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In the present study, rubber-wood (Fevea brasiliensis) was used as a raw material for
biocthanol production. The goal of this study was to investigate the clfficiency of
biological pretreatiment using Ceriporiopsis subvermispora ATCC 90467, Trameles
versicolor ATCC 20869, and a mixed culture of C. subvermispora and T. versicolor for
the conversion of rubber-wood to bioclh.zmol. There are numerous pre-treatment
mcthods but they often lead to the losses of carbohydrate, generate toxic wastes that
whibit enzymatic hydrolysis and consume a lot of energy. In contrast. a biological pre-
trcatment 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 sclectivity for lignin degradation with the highest lignin and hemicellulose
loss at 45.06 % and 42.08 %, respectively after 90 days among the tested samples.
Meanwhile the cellulose loss was very low (9.50 %) comparced to thosc of T. versicolor
and mixed culture. X-ray analysis showed that pretreated samples had a higher
crystaflinity than untreated samples. The sample pretreated by C. subvernmispora
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 intluecnce of particle size (0.25, 0.50, and 1.00
mm) on prctreatment cffectivencss by C. subvermispora was also cxamined by X-ray
and chemical analysis. The rubber-wood with particle size 1 mm was efficiently
degraded to provide better aeration/respiration opportunitics 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 reeser) and f-glucosidase (Novozyme 188, produced by Aspergillus niger)
at 50 °C for 168 hours and the released sugars were converted to biocthanol by
simultancous  saccharification and  fermentation  process  (SSF) using  ycast
Saccharomyces cerevisiae DSA at 37 °C for 120 hours. A study on hydrolysis of rubber-

wood treated with € subvermispora. T. versicolor, and mixed culture for 90 days



resulted inan increase sugar yield about 27.67 %, 16.23 %, and 14.20 %, respectively as
compared to untreated rubber-wood (2.88 %). The sample obtained using the best
pretreatment (sample pretreated by C. subvermispora) was used for biocthanol
production. After 120 hours, the maximum bioethanol concentration and yield were 17.9
g/l and 53 %, respectively. The results obtained demonstrate that white rot fungus C.
subevermispora is a suitable fungus for improving the cnzymatic hydrolysis and
brocthanol 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 (fievea brasiliensis) telah digunakan sebagai bahan
asas untuk penghasiian bioctanol. Sasaran di dalam kajian ini adalah untuk
mengenalpasti keberkesanan pra-rawatan biologi dengan menggunakan Ceriporiopsis
subvermispora ATCC 90467, Trametes versicolor ATCC 20869, dan campuran kultur
C. subvermispora dan T. versicolor untuk menukarkan kayu getah kepada bioetanol.
Berbagai kaedah pra-rawatan telah dilaporkan tetapi kebanyakannya menycebabkan
kehilangan karbohidrat, mengeluarkan sisa toksid yang boleh merencatkan hidrolisis
enzim dan penggunaan tenaga tinggi. Scbaliknya prarawatan biologi menggunakan
cendawan mempunyai kelebihan kerana penggunaan tenaga rendah, keadaan pra-

rawatan yang lebih lembut kecuali masa rawatan panjang.
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Perubahan dart segi kompisisi kimia, perubahan struktur dan penerimaan kepada tindak
balas enzim sakarifikasi dan penghasilan bioctanol di dalam penguratan kayu telah
dianalisis. Keputusan di dalam kajian ini menunjukkan kulat pengurai lignin iaitw C
subvermispora mempunyai kebolehan untuk menguna lignin dan hemisclulosa yang
paling tinggi dengan penurunan lignin dan hemisclulosa pada 45.00 % dan 42.08 %,
scelepas 90 hari berbanding dengan sampel yang diuji, manakala kehilangan sclulosa
adalah sangat rendah (9.50 %) berbanding dengan 7. versicolor dan kultur campuran.
Analisis X-ray menunjukkan pra-rawat sampel mempunyai pengkristalan yang tinggi
berbanding  dengan sampel  yang  tidak  dirawat.  Sampel yang  dirawat  dengan

