viil

TABLE OF CONTENTS

ACKNOWLEDGEMENTS i
ABSTRACT (ENGLISH) WY
ABSTRACT (THAI) Vi
TABLE OF CONTENTS viii
LIST OF TABLES XVii
LIST OF FIGURES Xix
LIST OF ABBREVIATIONS XXIV
CHAPTER 1 INTRODUCTION 1
CHAPTER 2 LITERATURE REVIEW 4
2.1 Postharvest longan fruit/ the longan fruit 4
2.2 Postharvest losses 6
2.2.1 Pericarp browning 6
2.2.1.1 Factors affected 6

-Enzymatic browning: PPO 6

-Water loss 10

2.2.1.2 Symptoms and mechanism 11

- Pericarp browning during ambient temperature storage 11

- Chilling injury 11

2.2.2 Fruit rot 15
2.2.2.1 Fungal disease species on longan fruit 15

2.2.2.2 Lasiodiplodia theobromae (Pat.) Griff.& Maubl. 16

2.2.2.3 Plant defense response during disease attack 18

2.3 Present status of SO, fumigation 20
2.3.1 Mechanism to prolong shelf life 20

2.3.2 Situation of SO, 23

2.3.3 SO, residue problem and quality control 23



X

2.3.4 Reduction of SO, residue
2.4 Alternative to SO,
2.4.1 Precooling
2.4.2 Physical treatments
2.4.3 Postharvest treatments
2.4.4 Modified and controlled atmospheres
2.5 Improvement of antibrowning efficacy using organic acid
mixed in chitosan coating
2.5.1 Citric acid dip
2.5.1.1 Mechanism on browning control
2.5.1.2 Dipping method problems of organic acids
2.5.2 Chitosan coating
2.5.2.1 Properties
2.5.2.2 Mechanism in browning control
2.5.2.3 Edible coating in conjunction with antibrowning
agents
2.5.3 Chitosan coating with citric acid to retard pericarp
browning
2.6 Application of potassium sorbate mixed in chitosan coating
to control fruit decays: new emerging technology
2.6.1 Potassium sorbate as food preservative
2.6.1.1 Problems with potassium sorbate dip
2.6.1.2 Application of food additives incorporating edible
coating to reduce migration loss
2.6.2 Mode of reaction of coating components on disease control
2.6.2.1 Potassium sorbate
- Effect of potassium sorbate on in vitro fungal
development
- Changes of fungal morphology due to the effect of

potassium sorbate

24
24
25
25
26
27
28

28
29
29
30
30
32
33

34

34
35
35

37

37

37

37



- Control of postharvest diseases

2.6.2.2 Chitosan coating

- Effect of chitosan on in vitro fungal development

- Changes of fungal morphology due to the effect of
chitosan

- Control of postharvest diseases

- Chitosan inducing pathogenesis-related protein
(PR-protein) in plant cell

2.7 Effects of coating components on chilling injury tolerance

CHAPTER 3 EFFECTS OF CITRIC ACID INCORPORATED
WITH CHITOSAN-BASED COATING ON
PERICARP BROWNING OF FRESH LONGAN
FRUIT
3.1 Abstract

3.2 Introduction
3.3 Materials and Methods
3.3.1 Effects of citric acid incorporated with chitosan-based
coating on pericarp browning
3.3.1.1 Plant material
3.3.1.2 Coating preparation
3.3.1.3 Treatments
3.3.1.4 Pericarp browning parameter assessment and fruit
quality
- Browning index
- Weight loss percentage and moisture loss
- pericarp pH
- Total soluble solid (TSS), pH, TA and TSS/TA of
longan flesh
- Eating quality and ethanol content
- Disease incidence

- Statistical analysis

38
38
39
39

40
40

41

42

42
43
44
44

44
45
45
45

45
46
47
47

47
48
48



X1

3.3.2 Effects of chitosan-based coating and citric acid on
pericarp browning and polyphenol oxidase activity of
longan fruit

