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ABSTRACT 

Pineapple waste was an agricultural waste that used as substrate for the production of pectinase via 

fermentation. This project was aimed to produce and determine the optimum condition for pectinase 

production by Aspergillus versicolor A6 under different types of fermentation system; solid substrate 

fermentation (SSF) and submerged fermentation (SmF). Four parameters were being studied; time of 

incubation, temperature, pH and size of inoculums. In this study, the optimum condition for pectinase 

production of solid substrate fermentation was recorded at day 4 (96 hours) of time of incubations, 30°C of 

temperature, pH 5.5, addition of CaCl2  in the medium and inoculated with 10
8
 spore suspension/ml. The 

optimum condition for submerged fermentation was the same as the solid substrate fermentation but different 

on optimal time of incubations which was recorded the highest at day 2 (48 hours). The enzyme was 

extracted and assayed by using DNS method in order to determine the total amount of reducing sugar 

produced.  

Key words: Pectinase, Aspergillus versicolor A6, Solid Substrate Fermentation (SSF), Submerged 

Fermentation (SmF) 

ABSTRAK 

Sisa nenas merupakan salah satu sisa pertanian yang digunakan sebagai substrat untuk penghasilan enzim 

pektin melalui proses fermentasi. Projek ini bertujuan untuk menghasilkan dan menentukan keadaan yang 

optimum bagi penghasilan enzim pektin oleh Aspergillus versicolor A6 dibawah sistem fermentasi yang 

berbeza iaitu fermentasi pepejal substrat dan fermentasi separa pepejal. Empat parameter telah dikaji iaitu 

tempoh eraman, pH, suhu dan saiz spora. Dalam kajian ini, keadaan yang optimum bagi penhgasilan enzim 

pectin untuk kaedah fermentasi pepjal substrat adalah tempoh pengeraman pada hari yang ke-4(96 

jam),suhu setinggi 30°C,  pH 5.5 penambahan CaCl2 di dalam media dan 10
8
 inokula spora dalam 1 ml. 

Keadaan optimum bagi kaedah fermentasi separa pepejal pula adalah sama dengan kaedah fermentasi 

pepejal substart tetapi bagi fermentasi separa tenggelam, tempoh pengeraman yang optimum adalah pada 

hari yang ke-2(48 jam) . Enzim ini diekstrak dan dianalisa menggunakan ujian DNS untuk mementukan 

jumlah gula penurun. 

Kata kunci : Enzim pektin, Aspergillus versicolor A6, fermentasi pepejal substrat, fermentasi separa pepejal 
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1.0 INTRODUCTION 

 

Pineapple (Ananas cosmosus) is herbaceous short-lived perennial plants which grow to 

0.75 to 1.5 meters (2.5-5 feet) high with a spread of 0.9 to 1.2 meters (3-4 feet). It is 

essentially short, stout stem with a rosette of waxy, strapelike leaves; long-pointed leaves 

about 50 to 180 centimeters in length. Usually it has needle tipped and generally bearing 

sharp, upcurved spine on the margin. This plant only produces one fruit at a time and then 

dies. Pineapple is one of the main crop plants in Malaysia that help in the development of 

country’s socio-economic. 

 

  At present, agro-industrial waste and by-product such as orange bagasse (Martin et 

al., 2000), sugar cane bagasse (Silva et al., 2002), cashew, banana, pineapple, grape 

(Venkatesh et al., 2009) and other food processing waste (Zheng et al., 2000) and are use 

as effective substrate for enzyme production through fermentation process. Two type of 

fermentation process that recently used for enzyme production are either solid substrate 

fermentation (SSF) or submerged fermentation (SmF). Through this fermentation, several 

enzymes can be produce depending on the organism used. Fungi and bacteria are the most 

organisms studied that capable of producing enzyme. According to Krishna (2005), 

filamentous fungi are preferred in either SSF or SmF for cellulose production.  

 

Recently, from most research done, Aspergillus niger are filamentous fungi that 

reported to produce pectinase (Favela-Tores et al. 2006; Vieira Costa et al., 2007; Gamarra 

et al., 2010). Pectinase are enzyme that hydrolyzed pectin structure. Pectinase also have 

great commercial value since it is widely used in many industrial application including 

pulp and paper, juice extraction and textile industry. In this study, Aspergillus versicolor 
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A6 will be used as inocula for pectinase production. Not much research being reported on 

the use of Aspergillus versicolor A6 for the production of pectinase but research done by 

group at Unimas reported that the fungus is capable of producing pectinase (personal 

communication, Husaini, 2010).  