menggunakan Co subvermispora menunjukkan pengkristalan yang tinggi pada semua
sampel  yang  mungkin  discbabkan olch penguraian terpilih - komponen  amorfus.
Spektroskopi Jelmaan Fourier Inframerah (FTIR) menunjukkan kandungan lignin dan
hemisclulosa menurun di dalam proses pra-rawatan. Saiz partikel (0.25. 0.50, and 1.00
mm) mempengaruhi keberkesanan pra-rawatan oleh C. subvermispora yang juga diteliti
oleh X-ray dan analisis kimia. Kayu-getah dengan saiz partikel 1 mm adalah sangat
berkesan dalam penguraian dengan menyediakan pengudaraan/respirasi yang lebih baik
berbanding saiz partikel yang lebih kecil. Untuk mengukur pra-rawatan biologt, sclulosa
didalam kayu yang dirawat telah dihidrolisis dengan menggunakan sclufasa (Celluclast
1.5 L, dihasilkan oleh  Trichoderma  reesei)  dan B-glukosidase (Novozyme 188,
dihasilkan olch Aspergillus nigery pada suhu 50 °C sclama 168 jam dan gula yang
dihasilkan akan ditukar kepada bioctanol oleh proses sakarifikasi serentak dan proses

penapaian mengeunakan yis Saccharomyees cerevisive DSA pada 37 °C sclama 120
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jam. Kajian hidrohisis olch kayu-getah yang dirawat dengan Co subvermispora, T.
versicolor, dan campuran kultur sclama 90 hari menunjukkan kenatkan kandungan gula
sebanyak 27.67 %, 1623 %, dan 14.20 %, berbanding kayu-getah yang tdak dirawat
(2.88 %). Sampel diperolehi dengan menggunakan pra-rawatan yang terbaik (sampel
pra-rawat olch C. subvermispora) telah digunakan untuk penghasilan bioctanol. Selepas
120 jam, kepekatan dan kandungan ctanol yang tertinggi adalah 17.9 ¢/L dan 53 %.
Keputusan  diperolehi menunjukkan kulat C. subevermispora adalah sesuai untuk
meningkatkan hidrolists dan penghasilan ctanol dari kayu-getah. Keputusan  juga
menunjukkan kayu-getah adalah berpontensi sebagai bahan asas untuk penghasilan

bioctanol.
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CHAPTER 1

INTRODUCTION

1.1  General Background

Researchers in the past couple of decades have studied on renewable sources of liquid
fucls to replace fossil fuels. Burning fossil tuels such as coal and oil relecases COs,
which is a major causc of global warming (Kumar ¢t al., 2009). Unlike fossil fuel,
biocthanol has the advantages of being renewable, cleaner burning and produces no
greenhouse gases (Altintas ¢t al., 2002). At present, corn is the main raw material for
biocthanol  production in the United States (Kim and Dale. 2004). Towever,
lignocelulosic biomass has the potential to provide a more cconomical feedstock s a
result of its widespread availability, sustainable production and cheaply available (Shi
ef al., 2008). Rubber-wood is onc of the most abundant lignocellulosic materials in
Malaysta. Rubbcer tree (/Hevea brasiliensis) which is also known as hevea wood, is a
major industrial crop grown in South East Asia with an estimated plantation arca of 1.8
mitlion ha (20 % of global plantation) in Malaysia alone (Srinivasakannan and Zatlani
Abu Bakar, 2004). Rubber wood can be used as a potential raw material for bioethanol

production due to its high celtulose content (Alhasan ef al., 2010).



The general approaches for the conversion of lignocelluloses to ethanol include; 1) pre-
treatment of lignoceliulose materials to remove lignin and open the crystalline structure
ol ccllulose, 2) hydrolysis of ccllulose to glucose and 3) microbial fermentation of
glucose to ethanol (Sun and Cheng. 2002). Even though challenges exist in the
optimization of these steps, the pre-treatment step 1s considered to be once of the main
barricrs avoiding commercial success and makes up one third of the total cthanol

production costs (McAloon et al., 2000).

