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ABSTRACT 

 The extension of large-scale oil palm plantations to meet global demands has 

led to a new environmental challenge. The issue rose from the passive dumping and 

the open burning of unwanted agriculture biomass i.e. matured oil palm fronds leaves 

(OPFL). Therefore, a future development toward further technological utilization of 

OPFL warrants attention of the scientific society. This study capitalized on developing 

a ternary support that combines nanocellulose (NC) derived from OPFL and 

montmorillonite (MMT) as reinforcing agents into alginate (ALG) polymer for 

covalent immobilization of Candida rugosa lipase (CRL). Successive treatments of 

OPFL with bleach, alkali, and acid hydrolysis produced NC in the form of whitish 

powder. Analysis of NC by attenuated total reflection Fourier transform infrared 

spectroscopy (ATR-FTIR), thermal gravimetric analysis (TGA), X-ray diffraction 

(XRD), field emission scanning electron microscopy-energy dispersive X-ray 

(FESEM-EDX), transmission electron microscopy (TEM) and atomic force 

microscopy (AFM) confirmed the successful extraction of NC from OPFL. Surface 

area of NC obtained (5.11 m2/g) was corresponded to a crystallinity index of 45.0%. 

Meanwhile, the surface showed needle-like structures with diameters of 10−30 nm. 

Covalent immobilization of CRL onto the ALG/NC/MMT via epichlorohydrin 

attained a maximum enzyme loading and specific activity of 5.80 mg/g and 31.90 ± 

0.80 U/mg, respectively. Data on surface topography and morphology of CRL-

ALG/NC/MMT using the same analyses as mentioned above showed that CRL was 

present on the surface of the ALG/NC/MMT support. The suitability of protocol to 

immobilize CRL onto the ALG/NC/MMT supports was assessed for factors namely 

immobilization time, temperature, pH buffer and protein loading, to yield the highest 

conversion of ethyl levulinate (EL) within 2 h of reaction. Optimal conditions that gave 

the highest yield of EL (92.89%) using Taguchi design were 7.00 mg/mL protein 

loading, incubated for 7 h at 35℃ and buffer of pH 5, with factors of immobilization 

time and protein loading displayed the most prominent effect on the process. CRL-

ALG/NC/MMT showed an extended operational stability, attaining approximately 

50% of its initial activity after nine consecutive esterification cycles. Analyses on 

purified EL confirmed that the ester was successfully synthesized. Based on the results, 

it can be concluded that the newly developed ALG/NC/MMT can potentially be 

employed as a support for lipase immobilization.   
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ABSTRAK 

Peluasan ladang kelapa sawit berskala besar untuk memenuhi tuntutan global 

telah membawa kepada cabaran alam sekitar yang baharu. Isu ini berpunca daripada 

pembuangan secara pasif dan pembakaran terbuka biojisim pertanian yang tidak 

diingini contohnya daun pelepah kelapa sawit yang matang (OPFL). Oleh itu, 

pembangunan pada masa hadapan ke arah melanjutkan penggunaan teknologi OPFL 

wajar menarik perhatian masyarakat saintifik. Kajian ini mencuba untuk 

membangunkan penyokong ternari yang menggabungkan nanoselulosa (NC) daripada 

OPFL dan montmorillonit (MMT) sebagai agen pengukuh di dalam polimer alginat 

(ALG) bagi pemegunan kovalen lipase Candida rugosa (CRL). Rawatan berturutan 

OPFL dengan peluntur, alkali, dan hidrolisis berasid telah menghasilkan NC dalam 

bentuk serbuk putih. Analisis NC oleh spektroskopi inframerah transformasi Fourier 

pantulan total dilemahkan (ATR-FTIR), analisis termogravimetri (TGA), pembelauan 

sinar-X (XRD), mikroskopi elektron pengimbas pemancaran medan-serakan tenaga 

sinar-X (FESEM-EDX), mikroskopi elektron penghantaran (TEM) dan mikroskopi 

daya atom (AFM) mengesahkan bahawa NC telah berjaya diekstrak daripada OPFL. 