 

The main objectives of this research project are to study the optimal condition in 

different type of fermentation which is solid state fermentation and submerged 

fermentation for pectinase production. The fermentations are carried out by using 

Aspergillus versicolor A6 as inucola and pineapple waste as substrate. Four parameters are 

being study; time of incubation, temperature, pH, size of inoculums, which are factors that 

affect pectinase production through fermentation. In order to achieve this aim, the specific 

objectives are:  

 

1) to discover the effectiveness of pineapple as substrate and Aspergillus versicolor 

A6 as inocula for pectinase production. 

2) to identify the optimum condition of fermentation for both the SSF and SmF. 

3) to determine enzymatic activity of pectinase produced from both SSF and SmF by 

Aspergillus versicolor A6. 
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2.0 LITERATURE REVIEW 

2.1 Aspergillus versicolor 

 

Aspergillus species are group of mold which ubiquitous in the nature environment (Baker, 

2006). This molds also known as filamentous fungi. These filamentous funguses are also a 

saprophytic, aerobic fungus that develops on dead or decaying organic matter. More than 

100 species of Aspergillus have been identified; several of them are A. niger,A. oryzae,A. 

versicolor and A. flavus. Most filamentous fungi are growing aerobically on organic 

matter. Based on U.S. Environmental Protection Agency, Aspergillus is widely distributed 

geographically, and also has been observed in a broad range of habitats. The growth of 

these fungi is depending on the influence of temperature, water activity and pH. According 

to Molitoris (2000), filamentous fungi have better growth at low water activities compared 

to yeasts and bacteria. Thus, make filamentous fungi preferred used in fermentation 

process compared to other microorganism. 

 

 Aspergillus versicolor is a widespread fungus and commonly found in soil, cheese, 

and is also commonly found in indoor environment. The colonies of Aspergillus versicolor, 

as the name implies, may be various colors, varying from yellow, pink to greenish shades 

(Masayuki and Katsuya, 2010). This fungus growth slowly, produces both metulae and 

phialidies from small vesicles (approximately 9-16µm in diameter) and green conidia. The 

hyphae are hyaline and septate. Besides, Aspergillus versicolor’s conidial heads are 

biseriate and loosely radiate, the conidia measure 2.5-3 µm in diameter are globose and 

may be fine to distinctly roughened (Figure 2.1).  This fungus also remarkable for wide 

range of mycelia and reverse pigmentation re are incubated for may be produced if cultures 

are incubated for 14 days or so (John and Ailsa, 2009). In addition, Aspergillus versicolor 
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can produce the mycotoxin sterigmatocystin and related compounds (Engelhart et al., 

2002, Jussila et al., 2002, Samson et al., 2004) 

  

 

Figure 2.1: Microscopic morphology of Aspergillus versicolor: image showed biseriate fruiting heads.  

  Image retrieved from http://www.doctorfungus.org/imageban/index_enlarge.pl 

 

 

2.2 Pectinase 

 

Pectinase is a pectinolytic enzyme that catalyzing the hydrolysis of pectin into sugar while 

according to Reid and Recard (2000), pectinase function in catalyzing the hydrolysis of 

glycosidic bonds in the pectic polymers. Pectic substances are complex high molecular 

mass glycosidic macromolecules which found abundantly in the middle lamella and 

primary cell walls (Alkorta et al., 1998; Pedrolli et al., 2009). Pectic substances are 

commonly found in fruits and vegetables, for examples are in turnips, peels of orange and 

in pulps of lemon, tomato and pineapple), thus they form important natural substrates for 
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pectinase. In short, they are responsible for the cohesion of plant tissues and structural 

integrity. 

 

Bayoumi et al., (2008), reported that there are three types of pectinase or 

pectinolytic enzyme. They are polygalacturonase, pectin esterase and pectate lyase. These 

pectinolytic enzymes are classified basis on their action of attacking on the galacturonan 

part of the pectin molecule (Martin et al., 2004; Viera Costa et al., 2007). According to 

Pedrolli et al., (2009), pectinase catalyze the pectic substance degradation through 

depolymerization (hydrolases and lyases) and deesterification (esterase) reaction (Figure 

2.2). Polygalacturonase (PG) and pectate lyase (PL) have a combination of action in order 

to split the molecular chains of respective polymers while the pectin esterase acts in 

hydrolyzing the methyl esters of galacturonide chain (Kasyap et al., 2001).  

