
 

 

viii

 

TABLE OF CONTENTS 
 
ACKNOWLEDGEMENTS iii

ABSTRACT (ENGLISH) iv

ABSTRACT (THAI) vi

TABLE OF CONTENTS viii

LIST OF TABLES xii

LIST OF ILLUSTRATIONS xiv

 

CHAPTER 1: INTRODUCTION 
1.1  Principles, rationale and hypothesis 1

1.2  Research objectives 1

1.3  Research scope 2

1.4  Usefulness of the research 2

1.5  Research locations 2

 
CHAPTER 2: LITERATURE REVIEW 

2.1  Introduction 3

2.2  Fruit morphology 4

2.3  Anatomy of longan fruit pericarp 4

2.4  Thai longan cultivar 5

2.4.1  Daw 5

2.4.2  Biew Kiew 5

2.4.3  Si Chomphu 5

2.4.4  Haeo 5

2.5  Fruit growth 6

2.6  Harvest maturity 6

2.7  Harvesting method 7

2.8  Postharvest physiology 7



 

 

ix

 

2.8.1  Respiration rate of longan fruit 7

2.8.2  Ethylene production of longan fruit 8

2.9    Chemical composition 9

2.10  Postharvest storage 10

2.11  Chilling injury 12

2.11.1  Chilling temperature of longan fruit 12

2.11.2  Symptoms of chilling injury 13

2.11.3  Mechanism of chilling injury 13

2.12  Phenolic compounds in fruits 14

2.13  Enzymatic browning of longan pericarp 18

2.14  Plant cell wall components 23

 
CHAPTER 3: MATERIALS AND METHODS 

3.1  Anatomical comparison between normal and chilling injured  

        longan fruit pericarps cv. Daw and Biew Kiew 25

3.1.1  Fruit materials 25

3.1.2  Chilling injury evaluation 25

3.1.3  Anatomical of longan fruit pericarps 26

3.2  Physico-chemical changes between normal and chilling injured  

       longan fruit pericarps 28

3.2.1  Measurement of longan fruit pericarp color 28

3.2.2  Determination of moisture content of longan fruit pericarp 28

3.2.3  Determination of electrolyte leakage 28

3.3  The relationship between polyphenol oxidase activity and  
        electrolyte leakage of longan fruit pericarp during chilling  
        injured of longan cv. Daw 29

3.4  Identification the main classes of phenolic compounds and other 

        components of normal and chilling injured longan fruit 

        pericarps 31

3.4.1  Identification of phenolic compounds in longan fruit pericarp 31



 

 

x

 

3.4.2  Quantification of phenolic compounds in longan fruit pericarp 33

3.5  Quantification of other components of normal and chilling 

        injured longan fruit pericarps cv. Daw and Biew Kiew 34

3.5.1  Plant materials 34

3.5.2  Quantification of pectin and lignin 35

3.5.3  Quantification of total dietary fiber (TDF) 39

3.6  Statistical data analysis 42

 
CHAPTER 4:  RESULTS AND DISCUSSION 

4.1  Anatomical comparison between normal and chilling injured    

longan fruit pericarps cv. Daw and Biew Kiew 43

4.1.1  The anatomy of normal longan fruit pericarp 43

4.1.1.1  Visual observation of longan fruit pericarp 43

4.1.1.2  Stereomicroscope observation of longan fruit pericarp 43

4.1.1.3  Microscopic anatomy and ultrastructure of longan fruit  

                                   pericarp 43

4.1.1.4  Anatomy of inner surface longan fruit pericarp 45

4.1.2  The anatomy of chilling injured longan fruit pericarp 54

4.1.2.1  Visual observation of chilling injured longan fruit     

                                    pericarp 54

4.1.2.2 Stereomicroscope observation of chilling injured longan 

                                   fruit pericarp 54

4.1.2.3 Microscopic anatomy and ultrastructure of chilling  

                                   injured  longan fruit pericarp 55

4.2  Other morphology and anatomy of longan fruit 64

4.2.1  Morphology and anatomy of longan aril 64

4.2.2  The porosity of longan fruit 64

4.3  Physico-chemical changes between normal and chilling injured   

       longan fruit pericarps 67

4.3.1  Measurement of the pericarp color 67

4.3.2  Determination of moisture content of pericarp 67



 

 

xi

 

