
 

 

 

PRODUCTION OF RENEWABLE GLUCOSE 

FROM OIL PALM FROND BAGASSE BY 

USING SACCHARISEB C6 THROUGH 

ENZYMATIC HYDROLYSIS 

 

 

 

 

 

FATIN SYAZWANA BINTI HASHIM 

 

 

 

 

 

 

Master of Science 

 

UNIVERSITI MALAYSIA PAHANG 

 



 

SUPERVISOR’S DECLARATION 

We hereby declare that we have checked this thesis and in our opinion, this thesis is 

adequate in terms of scope and quality for the award of the degree of Master of Science 

in Chemical Engineering. 

 

 

 

_______________________________ 

 (Supervisor’s Signature) 

Full Name  : A. P. DR. WAN MOHD HAFIZUDDIN BIN WAN YUSSOF 

Position  : SENIOR LECTURER 

Date   : 8/8/2017 

 

 

 

_______________________________ 

 (Co-supervisor’s Signature) 

Full Name  : DR. MIOR AHMAD KHUSHAIRI BIN MOHD ZAHARI 

Position  : SENIOR LECTURER 

Date   : 8/8/2017



 

STUDENT’S DECLARATION 

I hereby declare that the work in this thesis is based on my original work except for 

quotations and citations which have been duly acknowledged. I also declare that it has 

not been previously or concurrently submitted for any other degree at Universiti Malaysia 

Pahang or any other institutions.  

 

 

_______________________________ 

 (Student’s Signature) 

Full Name : FATIN SYAZWANA BINTI HASHIM  

ID Number : MKC 15003 

Date  : 8/8/2017 

 



 

 

 

PRODUCTION OF RENEWABLE GLUCOSE FROM OIL PALM FROND 

BAGASSE BY USING SACCHARISEB C6 THROUGH ENZYMATIC 

HYDROLYSIS 

 

 

 

 

 

FATIN SYAZWANA BINTI HASHIM 

 

 

Thesis submitted in fulfillment of the requirements 

for the award of the degree of 

Master of Science 

 

 

 

 

Faculty of Chemical Engineering and Natural Resources 

UNIVERSITI MALAYSIA PAHANG 

 

AUGUST 2017 

 

 



ii 

ACKNOWLEDGEMENTS 

Foremost, I would like to express my sincere gratitude to my supervisor Assoc. Prof. Dr. 

Wan Mohd Hafizuddin B. Wan Yussof and my co-supervisor Dr. Mior Ahmad Khushairi 

Bin Mohd Zahari for the continuous support of my Master study, for his patience, 

motivation, enthusiasm, and immense knowledge. His guidance helped me in all the time 

of research and writing of this thesis.  

A very special gratitude goes out to all down at Research Fund for helping and providing 

the funding for the work. Many thanks to UMP research group members, Assoc. Prof. 

Dr. Syed Mohd Saufi Bin Taun Chik and Assoc. Prof. Dr. Norazwina Binti Zainol for 

their insightful comments, encouragement and assistance that led to significant 

improvement in the thesis. I am also grateful to administrative and technical staff of 

Faculty of Chemical and Natural Resource Engineering, Universiti Malaysia Pahang for 

their unfailing support and assistance during my study. 

My sincere thanks also go to my research teammates Mah Kah Hong, Zulsyazwan, Nurul 

Fatihah, Imla Syafiqah and Aisyah for their help, support and friendship. Special thanks 

to Nuri Adilah, Wan Hairani, Weerana, Nur Syazana, Norlirabiatuladawiyah and 

Tanusya of course for the friendship, for the stimulating discussions, for the sleepless 

nights we were working together before deadlines, and for all the fun we have had in the 

last two years.  

With a special mention to Dr. Shuhaida Binti Haron and UKM teammates including 

Suraya, Aina and Amru for their help. In particular, I am grateful to Dr. Shuhaida for her 

support, assistance and encouragement. It was fantastic having an opportunity to do some 

of my lab works in your facilities. What a cracking place to work! 

Last but not the least, I would like to thank my family: my parents and to my brothers 

and sisters for supporting me spiritually throughout writing this thesis and life in general. 

