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Isolation and characterization of amylolignocellulolytic fungi from sago industrial 
waste 

SITl NUR HIDAYAH BT BUJANG 

Resources Science and Technology 

Faculty of Resource Science and Technology 


University Malaysia Sarawak 


Abstract 

Total five fungi isolates were found from sago industrial waste. Screening of the fungal isolates was done by 

starch agar plate, RBBR dye decolourization and CMC-Congo Red method. One of the isolate was negative 

for amylase activity and all four isolates were positive for cellulase activity. Only two isolates were positive 

for ligninase activity and overall screening results showed only two isolates were positive for all three 

enzymes. Molecular characterization was done and PCR product size between 600-750bp was obtained when 

amplified with ITS primers. Isolate that was positive for amylolignocellulolytic identified as Tinctoporellus 

sp. Solid State Fermentation (SSF) using sago waste as a substrate was done to analyze enzyme activity. 

Enzyme activity for amylase, cellulase, lignin peroxidase, manganese peroxidase and laccase were 2.457 

!lmol/min, 19.575 Jlmol/min, 13.352 !lmol/min, 2.955 !lmol/min and 23.233 Jlmol/min respectively. 

Key words: Amylolignocellulolytic fungi, solid state fermentation, sago waste. 

Abstrak 

Lima jenis kulat telah berjaya dipencilkan daripada sisa sagu. Proses mengenalpasti kula! 

amilolignoselulolitik lelah dilakukan dengan kaedah penggunaan substrat spesijik kanji, penyahwarnaan 

RBBR dan karboksimetilselulosa (CMC)-Congo red Salah satu daripada kulat tersebut menunjukkan ciri 

negatif kepada aktiviti amilase dan keempat-empat kulat yang lain menunjukkan ciri positif kepada aktiviti 

selulase. Hanya dua kulat positif kepada pengenalpastian aktiviti ligninase dan pada keseluruhannya, hanya 

dua kulat menghasilkan ketiga-tiga enzim. Pencirian dari segi biologi molekul telah dilakukan dan saiz 

produk PCR di antara 600-750bp diperolehi menggunakan primer ITS. Kulat amilolignoselulolitik 

dikenalpasti sebagai salah satu daripada spesis Tinctoporellus sp. Fermentasi substrat pepejal berskala 

makmal dilakukan untuk mengkaji aktiviti enzim. Aktiviti enzim untuk amilase, selu/ase. lignin peroksidase, 

manganese peroksidase dan laccase ia/ah 2.457 pmollmin, 19.575 plnollmin, 4.634 plnollmin, 10.915 

pJnollmin dan 67.371 pmollmin. 

Kata Kunci: Kulat amilolignoselulolitik, penapaian substrat pepejal, sisa sagu. 
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1.0 Introduction 

Microorganism plays a very important role in degrading biomass such as cellulose, lignin 

and amylose. New potential of using microorganisms as biotechnological sources of 

industrially relevant enzymes in recent years has stimulated renewed interest in the 

exploration of extracellular enzymatic activity in several microorganisms (Buzzini and 

Martini, 2002). Fungi that contained the degrading enzymes for these particles are called 

amylolignocellulolytic fungi. In many fungi, amylolignocellulolytic fungi are the type of 

fungi that are capable of producing enzymes which are ligninases, amylases and cellulases. 

These three enzymes functions in a variety of industries including biomass 

conversion into biofuel. Biofuel here included biodiesel. Because of the crystalline and 

complex structure of lignocellulose, it requires an enzyme that is capable of breaking it 

effectively. This enzyme will degrade cellulose in order to convert it into a sugar/starch. 

These fungi can be obtained from sago waste. Sago waste can be divided into three 

components which are sago waste, sago bark and sago pith (hampa.'}). 

Bioconversion of lignocellulosic residues is widely known nowadays. It is initiated 

primarily by microorganisms such as fungi and bacteria which are capable of degrading 

amylolignocellulolytic materials. Future prospect lignocellulolytic enzymes required for 

efficient bioconversion of lignocellulosic residues to fermentable sugars and also biofuel as 

mentioned before. The widely known examples of fungi isolates used in the bioconversion 

oflignocellulolytic residues are Trichoderma reesei and Aspergillus niger. 
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Few experiments will be conducted to determine the potential of these fungi in their 

biochemical reaction. Having a great potential in bioconversion, further research for 

amylolignocellulolytic fungi should be done. 

The aims of this research are: 

I. 	 To screen and isolate the amylolignocellulolytic fungi from the sago waste (sago 

effluent). 

ii. 	 To characterize of these fungi for further use and application in the biodegradation 

of sago waste 

Ill. 	 To perform solid sate fermentation of sago waste by the locally isolated fungi and 

characterize the enzyme produced. 

