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ABSTRACT

Oil palm frond (OPF) is the largest agro-residue and lignocellulose biomass in
Malaysia amounting to 56 million tons every year. At present, it is mainly utilized as
soil fertilizer and animal feed, whereas excess fronds are commonly burned to save up
plantation space and to avoid contamination. Such practices undermine the economic
value of OPF and contribute to environmental pollution. Tapping into its rich
lignocellulose content, the study investigated bioconversion potential of frond petiole
for lignocellulolytic enzyme production. Six locally isolated fungi 4. awamori MMS4,
A. niger EFB1, A. fumigatus SK1, T. virens UKM1, T. viride MM3, and T. asperellum
MR1 were screened for their enzyme production capability under solid state
fermentation. The fermentation was carried out in petri dish using OPF fibre (0.125
mm) at 60% moisture content and 35°C for 7 days. The fermentation produced enzyme
mixture high in lignin peroxidase (20-222 Ug'), endoxylanase (6-109 Ug') and
endoglucanase (2-9 Ug?), alongside exolgucanase, [-glucosidase, manganese
peroxidase and laccase. The multi-enzyme mixture was suitable for technical
application and when tested for the enzymatic deinking of old newspaper achieved a
pulp brightness of up to 51.5% and tensile strength of 34.0 Nm/g. To avoid generation
of secondary waste, the remaining fermented OPF (post enzyme extraction) was re-
fermented up to three cycles. This further increased enzyme production by 26-79%
and fibre utilization by 14-26%. Such repeated fermentation also proved favourable in
improving the sustainability and cost of enzyme production at each cycle. Fermented
OPF that were no longer fermentable after three cycles was subjected to nutrient
regeneration by enzymatic hydrolysis and autolysis. The process generated a nutrient
rich hydrolysate containing carbon (1.79 gL™!), nitrogen (0.11 gL!) and phosphorus
(0.36 gL that were useable as growth medium and supported both bacterial and
fungal growth. Overall, the study showed the potential bioconversion of OPF into
valuable enzymes and the significance of re-fermentation and hydrolysis process to

maximise usage of fermented waste as renewable feedstock.



ABSTRAK

Pelepah sawit (OPF) merupakan sisa agro dan biojisim lignoselulosa terbesar
Malaysia dengan hasil buangan mencecah 56 juta tan setiap tahun. Pada masa ini, pelepah
sawit digunakan sebagai baja tanah dan makanan haiwan, manakala lebihan pelepah
dibakar bagi menjimatkan ruang ladang dan mengelakkan kontaminasi. Amalan sebegini
merendahkan nilai ekonomi OPF dan menyumbang kepada pencemaran alam sekitar.
Meraih kandungannya yang tinggi lignoselulosa, kajian ini menyiasat potensi bio-olahan
pelepah sawit untuk penghasilan enzim lignoselulolitik. Enam kulat pencilan tempatan A.
awamori MMS4, A. niger EFB1, A. fumigatus SK1, T virens UKMI1, T. viride MM3, dan
T. asperellum MRI telah disaring keupayaan menghasilkan enzim melalui kaedah
fermentasi pepejal. Fermentasi telah dilakukan di dalam piring petri menggunakan gentian
OPF (0.125 mm) pada kandungan lembapan 60% dan suhu 35°C selama 7 hari. Proses
fermentasi tersebut menghasilkan campuran enzim yang tinggi dengan lignin peroksidase
(20-222 Ug"), endoksilanase (6-109 Ug') dan endoglukanase (2-9 Ug"), serta
eksoglukanase, B-glukosidase, mangan peroksidase dan lakkase. Campuran pelbagai
enzim tersebut sesuai digunakan bagi aplikasi teknikal, dan apabila diuji dalam
penyahdakwatan enzimatik surat khabar lama menghasilkan kecerahan pulpa sehingga
51.5% dan kekuatan tegangan 34.0 Nm/g. Bagi mengelakkan penjanaan sisa sekunder,
baki OPF terfermentasi (pasca pengekstrakan enzim) telah difermentasikan semula
sehingga tiga kitaran. Ia seterusnya meningkatkan pengeluaran enzim sebanyak 26-79%
dan penggunaan serat sebanyak 14-26%. Fermentasi ulangan sebegini juga didapati
bersesuaian untuk menambahbaik kemampanan serta kos penghasilan enzim pada setiap
kitaran. OPF terpakai yang tidak lagi boleh difermentasi selepas tiga kitaran telah
dikenakan penjanaan semula nutrisi melalui proses hidrolisis dan autolisis enzimatik.
Proses tersebut menghasilkan hidrolisat bernutrisi tinggi yang mengandungi karbon (1.79
gL, nitrogen (0.11 gL™) dan fosforus (0.36 gL™) yang boleh digunapakai sebagai
medium pertumbuhan dan menyokong pertumbuhan kulat dan bakteria. Secara
keseluruhan, kajian ini menunjukkan potensi bio-olahan OPF kepada enzim yang bernilai
dan juga kepentingan proses fermentasi ulangan dan hidrolisis bagi memaksimumkan
penggunaan bahan yang telah difermentasi sebagai bahan mentah yang boleh
diperbaharui.
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CHAPTER 1