Words cannot express how grateful I am to my mother, and father for all the sacrifices 

that you’ve made on my behalf. Your prayer for me was what sustained me this far. I am 

grateful having them, who have provided me through moral and emotional support in my 

life.  

Thanks for all your encouragement! May Allah bless all of you. 

 



v 

TABLE OF CONTENT 

DECLARATION 

TITLE PAGE  

ACKNOWLEDGEMENTS ii 

ABSTRAK iii 

ABSTRACT iv 

TABLE OF CONTENT v 

LIST OF TABLES x 

LIST OF FIGURES xi 

LIST OF SYMBOLS xii 

LIST OF ABBREVIATIONS xiii 

CHAPTER 1 INTRODUCTION 1 

1.1 Research background 1 

1.2 Problem statement 3 

1.3 Research objectives 4 

1.4 Scopes of study 4 

1.5 Significance of study 5 

1.6 Chapter organization 6 

CHAPTER 2 LITERATURE REVIEW 7 

2.1 Introduction 7 

2.2 Lignocellulosic biomass 7 

2.2.1 Lignocellulosic biomass composition 8 



vi 

2.3 Lignocellulosic biomass from oil palm tree 12 

2.3.1 Oil palm tree in Malaysia 14 

2.3.2 Oil palm frond composition 15 

2.3.3 Oil palm frond application 16 

2.4 Fermentable sugars production from lignocellulosic biomass 17 

2.5 Pretreatment methods for lignocellulosic biomass 18 

2.5.1 Physical pretreatment 20 

2.5.2 Chemical pretreatment 21 

2.5.3 Physico-chemical pretreatment 23 

2.6 Hydrolysis of lignocellulosic biomass 25 

2.6.1 Acid hydrolysis 25 

2.6.2 Enzymatic hydrolysis 26 

2.7 Enzymatic hydrolysis of lignocellulosic biomass 26 

2.7.1 Cellulase 27 

2.7.2 Xylanase 28 

2.8 Factors affecting enzymatic hydrolysis 29 

2.8.1 Glucan loading 29 

2.8.2 Enzyme loading 31 

2.8.3 Temperature 32 

2.8.4 Hydrolysis time 32 

2.8.5 Agitation speed 33 

2.9 Response surface methodology 34 

2.9.1 Factorial analysis 35 

2.9.2 Central composite design 36 

2.10 Summary 37 



vii 

CHAPTER 3 METHODOLOGY 38 

3.1 Introduction 38 

3.2 Materials 39 

3.3 Characterization of OPF bagasse 40 

3.3.1 Sample preparation 40 

3.3.2 Ash analysis 41 

3.3.3 Water and ethanol extraction (Extractives analysis) 41 

3.3.4 Acid hydrolysis 45 

3.3.5 Acid-insoluble lignin analysis 47 

3.4 Physicochemical and morphological structure 48 

3.4.1 Scanning electron microscopy 48 

3.4.2 X-ray diffraction spectrometry 48 

3.4.3 Fourier transforms infrared spectrometry 49 

3.5 Pretreatment of OPF bagasse 49 

3.6 Enzyme characterization 49 

3.6.1 Buffer preparation 49 

3.6.2 Β-glucosidase enzyme assay (pNPG unit) 50 

3.6.3 Cellulase assay (Filter paper unit) 50 

3.7 Enzymatic hydrolysis 51 

3.8 Factorial analysis of enzymatic hydrolysis 53 

3.8.1 Experimental setup for factorial analysis 53 

3.8.2 Validation for screening process 54 

3.9 Optimization of enzymatic hydrolysis 55 

3.9.1 Experimental setup for optimization 55 

3.9.2 Validation runs for optimization 56 

3.10 High performance liquid chromatography (HPLC) analysis 57 



viii 

3.11 Summary 57 

CHAPTER 4 RESULTS AND DISCUSSION 59 

4.1 Introduction 59 

4.2 Composition of OPF bagasse 59 

4.3 Physicochemical and morphological analysis 62 

4.3.1 Scanning electron microscopy 62 

4.3.2 X-ray diffraction spectrometry 64 

4.3.3 Fourier transforms infrared spectrometry 65 

4.4 Screening of condition factors for enzymatic hydrolysis 66 

4.4.1 Factorial analysis on interfacial polymerization 66 

4.4.2 Model fitting 67 

4.4.3 Analysis of variance (ANOVA) 69 

4.4.4 Comparison of actual versus predicted graph 70 

4.4.5 Effect of interfacial polymerization factors on the glucose 

production 71 

4.4.6 Validation of factorial analysis 74 

4.5 Effects of temperature and time for glucose production 75 

