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Cellulase Production by Aspergillus niger Under Solid State Fermentation 

Using Agro Industrial Wastes 

Nur Fazlin Akmal Bt Muhammad Faizal 

Resource Biotechnology Programme 
Faculty of Resource and Science Technology 

Universiti Malaysia Sarawak 

ABSTRACT 

Cellulose is known as one of the most dominating components in agricultural waste and abundant raw 
material on earth. Through cellulase enzyme that produced by filamentous fungi, helps to hydrolyze 
cellulose into glucose. The objctives of this research are to find out the ability of the Aspergillus niger 
in utilizing different types of agro industrial waste which were pineapple peel, rice husk and oil palm 
empty fruit bunch that act as substrates to produce cellulase, determine the best agro waste for 
production of cellulase by A niger and the optimum condition for the production of cellulase under 
solid state fermentation (SSF). Cellulases are applicable in industrial processes such as in cotton 
processing, detergent industries, and animal feed and ethanol production. There were three 
fermentation parameters that being observed which were the initial moisture content (60% - 80%), 
incubation temperature (25 C- 40 °C) and incubation period (2 days - 8 days). In this project, it 
showed that different cellulase activity was obtained for different substrates. Rice husk was shown to 
be the best substrates for the production of cellulase. The optimum incubation period for cellulase 
production using rice husk was found at day 6. Meanwhile, the optimum incubation temperature of 30 
C gave the highest yield of cellulase production and the optimum initial moisture content of 60% (v/w) 
showed the highest amount of cellulase respectively. 

Key words: Aspergillus niger, Cellulases, Agro Industrial Waste, Solid State Fermentation 

ABSTRAK 

Selulosa dikenali sebagai salah satu sisa pertanian yang paling dominan dan bahan mentah yang 
banyak di bumi. Melalui enzim selulase yang dihasilkan oleh kulat filamen, membantu menghidrolisis 
selulosa menjadi glukosa. Tujuan penyelidikan ini adalah untuk mengetahui keupayaan Aspergillus 
niger_dalam menggunakan pelbagai jenis sisa industri agro yang terdiri daripada kulit nanas, sek.am 
padi dan tandan buah kelapa sawit yang bertindak sebagai substrat untuk menghasilkan selulase, 
menentukan yang terbaik. sisa agro untuk pengeluaran selulase oleh A. niger dan keadaan optimum 
untuk pengeluaran selulase di bawah fermentasi keadaan pepejal. Selulase boleh digunakan dalam 
proses perindustrian seperti dalam pemprosesan k.apas, industri sabun, makanan haiwan dan 
pengeluaran etanol. Terdapat liga parameter penapaian yang dikaji iaitu kandungan kelembapan awal 
(60% _ 80%), suhu inkubasi (2 5 °C - 40 C) dan tempoh pengeraman (2 hari -8 hari). Dalam projek ini, 
ia menunjukkan bahawa aktiviti selulase yang berbeza diperolehi untuk substrat yang berlainan. 
Sekam beras dipilih sebagai substrat terbaik untuk penghasilan selulase. Tempoh inkubasi optimum 
untuk pengeluaran selulase didapati pada hari 6. Sementara itu, suhu inkubasi optimum 30 °C 
memberik.an hasil tertinggi pengeluaran selulase clan kandungan lembapan optimum sebamyak 60% 
masing-masing menunjuk.kan se!ulase tertinggi 

Kata kunci: Aspergillus niger, se/ulase, sisa industri agro, fermentasi k.eadaan pepejal 
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1.0 INTRODUCTION 

Malaysia is one of the agricultural countries that produce huge amount of agro wastes 

per year. Usually these wastes are disposed due low nutritional qualities and under 

utilized in industrial application. These wastes such as rice husk and OPEFB usually 

dispose through incinerated process, which can contribute to air pollution (Ibrahim et 

al., 2012). This problem can be solved through solid-state, fermentation process, 

which the agro wastes used as substrates to be hydrolyzed by cultivation of 

microorganisms for the production of variable primary and secondary metabolites. 

