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Lignocellulosic biomass is the source of cellulosic materials which leads to the
fermentable sugars productions. The position of Malaysia as among the top producers
and major exporter of palm oil generates abundant of palm oil biomass particularly oil
palm empty fruit bunch (OPEFB). Conversion to value added products of such organic
acid, compost, bioenergy and enzymes besides sugars which is the key step for most of
the processes may overcome the issues in future wastes management.

Locally isolated fungus namely Pycnoporus sanguineus was found to be the best
ligninolytic enzyme producer among the 20 fungi screened on dyed agar plate.
Decolorization of Remazol Brilliant Blue dye added to agar media by the fungi showed
the ability to secrete ligninolytic enzyme and further profiling resulted in the
production of laccase as the major enzyme followed by manganese peroxidase and
lignin peroxidase with the least activities.

Physical and chemical structural and compositional particularly lignin acts as a barrier
to the enzymatic hydrolysis of cellulose. Appropriate pretreatment to remove lignin is
necessary to ensure the access of cellulases enzyme to the cellulosic material
embedded in the lignocellulosic matrix. In this study, the application of crude
ligninolytic enzyme extracts alone from locally isolated fungi namely Pycnoporus
sanguineus to the oil palm empty fruit bunch as a biological pre-treatment was able to
produce 19 g/L of fermentable sugars during enzymatic hydrolysis using commercial
cellulase and was increased up to approximately 30 g/L with the addition of
combination mediator of HBT-Mn (Il) and ABTS-Mn (11). Based on Klason lignin
determination, the highest lignin removal was achieved at the concentration of 1.5%
HBT, 4 mM ABTS and 2 mM manganese ion as much as 8.02%, 8.68% and 3.7%,
respectively as compared to raw OPEFB. Klason lignin was also removed by as much
as 8.8% at 50T and 8.16% at 10% of substrate loading. Supported results on the FTIR
and GC-MS analysis showed the changes in the structure and chemical bonds of the



biologically treated OPEFB thus conclude that there are some modification occurred
during the pre-treatment.

Cellulase is the key enzyme for the cellulose hydrolysis producing fermentable sugars.
The effect of cultivation condition of two locally isolated ascomycetes strains namely
Trichoderma asperellum UPM1 and Aspergillus fumigatus UPM2 were compared in
submerged and solid state fermentation. Physical evaluation on water absorption index,
solubility index and chemical properties of lignin, hemicellulose and cellulose content
as well as the cellulose structure on crystallinity and amorphous region of treated oil
palm empty fruit bunch (OPEFB) (resulted in partial removal of lignin), sago pith
residues (SPR) and oil palm decanter cake (OPDC) towards cellulases production were
determined. Submerged fermentation shown significant cellulases production for both
strains in all types of substrates. Crystallinity of cellulose and its chemical composition
mainly holocellulose components was found to significantly affected the total cellulase
synthesis in submerged fermentation as the higher crystallinity index and holocellulose
composition will increase cellulase production. Treated OPEFB was apparently
induced the total cellulases from Trichoderma asperellum UPM1 and Aspergillus
fumigatus UPM2 with 0.66 U/mg FPase, 53.79 U/mg CMCase, 0.92 U/mg B-
glucosidase and 0.67 U/mg FPase, 47.56 U/mg and 0.14 U/mg p-glucosidase,
respectively. Physical properties of water absorption and solubility for OPEFB and
SPR also had shown significant correlation on the cellulases production.

The competency of crude cellulase cocktail from both isolates of Trichoderma
asperellum UPM1 and Aspergillus fumigatus UPM2 were mixed at 3:2 ratio and
applied on the enzymatically treated OPEFB from local isolate were compared with the
commercial cellulase and the result obtained was 30% cellulose hydrolysis percentage
for ligninolytic-mediator pretreatment and 44% using commercial cellulase. Regardless
of the lower individual cellulase from local isolates compared to commercial cellulase.
It is therefore suggested that biological approaches alone using ligninolytic enzyme-
mediator as pretreatment and cellulase enzymes produced locally had a promising
potential for fermentable sugar productions for OPEFB.
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Sisa buangan lignoselulosa adalah sumber bahan selulosa dimana ia membawa kepada
penghasilan gula fermentasi yang sangat bernilai. Kedudukan Malaysia sebagai
pengeluar dan pengeksport terbesar minyak kelapa sawit di dunia juga membawa
kepada lambakan sisa kelapa sawit terutamanya tandan kosong kelapa sawit. Sisa
tandan kosong hampas kelapa sawit ini akan menghasilkan produk yang boleh
ditambah nilai seperti asid organik, baja, bio-tenaga dan enzim dan sumbangan yang
paling besar adalah penghasilan gula fermentasi yang menjadi tunggak utama kepada
proses-proses penghasilan produk sampingan yang mempunyai nilai yang tingi dalam
mendepani isu pengurusan sisa terbuang di masa hadapan.

Kulat yang telah dipencilkan yang diberi nama Pycnoporus sanguineus merupakan
antara kulat yang menghasilkan jumlah enzim ligninolitik terbanyak diantara 20 kulat
yang disaring melalui agar yang diwarnakan. Pewarna Remazol Brilliant Blue yang
digunakan akan dinyah warnakan oleh kulat yang berpotensi menghasilkan enzim
lignolitik. Profail yang dijalankan menunjukkan enzim laccase adalah enzim yang
terbanyak dihasilkan di ikuti oleh manganese peroksida manakala lignin peroksida
merupakan enzim paling sedikit dihasilkan.

Struktur fizikal, kimia dan juga komposisi lignin yang terdapat di dalam bahan
lignosellulosa merupakan antara faktor yang menghalang hidrolisis sellulosa. Oleh itu,
pra-rawatan yang sesuai adalah perlu untuk menyingkirkan lignin dan seterusnya
membenarkan enzim sellulase bergerak menuju ke sellulosa polimer. Di dalam kajian
ini, larutan enzim ligninolitik yang di ekstrak dari kulat yang dipencilkan iaitu
Pycnoporus sanguineus diaplikasikan ke atas tandan kosong kelapa sawit sebagai pra-
rawatan biologi pilihan. Pra-rawatan ini mampu menghasilkan 19 g/L gula fermentasi
semasa proses hidrolisis menggunakan sellulase komersil dan nilainya meningkat
apabila larutan enzim lignolitik tersebut di tambah dengan perantara iaitu HBT-Mn(Il)
dan ABTS-Mn(Il) kepada 30 g/L. Merujuk kepada Klason lignin yang ditentukan,



lignin paling banyak disingkirkan pada kepekatan 1.5% HBT, 4 mM ABTS dan 2 mM
manganese ion masing-masing sebanyak 8.02%, 8.68% and 3.7%. Klason lignin juga
berjaya disingkirkan sebanyak 8.8% pada 50<C and 8.16% pada 10% of kemasukan
substrat. Keputusan yang selari juga didapati melalui analisis data FTIR dan GC-MS
dimana terdapat perubahan yang berlaku pada sesetengah ikatan kimia tertentu dan
struktur tandan kosong kelapa sawit. Seterusnya dapat disimpulkan terdapat
pengubahsuaian yang berlaku sewaktu proses pra-rawatan.

Selulase pula merupakan enzim yang penting dalam penghasilan gula fermentasi.
Kesan kulat yang dipupuk dalam dua keadaan berbeza iaitu kaedah terendam dan
kaedah permukaan tindakbalas untuk 2 jenis kulat iaitu Trichoderma asperellum
UPM1 dan Aspergillus fumigatus UPM2 untuk melihat keberkesanan kaedah.
Penilaian fizikal ke atas indek serapan dan kelarutan, ciri-ciri kimia bagi kandungan
lignin, sellulosa dan hemisellulosa juga struktur selulosa (kristaliniti dan amorfus) ke
atas substrat yang berbeza iaitu tandan kosong kelapa sawit, hampas sagu dan kek
dekanter kelapa sawit ditentukan untuk melihat penghasilan selulase. Kaedah
fermentasi terendam menunjukkan prestasi yang baik untuk kedua kulat. Kesan yang
siknifikan terhadap penghasilan selulase dikaitkan dengan tahap kristaliniti dan
komposisi kimia substrat. Tandan kosong kelapa sawit mampu menghasilkan selulase
masing-masing untuk Trichoderma asperellum UPM1 dan Aspergillus fumigatus
UPM2 secara total 0.66 U/mg FPase, 53.79 U/mg CMCase, 0.92 U/mg B-glucosidase
and 0.67 U/mg FPase, 47.56 U/mg and 0.14 U/mg B-glucosidase. Daya serapan dan
kelarutan subtrat juga berkait rapat dengan penghasilan selulose. Kebolehupayaan
koktel selulase untuk T. asperellum UPM1 dan A. fumigatus UPM2 pada nisbah 3:2
dan diaplikasikan pada tandan kosong kelapa sawit yang di pra-rawat di bandingkan
dengan komersil selulase. Keputusan menunjukkan hydrolisis selulosa sebanyak 30%
berjaya dicapai berbanding 44% menggunakan selulosa komersil. Dengan mengambil
kira faktor aktiviti selulase dari ekstrak kultur kulat yang lebih rendah berbanding
komersil selulase, pendekatan biologi ini mempunyai potensi yang boleh ditingkatkan
untuk menghasilkan gula fermentasi yang lebih banyak dimasa hadapan.
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CHAPTER 1

INTRODUCTION

Malaysia is blessed with a variety of agriculture resources. Being the most important
agricultural country with the exports of oil palm, rubber and cocoa, Malaysia generates
a substantial amount of biomass specifically in the oil palm industries with estimated
amount of 33 million tons of crop residues in the form of oil palm empty fruit bunch
(OPEFB), palm kernel shell (PKS) and palm fruit fibre (PFF). Out of these biomass,
OPEFB was considered as primary feedstock with 19.5 million tons in 2008 (Omar et
al., 2011) generated daily. As part of wealth creation strategy, government support to
the use and its utilization and the given incentive has made it possible to be
implemented. With this, it will promotes the emerging of new technology in Malaysia
creating approximately 70,000 jobs in the future and enhancing the development of
rural areas (Malaysia Agensi Inovasi, 2011). Besides, utilizing the biomass wastes
could decrease the detrimental impact on the environment by reduction of carbon
emission which led to global warming.