3.3.2.1 Plant materials and treatments

3.3.2.2 Pericarp browning assessment and surface fruit color

3.3.2.3 Pericarp pH, citric acid content in pericarp, weight
loss percentage and disease incidence
3.3.2.4 Polyphenol oxidase (PPO) activity assay and protein
determination
3.3.2.5 Determination of total phenol content
3.3.2.6 Statistical analysis
3.4 Results and discussion
3.4.1 Effects of citric acid incorporated with chitosan-based
coating on pericarp browning
3.4.1.1 Effects of coating on pericarp browning at ambient
temperature storage
- Pericarp browning
- Pericarp pH
- Weight loss percentage, moisture loss and disease
incidence
3.4.1.2 Effects coating on pericarp browning and fruit
quality at low temperature storage
- Pericarp browning, pericarp pH, weight loss
percentage and disease incidence
- Total soluble solid (TSS), pH, TA and TSS/TA of
longan flesh, eating quality and ethanol content
3.4.2 Effects of chitosan-based coating and citric acid on
pericarp browning and polyphenol oxidase activity of
longan fruit
3.4.2.1 Pericarp browning, pericarp pH, citric acid content

in pericarp and weight loss percentage

51

51

51

52
52

52

52

58

60

63

63

63

65

65



Xii

3.4.2.2 Pericarp color and disease incidence

3.4.2.3 PPO activity and total phenolic content

3.4.2.4 Pearson’ correlation analysis between browning
parameters

3.5 Conclusions

CHAPTER 4 EFFECTS OF POTASSIUM SORBATE
INCORPORATED WITH CHITOSAN COATING
ON LONGAN FRUIT DECAY
4.1 Abstract

4.2 Introduction
4.3 Materials and Methods
4.3.1 Plant material and coating preparation
4.3.2 Experiments
4.3.2.1 The interaction effects between potassium sorbate
and coating material on fruit decay.
4.3.2.2 Effects of potassium sorbate incorporated with
chitosan coating on fruit decay and sorbic acid
degradation in longan
4.3.3 Fruit decay and sorbic acid degradation in longan fruit.
4.3.4 Effect of potassium sorbate in coating material on pericarp
browning, pericarp color, pericarp pH, titratable acidity
and weight loss percentage
4.3.5 Statistical analysis
4.4 Results and discussion
4.4.1 The interaction effects between potassium sorbate and
coating material on fruit decay.
4.4.1.1 Disease incidence
4.4.1.2 Pericarp browning and surface fruit color change
4.4.1.3 Weight loss percentage
4.4.2 Effects of potassium sorbate incorporated with chitosan

coating on fruit decay and sorbic acid degradation in

67
70
72

73

74

74
75
76
76

76
76

77

77
78

78
79

79

79
81
85
86



xiil

longan

4.4.2.1 Coating property changes: viscosity and pH

4.4.2.2 The effects on disease incidence (%) and yeasts and
molds counts on fungal occurrence surface of fruit

4.4.2.3 Sorbic acid degradation on pericarp and aril

4.4.2.4 Pericarp browning

4.4.2.5 Weight loss percentage

4.4.2.6 Pericarp pH and citric acid content in pericarp
homogenate

4.4.2.7 Surface fruit color

4.5 Conclusions

CHAPTER 5 EFFECTS OF COATING COMPONENTS ON
DISEASE SEVERITY, FUNGAL GROWTH AND
MODE OF REACTION ON LASIODIPLODIA
THEOBROMAE
5.1 Abstract

5.2 Introduction
5.3 Materials and Methods
5.3.1 Plant material
5.3.2 Fungal culture and growth condition
5.3.3 Antifungal assays (in vitro trials)
5.3.3.1 Antifungal activity of coating component on the spore
germination and the mycelium growth
5.3.3.2 Light microscopic and scanning electron microscope
(SEM) of morphemically changes on fungal
morphology
5.3.4 Efficacy of integrated methods for controlling fruit rots
development in vivo study
5.3.4.1 Disease development, SEM of infection site and
sorbic acid in pericarp