 

Pectinases are enzyme that has great commercial importance for various industrial 

applications. In biotechnology application pectinases are widely being used in fruit juice 

extraction, coffee and tea fermentation, oil extraction, improvement of chromaticity and 

stability of red wines, paper and pulp industries, textile and also waste-water treatment 

(Reid and Ricard, 2000; Jayani et al., 2005). Production of pectinase has been reported 

from fungi (Favela-Tores et al., 2006), bacteria (Beg et al., 2000) and yeast (Debing et al., 

2005). 
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Figure 2.2: Action mode of pectinase, the arrow indicates the place where the pectinase react with the pectic 

substances: (a) R= H for polygalacturonase (PG) and CH3 for polymethylgacturonase (PMG); (b) Pectin 

esterase (PE); and (c) R=H for pectated lyase (PGL) and CH3 for pectin lyase (PL) (Pedrolli et al., 2009).  
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2.3 Types of fermentation 

 

Solid substrate fermentation (SSF) is defined as a process that occupy the growth of 

microorganism on moist solid substrates, in addition can be the carbon and energy sources. 

The fermentation takes place in the absence or near absence of free water flowing, 

consequently being closed to the natural environment to which microorganism adapted 

(Pandey et al., 2000 and Gabiatti et al., 2006). Besides, submerged fermentation (SmF) is a 

process of growth of microorganism in a liquid medium. Many investigations have been 

carried out in both processes for pectinase production (Blandino et al., 2002). 

 

 Production of enzyme in submerged fermentation has been long established over 

past of century compared to solid state fermentation. There are some advantageous by 

using of this fermentation. This system is easier to engineer by researchers because of the 

ease of process control and sterilization. In addition, the enzyme produce can be 

constitutive or inducible and showing different production patterns, depending on the strain 

and the culture conditions (Vidyalakshmi et al., 2009). However, SSF process posses 

several advantages over SmF process, even though this process present only at laboratory 

level (Noe Aguilar et al., 2008; Vidyalakshmi et al., 2009). This is also supported by Wang 

and Chen (2009), which stated that the surface adhesion-based culture are productive than 

SmF. Several advantageous of SSF are higher fermentation productivity, higher end-

concentration of products and stability, lower catabolic repression, cultivation of 

microorganism specifically for insoluble substrate and also lower demand on sterility due 

to low water activity used (Holker et al., 2004).  
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 Filamentous fungi are the class of microorganisms preferred for enzyme production 

in both fermentations. Among the filamentous fungi preferred choice for fermentation are 

Phycomycetes (Mucor and Rhizopus), Ascomycetes (Aspergillus and Penicillium) and 

Basidiomycetes (white-rot fungi). There are few factors that being considered in selecting 

the substrates for fermentation process. They are mainly related with cost and availability, 

and therefore the selection of suitable substrate in fermentation is important for enzyme 

production. According to Ellaiah (2002), agro-industrial waste is the generally considered 

the best substrate for enzyme production, for examples are groundnut shells, rice husk, 

sugar cane bagasse, grape waste and coconut shell. 
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2.4 Agricultural waste 

 

In Malaysia, pineapple has been planted since 1921 in accordance with the development of 

rubber planting in this country.  Malaysia is one of the main pineapple-producing countries 

of the world apart from Thailand, Philippines, Indonesia, Hawaii, Ivory Coast, Kenya, 

Brazil, Taiwan, Australia, India and South Africa. Based on statistic published by 

Malaysian Pineapple Industry Board, Malaysia produce 69,607 ton metric at 2007 and it 

increase up to 156,111 ton metric at 2008. This industry also plays important role in the 

country’s socio-economic development. The increasing of pineapple production can be the 

indication in the increase of the pineapple agricultural waste in this country. 

 

 Plant biomass is being researched as one of the desirable alternative raw material 

because it is readily renewable and abundant sources. Production of enzyme from agro-

industrial waste can be important because they contain large amount of cellulose, 

hemicelluloses and pectin, which act as inducers for the production of cellulose, 

hemicelluloses and pectin respectively (Patil and Dayanand, 2006). The use of plant 

biomass, agro-industrial waste or by-product as substrates for the cultivation had offered 

some advantages. Singh et al (2009) reported that the use of agro-industrial residues as 

substrates is intended to decrease the cost of enzyme production and also increase the 

awareness on energy recycling and conservation. 
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3.0 MATERIALS AND METHODS 

3.1 Preparation of media 

In this experiment, Malt Extract Agar (MEA) media was used to culture Aspergillus 

versicolor A6. Approximately, 24 grams of Malt Extract powder was suspended into 500 

ml of distilled water. Then, the medium was stirred until completely dissolved and undergo 

sterilization by autoclaving at for 20 minutes at 121°C. After that, the medium was cooled 

to ambient before poured into petri dishes. The media was then stored at 4°C for further 

used.  

