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ABSTRACT 

Pectinase is well known for its utilisation in industries especially for food and beverages 
where it helps to enhance juice extract. This study emphasised on pectinase production by 
Aspergillus niger using three different substrates; rice husk, pineapple peel and banana peel 
under solid state fermentation . This study also focused on the effects of incubation period, 
initial moisture content and incubation temperature on the production of pectinase. The 
enzyme activity was determined by DNS method. The highest pectinase activity obtained from 
rice husk was at 6 days of incubation, 65% of initial moisture content and at temperature of 
35·C, while the highest enzyme activity from banana peel was at 4 days, 65% initial moisture 
content and at 35·C temperature. Pineapple peel yielded the highest enzyme activity which 
was at 0.481 Vlml at 6 days incubation period, 70% initial moisture content and at temperature 
of30·C. 

Key words: Aspergillus niger, solid state ferm~tation, pectinase, agro-wastes 

ABSTRAK 

Pektinase sangat dikenali penggunaannya dalam industri terutamanya industri makanan dan 
minuman di mana ia meningkatkan ekstrak jus. Kajian ini memberi penekanan kepada 
penghasilan pektinase daripada Aspergmus niger menggunakan tiga substrat yang berlainan 
iaitu sekam padi, kulit nanas dan kulit pisang melalui Jermentasi berkeadaan pepejal. Tiga 
parameter iaitu tempoh pengeraman, kandungan kelembapan awal dan suhu pengeraman 
lelah dikaji. Enzim yang dihasilkan melalui Jermentasi ditentukan aktivitinya melalui kaedah 
DNS. Aktiviti pektinase tertinggi daripada sekam padi adalah pada hari ke-6, kandungan 
kelembapan awal pada 65% dan pada suhu 35 °C, manakala aktiviti enzim paling tinggi 
daripada kulit pisang pada hari ke-4, kandungan kelembapan awal pada 65% dan pada suhu 
3rc. Aktiviti enzim paling tinggi didapati daripada kulit nanas dengan aktiviti enzim 0.481 
Ulml pada hari ke-6, manakala kandungan kelembapan awal adalah 70% dan suhu 30°e. 

Kala kunci: Aspergillus niger, Jermentasi berkeadaan pepejal, pektinase, sisa-sisa pertanian 
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1.0 INTRODUCTION 


Waste may be defined as unwanted materials which are discarded by many sources. It can be 

from municipal source, commercial source, industrial source and agricultural source. 

Agricultural waste is defined as waste that is generated by agricultural processes such as food 

manufacturing, animal rearing and plant crops (Ezijiorfor et aI., 2014). According to Ezijiorfor 

et aI., up to 30% of agricultural wastes are left behind in the farms without proper treatment. 

As these wastes are burnt or drained into the river, it contributes to environmental pollution. 

For the past century, there had been significant rise of awareness of pollution and the public 

urged the government and industry to solve this problem. Since then, there is demand for more 

environmental friendly processes to replace some traditional chemical processes (Hoondal et 

aI., 2002). The usage of agro wastes as substrates in enzyme production under solid state 

fermentation (SSF) has gained great interest among researchers as it may reduce agro waste 

disposal problem and hence indirectly reduces environment pollution. 

Solid state fermentation is generally defined as the growth of microorganism in 

absence or near absence of water. The advantages of using SSF are the low energy 

reqoirement, produce less waste water and solve the problem of solid waste disposal as the 

solid wastes are used as substrate in the fermentation (Pandey, 2003). These are the reasons 

SSF is commonly chosen over submerged fermentation (SmF). 

Different types of microorganisms such as bacteria and fungi produce different types 

of enzyme as each of them has different biological process. Fungi usually produce hydrolytic 



enzymes such as pectinase, cellulose and xylanase. Pectinases are enzymes with a wide range 

of applications in the food and beverages industries (Castilho et aI., 1999). 

Pectin supports plant cell wall by giving its rigid structure. It is most concentrated in 

the middle lamella of plant where it acts as cementing agent between adjacent cells 

(Thangaratham and Manimegalai, 2014). Enzyme pectinase functions to break down the 

glycosidic bonds between D-galacturonic acid monomers in pectin. Enzyme pectinase is 

widely used commercially in textile industry, food and beverages where it enhances juice 

extracts, and in paper making. 

In this project, Aspergillus niger was cultured on different agro waste substrates to 

produce pectinase under SSF. The substrates that were used in this project are rice husk, 

pineapple peel and banana peel. Three parameters tested to improve in pectinase yield from 

the e substrates which were incubation period, initial moisture content and incubation 

temperature. 

Specific objectives have been constructed in order to achieve the aim of the study. 

• To determine the best agro waste to be used as substrate for production of pectinase by 

A.niger. 