Luas permukaan NC yang diperoleh (5.11 m2/g) sepadan dengan indeks penghabluran 

45.0%. Sementara itu, permukaan menunjukkan struktur seperti jarum berdiameter 

10−30 nm. Pemegunan kovalen CRL ke atas ALG/NC/MMT melalui epiklorohidrin 

telah masing-masing mencapai muatan enzim maksimum dan aktiviti spesifik 5.80 

mg/g dan 31.90 ± 0.80 U/mg. Data topografi permukaan dan morfologi yang diperoleh 

menggunakan analisis yang sama sebagaimana dinyatakan di atas menunjukkan 

kewujudan CRL di atas permukaan penyokong ALG/NC/MMT. Kesesuaian protokol 

untuk memegunkan CRL ke atas penyokong ALG/NC/MMT telah dinilai bagi faktor-

faktor iaitu masa pemegunan, suhu, pH penimbal dan muatan protein, untuk 

menghasilkan penukaran tertinggi etil levulinate (EL) dalam tindakbalas selama 2 jam. 

Keadaan optimum yang memberikan hasil EL tertinggi (92.89%) menggunakan reka 

bentuk Taguchi ialah muatan protein7.00 mg/mL, diinkubasi selama 7 jam pada suhu 

35℃ dan penimbal pH 5, dengan faktor masa pemegunan dan muatan protein 

memaparkan kesan yang paling menonjol di dalam proses tersebut. CRL-

ALG/NC/MMT menunjukkan kestabilan operasi yang berpanjangan, mencapai kira-

kira 50 % daripada aktiviti awal selepas sembilan kitaran pengesteran berturut-turut. 

Analisis terhadap EL tulen mengesahkan bahawa ester telah berjaya disintesis. 

Berdasarkan hasil kajian ini, boleh disimpulkan bahawa penyokong ALG/NC/MMT 

yang baru dihasilkan berpotensi untuk digunakan sebagai bahan penyokong bagi 

memegunkan lipase. 
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CHAPTER 1  

 

 

INTRODUCTION 

 Background of Study 

The increase palm oil demand has resulted in new environmental challenges, 

mainly associated with the dumping of large quantities of agricultural biomass. In turn, 

some farmers resort to the rapid yet un-ecofriendly method of ‘slash and burn’ to rid-

off agricultural biomass and prepare the land for the next planting season (Saliluddin, 

2015). This has often resulted in major regional air pollution (Jain et al., 2014) and 

elevated health problems associated with poor air quality in countries such as 

Indonesia and Malaysia as well as other neighbouring countries (Li, 2015; Mahat, 

2012). Therefore, this study was focused on finding further applications for the 

discarded oil palm leaves. The idea in hand is to use the biomass as a source of 

nanomaterial while provisioning another avenue to fully utilize the biomass for 

commercial application of oil palm biomass. 

The oil palm tree consists largely of three main biopolymers; cellulose 

(~30─50% wt), hemicelluloses (~19─45% wt), and lignin (~15─35% wt) (Mood et 

al., 2013). Oil palm frond leaves (OPFL) may serve as a potential source of renewable 

cellulose to produce functionalized nanocellulose (Mohaiyiddin et al., 2016). 

Acquiring this bionanomaterial from OPFL seems feasible as the leaves are constantly 

produced but discarded by plantations. Nanocellulose (NC) is typically valued as a 

reinforcing filler in other biomaterials such as chitosan, agar and alginate (Elias et al., 

2017; Deepa et al., 2016; Shankar and Rhim, 2016). In this study, following extraction 

and purification of cellulose, the NC is modified and applied as a nano-filler for 

alginate (ALG/NC), consequently applied as a support material for immobilizing a 

lipase. Cellulose is among the excellent biomaterials for lipase immobilization, in view 

of its biodegradability, biocompatibility, good mechanical strength, non-toxicity (Elias 

et al., 2017) as well as environmental friendly (Kengkhetkit and Amornsakchai, 2012). 
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This study also proposes to incorporate a second nano-filler i.e. nanoclay from the 

smectite group into the hybrid composite, by which improvement in the composite 

properties rely on the benefits of its minute size and useful intercalation property. That 

said, montmorillonite (MMT) which is the member of smectite groups was selected in 

this study as one of the components in the composite. It is a 2:1 type phyllosilicate 

having a crystalline structure with an octahedral layer of aluminium hydroxide flanked 

by two tetrahedral layers of silica, which explains its commonplace application in 

various nanocomposite systems (Dean et al., 2007). The excellent reinforcement 

property of MMT stems from its distinctive high surface area (220−270 m2/g) and 

platelet thickness of 1 nm (Uyama et al., 2003). Moreover, the natural mineral is easily 

available, environmental-friendly and economically-viable (Saba et al., 2014). Thus, 

the study anticipates that the hybrid composite can offer higher enzyme loading of the 

immobilized lipase and improve the biocatalytic efficiency. 

