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ABSTRAK 

Azmi MAB, Alias S, Azmi AFM, Ghani AAA, Shahudin MS, Goh YM, Noordin MM, Yusof MT, Zunita Z, Hassim HA. 2016. 

Penentuan aktivitas enzim pengurai serat kapang lapuk putih yang diisolasi dari pelepah sawit. JITV 21(2): 144-150. DOI: 

http://dx.doi.org/10.14334/jitv.v21i2.1362  

Pelepah sawit (OPF) banyak digunakan sebagai sumber serat untuk hewan ternak. Namun, potensi keseluruhan OPF sebagai 

pakan ternak dibatasi oleh kadar lignin yang tinggi yang menghambat aktivitas rumen mikroba untuk menguraikan selulosa dan 

hemiselulosa. Fungi lapuk putih (WRF) adalah kelompok fungi filum basidiomisetes, umumnya ditemukan di kayu busuk, dan 

mampu untuk mendegradasi lignin. Percobaan ini bertujuan untuk mengidentifikasi filum fungi yang terbaik berdasarkan 

aktivitas rasio enzim pengurai lignin terhadap selulase dan hemiselulase. Dalam percobaan ini, sebelas isolat fungi didapatkan 

dari pelepah sawit busuk dengan label WR1, WR 2, WR3, WR4, WR5, WR6, WR7, WR8, WR9, WR10 dan WR11. Aktivitas 

enzim fungi pengurai serat yang mencakup lakase, peroksidase mangan dan lignin peroksidase, aviselase, carboksimetilselulase 

dan xilanase dianalisis dari fermentasi substrat padat. Data menunjukkan bahwa 5 fungi yang merupakan WR1, WR2, WR4, 

WR7 dan WR10 menghasilkan rasio tertinggi enzim pengurai lignin terhadap pengurai selulosa dan hemiselulosa. Sambungan 

apit fungi tersebut kemudian diamati di bawah mikroskop untuk menentukan filum. Keberadaan sambungan apit menunjukkan 

fungi termasuk filum Basidiomisetes. 

Kata Kunci: Daun Kelapa Sawit, White Rot Fungi, Lignin, Enzim 

ABSTRACT 

Azmi MAB, Alias S, Azmi AFM, Ghani AAA, Shahudin MS, Goh YM, Noordin MM, Yusof MT, Zunita Z, Hassim HA.  2016. 

Determination of fibernolytic enzyme activities of white rot fungi isolated from oil palm fronds. JITV 21(2): 144-150. DOI: 

http://dx.doi.org/10.14334/jitv.v21i2.1362 

Oil palm fronds (OPF) is widely used as the source of roughage for the farm animals. However, the full potential of OPF as 

animal feed is limited by their high lignin content which limits the rumen microbe’s access to the cellulose and hemicellulose. 

White rot fungi (WRF) are a group of fungi belonging to basidiomycete phylum and are commonly found in decaying woody 

plant. They possess the ability to degrade lignin. This experiment aims to identify the phylum of the best lignin decaying fungi 

based on their ratio ligninolytic to cellulytic and hemicellulytic activities. In this experiment, 11 fungi species were isolated from 

decaying oil palm fronds. They are labelled as WR1, WR 2, WR3, WR4, WR5, WR6, WR7, WR8, WR9, WR10 and WR11. 

Their fibernolytic enzyme activities which include laccase, manganese peroxidase, lignin peroxidase, avicelase, 

carboxylmethylcellulase and xylanase are analysed from solid state fermentation method. It was found that 5 fungi species which 

are the WR1, WR2, WR4, WR7 and WR10 produced the highest ratio of lignin degrading enzyme to cellulose and hemicellulose 

degrading enzyme. The fungi are then analysed under microscope to determine the phylum of the fungi. From the observation, 

the fungi are identified to belong to the phylum of basidiomycetes due to presence of clamp connection. 
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INTRODUCTION 

Malaysia is one of the largest palm oil producers. In 

2008, Malaysia produced 17.7 million tonnes of palm 

oil based on 4,500,000 hectares used for the plantation 

of oil palm making it the second largest producer of 

palm oil in the world behind Indonesia (Abdullah & 

Sulaiman 2013). The large plantation of oil palm results 

in the large production of oil palm by-products. One of 

the main by-product of the palm oil plantation is the oil 

palm fronds. The oil palm fronds are obtained during 

pruning, felling and harvesting processes. 