• To determine the SSF parameters for optimal pr9duction of pectinase by A.niger. 
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2.0 LITERATURE REVIEW 


2.1 Aspergillus niger 

Each organism produces different types of enzyme as the production of specific 

enzyme is based on the function of the enzyme to their system. Aspergillus niger 

itself can produce 19 different types of enzymes. Aspergillus niger, comes from 

Aspergillus genus and family of Trichocomaceae is known as black fungi. The 

conidiospore of A.niger is initially white then soon tum to black. The hyphae remain 

pale yellow. A.niger had been used in industry since 1919 where its ability to produce 

citric acid was discovered (Schuster et aI., 2002). A.niger is fast grow and usually 

grows on damp surfaces and soils. A.niger is able to grow on wide temperature range 

of 6 to 47 ·C and water activity for growth at 0.88 (Schuster et aI., 2002). This 

filamentous fungus is preferred as it is reported to produce high yield of pectinase and 

extracellular enzyme therefore high production of enzyme can be easily extracted 

from culture medium (Ibrahim et aI., 2013). Compare to other filamentous fungi, 

A.niger is not a main cause of allergy or infections. In fact, this fungus is among 

Generally Recognised as Safe (GRAS) microorganisms. There were medical cases 

reported but only in severe immunocompromised patients (Schuster et aI., 20 (2). 
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2.2 Solid State Fermentation 

According to Subramaniyam and Vimala (2012), fermentation is a biological conversion 

technique that breaks down complex substrates into simple compounds involving variety 

of microorganisms such as fungi and bacteria. Pandey (2003) stated that SSF is the 

growth of microorganism in almost or absolute absence of free water on solid substrate 

provided there is enough moisture to support the growth and metabolism of 

microorganism. SSF is categorised into natural SSF and pure culture SSF 

(individual/mixed) based on the microorganism used. The best example of natural SSF is 

composting of natural microflora. Meanwhile the Koji process with Aspergillus oryzae is 

an example of individual SSF. In mixed culture of SSF Chaetomium cellulolyticum and 

Candida utilis are used in conversion of agricultural residue into fungal biomass (Pandey, 

2003). The usage of SSF dated back in 1000 years ago where countries like Japan, China, 

Taiwan, Philippines and Indonesia have used this technique to produce foods such as 

tempeh, cheese by penicillium roqueforti and alcohol (Pandey, 2003). Types of 

microorganisms that are suitable to be cultured in SSF are fungi and yeast as these two 

microorganisms have low water activity factor, aw. Water activity is the amount of 

available free water in a sample for hydration of materials. Low water activity 

requirement also make fungi and yeast as dominant microorganisms as bacteria need 

higher water activity to live. Unlike SmF, SSF does not require free flow liquid substrate 

and high moisture content. SSF is advantageous as it has low energy requirement, produce 

less waste water and reduces solid waste disposal problem as the solid wastes are used as 

substrates in SSF (Pandey, 2003). The solid substrate does not only serve nutrients to the 

culture but also serves as anchorage for the culture (Ezij iorfor et aI., 2014). 
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2.3 Pectinase 

Pectinases is known as hydrolytic enzyme. It comprises a group of enzymes that break 

down substrates containing pectin. There are three types of pectinases; pectin esterase 

(PE), polygalacturonase (PG) and pectic lyase (PL) (Hoondal et aI., 2002). PE and PG 

act together to degrade pectin molecule, producing methanol as by product to PE action 

(Taragano & Pilosof, 1999). While PL work independently to depolymerise pectin by 8

elimination mechanism. Pectin is a complex polysaccharide commonly found in cell 

wall of plants and in the middle lamella. It gives plant its rigid structure and regulates 

the flow of water in the plant and is abundant in fruits and vegetables. Khan et aI., 

(2012) explained that enzyme pectinase helps to break down polygalacturonic acid into 

monogalacturonic acid by opening the glycosidic linkages in pectin. By breaking down 

the bond, it softens the cell wall thus enhance the juice extract from the fruits (Khan et 

aI., 2012). Currently pectinase is commonly used in industry as it is use to improve 

extraction of colouring and flavour in production of fruit and vegetable juices, 

clarification of wine, textile processing and in treatment of waste water where it 

metabolise pectic substrates present (Khan et aI. , 2012). Various types of microorganism 

can produce pectic enzymes but the most common used of microorganism in food 

industry is fungi. Table 2.1 shows example of various enzymes produced by different 
, 

microorganisms with diverse substrates. 
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Enzyme Organism Substrate Reference 
Glycoamylase Aspergillus sp. Tea waste, rice bran, 

wheat bran 
(Selvakumar et aI., 
1998) 
(Arasaratnam et aI., 

1997) 

Lipase Aspergillus niger, 
Candida rugosa, 

Penicillium 

restrictum. 

Gingelly oil cake, 
Coconut cake, 

babassu oil cake. 

