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Cellulase Production by Aspergillus niger via Solid State Fermentation (SSF) using 
Agro-wastes 

Shayreen Narisya Binti Shaiful Nizam 
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Faculty of Resource Science and Technology 
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Abstract 

Agricultural-based industry is an important sector of economy for Malaysia as the 
geographical structure of this country is suitable for agricultural activities. However, the 
increase number of agricultural-based industries not only affects the economy positively, 
but also contributes towards environmental problems. Therefore, in this study, three types 
of agro-wastes were utilized to produce cellulase enzyme via solid state fermentation to 
reduce environmental pollution. The three types of agro-wastes were sago hampas, 
pineapple leaf and coconut husk. Aspergillus niger was involved in this study to produce 
cellulase because fungus is more suitable to be used in SSF compared to bacteria. Cellulase 
are group of hydrolytic enzymes that have the ability to break down cellulose into simple 
sugar. The cellulase activity was determined by using filter paper activity followed by 
dinitrosalicylic acid method which were used to determine the amount of sugar produced. 
SSF parameters such as incubation period, initial moisture content and temperature were 
optimized to determine the highest cellulase activity. The results showed that pineapple 
leaf is the best substrates for cellulase production by A. niger. 

Key words: Cellulase, solid state fermentation, agro-waste, Aspergillus niger. 

Abstrak 

Industri berasaskan pertanian merupakan sektor ekonomi yang penting di Malaysia 
kerana struktur geografi di negara ni bersesuaian untuk sebarang aktiviti pertanian. 
Namun, selain industri berasaskan pertanian ini dapat meningkatkan ekonomi negara, ia 
juga menyumbang kepada masalah alam sekitar. Oleh itu, tiga jenis bahan buangan 
pertanian telah digunakan dalam kajian ini untuk menghasilkan enzim selulosa melalui 
kaedah penapaian berkeadaan pepejal bagi mengurangkan masalah pencemaran. Tiga 
jenis bahan buangan pertanian yang digunakan ialah hampas sagu, daun nenas dan sabut 
kelapa. Aspergillus niger telah digunakan untuk menghasilkan selulosa kerana 
penggunaan kulat lebih bersesuaian dalam proses penapaian berkeadaan pepejal 
berbanding bakteria. Selulosa merupakan kumpulan enzim hidrolitik yang berkebolehan 
untuk memecahkan selulosa menjadi gula. Aktiviti selulosa dapat dikenalpasti dengan 
menggunakan aktiviti kertas penapis diikuti dengan penggunaan asid dinitrosalisik untuk 
mengetahui jumlah gula yang dihasilkan. Parameter penapaian berkeadaan pepejal 
seperti tempoh inkubasi, kandungan awal kelembapan dan suhu telah dioptimakan bagi 
menghasilkan selulosa dengan nilai tertinggi. Keputusan kajian menunjukkan daun nenas 
merupakan substrat yang terbaik dalam penghasilan selulosa oleh A. Niger. 

Kata kunci: Selulosa, penapaian berkeadaan pepejal, bahan buangan pertanian, 
Aspergillus niger. 
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1.0 Introduction 

Many agricultural residues are frequently burnt in the field or being thrown in river which 

eventually causing severe environmental pollution. Agricultural wastes are composed of 

lignocellulosic materials which gained favourable interest as an abundant renewable bio 

energy resource in production of food, fuel and chemicals (Sethi et al., 2017). Bansal et al. 

(2012) stated that the use of abundantly available agro-wastes that were once considered to 

be no value are recently being recognized as raw materials of potential value to achieve 

higher enzyme production using solid state fermentation. SSF has gained the interest of 

researchers due to their significant importance in solid waste treatment, aromatic 

compound, production of secondary metabolite and biomass production. Agro-wastes can 

be good substrates for SSF because they can provide carbon source, nutrients and act as 

support systems for microbial conversion into other valued product (Soccol, 2017). 

Filamentous fungi are usually the most preferred microorganisms in producing valuable 

bio-products using SSF process especially in cellulase production. This is because the 

hyphae of the filamentous fungi have the ability to colonize, penetrate and strongly attach 

to the substrates better for physical support and nutrients absorption (Kilikian et al,, 2014). 

In this study, Aspergillus niger was used to produce cellulase in SSF process. Based on 

Mrudula and Murugammal (2011), almost all fungi from genus Aspergillus are efficient in 

synthesizing cellulase. 

Cellulase is an inducible enzyme synthesized by microorganisms such as fungi and 

bacteria. Cellulase has a wide applications in various industries including biofuel 

production, pulp and paper, textile, wine and brewing, food processing and agricultural. 

Incubation period, initial moisture content and temperature are the parameters that being 

studied in this study as this three parameters are among the main factors that can effect 

cellulase production by A. niger in SSF. 
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The aim of this study is to produce cellulase from A. niger under SSF using three types of 

agro-wastes as substrates which are pineapple leaves, coconut husk and sago hampas. 

