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ABSTRACT 

Cellulases are a group of hydrolytic enzymes that have high commercial values in various 
industries such as textile, food, beverages, paper and pulp industries. Solid state fermentation 
method was used in this study as it is simple, more economical and productive compared to the 
submerged fermentation. In this study, the cellulase production produced by Aspergillusflavus was 
studied under solid state fennentation using oil palm empty fruit bunch (OPEFB), pineapple leaves 
and sago hampas as the substrates. The content of lignocellulosic materials mainly cellulose in 
these agricultural wastes act as the inducer of cellulase production. Solid state fermentation 
parameters such as incubation time (4 days - 10 days), initial moisture content (65% - 80%) and 
temperature (25°C - 40°C) were investigated. From this research, it is found that the most optimum 
SSF conditions to produce cellulase are different among three substrates used. The present study 
also proved the feasibility of sago hampas as the best substrate for cellulase production among 
other substrates used. 

Keywords: Aspergillusflavus, agricultural wast.es, cellulase, Solid state fermentation 

A BSTRAK 

"Cellulase" daripada kumpulan enzim hidrolitik mempunyai nilai komersial yang tinggi dalam 
pelbagai industri seperti tekstil, makanan, minuman, kertas dan industri pulpa. Kaedah Jermentasi 
keadaan pepejal telah digunakan dalam kajian ini kerana kaedah ini adalah ringkas, lebih 
menjimatkan dan produktif berbanding dengan Jermentasi keadaan cecair. Dalam kajian ini, 
penghasilan "cellulase" daripada Aspergillus flavus telah dikaji melalui kaedah Jermentasi 
keadaan pepejal dengan menggunakan tandan buah kelapa saw it kosong, daun nenas dan ham pas 
sagu sebagai substt;at. Kandungan bahan lignoselulosa terutamanya selulosa dalam sisa 
pertanian bertindak sebagai perangsang kepada penghasilan "cellulase". Parameter Jermentasi 
keadaan pepejal seperti tempoh inkubasi (4 hari - 10 hari), kandungan awal kelembapan (65%
80%) serta suhu (25°C - 40°C) telah dikaji. Kajian ini mendapati bahawa keadaaan paling optima 
untuk jermentasi keadaan pepejal adalah berbeza dalam kalangan tiga substrat yang digunakan. 
Kajian ini juga membuktikan potensi hampas sago sebagai substrat yang paling sesuai untuk 
penghasilan "cellulase" berbanding substrat lain yang diFnakan. 

Kata kunci: Aspergillus flavus, sisa agrikultur, "cellulase ", Jermentasi keadaan pepejal 
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1.0 INTRODUCTION 

Malaysia is an agricultural-based country which produces large amounts of agricultural 

wastes throughout the year including leaves, stems, husk, bagasse, straw, peel and stalks 

from sources such as corn, sugarcane, rice straw, pineapple, coconut biomass and forest 

residues. The disposal of these agro industrial residues is becoming a problem regarding 

space, causing environmental pollution as most of the wastes are burnt as alternative for 

elimination. All these wastes are composed of lignocellulosic material that made up of 

mainly cellulose, hemicellulose, pectin and lignin (Jahangeer et aI., 2005). Lakshmi and 

Narashima (2012) stated that cellulose has enormous potential as a renewable source of 

energy and commonly degraded by an enzyme called cellulase. Cellulase refers to a class 

of enzymes produced by microorganisms that catafyse the degradation of cellulose, the 

linear polymer made of glucose subunits linked by B-1, 4 glycQsidic bonds (Lakshmi & 

Narashima, 2012). 

The presence of carbon sources, nutrients and moisture in the agricultural waste offer a 

suitable condition for the development of microorganism thus open up great possibilities 

for their use in solid state fermentation process, for instance (Mussatto et aI., 2012). 

Prabhakar et al. (2005) defined solid state fermentation as the growth of microorganisms 

on moist solid substrates in the absence of visible water between the substrate particles. 

Nowadays, agro-industrial and by-product like rice straw (Murad & Azzaz, 20 13)~ coconut 

coir pith (Shobana & Maheswari, 2013) and other wastes are frequently used as alternative 

substrates for enzyme production or other prod"Action via solid state fermentation or 

submerged state fermentation. There are several reports describing the production of 

cellulases by using lignocellulosic agro industrial wastes. In previous research done by 

Pandit et al. (2013), wheat straw was used to cultivate Aspergillus flavus via solid state 
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fermentation and it was proven that cellulase was successfully produced from the 

cultivation. 

