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Chairman : Associate Professor Phebe Ding, PhD 

Faculty : Agriculture 

Crown rot, caused by pathogen complexes, is one of the main diseases affecting 

banana fruit. A study was conducted to evaluate the potential of ultraviolet C (UVC), 

an environmentally friendly technology, to control crown rot disease and the impacts 

on postharvest quality of banana fruit during ripening. UVC irradiation is known for its 

efficient germicidal effect and potentially to be used as an alternative strategy to 

replace fungicide. Three pathogenic fungi identified as Lasiodiplodia theobromae, 

Colletotrichum musae and Fusarium equiseti were isolated from decaying crown 

surfaces of Musa AAA „Berangan‟ banana, a Malaysian local cultivar. These three 

isolates were confirmed their species level based on cultural, morphological and 

nucleotide sequences of internal transcribed spacer region (ITS). Pathogenicity tests 

showed that inoculation with L. theobromae and combination of C. musae + F. equiseti 

+ L. theobromae gave the maximum disease expression as compared to the individual 

isolates of C. musae and F. equiseti. The results of an increase eight steps UVC doses 

from 0.01 to 0.30 kJ m
-2

 show random increases and decreases in fungal growth of all 

fungi species tested. In percentage inhibition radial growth, 0.3 kJ m
-2

 was the best for 

F. equiseti, both 0.2 and 0.3 kJ m
-2

 doses were the best for L. theobromae, while 0.01 

and 0.60 kJ m
-2

 effectively inhibited the C. musae radial growth. Meanwhile, 0.015 kJ 

m
-2

 UVC was effective in restraining the conidial germination and sporulation of these 

fungi. The effect of UVC on area under disease progress curve (AUDPC) indicated 

that the highest AUDPC of 77.5 unit
2 

was recorded in negative control fruit, whereas, 

fruit treated with 0.30 kJ m
-2

 showed the lowest AUDPC value of 38.1 unit
2
. However, 

the application of UVC irradiation dose on banana fruit was found limited due to the 

adverse effect of higher doses that causing browning discoloration on fruit peel. All the 

applied doses including 0.02 to 0.05 kJ m
-2

 showed browning scores that 

corresponding to 40 to 60% peel browning, whereas, fruit treated with 0.01 kJ m
-2

 

UVC showed a much lower of browning score by the end of the ripening period. UVC 

irradiation at 0.01 kJ m
-2

 could be considered as the optimum dose for Berangan 

banana, as it synergistically reduced the disease severity by 46.25% without causing 

browning on the fruit peel. In contrast, UVC irradiation at 0.05 kJ m
-2

 was found 
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caused peel browning and induced rapid changes in colour, soluble solids 

concentration and pH of the fruit. The severity of crown rot disease was lower in 

banana hands irradiated with UVC at 24 h after artificial inoculation compared to those 

irradiated 24 h before inoculation. Application of low dose UVC irradiation was able 

to elicit some desirable responses in banana such as induction of peroxidases, 

accumulation of lignins, formation of cell wall apposition and phenol storing cells to 

improve their defense against fungi. This study suggested that UVC irradiation at low 

dose is promising and environmentally friendly to be used as the alternative method for 

fungicides treatment of banana at postharvest.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk Ijazah Doktor Falsafah 

DISINFEKSI ULTRAUNGU UNTUK MENGAWAL PENYAKIT REPUT 

UMBUT DAN MENGEKALKAN KUALITI MUSA AAA BERANGAN 

Oleh 

NURATIKA TAMIMI BINTI SHEIKH MOHAMED 

April 2017 

Pengerusi : Profesor Madya Phebe Ding, PhD 

Fakulti : Pertanian 

Reput umbut, berpunca daripada patogen kompleks merupakan salah satu penyakit 

utama buah pisang. Satu kajian telah dijalankan untuk menilai potensi sinaran 

ultraungu C (UVC), satu teknologi mesra alam dalam mengawal penyakit reput umbut 

dan kesannya terhadap kualiti lepas tuai pisang semasa fasa peranuman. Umumnya, 

UVC telah diketahui mempunyai kesan germisid yang efisien dan berpotensi untuk 

digunakan sebagai strategi alternatif kepada racun kulat. Tiga kulat patogenik 

dikenalpasti sebagai Lasiodiplodia theobromae, Colletotrichum musae dan Fusarium 

equiseti telah dipencilkan daripada umbut yang mereput pada Musa AAA „Berangan‟, 

iaitu kultivar pisang tempatan di Malaysia. Tiga pencilan ini telah disahkan spesisnya 