Therefore, the objectives of this study are as follows: 

1. To determine the potential of A niger in producing cellulase using selected agro 

wastes. 

2. To identify the best agro-waste as SSF substrate for cellulase production by A. 

niger. 

3. To determine the optimal SSF condition such as incubation period, initial moisture 

content and temperature for A. niger in producing cellulase under SSF. 

2 
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2.0 Literature Review 

2.1 Solid State Fermentation 

. 
Solid state fermentation is a fermentation process that involves the cultivation of certain 

microorganisms using solid state substrate without the presence of any free-flowing water 

(Rodriguez & Sanroman, 2005). However, the substrate used in the process must contain 

enough moisture content to support growth and metabolism of microorganism for the 

production of specific product. High moisture content will result in low substrate porosity 

as it will prevent the penetration of oxygen while low moisture content can cause poor 

accessibility of nutrient resulting in poor microbial growth (Pandey, 2003). Rodriguez and 

Sanroman (2005) stated that the microorganism in SSF is cultivated with the absence of 

free-flowing water but involving two types of substrates which are inert and non-inert 

substrates. Inert substrate acts as attachment site for the fungal growth while non-inert 

substrate acts as nutrient source for fungal growth. 

According to Pandey (2003), the important aspects of SSF are the selection of suitable 

microbes and substrates, optimization of process parameters ~ and the isolation and 

purification of product. It is important to consider the parameter of the process such as 

particle size, initial moisture and pH of substrates, relative humidity, incubation period and 

temperature, size of inoculum, supplementation of nutrient and extraction of product. The 

optimum parameters are very important in the process as they will affect the growth of 

microbes and product formation. 

SSF has greater advantages in comparison to submerged fennentation (SmF) in the 

utilization of agro waste and overcoming the environmental pollution problems. SSF 

process is environmental friendly as it resolves the pollution problem of solid waste 

disposal (Pandey, 2003). Salariato et al. (2010) stated that the culture condition in SSF is 

3 



similar to the natural habitat of the microorganisms and therefore enhance the growth of 

microorganisms and their product yield. SSF is a suitable fermentation process involving 

fungi as they require less moisture content compared to bacteria. It is a type of 

bioconversion method that can convert raw material into various valued product including 

a wide variety of chemical, primary and secondary metabolite (Perez et al., 2003). Our 

country is at great advantage because there are abundant of agro-industrial wastes that need 

to be disposed in a proper way. Hence, agro-industrial wastes can be used as substrates in 

SSF especially in enzyme production. 

SSF lead to a wide range of applications at laboratory, pilot and industrial scale such as 

bioremediation, bio pulping, bio bleaching and biological detoxification of agro-industrial 

wastes (Qi et al., 2008). Table 1 shows some advantages and disadvantages of SSF. 

Table 1: Advantages and disadvantages of SSF (Chutmanop et al., 2008). 

Advantage Disadvantages 

• promotes high yield production 

• lower the catabolic repression 

• provide stability of product 

• lower the probability of contamination 

due to low water activity during 

cultivation 

• low energy demand 

• use simpler equipment 

• enzyme produced is more concentrated 

• low aeration due to high solid 

concentrations 

• cultivation times of spores are longer 

• difficult to determine biomass 

• not suitable for bacteria because of 

its high moisture requirement 

2.2 Aspergillus niger 

Aspergillus niger is an asexual filamentous ascomycete that belong to the member of genus 

Aspergillus. It is commonly found growing on dead leaves, stored grain and compost piles. 

A. niger is a saprophytes where they obtain their nutrient from dead organic matter and are 

usually isolated from soil and plant. The major macroscopic features in Aspergillus species 
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identification are the growth rate, colour and tolerance against heat. A. niger favours high 

temperature and can grows well at body temperature or higher (Meijer, 2011). 

The colonies of A. niger are initially white but they will become black upon conidial 

production. According to Iwen et al. (1998), the microscopy morphology of the 

coniodospores part of A. niger are about 400-3000 µm long, smooth, hyaline and becomes 

darker at the apex and terminate in globose vesicle. On the other hand, the microscopic 

morphology of phialides of A niger are biseriate which means the vesicles produces sterile 

cells known as metulae and is arranged in two rows as support system to coniogenous 

phialides (Meijer, 2011). 

A niger has low pathogenicity compared to other Aspergillus sp.. Based on previous 

research by Gautam and Tyagi (2006), A. niger is able to grow well at optimum 

temperature of 30 - 37 °C and grows well at pH 4.0 to 5.0. Most of the SSF process 

involved the fungi species compared to bacteria due to the hyphae of the filamentous fungi 

are able to penetrate through the inner particle substrate and colonize the substrate better 

(Meijer, 2011 ). Besides that, fungi is more preferable in SSF process because of their 

higher enzyme yields and capacities to produce complete cellulase complex. According to 

Reddy et al. (2015), genus Aspergillus are ideal microorganisms for cellulase production 

because they have good fermentation capabilities, high levels of protein secretion, able to 

assimilate different organic substrates, suppressing development of other microorganisms 

and high sporulation capacity. 