In this study, agro wastes including sago hampas, oil palm empty fruit bunch and 

pineapple leaves were used as substrates because they are abundantly available and cost 

effective. In addition, the reuse of these wastes is an environmentally friendly alternative 

for their disposal as they accumulated in large quantities every year. The cellulase 

enzymes produced from this study have potential applications in various sectors for 

example industries of food processing, animal feed, pulp and paper production as well as 

detergent and textile industries. Besides that, cellulases have a significant role in the 

bioconversion of agricultural waste into sugar and ethanol (Jabasingh et al., 2014). As 

mentioned by Sukumaran et al. (2005), the reduction in the cost of cellulase production 

and the improvement of cellulase performance are the primary goals of future cellulase 

research. 

The focus of this research project is to study the production of cellulase by A. flavus 

using different agricultural wastes as substrates via SSF. Therefore, the objectives of this 

study are: 

1. 	 To study the feasibility of different agricultural wastes as a substrate for 

cellJ..llase production by Aspergillusflavus via SSF 

2. 	 To identify the optimal SSF conditions for cellulase production by A. flavus 

3. 	 To determine enzymatic activity of cellulase produced by A. flavus using 

three different agro wastes as SSF suestrates. 
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2.0 LITERATURE REVIEW 

2.1 Aspergillus flavus 

Generally, fungi are well known agents of decomposition of organic matter and cellulosic 

substrate in particular (Pandit et aI., 2013). There are many reports on fungi producing 

cellulase but only a few have been proven with high activities for commercial purposes. 

The genera Aspergillus sp. are the ideal organisms for cellulase production as they have 

good fermentation capabilities, high levels of protein secretion, ability to assimilate 

different organic substrates, suppressing the development of other microorganisms and 

high sporulation capacity (Vries & Visser, 200t). As reported by Dutt and Kumar (2014), 

out of 12 fungal strains, Aspergillus jlavus was found to produce the maximum cellulase 

production. 

Samson et al. (2006) described that A. jlavus can be grouped into nine species and 

two varieties, mainly based on the colour "f the conidial heads and ornamentation of the 

conidia. A. jlavus have relatively thin walls of conidia and their shape can vary from 

spherical to elliptical (Rodrigues et al., 2007). The conidial structure of A. jlavus is shown 

in Figure 1. The colour of A. jlavus ,is yellow green when young and as the fungus ages 

the spores turn a darker green (Aspergillus jlavus, 2005). The optimum temperature growth 

of A. jlavus is 37°C; however this species can grow at any temperature between 12 to 48 

.' 
°C (Aspergillusjlavus, 2005). Table 1 outlines the taxonomy of A.jlavus. 

Table 1: Taxonomy ofAspergillus flavus 

Kingdom 
Phylum 
Class 
Order 
Family 
Genus 
Species 
Scientific name 

Fungi 
Ascom~ota 
Eurotiomycetes 
Eurotiales 
Trichocomaceae 
Aspergillus 
Flavus 
Aspergillus jlavus 

(Source: Klich, 2007) 
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Figure 1: The conidial structure ofA. jIavus at 1500X magnification. 


Image retrieved from http://www.gopetsamerica.comlbio/fungi/fungi .aspx. 


2.2 Cellulase 

Cellulases contributed a major portion of enzyme market after amylase and protease. 

Lakshmi and Narasimha (2012) defined ~ellulase as an enzyme that catalyses the 

degradation of cellulose, a linear polymer made of glucose subunits linked by B-1, 4 

glycosidic bonds. Cellulase consists of three major types of cellulase including 

cellobiohydrolase, Endo ~-glucanase and ~-glucosidase (Singhania, 2009). Jahangeer et al. 

(2005) stipulated that fungal cultures isolated from environmental sources including soil, 

air and infected plants were found to possess cellulose degrading ability. Cellulase
.' 

provides a key opportunity for achieving tremendous benefits of biomass utilisation and 

has been used for many years in food processing, feed preparation, textile production, 

waste-water treatment, detergent formulation and in other areas (Jahangeer et aI. , 2005) . 
• 

According to Jabasingh et al. (2014), cellulases are imperative enzymes not only 

for their potential applications in different sectors but also for the important role in the 

bioconversion of agricultural wastes into sugar and bioethanol. Tn addition, cellulase has 
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main industrial applications especially in the textile industry as it is used for biopolishing 

of fabrics, producing stonewash looks of denims as well as improving the fabric softness 

and brightness in household laundry detergents (Sadhu & Maiti, 2013). 

