and it reached a 
peak then declined (Table 1). Day five had the highest glucose yield 
(77.94%) when compared with the control; while day nine had the 
lowest yield (11.03%).

Table 1 Effect of incubation period on glucose concentration 

Duration of 
biodegradation

Glucose concentration 
(mg/ml)

Percentage 
increase (%)

Day Zero(Control) 0.562±0.003a -

Day two 0.674±0.018a 21.89

Day five 1.020±0.026c 77.94

Day seven 0.752±0.002a 33.63

Day eight 0.937±0.002b 66.73

Day Nine 0.624±0.002a 11.03

Values are presented as Mean±standard deviation; Values with different 
superscript within a column are statistically different (P<0.05)

There was also a significant change in the pH from initial as the 
days of fermentation increased (Figure 1) (Table 2).

Table 2 Change in pH of rice husk obtained at various periods of 
biodegradation

Duration of 
biodegradation Initial pH Final pH % Increase 

in pH

Day Zero(Control) 4.5 - -

Day two 4.5 5.3 17.78

Day five 4.5 5.4 18

Day seven 4.5 5.9 31.11

Day eight 4.5 6.1 35.56

Day Nine 4.5 6.18 37.33

Figure 1 Effect of incubation period on glucose concentration.

Discussion
The gradual increase of the reducing sugar content from day 

zero (0) to day nine (9) of biodegradation is indicative of cellulase 
production by Aspergillus niger. This result agrees with previous 
studies that cellulase production by various microorganism including 
Saccharomyces cerevisiae and Aspergillus niger in some agro waste 
(like rice husk, banana peel, millet, guinea corn and maize straw) 
occurs.3,2

The gradual increase in the glucose content of the biodegraded rice 
husk confirms that Cellulase (a complex multi-enzyme system) acts 
collectively to hydrolyze cellulose from agricultural wastes such as 
rice husk to produce simple glucose units.12

The maximum yield of glucose units on day five (5) of 
biodegradation was similar to the work of10 and13 which also gave a 
similar time course report of maximum glucose yield on day five (5) 
of fermentation with A. niger. This might be due to the availability 
of cellulose in the medium on day five, or the fact that the enzyme 
activity was at its maximum.

The decrease in glucose production below the maximum yield may 
be explained to be as a result of an inhibitory effect of the accumulated 
cellobiose and cellodextrins of low degree of polymerization to 
the growth medium. It might also be due to the specific binding of 
the enzymes with the substrates.14 Low glucose production below 
the maximum yield, as recorded in day nine (9) of biodegradation 
highlights sugar depletion from the substrates in the medium.15

Conclusion
In conclusion, this study revealed that rice husk, a major waste 

product of rice milling factories, can through microbial fermentation 
be converted to simple sugars and other useful products like alcohol. It 
also indicates the industrial potential of rice husk as possible substrate 
for Cellulase enzyme, production by Aspergillus niger which can also 
eliminate agro-wastes environmental pollution in Nigeria.
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