(Kamini et aI., 1998) 
(Benjamin and 

Pandey 1997) 

(Gombert et aI., 

1999) 

CeUulases Bacillus sutilis, 
Aspergillus sp. 

Banana fruit stalk 
wastes, soybean 
meal. 

(Krishna 1999) 
(Gutierrez et aI., 

1999) 

Pectinases Talaromyces flavus, 
Aspergillus niger. 

. 
Citrus wastes, soy 
bran, wheat bran, 
apple pectin . 

(Crotti et aI., 1999) 
(Castilho et at , 2000) 

(Berovic and 

Ostroversnikj 1997) 

Inulinase Staphylococcus sp. or 
Kluyveromyces 
marxianus 

Wheat bran, rice 
bran, coconut oil 
cake, com flour. 

(Selvakumar and 
Pandey 1999) 

Xylanases 

.. 

Aspergillus tamari, 
Trichoderma 
longibrachiatum, 
Trichoderma reesei, 
A. niger, Bacillus sp . 

Com cob, wheat 
bran, sugarcane 
baggase, soymeal, 
wheat bran. 

(Ferreira et aI., 1999) 
(Gutierrez and 

Tengerdy 1998) 

I (Gessesse and Memo 

1999) 

Table 2.1. Example of microorganisms and substrates that are used to produce pectinase (Manpreet et aI. , 2005). 

I 

I 
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2.4 Agro Waste Substrates 

Ezejiofor et al. (2014) defined wastes as any unwanted materials that are produced as by

product of households, agricultural, industrial and other sources. However, there are many 

definitions of wastes. What is considered as waste by one person may not be a waste for 

another person. Therefore, a concept called recycle is developed. In this project, three 

different agro wastes were used as substrates in solid state fermentation (SSF). 

2.4.1 Rice Husk 

Rice husk is the outer layer of paddy grain which is separated from the grain during 

milling process. The husk contributes to 20% weight of the paddy. According to 

Santlaguel (2013), the post milling process of paddy comprises the burning or 

dumping rice husk on landfill. Rice husk may be use as fuel for boilers, electricity 

generation and bulking agent for animal manure composting (Ezejiofor et aI., 2014). 

In India, rice husk is used as a source to generate electricity in the rural areas of 

India. The components of rice husk include 50% of cellulose, 25-30% lignin and 15

20% ofsilica (Abu Bakar et aI., 2010). 

2.4.2 Pineapple peel 

Malaysia is one of the major pineapple (Ananas comosus) producing country in the 

world besides Philippines, Indonesia, Taiwan, Brazil and India. Pineapple peel 

contains abundant intercellular sugar. The cell wall that is derived from parenchyma 

cells consists of cellulose, pectic substances and hemicellulose. Pectin contributes 

about 5% of total components of pineapple cell wall (Tropea et aI., 2013). 
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2.4.3 Banana peel 

Banana is the second largest fruit production after citrus, contributing about 

16% to world's total fruit production, as reported by Mohapatra et aI., (2010). 

Banana is popular for its aroma, texture and rich in potassium and calcium. The 

peel of this fruit comprises vitamins, pectin and lignin (Mohapatra et aI., 2010). 

During ripening process of banana, the insoluble protopectin is converted to 

soluble pectin and results in loosening of cell and wall and texture, which 

makes the fruit soft. Table 2.2 shows the composition components of banana 

peel. The abundancy of pectin in banana peel making it as a suitable substrate 

for this project. 

Table 2.2. Composition of banana peel. Pectin as one of the major constituent of the cell wall. 

Composition of banana peel 

lignin 6-12% 

pectin 10-21% 

cellulose 7.6-9.6% 

bemicelluloses 6.4-9.4% 
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3.0 MATERIALS AND METHODS 


3.1 Culture of Aspergillus Niger 

The microorganism used for this project, A.niger was obtained from Molecular 

Genetic Lab and was sub cultured on Potato Dextrose Agar (PDA) media with 50 

mg/ml of ampicilin. 

Figure 3.1. Aspergillus niger on 0 day of culture. No sporulation at this stage. 
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3.2 Substrates Preparation 

Rice husk obtained from Molecular Genetic Lab had been mechanically pretreated. 

Pineapple peel was obtained from pineapple plantation at Kg. Meranek, Kota Samarahan. 

Meanwhile banana peel was obtained from Desa I1mu, Kota Samarahan. Pineapple peels 

and banana peels were washed with tap water then dried under the sun. After that, the 

substrates were dried at 70°C to remove the remaining water content. Then, substrates 

were ground into fine size. Existing moisture content of rice husk, pineapple peel and 

banana peel were detennined. These three substrates were dried 60°C until constant 

weight was gained. The fonnula and example of calculation are shown as in Appendix A. 