Due to their abundant, locally available, non-food sources and inexpensive, the
exploitation of the biomass particularly OPEFB could generate further income by the
production of value added products. It has been researched by many local researcher
that the biomass can be further used as a carbon source for fermentable sugars as the
main product for latter application such as biofuel and organic acid production.
However, there is limitation since OPEFB biomass is complicated in structure. The
basic fundamental of the utilization of biomass arise from the knowledge deals with the
rigid structure of lignin and involvement of cellulose and hemicellulose containing
disaccharide and monosaccharide. Theoretically, lignin gave a strong structure to
plants whilst the component of cellulose and hemicellulose were scaffold in between.
Thus, the utilization of cellulose and hemicellulose was blocked by the present of
lignin. Therefore, pretreatment is a prerequisite to allow the access of specific enzyme
to the targeted component of polysaccharide of sugars. The goals of pretreatment have
changed from the lignin removal (as much is possible) in the beginning, to a
modification of lignin for easier downstream processing. For this purpose, the
responsible enzyme was classified into two categories which is ligninolytic enzyme
(lignin peroxidase, laccase and manganese peroxidase) to remove and modify lignin
and cellulolytic enzyme (FPase, CMCase and B-glucosidase) to convert cellulose and
hemicellulose into fermentable sugars. All of the enzymes were secreted in nature by
the ascomycetes and basidiomycete’s species of fungi.

A lot of researches had incorporated the use of fungi in the process to achieve a
specific target of partial lignin removal or modification. At one stage, the incubation
time has to be extended to more than 30 days to attain a satisfactorily lignin removal
and it is therefore an obstacle that limits its biotechnological application. Due to time
consuming factor, the needs to find an alternative approach surge drastically which led



to the free fungal culture application with lesser hassle of dealing with fungal mycelia,
shorter incubation time and reduce the consumed fraction of polysaccharide.

Locally isolated fungi of Trichoderma asperellum UPM 1 and Aspergillus fumigatus
UPM2 was firstly isolated by Abu Bakar et al. (2010). It has been proven to be the
potential fungi for cellulase enzyme and fermentable sugars production using OPEFB
(Nurul Kartini et al., 2012; lbrahim et al., 2013). Therefore, further exploration on the
improvement of cellulase enzyme and the effect of physical and chemical characteristic
of different biomass on cellulase enzyme productions was carried out using both fungi
as different biomass properties triggered cellulase composition differently.

Through this study, the target is to fulfil the gaps in bringing an environmentally
friendly approach by using ligninolytic enzyme mediator system as a pretreatment for
OPEFB lignin removal with the addition of mediators compound to improve the
efficiency and followed by the actions of crude cellulolytic enzyme for the production
of sugars which both produced by local isolates as an approach to reduce the enzyme
cost and to replace the current practices of using list of chemical catalyst such as
alkaline and acid as a favourite choices. Mediators are the low molecular weight
compounds which covers all the necessary compound besides the enzyme (Call &
Mucke, 1997) and its role is very significant to enhance lignin modification and
removal (Cho et al., 2008; Elegir et al., 2005; Rico et al., 2014). Therefore, this study
focused on the feasibility of using ligninolytic enzyme as a pretreatment to modify and
remove OPEFB lignin and subsequent enzymatic hydrolysis for fermentable sugars
production in which all the enzyme was produced from locally isolated fungi. In fact,
crude enzyme was used throughout the study.

The overall objective of the study was to obtain the lignocellulolytic enzymes with the
capability to degrade lignin and hydrolyse the carbohydrate consists of cellulose and
hemicellulose for the production of fermentable sugars. The specific research
objectives were as follow;

1. To select the most potential isolates producing ligninolytic enzyme for
lignin removal

2. To enhance cellulose hydrolysis of OPEFB using ligninolytic enzyme
mediator system as pretreatment

3. To enhance cellulases enzyme production by Trichoderma asperellum

UPM1 and Aspergillus fumigatus UPM2 using different biomass as
carbon sources

4, To evaluate the feasibility of ligninolytic enzyme-mediator as
pretreatment on the cellulose hydrolysis of pretreated OPEFB using crude
lignocellulolytic enzyme cocktail for fermentable sugars production



RERERENCES

Abdul Khalil, H. P. S., Siti Alwani, M., Ridzuan, R., Kamarudin, H., & Khairul, A.
(2008). Chemical composition, morphological characteristics, and cell wall
structure of Malaysian Qil Palm Fibers. Polymer-Plastics Technology and
Engineering, 47(3), 273-280.

Abdullah, R. (2011). World palm oil supply , demand , price and prospects: Focus on
Malaysian and Indonesian palm oil industries. Oil Palm Industry Economic
Journal, 11(2), 13-25.

Abu Bakar, N. K., Abd-Aziz, S., Hassan, M. A., & Ghazali, F. M. (2010). Isolation and
selection of appropriate cellulolytic mixed microbial cultures for cellulases
production from oil palm empty fruit bunch. Biotechnology, 9, 73-78.

Abu Bakar, N. K., Zanirun, Z., Abd-Aziz, S., Ghazali, F. M., & Hassan, M. A. (2012).
Production of fermentable sugars from oil palm empty fruit bunch using crude
cellulase cocktails with Trichoderma asperellum UPM1 and Aspergillus
fumigatus UPM2 for bioethanol production. BioResources, 7(3), 3627-3639.

Achyuthan, K. E., Achyuthan, A. M., Adams, P. D., Dirk, S. M., Harper, J. C.,
Simmons, B. A., & Singh, A. K. (2010). Supramolecular self-assembled chaos:
polyphenolic lignin’s barrier to cost-effective lignocellulosic biofuels. Molecules
(Basel, Switzerland), 15(12), 8641-88.

Adapa, P. K., Tabil, L. G., Schoenau, J., & Sokhansanj, S. (2004). Pelleting
characteristics of fractionated sun-cured and dehydrated alfalfa grinds. Applied
Engineering in Agriculture, 20(6), 813-820.

Ademark, P., Varga, A., Medve, J., Harjunpaa, V., Drakenberg, T., Tjerneld, F., &
Stalbrand, H. (1998). Softwood hemicellulose-degrading enzymes from
Aspergillus niger: purification and properties of a beta-mannanase. Journal of
Biotechnology, 63, 199-210.

Ahamed, A., & Vermette, P. (2008a). Enhanced enzyme production from mixed
cultures of Trichoderma reesei RUT-C30 and Aspergillus niger LMA grown as
fed batch in a stirred tank bioreactor. Biochemical Engineering Journal, 42(1),
41-46.

Ahamed, A., & Vermette, P. (2008b). Culture-based strategies to enhance cellulase
enzyme production from Trichoderma reesei RUT-C30 in bioreactor culture
conditions. Biochemical Engineering Journal, 40, 399-407.

Amann, M., Candussio, A., Muller, R., & Frey, V. (2000). In situ generation of
mediator- A new concept for laccase-catalysed delignification of kraft pulp.
Tappi Pulping Conference (pp. 5-8).

AOAC. (1997). Official methods of analysis. Gaithersburg(16th ed.).

116



Archibald, F. S., & Roy, B. (1992). Production of manganic chelates by laccase from
the lignin degrading fungus Trametes (Coriolus) versicolor. Applied
Environmental and Microbiology, 58(2), 1496-1499.

Ariffin, H., Hassan, M. A, Shah, U. K. M., Abdullah, N., Ghazali, F. M., & Shirai, Y.
(2008). Production of bacterial endoglucanase from pretreated oil palm empty
fruit bunch by bacillus pumilus EB3. Journal of Bioscience and Bioengineering,
106(3), 231-6. The Society for Biotechnology, Japan.

Aro, N., Pakula, T., & Penttild, M. (2005). Transcriptional regulation of plant cell wall
degradation by filamentous fungi. FEMS Microbiology Review, 29, 719-739.

Arora, D. S., & Gill, P. K. (2005). Production of ligninolytic enzymes by Phlebia
floridensis. World Journal of Microbiology and Biotechnology.

Arora, D. S., & Sharma, R. K. (2009). Comparative ligninolytic potential of Phlebia
species and their role in improvement of in vitro digestibility of wheat straw.
Journal of Animal and Feed Sciences, 18, 151-161.

Asdul, M. G., Bastawde, K. B., Varma, A. J., & Gokhale, D. V. (2007). Strain
improvement of Penicillium janthinellum NCIM 1171 for increased cellulase
production. Bioresource Technology, 98(7), 1467—1473.

Asdul, M. G., Ghule, J. E., Singh, R., Shaikh, H., Bastawdea, K. B., Gokhale, D. V, &
Varma, A. J. (2004). Polysaccharide from baggase: applications in cellulase and
xylanase production. Carbohydrate Polymers, 57, 67—72.

Asgher, M., Ahmad, Z., & Igbal, H. M. N. (2013). Alkali and enzymatic
delignification of sugarcane bagasse to expose cellulose polymers for
saccharification and bio-ethanol production. Industrial Crops and Products,
44(2012), 488-495.

Babu, B. V. (2008). Biomass pyrolysis: a state-of-the-art review. Biofuels, Bioproducts
and Biorefining, 2(5), 393-414.

Bahrin, E. K., Azhari, S. bahari, Ibrahim, M. F., Razak, M. N. A., Alawi, S., Abd-aziz,
S., Hassan, M. A., et al. (2012). Physicochemical property changes and
enzymatic hydrolysis enhancement of oil palm empty fruit bunches treated with
superheated steam. Bioresources, 7(2), 1784-1801.

