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The main purpose of this doctoral research is to study the effects of enzymes combination and 

hydrogen peroxide on lignin removal from commercially grown teak veneer with minimum changing in its 

natural texture. Controlled laboratory experiments using samples of teak veneer, combinations of xylanase, 

laccase and hydrogen peroxide, and series of lignin removal time were conducted to accomplish the 

research purpose. Image processing technique was used to determine lignin removal from pre- and post- 

treated veneer samples. Xylanase, laccase, and hydrogen peroxide concentrations were varied between 

0.01 to 2.50 unit/millilitre, 0.01 to 1.00 unit/millilitre, and 2 to 20 % respectively, while the experimental time 

was conducted between 0.5 to 24 hours. All experiments concerning hydrogen peroxide were performed at 

60°c and pH 6.5.

The major findings from this research are summarized and presented as follows. Xylanase and 

laccase do not help removing lignin from teak veneer, in contrast to hydrogen peroxide. However, when 

using the combination of 0.05 unit/millilitre xylanase and 10% hydrogen peroxide at 60°c and pH 6.5 for 4 

hours, lignin at the amount of 24.34% in gray scale was removed- a 10% improvement over the sole 10% 
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mixture of 10% hydrogen peroxide and 0.05 unit/millilitre laccase at 60°c and pH 6.5 for 4 hours. This 

condition results in 26.4% change in gray scale, a 19.3% improvement over the sole 10% hydrogen 

peroxide.

Department.....Chemical Engineering.......Student’s signature..... '
Field of study...Chemical Engineering.....Advisor’s signature



VI

ACKNOWLEDGEMENTS

A doctoral research in the chemical engineering has been an adventure and 
challenge that required knowledge, experience, commitment and endless supports 
from chairperson and members of dissertation committee, faculties, colleagues, 
friends and family. An extraordinary recognition and appreciation go to Associate 
Professor Dr. Chirakam Muangnapoh, Advisor of my dissertation committee, for her 
dedication and contribution throughout my doctoral study and research at the 
Chemical Engineering Department of Chulalongkom University, Bangkok, Thailand. 
Additional recognition and appreciations go to Assistant Professor Dr. Seeroong 
Prichanont (Co-Advisor), Professor Dr. Wiwut Tanthapanichakoon, Associate 
Professor Dr. Satok Chaikunchuensakun, Assistant Professor Dr. Sarawut Rimdusit, 
and Assistant Professor Dr. Artiwan Shotipruk for their supports throughout my 
dissertation, research and study.

I would like to thank Metro Top Wood Co., Ltd. for funding this research and 
providing veneer samples. A special note of appreciation goes to Mr. Chawalit 
Danulux for writing and providing a computer program use in image analysis.

For their encouragement and strong support I would like to thank my 
colleagues, friends and sisters, Ratchat Chantawongvuti, Metta Ongkasuwan, Marasri 
Ujin, Thritha Iamtasna and Varunya Udomsak.

Finally I would like to thank my mother for everything she has done for me. I 
am forever grateful for her love, her encouragement and her support throughout my 
life. I also would like to thank her for proof reading my dissertation.



CONTENTS

ABSTRACT (IN THAI).............................................................................................. iv
ABSTRACT (IN  ENGLISH)....................................................................................... V
ACKNOWLEDGEMENTS........................................................................................vi
CONTENTS.................................................................  vii
LIST OF TABLES.......................................................................................................xi
LIST OF FIGURES.................................................................................................. xiii
CHAPTER
I INTRODUCTION................................................................................................1

1.1 General introduction....................................................................................1
1.2 Statement of Problem.................................................................................. 2
1.3 Scope of Research......................................................................................... 2
1.4 Objective....................................................................................................... 3
1.5 Significant of Research............................................................................... 3
1.6 Organization of the Dissertation...................................................................4

I I  LITERATURE REVIEW 5
2.1 Literature Review on Wood......................................................................... 5

2.1.1 Structure of wood..............................................................................5
2.1.2 Cell wall.............................................................................................8
2.1.3 Pits and perforations......................................................................... 9

2.2 Literature Review on Chemical Composition of Wood...............................9
2.2.1 Cellulose..........................................................................................10
2.2.2 Hemicellulose.................................................................................. 11
2.2.3 Lignin...............................................................................................12

2.3 Literature Review on Lignin Removal Methods........................................18
2.4 Literature Review on Enzymatic System................................................... 19
2.5 Literature Review on Xylanase and Laccase..............................................20

PAGE



Vlll

m  RESEARCH MODEL........................................................................................21
3.1 Research Model......................................................................................... 21
3.2 Dependent Variable Definition and Unit of Measure...............................23
3.3 Independent Variables Definition and Unit of Measure............................23
3.4 Specific Research Questions...................................................................... 24
3.5 Chapter Summary.......................................................................................25

