
vii 

 

ACKNOWLEDGEMENTS 

 

Thanks to The Almighty Jesus Christ for His endless blessings and guidance 

to the Author to finish this thesis which entitled “MODIFICATION OF 

LAWSONE INTO BIS-LAWSONE WITH AROMATIC ALDEHYDES TO 

IMPROVE THE ANTIOXIDANT PROPERTIES” that is written as partial 

fulfillment of the academic requirements to obtain the degree of Sarjana Teknologi 

Pertanian Strata Satu, Food Technology Universitas Pelita Harapan.  

The Author realizes that this thesis would not be completed without the help 

of many parties. Therefore, the Author would like to express gratitude to those who 

guided, helped, and supported Author during these hard times, including: 

1. Ir. A. Herry Cahyana, Ph.D., as thesis supervisor and as thesis examiner for 

patiently guide, advice, motivate, and support during the process and 

completion of the thesis.  

2. Eric Jobiliong, Ph.D., as Dean of Faculty of Science and Technology. 

3. Dela Rosa, S.Si., M.M., M.Sc.Apt, as Vice Dean of Faculty of Science and 

Technology.  

4. Laurence, S.T., M.T. as Director of Administration and Student Affairs of 

Faculty of Science and Technology 

5. Ir. W. Donald R. Pokatong, M.Sc., Ph.D., as Head of Food Technology Study 

Program, Faculty of Science and Technology, Universitas Pelita Harapan and 

as thesis examiner for patiently guide regarding thesis revision. 



viii 

 

6. Lucia Crysanthy Soedirga M.Sc., as thesis examiner for patiently guide and 

advice regarding thesis revision.  

7. Wenny S. L. Br. Sinaga, M.Si., as the co-supervisor for patiently guide, advice, 

motivate, and support during the process and completion of the thesis.  

8. Dr. Tagor M. Siregar, M.Si., as the Head of Chemistry Laboratory, Ms. 

Yuniwaty Halim, M.Sc., as the Head of Quality Control and Research 

Laboratories, where the Author conducted the final project.  

9. Christopher I. Rimba, S.T.P., Fiametta Ester, S.T.P., and Bryan Anders, S.T.P., 

as assistant lecturers for providing information and practical helps.  

10. Mr. Darius and Mr. Adi for the guidance and useful help in the laboratories 

during the research process.  

11. All lecturers and staffs of Food Technology Study Program who teach Author 

while studying at Universitas Pelita Harapan, providing knowledge that were 

essential in completing the thesis report,  

12. Beloved father (Hermanto Jafar), mother (Sulinah Lukman), sisters (Stacia and 

Marvella), and all family who never ending support, motivate, and comfort 

during the hard times in completing this thesis. 

13. Jonathan Christianto, Liana Oktavia, Sherly, Stevanie Suryanto, and Theresa 

Angela as thesis partners who always help, support, and comfort during the final 

project process and completion of thesis report.  

14. Angeline Vania, Cynthia, Frieska Darwis, Gabriella Permata Heru, Naomi 

Nerisha, and Nathania Sofie for the endless support and help during the thesis 

completion.  



ix 

 

15. Titien Jenifer, William Giovanni, and Hans Aditya who always support and 

comfort during the completion of thesis report. 

16. All friends from C class of Food Technology class of 2015 Universitas Pelita 

Harapan.  

17. All friends and close relative who are not yet mentioned but have supported the 

Author during the hard times of final project and completion of the thesis report.  

 

The Author fully realizes that this report is still far from excellence, thus, 

the Author apologizes if there is wrong selection of words as well as Author 

negligence. Therefore, the Author will accept any criticisms and suggestions 

regarding this report for improvement in the future. Lastly, the Author hopes this 

report would be useful for the readers.  