Bahrin, E. K., Seng, P. Y., & Abd-Aziz, S. (2011). Effect of Oil Palm Empty Fruit
Bunch Particle Size on Cellulase Production by Botryosphaeria sp . Under Solid
State Fermentation. Australian Journal of Basic and Applied Sciences, 5(3), 276—
280.

Baiocco, P., Barreca, A., Fabbrini, M., & Galli, C. (2003). Promoting laccase activity
towards non-phenolic substrates. A mechanistic investigation with some laccase
mediator systems organ. Organ Biomolecular Chemistry 1, 191-197.

117



Baldrian, P., & Valaskova, V. (2008). Degradation of cellulose by basidiomycetous
fungi. FEMS Microbiol Review, 32, 501-521.

Bao, W., Lymar, E., & Renganathan, V. (1994). Optimization of cellobiose
dehydrogenase and B-glucosidase production by cellulose degrading cultures of
Phanerochaete Chrysosporium. Applied Microbiology and Biotechnology, 42,
642-646.

Barrasa, J. M., Blanco, M. N., Esteve-Raventds, F., Altés, A., Checa, J., Martinez, A.
T., & Ruiz-Duefias, F. J. (2014). Wood and humus decay strategies by white-rot
basidiomycetes correlate with two different dye decolorization and enzyme
secretion patterns on agar plates. Fungal Genetics and Biology, 72, 106-114.

Bayer, E. A., Belaich, J. P., Shoham, Y., & Lamed, R. (2004). The cellulosomes:
multienzyme machines for degradation of plant cell wall polysaccharides.
Annual Review of Microbiology, 58, 521-524.

Bayer, E. A., Shimon, L. J. W., Shoham, Y., & Lamed, R. (1998). Cellulosomes -
Structure and ultrastructure. Journal of Structural Biology, 124(2-3), 221-234.

Belyaeva, O., & Haynes, R. (2009). Chemical, microbial and chemical properties of
manufactures soils produced by co-composting municipal green waste with cool
fly ash. Bioresource Technology, 100, 5203-5209.

Bennett, J. W., Wunch, K. G., & Faison, B. D. (2002). Use of fungi in biodegradation.
In C. J. Hurst (Ed.), Manual of Environmental Microbiology (pp. 960-971).
Washington DC: AMS Press.

Bermek, H., Li, K., & Eriksson, K. E. L. (2002). Studies on mediators of manganese
peroxidase for bleaching of wood pulps. Bioresource Technology, 85, 249-252.

Blanchette, R. (1991). Delignification by wood decay fungi. Annual Review of
Phytopathology, 29, 381-398.

Bledzki, A. K., Mamun, A. A., & Volk, J. (2010). Physical, chemical and surface
properties of wheat husk, rye husk and soft wood and their polypropylene
composites. Composite Part A:Applied Science and Manufacture, 41, 480-488.

Boisset, C., Fraschini, C., Schulein, M., Henrissat, B., & Chanzy, H. (2000). Imaging
the enzymatic digestion of bacterial cellulose ribbons reveals the endo character
of the cellobiohydrolase Cel6A from Humicola insolens and its mode of synergy
with cellobiohydrolase Cel7A. Applied and Environmental Microbiology, 66,
1444-1452.

Bourbonnais, R., & Paice, M. G. (1988). Veratryl alcohol oxidases from the lignin-
degrading basidiomycete Pleurotus sajor-caju. The Biochemical Journal, 255(2),
445-50.

118



Bourbonnais, R., & Paice, M. G. (1990). Oxidation of non-phenolic substrates: An
expanded role of laccase in lignin biodegradation. FEBS Letters, 267(1), 99-102.

Bourbonnais, R., Paice, M. G., Freiermuth, B., & Bodie, E. (1997). Reactivities of
various mediators and laccases with kraft pulp and lignin model compounds.
Applied and Environmental Microbiology, 63(12), 4627-4632.

Bourbonnais, R., Paice, M. G., Reid, I. D., & Lanthier, P. (1995). Lignin Oxidation by
Laccase Isozymes from Trametes versicolor and Role of the Mediator 2,2 J -
Azinobis (3-Ethylbenzthiazoline- 6-Sulfonate) in Kraft Lignin Depolymerization.
Applied and Environmental Microbiology, 61(5), 1876-1880.

Brijwani, K. (2011). Solid state fermentation of soybean hulls for celluloytic enzymes
production: Physicochemical characteristics and bioreactor design and
modelling. Dissertation University of Delhi.

Brunow, G., & Lundquist, K. (2010). Functional group and bonding patterns in lignin
(including the lignin carbohydrate complexes). In C. Heitner, D. Dimmel, & J.
Schmidt (Eds.), Lignin and Lignans: Advances in Chemistry (pp. 267-299). CRC
Press.

Bugg, T. D. H., Ahmad, M., Hardiman, E. M., & Rahmanpour, R. (2011). Pathways
for degradation of lignin in bacteria and fungi. Natural Product Reports, 28(12),
1883-96.

Buta, J. G., Zardrazil, F., & Gallettti, G. C. (1989). FTIR determination of lignin
degradation in wheat straw by fungus S. rugosoannulata with different oxygen
concentration. Journal of Agriculture and Food Chemistry, 37, 1382-1384.

Caldwell, E., & Steelink, C. (1969). Phenoxy redicals intermediates in the enzymatic
degradation of lignin model compouds. Biochem Biophys Acta, 189(2), 420-431.

Call, H. P., & Mucke, I. (1997). History , overview and applications of mediated
lignolytic systems , especially laccase-mediator-systems ( Lignozym ® -process
). Journal of Biotechnology, 53, 163-202.

Cao, Y., & Tan, H. (2005). Study on crystal structures of enzyme-hydrolyzed
cellulosic materials by X-ray diffraction. Enzyme and Microbial Technology, 36,
314-317.

Chandra, R. P., Bura, R., Mabee, W. E., Berlin, A., Pan, X., & Saddler, J. N. (2007).
Substrate pretreatment: The key to effective enzymatic hydrolysis of
lignocellulosics. Biotechnology, Advances in Biochemical Enggineering, 108,
67-93.

Chang, V. S., & Holtzapple, M. (2000). Fundamental factors affecting biomass
enzymatic reactivity. Applied Biochemistry and Biotechnology, 84-86, 5-37.

119



Chen, H. (2013). Modern Solid State Fermentation: Theory and Practice. Springer
Science & Business Media.

Chhiti, Y., & Kemiha, M. (2013). Thermal conversion of biomass pyrolysis and
gasification , A review. The International Journal of Engineering and Science,
2(3), 75-85.

Cho, N. S., Leonowicz, A., Wilkolazka, A. J., Ginalska, G., Cho, H., Shin, S. J., Choi,
Y. J., et al. (2008). Degradation of a Non-phenolic B-0-4 lignin Model dimer by
Cerrena unicolor laccase and mediators, Acetovanillone and Acetosyringone.
Journal of the Faculty of Agriculture Kyushu University, 53(1), 7-12.

Cole, J., Clark, P., & Solomon, E. (1990). Spectroscopic and chemical studies of the
laccase trinuclear copper active site:geometric and electronic structure. Journal
American Chemical Society, 112(26), 9534-9548.

Collin, P. J., Field, J. A., Teunissen, P., & Dobson, A. D. (1997). Stabilization of lignin
peroxidases in white rot fungi tryptophan. Applied and Environmental
Microbiology, 63, 2543-2548.

Cullen, D., & Kersten, P. (1992). Fungal enzymes for lignocellulose degradation. In J.
Kinghorn & G. Turner (Eds.), Applied Molecular Genetics of Filamentous Fungi
(pp. 101-131). Chapman and Hall, New York.

Dashtban, M., Schraft, H., & Qin, W. (2009). Fungal Bioconversion of Lignocellulosic
Residues, Opportunities & Perspectives, 5(6), 578-595.

Dashtban, M., Schraft, H., Syed, T. A., & Qin, W. (2010). Fungal biodegradation and
enzymatic modification of lignin. International Journal of Biochemistry and
Molecular Biology, 1(1), 36-50.

Demain, A. L., Newcomb, M., & Wu, J. H. D. (2005). Cellulase,clostridia and ethanol.
Microbiology and Molecular Biology Review, 69, 124-154.

Department of Agriculture. (2011). Industrial crops statistics in Malaysia.

Dhouib, A., Hamza, M., Zouari, H., Mechichi, T., Hmidi, R., Labat, M., Martinez, M.
J., et al. (2005). Screening for Ligninolytic Enzyme Production by Diverse Fungi
from Tunisia. World Journal of Microbiology and Biotechnology, 21(8-9), 1415-
1423.

Dix, N., & Webster, J. (1995). Fungal ecology. London Chapman and Hall.

Dogaris, 1., Vakontios, G., Kalogeris, E., Mamma, D., & Kekos, D. (2009). Induction
of cellulases and hemicellulases from Neurospora crassa under solid-state
cultivation for bioconversion of sorghum bagasse into ethanol. Industrial Crops
and Products, 29(2-3), 404-411. Retrieved May 28, 2013, from
http://linkinghub.elsevier.com/retrieve/pii/S092666900800160X

120



Dutta, S., De, S., Saha, B., & Alam, M. I. (2012). Advances in conversion of
hemicellulosic biomass to furfural and upgrading to biofuels. Catalysis Science
& Technology, 2(10), 2025. The Royal Society of Chemistry. Retrieved July 14,
2014, from http://pubs.rsc.org/en/content/articlehtml/2012/cy/c2cy20235b

Dutta, T., Sahoo, R., Sengupta, R., Ray, S. S., Bhattacharjee, A., & Ghosh, S. (2008).
Novel cellulases from an extremophilic filamentous fungi Penicillium citrinium:
production and characterization. Journal of Indian Microbiology and
Biotechnology, 35, 275-282.

Edward, D. A., Luthy, R. G., & Lui, Z. (1991). Solubilization of polycyclic aromatic
hydrocarbons in micellar non ionic surfactant solutions. Environmental Science
and Technology, 25, 127-133.