SSF is described as the cultivation of microorganisms growth on solid substrates 

without free flowing water. Lignocelluloses are the most abundant raw material 

present on earth and contain 60% to 80% of cellulose and hemicellulose (Acharya et 

al., 2008). Filamentous fungi such as Aspergillus niger is the most suitable 

microorganism that can be applied to SSF due to its hypha growth which not only 

have the capability to grow on the surface of substrate but also able to penetrate 

through them for nutrients (Pandey, 2003). 

Cellulase enzyme have wide application in various industries for example pulp and 

paper industry for deinking which the process of removal printing ink from paper, 

improves the animal feed through animal feed industry and wine industry by increases 

the efficiency of extraction (Ibrahim et al., 2012). In this research, pineapple peel, oil 

palm empty fruit bunch and rice husk was used as the substrates for production of 

cellulase by A. niger as these substrates contain high components of cellulose. 

SSF is more economical technology and can produce cellulase at high amount 

compare with the submerged fennentation (SmF). Also, it is more efficient in enzyme 

production, easier in scaling up process, cost effective in terms of substrates that are 
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cheap and easily found, eco-friendly, no problems with foaming during the 

fermentation process and low contamination risk (Doriya et al., 2016). SSF have wide 
y 

range of applications that not only involve in laboratory scale but also at pilot and 

industrial scale (Lee et al., 2011). 

This project research was focus on the production of cellulase by A. niger using 

different agro wastes which are rice husk, oil palm empty fruit bunch and pineapple 

peel as substrates under solid state fermentation. Therefore the objectives of this 

project are: 

1. To study the efficiency of A. niger to produce cellulase enzymes usmg 

different substrates 

2. To determine the best agro waste for the production of cellulase by A. niger 

3. To identify the optimum SSF conditions for celullase enzyme production. 
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2.0 LITERATURE REVIEW 

2.1 Solid State Fermentation 

Solid-state fermentation is defined as the fermentation process in which the 

microorganisms grow on solid material in the absence or near absence of water. 

However, substrates contain sufficient moisture to allow the microorganism's growth 

and metabolism (Krishna, 2005). It is one of the methods that have been widely used 

to produce several enzymes, organic acids and flavoring compound that it must be 

extracted followed with purified and used in different products ( Ghosh, 2015). In 

industrial scale, it is produced for agriculture use and disease treatment (Robinson et 

al., 2001). In SSF the moisture environment is necessary for the microbial growth 

present in absorbed state or complexes within the solid matrix (Krishna, 2005). 

According to Barrena et al. (2016), SSF is where the growing microorganisms anchor 

on the solid and moist substrate. This substrate will act as nutrient source for the 

microorganisms and support the microorganism's growth activities during the limited 
. 

source of water. Problems associated with increasing of solid waste per year, 

especially, agro industrial waste can be minimized as these wastes can be applied to 

produce enzymes such as cellulase through SSF. Also, SSF can be applied for the 

production of animal feed and bio pesticide, pharmaceutical, soil bioremediation and 

bioprocessing of crops (Pandey et al., 1999). 

Dori ya et al. (2016), in their study on the SSF, have noted that SSF process is 

more efficient in enzyme production, cost effective, eco-friendly and able to produce 

high yield of enzyme than SmF. Furthermore through SSF process, it can reduce the 

contamination level through low moisture content and the level of pollution risk 

3 / 



(Ghosh, 2015). The low moisture contains means that the fermentation process can be 

carried out by limited number of fungi (Shweta, 2015). 

The history, development and scientific explanation regarding the SSF have 

been reviewed many times. It have been reported that SSF also had been widely used 

in the production of traditional oriented foods and beverages such as shao-hsing wine 

and kao-liang wine in China, "tempeh" and ontjom in Indonesia. For examples likes 

"koji" is a fermented steamed rice fungal strain of Aspergillus oryzae on wheat bran 

meanwhile "tempeh" is an Indonesian food produced by Rhizopus oligosporus on 

soybeans (Krishna, 2005). During the decade of 1980-90, study had revealed that SSF 

technology able to produce various primary and secondary metabolites which giving 

more emphasis on the development of bioprocess, bioremediation and biodegradation. 