Production of high volume of products at lower cost leads to the attention of the 

cellulase production by microorganism via solid state fermentation. Filamentous fungi are 

well known to be most commonly used microorganism in production of cellulase in SSF 

due to their ability to grow on solid materials with low water content (Shobana & 

Maheswari, 2013) besides, they can produce higher level of enzyme than bacteria (Sharada 

et al., 2013). Table 2 represents the production of ceUulase by using the different 

microorganisms and substrates. 

Table 2: Cellulase produced by different microorganism and solid support 

Substrates Microorganisms References 

. " - ~r.~ -.-- ,,:". ',? L'" I T>. ~'~r1!J ... i ~-~-:r."T).-.~-·:~~~;.:· :'r;;;~' <_~.n 
• I • -. 
-:- - - - - -' - -- --,------

Rice bran, orange peel Aspergillus niger Abubakar & Oloyede (2013) 

, • I ~--.-~~~':-:'.,~;~ ~~" .-, .';(!-T~~ ~fp:~::-;.'r,~··)·~:"~~ 

. ~ 

Pineapple pulp and peel Aspergillus niger Omojasola et al. (2008) 

2.3 Solid State Fermentation (SSF) 

Bhargav et al. (2008) defined solid state fermentation (SSF) as the growth of 

microorganisms on solid materials without the presence of free liquid. Besides to bring the 

cultivated fungi or bacteria in tight contact with the"insoluble substrate, the aim of SSF is 

to achieve the highest nutrient concentration from the substrates for fermentation (Bhargav 

et aI., 2008). SSF is best suited for fermentation technique involving fungi as they require 

less moisture content compared to bacteria that require high water activity . In addition, 

" 
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fungi are well adapted to SSF as their hyphae can grow on the surface of solid particles 

and penetrate into the interparticle space and thus colonize solid substrate (Sadhu & Maiti , 

2013). Sankeerthana et al. (2013) stated that SSF is simple, low cost and provides high 

yields of concentrated enzymes. 

In contrast to submerged fermentation (SmF), the SSF technique is considered 

more economical mainly due to the substrates (agricultural wastes) that are cheap and 

abundantly found (Ibrahim et al., 2012). Moreover, according to Ibrahim et al. (2012), SSF 

has other advantages over SmF including higher yield of products, simplicity of the 

machinery, easier in scaling up process, no foam builds up during fermentation process, 

lower of moisture content and lower of contamination risk. 

2.4 Agro wastes 

2.4.1 Oil palm empty fruit bunch (OPEFB) 

Malaysia is one of the largest palm oil producers in the world and the production of palm 

oil are increasing yearly. Crude Palm Oil (CPO) production in 2013 recorded an increase 

of 2.3% to 19.22 million tonnes against 18.79 million tonnes recorded in 2012 mainly due 

to the increase of new planted area in Sarawak (Economies & Industry Development 

Division, 2014). The accumulations lignocellulosic' solid wastes, namely of oil palm empty 

fruit bunch (OPEFB) is due to high production of crude palm oil. Ariffin et al. (2008) 

reported that OPEFB have high potential to become substrates for cellulase production as 
~ 

these OPEFB contain more than 50% of cellulose. Besides offers an alternative for a better 

utihzation, oil palm wastes used in the cellulase production by microbial under solid state 

bioconversion also achieving zero waste strategies at plantation (Alam et al., 2005). 
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2.4.2 Sago bampas 

In Sarawak, agro-residues from Metroxylon sagu commonly known as sago hampas are 

abundant with approximately 7 tons of sago hampas was produced daily from a single sago 

starch processing mill (Awg-Adeni et aI., 2010). Currently, the disposal of these residues 

into nearby streams leads to environmental pollution, therefore to prevent this problem 

sago ham pas are used as substrates for solid state fermentation. The content of starch and 

lignocellulosic materials make sago ham pas as a good choice to be used as substrates for 

SSF (Awg-Adeni et aI., 2010). The presence of carbon sources, nutrients and moisture in 

these wastes provide a suitable environment for the development of microorganisms, 

mainly fungal strains besides offer great possibilities for their reuse in solid-state 

fermentation (Mussatto et aI., 2012). 