4.3.3  Determination of electrolyte leakage 68

4.4  The relationship between polyphenol oxidase activity and  

        electrolyte leakage of longan pericarp during chilling injury of   

        longan fruit cv. Daw 73

4.5  To identity the main classes of phenolic compounds and other  

        components of normal and chilling injured longan fruit    

        pericarps 76

4.5.1  Number and identification of phenolic compounds in longan 

                       fruit pericarps cv. Daw and Biew Kiew 76

4.5.2  Analysis of unknown compounds 84

4.5.3  Quantification of phenolic compounds in longan fruit pericarp 87

4.6 Quantification of other components of normal and chilling 

injured longan fruit pericarps cv. Daw and Biew Kiew 94

CHAPTER 5: CONCLUSIONS 97

BIBLIOGRAPHY 99

APPENDIX 108

PUBLICATIONS 117

CURRICULUM VITAE 119

 

 

 

 

 

 

 

 

 



 

 

xii

 

LIST OF TABLES 

 

Table  Page

2.1 Longan fruit compositions at harvest 9

2.2 The chemical compositions and nutritional values of fresh longan fruit 

10

2.3 Optimal storage temperature recommendations for longan fruit cultivars 

11

2.4 The major classes of phenolics in fruits 18

2.5 Cell wall components 24

4.1 L* values of outer pericarp surface cv. Daw and Biew Kiew during 

storage at 5 and 10°C 69

4.2 L* values of inner pericarp surface cv. Daw and Biew Kiew during 

storage at 5 and 10°C 70

4.3 Moisture content of longan pericarps cv. Daw and Biew Kiew during 

storage at 5 and 10°C 71

4.4 Electrolyte leakage of longan pericarps cv. Daw and Biew Kiew during 

storage at 5 and 10°C 

 

72

4.5 The L* values, PPO activity and electrolyte leakage of longan pericarp cv. Daw during storage 

at 5°C for 14 days 75

4.6 Mass spectra of kaempferol glycosides in longan pericarp.  Abbreviations are: K, kaempferol; glc, 

glucose; rha, rhamnose.  A pentose is indicated by the neutral loss of 132 amu (150 amu-18 

(H2O)).  The +Na adduct (+Na) is observed as a mass ion 22 amu above the protonated mass ion 

(M+H) +1.  Neutral losses indicated by parentheses 
 

82

4.7 The main class of phenolic compounds conjugates in freeze-dried longan 

pericarp was identified by HPLC-PDA-MS, including ellagic acid 

glycosides, quercetin glycosides, kaempferol glycosides and unknown 

compounds 
83

4.8 Quercetin content1 of freeze-dried longan pericarps cv. Daw and Biew 



 

 

xiii

 

Kiew during storage at 5 and 10°C 91

4.9 Kaempferol content1 of freeze-dried longan pericarps cv. Daw and Biew 

Kiew during storage at 5 and 10°C 92

4.10 TDF, pectin and lignin contents of normal and chilling injured longan 

fruit pericarps cv. Daw and Biew Kiew during storage at 5°C 95

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

xiv

 

 

LIST OF ILLUSTRATIONS 

Figure  Page

2.1 Sigmoidal curve of longan fruit growth and development 6

2.2 Respiration rates of longan fruits stored at at 22 and 5°C 8

 2.3 Sequences of metabolic events leading from a stress-induced 

alteration in the properties of membranes to observable macroscopic 

tissue damage 15

2.4 Biosynthesis pathways of hydroxycinnamic acids, hydroxybenzoic acids and flavonoids 

17

2.5 Structure of selected phenolic compounds in fruits 20

2.6 Basic structures of ellagic acid, quercetin and kaempferol 22

3.1 Chilling injury index criteria of inner surface pericarp 26

3.2 Stereomicrograph of whole pericarp was separated into 2 parts, the 

inner and outer pericarps 30

3.3 The equipment for phenolic compound analysis 34

3.4 The equipment for galacturonic acid assay 38

4.1 The longan fruits cv. Daw and Biew Kiew after harvest 46

4.2 SEM and LM micrographs of the outer longan fruit pericarp surface 47

4.3 Transverse section micrographs of normal longan fruit pericarp cv. 

Daw (left) and Biew Kiew (right) 48

4.4 Transverse section micrograph of normal longan fruit pericarp cv. 

Biew Kiew consist of three layers; exocarp, mesocarp, and endocarp 

 