 

3.2 Preparation of Aspergillus versicolor A6 

The stock cultures of Aspergillus versicolor A6 were obtained from Master student, Frazer 

Midot from UNIMAS fungi collection at Molecular Genetic Laboratory. The cultures were 

grown and maintained on Malt Extract Agar media (MEA) at 28°C for 7 days in order to 

allow sufficient spore formation. The cultures then were subcultured into fresh plates. 

 

3.3 Preparation of spore suspension 

The petri dishes’ containing matured spores (7 days) was added with 5 ml distilled water. 

All of the spores were carefully scrapped out using sterilize spatula (Rangarajan et al, 

2010). Thus, resulting spore suspension (approximately 10
7
 spores/ml) was transferred in 

to a sterilized screw cap test tube. These procedures were carried out aseptically under 

laminar flow. The spore suspensions then were stored at 4°C for further use. The spores 

were counted by using microscopic under Neubauer chamber. 
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3.4 Preparation of substrate 

Pineapple peels and sugarcane baggase were used as substrate for solid state fermentation 

while for submerged fermentation only pineapple peels were used as substrate. The 

pineapple peels were cut into small pieces, washed with tap water and followed by distilled 

water before squeezed through clothes and drained. Pineapple peels was used as the main 

sources of pectin for pectinase production. Sugarcane bagasse was prepared by washing 

with tap water and followed by distilled water. The sugarcane baggase were boiled for 1 

hour and then squeezed using clothes. Then, the sugarcane bagasse was boiled again for 

another 1 hour to remove any remaining sugar residues. Sugarcane bagasse was used as 

inert support for solid state fermentation. Both materials were dried in the oven at 60°C for 

72 hours (3 days) until completely dried to a constant weight (Silva et al., 2002; Martin et 

al., 2004). They were then ground into powder form and stored in tight container for use as 

substrate. 

 

3.5 Fermentation system 

Two types of fermentation; solid substrate fermentation (SSF) and submerged fermentation 

(SmF) were used for comparing pectinase production by using Aspergilus versicolor A6 

and pineapple as carbon sources. 

 

3.5.1 Solid Substrate Fermentation (SSF)  

Solid substrate fermentation was carried out in a 100 ml Erlenmeyer flask containing 5 g 

pineapple as sole carbon and 1 g sugarcane baggase as inert support. According to Natalia 

et al, 2004, the final moisture content of the medium was adjusted to approximately 67%. 
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Both substrates were sterilized at 120°C for 10 minutes. After sterilization, the 

fermentation was inoculated with 1 ml of spore suspension obtained from 7 days 

Aspergillus versicolor A6 culture on MEA. The fermentation was performed at static 

condition at room temperature. Crude enzyme extraction was carried out by addition of 36 

ml of sterile distilled water (5 g fermented material/ml) and stirred for 40 minutes at 130 

rpm on a rotary shaker. The fermentation mixtures then were filtrered through cheesecloth 

and subsequently centrifuged at 6000 rpm for 15 minutes. The supernatant was collected 

and used as crude enzyme.  

 

3.5.2 Submerged Fermentation (SmF) 

Submerged fermentation was carried out using 100 ml Erlenmeyer flask containing 5 g 

pineapple as substrate in 50 ml of distilled water. The fermentation medium was then 

autoclaved at 121°C for 20 minutes. After sterilization, 1 ml of spore suspension was 

inoculated. This fermentation was carried out on rotary shaker at 130 rpm (Khairnar et al., 

2009). As for crude enzyme extraction, the fermented materials were directly filtered 

through cheesecloth and subsequently centrifuged at 6000 rpm for 15 minutes. The 

supernatant was collected and used as crude enzyme (Sandhya et al., 2004).  