2.3 Cellulase 

Cellulase is a cellulolytic enzyme that is able to break down cellulose into sugar in the 

form of glucose (Held, 2012). Cellulose is a linear polymer made of glucose subunits 

linked by ~-1, 4 glycosidic bond (Hrmova, 2009). Cellulase can be divided into three major 
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parts which are endo-[}-glucanase, exo-[)-glucanase and [-glucosidase (Zhang & Zhang, 

2013). Cellulase enzymes are usually produced naturally by fungi, actinomycetes and 

bacteria. Based on Dutt and Kumar (2012), each of these microorganisms are able to 

produce different kind of cellulase depends on their mode of action and properties such as 

their activity towards crystalline cellulase and stability in different pH. Dutt and Kumar 

(2012) also stated that Aspergillus sp. especially A. jlavus and A niger were found to 

produce high yield of cellulase production. Genus Aspergillus are capable of producing 

high quantities of endo-[l-glucanase and [B-glucosidase, but low quantities of exo-fl 

glucanase production (Zhang & Zhang, 2013). 

The enzyme can convert complex carbohydrates presence in lignocellulosic biomass to 

glucose effectively (Holker et al., 2004). Kumar et al. (2011) stated that the synthesis of 

cellulolytic enzymes is highly influenced by the component of the growth medium. 

Cellulase is an extracellular-induced enzyme that synthesize in high yield when there is 

presence of inducers (Smith et al., 1983 ). However, the biosynthesis of cellulase is 

repressed by the presence of glucose and other simple sugar. According to Mandels (1975), 

the synthesis of cellulase can be inhibited by glucose even though there is a presence of 

inducer. In SSF, Aspergillus sp. will synthesize cellulase effectively in high quantity when 

there is high content of sugar present in the substrates (Kilikian et al,, 2014). 

Cellulase has been utilized in various industry including food industry, biofuel production, 

agriculture, paper and textile industries. In addition, Global Healing Centre (2014) stated 

that cellulase provide health benefits such as they help in maintaining cholesterol and 

blood sugar at optimal level, support and protect cell membrane from hannful substances, 

aid in mediation of biofilm mediation and break down polysaccharides of microbial 

biofilms. 
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2.4 Agrowaste as Substrates in SSF 

2.4.1 Pineapple Leaf 

Pineapple with the scientific name of Ananas comosus is a tropical crop that are widely 

planted in soft soil areas such as in Johor district. Malaysian Pineapple Industry Board 

(2017) stated that Malaysia is in the 9 position in the aspect of pineapple production 

globally. Pineapple is not considered as seasonal crop and abundantly available. Based on 

a study done by Daud et al. (2013), there are many bundle of packed fibre on the surface of 

the pineapple leaf when analysed using Scanning Electron Microscopy (SEM). The 

arrangement of the fibre matrix on the pineapple leaf indicates the strength of the fibre 

which can be a great potential to be use as alternative fibre in paper industry. The low 

lignin content as describes in the chemical composition of pineapple leaf has make the 

fibre stronger. Table 2 shows the chemical composition of the pineapple leaf. 

Table 2: Chemical composition of pineapple leaf (Daud et al., 2013). 

Component Percentage(%) 

Holocellulose 85.7 
Cellulose 66.2 

Hemicellulose 19.5 

Lignin 4.2 

Moisture Content 81.6 
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2.4.2 Coconut Husk 

Coconut is an important crop in Malaysia and the degree of diversification of coconut 

utilization for food production is very well known. Coconut husk is not hazardous in nature 

and has great potential for other beneficial uses. The chemical compositions of coconut 

husk are as listed in Table 3. 

Table 3: Chemical composition of coconut husk (Khalil et al., 2014). 

Components Percentage (%) 

Lignin 32.8 

Holocellulose 56.3 

Cellulose 26.5 

a-ellulose 44.2 

Ash 2.2 

Coconut has the potential to produce electricity, heat, organic fertilizer, animals 

feed, fuel additives and many more (Zafar, 2015). According to Tomas and Ganiron 

(2013), the energy industry has created coco-diesel from coconut as substitute to the fossil 

fuel oils. The advantage of using coconut residue as fuel is there will be abundant supply 

available because the coconut is a well-planted crop in Malaysia and most of the country. 