2.0 Literature review 

2.1 	Fungi 

There are over 100,000 species of fungi. Fungi is a plant-like organism that is lack of 

chlorophyll and because of that; they must absorb food from other organism. Fungi are the 

main organisms responsible for the degradation of biopolymers such as lignin, cellulose, 

hemicelluloses, and chitin in forest ecosystems. New potential of using microorganisms as 

biotechnological sources of industrially relevant enzymes has stimulated renewed interest 

in the exploration of extracellular enzymatic activity in several microorganisms (Bilinski 

and Stewart, 1990; Akpan et al., 1999b ; Buzzini and Martini, 2002). In addition, they 

provide essential ecosystem services, such as decomposing organic matter, nutrient 

cycling, and in the case of mycorrhizal species, also nutrient transfer to plants (Dighton et 

al., 2005). 
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2.2 Sago 

Sago is the powdery starch made from the processed pith found inside the trunk of the sago 

palm, A1etroxylon sagu. There are a lot of sago species and one of it is Metroxylan spp. The 

sago waste that was obtained for this project is from this species. },;/etroxyion spp. is one 

can tolerate wet growing conditions, including peat swamps. The sago industry in Malaysia 

especially in Sarawak is well established and has become one of the important industries 

for the country. Sago hampas is the sago waste that can be obtained nearby sago 

processing factory. Hampas, which contains large amounts of trapped starch granules, has 

been studied by Rifat et ai. (2003) for its utilisation by amylolytic and cellulolytic fungi. 

2.3 Amylolignocellulolytic fungi 

Amylolignocellulolytic fungi are fungi that are able to produce degrading enzymes. 

This enzyme is responsible for the degradation of three elements which are cellulose, 

amylose and lignin. Many microorganisms including fungi and bacteria had been found to 

degrade cellulose and other plant cell wall fibres. The Aspergillus niger group is wide 

spread with many strains capable of producing amylases (Omemu. et at., 2004). Amylases 

are important enzymes employed in the starch processing industries for the hydrolysis of 

polysaccharides such as starch into simple sugar constituents (Akpan et ai., 1999; Pederson 

and Nielsen, 2000). Ligninolytic fungi degrade lignin by secreting enzymes collectively 

termed "ligninase" (Dashtban et ai., 2009). There are varieties of lignocellulolytic fungi 

from different species for example T. reesei in ascomycetes species, basidiomycetes 

including white-rot fungi, P. chrysosporium and brown-rot fungi, for example romitopsis 

paiustris (Dashtban et a!., 2009). Fungi contribute significantly to the decay of amylose 

and lignocellulosic residues in nature by producing many different amylolignocellulolytic 

enzymes. Amylolignocellulolytic enzymes-producing fungi are widespread, and include 
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speCIes from both ascomycetes and basidiomycetes. The primary role of the 

amylolignocellulolytic microorganism is in the decomposition of organic matter. 

2.4 Lignocelluose and amylose 

Lignocellulose is a renewable organic material and is the major structural 

component of all plants. Cellulose is surrounded by lignin, which lead to a diminished 

degradation of cellulose. Lignocellulose consists of three major components which are 

cellulose, hemicellulose and lignin. Cellulose, the major constituent of all plant material 

and the most abundant organic molecule on the Earth, is a linear biopolymer of 

anhydroglucopyranose-molecules, connected by P-l,4-glycosidic bonds (Dashtban et aI., 

2009). Amylose is an element that can be converted into reducing sugar by the presence of 

amylase. It is an enzyme that breakdown sugar or glycogen. 

2.5 Solid State fermentation (SSF) of lignocellulose using fungi 

SSF is a method in biochemical and microbiology fields that is widely known 

nowadays. This method offers varieties of opportunities in processing of agro-industrial 

residue such as sago waste. SSF characteristics which are low energy, requirements, 

produce of less wastewater and environmental-friendly making its potential application of 

interest. The process of fermentation takes place in the absence of free water, thus being 

close to natural environment which microorganism are adapted (Pandey et al. 2000). 

Besides that, it is also can be defined as a process in which substrate in a solid particulate 

are utilized (Mitchell et al. 2000). Continuous efforts is needed to develop SSF because of 

the increased interest in many aspect of SSF such as biochemistry, physical engineering, 

engineering (Raghavarao et al. 2003) and the design of SSF bioreactors (Durand 2003). 
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3.0 Materials and methods 

3.1 Isolation of the fungi 

Sago pith waste (sago hampas) was obtained from the one of the processing factory in 

Dalat, Sarawak. The samples were taken near the discharge area of the factory. Sago 

effluent was used as the samples in this project. 