melalui pencirian kultural, morfologi dan jujukan nukleotida pada kawasan „internal 

transcribed spacer‟ (ITS). Ujian kepatogenan menunjukkan bahawa L. theobromae dan 

gabungan kulat C. musae + F. equiseti + L. theobromae memberikan ekspresi penyakit 

yang maksimum pada pisang berbanding pencilan C. musae and F. equiseti. Keputusan 

menunjukkan bahawa peningkatan dos UVC dari 0.01 kepada 0.30 kJ m
-2

 telah 

menyebabkan peningkatan dan pengurangan secara rawak pada pertumbuhan miselia 

kulat-kulat yang diuji. Dos 0.3 kJ m
-2 

didapati paling berkesan dalam mengurangkan 

pertumbuhan miselia kulat F. equiseti, manakala dos-dos 0.2 dan 0.3 kJ m
-2

 adalah 

yang terbaik terhadap perencatan pertumbuhan kulat L. theobromae, dan 0.01 dan 0.6 

kJ m
-2

 pula secara efektifnya dapat mengurangkan pertumbuhan radial kulat C. musae. 

Ujikaji menunjukkan bahawa dos 0.015 kJ m
-2

 secara ketaranya telah merencatkan 

percambahan konidia dan sporulasi setiap kulat. Kesan UVC pada kawasan keluk di 

bawah graf (AUDPC) mencatatkan nilai tertinggi (77.5 unit
2
)

 
pada buah kawalan 

negatif, manakala telah mencatatkan nilai terendah pada buah yang dirawat dengan dos 

0.3 kJ m
-2 

(38.1 unit
2
). Walaubagaimanapun, penggunaan dos UVC pada buah pisang 

didapati terhad hanya disebabkan oleh kesan dos-dos lebih tinggi yang menyebabkan 

pemerangan pada kulit buah. Semua dos dari 0.02 ke 0.05 kJ m
-2

 menunjukkan skor 

pemerangan sebanyak 40 hingga 60%, manakala buah yang dirawat dengan 0.01 kJ m
-2

 

menunjukkan skor pemerangan yang lebih rendah pada akhir tempoh peranuman. Dos 

0.01 kJ m
-2

 merupakan dos yang optimum pada pisang Berangan kerana ia berkesan 
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untuk mengurangkan sebanyak 46.25% penyakit reput umbut tanpa menyebabkan 

pemerangan pada kulit pisang. Sebaliknya, radiasi UVC pada 0.05 kJ m
-2

 telah 

menyebabkan pemerangan yang ketara pada kulit pisang dan mempercepat perubahan 

warna buah, meningkatkan kepekatan pepejal terlarut dan menurunkan pH buah. Kadar 

keterukan penyakit reput umbut adalah rendah pada buah yang dirawat pada 24 jam 

selepas inokulasi L. theobromae, C. musae dan F. equiseti berbanding rawatan UVC 

dalam tempoh 24 jam sebelum inokulasi kulat. Tambahan lagi, rawatan UVC pada dos 

yang rendah mampu merangsang tindak balas yang baik di dalam buah seperti 

meningkatkan enzim perksidase, pengumpulan lignin, pembentukan aposisi pada 

dinding sel dan sel penyimpanan fenol bagi memperkuat sistem pertahanan buah 

pisang daripada serangan kulat. Secara keseluruhannya, dapatan kajian ini 

mencadangkan bahawa penggunaan sinar radiasi UVC pada dos yang rendah adalah 

berpotensi tinggi dan mesra alam untuk digunakan sebagai pengganti racun kulat pada 

pisang semasa fasa lepas tuai.  



© C
OPYRIG

HT U
PM

v 

 

ACKNOWLEDGEMENTS 

 

 

All praises and thanks belong to Almighty Allah SWT, the All-Compassionate, the 

All-Merciful, whose blessings, strength and guidance have enabled me to successfully 

complete this doctoral study. The most glorified is Him. 