4.6 Optimization condition for enzymatic hydrolysis 75 

4.6.1 Central composite design (CCD) 76 

4.6.2 Statistical modelling and ANOVA 77 

4.6.3 Response surface plot 80 

4.6.4 Validation for optimization process 81 

4.7 Summary 82 

CHAPTER 5 CONCLUSION AND RECOMMENDATION 84 



ix 

5.1 Conclusion 84 

5.2 Recommendation 85 

REFERENCES 87 

APPENDIX A SCREENING AND OPTIMIZATION DATA 106 

APPENDIX B HPLC STANDARD CURVE 107 

APPENDIX C FACTORIAL ANALYSIS 108 

APPENDIX D CENTRAL COMPOSITE DESIGN 110 

APPENDIX E LIST OF PUBLICATIONS 113 

 

 



x 

LIST OF TABLES 

Table 2.1 Estimated quantity of lignocellulosic biomass produced in Malaysia 

for year 2007 8 

Table 2.2 Main composition of lignocellulosic biomass 10 

Table 2.3 Application of oil palm biomass 13 

Table 2.4 Wastes from oil palm tree 15 

Table 2.5 Comparative view on the characterization of native oil palm frond 

(OPF) by other researchers 16 

Table 2.6 Properties of monosaccharides 17 

Table 2.7 Synthesis of industrial chemicals and their function 18 

Table 3.1 Parameters and their designated low and high value 54 

Table 3.2 Experimental design for factorial design 54 

Table 3.3 Conditions for validation run for factorial design 55 

Table 3.4 Levels of the enzymatic hydrolysis condition factors tested in the 

CCD 56 

Table 3.5 Experimental design using CCD 56 

Table 3.6 Condition for validation run for optimization 57 

Table 4.1 Characterization of raw OPF bagasse and pretreated OPF bagasse 

using Dionex ASE system 61 

Table 4.2 Comparison of composition in raw OPF bagasse 62 

Table 4.3 Experimental design of factor screening process using 25-1 factorial 

design with their response 67 

Table 4.4 ANOVA for factorial analysis 70 

Table 4.5 Validation experiments for factorial analysis 74 

Table 4.6 Experimental design of optimization using CCD with their response 77 

Table 4.7 ANOVA for optimization 78 

Table 4.8 Validation run for CCD 81 

Table 4.9 Comparison of glucose production between other studies 82 

 



xi 

LIST OF FIGURES 

Figure 2.1 Illustration of the lignocellulosic biomass framework 9 

Figure 2.2 Structural organization of the plant cell wall. Cellulose is protected 

of degradation by hemicelluloses and lignin. 11 

Figure 2.3 Oil palm biomass and oil palm biomass fibers from oil palm tree 13 

Figure 2.4 Schemetic diagram of pretreatment effect on lignocellulosic  

biomass 19 

Figure 3.1 Experimental workflow for the production of glucose 39 

Figure 4.1 Water and ethanol solvents after extraction for raw and treated   

OPF bagasse using Dionex ASE system 60 

Figure 4.2 SEM images under magnification of 400x (left) and 1000x (right): 

a,b) Raw OPF bagasse; c,d) Alkaline pretreated OPF bagasse; and 

e,f) pretreated with enzymatic hydrolysis OPF bagasse 63 

Figure 4.3 X-ray diffraction pattern for raw and alkaline treated OPF bagasse 64 

Figure 4.4 FTIR spectra for raw and alkaline pretreated OPF bagasse 65 

Figure 4.5 Pareto chart of factorial analysis 68 

Figure 4.6 Table of effect list 69 

Figure 4.7 Predicted versus actual regression model graph 71 

Figure 4.8 Effect of glucan loading and time to the glucose production 72 

Figure 4.9 Effect of agitation speed and glucan loading to the glucose 

production 73 

Figure 4.10 Effect of glucan loading and agitation speed to the glucose 

production 74 

Figure 4.11 Effect of temperature in enzymatic hydrolysis 75 

Figure 4.12 Predicted versus actual for optimization 79 

Figure 4.13 Response surface plot for optimization study 81 

 