3.1.1 Enrichment method 

The enrichment of the sago waste sample was done according to slightly modified Apun et 

aI., (2000). Approximately, 1 ml of raw sago effluent was enriched in 1 % malt extract 

(ME) media for 24 hours and grO\\TI in Mineral Salt Medium (MSM) with 1 % sago waste 

as lignocellulosic materials plus soluble starch (1 %) for another 24 hours O. 

After that, 1 ml of the enriched sample was diluted in four test tubes with ditferent 

4dilution ranging from to-I to to- . Potato Dextrose Agar (PDA) plates were prepared and 

100-200I_d of the diluted samples was spread into each plate. The plates were incubated in 

27°C for few days until colonies observed. The fungal isolates were grown into fresh PDA 

media and subcultured continuously to obtained pure culture. 

6 




3.2 Screening of the fungi 

3.2.1 Detection of amylase activity 

Amylase is the enzyme responsible for the degrading of amylose residue. Plate method was 

used to detect the presence of this enzyme. In this method, starch agar (0.5%, w/v) plate 

was used. Approximately I em3 of the fungi plug was transferred into the substrate specific 

media and incubated for 24-48 hours at 27°C. The degradation process was observed by 

the presence of a halo, the clearing zone on the plate after an aliquot of iodine is poured 

onto the plate (Hyun and Zeikus, 1985). 

3.2.2 Detection of cellulase activity 

Plate method was also used in detection of cellulase activity. Approximately 1 cm3 of the 

fungi plug was transferred into the plate enriched with I % of carbomethylcellulose (CMC). 

After 5-7 days of incubation, the plates were flooded with Congo-red for approximately 

10-15 minutes and washed with NaCI (Teather and Wood, 1982). 

3.2.3 Detection of ligninase activity 

Remazol brilliant blue R (RBBR) dye was used to observe and detect the lignin activity. 

RBBR plates containing 0.01 % RBBR and 0.5% Malt Extract (ME) as a specific substrate 

was used to screen the fungi. Liquid media containing 0.5% ME and 0.01 % RBBR in 50ml 

flask was also prepared for ligninase fungi activity. Approximately 1 cm3 of the fungi plug 

was transferred into the plates and the flask. Thc incubation was done until the 

decolourization was observed due to the enzymatic reaction. 
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3.3 Identification of the fungi 

The fungal growing plate was observed morphologically. The fungal mycelium was 

obtained by using inoculation loop. The mycelium was stained with lactophenol blue dye 

and observed under microscope. The morphology of the fungal was identified. 

3.3.1 DNA extraction 

The amylolignocellulolytic fungus was selected from the best halo producing plate and 

decolourisation of dye from the screening process. DNA extraction was done according to 

CTAB method. The fungal growing on PDA was cut approximately 3cm3 and grounded 

under liquid nitrogen using a sterile pestle and mortar. Approximatly, 1 ml of CTAB buffer 

consisting of 2 g of CT AB, 8.1 g of NaCI, 4 ml of 0.5M EDT A pH8.0, 10 ml of 1 M TRIS 

pH8.0, 2 g of polyvinylpyrolidone (PVP) in 100m of distilled water was mixed with the 

sample. The mixture was incubated at 65°C for 30 minutes to 1 hour and then centrifuged 

15 minutes, ] 3 000 rpm at 4°C. The supernatant was removed and 10 mt of 

phenol:choloroform:isoamyl alcohol, PCI (25:24: 1) was added. The contents were inverted 

gently to mix well and centrifuged at 15,000 rpm for 10 minutes. The supernatant (aqueous 

solution) about 200 ).11 was transferred to a new tube and mixed with an equal volume of 

chloroform:isoamyl alcohol mixture, CIA at 24: 1. The tubes were inverted gently to mix 

the contents and after that centrifuged again at 15, 000 rpm for another 10 minutes. The 

nucleic acid was precipitated with cold isopropanol by incubating for one hour at -20°C. 

