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ABSTRACT 

The research was carried out to investigate the degree of lignin degradation on oil palm empty fruit bunch 
(EFB) and secretion of Iigninolytic enzymes by Cerrena sp under varying cultures conditions mainly on 
different incubation periods, pH values, substrate types and combination of different activators. The solid 
substrate fennentation was conducted. Lignin content loss in EFB was quantified using modified Klason 
method. Spectrophotometric enzyme assays were conducted to detect extracellular ligninase and cellulase. 
Protein concentration was measured using Bradford method. Result revealed that the optimum cultures 
conditions were at day 12, pH 6, with the combination of MgS04+CaCb as activators. Un crushed EFB have 
been found be an ideal substrate for solid state fermentation. Cerrena sp yields the highest lignin peroxidase on 
day 12 with 2.423 U/m! of enzyme been produced. However, the highest laccase was on day 15 with 1.069 
U/m! oflaccase been produced. The amount of the secretion of cellulose by the white rot fungi was measured, 
ranging from 0.085 U/m! to 0.l87 U/m!. 

Key words: Oil palm empty fruit bunch (EFB), lignin, white rot fungi, biodegradation, Iigninolytic enzymes. 

ABSTRAK 

Kajian in ; dijalankan untuk mengesan tahap keupayaan Cerrena m. menyebabkan degradasi lignin ke atas 
empty fru it bunch (EFB) dan rembesan enzim-enzim ligninase dalam kultur berlainan seperti tempoh 
pertumbuhan, nilai-nilai pH, jenis-jenis substrat dan pengaktij-pengaJ..1ij kombinasi yang berbeza. Substrat 
pepejal fennentasi telah dikendalikan dan kaedah klason digunakan untuk menentukan kuantiti lignin yang 
hilang. Asai enzim spektrofotometri telah dijalankan bagi mengesan ekspresi enzim asli dan cellulase. 
Kepekatan protein telah disukat dengan kaedah Bradford. Keputusan kajian telah menunjukkan bahawa 
optimum leultur adalah pada tempoh pertumbuhan ke-f2, pH 6, dengan gabungan MgS04+CaCh sebagai 
pengaktij-pengakti/. Uncrushed EFB lelah dijumpai sebagai sat/l substrat berkebolehan untuk fermentasi 
dalam keadaan pepejal. Cerrena ~ menghasilkan 2.423 U / ml peroksidase lignin (LiP) tertinggi pada hari ke
f 2. Namun begilll, Cerrena ~ menghasilkan laccase yang tertinggi pada hari ke-f 5 dengan f .069 U / ml 
laccase. l umlah glukosa dibebaskan oleh kulat repul putih telah disukat, dari 0.085 U / ml ke O. f 87 U / mi. 

Kata lame;: Oil palm empty fruit bunch (EFB), lignin, kulat reput putih, biodegradasi, enzim-enzim ligninase. 
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CHAPTER 1 

INTRODUCTION 

Oil palm (Elaeis guineensis) production is a major agricultural industry in Malaysia. There 

are more than three million hectares of oil palm plantations. In total, about 90 million mt of 

renewable biomass (trunks, fronds, shells, palm press fiber and the empty fruit bunches) are 

produced each year. The empty fruit bunches (EFB) represent about 9% of this total. 

Oil palm empty fruit bunch (EFB) is the residue left after the fruit bunches are 

pressed at oil mills, and the oil extracted. In practice this biomass is burned in incinerators by 

palm oil mills which create environmental pollution problem (Choudhury et al., 2006). 

However, EFB is a raw material that can be utilized for cellulose production, papennaking, 

and transformation into value-added products (Syafwina et al.; 2002). Hence, the network of 

lignin must be decomposed in order to allow for enzymatic conversion of lignocellulosic 

materials to fennentable sugars (Sun and Cheng, 2002). 

The aromatic polymer lignin is a highly branched and heterogeneous three

dimensional structure made up of phenylpropanoid units which are interlinked through a 

great variety of different bonds (Brunow, 2001). Lignin is particularly difficult to biodegrade, 

and due to its complicated structure, lignin is highly resistant to microbial degradation and its 

association with cellulose and hemicellulose polysaccharides also imparts degradation 

resistance to these polymers (Hatakka, 2001). 
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Biological pre-treatment using white-rot fungi are one alternative way to chemical 

degradation of lignin. The most efficient lignin degrading microorganisms are taxonomically 

related to basidiomycete white rot and litter decomposing fungi (Hatakka, 2001). These fungi 

produce various combinations of nonspecific and oxidative extracellular enzymes which are 

directly involved in lignin decay. Among these are a phenol-oxidase termed laccase, lignin 

peroxidase (LiP) and manganese peroxidase (MnP). Some white rot fungi produce all these 

enzymes, while others produce only one or two of them (Boer et al., 2004). 

