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In the present study, rubber-wood U levca brasiliensis's was used as a raw material for

bioethanol production. The goal of this study was to investigate the efficiency of

biological pretreatment using Ceriporiopsis subvennispora ATCC 90467, Tranietcs

versicolor A TCC 20869, and a mixed culture of C subvennispora and T. versicolor for

the conversion of rubber-wood to biocthanol. There are numerous pre-treatment

methods but they often lead to the losses of carbohydrate, generate toxic wastes that

inhibit enzymatic hydrolysis and consume a lot of energy. In contrast. a biological pre-

treatment method using fungi is advantageous because of low energy demand and mild

treatment conditions but requires a long treatment time.
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Change in chemical composition, structural modification and susceptibility to

enzymatic saccharification and ethanol production in the degraded wood were analyzed.

Results of this study showed that the selective lignin-degrading fungus C. subvermispora

had greater selectivity for lignin degradation with the highest lignin and hemicellulose

loss at 45.06 % and 42.0~ %, respectively after 90 days among the tested samples.

Meanwhile the cellulose loss was very low (9.50 %) compared to those of T. versicolor

and mixed culture. X-ray analysis showed that pretreated samples had a higher

crystallinity than untreated samples. The sample pretreated by C. subverntispora

presented the highest crystallinity of all the samples which might be caused by the

selective degradation of amorphous components. Fourier transform infrared (FTIR)

spectroscopy demonstrated that the content of lignin and hemicellulose decreased in the

biological pre-treatment process. The influence of particle size (0.25, 0.50, and I.on

mrn) on pretreatment effectiveness by C subvcnnispora was also examined by X-ray

and chemical analysis. The rubber-wood with particle size 1 mrn was efficiently

degraded to provide better aeration/respiration opportunities as compared to smaller

particle size of samples. To evaluate the biological pre-treatment, cellulose in the

pretreated woods was hydrolyzed using cellulase (Celluclast 1.5 L, produced by

Trichoderma rcesciv and ~-glucosidase (Novozyrne 1~~, produced by AspcIgillus niger)

at 50 "C far 16~ hours and the released sugars were converted to biocthanol by

simultaneous saccharification and fermentation process (SSF) USing yeast

Saccharoll1yces ccrcvisiae DSA at 37 DC for 120 hours. A study on hydrolysis of rubber-

wood treated with C subvermispora. T. versicolor, and mixed culture for l)() days
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resulted in an increase sugar yield about 27.67 (Yu, 16.23 %, and 14.20 %, respectively as

compared to untreated rubber-wood (2.88 (Ytl). The sample obtained using the best

pretreatment (sample pretreated by C subvermisporai was used for bioethanol

production. After 120 hours, the maximum bioethanol concentration and yield were 17.9

giL and 53 %, respectively. The results obtained demonstrate that white rot fungus C.

subevermispora is a suitable fungus for improving the enzymatic hydrolysis and

bioethanol production of rubber-wood. The results also demonstrated that rubber-wood

is a potential raw material for bioethanol production.
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Pada masa kini kayu pokok getah thevea brasilicnsiss tclah digunakan scbagai bahan

as as untuk pcnghasilan bioctanol. Sasaran di dalarn kajian ini adalah untuk

mengcnalpasti keberkesanan pra-rawatan biologi dengan menggunakan Ceriporiopsis

subvcrmlspora ATCC: 90467, Trametcs versicolor ATCC 20869, dan campuran kultur

C subvermispora dan T. versicolor unluk menukarkan kayu gctah kcpada bioetanol.

Bcrbagai kacdah pra-rawatan telah dilaporkan tetapi kebanyakannya rnenyebabkan

kchilangan karbohidrat, mengcluarkan sisa toksid yang balch mercncatkan hidrolisis

cnzim dan penggunaan tcnaga tinggi. Scbaliknya prarawatan biologi mcnggunakan

ecndawan mcrnpunyai kclcbihan kcrana pcnggunaan tcnaga rcndah, kcadaan pra-

rawatan yang lcbih lcmbut kccuali masa rawatan panjang.
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Pcrubahan dari scgi kompisisi kirnia, pcrubahan struktur dan pcnerimaan kcpada tindak

balas cnzim sakarifikasi dan pcnghasilan bioctanol di dalarn pcnguruian kayu tclah

dianalisis. Kcputusan di dalarn kajian ini mcnunjukkan kulat pcugurai lignin iaitu C.

subvcnnispora rncmpunyai kebolchan untuk mcnguna lignin dan hcmisclulosa yang

paling tinggi dcngan pcnurunan lignin dan hcmisclulosa pada 45.0() (~~,dan 42.0~ '/';"

selepas 90 hari bcrbanding dengan sampcl yang diuji, manakala kchilangan sclulosa

adalah sangat rcndah (9.50 %) bcrbanding dcngan T. versicolor dan kultur carnpuran.