IV RESEARCH METHODOLY 26
4.1 Selection of Research Method................................................................... 26
4.2 Experimental Design...................................................................................26

4.2.1 Examination of each chemical component.....................................27
4.2. น  H20 2.................................................................................27
4.2.1.2 Xylanase.......................................................................... 28
4.2.1.3 Laccase............................................................................ 28

4.2.2 Examination of combination of chemical components.................. 29
4.2.2.1 H20 2, xylanase and time..................................................29
4.2.2.2 H202, laccase and time................................................... 29
4.2.2.3 Xylanase, laccase and time..............................................30

4.3 Sample Selection Criteria........................................................................... 31
4.3.1 Selection of population...................................................................31
4.3.2 Selection of sample........................................................................ 31

4.4 Sample Preparation Procedurel.................................................................. 32
4.5 Experimental................................................................................................32

4.5.1 Chemicals........................................................................................ 32
4.5.2 Enzymes.......................................................................................... 33
4.5.3 Experimental apparatus.................................................................. 33
4.5.4 Experiments....................................................................................33

4.5.4.1 Single chemical component.............................................33
4.5.4.2 Combination of chemical component.............................34

4.5.5 Experimental procedure..................................................................34
4.6 Data Collecting Method..............................................................................35
4.7 Chapter Summary....................................................................................... 36

PAGE



IX

V RESULTS AND DATA ANALYSIS................................................................37
5.1 Examining the Effect of Each Independent Variables, Xylanase, Laccase, 

Hydrogen Peroxide and Time, on Lignin Removal from Teak Veneer. .. 37
5.1.1 Hydrogen peroxide experiment...................................................... 37
5.1.2 Xylanase experiment...................................................................... 39
5.1.3 Laccase experiment........................................................................ 41
5.1.4 Section summary............................................................................ 43

5.2 Examining the Effects of the Combination of Different Levels of
Xylanase, Laccase, Hydrogen Peroxide and Time on Lignin Removal 
from Teak Veneer.......................................................................................44
5.2.1 Hydrogen peroxide, xylanase and tim e......................................... 44
5.2.2 Hydrogen peroxide, laccase and time..............................................46
5.2.3 Xylanase, laccase and tim e............................................................ 49
5.2.4 Section summary.............................................................................52

5.3 Conclusions and suggestions...................................................................... 52
5.4 Extended Research...................................................................................... 54

5.4.1 Xylanase......................................................................................... 54
5.4.2 Hydrogen peroxide......................................................................... 61
5.4.3 Further study on xylanase, laccase and H2O2 ................................. 62

5.5 Surface Examination...................................................................................69
5.6 Chapter Summary....................................................................................... 73

VI CONCLUSIONS AND RECOMMENDATIONS 74
6.1 Brief Review of Chapter I to IV .................................................................74
6.2 Conclusions.................................................................................................74
6.3 Recommendations and Future Research.................................................... 75

REFERENCES........................................................................................................... 76
APPENDICES............................................................................................................ 80

Appendix A Image Processing Technique...................................................... 81
A1 Theory.................................................................................82
A2 Data collecting using image processing technique............83

PAGE



Appendix B Preparation of Buffer Solution..................................................... 84
B 1 Preparation of 0.2 M phosphate buffer pH 6.5................. 85
B2 Preparation of 0.2 M acetate buffer pH 4.5...................... 85

Appendix c  Sample of Calculation.................................................................. 86
Appendix D Preliminary Experiments..............................................................89
Appendix E Enzymatic Assay of Laccase........................................................ 92
Appendix F Enzymatic Assay of Xylanase...................................................... 95
Appendix G Experimental Data........................................................................ 97
Appendix H ANOVA Results..........................................................................108
Appendix I Determination of Xylose Content.............................................. 114

VITAE.......................................................................................................................117

PAGE



XI

LIST OF TABLES

TABLE PAGE
2.1 Composition of wood........................................................................................10
4.1 Dependent and independent variables and their level..................................... 27
4.2 2x3 Factorial experimental design for H2O2 and time....................................27
4.3 3x3 Factorial experimental design for xylanase and time.............................. 28
4.4 3x3 Factorial experimental design for laccase and time.................................28
4.5 2x3x3 Factorial experimental design for H2O2, xylanase and time...............29
4.6 2x3x3 Factorial experimental design for H2O2, laccase and time.................. 29
4.7 3x3x3 Factorial experimental design for xylanase, laccase and time............30
4.8 Summary of the established factorial experimental design............................30
4.9 Qualification requirement of samples.............................................................31
5.1 Effect of hydrogen peroxide and time on percentage change in