The participation of white rot fungi on degradation of lignin is very important 

contributing to earth's carbon cycle because lignocellulose is very recalcitrant; however it is 

rich and abundant source ofcarbon and energy. If the lignin degradation does not happen, all 

camon would eventually be irreversibly sequestered as lignocellulose (Hammel, 1997). 

Previously, there are many studies which focused on white rot basidiomycetes on the 

lignin degradation especially Phanerochaete chlysosporium, which is the most intensively 

studied. However, different degree of lignin degradation depends very much on the 

environmental conditions and the fungal species involved. Hence, in order to obtain higher 

degree oflignin degradation, the optimization studies on lignin degradation process is needed. 

Thus, this thesis is focused on Cerrena sp a local indigenous white rot fungi, with respect to 

their biodegradative capabilities. 
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Consequently, the objectives of this study are as follows:

1) To quantify the lignin loss prior to biodegradation. 

2) To detennine the optimum culture condition oflignin biodegradation. 

3) Study the output ofenzymatic degradation and ligninolytic fungi on EFB 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Biodegradation of lignin 

2.1.1 Structure of lignin 

Lignin is a complex, three-dimensional, phenolic, natural polymer that is responsible for 

providing structural support to woody plants (Figure 1). After cellulose it is the most 

abundant polymer synthesized by plants and the most abundant renewable aromatic resource 

on earth (Crawford, 1981). It provides increased rigidity to the plant cell wall and also 

protects plants from pathogenic microorganisms (Higuchi, 1985). In wood, lignin at high 

concentration is the glue that binds contiguous cells, forming the middle lamella (Kirk and 

Farrell, 1987). In the middle lamella a three dimensional network forms within the 

hemicellulosic and pectic matrixes. In the secondary walls of wood cells the polymer is more 

two-dimensional with the aromatic rings lying parallel to each other and to cellulose 

microfibrils (Goring, 1989). 
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Figure 1: A schematic structure of lignocelluloses 

The lignin polymer anses from enzyme-initiated oxidation of three phenolic 

precursors coumaryl, coniferyl and sinapyl alcohols, which differ in their degree of 

methoxylation. These precursors are synthesized from L-phenylalanine and L-tyrosine, 

generated via the shikimic acid metabolic pathway, where the compounds are initially 

derived from C02 fixed by plant photosynthesis (Kluczek-Turpeinen, 2007). Lignin 

fonnation results in an almost random series of bonding, and therefore the lignin polymer 

have no single repeating bond between these subunits. The most frequent inter-unit linkage is 

the {3-0-4 (,8-aryl ether). The other linkages are ,8-5, ,8-,8 and 5-5 are more resistant to 

chemical degradation (Sjostrom, 1993; Argyropoulos and Menachem, 1997). Due to its 

complicated structure, lignin is highly resistant to microbial degradation and its association 

with cellulose and hemicellulose polysaccharides also imparts degradation resistance to these 

polymers (Hatakka, 2001). 
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2.1.2 Cellulose 

Cellulose which fonns about 40-50% of plant's composition is the most abundant organic 

matter on earth. Proper biotechnology utilization of these wastes in the environment will 

eliminate pollution and convert them into useful by-products (Milala et at., 2005). Thus the 

agro wastes left behind for natural degradation can be utilized effectively to yield 

fennentable sugars which can be converted into other substance like alcohol. The 

crystallinity and lignification limit the accessibility and susceptibility of cellulose to 

cellulolytic enzymes and other hydrolytic agents (Caritas and Humphrey, 2006). 

Pretreatment of cellulose opens the structure and removes secondary interaction 

between glucose chains (Tang et at., 1996). Various physical and chemical treatments of 

lignocellulosic substrates are necessary for lignin removal by effective disruption of the 

lignin carbohydrate linkage and the highly ordered cellulose itself Pretreatment of the 

substrate results in the reduction of the particles size by increasing surface to volume ratio 

and causes reduction in crystallinity. The chemical treatment of lignocelluloses causes 

swelling leading to an increase in internal surface area, decrease in the degree of 

polymerization, decrease in crystallinity, separation of structural linkages between lignin and 

carbohydrates, thus increasing the cellulose hydrolysis (Ravindra and Bhaathi, 2006). 
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2.2 White rot fungi 