Tangerang, February 2019 

 

 

Teresa  

 

  



x 

 

TABLE OF CONTENTS 

 

page 

COVER 

STATEMENT OF THESIS AUTHENTICITY 

APPROVAL BY THESIS SUPERVISORS  

APPROVAL BY THESIS EXAMINATION COMMITTEE                                                                                

ABSTRACT    ..................................................................................................... iv 

ABSTRAK    ..................................................................................................... vi 

ACKNOWLEDGEMENTS .................................................................................. vii 

TABLE OF CONTENTS ......................................................................................... x 

LIST OF FIGURES ............................................................................................. xiii 

LIST OF TABLES ................................................................................................. xv 

LIST OF APPENDICES ...................................................................................... xvi 

 

CHAPTER I    INTRODUCTION 

1.1 Background ............................................................................. 1 

1.2 Research Problem ................................................................... 2 

1.3 Objectives ............................................................................... 3 

  1.3.1 General Objectives ......................................................... 3 

1.3.2 Specific Objectives ........................................................ 3 

 

CHAPTER II   LITERATURE REVIEW 

2.1 Naphthoquinones .................................................................... 4 

2.1.1 Lawsone ......................................................................... 4 

2.2 Aldehyde ................................................................................. 5 

2.2.1 Benzaldehyde ................................................................. 6 

2.2.2 Hydroxybenzaldehyde ................................................... 7 

2.2.2.1 Salicylaldehyde .................................................. 8 

2.2.3 Cinnamaldehyde ............................................................ 8 

2.3 Monosodium Glutamate (MSG) ............................................. 9 

2.4 Glacial Acetic Acid ............................................................... 11 



xi 

 

2.5 Ethyl Acetate ......................................................................... 11 

2.6 n-hexane ................................................................................ 12 

2.7 Modification of Lawsone ...................................................... 12 

2.8 Antioxidant ........................................................................... 13 

2.9 UV-Vis Spectroscopy ........................................................... 16 

2.10 Gas Chromatography- Mass Spectrometry (GC/MS) ......... 17 

2.11 IR-Spectroscopy .................................................................. 18 

 

CHAPTER III  RESEARCH METHODOLOGY 

3.1 Materials and Equipment ...................................................... 21 

3.2 Preliminary Research ............................................................ 21 

3.2.1 Preparation of Catalyst ................................................. 21 

3.2.2 Effect of Catalyst Amount on Yield of Modified 

Lawsone Products ........................................................ 23 

3.3 Main Research ...................................................................... 24 

3.4 Experimental Design ............................................................. 26 

3.4.1 Preliminary Research ................................................... 26 

3.4.2 Main Research ............................................................. 27 

3.5 Methods of Analysis ............................................................. 29 

3.5.1 Yield ............................................................................. 29 

3.5.2 Ninhydrin Test ............................................................. 30 

3.5.3 Melting Point Determination ....................................... 30 

3.5.4 Thin Layer Chromatography (TLC) ............................ 31 

3.5.5 Antioxidant Activity .................................................... 31 

3.5.6 UV-Visible Spectrophotometry ................................... 32 

3.5.7 Gas Chromatography- Mass Spectroscopy         

(GC/MS) ...................................................................... 32 

3.5.8 IR Spectroscopy ........................................................... 33 

 

CHAPTER IV  RESULTS AND DISCUSSION ................................................. 34 

4.1 Preliminary Research ............................................................ 34 

4.1.1 Effect of Catalyst Amount on Yield of Modified 

Lawsone Product ......................................................... 34 



xii 

 

4.1.2 Effect of Catalyst Amount on Thin Layer 

Chromatography of Modified Lawsone Products ........ 37 

4.2 Main Research ...................................................................... 38 

4.2.1 Effect of Aldehyde on Yield of Modified          

Lawsone Products ........................................................ 38 

4.2.3 Effect of Aldehyde on Thin Layer           

Chromatography of Modified Lawsone Products ........ 40 

4.2.4 Effect of Aldehyde on Peak Wavelength          

Maximum of Modified Lawsone Product .................... 41 

4.2.5 The FTIR Analysis Result of Modified Lawsone 

Products ....................................................................... 43 