5.3.4.2 Mode of reactions of coating component on disease

86
88

90
93
94
95

96
97

99

99
100
101

101
101
101
101

103

103

103

105



Xiv

severity and PR-protein as a defense mechanism
-Disease severity
- Sorbic acid degradation
-SEM of L. theobromae on infection site
-Pathogenesis related- protein as a defense
mechanism
5.3.5 Statistical analysis
5.4 Results and discussion
5.4.1 Antifungal activity on in vitro study
5.4.1.1 Antifungal activity of coating component on the spore
germination and the mycelium growth
5.4.1.2 Light microscopic and scanning electron microscope
(SEM) of morphemically changes on fungal
morphology
- Light microscope
- Scanning electron microscopy (SEM) of L.
theobromae
5.4.2 Efficacy of integrated methods for controlling fruit rots
development in vivo study
5.4.2.1 Disease development, SEM of infection site and
sorbic acid in pericarp
5.4.2.2 Mode of reactions of coating component on disease
severity and PR-protein as a defense mechanism

5.5 Conclusions

CHAPTER 6 EFFECTS OF CHITOSAN COATING ON
CHILLING INJURY TOLERANCE AND
DISEASE INCIDENCE ON LONGAN FRUIT BY
AN ELICITOR ON ACCUMULATION OF
PATHOGENESIS-RELATED PROTEIN AT
LOW TEMPERATURE
6.1 Abstract

6.2 Introduction

105
105
106
106

107
108

108
108

112

112

114

118

118

125

128

129

129
130



XV

6.3 Materials and Methods
6.3.1 Plant materials and experiments
6.3.1.1 Interactive effects of the storage temperature and
chitosan coating on chilling injury and disease
incidence of longan fruits
6.3.1.2 Effects of the optimum storage temperature of the
coated longan fruits on PR-protein, bio-chemical
changes in pericarp and market shelf life
6.3.2 Pericarp discolorations and disease incidence assessments
6.3.3 Membrane permeability and weight loss percentage
6.3.4 Total phenolic content and activities of PPO
6.3.5 Pathogenesis related- protein as a defense mechanism
6.3.6 Sorbic acid degradation
6.3.7 Sensory evaluations
6.3.8 Statistical Analysis
6.4 Results and discussion
6.4.1 Interactive effects of the storage temperatures and
chitosan coating on chilling injury and disease incidence of
longan fruits
6.4.1.1 Fruit decay
6.4.1.2 Changes in pericarp discolorations
6.4.1.3 Membrane permeability and weight loss percentage
6.4.1.4 PPO activity and total phenolic content
6.4.2 Effects of the optimum storage temperature of the coated
longan fruits on PR-protein, bio-chemical changes in
pericarp and market shelf life
6.4.2.1 Changes in browning parameters during cold storage
6.4.2.2 PPO activity and total phenolic content
6.4.2.3 Disease development and sorbic acid distributions
6. 4.2.4 PR-protein as a defense mechanism and a

relationship with the chilling injury effects

131

131
132

132

133
134
134
135
135
136
136
137

137

137
138
144
146
149

149
151
152
154



XVi

6.4.2.5 Sensory evaluation during cold storage and
taken the samples to simulate marketing shelf life
during ambient temperature
6.5 Conclusions
CHAPTER 7 CONCLUSIONS

BIBLIOGRAPHY
PUBLICATIONS
CURRICULUM VITAE

156

159
160
163

181
183



Table

2.1

2.2

23

3.1

3.2

33

34

3.5

3.6

3.7

3.8

3.9

3.10

Xvil

LIST OF TABLES

Longan fruit compositions at harvest

Study on citric acid to control browning in longan.

Damaging of perishable produce after dip in citric acid or the
others.

Effect of combined treatments on the browning index of longan
fruits during storage at room temperature

Interaction between citric acid and chitosan on browning index of
longan fruits during storage at room temperature.