2.4.3 Pineapple wastes 

Ananas comosus or commonly known as pineapple is a tropical plant that belong to family 

Bromeliaceae and genus Ananas (Daud et aI., 2014). These short tropical herbaceous 

plants have height and width of about 1-2 m. In Malaysia, about 15 thousand hectares of 

pineapple plantation area generated large quantities of cellulosic and non-cellulosic raw 

material during harvesting (Abdul Khalil et aI., 2006). Pineapple leaf fibres (PALF) are 

one of the waste products generated from pineapple plant cultivation. 

Conventionally, most ofthe residual waste produced due to pineapple cultivation is, 

discarded by farmers into nearby rivers, lakes and on roads thus posing serious 

~ 

environmental problems. However, these pineapple wastes are highly potent to be used for 

the production of various value-added products due to the presence of high amount of 

residual sugar, such as sucrose, glucose and fructose (Nurashikin et aI., 2013). Table 3 

outlines the chemical composition of the three different agro wastes. 

7 



Table 3: The chemical composition of different agro wastes 

Abdullah & Sulaiman 
(2013) 
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3.0 MATERIALS AND METHODS 


3.1 Preparation ofAspergillus flavus 

Aspergillus jlavus was obtained from Department of Molecular Biology, UNIMAS. The 

fungus was subcultured using Potato Dextrose Agar (PDA) with ampicillin (50 mg/lll) and 

maintained at room temperature for 6 days in order to allow sufficient spore formation. 

3.2 Preparation of substrates 

Oil palm empty fruit bunch (OPEFB), sago hampas and pineapple leaves were used as 

substrates. Firstly, the sago hampas and OPEFB were obtained from Molecular Genetics 

Laboratory and were already pre-treated by mechanically. The grinding has been applied 

to reduce cellulose crystallinity (Kumar et a/. , 2009). For the pineapple leaves, they were 

freshly obtained from pineapple farm in Kg Meranek, Kota Samarahan. The pineapple 

leaves were cleaned with running tap wat~r to remove all debris and were chopped into 

small pieces prior to grinding. Then, all of the three substrates were dried in an oven at 

60°C until constant weights were achieved. The existing moisture content for each 

substrate was calculated as shown in Appendix A. 

3.3 Solid State Fermentation (SSF) 

5 g of oil palm empty fruit bunch was placed in a 250 ml conical flask. Sterile distilled 

water was added to the substrate in order to obtain 70% of initial moisture content (refer 

Appendix B). Three plugs of A. jlavus were inoculated on the substrates and the conical 

flask was then covered with aluminium foil. The fla~k was incubated at 30°C for a period 

of 6 days. This process was repeated using other types of substrates which are sago 

hampas and pineapple leaves. Each of the substrates was done in duplicate . 
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3.4 Extraction of crude enzyme 

A volume of20 ml of 0.1 M sodium acetate (NaOAc) with pH 5.8 was added into conical 

flask containing the fermented substrate and culture. The mixture was shaken at room 

temperature at 120 rpm using shaker machine for 30 minutes. The homogenised culture 

from the flask was filtered using muslin cloth and the filtrate was directly centrifuged at 

6,000 rpm, 4°C in 20 minutes. The supernatant result from centrifugation was filtered 

through filter paper twice. The clear supernatant was subjected to enzyme assay. 

3.5 CeUulase enzyme assay 

The cellulase activity is determined by using the mixture inside the test tube containing 0.5 

ml O.IM citrate buffer pH 4.8,50 mg (1.0 x 6 cm) ofWhattman No. 1 filter paper and 0.5 

ml of crude enzyme. The mixture was then incubated for 1 hour at 50°C. After incubation 

1 ml of 3, 5- Oinitrosalicylic acid (ONS) reagent was added to stop the reaction. Then, the 

mixture was boiled for 15 minutes. After boiling, 1 ml of 40% (w/v) Rochelle salt solution 