Existing pre-trcatment methods  have largely been developed on the basis of
physicochemical technologics such as steam cxplosion, dilute acid and alkali pre-
treatments, and oxidation or various combinations (Mosier ef «f., 2005). However,
typical physical and chemical pre-treatments need high-cnergy (stcam or clectricity) as
well as corrosion resistant, high pressure reactors, which incrcase the cost of pre-
trcatment and requirement for specialty cquipments. Additionally, chemical pre-
treatments can be  harmful to subscquent enzymatic hydrolysis and  microbial
fermentation apart from producing acidic or alkaline waste water which nceds pre-
disposal treatment to censure cnvironmental safety (Keller et «l., 2003). In contrast,
microbial pre-treatment uttlizes microorganisms cspecially fungr and their enzyme
systems to degrade lignin and hemicellulose present in the lignocellulosic biomass.
This environment friendly approach has recently received greater attention (Hadar et

«l.. 1993 Camarcro ¢f al., 1994, Sawada ef al., 1995 Keller ef al., 2003; Amirta ¢t al.,
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2000). In biocthanol production white rot fungi can be cmployed for biological pre-
treatment. Compared to other pretreatment  alternatives  the fungal treatment s
advantagcous because ol low cnergy demand and mild treatment conditions but

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

White rot fungi are the only microorganisms that are able to clficiently degrade all the
components of plant cell walls, both carbohydrates and lignin. There are two types of
white rot fungi: simultancous or nonsclective and selective white rot (Blanchette et al.,
1985 Messner et al., 2003). The present work cmployed two white rot fungi
individually and mixed culture of both fungi to study the effect of biological pre-
treatment on the rubber-wood for cthanol production. Ceriporiopsis subvermispora
represents the selective degradation of wood that removes lignin preferentially than
cellulose. Itis the most promising fungi for biopulping (Eriksson ¢ al., 1990; Hatakka
A..2001). Tt is not only because it has the ability to degrade lignin sclectively, but also
because it grows on wood aggressively and is suitable for biotreatment of both soft and
hardwood (Akhtar e afl., 1998; Ferraz et al, 2003). Whereas, Trametes versicolor 1s a
typical non sclective rot type fungi which degrade cellulose, hemicelluloses and lignin

simultancously (Blanchette, 1991).

As mentioned before, the other general approaches for conversion of lignocellulosic

bromass to cthanol are hydrolysis and fermentation. These two steps can be carried out



simultancously in a process known as simultancous saccharification and fermentation
(SSF) (Takagi et al., 1977). SSF has scveral advantages over separate hydrolysis and
fermentation like increase of hydrolysis rate by conversion of sugars that inhibit the
cellulase activity. Additionally, SSF reduces contamination risk due to the presence of
cthanol and climinates equipment costs by performing the hydrolysis and fermentation
in onc reactor (Philippidis ¢ al., 1993: Nigam and Singh, 1995). SSF performs
Saccharification by using enzymes instead of chemicals such as acids (Wright, 1988).
The optimum temperature for cellulase activity is between 40 and 50 °C, whereas the
cthanolgenic yeast Saccharomyces cerevisiae cannot exceed 38 °C (Bollok er al.,
2000). A number of thermotolerant speeies of Saccharomyces, Kluyveromyces, and
Fabospora genera have been identified that have potential for use in the SSF process at

high temperatures (Szezodrak and Targo ski, 1988).

1.2 Objectives

The objectives of this study arc as follows;

L. To determine the effects on the physicochemical properties of rubber-wood

after biological pre-treatiment by white rot fungi (individually and mixed

culture).



To cvaluate the biological pre-treatment using white rot fungi for enzymatic
hydrolysis of rubber-wood.
To investigate and develop a simultancous saccharification and fermentation

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