Approximately 30,000,000 tonnes of oil palm fronds 

are produced in a year (Zahari & Farid 2011). Oil palm 
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fronds (OPF) has been widely used as animal feed in its 

various forms, those were  freshly chopped, silage and 

pellets or cubes (Zahari & Farid 2011). Apart from that, 

the oil palm fronds are commonly used as a source of 

roughage. The usage of OPF as animal feed is limited 

due to its high lignin content and low protein content 

(Wan-Rosli et al. 2007). According to Zhang & Zhao 

(2010), the lignocellulosic biomass is made up from 

polymeric carbohydrates, which consist of cellulose, 

hemicellulose, and lignin. The digestibility of cellulose 

present in lignocellulosic biomass, such as OPF, is 

impeded by various physiochemical, structural, and 

compositional factors (Binod et al. 2012).The existence 

of hemicellulose and lignin in lignobiomass is aimed to 

impart strength to plant cell walls and protect cellulose 

from enzymatic degradation.  

The white rot fungi consist of mostly 

basidiomycetes are efficient degrader of lignin (Smith 

& Thurnston 1997). The fungi are an excellent degrader 

of lignin via the excretion of extracellular enzymes. The 

enzymes are laccase, manganese peroxidase (MnP), and 

lignin peroxidase (Hassim et al. 2012). The usage of 

these enzymes to treat the oil palm fronds is believed to 

increase the efficiency of oil palm fronds by improving 

ruminal degradability. 

The objective of this study is to determine the 

enzyme activity of white rot fungi isolated from 

decaying oil palm fronds and selecting 5 fungi species 

that are able to increase the degradability of OPF as 

animal feed. The fungi selected are then identified up to 

phylum level. 

MATERIALS AND METHODS 

Isolation and cultivation of white rot fungi 

Sample of fungi ware isolated from rotten oil palm 

fronds collected from oil palm plantation located in 

Taman Pertanian Universiti, Universiti Putra Malaysia. 

The fungi were cultured on PDA agar plate at 30ºC for 

7 days. Small portion of each fungus colonies were then 

transferred into fresh plate and cultured for another 7 

days at 30ºC. The process was repeated until pure 

cultures were obtained. Plugs of 7 mm diameter from 

the purified cultures were then cultured on PDA agar 

plate for 5 days and the growth of the mycelia were 

observed (Namoolnoy et al. 2011). 

Oil palm fronds fermentation 

Solid state fermentation was carried out in 250-mL 

Erlenmeyer flask. Oil palm fronds collected from 

Ladang Kelapa Sawit, Taman Pertanian Universiti, 

Universiti Putra Malaysia, was divided and grinded into 

smaller pieces using warring blender. Each flask 

contains 15 g of grinded oil palm fronds. Each flask 

was added with 45 ml of Deionized water and 22.5 mg 

of glucose. The flasks were then autoclaved at 121ºC 

for 15 minutes. Three 10 mm diameter plugs from each 

isolated fungus were added to the sterile flask as 

inoculum. The flask was then covered with cotton ball 

and sealed with aluminium foil and incubated at room 

temperature (37ºC). The enzyme was extracted using 

150 ml of deionized water added to each flask and 

placed inside rotary shaker for 3 hours. The mixture 

was then filtered. The filtrate was then centrifuged at 

12,000 g at 4ºC and the supernatant was collected. The 

step sampling was repeated for 15 days, 30 days and 45 

days fermentation for each isolated fungal species 

(Dinis et al. 2009). 

Enzyme activity determination 

Lignolytic enzyme 

For screening of Laccase (EC 1.10.3.2) activity, a 

citrate-phosphate buffer was prepared by adding 1.921g 

to 100 ml of distilled water. The solution was labelled 

as solution A. Then, 3.5814 g of Na2HPO4 was added 

into 100 ml of distilled water. The solution was labelled 

as solution B. 50 ml of solution A was added to 50 ml 

of solution B and the pH is adjusted to pH 4.0. For the 

substrate, ABTS solution was prepared by adding 164.6 

mg of ABTS to 10 ml of distilled water. The ABTS 

solution was then transferred to an Eppendorf tube. The 

mixture tube was prepared by adding 1300 µl citrate-

phosphate buffer, 100 µl ABTS and 100 µl enzyme 

extract. For the blank, 1300 µl citrate-phosphate buffer 

was mixed with 100 µl ABTS. The mixtures were then 

covered with parafilm and were read at absorbance of 

420 nm against blank (Dinis et al. 2009). 