White rot fungi include several members of the Basidiomycetes from the Hymenomycetes, 

Agaricales and Aphyllophorales groups. Fungi of this group are able to degrade all the major 

components of wood and are generally considered to be the main agents of lignin 

decomposition in nature (Castillo, 1997). They cause two main white rot types: simultaneous 

or nonselective and selective white-rot. In selective white rot lignin and hemicelluloses are 

lost preferentially and in nonselective white rot, cellulose, hemicelluloses and lignin are 

degrade more or less simultaneously (Blanchette et ai. 1985; Messner et ai. 2003). The 

capability to degrade lignin is due to their extracellular nonspecific and nonstereoselective 

enzyme system (Tekere et ai., 2001). Because the key components of the white rot degrading 

systems are extracellular, these fungi are very potential in various biotechnological 

applications including degrading very insoluble chemicals such as lignin, hazardous waste 

remediation (Hammel, 1997) industrial processing ofpaper and textiles (Akhtar et ai., 1997), 

and bioconversion of feeds (Eriksson et ai., 1990). 

2.2.1 The Lignin Degrading Systems 

Ligninolytic fungi actually depend on the more digestible polysaccharides in lignocellulosic 

substrate. They do not use lignin as their main source ofenergy and carbon. This is due to the 

primary function ofligninolysis is to expose their polysaccharides, hence they can be cleaved 

by fungal cellulases and hemicellulases. Most of the research on fungi that had been 

examined indicated that ligninolysis occurs during secondary metabolism (Hammel, 1997 & 

~m:n et ai., 1999). This is because these fungi need to prevent synthesizing and secreting 
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metabolically expensive ligninolytic agents when substrates are more accessible than 

lignocellulose are present. 

2.2.2 Lignin biodegradation 

Lignin is an insoluble, high molecular weight polymer, so the initial steps in its 

biodegradation by white rot fungi must be extracellular (Castillo, 1997). The final steps in 

lignin mineralization, ending with the release of C02, are likely to occur inside the fungal 

hyphae. The extracellular reactions must attack lignin in such a way that fragments are 

produced and are able to diffuse to the hyphae and cross the cell membranes. 

2.3 Solid substrate fermentation 

From the 1940's, western industries started to focus on the production of fungal enzymes and 

specific secondary metabolites by cultivation of fungi in Jiquid media, also called SmF 

(Pandey et ai., 2003). An alternative method for cultivation of fungi is SSF, in which fungi 

are grown on a moist solid substrate in the absence of free flowing water. Fungi play an 

essential role in nature's continuous rebirth because they have the ability to recycle dead 

organic matter into usefuJ ingredients. Fungi digest food outside their bodies by releasing 

enzymes into the surrounding environment. 

Solid substrate fermentation (SSF) deals with the utilization of water-insoluble 

terials for microbial growth and metabolism (Smith, 1992). Lignocellulosic materials are 

ble and SSF is the most appropriate method to use such materials for different purposes. 
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There are many advantages of using SSF, for example it is often simpler and requires less 

processing energy than the corresponding liquid submerged fermentation. 

In the last decade, SSF has gained renewed interest due to its potential for examples 

the production of fungal spores as biological control agents (Weber et at., 1999), 

bioconversion of solid wastes (Stuart et at., 1998), and the production of secondary 

metabolites (Barrios-Gonzales and Mejia, 1996). However, large-scale SSFs are still scarcely 

used in industry, as design and operation rules for large-scale solid-state fermenters are still 

absent. Therefore this research project will be focused on degree and optimization of lignin 

biodegradation cultures and profiling of the enzyme activities produced by fungi. 

2.3.1 Effect of particle size 

Crushed form materials have the better degradability than uncrushed materials as the 

increased surface to volume ratio providing better conditions for micro bial attack and 

substrate handling. This phenomenon is due to the decreasing the particle size makes it easier 

for hyphae and air to penetrate to the center of the particles (Castillo, 1997). Furthermore, it 

also increases the packing density which can increases the amount of material and decreases 

the inter-particle channels through which gases recirculate. 
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2.3.2 Addition of water 

According to Castillo (1997), in solid substrate fennentation, the moisture content is very 

important as too much water clogs inter-particle sizes and favouring compaction of the 

substrate, hence making gas transport more difficult. However, too little water prevents 

fungal growth. So, the appropriate water content must be added, for example 40% to total 

volume ofmedium with water is added. 