 

 

First and foremost, I avail myself the opportunity in recording my heartfelt thanks and 

appreciations to my supervisor Associate Professor Dr. Phebe Ding, the chairman of 

supervisory committee for her dedicated guidance, encouragement, suggestions, 

invaluable advices and patience throughout the course of this study. My sincere 

gratitude is also extended to my supervisory committee members, Associate Professor 

Dr. Jugah Kadir and Professor Dr. Hasanah Mohd. Ghazali for their invaluable 

guidances and suggestions throughout my research. 

 

 

I would like to thank all staffs of Postharvest Laboratory, Microbial Biological Control 

Laboratory, Electron Microscopy Unit of Institute Bioscience and Botany Laboratory 

for their support and technical assistances. I would like to thank all laboratory 

members for their friendship, advice and encouragement in helping me to complete the 

experiments. I am exceedingly grateful to the government of Malaysia for a 

scholarship (MyPhD) throughout the study.  

 

 

I gratefully acknowledge the never ending love, patience, support and prayers from my 

dearest father (Sheikh Mohamed Bin Sheikh Abdul Hamid), mother (Mahani Binti 

Misran), all my brothers (Fahad, Saddam, Abdul Hamid, Omar, Abu Yazid, Ibrahim, 

Mohd Arzlie), relatives and friends. I love you all. Alhamdulillah.  



© C
OPYRIG

HT U
PM



© C
OPYRIG

HT U
PM

vii 

 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfillment of the requirement for the degree of Doctor of Philosophy. The 

members of the Supervisory Committee were as follows: 

 

 

Phebe Ding, PhD 

Associate Professor 

Faculty of Agriculture 

Universiti Putra Malaysia 

(Chairman) 

 

 

Jugah Kadir, PhD 

Associate Professor 

Faculty of Agriculture 

Universiti Putra Malaysia 

(Member) 

 

 

Hasanah Mohd. Ghazali, PhD 

Professor 

Faculty of Food Science and Technology 

Universiti Putra Malaysia 

(Member) 

 

 

 

 

 

 

 

 

 

 

 

 

 

ROBIAH BINTI YUNUS, PhD  

Professor and Dean  

School of Graduate Studies  

Universiti Putra Malaysia 

 

 

Date: 



© C
OPYRIG

HT U
PM

viii 

 

Declaration by graduate student 

 

 

I hereby confirm that: 

 this thesis is my original work; 

 quotations, illustrations and citations have been duly referenced; 

 this thesis has not been submitted previously or concurrently for any other degree 

at any other institutions; 

 intellectual property from the thesis and copyright of thesis are fully-owned by 

Universiti Putra Malaysia, as according to the Universiti Putra Malaysia 

(Research) Rules 2012; 

 written permission must be obtained from supervisor and the office of Deputy 

Vice-Chancellor (Research and Innovation) before thesis is published (in the form 

of written, printed or in electronic form) including books, journals, modules, 

proceedings, popular writings, seminar papers, manuscripts, posters, reports, 

lecture notes, learning modules or any other materials as stated in the Universiti 

Putra Malaysia (Research) Rules 2012; 

 there is no plagiarism or data falsification/fabrication in the thesis, and scholarly  

integrity is upheld as according to the Universiti Putra Malaysia (Graduate 

Studies) Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia 

(Research) Rules 2012.  The thesis has undergone plagiarism detection software. 

 

 

 

Signature: ________________________      Date: ___________________ 

 

 

Name and Matric No.: Nuratika Tamimi Binti Sheikh Mohamed, GS32416 

 

 

 



© C
OPYRIG

HT U
PM



© C
OPYRIG

HT U
PM

x 

TABLE OF CONTENTS 

Page 

ABSTRACT     i 

ABSTRAK iii 

ACKNOWLEDGEMENTS v 

APPROVAL vi 

DECLERATION viii 

LIST OF TABLES     xvi 
LIST OF FIGURES     xix 

LIST OF ABBREVIATIONS xxix 

CHAPTER 

1 INTRODUCTION 1 

2 LITERATURE REVIEW 3 

2.1 Banana 3 

2.1.1 Taxonomy and botanical description 3 

2.1.2 Banana production and losses 4 

2.1.3 Crown rot disease of banana 5 

2.1.3.1 Symptoms of crown rot 5 

2.1.3.2 Causal pathogens 6 

2.1.3.3 Morphology and biology of L. theobromae 

C. musae and F. equiseti 

7 

2.1.3.4 Molecular identification based on internal 

transcribed spacers of ribosomal region 

(rDNA-ITS) 