Many studies have found the successful of bioconversion cellulose material such as 

wheat bran, saw dust and rice bran into variety of value added product by Aspergillus 

sp. (Parkash et al., 2016). For example the production of cellulase by A. niger using 

sugarcane bagasse and coir waste (Mrdula & Murugammal, 2011). Another studies 

showed that Aspergillus heteromorphus have the ability to produce cellulases using 

wheat straw as substrates. Also, a study was found, endophytic Aspergillus sp. that 

was isolated from Adathoda beddomei capable to produce cellulase using cauliflower 

stalk as substrates (Prabavathy & Nachiyar, 2011). 

2.2 Aspergillus niger 

According to Zamora (2014), A. niger is a type of mold that can grow in freezing 

condition or hot condition or in other words it is known as thermo tolerant fungus. 

The optimal growth of A. niger was found at temperatures between 24 C to 3 7 °C and 

pH level between 4 to 6.5 (Passamani et al., 2014). It is a type of an asexual 
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saprophytic fungus that can grow on dead leaves, stored grain, compost piles and 

decaying vegetation, which it is known as the best agent for decomposition of organic 

material. It has structure called conidia, which able to produce spores. The spores will 

germinate and cause a growth of a thread like a cell called hyphae (Pazouki & Panda, 

2000). 

Filamentous fungi are the most suitable microorganism that are used in SSF 

due to the hypha growth which not only have the capability to grow on the surface of 

substrate but also able to penetrate through them. Penetration increases the 

accessibility of all available nutrients within particles. Moreover with hypha mode of 

fungal growth and their good tolerance to low water activity and high osmotic 

pressure conditions make the fungi efficient and competitive in natural microflora for 

bioconversion of solid substrates (Krishna, 2015). The fungi will synthesize 

hydrolytic exo-enzymes during their growth on the substrates and those enzymes will 

be excreted outside the cell. This will create and help the fungi to absorb carbon 

sources and nutrients, which in tum promotes microbial activities and biosynthesis 

(Pandey, 2003). The enzymes are excreted at the hyphae tip without a large dilution 

that makes the action of hydrolytic enzymes efficient and allows penetration in most 

solid substrates (Krishna, 2015). The level of enzyme produced by the fungi also is 

higher than yeast and bacteria (Mrudula & Murugammal, 2011). A niger is the most 

efficient fungi that able to yield high level of cellulase. This fungus is also known as 

carbohydrate degraders that unable to utilize proteins or lipids for energy source to 

grow (Sukumaran et al., 2005). 
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2.3 Cellulase 

Cellulose is known as one of the most dominating agricultural waste and abundant 

raw material on earth. This lignocellulosic biomass is renewable and has the ability 

for bioconversion to bio products (Sadhu & Mai ti, 2013 ). Cellulolytic 

microorganisms such as fungi will decompose this cellulose biomass. It is used as a 

carbon and energy source by many bacteria, actinomycetes and fungi (Krishna, 2005). 

A complex multienzyme system called cellulase will act through the agricultural 

waste to hydrolyze cellulose into glucose (Milala et al., 2005). 

According to Sukumaran et al. (2005), cellulose chain is made up by glucose 

monomers and these monomers are linked up by ~-1,4-glucosidic bond. The B-1,4­ 

glucosidic linkage in cellulosic biomass can be hydrolyzed by cellulase enzyme that is 

produced by the fungi. This enzyme is able to depolymerize the cellulose chains 

effectively with the presence of its three complete cellulose component, which are 

endoglucanase, exoglucanase and B-glucosidase to produce smaller sugar units that 

contain of cellobiose and glucose (Yoon et al., 2014). The hydrolysis of cellulose can 

be divided into two, which are primary hydrolysis and secondary hydrolysis. The 

primary hydrolyze is where the endoglucanase and exoglucanase will act together and 

hydrolyze cellulose to cellobiose also known as small celloligosaccharides. The 

cellobiose then will be hydrolyzed to glucose by (B-glucosidase (Sukumaran et al., 

2005). 

Cellulase can be applied in the industrial processes such as cotton processing, 

starch processing, detergent enzymes, animal feed additive and the production of 

ethanol (Shweta, 2015). Cellulases can be produced in nonseptic condition and air­ 

dried fermented solid can be used directly, which avoid the downstream processing. 
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