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ABSTRACT 

The paper industry is one of the most developed, yet the most polluted industry. 
Waste paper recycling has increased dramatically in recent times, and will continue to 
do so in the foreseeable future. The key of recycling process is the successful of the 
ink removal via deinking process. Considering the concern to the environmental 
problem cause by the conventional deinking process, enzymes are applied. Three 
different enzymes are applied in the deinking process of recycling routes. Research 
conducted utilizes commercial lipase, esterase extracted from Cavendish banana 
(from Musa gene) and cellulase extracted from Solarium lycopersicum (tomato) to 
deink laser jet printed paper. These enzymes were characterized using different 
physical parameters; temperature, pH value, concentration and shaking rate via 
enzymes assay to develop new appropriate environment for maximum ink removal 
which facilitated by enzymes hydrolysis and floatation process. Result showed all of 
the enzymes have great potential with crude cellulase was superior compared to the 
commercial lipase and crude esterase. The highest enzymatic activity of cellulase was 
6.714U/mL, compared to 2.553U/mL for lipase and 1.819U/mL for esterase, with 
brighter and cleaner paper produced. The successful of the enzymes application 
showed on morphological changes by Scanning Electron Microscopy (SEM) which 
was very satisfying and brightness analysis increased up to 72% for celllulase, 48% 
for lipase and 39% for esterase. In conclusion, crude extracted cellulase had the 
highest potential to be apply in biodeinking process compared to crude extracted 
lipase and commercial lipase. 

IV 



ACKNOWLEDGEMENT 

First and foremost, all praises and thanks to God for giving me the opportunity to 
embark my master project and the strength also wisdom in completing this sweet, 
long and challenging journey successfully. I am grateful for all of the supports and 
contributions. I would never have completed this thesis without the assistance of 
numerous people who I am indebted to. 

I would like to express my up most appreciation to my supervisor, Dr Nik Raikhan 
Nik Him for her guidance, encouragement and supervision. It such a blessing for me 
having a chance to be attached under her supervision in which her passion and adore 
towards research had really encouraged and inspired me. She is my primary resource 
for getting my questions answered and was instrumental in helping me cranked out 
this thesis with my tasks when it seemed arduous and insurmountable. My gratitude 
and thanks also go to my co-supervisor, Prof Ku Halim Ku Hamid and Dr Lee Chee 
Keong. Thank you for the support, patience and ideas in assisting me with this 
project. 

My deepest gratitude also goes to the head of postgraduate program, Dr Siti 
Shawalliah Idris for a great commitment and cooperation during my Master Project. 
Her patient guidance, encouragement and advice were much appreciated. I am lucky 
to have the head of program who cared so much about my work, and who responded 
to my questions and queries so promptly. 

I would like to take this opportunity to bid my heartfelt gratitude to the lab staff of 
Faculty of Chemical Engineering (UiTM) Shah Alam especially Encik Hirwan from 
Bioprocess Lab, for providing the facilities, knowledge and assistance during my lab 
work. Not to forget, Encik Hizwan from UiTM Sungai Buloh who provided the 
facilities and assistance during the imaging technique of the sampling. 

Also countless thanks to my family who have been very supportive for each step of 
the way throughout, especially my beloved parents. This piece of victory is dedicated 
to all of you. This thesis is also dedicated to the loving memory of my very dear late 
brother, Mohammad Syazwan, who visualizes me about the meaning of perseverance 
and reliance on the power of God. You will always be in my heart and my mind. 

A good support system is important to surviving and staying sane in grad school. I 
was lucky to have my partner of life, Mr Ray. Countless thanks to you my dear for 
unconditional love, patience, and continual support of my academic endeavors over 
the past several years enabled me to complete this thesis. 

Last but not least, sincere appreciation to all my friends that has helped me directly or 
indirectly. There are many more people I could thank, but time, space, and modesty 
compel me to stop here. 

v 



TABLE OF CONTENTS 

Page 

CONFIRMATION BY PANEL OF EXAMINERS ii 

AUTHOR'S DECLARATION iii 

ABSTRACT iv 

ACKNOWLEDGEMENT v 

TABLE OF CONTENTS vi 

LIST OF TABLES x 

LIST OF FIGURES xi 

LIST OF PLATES xiii 

LIST OF SYMBOLS xiv 

LIST OF ABBREVIATIONS xv 

CHAPTER ONE: INTRODUCTION 

1.1 Research Background 1 

1.2 Problem Statement 4 

1.3 Research Objectives 6 

1.4 Scope of Research 6 

CHAPTER TWO: LITERATURE REVIEW 

2.1 Introduction 8 

2.2 Paper Industry 9 

2.2.1 Procedure of Paper Making 10 

2.2.2 Environmental Impact of Paper Making 12 

2.2.2.1 Deforestation 13 

2.2.2.2 Emission to Water 13 

2.2.2.3 Emission to Land 13 

2.2.2.4 Emission to Air 14 

2.3 Paper Recycling 15 

2.3.1 Chemical in Paper Recycling and Wastewater 18 

2.4 Deinking Process 19 

vi 



2.4.1 Standard Deinking Process 19 

2.4.2 Deinking Catalyzed by Enzymes 21 

2.5 Commercial Enzymes 21 

2.5.1 Specificity of Enzymes 24 

2.5.2 Types of Commercial Enzymes 25 

2.5.3 Uses and Application of Enzymes 25 

2.5.4 Sources of Enzymes 26 

2.5.5 Factors Affecting Catalytic Activity of Enzymes 27 

2.5.5.1 Temperature 28 

2.5.5.2 pH Value 29 

2.5.5.3 Enzymes Concentration 30 

2.6 Selection of Enzymes 31 

2.7 Sticky Properties 32 

2.8 Shaking Rates 33 

2.9 The Factors of Ink Removal 34 

2.10 Brightness Analysis 36 

2.11 Microscopy and Imaging Technique 38 

CHAPTER THREE: METHODOLOGY 

3.1 Research Framework 40 

3.2 Materials and Apparatus 41 

3.2.1 Selection of Enzymes 42 

3.2.2 Selection of Paper Sample 42 

3.2.3 Pre-treatment of the Paper Sample 43 

3.3 Preparation of Buffer Solution 44 

3.3.1 0.2M Phosphate 44 

3.3.2 0.05mM Citric-NaOH 44 

3.4 Extraction of Enzymes 45 

3.4.1 Extracting Esterase from Cavendish Banana (from Musa 45 

gene) 

3.4.2 Extracting Cellulase from Solanum Lycopersicum (tomato) 46 

3.5 Enzymes Assay and Optimum Condition Determination 46 

3.5.1 Assay Methodology 47 

vii 


