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ABSTRACT 

 

Dimerization and Application of Pyrogallol to Prevent Chilling Injury Symptoms of 

Mangosteen (Garcinia mangostana) 

By 

Florence Ignatia 

Hery Sutanto, M.Si, Advisor 

Dr. Akhmad Darmawan, M.Si, Co-Advisor 

 

SWISS GERMAN UNIVERSITY 

Mangosteens (Garcinia mangostana) are highly demanded as exported commodity of 

Indonesia. The quality of cold-stored mangosteen can be degraded due to pericarp 

hardening, inner pericarp browning, off flavor and aroma of edible arils, which are the 

symptoms of chilling injury (CI). This research aimed to observe the pyrogallol as a 

potential antioxidant to reduce CI symptoms at 4
o
C for 15 days , using firmness test, 

enzyme activity assays, and sensory test. The pyrogallol dimer synthesis as an effort to 

increase the antioxidant activity of pyrogallol was also performed using 2,2-diphenyl 

– 1 – picrylhydrazyl (DPPH) method of two previous studies. Products were 

confirmed using TLC, LC/MS/MS, and 
1
H-NMR. The antioxidant activity of 

pyrogallol dimer was also compared with pyrogallol. Dimer of pyrogallol 

has %Inhibition of 40.77% and pyrogallol has %Inhibition of 92.37% at 500 μM 

concentration. Pyrogallol has positive effects to reduce pericarp hardening and 

maintaining flavor and aroma of edible arils, and also mangosteen’s inner pericarp 

browning. 

 

Keywords: Pyrogallol, dimerization, antioxidants, mangosteen, chilling injury. 



DIMERIZATION AND APPLICATION OF PYROGALLOL TO PREVENT   Page 4 of 116 

CHILLING INJURY SYMPTOMS OF MANGOSTEEN (Garcinia mangostana)   

 

  Florence Ignatia 

 

 

 

 

 

 

 

 

 

 

© Copyright 2017 

by Florence Ignatia 

All rights reserved 

 

 

 



DIMERIZATION AND APPLICATION OF PYROGALLOL TO PREVENT   Page 5 of 116 

CHILLING INJURY SYMPTOMS OF MANGOSTEEN (Garcinia mangostana)   

 

  Florence Ignatia 

 

 

DEDICATION 

 

I dedicate my thesis work to God Almighty for His abundant blessings, 

to my family and the people I love for the massive support and encouragement, 

to my fellow thesis fighters for the friendship and bittersweet experience, 

to my lecturers, my advisors for the kindhearted knowledge, patience and guidance, 

to my university for facilitating the thesis work through smooth and rough times, 

to my beloved country Indonesia which I believe is going to be better, 

and to my grandfather in heaven who will always be missed. 

  

 

 

 

 

 

 

 

 

 



DIMERIZATION AND APPLICATION OF PYROGALLOL TO PREVENT   Page 6 of 116 

CHILLING INJURY SYMPTOMS OF MANGOSTEEN (Garcinia mangostana)   

 

  Florence Ignatia 

 

ACKNOWLEDGEMENTS 

 

I would like to thank God for his abundant blessings which lead me to this stage of my 

life, which really made me realize how weak and dysfunctional I am without His 

amazing grace. To my family: mom, dad, brother, and my grandfather (who hasn’t had 

the chance to see me graduate), no words can explain how much love and support they 

have given to strengthen me up during difficult times. 

To my advisor, Mr. Hery Sutanto, M.Si who has been very informative, creative, and 

optimistic, only by his guidance and encouragement, this thesis work can be 

accomplished. To Mr. Dr. Akhmad Dharmawan, my Co-Advisor, who has been very 

patient, and never stop sharing his knowledge and experience, thank you for 

everything. To all lecturers thank you for all these four years, and especially to the 

laboratory assistants: Mr. Tabligh, Mr. Roziq, Mr. Gerald, Ms. Rara, and Ms. Stefani, 

thank you for all the laughs and accompanies. Also, to my fellow friends in Food 

Technology Department, and other departments of Swiss German University that I 

could not mention one by one, I would like to say we have done the best through all 

the tragedies and difficulties, and see you guys on top.  

To Swiss German University, my campus with great education programs and facilities, 

I would like to thank all of the efforts and experiences, and I am strongly believe that 

the world would know how highly standardized this university is in the future. Last 

but not least, to the one I always love: my bestfriend, my brother, and my partner in 

everything fun -you know who you are, I am beyond grateful for your presence in my 

life, so thank you very much for just being there for me. 