Effect of combined treatments on the pericarp pH of longan fruits
during storage at room temperature.

Interaction between citric acid and chitosan on the pericarp pH of
longan fruits during storage at room temperature.

Effect of combined treatments between citric acid and chitosan on
the weight loss percentage of longan fruits during storage at room
temperature.

Interaction between citric acid and chitosan on the weight loss
percentage of longan fruits during storage at room temperature.
Effect of combined treatments on the water loss (%) of the pericarp
of longan fruits during storage at room temperature.

Effect of combined treatments on the disease incidence (%) of the
longan fruits during storage at room temperature.

Changes in the fruit qualities: browning index; weight loss
percentage; pericarp pH; disease incidence of longan fruit and the
pulp qualities: total soluble solid; juice pH; titratable acidity; acid
ratio (TSS/TA); eating quality; ethanol content in the longan flesh
and dipped in different treatments stored at 5°C, 85% RH.
Interaction between CA & chitosan on browning control at day 27

during 5°C

Page

29
30

54

55

58

59

61

61

62

62

64



3.11

4.1

4.2

4.3

4.4

4.5

4.6

5.1

52

53

6.1

6.2

6.3

XViii

Correlation coefficients between browning parameters results
during storage at various temperature.

The interaction between chitosan coating and PS on disease
incidence during storage at 10°C for 15 days.

The interaction between chitosan coating and PS on browning
index during storage at 10°C for 15 days.

Effects of chitosan coating and PS concentrations on the changes in
L* C* and h” during storage at 10°C for 15 days.

Interaction between chitosan coating and PS concentrations on the
changes in L* C* and h® during storage at 10°C for 15 days.

The interaction between chitosan coating and PS on the changes in
weight loss percentage during storage at 10°C for 15 days.

The changes in coating properties (viscosities and pH) after PS
addition in coating materials.

Antifungal activity of coating components on the growth of L.
theobromae

Antifungal activity of PS concentration with or with out coating
component on L. theobromae in vitro study

Interaction between inoculated fruit or without and chitosan coating
or without on chitinase and B-1,3-glucanase activity during 5 days.
Pearson’s correlation (r) between peel discoloration, fruit decay and
their relations.

Longan fruit quality after cold storage at 5 °C, following by holding
at ambient simulated shelf conditions.

Pearson’s correlation (r) between browning parameters and PR-

proteins.

72

80

82

83

84

85

87

109

110

127

148

157

158



Figure
2.1

2.2
23

24
2.5
2.6
2.7

2.8
3.1
3.2
3.3

3.4

3.5

3.6

3.7

X1X

LIST OF FIGURES

The internal and external localization of phenolic compounds and
phenolic oxidizing enzymes (polyphenol oxidase and peroxidase)
in a typical plant cell.

Schematic representation of oxidation reaction by PPO.

A model for the sequence of metabolic events that leads from the
stress-induced alteration in the properties of membranes to the
observation of macroscopic tissue damage.

Signals and responses in plant-pathogen interactions.

The distribution of species of sulfurous acid at various pH values.
Chitin and chitosan

Hypothetical model for the difference in the skin permanence to O,,
CO, and water vapor in a non-coated and coated pear with a
lignified cell in the skins.

Functional ingredients can be incorporated in coatings

Browning index (scales) of longan pericarp

Color chart of Minolta model CR-300

Scheme of CA damage on pericarp skin after dipping in CA alone
and wrapping (a) with PVC film at day 3 (b).

Effects of chitosan-based coating and citric acid on characteristic of
pericarp browning after day 1 of longan fruit during storage at
ambient temperature

Effects of chitosan-based coating and citric acid on characteristic of
pericarp browning after day 5 of longan fruit during storage at
ambient temperature

Pericarp pH (a) and weight loss percentage (b) of longan fruit in
relation to pericarp browning during storage for 6 days.