3.3 Solid State Fermentation 

Solid state fennentations were carried out in a 250 ml conical flask. 5 g of rice husk was 

placed in the flask. Then, sterile distilled water was added into the flask to achieve 70% of 

initial moisture content of the substrate (refer to Appendix B for calculation). Three plugs 

of fungi A. niger were inoculated on the rice husk. The flask was then incubated at 30°C 

for 6 days. The experiments were perfonned in duplicate. The same procedure was 

repeated with pineapple peel and banana peel. Optimisations were carried out with 

different parameters which were incubation period, moisture content and incubation 

temperature. ~e control was set at 30°C, 70% initial moisture content and 6 days of 

incubation period. 
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3.4 Optimisation of pectinase production 

3.4.1 Effect of incubation period on pectinase production 

The effect of incubation period on pectinase production was detennined by 

incubating the flask and its content with different period of time. The crudes of 

enzyme were harvested at intervals of 2 days (48 hours), 4 days (96 hours), 6 days 

(144 hours) and 8 days (192 hours). 

3.4.2. Effect of initial moisture content on pectinase production 

The effect of initial moisture content on pectinase production was tested with 

different initial moisture content of substrate; 60%, 65%, 70%, and 75%. 

3.4.3 Effect of incubation temperature on pectinase production 

Pectin production was also analysed with different temperatures range. The 

incubation temperature was evaluated at 30·C, 35·C, 40·C and 45·C. 

3.5 Extraction of enzyme 

After incubation time, the enzyme was harvested before enzyme assay was carried out. 

The harvested material was mixed with 20 ml of sodium acetate buffer (pH 5.8, l.OM) 

and was shaken on a rotary shaker with 120 rpm for 30 minutes. Then, the harvested 

material was filtered using muslin cloth before centrifuging at 6 000 rpm speed, at 4·C for 

20 minutes. Lastly, the harvested material was filtered with filter paper twice. The 

filtrated was used as source of pectinase in enzyme assay. 
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3.6 Pectinase Assay 

Pectinase assay was carried out using modified Dinitrosalicylic acid (DNS) method 

(Ibrahim et ai., 2013). The reaction mixture containing 0.1 ml of crude enzyme was mixed 

with 0.4 ml of 0.5% citrus pectin prepared in buffer solution. The reaction solution then 

incubated for 30 minutes at 40·C. After that, 0.5 ml of DNS was added to stop the 

reaction and the mixture was boiled for 15 minutes immediately. The colour change of 

DNS from yellow to brick red is because the reduction reaction from 3,5-Dinitrosalicylic 

acid to 3-amino-5-Dintriosalicylic. Afterward, 0.25 ml of 40% (w/v) Sodium Potassium 

Tartarate (Rochelle salt) was added into the mixture. Rochelle salt helps to stabilise the 

colour of the mixture. Lastly, absorbance of the mixture was measured at 575 om against 

blank. Preparation of the blank is the same as sample but the crude enzyme was 

substituted with buffer. One unit of pectinase activity (U) was defined as the amount of 

enzyme which released 1 milimol of gakicturonic acid per minute. A standard graph of 

absorbance versus galacturonic acid concentration was plotted to calculate the enzyme 

concentration. The standard graph can be referred to Appendix C and the enzyme activity 

calculation is shown in Appendix D. 
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4.0 RESULTS AND DISCUSSIONS 

4.1 Culture ofAspergillus niger 

Figure 4. I. A. niger at day 6 of culture. 

PDA was chosen as it contained dehydrated potato infusion and dextrose that acts as 

nutrient source for the fungi growth (Potato Dextrose Agar, 2011). 50 mglJ.11 of ampicillin 

was added into the agar to inhibit growth of bacteria as it inhibits the synthesis of bacterial 
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cell wall (Jena and Samal, 20 II). The hyphae are white during the day I to 3 then slowly 

turns to black. 

4.2 Optimisation of pectinase production 

In identifying optimum pectinase production, three SSF parameters were observed; 

incubation period, initial moisture content and incubation temperature. No additional 

nutrient source was added as this study emphasises on the substrates as a sole nutrient 

source. 

4.2.1 Effect of incubation period on pectinase production 

There were five different incubation periods tested for pectinase production for 

three types of substrates. There were 2 days, 4 days, 6 days and 8 days. 

0.6 

-
0.5 I 

0.411 

0.481 ~Ricehusk 

_ Pineapple peel 

E3' 0.4 1=~~~~~~~~----------~~------. ...-Banana peel 

:t.> 
ti 0.3 
< 
91 
III 

~ 0.2 
CII 
0. 

o ~------------~------------.-------------, 

2 4 6 8 

Incubation Period (days) 

Figure 4.2.1. Graph showing pectinase activity on various incubation periods of A. niger on three 
different substrates; rice husk, pineapple peel and banana peel. 
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