xii 

LIST OF SYMBOLS 

A1 Weight of crucibles 

A2 Initial weight of OPF bagasse 

A3 Final weight of crucibles and ash 

E1 Weight of fiberglass filter 

E2 Weight of wet biomass added to extraction cell 

E3 Weight of oven-dry extracted biomass and filter 

E4 Volume of water extract 

E5, Glu Glucose content in HPLC standard 

E6 Concentration of monomer sugar after acid hydrolysis 

E7 Concentration of monomer sugar before acid hydrolysis 

E8 Water extract samples solutions using HPLC 

EE Ethanol extractives 

ET Total extractives 

H2 Mass of monomer sugar after acid hydrolysis 

H5 Concentration of monomer sugars after acid hydrolysis 

Iam Peak intensity of the amorphous phase 

I002 Peak intensity of the 002 crystal plane 

L1 Weight of filter paper prior to filtration 

L2 Final weight of the residue and filter paper 

M Mass 

MCTWB Moisture content 

MWEXT Moisture content of oven-dry extracted biomass and filter 

SC Structural carbohydrate 

SSGlu Glucose soluble sugar 

V Volume 

W Weight 

 

 



xiii 

LIST OF ABBREVIATIONS 

AFEX Ammonia fiber explosion 

ANOVA Analysis of variance 

CCD Central composite design 

DOE Design of experiments 

DP Degree of polymerization 

EFB Empty fruit bunch 

FTIR Fourier transform infrared  

HMF 5-hydroxymethyl-furfural 

HPLC High performance liquid chromatography 

LCB Lignocellulosic biomass 

LHW Liquid hot water 

MPOB Malaysian palm oil board 

NREL National renewable energy laboratory 

OFAT One-factor-at-a-time 

OPF Oil palm frond 

OPT Oil palm tree 

PPS Palm pressed fiber 

RSM Response surface methodology 

SEM Scanning electron microscopy 

XRD X-ray diffraction 



 

 

 

PRODUCTION OF RENEWABLE GLUCOSE FROM OIL PALM FROND 

BAGASSE BY USING SACCHARISEB C6 THROUGH ENZYMATIC 

HYDROLYSIS 

 

 

 

 

 

FATIN SYAZWANA BINTI HASHIM 

 

 

Thesis submitted in fulfillment of the requirements 

for the award of the degree of 

Master of Science 

 

 

 

 

Faculty of Chemical Engineering and Natural Resources 

UNIVERSITI MALAYSIA PAHANG 

 

AUGUST 2017 

 

 



iii 

ABSTRAK 

Biojisim lignoselulosa (LCB) adalah biojisim yang paling banyak diperbaharui daripada 

sumber-sumber yang berpotensi tinggi untuk pengeluaran pelbagai jenis produk yang 

berfaedah. Terkini, kelapa sawit telah dikenal pasti sebagai sumber LCB yang paling 

berpotensi dan boleh digunakan untuk penghasilan gula. Biasanya, sisa buangan daripada 

tanaman kelapa sawit digunakan sebagai makanan haiwan tetapi ia bukanlah kaedah yang 

terbaik dari segi ekonomi dalam memanipulasi penggunaan sisa buangan. Selain itu, 

kewujudan sisa buangan menimbulkan masalah dari segi pelupusan dan sering 

dilupuskan melalui pembakaran secara terbuka dan mengakibatkan kepada pencemaran 

alam sekitar. Oleh itu, hampas pelepah kelapa sawit (OPF) diperkenalkan sebagai bahan 

mentah dalam kajian ini untuk memaksimumkan penggunaan sisa kelapa sawit. Objektif 

kajian ini adalah untuk mengenalpasti komponen yang terdapat di dalam hampas OPF 

sebelum dan selepas pra-rawatan alkali dan untuk menyaring dan mengoptimumkan 

faktor-faktor yang memberi kesan terhadap penguraian enzim menggunakan Sacchariseb 