 



DIMERIZATION AND APPLICATION OF PYROGALLOL TO PREVENT   Page 7 of 116 

CHILLING INJURY SYMPTOMS OF MANGOSTEEN (Garcinia mangostana)   

 

  Florence Ignatia 

 

 

TABLE OF CONTENTS 

Page 

STATEMENT BY THE AUTHOR ................................................................................ 2 

ABSTRACT ................................................................................................................... 3 

DEDICATION ............................................................................................................... 5 

ACKNOWLEDGEMENTS ........................................................................................... 6 

TABLE OF CONTENTS ............................................................................................... 7 

LIST OF FIGURES ..................................................................................................... 12 

LIST OF TABLES ....................................................................................................... 14 

CHAPTER 1 - INTRODUCTION ............................................................................... 15 

1.1 Background ......................................................................................................... 15 

1.2 Research Problems ............................................................................................. 18 

1.3 Research Objectives ........................................................................................... 18 

1.4 Significance of Study ......................................................................................... 19 

1.5 Research Questions ............................................................................................ 19 

1.6 Hypothesis .......................................................................................................... 19 

CHAPTER 2 - LITERATURE REVIEW .................................................................... 21 

2.1 Pyrogallol ........................................................................................................... 21 

2.1.2.1 Dimerization of Pyrogallol ................................................................. 22 

2.1.2.2 Thin Layer Chromatography (TLC) ................................................... 23 

2.1.2.3 Separation of Pyrogallol Dimer .......................................................... 24 

2.1.2.4 Antioxidant Activity Assay of Pyrogallol Using DPPH Method ........ 26 

2.1.2.5 Liquid Chromatography-Mass Spectromery-Mass Spectrometry 

(LC-MS-MS) ......................................................................................................... 27 

2.1.2.6 Nuclear Magnetic Resonance (NMR) ................................................. 28 

2.2 Mangosteen ......................................................................................................... 33 

2.2.1 Mangosteen Anatomy .................................................................................... 33 

2.2.2 Mangosteen Potencies As Export Product ..................................................... 34 



DIMERIZATION AND APPLICATION OF PYROGALLOL TO PREVENT   Page 8 of 116 

CHILLING INJURY SYMPTOMS OF MANGOSTEEN (Garcinia mangostana)   

 

  Florence Ignatia 

 

2.2.3 Chilling Injury of Mangosteen ....................................................................... 35 

2.2.3.1 Browning of Mangosteen .................................................................... 36 

2.2.3.2 Off Flavor and Aroma of Edible Aril .................................................. 36 

2.2.3.3 Pericarp Hardening of Mangosteen .................................................... 37 

2.2.4 Analysis of Chilling Injury Symptoms in Mangosteen ................................. 38 

2.2.4.1 Analysis of Mangosteen Related With Pericarp Hardening................ 38 

2.2.4.1.1 PAL Activity ........................................................................................ 38 

2.2.4.1.2 POD Activity ....................................................................................... 39 

2.2.4.1.3 Firmness Test ...................................................................................... 39 

2.2.4.1.4 Sensory Test ........................................................................................ 40 

CHAPTER 3 – RESEARCH METHODS ................................................................... 41 

3.1 Venue and Time .................................................................................................. 41 

3.2 Materials and Equipments .................................................................................. 41 

3.3 Preliminary Research .......................................................................................... 43 

3.4 Design of Experiments ....................................................................................... 44 

3.5 Experimental Procedure ..................................................................................... 45 

3.5.1 Pyrogallol Dimer Synthesis (Zhu et al., 2001) .............................................. 45 

3.5.2 Pyrogallol Dimer Synthesis (Lewis, 2012) .................................................... 45 

3.5.3 Pyrogallol Dimer Separation (Meloan, 1999) ................................................ 45 

3.5.4 Dipping and Air Drying of Mangosteens (Jing et al.,2013) .......................... 45 

3.5.5 Storage at Low Temperature (Jing et al., 2013) ............................................. 46 

3.6 Observations ....................................................................................................... 46 

3.7 Analytical Procedure .......................................................................................... 46 

3.7.1 Characterization of Pyrogallol Dimer ............................................................ 46 

3.7.2 Antioxidant Activity Assay  (Xie and Schaich, 2014) ................................... 47 

3.7.3 Pericarp Firmness Test (Dangcham et al., 2008) ........................................... 47 

3.7.4 Enzyme Extraction for PAL and POD Activity Analysis (Dangcham et 

al.,2008) ..................................................................................................................... 47 

3.7.5 PAL Activity Analysis (Camm and Towers, 1973) ........................................ 47 

3.7.6 POD Activity Analysis (Morita et al., 1988) ................................................. 48 

3.7.7 Sensory Test (Category Scoring Test) (Meilgaard et al., 2000) ..................... 48 



DIMERIZATION AND APPLICATION OF PYROGALLOL TO PREVENT   Page 9 of 116 

CHILLING INJURY SYMPTOMS OF MANGOSTEEN (Garcinia mangostana)   

 

  Florence Ignatia 

 