INTRODUCTION

1.1 Background information

About 56 million tonnes of oil palm frond (OPF) are generated every year and
is possibly the largest agricultural waste in Malaysia (Abdullah ez al., 2016). However,
the utilization of OPF and oil palm waste in general are quite limited. At present, OPF
wastes are used for soil replenishment and as animal feed, while a larger portion are
burned to save up plantation space and to avoid contamination (Ishida & Abu Hassan,
1997; Islam et al., 2000, Lee et al., 2016). Realising the potential of oil palm biomass,
the Malaysian government initiated the National Biomass Strategy 2020 to convert the
largely underutilized biomass waste into value added bio-products such as enzymes,

biofuel, bio-fertilizer, and bio-based chemicals (Malaysia, 2011).

Biomass waste with potentially high lignocellulose content such as OPF can
be exploited for lignocellulolytic enzyme production (Saini ef al, 2015). A
lignocellulolytic enzyme contain a mixture of cellulase, xylanase, and ligninolytic
enzymes (Saini ef al., 2015). These enzymes are in demand today due to their
widespread application in various industries (Anwar ef al., 2014). One such industry
that can benefit from enzyme application is the pulp and paper industry. To date, they
are one of the largest environmental polluters due to their over reliance on harmful
high alkaline chemicals (Ashrafi et al., 2015). Lignocellulolytic enzyme can be applied
for wastepaper processing especially in the deinking and bleaching process (Davison
& Finkelstein, 2012; Lee ef al., 2007). However, the biggest bottleneck for enzymatic

application in industries is the high cost of enzyme production itself (Liu e al., 2016).
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Commercial enzymes are conventionally produced by submerged fermentation
(SmF). Today, solid state fermentation (SSF) are gaining significant interest for
enzyme production (Singhania ef al., 2010). The combination of SSF and filamentous
fungi have yield promising results in the production of hydrolytic enzymes such as
cellulase and xylanase. In addition, fungal fermentation under SSF is capable of
producing higher volumetric extracellular enzymes than SmF (di Cologna ez al., 2017,
Viniegra-Gonzélez et al., 2003). This is because filamentous fungi can thrive under
low water environment and could consume nutrient directly by degrading the solid
substrate (Manpreet ef al., 2005). Another advantage of SSF is that, it is simple and
cheaper to operate. It uses low amount of water and the fermenter set-up does not

require agitator and complex stirring mechanism (Pandey et al., 2008).

Although lignocellulose biomass such as oil palm frond has great potential to
be converted into value-added product such as lignocellulolytic enzyme, certain
challenges related to its production such as cost and environmental impact has to be
addressed. These crucial factors if left unchecked at lab-scale could become a
hindrance in future up-scaling. For that reason, incorporating certain bio-refinery
techniques such as re-fermentation and nutrient regeneration may be useful (Chang &
Webb, 2017). Re-fermentation involves the re-use of fermented substrate for the
production of same or other related product, while nutrient regeneration involves the
retrieval of essential nutrient from fermented material (Koutinas ef al., 2005).
Adopting such techniques in the production scheme could maximize substrate
utilization, improve enzyme production and possibly generate other value added

product along the way.

Finally, enzyme production has to be sustainable for it to be beneficial. Most
claims on enzymes being a greener alternative to chemicals are not substantiated with
quantitative findings (Jegannathan & Nielsen, 2013). Thus, environmental assessment
of enzyme production is necessary for it to be truly sustainable. Today, life-cycle
assessment (LCA) has become an indispensable tool to ascertain the sustainability of

such process in a cheap and easy way.