Effects of chitosan-based coating and citric acid on pericarp tissue

browning (a), weight loss percentage (b) pericarp pH (c) and citric

Page

14

19
21
31
32

33
46
50
55

56

57

59

66



3.8

3.9

3.10

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

XX

acid content in pericarp homogenate as titratable acidity (d) of
longan fruit during storage at 5°C.

Effects of chitosan-based coating and citric acid on pericarp color:
L* value (a), chroma (b), hue angle (c) and disease incidence (d)of
longan fruit during storage at 5°C.

Effects of chitosan-based coating and citric acid on characteristic of
pericarp browning after day 20 (a) and 27 (b) of longan fruit during
storage at 5°C.

Effects of chitosan-based coating and citric acid on activities of
PPO (a) and total phenolic content (b) of longan fruit during
storage at 5°C.

Chitosan coating and PS on disease incidence during storage at
10°C for 15 days.

Effects of chitosan coating and PS on browning index during
storage at 10°C for 15 days.

Effect of chitosan coating + 0.3% PS (a) and 0.3% PS without
chitosan (b) on browning appearance during storage at 10°C after
day 15.

Effects of chitosan coating and PS on the changes in weight loss
percentage during storage at 10°C for 15 days.

Positive relations between pH coating and viscosity measuring at
25°C.

Effects of PS+Cts on disease incidence percentage (a) and mold
population population expressed as colony forming unit (log
CFU/ml) of longan fruit during storage at 10°C.

Effects of PS+Cts+CA on sorbic acid profiles in pericarp (a) and
aril (b) of longan fruit during storage at 10°C.

Relation between sorbic acid in pericarp and aril of longan fruit
during storage at 10°C.

Effects of PS+Cts on browning index of longan fruit during storage

at 5°C.

68

70

72

80

81

81

86

87

89

91

93

94



4.10

4.11

4.12

5.1

5.2

53

54

5.5

5.6

5.7

5.8

59

5.10

XX1

Effects of PS+Cts on weight loss percentage of longan fruit during
storage at 10°C.

Effects of PS+Cts on pericarp pH (a) and citric acid content as TA
in pericarp homogenate (b) of longan fruit during storage at 10°C.
Effects of PS+Cts L* (a), chroma (b) and hue angle (c) in outer
pericarp of longan fruit during storage at 10°C.

A 0.5 cm diameter of L. theobromae LP20 mycelial disk was
inoculated on the top of artificial wounds made by nipping the stalk
of the stem-end area of each fruit and incubated in a high moisture
box at room temperature for 6 hours.

Mycelium growth of L. theobromae in PDA supplement with
chitosan, citric acid and potassium sorbate.

Mycelium growth of L. theobromae in PDA supplement with
chitosan, citric acid and potassium sorbate.

Light microscopic structural changes in L. theobromae mycelium in
response to components in PDA.

Scanning electron micrographs of L. theobromae mycelium in
control mycelium.

Scanning electron micrographs of L. theobromae mycelium in
response to chitosan component.

Microscopic structural changes in L. theobromae mycelium in
response to citric acid component.

Microscopic structural changes in L. theobromae mycelium in
response to potassium sorbate component.

Effect of different combinations of coating components on HPLC
profiles of sorbic acid degradations in pericarp (a), disease severity
(scores) (b) and relation sorbic acid with disease severity (c) after
inoculated with mycelial disk of L. theobromae on the wounds of
stem end fruit 6 hrs prior to treatment and after storage at 25°C.
Effect of coating components and combined treatments against

disease severity after inoculated longan with L. theobromae at

94

95

97

104

111

112

113

115

116

117

118

121

122



5.11

5.12

5.13

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

xXx11

hours 72.

Effect of coating components and combined treatments against
disease development acts as necrotic lession from stem-end fruit
after inoculated longan with L. theobromae at hours 72.

SEM micrographs showing the effect of chitosan coating
incorporated with citric acid and potassium sorbate against
mycelium morphological changes after inoculated longan with L.
theobromae 24 hours.

Chitinase activity (a) and B-1,3-glucanase activity (b) as a defense
mechanism in longan pericarp after various treatments with or
without L. theobromae LP20 inoculation.