Eggert, C., Temp, U., Eriksson, K. E., Eggert, C., & Temp, U. (1996). The ligninolytic
system of the white rot fungus Pycnoporus cinnabarinus: purification and
characterization of the laccase. Journal of Applied and Environmental
Microbiology, 62(4).

Ehrman, T. (1996). Determination of acid soluble lignin in biomass. NREL CAT Task
Laboratory Analytical Procedure#004.

Elegir, G., Daina, S., Zoia, L., Bestetti, G., & Orlandi, M. (2005). Laccase mediator
system: Oxidation of recalcitrant lignin model structures present in residual kraft
lignin. Enzyme and Microbial Technology, 37(3), 340-346.

Elisashvili, V., Penninckx, M., Kachlishvili, E., Asatiani, M., & Kvesitadze, G. (2006).
Use of Pleurotus dryinus for lignocellulolytic enzymes production in submerged
fermentation of mandarin peels and tree leaves. Enzyme and Microbial
Technology, 38, 998-1004.

Elisashvili, V., Penninckx, M., Kachlishvili, E., Tsiklauri, N., Metreveli, E., Kharziani,
T., & Kuvesitadze, G. (2008). Lentinus edodes and Pleurotus species
lignocellulolytic enzymes activity in submerged and solid-state fermentation of
lignocellulosic wastes of different composition. Bioresource Technology, 99(3),
457-62.

El-Zawawy, W. K., lbrahim, M. M., Abdel-Fattah, Y. R., Soliman, N. A., &
Mahmoud, M. M. (2011). Acid and enzyme hydrolysis to convert pretreated
lignocellulosic materials into glucose for ethanol production. Carbohydrate
Polymers, 84(3), 865-871.

Eriksson, K. E. L., & Bermek, H. (2009). Lignin, Lignocellulose, Ligninase. Applied
Microbiology, 373-384.

Eriksson, K. E. L., Blanchette, R., & Ander, P. (1990). Microbial and Enzymatic
Degradation of Wood and Wood Components. New York: Springer-Verlag.

121



Evans, E. T., Wales, D. S., Bratt, R. P., & Sagar, B. F. (1992). Investigation of an
endoglucanase essential for the action of the cellulase system of Trichoderma
reesei on crystalline cellulose. Journal of Genetic Microbiology, 138, 1639—
1646.

Fabbrini, M., Galli, C., & Gentili, P. (2002). Comparing the catalytic efficiency of
some mediators of laccase. Journal of Molecular Catalysis B: Enzymatic, 16(5-
6), 231-240.

Fahma, F., Iwamoto, S., Hori, N., Iwata, T., & Takemura, A. (2010). Isolation,
preparation, and characterization of nanofibers from oil palm empty-fruit-bunch
(OPEFB). Cellulose, 17(5), 977-985.

Faix, O., Bremer, J., Schmidt, O., & Tatjana, S. J. (1991). Monitoring of chemical
changes in white-rot degraded beech wood by pyrolysis—Gas chromatography
and Fourier-transform infrared spectroscopy. Journal of Analytical and Applied
Pyrolysis, 21, 147-162.

Farnet, A. M., Criquet, S., Tagger, S., Gil, G., & Le petit, J. (2000). Purification,
partial characterization and reactivity with aromatic compounds of two laccases
from Marasmius quercophilusstrain 17. Canadian Journal of Microbiology, 46,
189-194.

Gamez, S., Gonzalez-Cabriales, J. J., Ramirez, J. A., Garrote, G., & Vazquez, M.
(2006). Study of the hydrolysis of sugar cane bagasse using phosphoric acid.
Journal of Food and Enggineering, 74, 78-88.

Garcia-Cubero, M. A. T., Gonzélez-Benito, G., Indacoechea, ., Coca, M., & Bolado,
S. (2009). Effect of ozonolysis pretreatment on enzymatic digestibility of wheat
and rye straw. Bioresource Technology, 100(4), 1608-13.

Gassara, F., Brar, S. K., Tyagi, R. D., Verma, M., & Surampalli, R. Y. (2010).
Screening of agro-industrial wastes to produce ligninolytic enzymes by
Phanerochaete chrysosporium. Biochemical Engineering Journal, 49(3), 388—
394.

Gate, E., Road, W., & Kingdom, U. (1997). Food Macromolecular Science
Department, Institute of Food Research Reading Laboratory, Earley Gate,
Whiteknights Road, Reading, RG6 6BZ, United Kingdom, 15, 583-620.

Ghose, P., & Ghose, T. K. (2003). Biotechnology in India: Recent past and emerging
future. Advances in Biochemical Engineering, 85, 1-27.

Glenn, J. K., & Gold, M. H. (1985). Purification and characterization of an
extracellular Mn(Il) dependent peroxidase from the lignin degrading
basidiomycete Phanerochaete chrysosporium. Archive Biochemistry and
Biophysic, 242, 329-341.

122



Goh, C. S.,, Tan, K. T., Lee, K. T., & Bhatia, S. (2010). Bio-ethanol from
lignocellulose: Status, perspectives and challenges in Malaysia. Bioresource
Technology, 101(13), 4834-41.

Gold, M. H., & Alic, M. (1993). Molecular biology of the lignin degrading
basidiomycetes Phanerochaete chrysosporium. Microbiology and Molecular
Biology Review, 57, 605-622.

Gonzélez, M., Canton, L., Rodriguez, A., & Labidi, J. (2008). Effect of organosolv and
soda pulping processes on the metals content of non-woody pulps. Bioresource
Technology, 99(14), 6621-5.

Grongvist, S., Suurnakki, A., Niku Paavola, M.-L., Kruus, K., Buchert, J., & Viikari,
L. (2003). Lignocellulose processing with oxidative enzymes. In S. D. Mansfield
& J. N. Saddler (Eds.), Application of enzyme to lignocellulosic (pp. 46-65).
Washington DC: ACS symp Ser 855.

Gusakov, A. V, Salanovich, T. N., Antonov, A. I., Ustinov, B. B., Okunev, O. N.,
Burlingame, R., Emalfarb, M., et al. (2007). Design of Highly Efficient Cellulase
Mixtures for Enzymatic Hydrolysis of Cellulose, 97(5), 1028-1038.

Gutiérrez, A., Rencoret, J., Cadena, E. M., Rico, A., Barth, D., del Rio, J. C., &
Martinez, A. T. (2012). Demonstration of laccase-based removal of lignin from
wood and non-wood plant feedstocks. Bioresource Technology, 119, 114-22.

Gutierrez-correa, M., Portal, L., Moreno, P., & Tengerdy, R. P. (1999). Mixed culture
solid substrate fermentation of Trichoderma reesei with Aspergillus niger on
sugar cane bagasse, Bioresource Technology 68, 173-178.

Hamelinck, C. N., Hooijdonk, G. van, & Faaij, A. P. (2005). Ethanol from
lignocellulosic biomass: techno-economic performance in short-, middle- and
long-term. Biomass and Bioenergy, 28(4), 384-410.

Hamisan, A. F., Abd-Aziz, S., Kamaruddin, K., Shah, U. K. M., Shahab, N., & Hassan,
M. A. (2009). Delignification of Oil Palm Empty Fruit Bunch using Chemical
and Microbial Pretreatment Methods. International Journal of Agricultural
Research, 4(8), 250-256.

Hammel, K. E. (1997). Fungal degradation of lignin. In C. G & G. KE (Eds.), Driven
by nature: plant litter quality and decomposition (pp. 33-45). CAB
International,United Kingdom.

Hamzah, F., Idris, A., & Shuan, T. K. (2011). Preliminary study on enzymatic
hydrolysis of treated oil palm (Elaeis) empty fruit bunches fibre (EFB) by using
combination of cellulase and B 1-4 glucosidase. Biomass and Bioenergy, 35(3),
1055-1059.

123



Han, M., Kim, Y., Kim, S. W., & Choi, G.-W. (2011). High efficiency bioethanol
production from OPEFB using pilot pretreatment reactor. Journal of Chemical
Technology & Biotechnology, 86(12), 1527-1534.

Han, N. M., & May, C. Y. (2012). Determination of Antioxidants in Qil Palm Empty
Fruit Bunches. American Journal of Applied Sciences, 9(11), 1862-1867.

Hassan, M. A., & Shirai, Y. (2003). Palm biomass utilization in Malaysia for the
production of bioplastic. Retrieved from http://www.jie.or.jp/pdf/16.

Hatakka, A. (1994). Lignin modifying enzymes from selected white rot fungi.
Production and role in lignin degradation. FEM Microbial Review, 13, 125-135.

ten Have, R., Hartmans, S., Teunissen, P. J. M., & Field, J. A. (1998). Purification and
characterization of two lignin peroxidase isozymes produced by Bjerkandera sp.
strain BOS55. FEBS Letters, 422, 391-394.

He, Y. Pang, Y. Liu, Y., Li, X, & Wang, K. (2008). Physicochemical
Characterization of Rice Straw Pretreated with Sodium Hydroxide in the Solid
State for Enhancing Biogas Production. Energy & Fuels, 22(4), 2775-2781.

Heinze, T., & Liebert, T. (2001). Unconventional methods in cellulose
functionalization. Progress in Polymer Science, 26, 1689-1762.

Henriksson, G., Petterssen, G., & Johansson, G. (2000). A critical review of cellobiose
dehydrogenase. Journal of Biotechnology, 79, 93.

Hernandez, E., Garcia, A., Lopez, M., Puls, J., Parajo, J. C., & Martin, C. (2013).
Dilute sulphuric acid pretreatment and enzymatic hydrolysis of Moringa oleifera
empty pods. Industrial Crops and Products, 44, 227-231.

Higuchi, T. (1990). Biosynthesis and biodegradation. Wood Science and Technology,
24(1), 23-63.

Higuchi, T. (2006). Look back over the studies of lignin biochemistry. Journal of
Wood Science, 52, 2-8.

Hofrichter, M. (2002). Review: lignin conversion by manganese peroxidase (MnP).
Enzyme and Microbial Technology, 30(4), 454-466.