2.3.3 Inoculation of the substrate 

Commonly, the substrate can be inoculated with spores and mycelia. According to Barr and 

Aust (1994), the extracellular system of the white rot fungi (ligninolytic) with 6-day old 

cultures could tolerate considerably higher concentrations of toxic pollutants. Critically, the 

amount of inoculum is also important factor for the establishment of the fungus in SSF. 

Increased inoculums size shortens the time required for substrate colonization and also helps 

to displace any other microorganism present (Castillo, 1997). 
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1.4 ExtraceUular lignin-degrading enzymes 

White rot fungi secrete into their cultivation medium several extracellular enzymes that 

operate close to the hyphae. These enzymes may be bound to the hyphal cell walls or held 

close in a mucilage sheath (Kirk and Farrell, 1987; Hatakka, 200 I). Extracellular lignin 

degrading enzymes, such as laccases, lignin peroxidases (LiPs), manganeses peroxidases 

(MnPs) and versatile peroxidases are secreted extracellularly, usually at the onset of 

secondary metabolism (Hatakka, 1994; Camarero et al., 1999). LiPs and MnPs are haem

containing glycoproteins requiring H202 as and oxidant (Hatakka 2001; Martinez 2002). 

Laccase are copper-containing phenol oxidases that ulilize molecular oxygen as oxidant. 

1.4.1 Peroxidases 

LiP and MnP are the important lignin-modifYing biocatalysts, which are heme-containing 

proteins, and require hydrogen peroxide as an oxidant (Figure 2 and Figure 3) (Kluczek

Twpeinen, 2007). In peroxidases, the lignin-degrading system depends on low molecular 

mass metabolites and cofactors. A secondary metabolite, veratryl alcohol (3, 4

dimethoxylobenzene) is a redox mediator for LiP, whereas Mn +2, which is ubiquitous in all 

lipocelluloses and in soil is a redox mediator for MnP. Some of most important features 

distinguishing these enzymes from other oxidoreductases are their very low pH optima and 

much higher redox potentials (Hatakka, 200 I; Hofrichter, 2002). 
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lA.I.I Lignin peroxidase (LiP) 

The enzyme is a glycoprotein that contains about 15% carbohydrate and an iron 

protoporphyrin IX (heme) as a prosthetic group (Castillo, 1997). The enzyme can be assayed 

by the oxidation of veratryl alcohol to veratraldehyde (Figure 2), the fonnation of which is 

monitored at 310 nm (Tien and Kirk 1984). Lignin peroxidase can oxidize both phenolic and 

non-phenolic lignin related compounds resulting in cleavage of the Ca - Cn bond, the aryl Ca 

bond, aromatic ring opening, phenolic oxidation and demethoxylation . 

2.4.I.2Manganese peroxidase (MnP) 

Manganese peroxidase is also a heme peroxidase and it fonns a family of isoenzymes 

(Castillo, 1997). Similarly to LiP they are also glycoproteins, with one iron protoporphyrin 

IX group per mol of enzyme. The catalytic cycle of MnP is esentially the same as for LiP 

with the exception that Mn(U) is necessary to complete the cycle. The native enzyme reacts 

with H2~ forming Compound I, which is then converted to Compound II by reacting with 

one equivalent of Mn(II) and forming Mn(III) (Figure 3). A second Mn(U) is then used to 

reduce Compound IT back to the native enzyme. Similarly, the MnP Compound I can be 

reduced by phenolic substrates, but at a slower rate. 
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2A.l Laccase 

Laccase is belongs to 

enzymes 

the blue multicopper oxidases which IS a phenol oxidase. These 

atalyze one-electron oxidation of four reducing-substrate molecules concomitantly with 

four-electron reduction ofmolecular oxygen to water (Figure 3) (Kluczek-Turpeinen, 2007). 

Laccase catalyzes the cleavage of the Ca- C{:J bonds in pheno lic {:J" 1 and {:J"O-4 lignin model 

dimers by oxidizing the Ca and by splitting the aryl-alkyl bonds (Eriksson et al., 1990). 

Laccases is not a key enzyme for lignin degradation because there is only 10-15% of 

phenolic structure in lignin (Singh, 2006). It typically contains four copper atoms of three 

types that can be identified on the basis of their spectroscopic and paramagnetic properties. 

The presence ofdifferent copper domains are imp0l1ant for the catalytic activity of laccases. 

Qlyo~.1 oxidase 

T ")" 
H,O,

OH OHI 
0"O....L Lignin peroxldas. + H.? 
~manvr--- productst H"O 

V.ralryl alcohol 

.....L 

Cstlon radical 

2: Simplified reactions of lignin peroxidase and glyoxal oxidase (according to Kirk and Cullen, 1998). 
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