 

3.6 Pectinase enzyme activity measurement 

Based on Martin et al, 2004, polygalacturonase activity was determined by measuring the 

releasing sugar group from citrus pectin using 3, 5-dinitrosalicylic acid (DNS) reagent 

assay. The reaction mixture contained 0.2 ml of crude enzyme and 0.8 ml of 0.5% (w/v) 

citrus pectin in 0.2M sodium acetate buffer. All of the reaction was carried out in screw 
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capped test tube. The mixture was then incubated for 30 minutes at 40°C. After incubation, 

1 ml of DNS reagent was added and mixed well. Then, the mixture was boiled for 15 

minutes. After boiling, 1 ml of 40% (w/v) Rochelle salt (sodium potassium tartarate) was 

added to stabilize the color reaction. The reaction mixture was measured at absorbance of 

575 nm against blank. The blank preparation was the same as the mixture but the crude 

enzyme used was boiled first. One unit of pectinase activity (U) was defined as the amount 

of enzyme which released 1 µmol of galacturonic acid per minute. A graph of absorbance 

at 575 nm versus galacturonic acid concentration for galacturonic acid standards was 

preapared (Appendix A). 

 

3.7 Optimization of pectinase production via Solid Substrate Fermentation (SSF) 

and Submerged Fermentation (SmF) 

 

3.7.1 Effect of time of incubation on SSF and SmF 

The effect of time of incubation on both SSF and SmF was determined by incubating the 

fermentation at different period of time (Patil and Dayanand, 2006). The crude enzyme 

were collected at an intervals of 2 days; day 2 (48 hours), day 4 (96 hours), day 6 (144 

hours) and day 8 (192 hours). The fermentation experiments and enzyme assay were 

performed using methods as described in Sections 3.5.1, 3.5.2 and 3.6. 
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3.7.2 Effect of temperature on SSF and SmF 

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

temperature. In this study, 30°C, 40°C, 50°C and 60°C were the range of temperature that 

were used as incubation temperature for growth and enzyme production. In all 

experiments, 30°C was used as control. The fermentation experiments and enzyme assay 

were performed as described in Section 3.5.1, 3.5.2 and 3.6. 

 

3.7.3 Effect of pH on SSF and SmF 

The effect of pH on SSF and SmF for pectinase prodcution was determined by using 

different pH on the fermentation medium. Mineral solution was used as medium which 

consisted of 0.1% (w/v) NH4NO3, 0.1% (w/v) MgSO4.7H2O and 0.1% (w/v) NH4H2PO4 

(Silva et al, 2005). The pH of this mineral solution was adjusted to different value; 3.5, 4.5, 

5.5, 6.5 and 7.5. For SSF, 10 ml of this solution was added for the fermentation, whereas 

for SmF, 50 ml of distilled water was replaced with 50 ml of mineral solution. The 

fermentation experiments and assay were performed as described in Section 3.5.1, 3.5.2 

and 3.6. 

 

3.7.4 Effect of size of inoculums on SSF and SmF 

The effect on size of inoculums was determined by inoculating SSF and SmF with 

different range size of spore suspension. The range size of 10
4
, 10

5
, 10

6
, 10

7
 and 10

8
 

spores/ml were used in this study (Maria and Michael, 2006). The fermentation 

experiments and assay were performed as described in Section 3.5.1, 3.5.2 and 3.6. 
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3.7.5 Effect of metal ions on SSF and Smf 

The effect of different metal ions on pectinase production by Aspergillus versicolor A6 in 

SSF and SmF was studied (Joshi et al., 2006). Four types of salt that has been used for this 

study were MgSO4, NaCl2, CaCl2 and FeCl3. The tested salts were added to the mineral salt 

solution that used as medium in the fermentation system at concentration of 0.02% (w/v). 

The fermentation experiments and assay were performed as described in Section 3.5.1, 

3.5.2 and 3.6. 
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4.0 RESULTS AND DISCUSSIONS 

4.1 Preparation of Aspergillus versicolor A6 culture 

In this research sturdy, Malt Extract Agar was chosen media used for culturing Aspergillus 

versicolor A6. MEA was chosen because of the present of carbohydrates in these media 

were well studied to support the growth of fungi. MEA media consisting of maltose as 

sources of energy, Dextrin, a polysaccharide which derived from starch and glycerol were 

present as carbon sources and also peptone which act as nitrogen sources. Throughout the 

culturing, aseptic technique was necessarily take part and strictly applied in order to avoid 

any contamination. It was important to take note that overheating MEA might result a 

softer agar gel and increased darkening the medium. Thus, this contributes to the difficulty 

during sub culturing. The culture of Aspergillus versicolor A6 require a week to grow as 

showed in Figure 4.1. 

 

 

Figure 4.1:  7 days growth of Aspergillus versicolor A6 on Extract Agar (MEA).  