Then the tube was inverted up and down slowly until a white precipitate appears and 

centrifuged again for 15 minutes at 15,000 rpm. The pellet was rinsed with 70% absolute 

ethanol and centrifuged again for at least 30 seconds. The supernatant is removed and the 

pellet was air dried for few minutes. The sample was resuspended in 50 ).11 of TE buffer 

and stored at -21°C. 
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3.3.2 DNA amplification and sequencing 

The molecular characterization of the fungal isolates was determined by PCR using 

universal ITS primers. Polymerase Chain Reaction (PCR) was performed in a solution 

mixture that consist of all necessary PCR composition which are 3 J.l.1 of DNA template, 

2.5 J.l.I of PCR buffer, 2.5 J.l.I of deoxynucleoside triphosphate (dNTP mix, 1.25 ~d oflTS 1 

and ITS4 primers, 0.5 J.l.I of Taq DNA polymerase, 2.0 J.l.1 of magnesium chloride (MgCI) 

and 12 J.l.I of sterile autoclave distilled water. This mixture was made up the total volume to 

25 J.l.l. All PCR composition was pipette in a 0.2 ml thin-walled tube. 

This amplification analysis required 30 repeated cycles with thermal cycling 

program and parameters. The parameters for PCR process are 5 minutes initial 

denaturation process at 95°C, 1 minute denaturation process at 95°C, 1 minute annealing 

process at 55°C, 1 minute extension process at 72 °c and 7 minutes final extension process 

at 72°C. The PCR product was stored at 4°C later analyzed by Agarose Gel 

Electrophoresis (AGE). PCR amplification was performed in ESCO Swift MiniPro 

machine. 
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3.4 Solid substrate fermentation (SSF) of sago waste 

3.4.1 Solid substrate fermentation 

3.4.1.1 Substrate preparation 

About 5 g of sago waste was transferred into a 250 ml Erlenmeyer flask as a substrate. 

flasks were sealed with cotton plugs to facilitate air transfer and was sterilized at 121°C for 

20-30 minutes. After that, it was cooled to room temperature. 

3.4.1.2Inoculums preparation 

Approximately I cm3 of fungal isolate was transferred into Erlenmeyer flask containing 

Glucose Yeast Malt (GYM) media. Incubation was done for 5-7 days to allow the growth 

the fungi. After the incubation period, the content of the flask was transferred into falcon 

tube and centrifuged for 10 minutes, 6 000 rpm at 4°C. The supernatant was discarded and 

30ml of sterile distilled water was added. The tube was vortex to mix the fungus and the 

water. The mycelium suspension was store at 4°C before being transferred into flask. 

Approximately, 75% moisture was supplied to the fermentation by adding sterile 

distilled water to the sago waste and the pH of the medium was adjusted at range between 

5.5 and 6.5. The entire content of the flasks was harvested at every 5 days interval until the 

20th day for the assay of amylolignocellulolytic enzyme. Three replicates were prepared for 

each harvesting day (5th day, 10th day, 15th day and 20th day). The flasks containing the 

substrate were inoculated with 1 % (v/w) of the mycelium suspension. The flask that was 

not inoculated served as control and three replicates were prepared for each treatment. The 

fermentation was carried out in stationary state at room temperature. 
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3.4.2 Enzyme extraction and assay 

For the enzyme extraction, one gram of the culture of SSF from each flask was 

mixed with 8ml of sterile distilled water. The homogenate were centrifuged at 6 000 rpm 

for 10 minutes. The supernatant was assayed for amylolignocellulolytic enzyme activity 

within 12 hours of preparation. 

3.4.2.1 Amylase assay 

Amylase (a-I, 4-g1ucan-4-g1ucanohydrolase, EC 3.2.1.1) was assayed with the substrate of 

1 % soluble starch in 20 mM sodium phosphate buffer (pH 6.9). A mixture of 0.5 ml of 

extract and 0.5 mt of 20 mM sodium phosphate buffer (pH 6.9) containing 1 % soluble 

starch were incubated at 40°C for 30 minutes. After that, 1 ml of DNS reagent was added 

to stop the reaction. The mixture was boiled for 5 minutes and then 1 ml of Rochelle salt 

was added. The reducing sugars released therein are then determined by slightly modified 

method of Bernfeld (1955). 

3.4.2.1 Cellulase enzyme assay 

Cellulase activity was measured by the DNS method (Miller, 1959). Approximately 0.5 ml 

of enzyme extract was mixed with 1 ml of 0.1 mM sodium acetate buffer pH5. 0 and 0.5 ml 

of 1% CMC solution. The tubes were incubated at 52°C for 5 minutes. After that, 1 ml of 

DNS solution was added and the tubes were boiled for 15 minutes. Then 1 ml of Rochelle 

salt was added in each tube. The reducing sugar released therein was then determined by 

slightly modified method of Bernfeld (1955). 
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3.4.2.1 Ligninase enzyme assay 

Ligninase enzymes are divided into three; lignin peroxidise, manganese peroxidise and 

laccase. Lignin peroxidase (LiP) activity was measured based on oxidation of veratryl 

alcohol using a slightly modified Tien and Kirk (1988). The reaction mixture consisted of 

0.6 m! of 10 mM sodium tartarate buffer pH 3.0, 0.2 m! of distilled water, 0.6 m! of 

enzyme extract and 0.2 m! of 2 mM veratryl alcohol. The reaction was started with the 

addition of 0.4 ml of 2 mM H20 2. The tubes were incubated 15 minutes before the reading 

was taken using spectrophotometer at 31 Onm. 