The bulk polymer employed in this study as an enzyme support is alginate 

(ALG) in the form of sodium alginate. It is a popular biopolymer for such application 

as it is the only polysaccharide that naturally contains carboxyl groups in each 

constituent residue (Oladoja et al., 2017). This unique composition explains the 

various applications of the biopolymer as a functional material (Din, 2016; Rhim, 

2004). Being a natural polysaccharide, its inherent properties of being non-toxic, 

biocompatible and biodegradable, are therefore, expected. However, pure ALG 

inherently has poor mechanical and gas barrier properties, as well as weak water 

resistance which limit its application; commonplace issues often associated with 

biopolymers (Abdollahi et al., 2013). Hence, the blending of ALG with other 

nanomaterials would be advantageous to enhance the structural integrity and rigidity 

of the biopolymer. Correspondingly, the incorporation of OPFL-derived NC and MMT 

into ALG (ALG/NC/MMT) may give rise to a ternary composite with possible 

interesting enhanced features for enzyme immobilization. 

The present study immobilized biocatalyst, Candida rugosa lipase (CRL), onto  

the ALG/NC/MMT support, as the lipase has been well documented such purpose 

(Elias et al., 2017; Ng and Yang, 2016; Mohamad et al., 2015a). However, free CRL 

is highly susceptible to premature deactivation under harsh industrial manufacturing 
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conditions (extreme temperature and pH) and demonstrates low activity in organic 

solvents (Marzuki et al., 2015a). Hence, the immobilization of CRL onto 

ALG/NC/MMT would be a feasible solution to activate the enzyme and increase its 

operational stability. 

In this study, the developed CRL-ALG/NC/MMT was used to synthesize an 

ester, ethyl levulinate (EL), a component of natural aroma of apple commonly used as 

flavor components in food and pharmaceutical products. The current conventional 

esterification route to produce EL has a drawback that associated with the use of a high 

manufacturing temperature (Peng et al., 2011). While it allows rapid and mass 

production of the ester, the method is energy intensive, incurring large running costs 

and is environmentally unsound. The reaction carried out at elevated temperatures 

(150−200℃) also counterproductively degrade the formed ester, alongside a laborious 

downstream homogenous acid catalyst recovery process. Large quantities of unwanted 

wastes i.e. salts are generated before pure EL can be obtained (Petersson et al., 2005). 

The catalyst replacement with CRL-ALG/NC/MMT to catalyze the synthesis of EL 

may appear useful. The ambient reaction conditions for which CRL catalyzes can 

prevent the degradation of the produced ester while offering potential cost savings 

(Borrelli and Trono, 2015; Paroul et al., 2010). Thus, this research work was aimed at 

preparing a novel biocatalyst using ALG/NC/MMT as highly functional support 

matrix that would activate CRL activity to catalyze the high yield synthesis of EL. 

 Statement of Problem 

In view of the underutilization of the oil palm biomass in Malaysia, concerted 

efforts to find new uses for the biomass merit attention of the scientific community. 

Utilization of a renewable source of NC acquired from the discarded OPFL in 

combination with MMT to form a binary nano-filler in the ALG matrix, appears to 

agree well with the ‘Zero Waste’ initiative. This initiative is one of the three-prong 

initiatives outlined in the 11th Malaysian Plan, focusing on the development of “Zero 

wastes” technology. This plan was founded on the need to reduce oil palm biomass 

and to maximize its commercial potential (Rahman et al., 2013). The approach 
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champion’s the zero-waste technology through effective judicial management of 

OPFL left over from the post-harvest or post-milling process. Herein, the unwanted 

OPFL would be converted into value-added commodity i.e. NC. 