Anal isis X-ray mcnunjukkan pra-rawat sampcl mcmpunyai pcngkristalan yang tinggi

bcrbanding dcngan sampcl yang tidak dirawat. Sarnpcl yang dirawat dcngan

mcnggunakan C subvenuispora mcnunjukkan pcngkristalan yang tinggi pada scmua

sarnpcl yang mungkin discbabkan oleh pcnguraian tcrpilih komponcn amorfus.

Spcktroskopi Jclmaan Fourier Inframcrah (FTIR) mcnunjukkan kandungan lignin dan

hemiselulosa mcnurun di dalarn proses pra-rawatun. Sail: partikel (0.25, 0.50, and I.O()

111m)mcrnpcngaruhi kcberkcsanan pra-rawatan olch C. Sll/;VCJ"lllispo/"{/ yang juga ditcliti

oleh X-ray dan analisis kimia. Kayu-getah dcngan sai7 partikcl I IIlIl1 a<.lalah sangat

berkcsan dalam penguraian dengan Il1cnycdiakan pengudaraan/respirasi yang lcbih baik

berbalH.ling saiz partikel yang lcbih kecil. Untnk mengukur pra-rawatan biologi, selulosa

didalalll kaYll yang dirawat telah dihidrolisis dengan Illenggllnakan sellliasa (Cclillclast

1.5 L, dihasilkan olch Tric!IOc!CI"IIlU rccsci) dan [l-glllkosidase (NovozYllle IS~,

dihasilkan olch Aspcrgilllls nigcr) pad a sllhu 50 "C sclama 16~ jam dan gllla yang

dihasilkan akan ditukar kepada bioctanol olch proses sakarilikasi serentak dan proses

penapalan l11enggunakan yis Succ/u/J"{)I/I\'CCS cC}"('I'isiuc D5A pad a 37 "C selalllLl 120
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jam. Kajian hidrolisis olch kayu-gctuh yang dirawat dcngan C subvcrniispora, T.

versicolor, dan campuran kultur sclarna 90 hari mcnunjukkan kcnaikan kandungan gula

sebanyak 27 _()7 '1." 16.23 %, dan 14.20 %, berbanding kayu-gctah yang tidak dirawat

(2.XX %.). Sampcl dipcrolchi dcngan mcnggunakan pra-rawatan yang tcrbaik (sampc]

pra-rawat olch C. subvcrrnisporcn tclah digunakan untuk pcnghasilan bioctanol. Sclcpas

120 jam, kepckatan dan kandungan ctanol yang tcrtinggi adalah 17.9 giL dan 53 %.

Keputusan diperolchi mcnunjukkan kulat C. subevcrmispora adalah scsuai untuk

mcningkatkan hidrolisis dan pcnghasilan ctanol dari kayu-getah. Kcputusan juga

mcnunjukkan kayu-gctah udalah bcrpontcnsi scbagai bahan asas untuk pcnghasilan

bioctanol.
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CHAPTER I

INTRODUCTION

1.1 General Background

Researchers in the past couple of decades have studied on renewable sources of liquid

fuels to replace fossil fuels. Burning fossil fuels such as coal and oil releases CO
2
,

which is a major cause of global warming (Kumar et al., 20(9). Unlike fossil fuel,

biocthanol has the advantages of being renewable, cleaner burning and produces no

greenhouse gases (Altintas ct al., 2(02). At present, corn is the main raw material for

bioethanol production in the United States (Kim and Dale, 20(4). However,

lignocellulosic biomass has the potential to provide a more economical feedstock as a

result or its widespread availability, sustainable production and cheaply available (Shi

et II!., 200X). Rubber-wood is one or the most abundant lignocellulosic materials in

Malaysia. Rubber tree (/Icvc(/ brasilicnsiss which is also known as hevea wood, is a

major industrial crop grown in South East Asia with an estimated plantation area of I.X

million ha (20 'y., of global plantation) in Malaysia alone (Srinivasakannan and Zailalli

Abu Bukar, 20(4). Rubber wood can be used as a potential raw material for bioethanol

production due to its high cellulose content (Alhasan ct ([/.,20 I 0).© C
OPYRIG
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ThL: general approaches for the conversion of lignocclluloscs to ethanol include; I) pre-

treatment of lignocellulose materials to remove lignin and open the crystalline structure

of cellulose, 2) hydrolysis of cellulose to glucose and 3) microbial fermentation of

glucose to ethanol (Sun and Cheng. 2(02). Even though challenges exist in the

optimization of these steps, the pre-treatment step is considered to be one of the main

barriers avoiding commercial success and makes up one third of the total ethanol

production costs (McAloon ct al., 20(0).