The activated carbon gained from coconut husk is very effective in the removal of 

impurities in wastewater. The fibres from the coconut husk is used to create board for 

construction industries. 
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2.4.3 Sago Hampas 

Sago hampas is a starchy lignocellulosic by-product generated from the pith of Metroxylon 

sagu after starch extraction process (Awg-Adeni et al., 2010). Sarawak is known as the 

biggest sago growing areas which is currently the world's biggest exporter of sago starch 

(Sarawak Agriculture Statistics, 2010). Recently, there are increasing trend towards the 

utilization of sago hampas waste converted into a value-added bio-product such as 

biochemical, biofuel and biomaterial (Lin & Tanaka, 2006). Table 4 shows the 

composition of sago hampas. 

Table 4: Chemical composition of sago hampas (Linggang et al, 2012). 

Component Percentage (%) 

Starch 58 

Cellulose 23 

Hemicellulose 9.2 

Lignin 4 

Most of the proportion in sago hampas consists of carbon sources, nutrient and moisture. 

Therefore, it is a potential substrate for the growth of microbes during solid state 

fermentation. Sago hampas can be used as animal food supplement, in the production of 

chipboard (Linggang et al.,, 2012), compost for mushroom culture and particleboard 

manufacture (Phang et al., 2000). The waste residue can also be used as an adsorbent for 

wastes removal in water containing heavy metals such as lead and copper ions (Quek et al., 

1998). According to Petrus et al., (2009), sago ham pas can be utilized for the production of 

potassium, calcium hydroxide, compost and humid acid from the fibre of the waste residue. 

9 
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3.0 Materials & Methodology 

3.1 PDA Preparation 

A mass of 9.75 g potato dextrose agar (PDA) was dissolved using 250 mL distilled water 

in a 500 mL Schott Duran bottle. The solution was stirred using magnetic stirrer at 1200 

rpm. The solution was then being autoclaved for 15 minutes at 121C. The solution was 

cooled before being added with 50 mg/mL ampicillin. The PDA was poured into sterile 

petri dish for sub-culturing of Aspergillus niger. 

3.2 Preparation of Aspergillus niger 

The strain of Aspergillus niger was obtained from molecular genomic lab fungal collection 

in Faculty of Resource Science and Technology. The strain was sub-cultured on sterile 

PDA containing 50 mg/mL ampicillin and incubated at room temperature for 6 days. After 

the incubation period, the petri dishes containing A. niger were kept in refrigerator at 4 C 

to inhibit further growth of A. niger. 

3.3 Pretreatment of Substrates 

Pineapple leaf and coconut husk were collected from Taman Desa IHmu, Kota Samarahan 

while sago hampas was obtained from Molecular Biology Laboratory 10 in Faculty of 

Resource Science and Technology. The substrates were dried in a drying oven at 60 C for 

48 hours. Then, the dried substrates were ground and kept in containers. Next, the existing 

moisture content in each substrate was determined by drying the substrate in drying oven 

until constant weight achieved. The existing moisture content in each substrate was 

determined using the formula given as shown in Appendix A. 
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3.4 Solid State Fermentation 

A mass of 2.5 g of each substrate was placed into 250 mL Erlenmeyer flask and sterilized 

double distilled water was added to the substrate to achieve 70% (v/w) initial moisture 

content (refer Appendix A for calculation). Next, three plugs of cultured A. niger were 

inoculated on each substrate in the Erlenmeyer flask and the sample was incubated at 30 

°C for 6 days. Each of the substrate was done in duplicate with the same steps and 

variables. 

3.5 Enzyme Extraction 

A volume of 20 mL of 0.1 M cold sodium acetate with pH 5.8 was added into each sample 

in the Erlenmeyer flask and the mixture was shaken for 30 minutes at 120 rpm at room 

temperature using a shaker machine. Then, the homogenized culture from the flask was 

filtered using muslin cloth and was centrifuged at 6000 rpm for 25 minutes at 4 ®C. After 

the centrifugation, the supernatant was filtered again using filter paper. 

3.6 Cellulase Assay 

A volume of 1 mL 0.05 M citrate buffer with pH 4.8 and 1 mL of crude enzyme were 

added into a capped test tube. A mass of 50 mg rolled Whatman No. 1 filter paper strip was 

added into test tube and incubated in water bath at 50 °C for 1 hour. Then, 2 mL of DNS 

reagent was added immediately and was boiled for 5 minutes. Next, I mL of Rochelle salt 

(sodium potassium tartrate) was added into the test tube. The glucose released from each 

sample was determined by measuring absorbance at 540 nm using spectrophotometer. The 

glucose concentration was determined by referring to the glucose standard curve (refer 

Appendix B). Then, the cellulase enzyme activity was calculated using the formula of filter 

paper unit (refer Appendix C). One international unit of filter paper (IFPU) is expressed as 

the amount of enzyme which form I µmo! glucose per minutes during hydrolysis reaction 

(Xia & Cen, 1999). 
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