Hood, I. A. (1992). An illustrated guide to fungi on wood in New Zealand (first ed.).
Auckland: Oxford University Press.

Humphreys, J. M., & Chapple, C. (2002). Rewriting the lignin roadmap. Current
Opinion in Plant Biology, 5, 224-229.

124



Ibarra, D., Romero, J., Martinez, M. J., Martinez, A. T., & Camarero, S. (2006).
Exploring the enzymatic parameters for optimal delignification of eucalypt pulp
by laccase-mediator. Enzyme and Microbial Technology, 39(6), 1319-1327.

Ibrahim, M. F., Abd-Aziz, S., Yusoff, M. E. M., Phang, L. Y., & Hassan, M. A.
(2015). Simultaneous enzymatic saccharification and ABE fermentation using
pretreated oil palm empty fruit bunch as substrate to produce butanol and
hydrogen as biofuel. Renewable Energy, 77, 447-455.

Ibrahim, M. F., Razak, M. N. A,, Phang, L. Y., Hassan, M. A., & Abd-Aziz, S. (2013).
Crude Cellulase from Oil Palm Empty Fruit Bunch by Trichoderma asperellum
UPM1 and Aspergillus fumigatus UPM2 for Fermentable Sugars Production.
Applied Biochemistry and Biotechnology, 170(6), 1320-1335.

Illanes, A. (2008). Enzyme Biocatalysis: Principle and Applications. Springer Science
& Business Media.

Irfan, M., Gulsher, M., Abbas, S., Syed, Q. & Nadeem, M. (2011). Effect of various
pretreatment conditions on enzymatic saccharification. Songklanakarin Journal
of Science and technology, 33(4), 397-404.

Ishizawa, C. I., Davis, M. F., Schell, D. F., & Johnson, D. K. (2007). Porosity and its
effect on the digestibility of dilute sulfuric acid pretreated corn stover. Journal of
agricultural and food chemistry, 55(7), 2575-81.

Isroi, Ishola, M. M., Millati, R., Syamsiah, S., Cahyanto, M. N., Niklasson, C., &
Taherzadeh, M. J. (2012). Structural changes of oil palm empty fruit bunch
(OPEFB) after fungal and phosphoric acid pretreatment. Molecules (Basel,
Switzerland), 17(12), 14995-5002. R

Isroi, Millati, R., Syamsiah, S., Niklasson, C., Nur Cahyanto, M., Lundquist, K., &
Taherzadeh, M. J. (2011). Biological pretreatment of lignocelluloses with white-
rot fungi and its applications: A review. Bioresources, 6(4), 5224-5259.

Jamkhandi, C. M., & Disouza, J. I. (2013). Synthesis and antimicrobial evaluation of
1H-Benzotriazol-1-Y L{2-Hydroxy-5- [(E) Phenyldiazenyl]Phenyl} methanone
derivative. International Journal of Pharmacy and Pharmaceutical Sciences,
5(3), 225-228.

Janshekar, H., Haltmeier, T., & Brown, C. (1982). Fungal degradation of pine and
straw alkali lignins. European Journal of Applied Microbiology and
Biotechnology, 14, 174-181.

Jeong, T. S., Choi, C. H., Lee, J. Y., & Oh, K. K. (2012). Behaviors of glucose
decomposition during acid-catalyzed hydrothermal hydrolysis of pretreated
Gelidium amansii. Bioresource technology, 116, 435-40.

125



Jiang, L., Fenghui, S., Xiangzhen, L., Zhiying, Y., Yuenxiang, Y., & Xiao Feng, L.
(2012). Enhanced saccharification of corn straw pretreated by alkali combining
crude ligninolytic enzymes. Journal of Chemical Technology and Biotechnology,
87, 1687-1693.

John, M., & Thomas, S. (2008). Biofibers and biocomposites. Carbohydrate Polymers,
71, 343-364.

Jargensen, H., Mgarkeberg, A., Krogh, K. B. R., & Olsson, L. (2005). Production of
cellulases and hemicellulases by three Penicillium species: effect of substrate and
evaluation of cellulase adsorption by capillary electrophoresis. Enzyme and
Microbial Technology, 36(1), 42-48.

Jutakanoke, R., Leepipatpiboon, N., Tolieng, V., Kitpreechavanich, V., Srinorakutara,
T., & Akaracharanya, A. (2012). Sugarcane leaves: Pretreatment and ethanol
fermentation by Saccharomyces cerevisiae. Biomass and Bioenergy, 39, 283—
289.

Kaliyan, N., Schmidt, D. ., & Morey, R. V. (2010). Commercial scale grinding of corn
stover and perennial grasses. ASABE Annual International Meeting. David L.
Lawrence Convention Centre, Pittsburgh, Pennsylvania, June 20-23, Paper No.
1009062, 2950 Niles Road, St. Joseph, MI 49085-9659 USA.

Kalogeris, E., Fountoukides, G., Kekos, D., & Macris, B. . (1999). Design of solid state
bioreactor for thermophilic microorganisms. Bioresource Technology, 67, 313—
315.

Kang, S. (2004). Production of cellulases and hemicellulases by Aspergillus niger KK2
from lignocellulosic biomass. Bioresource Technology, 91(2), 153-156.

Kapich, A. N., Prior, B. a., Botha, A., Galkin, S., Lundell, T., & Hatakka, A. (2004).
Effect of lignocellulose-containing substrates on production of ligninolytic
peroxidases in submerged cultures of Phanerochaete chrysosporium ME-446.
Enzyme and Microbial Technology, 34(2), 187-195.

Karkonen, A., & Koutaniemi, S. (2010). Lignin biosynthesis studies in plant tissue
cultures. Journal of Integrated Plant Biology, 52, 176-185.

Keller, F. A., Hamilton, J. E., & Nguyen, Q. A. (2003). Microbial Pretreatment of
Biomass. Applied Biochemistry and Biotechnology, 105(3), 27-41.

Kelly-Yong, T., Lee, K. T., Mohamed, A. R., & Bhatia, S. (2007). Potential of
hydrogen from oil palm biomass as a source of renewable energy worldwide.
Energy Pol, 35, 5692-5701.

Kersten, P. J. (1990). Glyoxal oxidase of Phanerochaete chrsysosporium: Its
characterization and activation by lignin peroxidase. Proc. Natl. Acad. Sci. USA
(Vol. 87, pp. 2936-2940).

126



Keyser, P., Kirk, T. K., & Zeikus, J. G. (1978). Ligninolytic enzyme system of
Phanerochaete chrysosporium: synthesized in the absence of lignin in response
to nitrogen starvation. Journal of Bacteriology, 135, 790-797.

Khazaal, K., Owen, E., Dodson, A., Harvey, P., & Palmer, J. (1990). A preliminary
study of the treatment of Barley straw with ligninase enzyme: Effect on in-vitro
digestibility and chemical composition. Biological Wastes, 33, 53-62.

Khlifi, R., Khlifi-Slama, R., Mechichi, T., Sayadi, S., & Dhouib, A. (2012). Effect of
natural mediators on the stability of Trametes trogii laccase during the
decolourization of textile wastewaters. Journal of microbiology (Seoul, Korea),
50(2), 226-34.

Kirk, T. K., & Farrell, R. . (1987). Enzymatic Combustion: the microbial degradation
of lignin. Annual Review of Microbiology, 41, 465-505.

Klinke, H., Thomsen, A., & Ahring, B. (2004). Inhibition of ethanol-producing yeast
and bacteria by degradation products produced during pretreatment of biomass.
Applied Microbiology and Biotechnology, 66, 10-28.

Knauf, M., & Moniruzzaman, M. (2004). Lignocellulosic biomass processing: A
perspective. International Sugar Journal, 106, 147-150.

Kondo, R., Harazono, K., & Sakai, K. (1994). Bleaching of hardwood kraft pulp with
manganese peroxidase secreted from Phanerochaete sordida YK-624. Applied
and environmental microbiology, 60, 4359—4363.

Kristensen, J. B., Thygesen, L. G., Felby, C., Jargensen, H., & Elder, T. (2008). Cell-
wall structural changes in wheat straw pretreated for bioethanol production.
Biotechnology for biofuels, 1(1), 5.

Kuhad, R. C., Gupta, R., & Singh, A. (2011). Microbial Cellulases and Their Industrial
Applications, Enzyme Research.

Kuhad, R. C., & Kuhar, S. (2013). Biotechnology for Environmental Management and
Resource Recovery. (R. C. Kuhad & A. Singh, Eds.). India: Springer India.
Retrieved February 7, 2014, from http://link.springer.com/10.1007/978-81-322-
0876-1

Lai, C., Zeng, G.-M., Huang, D.-L., Zhao, M.-H., Huang, H.-L., Huang, C., Wei, Z., et
al. (2013). Effect of ABTS on the adsorption of Trametes versicolor laccase on
alkali lignin. International Biodeterioration & Biodegradation, 82, 180-186.

Lai, Y.-Z. (1992). Methods in Lignin Chemistry. (S. Y. Lin & C. W. Dence,
Eds.)Springer Series in Wood Science. Berlin, Heidelberg: Springer Berlin
Heidelberg.

127



Lamed, R., & Bayer, E. A. (1993). Genetics, biochemistry and ecology of
lignocellulose degradation. (R. Shimada, K. Ohmiya, Y. Kobayashi, S.
Hoshinos, K. Sakka, & S. Karita, Eds.).

Lange, H., Decina, S., & Crestini, C. (2013). Oxidative upgrade of lignin — Recent
routes reviewed. European Polymer Journal, 49(6), 1151-1173.

Lankinen, P. (2004). Ligninolytic enzymes of the basidiomycetous fungi Agaricus
bisporus and Phlebia radiata on lignocellulose-containing media. University of
Helsinki.

Laser, M., Schulman, D., Allen, S. G., Lichwa, J., Antal Jr, M. J., & Lynd, L. R.
(2002). A comparison of liquid hot water and steam pretreatments of sugar cane
bagasse for bioconversion to ethanol. Bioresource Technology, 81, 33-44.