Existing pre-treatment methods have largely been developed on the basis or

physicochemical technologies such as steam explosion, dilute acid and alkali pre-

treatments, and oxidation or various combinations (Mosier ct al., 20()5). However,

typical physical and chemical pre-treatments need high-energy (steam or electricity) as

well as corrosion resistant. high pressure reactors. which increase the cost of pre-

treatment and requirement for specialty cquipmcnts. Additionally, chemical pre-

treatments can be harmful to subsequent enzymatic hydrolysis and microbial

fermentation apart from producing acidic or alkaline waste water which needs pre-

disposal treatment to ensure environmental safety (Keller ct [[I., 20(3). In contrast,

microbial pre-treatment utilizes microorganisms especially fungi and their enzyme

systems to degrade lignin and hemicellulose present in the lignocellulosic biomass.

This environment friendly approach has recently received greater attcntion (Hadar ct

III., 199]~ Camarcro c/ al., 1994~ Sawada ct al., 1995~ Keller ct al., 200]; Arnirta ct (II.,

2
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200()). In biocthanol production white rot fungi can be employed Ior biological pre-

treatment. Compared to other pretreatment alternatives the fungal treatment is

advantageous because of low energy demand and mild treatment conditions but

requires a long treatment time (Sun and Cheng, 2002).

White rot fungi arc the only microorganisms that arc able to efficiently degrade all the

components of plant cell walls, both carbohydrates and lignin. There are two types of

white rot fungi: simultaneous or nonselective and selective white rot (Blanchette ct al.,

19X5; Messner ct al., 20(3). The present work employed two white rot fungi

individually and mixed culture of both fungi to study the effect of biological pre-

treatment on the rubber-wood for ethanol production. Ccriporiopsi» sllbverlJli.\jJora

represents the selective degradation of wood that removes lignin preferentially than

cellulose. It is the most promising fungi for biopulpillg (Eriksson ct (1/., 1990; Hatakka

A., 200 I). It is not only because it has the ability to degrade lignin selectively, but also

because it grows on wood aggressively and is suitable for biotrcatrncnt of both soft and

hardwood (Akhtar ct (I/. , 199X; Fcrraz et al., 2(03). Whereas, Tranictes versicolor is a

typical non selective rot type fungi which degrade cellulose, hemicelluloses and lignin

simultaneously (Blanchette, 19(1).

As mentioned before, the other general approaches Ior convcrsion of lignocellulosic

biomass to ethanol arc hydrolysis and krmentation. These two steps can be carried out© C
OPYRIG
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simultaneously in a process known as simultaneous saccharification and fermentation

(SSF) (Takagi ct al., 1977). SSF has several advantages over separate hydrolysis and

fermentation like increase or hydrolysis rate by conversion of sugars that inhibit the

cellulase activity. Additionally, SSF reduces contamination risk due to the presence of

ethanol and eliminates equipment costs by performing the hydrolysis and fermentation

in one reactor (Philippidis c! al., 1993; Nigam and Singh, 1(95). SSF performs

Sacchari fication by using enzymes instead of chemicals such as acids (\Vright, 19~~).

The optimum temperature for cellulase activity is between 40 and 50 "C, whereas the

ethanolgenic yeast 5;(/cc!Iil/"{Jlllyces ccrcvisiac cannot exceed 3~ "C (Ho llok ct al.,

20(0). A number of thcrmotolcrant species of Saccharomvre», K/l/YI'C/"oIII_)'CCS, and

Fabospon: genera have been identified that have potential lor usc in the SSF process at

high temperatures (Szczodrak and T;!r!-,o ski, 19~~).

1.2 Objectives

The objectives of this study arc as follows;

I. To determine the effects on the physicochemical properties or rubber-wood

after biological prc-trcuuncnt by white rot fungi (individually and mixed

culture).

4
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2. To evaluate the biological pre-treatment using white rot fungi fur enzymatic

hydrolysis of rubber-wood.

3. To investigate and develop a simultaneous saccharification and fermentation

(SSF) method on the treated rubber-wood sample for production olbioethanol.

5
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