For this work, versatile CRL is the biocatalyst of choice and its application to 

catalyze such esterification reactions have been well-documented. The activity of the 

CRL will be improved by covalent immobilization on a ternary ALG/NC/MMT 

support. It is worth noting that investigations into the biotechnological feasibility of 

ternary ALG/NC/MMT biocomposite as support for improving activity of CRL 

remains unreported, hence an avenue that must be explored and substantiated. It is 

hypothesized the ALG/NC/MMT ternary support can improve activity and robustness 

of CRL to catalyze the production of EL. This may be possible judging from the 

multitude of functional groups present on the support, as well as the stabilizing multi-

point crosslinking of the support to the CRL. The additional internal cross-linking of 

MMT and NC with ALG would prospectively reinforce the ALG and stabilize the 

support for CRL attachment. The surface area for CRL attachment to the interior of 

the biopolymer may also be improved while boosting the operational stability of 

immobilized CRL to withstand prolonged rigorous mechanical forces. 

 Research Objectives 

This study aims to achieve following three objectives: 

1. To prepare and characterize NC extracted from OPFL. 

2. To covalently immobilized CRL onto ALG/NC/MMT and characterize the 

morphology of ALG/NC/MMT ternary support and CRL-ALG/NC/MMT 

biocatalyst. 

3. To optimize the protocol for immobilizing CRL onto ALG/NC/MMT ternary 

blend using Taguchi approach for a maximum synthesis yield of EL. 



 

5 

 Scope of Study 

The scopes of this project involve the preparation of OPFL as the source of 

cellulosic materials. The leaves were collected from an oil palm plantation surrounding 

Universiti Teknologi Malaysia (UTM), Johor Bahru. The OPFL are sorted, cleaned, 

cut, dried and ground prior to pretreatment by chemicals to obtain the cellulose. The 

cellulose was further purified using both chlorite bleaching and alkali treatment 

followed by acid hydrolysis to extract the NC. The produced NC was characterized 

accordingly using Attenuated Total Reflection Fourier Transform Infrared 

spectroscopy (ATR-FTIR), Thermal Gravimetric Analysis (TGA), X-ray Diffraction 

(XRD), Nitrogen Adsorption, Field Emission Scanning Electron Microscopy-Energy 

Dispersive X-ray (FESEM-EDX), Transmission Electron Microscopy (TEM) and 

Atomic Force Microscopy (AFM). 

The ALG/NC/MMT ternary composite was prepared to develop a stable 

biodegradable support by crosslinking the binary nano-fillers NC and MMT into the 

ALG polymer. The activation of ALG/NC/MMT was achieved by treatment with 

epichlorohydrin, followed by immobilization of CRL onto ALG/NC/MMT to produce 

the biocatalyst CRL-ALG/NC/MMT. The physicochemical properties of the 

composite and biocatalyst were characterized using ATR-FTIR, XRD, TGA, FESEM-

EDX and AFM.  

The following part of the study was the optimization of the immobilization 

protocol of CRL-ALG/NC/MMT, by which ability the of CRL-ALG/NC/MMT to 

catalyze the rapid and high yield esterification synthesis of EL was used as the 

benchmark model reaction. The screening experiment were first performed for 

parameters immobilization time, temperature, pH buffer and enzyme loading, to 

identify the logic range for each, to be assessed in the Taguchi optimization design. It 

is worth mentioning here, a poorly selected parameter would render the consequent 

model ineffective to identify the best condition for the lipase-assisted esterification 

synthesis of EL. The operational stability study of the produced CRL-ALG/NC/MMT 

in terms of reusability, thermal stability and leaching were established. Finally, 



 

6 

confirmation of a positive esterification reaction was checked by ATR-FTIR, Nuclear 

Magnetic Resonance (NMR) and Gas Chromatography-Mass Spectrometry (GC-MS). 

 Significance of Study 

A novel protocol for the development ALG/NC/MMT ternary composite for 

supporting CRL was introduced for the first time, with the subsequent lipase showing 

good efficacy for rapid and high yield esterification synthesis of EL. Most importantly, 

the source of the NC obtained here is biodegradable as it is from agricultural biomass, 

which may pave the way its further utilization. Conversion of OPFL into 

multifunctional support material would generate a new portfolio for manufacture of 

sustainable products which in turns, contribute to our economic growth. 

The protocol developed to fabricate the support material may be used for 

immobilization and activation of other types of enzymes. Enzymatic production of EL 

also supports a sustainable and greener manufacturing route of the ester. Also, it does 

not incur the use of high energy or liberation of unwanted waste. 
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