4.2.6 The Mass Spectrum of Modified Lawsone         

Products ....................................................................... 45 

4.2.6.1 Mass Spectrum of Modified Lawsone       

Treated with Benzaldehyde .............................. 45 

4.2.6.2 Mass Spectrum of Modified Lawsone       

Treated with Cinnamaldehyde ......................... 46 

4.2.6.3 Mass Spectrum of Modified Lawsone      

Treated with Salicylaldehyde ........................... 47 

4.2.7 Effect of Aldehyde on Antioxidant Activity of 

Modified Lawsone Products ........................................ 48 

 

CHAPTER V   CONCLUSIONS AND SUGGESTIONS 

5.1 Conclusions ........................................................................... 51 

5.2 Suggestions ........................................................................... 51 

 

BIBLIOGRAPHY .................................................................................................. 53 

APPENDICES  ..................................................................................................... 58 

 



  

xiii 

 

LIST OF FIGURES 

 

page 

Figure 2.1  Lawsone structure .............................................................................. 5 

Figure 2.2  Tautomeric forms of lawsone ............................................................ 5 

Figure 2.3  The aldehyde functional group .......................................................... 6 

Figure 2.4 Molecular structure of benzaldehyde ................................................ 7 

Figure 2.5  Structures of ortho-, meta-, para-hydroxybenzaldehyde ................... 7 

Figure 2.6  Molecular structure of salicylaldehyde ............................................. 8 

Figure 2.7  Chemical structure of cinnamaldehyde ............................................. 9 

Figure 2.8  The molecular structures of (i) MSG and (ii) glutamic acid  ............ 9 

Figure 2.9  Mechanism to form glutamic acid ................................................... 10 

Figure 2.10  Estimated sketch of modified lawsone ............................................ 13 

Figure 2.11  Resonance stabilization of free radical by a phenolic         

compound ........................................................................................ 15 

Figure 2.11  The reaction of antioxidant with radicals ........................................ 15 

Figure 2.13 The layout of imaginary spectrophotometer .................................... 17 

Figure 2.14  Regions of vibrational spectrum with group frequencies ................ 19 

Figure 2.15  Dispersion of a single IR beam by a diffracting grating ................. 19 

Figure 3.1  Preparation of glutamic acid ............................................................ 22 

Figure 3.2  Experimental diagram of preliminary research ............................... 23 

Figure 3.3  Experimental diagram of main research .......................................... 25 

Figure 4.1  Yield of modified lawsone products treated with different       

catalyst amount ...............................................................................  35 

Figure 4.2 Modified lawsone products treated with (i) benzaldehyde,             

(ii) cinnamaldehyde, (iii) salicylaldehyde ....................................... 39 

Figure 4.3  Yield of modified lawsone products treated with different     

aldehyde  .......................................................................................... 40 

Figure 4.4  UV-Vis spectrums of commercial lawsone and modified        

lawsone products (L+B, L+C, L+S) ................................................ 42 

Figure 4.5  The FTIR spectrum of lawsone ....................................................... 44 

Figure 4.6  Molecular structure of modified lawsone product with   

benzaldehyde with m/z of 419 ......................................................... 46 



  

xiv 

 

Figure 4.7  Molecular structure of modified lawsone product with 

cinnamaldehyde with m/z of 444 .................................................... 46 

Figure 4.8  Molecular structure of modified lawsone product with 

salicylaldehyde with m/z of 452 ...................................................... 47 

Figure 4.9 IC50 of modified lawsone products treated with different      

aldehydes ......................................................................................... 49 

Figure 4.10  IC50 of commercial laswone and modified lawsone product         

with salicylaldehyde ........................................................................ 50 



  

xv 

 

LIST OF TABLES 

 

page 

Table 3.1 Treatments of the preliminary research ........................................... 27 

Table 3.2 Treatments of the main research...................................................... 28 

Table 4.1 Analyses result of glutamic acid ..................................................... 34 