(sodium potassium tartarate) was added into mixture to stabilize the colour reaction. After 

cooling to room temperature, the colour development of the mixture was read at 540 nm 

by using SP830 PLUS spectrometer (Metertech). The absorbance was measured against 

blank in which 0.5 ml of sodium acetate was added instead of enzyme. One unit of 

cellulase activity was defined as the amount of enzyme required to release 1 mg of 

reducing sugar per minute. A graph of absorbance at 540 nm versus glucose concentration 

for glucose standard was prepared (refer to Appendix D). 
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3.6 Optimisation of SSF parameters 

The effects of several parameters namely initial moisture content? temperature and 

incubation time on SSF were optimised to obtain optimum cellulase achvity. The details 

are mentioned in section 3.6.1 - 3.6.3 

3.6.1 Effect of incubation time on SSF 

The effect of incubation time on cellulase production was studied by setting the cultivation 

at different period of time: 96 hours (4 days), 114 hours (6 days), 192 hours (8 days) and 

240 hours (10 days) . The best range of incubation period where high production of 

cellulase occurs was identified. 

3.6.2 Effect of initial moisture content on SSF 

Initial moisture content of the substrate was adjusted to 65%, 70%, 75% and 80% (v/w) 

with sterile distilled water. 

3.6.3 Effect of temperature on SSF 

The effect of temperature was determined by incubating the fermentation at different 

temperature. In this study, the range of 25°C, 30°C, 35°C and 40°C temperature were used 

as incubation temperature for growth and enzyme production. 

3.7 Determination of enzyme activity 

Cellulase activity was determined by using formula of: 

Units (U) / ml 

(mg of glucose released) x (total assay volume) x (dilution factor) 

(volume of enzyme used) x (diameter ofcuvette) x (duration of incubation time) 

11 



4.0 RESULTS AND DISCUSSIONS 

4.1 Preparation ofAspergillus j1avus 

In this research study, Potato Dextrose Agar was chosen as media used for culturing 

Aspergillus flavus . PDA was chosen because the presence of dehydrated potato infusion 

and dextrose in these media were weB studied to encourage luxuriant fungal growth (Mac 

Faddin, 1985). The medium was supplemented with antibiotics to inhibit the cell wall 

synthesis of both grams positive and negative bacteria (Todar, 2012). After several days of 

culture, the morphology of the A. flavus was observed. The yellowish to greenish colour of 

A.flavus colonies were grown and spread all over the plate as illustrated in Figure 2. 

Figure '1':Aspergillusflavus grown on Potato Dextrose Agar (PDA) after 6 days 

4.2 Solid state fermentation and cellulase enzyme assay 
.f 

After certain incubation time, the growth of A. flavus was observed on each substrate. The 

growth and spore development are differing among the three substrate used. Figure 3 

shows the growth of fungi on EFB after 6 days of incubation time. 
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Figure 3: Growth ofA. flaws on EFB after 6 days 

DNS method was used to determine the reducing sugar that released during 

cellulase activity, where glucose was used as standard. The reduction of 3, 5

dinitrosalicyciic acid (DNS) into 3-amino-5-nitrosalicyclic acid changes the yellow colour 

of DNS reagent into brick red colours. Figure 4 shows the changes of yd low colour of 

DNS reagent added inside enzymes with different temperature of SSF. The higher the 

amount of glucose released, the darker the brick red colour produced. 

Figure 4: Changes ofDNS reagent colour 
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4.3 Optimisation of SSF parameters 

Enzyme activity of cellulase by A. jlavus across different types of substrates is presented in 

the graph. The result was presented as units per millilitre (U/ml). One unit of cellulase 

enzyme activity is defined as the amount of enzyme required to release 1 mg of reducing 

sugar per minute. The results of analyses for addressing the effect of different parameters 

on SSF were reported as follow. 

4.3.1 Effect of incubation time on SSF 

0.25 

0.2 

0.15 

Cellulase Activity 
(U/ml) 

0.1 

0.05 

o +-------,-------,--------,-------, 
2 4 6 8 10 12 

Incubation Time (days) 

Figure 5: The effect of different incubation time of different substrates on cellulase activity 

The growth and production of enzyme by fungus is greatly influenced by incubation time. 

The production of cellulase activity for different ~ubstrates used at different incubation 

time was shown in Figure 5. The highest cellulase production was achieved at 6th day of 

cultivation for EFB and sago hampas with the value of 0.016 U/ml and 0.209 U/ml 
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