1.2 Problem statements

In recent years, oil palm frond (OPF) has gained prominence due to its diverse
usage potential. For example, OPF’s leaflets and stems sections are rich in soil nutrient
and can be utilized as natural soil fertilizers. However, other larger section of the frond
such as the petiole are commonly burned, and this contributed to pollution and wastage
of lignocellulose content. The study proposes to investigate the suitability and

potential of OPF petiole as a substrate for solid state fermentation.

Fungal fermentation of heterogeneous lignocellulose substrate such as OPF are
likely to produce a diverse enzyme mixture (Anwar ef al., 2014). At present, many
SSF studies are mainly focused on hydrolytic enzymes such as cellulase and xylanase
while disregarding enzymes such as lignin peroxidase, manganese peroxidase and
laccase that might be presence in the mixture. Furthermore, these oxidative enzymes
are often exclusively produced and researched using white-rot basidiomycetes fungi
(e.g., Phanerochaete sp.)(Yoon et al., 2014). This study intends to investigate all seven
enzymes associated to the lignocellulolytic mixture using soft-rot ascomycetes fungi
(e.g., Aspergillus and Trichoderma sp.) to better understand its enzymatic activity,

composition and application potential.

Most fermentation studies today are too product oriented with little attention
given to the fermented residue/substrate. At the end of fermentation or post-extraction
process, fermented residue may still contain undigested fibre components, protein and
microbial cells (Chang & Webb, 2017; Koutinas ef al., 2005). Discarding the solid
residue would result in wastage of useful organic matter and contribute to the
generation of secondary waste. Therefore, this study propose to re-ferment the
fermented residue to increase its level of utilization and also to further hydrolyse it for

the purpose of nutrient regeneration.



Lab-scale enzyme studies are often focused on process optimization and
purification to increase enzymatic yield. Although this is important, other practical
aspect such as cost, environmental impact and final applicability of the enzyme
produced should also be given weight (da Gama Ferreira ef al., 2018; Olofsson et al.,
2017). Commercial enzymes are not only expensive to produce, its production process
may not be as environmentally friendly as expected (Klein-Marcuschamer ef al.,
2012). For that reason, the enzyme produced in this study are evaluated for its potential
impact to environment and its enzymatic hydrolytic application on raw lignocellulose

biomass and wastepaper while estimating the cost of enzyme produced at small scale.

1.3 Objectives

1. To analyse the physicochemical characteristic of oil palm frond petiole as
lignocellulose substrate for solid state fermentation

2. To select the best lignocellulolytic enzyme producer among Aspergillus and
Trichoderma species

3. To analyse the re-fermentation potential of fermented oil palm frond petiole and
its effect on substrate utilization and lignocellulolytic enzyme production

4. To compare the enzymatic hydrolysis of fermented and non-fermented oil palm
frond petiole for the production of nutrient rich medium

5. To evaluate the environmental impact and application potential of crude

lignocellulolytic enzyme



1.4 Scope of study

The study only focuses on the petiole section of the oil palm frond and are
subjected to physical modifications. The characterization of the frond petiole covered
aspects of its chemical and elemental composition, size distribution, moisture content,
surface area and porosity. Six filamentous fungi from Aspergillus and Trichoderma
species were screened to determine the best lignocellulolytic enzyme producer and the
selected strain were used throughout the study. Solid state fermentation was carried
out using glass petri dish for the benefit of space and practicality. The re-fermentation
of fermented frond petiole was studied in several cycles until the fermented substrate
was no longer efficient in producing lignocellulolytic enzyme. The crude enzyme
produced were applied for the bio-deinking of pre-treated old newspaper. The crude
enzyme was also used for the enzymatic hydrolysis of non-fermented and fermented
frond petiole for the production nutrient rich hydrolysate and autolysate. Both nutrient
rich lysates were combined as autohydrolysate that would serve as a growth medium
and tested on bacteria and fungi. The overall cost and environmental impact of crude
lignocellulolytic enzyme production during initial fermentation and re-fermentation
processes were assessed. Both assessments took into account the raw materials,

chemicals and utilities used during the enzyme production process.
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