Latif, I., Ibrahim, M. R., & Kauser, A. M. (1994). Saccharification of Laptochoafusca
(Kallar grass straw) using thermostable cellulase. Bioresource Technology,
50(2), 107-111.

Lavarack, B., Giffin, G., & Rodman, D. (2002). The acid hydrolysis of sugarcane
bagasse hemicellulose to produce xylose, arabinose, glucose and other products.
Biomass and Bioenergy, 23, 367—-380.

Lee, J. (1997). Biological conversion of lignocellulosic biomass to ethanol. Journal of
Biotechnology, 56(1), 1-24.

Lee, J.-W., Kim, H.-Y., Koo, B.-W., Choi, D.-H., Kwon, M., & Choi, I.-G. (2008).
Enzymatic saccharification of biologically pretreated Pinus densiflora using
enzymes from brown rot fungi. Journal of Bioscience and Bioengineering,
106(2), 162-7.

Levin, L., Melignani, E., & Ramos, A. M. (2010). Effect of nitrogen sources and
vitamins on ligninolytic enzyme production by some white-rot fungi. Dye
decolorization by selected culture filtrates. Bioresource Technology, 101(12),
4554-63.

Li, K. (2001). Roles of enzymes and mediators in lignocellulosic degradation. Paper of
the American Chemical Society (pp. C87-100).

Li, X., Jia, R, Li, P.,, & Ang, S. (2009). Response surface analysis for enzymatic
decolorization of Congo red by manganese peroxidase. Journal of Molecular
Catalysis B: Enzymatic, 56(1), 1-6.

Linggang, S., Phang, L. Y., Wasoh, M. H., & Abd-Aziz, S. (2012). Sago pith residue
as an alternative cheap substrate for fermentable sugars production. Applied
Biochemistry and Biotechnology, 167(1), 122-31.

128



Lopez, M. J., Vargas-Garcia, M. D. C., Suarez-Estrella, F., Nichols, N. N., Dien, B. S.,
& Moreno, J. (2007). Lignocellulose-degrading enzymes produced by the
ascomycete Coniochaeta ligniaria and related species: Application for a
lignocellulosic substrate treatment. Enzyme and Microbial Technology, 40(4),
794-800.

Lowry, O. H., Rosebrough, N. J.,, Farr, A. L., & Randall, R. . (1951). Protein
measurement with the Folin phenol reagent. Journal of Biology and Chemistry,
195, 265-275.

Lu, C., Wang, H., Luo, Y., & Guo, L. (2010). An efficient system for pre-
delignification of gramineous biofuel feedstock in vitro: Application of a laccase
from Pycnoporus sanguineus H275. Process Biochemistry, 45(7), 1141-1147.

Lynd, L. R., Weimer, P. J., Zyl, W. H. Van, & Pretorius, I. S. (2002). Microbial
Cellulose Utilization: Fundamentals and Biotechnology. Microbiology and
Molecular Biology Reviews, 66(3), 506-577.

Machado, K. M. G., Matheus, D. R., & Bononi, V. L. R. (2005). Ligninolytic enzymes
production and Remazol Brilliant Blue R decolorization by Tropical Brazillian
Basidiomycetes fungi. Brazilian Journal of Microbiology, 36, 246-252.

Maganhotto de Souza Silva, C. M., Soares de Melo, I., & Roberto de Oliveira, P.
(2005). Ligninolytic enzyme production by Ganoderma spp. Enzyme and
Microbial Technology, 37(3), 324-329.

Malaysia Agensi Inovasi. (2011). National Biomass Strategy 2020: New wealth
creation  for  Malaysia’s biomass industry. Retrieved from
http://web.jrc.ec.europa.eu/biso-prototype/data/int/Malaysian_Biomass Strategy
2013-2020.pdf

Malik, E. P., & Singh, M. B. (1980). Plant Enzymology and Hittoenzymology (1st
editio.). Kalyani Publisher New Delhi.

Mandel, M., & Weber, J. (1969). Exoglucanase activity by microorganisms. Advanced
Chemistry, 95, 391-414.

Maria, K., Machado, G., & Matheus, D. R. (2006). Biodegradation of Remazol
Brilliant Blue by ligninolytic enzymatic complex produced by Pleurotus
ostreatus. Brazilian Journal of Microbiology, 37, 468-473.

Martinez, A. T., Ruiz-Duenas, F. J., Martinez, M. J., Del Rio, J. C., & Gutierrez, A.
(2009). Enzymatic delignification of plant cell wall from nature to mill. Current
Opinion in Biotechnology, 20, 348-357.

Matsubara, M., Lynch, J. M., & De Leij, F. A. A. M. (2006). A simple screening
procedure for selecting fungi with potential for use in the bioremediation of
contaminated land. Enzyme and Microbial Technology, 39(7), 1365-1372.

129



Membrillo, 1., Sanchez, C., Meneses, M., Favela, E., & Loera, O. (2008). Effect of
substrate particle size and additional nitrogen source on production of
lignocellulolytic enzymes by Pleurotus ostreatus strains. Bioresource
Technology, 99(16), 7842-7.

Meshartree, M., Hogan, C. M., & Saddler, J. . (1988). Influence of growth substrate on
production of cellulase enzymes by Trichoderma harzianum E58. Biotechnology
and Bioengineering, 31, 725-729.

Michael, J. C., Sarah, C. W., & Graham, W, G. (2001). The fungi (2nd editio.).
Academic Press.

Mielgo, I., Lopez, C., Moreira, M. T., Feijoo, G., & Lema, J. M. (2003). Oxidative
degradation of azo dyes by manganese peroxidase under optimized conditions.
Biotechnology Progress, 19, 325-331.

Miller, G. L. (1959). Use of dinitrosalicyclic acid reagent for determination of reducing
sugar,. Analytical chemistry, 31, 426-428.

Misson, M., Haron, R., Kamaroddin, M. F. A., & Amin, N. A. S. (2009). Pretreatment
of empty palm fruit bunch for production of chemicals via catalytic pyrolysis.
Bioresource Technology, 100(11), 2867—-2873.

Moilanen, U., Kellock, M., Galkin, S., & Viikari, L. (2011). The laccase-catalyzed
modification of lignin for enzymatic hydrolysis. Enzyme and Microbial
Technology, 49, 492-498.

Moredo, N., Lorenzo, M., Dominguez, A., Moldes, D., Cameselle, C., & Sanroman, A.
(2003). Enhanced ligninolytic enzyme production and degrading capability of
Phanerochaete chrysosporium and Trametes versicolor. World Journal of
Microbiology and Biotechnology, 19, 665-669.

Moreira, M. T., Palma, C., Mielgo, I., Feijoo, G., & Lema, J. M. (2001). In vitro
degradation of a polymeric dye (Poly R-478) by manganese peroxidase.
Biotechnology and Bioengineering, 75, 362—368.

Morohoshi, N. (1991). Chemical characterization of wood and its components. In D.
Hon & N. Shiraishi (Eds.), Wood and Cellulosic chemistry (pp. 331-392). New
York, USA: Marcel Dekker, Inc.

Morozova, O. V., Shumakovich, G. P., Shleev, S. V., & Yaropolov, Y. I. (2007).
Laccase-mediator systems and their applications: A review. Applied
Biochemistry and Microbiology, 43(5), 523-535.

Mosier, N., Wyman, C., Dale, B., Elander, R., Lee, Y. Y., Holtzapple, M., & Ladisch,
M. (2005). Features of promising technologies for pretreatment of lignocellulosic
biomass. Bioresource technology, 96(6), 673-86.

130



MPOC. (2014). Malaysia ~ Palm Qil Industry. Retrieved  from
http://www.mpoc.org.my/Malaysian_Palm_Oil_Industry.aspx

Namrata, C. (2012). Dietary fiber and its significance. Biochemistry for Medics.
Retrieved from http://www.namrata.co/dietary-fiber-and-its-significance/

Naraian, R., Singh, D., Verma, A., & Garg, S. K. (2010). Studies on in vitro
degradability of mixed crude enzyme extracts produced from Pleurotus spp.
Journal of Environmental Biology, 31(6), 945-51.

Nazarpour, F., Abdullah, D., Abdullah, N., & Zamiri, R. (2013). Evaluation of
Biological Pretreatment of Rubberwood with White Rot Fungi for Enzymatic
Hydrolysis. Materials, 6(5), 2059-2073.

Neo, Y., Ariffin, A.,, Tan, C., & Tan, Y. (2008). Determination of oil palm fruit
phenolic compounda and their antioxidant activities using spectrophotometric
methods. International Journal of Food Science and Technology, 43, 1832—-1837.

Nicholson, D. J., Leavitt, A. T., & Francis, R. C. (2014). A three-stage klason method
for more accurate determinations of hardwood lignin content. Cellulose
Chemistry and Technology, 48(1-2), 53-59.

Niku Paavola, M.-L., Anke, H., Popius-Levlin, K., & Viikari, L. (2003). Siderophores
as natural mediators in laccase-aided degradation of lignin. In S. D. Mansfield &
J. N. Saddler (Eds.), Application of enzyme to lignocellulosic (pp. 176-190).
Washington DC: ACS symp Ser 855.

Nilvebrandt, N. O., Reimann, A., Larsson, S., & Jonssen, L. J. (2001). Detoxification
of lignocellulose hydrolysate with ion-exchange resins. Applied Biochemistry
and Biotechnology, 91(93), 35-49.

Nyanhongo, G. S., Gomes, J., Gubitz, G., Zvauyar, R., & Read, J. S. (2002).
Production of laccase by a newly isolated strain of Trametes modesta.
Bioresource Technology, 84, 259-263.

O’Sullivan, A. (1997). Cellulose: the structure slowly unravels. Cellulose, 4, 173-207.

Odier, E., & Artaud, I. (1992). Degradation of lignin. In G. Winkkelmann (Ed.),
Microbial degradation of natural products (pp. 161-191). VCH Weinheim,
Germany.