For screening of Lignin Peroxidase (EC 1.11.1.14; 

LiP), acid tartrate buffer was prepared by adding 3.752 

g of the acid in 250 ml distilled water. The pH was then 

adjusted to 3.0 using acid/sodium tartrate buffer. The 

buffer was then kept in 4°C. The substrate was prepared 

by adding 0.105 ml veratryl alcohol with 25 ml distilled 

water. The solution was then store in 4°C in Eppendorf 

tubes. Hydrogen peroxide, H2O2 was then prepared 

according to manufacturer specification. The mixture 

tube was prepared by adding 2550 µl of acid tartrate 

buffer, 200 µl veratryl alcohol, 30 µl H2O2, and 200 µl 

enzyme extract. For the blank, the mixture solution was 

prepared with 2550 µl acid tartrate buffer, 200 µl 

veratryl alcohol and 30 µl H2O2. The tubes was read at 

absorbance of 238 nm against blank (Dinis et al. 2009). 

For screening of Manganese Peroxidase (EC 

1.11.1.13; MnP), tartrate buffer was prepared by adding 

5.752 g sodium tartrate with 250 ml distilled water. The 

pH was adjusted to 5.0 by adding acid/sodium tartrate 

buffer. The solution was kept at 4°C. For the substrate, 

0.25353 g of Manganese sulphate, MnSO4 was mixed 
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with 50 ml of distilled water. It was then stored in 4°C. 

H2O2 was prepared according to manufacturer’s 

standard. The mixture tube was prepared by adding 

2550 µl sodium tartrate buffer, 200 µl manganese 

sulphate, 30 µl hydrogen peroxide, H2O2, and 200 µl 

enzyme extract. For the blank, the mixture is consist of 

2550 µl sodium tartrate buffer, 200 µl manganese 

sulphate, and 30 µl hydrogen peroxide, H2O2. The 

absorbance was then read at 238 nm (Dinis et al. 2009). 

Cellulolytic enzyme 

For screening of Carboxylmethyl cellulase 

(CMcase) enzyme, the substrate was prepared by 

adding 1 g of carboxymethylcellulose to 100 ml 

distilled water. The solution was then stirred until it 

became homogeneous. The buffer used in this 

experiment is 0.1M citrate buffer at pH 4.8. The 

mixture is prepared by adding 1 ml of citrate buffer, 0.5 

ml enzyme extract, and 0.5 ml carboxylmethyl 

cellulose. The tubes were then incubated at 39°C for 20 

minutes. The reaction was stopped by adding 3 ml of 

dinitrosalicylic acid, DNS to each tube. The control 

tube was prepared by adding 1 ml of citrate buffer and 

0.5 ml carboxylmethylcellulose, and 3 ml of DNS was 

added to all control tube. The reaction and control tubes 

were placed in boiling water bath for 10 minutes and 

were then read at absorbance of 575 nm. Calibration 

curve was made by plotting absorbance against glucose 

concentration. The glucose solution was prepared by 

dissolving 0.1 g of glucose in 100 ml of distilled water 

(Dinis et al. 2009). 

For screening of Avicelase enzyme, the substrate 

was prepared by dissolving 1 g of Avicel 

microcrystalline in 100 ml of distilled water. The 

solution was then stirred until it became homogeneous. 

In this experiment, the buffer used was 0.1 M citrate 

buffer at pH 4.8. The mixture was prepared by adding 1 

ml citrate buffer, 0.5 ml of enzyme extract and 0.5 ml 

Avicel cellulose microcrystalline solution. The tubes 

were then incubated at 39°C for 20 minutes. The 

reaction was stopped by adding 3 ml DNS solution to 

each test tube. Substrate control tube was prepared by 

adding 0.5 ml substrate with 1.5 ml citrate buffer. The 

enzyme control tube was prepared by mixing 0.5 ml 

enzyme extract with 1.5 ml citrate buffer. 3 ml of DNS 

was added to all control tubes. The reaction and control 

tubes were then placed inside boiling water bath for 10 

minutes. The absorbance was then read at 575 nm 

against blank. Standard calibration curve was plotted 

against glucose concentration. The 0.1% glucose 

standard was prepared by dissolving 0.1 g glucose in 

100 ml distilled water (Dinis et al. 2009). 