Browning index of inner pericarp caused by chilling injury during
cold storage.

Effects of coating on incidence of decay of fresh longan fruits
during storage at 20, 5 and 2°C.

The changes in pericarp browning of outer pericarp (a) and inner
pericarp (b) during storage at 20, 5 and 2°C.

Characteristic of pericarp browning development of coated fruit
and non-coat (b) during storage for 0 (a) and 5 days (b) after day 25
at 5 and 2°C.

Characteristic of pericarp browning development of coated fruit
and non-coat (b) during for 10 (a), 15 (b) and 20 days (c) at day 25
at 5 and 2°C (continue).

Characteristic of pericarp browning development of coated fruit
and non-coat (b) during storage after day 25 at 5 and 2°C
(continue).

The changes in L* (lightness) (a) and h® (hue angle) (b) of pericarp
longan during storage at 20, 5 and 2°C

Effects of coating on chroma of outer (a) and inner pericarp (b) of
longan fruits during storage at 5°C.

Effects of coating on electrolyte leakage (%) (Left) and weight loss

123

124

126

133

138

139

140

141

142

143

144

145



6.10

6.11

6.12

6.13

6.14

6.15

6.16

6.17

6.18

6.19

XXiii

percentage (Right) of longan fruits during storage at 5°C.

Effects of coating on PPO activity (a) and total phenolic content (b)
of longan fruit during storage at 20, 5 and 2°C.

Effects of Cts + CA + PS and CA + PS on pericarp browning (a),
weight loss percentage (b), pericarp pH (c), lightness (d), chroma
(e) and hue angle (f) of longan fruit during storage at 5 °C.

Effects of Cts + CA + PS and CA + PS on fruit appearances at day
0 (a) and day 32 (b) of longan fruit during storage at 5 °C.

Effects of Cts + CA + PS and CA + PS on PPO activity (a) and
total phenolic content (b) of longan fruit during storage at 5 °C.
Effects of Cts + CA + PS and CA + PS on decay severity (a) and
disease incidence (%) (b) of longan fruit during storage at 5°C.
Effects of coating with Cts + CA + PS and CA + PS on sorbic acid
content in pericarp of longan fruit during storage at 5°C.

Effects of CtstCA+PS and CA+PS on induced PR-protein in
pericarp as defense mechanism; chitinase (a) and B-1,3-glucanase
(b) of longan fruit during storage at 5°C.

Color characteristic of PR-protein in pericarp as defense
mechanism; treatment of predominantly SO, on chitinase (purple
plus) (a) and B-1,3-glucanase (orange plus) (b) of longan fruit
during storage at 5°C (arrows).

Effects of Cts + CA + PS and CA + PS on pericarp color
acceptability (a) and eating quality: appearance (b); flavor (c), taste
(d) and overall acceptability (e) of longan fruit during storage at
5°C.

Eating quality: appearances of CA + PS normal color (a) and SO,
pulp redden (b) of longan fruit during storage at 5 °C.

147

150

151

152

153

153

155

155

156

157



XX1V

LIST OF ABBREVIATIONS

BI
C*
CA
CI
Cts
CRD
CV.
DOA
GAP

HPLC
hrs

L*

LM

LP
MOAC
PPO
PR-protein
PS
PVC

r

R2

RH
SEM
SO,
TA
TSS

Browning index

Chroma

Citric acid

Chilling injury

Chitosan

Completely randomized design
Cultivar

Department of Agriculture
Good agricultural practice

Hue angle

High performance liquid chromatography

Hours
Lightness
Light compound microscope

Lampang

Ministry of Agriculture and Cooperative

Polyphenol oxidase activity
Pathogenesis-related protein
Potassium sorbate

Polyvinyl chloride
Correction coefficient
Coefficient of determination
Relative humidity (%)
Scanning electron microscope
Sulfur dioxide (gas)
Titratable acidity

Total soluble solid