Okazaki, S. Y., Goto, M., Wariishi, H., Tanaka, H., & Furusaki, S. (2000).
Characterization and catalytic property of surfactant-laccase complex in organic
media. Biotechnology Progress, 16(4), 583-588.

Omar, R., Idris, A, Yunus, R., Khalid, K., & Aida Isma, M. I. (2011). Characterization
of empty fruit bunch for microwave-assisted pyrolysis. Fuel, 90(4), 1536-1544.

131



Oucek, J. S., Anzlikova, I. H., & Utla, P. H. (2003). A fine desintegration of plants
suitable for composite biofuels production, 2003(1), 7-11.

Paice, M. G., Bourbonnais, R., Reid, I. D., Archibald, F. S., & Jurasek, L. (1995).
Oxidative bleaching enzymes: A review. Journal of Pulp and Paper Science,
21(8), 280-284.

Palonen, H., & Viikari, L. (2004). Role of oxidative enzymatic treatments on
enzymatic hydrolysis of softwood. Biotechnology and Bioengineering, 86, 550—
557.

Pandey, A. (1994). Solid state fermentation: An overview. In A. Pandey (Ed.), Solid
State fermentation (pp. 3—10). New Delhi, India: Wiley Eastern Limited.

Pandey, A., Soccol, C. R., Rodriguez-Leon, J. A., & Poonan, N. (2001). Solid state
fermentation in biotechnology, Fundamental and applications. New Delhi:
Asiatech.

Pérez, J., Mufioz-Dorado, J., de la Rubia, T., & Martinez, J. (2002). Biodegradation
and biological treatments of cellulose, hemicellulose and lignin: an overview.

International microbiology : the official journal of the Spanish Society for
Microbiology, 5(2), 53-63.

Pinto, P. A, Dias, A. A, Fraga, |., Marques, G., Rodriques, M. A. M., Colaco, J., &
Sampaio, A. (2012). Influence of ligninolytic enzymes on straw saccharification
during fungal pretreatment. Bioresource Technology, 111, 261-267.

Quaak, P., Knoef, H., & Stassen, H. E. (1999). Energy from Biomass: A Review of
Combustion and Gasification Technologies, Volumes 23-422.

Quintanar, G. S., Arana-Cuenca, A., Flores, Y. M., Rodriguez, J. N. G., & Téllez-
Jurado, A. (2012). Effect of particle size and aeration on the biological
delignification of corn straw using Trametes sp. 44. BioResources, 7(1), 327—
344,

Rabinovich, M. L., Melnik, M. S.; & Bolobova, A. V. (2002). Microbial cellulase: A
review. Applied Biochemistry and Microbiology, 38, 305-321.

Raghukumar, C., D’Souza, T. M., Thorn, R. G., & Reddy, C. A. (1999). Lignin-
modifying enzymes of Flavodon flavus, a basidiomycete isolated from a coastal
marine environment. Applied and Environmental Microbiology, 65, 2103-2111.

Rahardjo, Y. S. P., Jolink, F., Haemers, S., Tramper, J., & Rinzema, A. (2005).
Significance of bed porosity, bran and specific surface area in solid-state
cultivation of Aspergillus oryzae. Biomolecule Enggineering, 22, 133-139.

132



Ralph, J., Lundquist, K., Brunow, P. G., Lu, F., Kim, H., Schatz, P. F., Marita, J. M., et
al. (2004). Lignins: Natural polymer from oxidative coupling of 4-
hydroxyphenylpropanoids. Phytochemistry Review, 3, 29-60.

Rani, R., Sukumaran, R. K., Kumar, A., Larroche, C., & Pandey, A. (2010).
Advancement and comparative profiles in the production technologies using
solid-state and submerged fermentation for microbial cellulases. Enzyme and
Microbial Technology, 46(7), 541-549.

Razak, M. N. A., lbrahim, M. F., Yee, P. L., Hassan, M. A., & Abd-Aziz, S. (2012).
Utilization of oil palm decanter cake for cellulase and polyoses production.
Biotechnology and Bioprocess Engineering, 17(3), 547-555.

Reddy, G. V., Sridhar, M., & Gold, M. H. (2003). Cleavage of nonphenolic beta-1
diarylpropane lignin model dimers by manganese peroxidase from
P.chrysosporium. European Journal of Biochemistry, 270, 284-292.

Reid, I. D., & Paice, M. G. (1998). Effects of Manganese Peroxidase on Residual
Lignin of Softwood Kraft Pulp. Applied Environmental and Microbiology, 64(6),
2273-2275.

Renganathan, V., & Gold, M. H. (1986). Spectral characterization of the oxidized
states of lignin peroxidase, an extracellular heme enzyme from the white rot
basidiomycete Phanerochaete chrysosporium. Biochemistry (Moscow), 25,
1626-1631.

Rico, A., Rencoret, J., Del Rio, J. C., Martinez, A. T., & Gutiérrez, A. (2014).
Pretreatment with laccase and a phenolic mediator degrades lignin and enhances
saccharification of Eucalyptus feedstock. Biotechnology for biofuels, 7(1), 6.

Romero, M. D., Aguado, J., Gonzalez, L., & Ladero, M. (1999). Cellulase production
by Neurospora Crassa on wheat straw. Enzyme and Microbial Technology, 25,
244-250.

Roslan, A. M., Hassan, M. A., Abd-Aziz, S., & Yee, P. L. (2009). Effect of palm oil
mill effluent supplementation on cellulase production from rice straw by local
fungal isolates. International Journal of Agriculture Resources, 4(5), 185-192.

Ryvarden, L. (1993). Tropical polypores. Aspects of Tropical Mycology (Vol. 1993, p.
325). Cambridge University Press.

Sai Prashanti, G., Sravanthi, K., Srilekha Yadav, K., Venkateshwar, S., &
Venkateswar, R. L. (2013). Evaluation of pretreatment methods for enzymatic
saccharification of wheat straw for bioethanol production. Carbohydrate
Polymers, 91, 646—650.

Saleha, S. (2012). Steam pretreatment to improve enzymatic saccharification of oil
palm empty fruit bunch. Universiti Putra Malaysia.

133



Saleha, S., Md Shah, U. K., Zainudin, H., Abd-Aziz, S., Mustapa Kamal, S. M., Shirai,
Y., & Hassan, M. A. (2012). Effect of steam pretreatment on oil palm empty fruit
bunch for the production of sugars. Biomass and Bioenergy, 36, 280-288.

Sanchez, C. (2009). Lignocellulosic residues: biodegradation and bioconversion by
fungi. Biotechnology Advances, 27(2), 185-94.

Sanchez, O. J., & Cardona, C. A. (2008). Trends in biotechnological production of fuel
ethanol from different feedstocks. Bioresource Technology, 99(13), 5270-95.

Sayadi, S., & Ellouz, R. (1995). Roles of lignin peroxidase and manganese peroxidase
from Phanerochaete chrysosporium in the decolorization of olive mill
wastewaters. Applied and Environmental Microbiology, 61(3), 1098-103.

Schmidt, O. (2006). Wood and Tree Fungi: Biology, Damage, Protection, and
Use .Springer. Retrieved June 6, 2014,

Schroyen, M., Vervaeren, H., Vandepitte, H., Van Hulle, S. W. H., & Raes, K. (2015).
Effect of enzymatic pretreatment of various lignocellulosic substrates on
production of phenolic compounds and biomethane potential. Bioresource
Technology, 192, 696-702.

Shahbazi, A., Li, Y., & Mims, M. R. (2005). Application of sequential aqueous steam
treatments to the fractionation of softwood. Applied Biochemistry and
Biotechnology, 973-987.

Shi, J., Sharma-Shivappa, R. R., & Chinn, M. S. (2009). Microbial pretreatment of
cotton stalks by submerged cultivation of Phanerochaete chrysosporium.
Bioresource technology, 100(19), 4388-95.

Shimada, M., & Higuchi, T. (1991). Microbial enzymatic and biomimetic degradation
of lignin. In D. N.-S. Hon & N. Shiraiski (Eds.), Wood and Cellulosic chemistry
(pp. 557-619). Marcel Dekker, Inc.

Shleev, S., Christenson, A., Serezhenkov, V., Burbaes, D., Yaropolov, A., & Gorton,
L. (2005). Electrochemical redox transformations of T1 and T2 copper sites in
native Trametes hirsuta laccase at gold electrode. Biochemistry Journal, 385(3),
745-754.

Shleev, S., Persson, P., Shumakovich, G., Mazhugo, Y., Yaropolov, A., Ruzgas, T., &
Gorton, L. (2006). Interaction of fungal laccases and laccase-mediator systems
with lignin. Enzyme and Microbial Technology, 39(4), 841-847.

Shuit, S. H., Tan, K. T., & Lee, K. T. (2008). Oil palm biomass as a sustainable energy
source: A Malaysian case study. International Conference on Environment
(ICENV) (Vol. 2008).

134



Simarani, K., Hassan, M. a., Abd-Aziz, S., Wakisaka, M., & Shirai, Y. (2009). Effect
of Palm Oil Mill Sterilization Process on the Physicochemical Characteristics
and Enzymatic Hydrolysis of Empty Fruit Bunch. Asian Journal of
Biotechnology, 1(2), 57-66.

Sime Darby. (2010). Annual Report. Retrieved from
http://www.simedarby.com/downloads/pdfs/SDB/Annual_Report/Sime_Darby
AR2010.pdf

Snajdr, J., & Baldrian, P. (2007). Temperature affects the production, activity and
stability of ligninolytic enzymes in Pleurotus ostreatus and Trametes versicolor.
Folia microbiologica, 52(5), 498-502.

Srebotnik, E., & Hammel, K. E. (2000). Degradation of nonphenolic lignin by the
laccase/1-hydroxybenzotriazole system. Journal of Biotechnology, 81(2-3), 179—
188.