Table 4.2 Rf values of commercial lawsone and modified lawsone       

products with different catalyst amount .......................................... 37 

Table 4.3 Rf values of commercial lawsone and modified lawsone        

products with different aldehyde ..................................................... 41 

Table 4.4 Maximum wavelength of commercial lawsone and modified     

lawsone products with different aldehyde ....................................... 43 

Table 4.5 IC50 of lawsone reagent, aldehydes reagents, and modified     

lawsone products ............................................................................. 48 

 

 

 

  



  

xvi 

 

LIST OF APPENDICES 

 

page 

Appendix A 

 Analyses Result of Glutamic Acid .......................................................... A-1 

Appendix B 

 Yield of Modified Lawsone Products Treated with Different           

Catalyst Amount  .................................................................................... B-1 

 The example of modified lawsone product yield calculation ................. B-2 

 Statistical analysis of the yield of modified lawsone treated with    

different catalyst amount at p< 0.05  ....................................................... B-3 

 Duncan’s post-hoc test of the yield of modified lawsone                  

products at p< 0.05 .................................................................................. B-3 

Appendix C  

 Thin Layer Chromatography of Modified Lawsone Products            

Treated with Different Catalyst Amount................................................. C-1 

 The example of Rf value calculation ...................................................... C-1 

Appendix D 

 Yield of Modified Lawsone Product Treated with Different          

Aldehyde ................................................................................................. D-1 

 The example of modified lawsone product yield calculation ................. D-2 

 Statistical analysis of modified lawsone products treated with          

different aldehyde at p< 0.05  ................................................................. D-2  

 Duncan’s post-hoc test of the yield of modified lawsone products              

at p< 0.05 ................................................................................................. D-2 

Appendix E 

 Thin Layer Chromatography of Modified Lawsone Products            

Treated with Different Aldehyde ............................................................. E-1 

 The example of Rf value calculation ....................................................... E-1 

Appendix F 

 UV-Vis Wavelength of Modified Lawsone Product Treated with    

Different Aldehyde................................................................................... F-1 

 Graph of UV-Vis Absorbance Result ...................................................... F-2 



  

xvii 

 

Appendix G 

 Antioxidant activity of commercial lawsone .......................................... G-1 

 Antioxidant activity of benzaldehyde ..................................................... G-2 

 Antioxidant activity of cinnamaldehyde ................................................. G-3 

 Antioxidant activity of salicylaldehyde .................................................. G-4 

 Antioxidant activity of modified lawsone product with            

benzaldehyde ........................................................................................... G-5 

 Antioxidant activity of modified lawsone product with        

cinnamaldehyde....................................................................................... G-6 

 Antioxidant activity of modified lawsone product with          

salicylaldehyde ........................................................................................ G-7 

 The example of %inhibition calculation ................................................. G-8 

 Statistical analysis of IC50 of modified lawsone products                    

treated with different aldehyde at p<0.05 ............................................... G-9 

 Duncan’s post-hoc test of  IC50 of modified lawsone products            

treated with different aldehyde at p<0.05 ............................................... G-9 

 Group statistics for independent t-test .................................................. G-10 

 Result of independent t-test  .................................................................. G-10 

Appendix H 

 Chromatogram of modified lawsone with benzaldehyde ....................... H-1 

 Mass spectrum of modified lawsone with benzaldehyde  ....................... H-2 

 Chromatogram of modified lawsone with cinnamaldehyde  .................. H-3 

 Mass spectrum of modified lawsone with cinnamaldehyde  .................. H-4 

 Chromatogram of modified lawsone with salicylaldehyde  .................... H-5 

 Mass spectrum of modified lawsone with salicylaldehyde  .................... H-6 

Appendix I 

 The FTIR spectrum of modified lawsone product with             

benzaldehyde ............................................................................................. I-1 

 The FTIR spectrum of modified lawsone product with           

cinnamaldehyde......................................................................................... I-2 

 The FTIR spectrum of modified lawsone product with          

salicylaldehyde .......................................................................................... I-3 