Manganase Peroxidase (MnP) enzyme was assayed usmg a slightly modified 

Paszczynski et al. (1998) with a reaction mixture that consisted of 2.5 ml of 20 mM 

sodium tartarate buffer pH4.5, 1.0 ml of 1 mM MnS04, 1 ml of enzyme extract and 0.5 ml 

of 2 mM H202 to start the reaction. The optical density (OD) reading was taken at 238nm 

using spectrophotometer. 

Laccase enzyme was assayed using a slightly modified Gianna et ai. (1997) and 

Dimmer et ai. (1997) with a reaction mixture that consisted of 0.6 ml of 100 mM citric 

acid buffer pH5.0, 0.2 m} of distilled water, 1.0 ml of enzyme extract and 0.2 ml of 1 mM 

2,6-dimethoxyphenol (DMP). Enzyme activity can be measured by the amount of glucose 

produced per ml in the reaction mixture per unit time. The optical density (OD) reading 

was taken at 468nm using spectrophotometer. 
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4.0 Results and discussion 

4.1 Fungi isolation 

Colonies with different morphological form were picked and grown in new plate. 

Five colonies were obtained from the sago effluent and were grown in PDA media. The 

fungi were labelled as FH, FP, Fl, FHB and FB. Figure I (a)-(e) showed the fungal isolates 

grown after 7 days. 

Figure I: Fungi isolated (a) FI (b) FP (c) FHB (d) FH and (e) FB 
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After the enrichment period, an appropriate amount of the sample was transferred 

into the plate by using spread plate method but poor growth was observed. There were no 

colonies at the plate at all. The failure may caused by the overloaded sample in the plate. 

The fungi were unable to grow because the amount of sample added into a plate is too 

much. Besides, it also may caused by contamination in the media prepared. Therefore, 

another initiative was applied which is by diluting the sample first before it is spread onto 

the plates. The dilution is made because every fungi has different optimum period for their 

growth. Some fungi require more time even in a couple of weeks to grow and some fungi 

grow well only in few days. All five fungi were subcultured every week to obtain the pure 

culture. 
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4.2 Screening of the fungi 

Ii 4.2.1 Detection of amylase activity 

From the screening, all of the fungi which were positive for starch plate screening by using 

iodine solution except the fungus labelled FH. 

Figure 2: Amylase enzyme activity detection for (a) FHB (b) FP (c) FB (d) FH (e) FI 
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The starch agar plate method was used instead of the PDA-starch plate method 

because starch plate method is usually better in detecting the amylase activity of the fungi. 

The presence of halo in the starch agar plate after exposed to iodine vapours indicated the 

activity of amylase (Rath and Subramanyam 2000). From Figure 2, there was no halo 

observed for the fungi labelled FI. Therefore no further analysis on fungus labelled FI was 

done because of the absence of amylase enzyme. 

4.2.2 Detection of cellulase activity 

Fungus labelled FI was not screened for cellulase and ligninase activity since it 

showed negative result in amylase screening process . From the cellulose screening 

procedure, the results obtained for detection of cellulose activity is shown in Figure 3 

below. 

Figure 3: Cellulase activity detection of (a) FHB, (b) FH, (c) FP and (d) FB 

16 




Fungi labelled FHB, FH and FP produced a good halo compare to FB. The 

presence of halo is best observed by the naked eye. The colour of Congo red contained 

media was changed from red-orange to light grey with light purple or blue depending on 

the fungal species (Hwan et aI., 2007). Fungi can degrade cellobiose to glucose and 

metabolize it to organic acid that are acidic compound. Therefore Congo red is used since 

it is a pH indicator due to colour change from blue at pH 3.0 to red at pH 5.2 and vice 

versa (Hwan et aI., 2007). 

4.2.3 Detection of ligninase activity 

Two replicate and a control plate were prepared for the detection of ligninase 

activity and the decolourization was observed after 1-2 weeks. Figure 4 shows the result 

from RBBR plate screening method. 

(e) 

Figure 4: RBBR plate screening of (a) FHB, (b) FB, (c) FP and (d) FH 
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