Sukumaran, R. K., Singhania, R. R., & Pandey, A. (2005). Microbial cellulases:
Production , applications and challenges, Journal of Science Indian Resources
64(November), 832-844.

Sumathi, S., Chai, S. P., & Mohamed, a. R. (2008). Utilization of oil palm as a source
of renewable energy in Malaysia. Renewable and Sustainable Energy Reviews,
12(9), 2404-2421.

Sun, R. C., Fang, J. M., & Tomkinson, J. (2000). Delignification of rye straw using
hydrogen peroxide. Industrial Crops and Products, 12(2), 71-83.

Sun, R., & Tompkinson, J. (2003). Comparative study of organic solvent and water-
soluble lipophilic extractives from wheat straw |: Yield and chemical
composition. Journal of Wood Science, 49, 47-52.

Sun, Y., & Cheng, J. (2002). Hydrolysis of lignocellulosic materials for ethanol
production: A review. Bioresource Technology, 83(1), 1-11.

Sun, Y., Zhuang, J., Lin, L., & Ouyang, P. (2009). Clean conversion of cellulose into
fermentable glucose. Biotechnology Advances, 27(5), 625-632.

Sundram, K., Sambanthamurthi, R., & Tan, Y. A. (2003). Palm fruit chemistry and
nutrition. Asia Pacific Journal of Clinical and Nutraceutical, 3, 353-362.

Tangerdy, R. . (1996). Cellulase production by solid state fermentation. Journal of
Science Indian Resources, 55, 313-316.

Tappi. (1999). Kappa number of pulp T236 om-99 (pp. 3-6).

Tappi. (2002). Acid-insoluble lignin in wood and pulp T2220m-02 2002 (pp. 3-7).

135



Tien, M., & Kirk, T. K. (1988). Biomass Part B: Lignin, Pectin, and Chitin. Methods
in Enzymology, Methods in Enzymology (Vol. 161). Elsevier.

Tuor, H., Wariishi, H., Shoemaker, & Gold, M. H. (1992). Oxidation of phenolic
arylglycerol beta-aryl ether lignin model compounds by manganese peroxidase
from Phanerochaete chrysosporium: oxidative cleavage of an alpha-carbonyl
model compound. Biochemistry Journal, 31(21), 4986-4995.

Tuor, U., Winterhalter, K., & Fiechter. (1995). Enzymes of white rot fungi involved in
lignin degradation and ecological determinants for wood decay. Journal of
Biotechnology, 41, 1-17.

Umikalsom, M. S., Ariff, A., Tong, C. & Hassan, M. A. (1997). Production of cellulase
by a wild strain of Chaetomium globosum using delignified oil palm empty-fruit-
bunch fibre as substrate. Applied Microbiology and Biotechnology, 47, 590-595.

Umikalsom, M. S., Ariff, A. B., Zulkifli, H. S., Tong, C. C., Hassan, M. A., & Karim,
M. 1. A. (1997). The treatment of oil palm empty fruit bunch fibre for subsequent
use as substrate for cellulase production by Chaetomium globosum Kunze.
Bioresource Technology, 62, 1-9.

Uzan, E., Nousiainen, P., Balland, V., Sipila, J., Piumi, F., Navarro, D., Asther, M., et
al. (2010). High redox potential laccases from the ligninolytic fungi Pycnoporus
coccineus and Pycnoporus sanguineus suitable for white biotechnology: from
gene cloning to enzyme characterization and applications. Journal of Applied
Microbiology, 108(6), 2199-213.

Vintilin, T., Dragomirescu, M., Jurcoane, S., Vintili, D., Caprita, R., & Maniu, M.
(2009). Production of cellulase by submerged and solid-state cultures and yeasts
selection for conversion of lignocellulose to ethanol. Romanian Biotechnology
Letters, 14(2), 4275-4281.

Vivekanand, V., Dwivedi, P., Sharma, A., Sabharwal, N., & Singh, R. P. (2008).
Enhanced delignification of mixed wood pulp by Aspergillus fumigatus laccase
mediator system. World Journal of Microbiology and Biotechnology, 24(12),
2799-2804.

Volkering, F., Breure, A., Andel, J., & Rulkens, W. (1995). Influence of non-ionic
surfactants on bioavailability and biodegradation of polycyclic aromatic
hydrocarbons. Applied and Environmental Microbiology, 61, 1699-1705.

Wan, C., & Li, Y. (2011). Effect of hot water extraction and liquid hot water
pretreatment on the fungal degradation of biomass feedstocks. Bioresource
Technology, 102(20), 9788-93.

Wan, C., & Li, Y. (2012). Fungal pretreatment of lignocellulosic biomass.
Biotechnology Advances, 30(6), 1447-57.

136



Wang, L., Yan, W., Chen, J., Huang, F., & Gao, P. (2008). Function of the iron-
binding chelator produced by Coriolus versicolor in lignin biodegradation.
Science China and Life Science, 51, 214-221.

Ward, G., Hadar, Y., & Dosoretz, C. G. (2004). The biodegradation of lignocellulose
by white rot fungi. In D. K. Arora (Ed.), Mycology (pp. 393-407). New York:
CRC Press.

Wariishi, H., Valli, K., & Gold, M. H. (1992). Oxidative cleavage of a phenolic
diarylpropane lignin model dimer by manganese peroxidase from Phanerochaete
chrysosporium. Biochemistry Journal, 28(14), 6017-6023.

Wen, Z., Liao, W., & Chen, S. (2005a). Production of cellulase/B-glucosidase by the
mixed fungi culture Trichoderma reesei and Aspergillus phoenicis on dairy
manure. Process Biochemistry, 40(9), 3087—3094.

Wen, Z., Liao, W., & Chen, S. (2005b). Production of cellulase by Trichoderma reesei
from dairy manure. Bioresource Technology, 96(4), 491-9.

Winquist, D., Moilanen, U., Mettala, A., Leisola, M., & Hatakka, A. (2008).
Production of lignin modifying enzymes on industrial waste material by solid
state cultivation of fungi. Biochemical Engineering Journal, 42, 128-132.

Wolfgang, A. (2007). General production methods. Enzyme and Industry; production
and application (p. 35). Wiley VCH.

Wong, D. W. S. (2009). Structure and Action Mechanism of Ligninolytic Enzymes.
Applied Biochemistry and Biotechnology, 157, 174-2009.

Wood, T. M., & Bhat, K. M. (1988). Methods for measuring cellulase activities. (S. T.
Willis & A. Wood, Eds.)Methods in Enzymology. Academic Press.

Xu, Z., Wang, Q., Jiang, Z., Yang, X., & Ji, Y. (2007). Enzymatic hydrolysis of
pretreated soybean straw. Biomass and Bioenergy, 31(2-3), 162-167.

Yang, H. (2007). Characteristics of hemicellulose , cellulose and lignin pyrolysis. Fuel,
86, 1781-1788.

Yang, X., & Wyman, C. (2008). Pre-treatment: the key to unlocking the low cost
cellulosic ethanol. Biofuels, Bioproducts and Biorefining, 2, 26-40.

Yano, S., Murakami, K., Sawayama, S., Imou, K., & Yokoyama, S. (2009). Ethanol
production potential from oil palm empty fruit bunches in southeast asian
countries considering xylose utilization. Journal of the Japan Institute of Energy,
88, 923-926.

137



Yanto, D. H. Y., & Tachibana, S. (2014). Enhanced biodegradation of asphalt in the
presence of Tween surfactants, Mn(2+) and H,O, by Pestalotiopsis sp. in liquid
medium and soil. Chemosphere, 103, 105-13.

Yongjun, Z., & GeiBen, S.-U. (2010). In vitro degradation of carbamazepine and
diclofenac by crude lignin peroxidase. Journal of hazardous materials, 176(1-3),
1089-92.

Yu, G., Wen, X., Li, R., & Qian, Y. (2006). In vitro degradation of a reactive azo dye
by crude ligninolytic enzymes from nonimmersed liquid culture of
Phanerochaete chrysosporium. Process Biochemistry, 41(9), 1987-1993.

Yu, J., Zhang, J., He, J., Liu, Z., & Yu, Z. (2009). Combination of mild and physical or
chemical pretreatment with biological pretreatment for enzymatic hydrolysis of
rice hull. Bioresource Technology, 100, 903-908.

Yuan, Q., Wang, J., Zhang, H., & Qian, Z. (2005). Effect of temperature shift on
production of xylanase by Aspergillus niger. Process Biochemistry, 40(10),
3255-3257.

Yusoff, S. (2006). Renewable energy from palm oil- innovation on effective utilization
of waste. Journal of Cleaner Production, 14, 87-93.

Zahangir Alam, M., Nurdina, M., & Erman, M. M. (2005). production of cellulase
from oil palm biomass as substrate by solid state bioconversion. American
Journal of Applied Sciences.

Zaldivar, J., Martinez, A., & Ingram, L. . (1999). Effect of selected aldehydes on the
growth and fermentation ethanologeic Eschiria coli. Biotechnology and
Bioengineering, 65(1), 24-33.

Zanirun, Z., Abd-aziz, S., Foo, H. L., & Hassan, M. A. (2009). Optimisation of Lignin
peroxidase production using locally isolated Pycnoporus sp. through factorial
design. Biotechnology, 8(3), 296-305.

Zhang, Y. H. P., Himmel, M. E., & Mielenz, J. R. (2006). Outlook for cellulase
improvement: Screening and selection strategies. Biotechnology Advances, 24,
452-481.

Zhang, Y.-H. P., & Lynd, L. R. (2004). Toward an aggregated understanding of
enzymatic  hydrolysis of cellulose: noncomplexed cellulase systems.
Biotechnology and Bioengineering, 88(7), 797-824.

Zhao, J., & Janse, B. J. H. (1996). Comparison of H202-producing enzymes in
selected white rot fungi. FEMS Microbiology Letters, 139, 215-221.

138



	PRELIM PAGES EDIT
	Final Hardbound thesis idah2  edit
	Blank Page
	Blank Page