8 

2.2 Ultraviolet irradiation 8 

2.2.1 Mode of action of UVC irradiation and hormesis 9 

2.2.2 Effect of UVC irradiation on postharvest disease 

control     

10 

2.2.3 Effect of UVC irradiation on postharvest quality of 

fruit     

12 

2.2.4 Effect of UVC irradiation on antioxidant properties 14 

2.2.5 Effect of UVC irradiation on induced resistance 

mechanisms 

14 

2.2.5.1 Phenolic compounds 15 

2.2.5.2 Lignin 15 

2.2.5.3 Peroxidase 16 

2.2.5.4 Phenylalanine ammonia-lyase 16 

2.2.5.5 Polyphenol oxidase 16 

2.2.5.6 Cell wall lignification 17 



© C
OPYRIG

HT U
PM

xi 

 

3 CONFIRMATION OF FUNGUS COMPLEX OF CROWN 

ROT DISEASE IN MUSA AAA ‘BERANGAN’ BANANA 

FRUIT 

18 

 3.1 Introduction 18 

 3.2 Materials and methods 19 

  3.2.1 Fruit materials 19 

  3.2.2 Isolation of crown rot pathogens                     20 

  3.2.3 Isolation of Lasiodiplodia theobromae 20 

  3.2.4 Confirmation of crown rot fungi based on 

morphological characteristics 

21 

  3.2.5 Molecular identification based on ribosomal DNA 

internal transcribed spacer (rDNA-ITS) regions 

21 

   3.2.5.1 Extraction of fungal DNA 21 

   3.2.5.2 Quantification of DNA 22 

   3.2.5.3 Polymerase chain reaction 22 

   3.2.5.4 Electrophoresis 22 

   3.2.5.5 Sequence analysis 23 

  3.2.6 Pathogenicity test 24 

   3.2.6.1 Crown rot disease assessments 24 

  3.2.7 Experimental design and statistical analysis  26 

 3.3 Results 26 

  3.3.1 Crown rot symptoms 26 

  3.3.2 Confirmation of crown rot fungi based on 

morphological characteristics 

26 

   3.3.2.1 Description of Lasiodiplodia theobromae 28 

   3.3.2.2 Description of Colletotrichum musae 33 

   3.3.2.3 Description of Fusarium equiseti 35 

  3.3.3 Identification of crown rot fungi based on molecular 

characteristics 

35 

   3.3.3.1 Sequence analysis of ITS region 35 

   3.3.3.2 Phylogenetic analysis 37 

  3.3.4 Pathogenicity test 39 

 3.4 Discussion  43 

 3.5 Conclusion 45 

     

4 INACTIVATION PROPERTIES OF UVC IRRADIATION ON 

CROWN ROT FUNGAL GROWTH 

46 

 4.1 Introduction  46 

 4.2 Materials and methods 46 

  4.2.1 Fungal culture and preparation of conidial suspension 46 

  4.2.2 Ultraviolet chamber  47 

  4.2.3 UVC irradiation dose 48 

  4.2.4 Mycelial growth inhibition test 48 

  4.2.5 Conidial germination test 49 

  4.2.6 Fungal sporulation and the survival fraction 49 

  4.2.7 Observation under light microscopy 50 

  4.2.8 Cellulase production assay 50 

  4.2.9 Experimental design and statistical analysis  50 

     



© C
OPYRIG

HT U
PM

xii 

 

 4.3  Results 50 

  4.3.1 Effect of UVC irradiation on inhibition of mycelial 

radial growth 

50 

  4.3.2 Effect of UVC irradiation on conidial germination 53 

  4.3.3 Effect of UVC irradiation on fungal sporulation 54 

   4.3.3.1 Inactivation properties of UVC irradiation 

on fungal sporulation 

55 

  4.3.4 Effect of UVC irradiation on hyphal morphology 56 

  4.3.5 Effect of UVC irradiation on cell wall degrading 

enzyme       

58 

 4.4 Discussion 59 

 4.5 Conclusion  61 

      

      