3.7.8 Single Factor Analysis of Variance ................................................................ 48 

3.7.9 F-test and t-test of Two Samples .................................................................... 48 

CHAPTER 4 – RESULTS AND DISCUSSIONS ....................................................... 49 

4.1 Pyrogallol Dimer Synthesis and Characterization .............................................. 49 

4.1.1 Pyrogallol Dimer Synthesis ........................................................................... 49 

4.1.2 Thin Layer Chromatography (TLC) .............................................................. 50 

4.1.3 Separation of Pyrogallol Dimer ..................................................................... 52 

4.1.4 Liquid Chromatography- Mass Spectroscopy - Mass Spectroscopy (LC-MS-

MS) 54 

4.1.5 
1
H- Nuclear Magnetic Resonance (

1
H-NMR) ............................................... 56 

4.1.6 Dimerization mechanism ............................................................................... 59 

4.2 Antioxidant Activity Comparison Between Pyrogallol and Its Dimer ............... 64 

4.3 Effect of Pyrogallol Dipping Agent to Chilling Injury of Mangosteen .............. 67 

4.3.1 Pericarp Hardening ........................................................................................ 67 

4.3.2 Phenylalanine Ammonia Lyase (PAL) Activity ............................................. 71 

4.3.3 Peroxidase (POD) Activity ............................................................................ 72 

4.3.4 Inner Pericarp Browning ................................................................................ 74 

4.3.5 Aroma and Flavor of Edible Aril ................................................................... 75 

CHAPTER 5 – CONCLUSIONS AND RECCOMENDATIONS ............................... 79 

5.1 Conclusions ........................................................................................................ 79 

5.2 Recommendations .............................................................................................. 79 

GLOSSARY ................................................................................................................. 80 

REFERENCES ............................................................................................................ 82 

CURRICULUM VITAE .............................................................................................. 90 

Appendix 1 – NMR Result of Pyrogallol Dimerization Using DPPH Method of Lewis 

(2012) ........................................................................................................................... 91 

Appendix 2 – Statistical Result of Mangosteen Firmness ........................................... 92 

A. Penetrometer Result ............................................................................................ 92 

i) One-way ANOVA  of Controlled Mangosteen Firmness ................................... 92 

ii) One- way ANOVA of Treated Mangosteen Firmness ........................................ 92 

iii) F-test and T-test of Controlled and Treated Mangosteen Firmness .................... 93 



DIMERIZATION AND APPLICATION OF PYROGALLOL TO PREVENT   Page 10 of 116 

CHILLING INJURY SYMPTOMS OF MANGOSTEEN (Garcinia mangostana)   

 

  Florence Ignatia 

 

B. Sensory Test Result............................................................................................. 95 

i) One-way ANOVA of Controlled Mangosteen Firmness Acceptability .............. 95 

ii) One-way ANOVA of Treated Mangosteen Firmness Acceptability ................... 96 

iii) F-test and T-test of Controlled and Treated Mangosteen Firmness Acceptability

 97 

Appendix 3 – Statistical Result of Enzyme Activity Related to Mangosteen Pericarp 

Hardening (α = 0.05) .................................................................................................... 99 

A. Phenylalanine Ammonia Lyase (PAL) Activity .................................................. 99 

i) One-way ANOVA of PAL Activity of Controlled Mangosteen .......................... 99 

ii) One-way ANOVA of PAL Activity of Treated Mangosteen ............................. 100 

iii) F-test and T-test of Controlled and Treated Mangosteen PAL Activity ............ 101 

B. Peroxidase (POD) Activity ............................................................................... 103 

i) One-way ANOVA of POD Activity of Controlled Mangosteen ....................... 103 

ii) One-way ANOVA of POD Activity of Treated Mangosteen ............................ 103 

iii) F-test and T-test of Controlled and Treated Mangosteen POD Activity ........... 104 

Appendix 4 – Statistical Result of Mangosteen Other Chilling Injury Symptoms (α = 

0.05) ........................................................................................................................... 106 

A. Browning of Inner Pericarp .............................................................................. 106 

i) F-test and T-test of Controlled and Treated Mangosteen Inner Pericarp Browning 

Acceptability ......................................................................................................... 106 

ii) One-way ANOVA of Controlled Mangosteen Inner Pericarp Browning 

Acceptability ......................................................................................................... 108 

iii) One-way ANOVA of Treated Mangosteen Inner Pericarp Browning 

Acceptability ......................................................................................................... 109 

B. Aroma of Edible Aril ........................................................................................ 110 

i) F-test and T-test of Controlled and Treated Mangosteen Edible Aril Aroma 

Acceptability ......................................................................................................... 110 

ii) One-way ANOVA of Controlled Mangosteen Edible Aril Aroma Acceptability

 112 

iii) One-way ANOVA of Treated Mangosteen Edible Aril Aroma Acceptability .. 112 

C. Flavor of Edible Aril ......................................................................................... 113 

i) F-test and T-test of Controlled and Treated Mangosteen Edible Aril Flavor 

Acceptability ......................................................................................................... 113 



DIMERIZATION AND APPLICATION OF PYROGALLOL TO PREVENT   Page 11 of 116 

CHILLING INJURY SYMPTOMS OF MANGOSTEEN (Garcinia mangostana)   

 

  Florence Ignatia 

 

ii) One-way ANOVA of Controlled Mangosteen Edible Aril Flavor Acceptability

 115 

iii) One-way ANOVA of Treated Mangosteen Edible Aril Flavor Acceptability ... 115 

 