C6 bagi penghasilan gula. Hampas OPF ditelah melalui pra-rawatan alkali dan natrium 

hidroksida digunakan sebagai pelarut sebelum meneruskan proses rawatan penguraian 

enzim dengan menggunakan Sacchariseb C6. Semasa proses pra-rawatan, struktur 

biojisim selulosa akan diubah dan delignifikasi telah berlaku yang membuatkan struktur 

selulosa lebih terbuka untuk proses seterusnya iaitu rawatan penguraian enzim dengan 

menukarkan selulosa kepada gula. Kaedah gerak balas permukaan (RSM) telah 

digunakan untuk menyaring dan mengoptimumkan keadaan penguraian enzim. Pencirian 

hampas OPF mentah yang dihasilkan adalah sebanyak 40.7% glukosa, 26.1% xylan, 

4.5% ekstraktif, 26.2% lignin dan 1.8% abu. Sementara itu, bagi hampas OPF yang telah 

melalui pra-rawatan mengandungi 61.4% glukosa, 20.4% xylan, 0.3% ekstraktif, 13.3% 

lignin dan 1.3% abu. Daripada kajian analisis faktorial, penguraian enzim yang terbaik 

telah menghasilkan 33.01 ± 0.73 g / L glukosa pada kelajuan kisaran 200 rpm, 60 FPU/g 

pengisian enzim, 4% (w/v) pengisian glucan, suhu pada 55 ℃ dan 72 jam masa tindak 

balas. Dalam reka bentuk komposit pusat (CCD), keadaan optimum bagi rawatan 

penguraian enzim diperolehi pada 50 ℃ untuk 87.93 jam masa penguraian yang 

menghasilkan 41.11 ± 0.11 g/L glukosa. Secara keseluruhannya, rawatan penguraian 

enzim Sacchariseb C6 keatas hampas OPF berpotensi menghasilkan glukosa di mana 

glukosa ini boleh digunakan dalam pelbagai industri bagi menghasilkan produk yang 

bernilai.  
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ABSTRACT 

Lignocellulosic biomass (LCB) is the most abundant renewable biomass that gives high 

potential source in production of various beneficial products. Recently, oil palm crops 

are known as the most potential LCB which can be employed for sugar production. 

Normally, wastes from oil palm crops are used as animal feed but this is not the ideal 

economically valuable method of manipulating the wastes. Besides, the existence of 

wastes created disposal problems and often been disposed off by open burning that may 

lead to the environmental pollution. Therefore, oil palm frond (OPF) bagasse was 

introduced as a raw material in this study to maximize the utilization of oil palm waste. 

This study aims to characterize the composition of OPF bagasse before and after alkaline 

pretreatment and to screen and optimize the factors affecting enzymatic hydrolysis by 

using Sacchariseb C6 for glucose production. OPF bagasse was treated using alkaline 

pretreatment and sodium hydroxide used as a solvent before proceeding with enzymatic 

hydrolysis using Sacchariseb C6. During pretreatment process, cellulosic biomass 

structure will be altered and delignification occurred which make cellulose more 

accessible to the subsequent enzymatic hydrolysis process by converting it into simple 

sugars. Response Surface Methodology (RSM) was employed to screen and optimize the 

enzymatic hydrolysis condition. Characterization of raw OPF bagasse produced 40.7 % 

glucan, 26.1 % xylan, 4.5 % extractives, 26.2 % lignin and 1.8 % ash. Meanwhile, pre-

treated OPF bagasse composed of 61.4 % glucan, 20.4 % xylan, 0.3 % extractives, 13.3 

% lignin and 1.3 % ash. In factorial analysis study, the best enzymatic hydrolysis 

condition yielded 33.01 ± 0.73 g/L of glucose when performed at 200 rpm of agitation 

speed, 60 FPU/g of enzyme loading, 4% (w/v) of glucan loading, temperature at 55 °C 

and 72 hours of reaction time. In central composite design (CCD), the optimum condition 

for enzymatic hydrolysis was obtained at 50 ℃ for 87.93 hours of hydrolysis time which 

produced 41.11 ± 0.11 g/L of glucose. Overall, enzymatic hydrolysis of OPF bagasse by 

using Sacchariseb C6 has high potential for production of glucose which later can be 

utilized for various industrial application to produce valuable value-added products.  
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