Hemicellulolytic enzyme  

Xylan was prepared by combining 0.25 g of xylan 

with 100 ml of distilled water. The mixture was then 

warmed at 70°C with continuous shaking. The assay 

mixture was prepared by adding 0.1M of citrate buffer 

at pH 4.8, 0.5 ml enzyme extract and 0.5 ml of 0.25% 

xylan solution. The tubes were incubated at 39°C for 30 

minutes. The reaction was stopped by adding 3 ml of 

DNS to each reaction tube. The control tube for 

substrate was prepared by adding 0.5 ml 0.25% xylan 

with 1.5 ml citrate buffer. For the enzyme control tube, 

0.5 ml of sample was mixed with 1.5 ml citrate buffer. 3 

ml of DNS was added to all control tubes. All tubes 

were placed in boiling water bath for 10 minutes and 

absorbance was read at 575 nm against blank. 

Calibration curve was prepared by plotting absorbance 

against xylose concentration. The standard xylose 

solution was prepared by dissolving 0.1 g of xylose in 

100 ml of distilled water (Dinis et al. 2009). 

Fungi staining and phylum identification  

Some fungi that showed the most desirable enzyme 

activity were selected. The selected fungi were then 

cultured on PDA agar plates. The plates were incubated 

at room temperature for 7 days. The grown fungi were 

stained with methylene blue and observed under light 

microscope. The presence of clamp connection in the 

hyphae were observed (Toda et al. 2012). 

RESULTS AND DISCUSSION 

All fungi recorded positive activity for the enzyme 

tested. In general, the fungi showed the highest 

lignolytic enzyme activity compared to other enzyme 

tested. All fungi recorded highest laccase activity on 

day 45 with exception of WR3. For the lignolytic 

enzyme activity which is presented in Figure 1, lignin 

peroxidase activity of fungi WR2 and WR6 recorded 

highest activity on day 15. WR1, WR4 and WR7 

recorded highest activity on day 30. The rest of the 

fungi recorded the highest activity on day 45. For 

Manganese Peroxidase enzyme activity, WR2, WR4, 

WR5, WR7, and WR9 recorded the highest activity on 

day 15. Fungi WR1, WR6 and WR 11 recorded the 

highest Manganese Peroxidase on day 30. The rest of 

the fungi have the highest manganese peroxidase 

activity recorded on day 45. 
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Figure 1.  Activity of lignolytic enzymes: Laccase (a), lignin peroxidase (b), and manganese peroxidase (c) of isolated fungi after 

fermentation at oil palm fronds at 15, 30, and 45 days. 
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Figure 2. Activity of cellulolytic enzymes: Avicelase (a) and carboxylmethylcellulase (b) after fermentation at oil palm fronds at 15, 

30, and 45 days. 
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rumen’s microbe accessibility to the cellulose and 

hemicellulose (Moore & Jung 2001; Dias et al. 2010; 

Azizi-Shotorkhoft et al. 2016). The selection criterium 

also considers the enzyme activity level for both 

cellulose and hemicellulose in which the levels need to 

be low. Hence, allowing more cellulose and 

hemicellulose to remain intact. This in turn allows 

rumen microbe to fully utilise the cellulose and the 

hemicellulose for the production of fatty acid (Hespell 

1988). The differences between enzymes activity are 

not considered as the fungi were selected based on their 

average of total enzyme activity in the period of 15, 30, 

and 45 days for all enzyme tested. From previous 

research by Hassim et al. 2012, pre-treatment of OPF 

using white rot fungi shows increased in vitro ruminal 

degradability by 12%. The fungi inoculum will be used 

to pre-treat OPF with incubation period of 45 days. 

For the identification of fungi phylum, the fungi 

selected, the WR1, WR2, WR4, WR7, and WR10 are 

identified as basidiomycetes. It is due to the presence of 

clamp connection in hyphae of the fungi. It is correlates 

to the ability of basidiomycetes as an excellent degrader 

of lignin (Hatakka 1994). 

Further research is needed to further identify the 

species of the fungi Species determination will allow 

more understanding on their full enzyme potential to 

enable more efficient pre-treatment of OPF via fungal 

extracellular enzyme. 

CONCLUSION 

By measuring the activity of laccase, lignin 

peroxidase, manganese peroxidase, avicelase, xylanase 

and carboxylmethylcellulase, it can be concluded that 

WR1, WR2, WR4, WR7, and WR10 are the best fungi 

for pre-treatment of oil palm fronds as animal feed, 

more specifically, ruminants. The selected fungi are 

identified as basidiomycetes from the presence of the 

clamp connection in the hyphae.  
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