49

4.5 Transverse section micrographs of exocarp layer 50

4.6 LM and TEM micrographs of cells in mesocarp layer 51

4.7 LM and SEM micrographs of vascular tissue 52

4.8 LM and TEM micrographs of endocarp layer 52

4.9 The inner surface of longan pericarp cv. Daw 53

4.10 Stereomicrographs of chilling injury symptoms of longan fruit 

pericarps cv. Biew Kiew and Daw during storage for 10 and 14 days 



 

 

xv

 

at 5°C score 4 showed water soaking and browning >2/3 of outer and 

inner pericarps 

 

57

4.11 SEM micrographs of normal (left) and chilling injured (right) outer 

pericarp surface of longan fruits 58

4.12 Transverse sectional micrographs of normal (left) and chilling injured 

(right) longan fruit pericarps cv. Daw and Biew Kiew 59

4.13 Transverse sectional micrographs of normal (left) and chilling injured 

(right) of longan fruit pericarp cv. Daw 60

4.14 Transverse sectional micrographs of normal (left) and chilling injured 

(right) longan fruit pericarp when viewed with SEM 61

4.15 Transverse sectional micrographs of normal (left) and chilling injured 

(right) longan fruit pericarp when viewed with LM 62

4.16 TEM micrographs of normal and chilling injured longan fruit pericarp 63

4.17 Longan aril micrographs of longan cv. Daw and Biew Kiew 65

4.18 The longan fruit pericarp has numerous pores indicating by air 

bubbles on the surface of fruit under low pressure (hypobaric 

condition) 

 

66

4.19 The pericarp was separated into 2 parts of whole pericarp for activity 

analysis showed the inner pericarp (endocarp and lower 

mesocarp include some part of vascular tissue) and outer pericarp 

(mid-upper mesocarp and endocarp) when viewed with SEM 

 

74

4.20 The large number of peak overlaps in the HPLC chromatograms showed many of the 

compounds in the longan pericarp cv. Daw  

unhydrolysis (A) and acid hydrolysis (B) 
79

4.21 HPLC chromatograms at 330 nm of three P2 column fractions.   

Ellagic acid conjugates in chromatograms A and B are labeled by  

EA, and set of related phenolic unknown compounds are labeled with (*) in chromatogram A.  

The quercetin glycosides and kaempferol glycosides are labeled by Q and K in chromatogram 

C, respectively 

 

80



 

 

xvi

 

4.22 UV and mass spectra of the major ellagic acid conjugates detected in the freeze-dried normal 

longan pericarp 80

4.23 UV and mass spectra of quercetin glycosides in freeze-dried longan pericarp 

81

4.24 UV and mass spectra of 2 kaempferol glycosides in freeze dried longan pericarp 

82

4.25 Analytical silica gel TLC of 3 related unknown compounds.  The 3 main unknown compounds, A-

C, were applied to 200 μm thickness.  Analtech analytical TLC plates with fluorescence 

indicator.  Visualization was made with UV light (365 nm), and with the application of a 5% H2SO4 

in ethanol spray followed by heat.  No spots in lanes A-C other than the unknown compounds 

were detected by either UV irradiation or by charring with H2SO4 and heat  

86

4.26 UV and mass spectra of 3 related unknown compounds.  Mass spectra were recorded with an 

electrospray ionization cone voltage of +20 V 

 

87

4.27 Fourier transform infrared specpectra of unknown B (top) and citrus 

molasses hydroxycinnamates (bottom).  Each spectrum is summations 

of 8 scans recorded with a Perkin Elmer (Norwalk, Conn.).  Spectrum 

One FTIR spectrophotometer.  Samples, dissolved in ethanol were 

dried onto Real Crystal KBr IR card (International Crystal 

Laboratories, Garfield, NJ, USA) prior to the FTIR measurements 88

4.28 HPLC chromatograms at 330 nm of hydrolyzed phenolic compounds extracted from longan 

pericarps cv. Daw (A) and Biew Kiew (B) 

 

90

4.29 Correlation between quercetin and kaempferol contents of longan 

pericarp cv. Daw and Biew Kiew during storage at 5°C 93

4.30 TDF, pectin and lignin contents of longan pericarps cv. Daw and Biew 

Kiew between chilling injury score levels during storage at 5°C 

 

96

 