gray scale........................................................................................................ 38
5.2 Effect of xylanase and time on percentage change in gray scale ................. 40
5.3 Effect of laccase and time on percentage change in gray scale..................... 42
5.4 Effect of xylanase, H20 2 and time on percentage change in gray scale....... 44
5.5 Effect of laccase, H2O2 and time on percentage change in gray scale..........47
5.6 Effect of xylanase, laccase and time on percentage change in gray scale .... 50
5.7 Effect of xylanase concentration and time on the average % change in gray

scale (room temperature).................................................................................56
5.8 Effect of xylanase concentration and time on the average % change in gray

scale (60°C)..................................................................................................... 57
5.9 Effect of xylanase concentration and time on xylose produced (room

temperature)..................................................................................................... 59
5.10 Effect of xylanase concentration and time on xylose produce (60°C)...........60
5.11 Effect of hydrogen peroxide and time on percentage change in gray scale .61



xii

TABLE PAGE
5.12 Effect of 0.05u/ml xylanase on H2O2 performance.......................................63
5.13 Experimental data on sequential experiments................................................65
5.14 Results summarization....................................................................................67
5 .15 Comparison of market teak veneer and research teak veneer.......................68



X lll

LIST OF FIGURES

FIGURE PAGE
2.1 Structure of wood................................................................................................6
2.2 Schematic diagram of cell wall......................................................................... 9
2.3 Constituent of wood........................................................................................ 10
2.4 Structure of cellulose molecule.......................................................................11
2.5 Structure of hard wood xylan..........................................................................11
2.6 Lignin unit structure and atoms designation.................................................. 13
2.7 Mackay et al.’s published biosynthesis pathway for coniferyl, sinaply

and /?-coumaryl alcohols................................................................................ 14
2.8 Lignin linkages................................................................................................ 16
2.9 Example of lignin chemical structure.............................................................17
3.1 Research Model................................................................................................22
5.1 Effect of hydrogen peroxide and time on percentage change in gray scale.. 39
5.2 Effect of xylanase and time on percentage change in gray scale.................. 41
5.3 Effect of laccase and time on percentage change in gray scale...................... 43
5.4 Effect of xylanase and time at 2% H2O2 on percentage change in

gray scale......................................................................................................... 45
5.5 Effect of xylanase and time at 10% H2O2 on percentage change in

gray scale......................................................................................................... 45
5.6 Effect of laccase and time at 2% H2O2 on percentage change in gray

scale..................................................................................................................47
5.7 Effect of laccase and time at 10% H2O2 on percentage change in gray

scale................................................................................................................ 48
5.8 Effect of laccase and time at 0.25 u/ml xylanase on percentage change in

gray scale......................................................................................................... 50
5.9 Effect of laccase and time at 0.50 u/ml xylanase on percentage change in

gray scale......................................................................................................... 51
5.10 Effect of laccase and time at 1.00 u/ml xylanase on percentage change in 

gray scale 51



FIGURE PAGE
5.11 Effect of xylanase concentration and time on the average % change in

gray scale (room temperature)........................................................................ 56
5.12 Effect of xylanase concentration and time on the average % change in

gray scale (60°c)...............................................................................................57
5 .13 Effect of xylanase concentration and time on xylose produced (room

temperature).....................................................................................................59
5.14 Effect of xylanase concentration and time on xylose produced (60°C)....... 60
5.15 Effect of hydrogen peroxide and time on percentage change in gray scale.. 62
5 .16 Scanning electron microscope of untreated wood and wood treated with

xylanase 0.05 u/ml at 32°c for 30 min, then treated with 10%H2O2 and 
laccase 0.05 u/ml at 60°c for 4 hours at (x500)...........................................  70

5.17 Scanning electron microscope of untreated wood and wood treated with
xylanase 0.05 u/ml at 32°c for 30 min, then treated with 10%แ202 and 
laccase 0.05 u/ml at 60°c for 4 hours at (x50)...............................................70

5.18 Scanning electron microscope of untreated wood and wood treated with
xylanase 0.05 u/ml at 32°c for 30 min, then treated with 10%H2O2 at 60°c 
for 4 hours (x500)..........................................................................................  71

5.19 Scanning electron microscope of untreated wood and wood treated with
xylanase 0.05 u/ml at 32°c for 30 min, then treated with 10%H2O2 at 60°c 
for 4 hours (x50)............................................................................................. 71

5.20 Scanning electron microscope of untreated wood and wood treated with
elemental chlorine free chemical (x500) (market wood)..............................72

5.21 Scanning electron microscope of untreated wood and wood treated with
elemental chlorine free chemical (x50) (market wood)................................72


	Cover (Thai)

	Cover (English)

	Accepted

	Abstract (Thai)

	Abstract (English)

	Acknowledgements

	Contents