5 POTENTIAL OF UVC IRRADIATION IN SUPPRESSING 

CROWN ROT DISEASE, RETAINING POSTHARVEST 

QUALITY AND ANTIOXIDANT CAPACITY OF MUSA AAA 

‘BERANGAN’ FRUIT 

63 

 5.1 Introduction 63 

 5.2 Materials and methods 64 

  5.2.1 Fruit materials 64 

  5.2.2 UVC irradiation treatment 64 

  5.2.3 Ripening process        64 

  5.2.4 Crown rot disease assessments 65 

  5.2.5 Browning assessment 66 

  5.2.6 Banana crown tissue under scanning electron 

microscope     

66 

  5.2.7 Determination of respiration rate and ethylene 

production    

66 

  5.2.8 Determination of physical characteristics                                67 

   5.2.8.1 Weight loss 67 

   5.2.8.2 Peel colour determination 67 

   5.2.8.3 Fruit firmness 68 

  5.2.9 Determination of chemical characteristics                               68 

   5.2.9.1 Soluble solids concentration 68 

   5.2.9.2 Titratable acidity 68 

   5.2.9.3 pH 69 

  5.2.10 Determination of total phenolic content and 

antioxidant capacity 

69 

   5.2.10.1 Sample extraction 69 

   5.2.10.2 Total phenolic content 69 

   5.2.10.3 Antioxidant capacity 69 

  5.2.11 Experimental design and statistical analysis                            70 

 5.3 Results 70 

  5.3.1 Effect of UVC irradiation on naturally infected fruit 70 

  5.3.2 The optimum dose of UVC irradiation on Berangan  

banana fruit    

74 

  5.3.3 Changes of crown surface morphology after UVC 

irradiation                                                                                  

76 



© C
OPYRIG

HT U
PM

xiii 

 

  5.3.4 Effect of UVC irradiation on respiration rate and 

ethylene production 

80 

  5.3.5 Changes in physical characteristics 83 

   5.3.5.1 Weight loss 83 

   5.3.5.2 Peel colour 84 

   5.3.5.3 Firmness 87 

  5.3.6 Changes in chemical characteristics 89 

  5.3.7 Changes in total phenolic content and antioxidant 

capacity 

93 

 5.4 Discussion  97 

  5.4.1 Effect of UVC irradiation in reducing crown rot 

disease on naturally infected fruit 

97 

  5.4.2 Effect of UVC irradiation on physico-chemical and 

antioxidant capacity of Berangan banana during 

ripening   

98 

 5.5 Conclusion 100 

    

  6 THE EFFECTIVENESS OF DIFFERENTIAL UVC 

IRRADIATION TIMING IN CONTROLLING CROWN ROT 

FUNGI INFECTED ON MUSA AAA ‘BERANGAN’ BANANA 

FRUIT 

102 

 6.1 Introduction 102 

 6.2 Materials and methods 103 

  6.2.1 Fruit materials 103 

  6.2.2 Fungal culture and preparation of conidial suspension 103 

  6.2.3 Differential UVC irradiation timing  103 

  6.2.4 Fungal inoculation 104 

  6.2.5 Ripening process 106 

  6.2.6 Crown rot disease assessments 106 

  6.2.7 Fruit quality evaluation 106 

   6.2.7.1 Determination of respiration rate and 

ethylene production 

106 

   6.2.7.2 Determination of physical characteristics 107 

   6.2.7.3 Determination of chemical characteristics 107 

   6.2.7.4 Determination of total phenolics content 

and antioxidant capacity 

108 

  6.2.8 Experimental design and statistical analysis 108 

 6.3 Results 108 

  6.3.1 Effect of differential UVC irradiation timing on 

crown rot disease control 

108 

  6.3.2 Effects of differential UVC irradiation timing and 

crown rot-infected fungi on respiration rate and 

ethylene production of banana fruit 

114 

  6.3.3 Effect of differential UVC irradiation timing and 

crown rot-infected fungi on physical characteristics of 

banana fruit 

117 

   6.3.3.1 Colour 117 

   6.3.3.2 Fruit firmness 121 



© C
OPYRIG

HT U
PM

xiv 

 

  6.3.4 Effect of differential UVC irradiation timing and 

crown rot-infected fungi on the chemical 

characteristics of banana fruit 

123 

   6.3.4.1 Soluble solids concentration, titratable 

acidity and pH 

123 

   6.3.4.2 Ascorbic acid content 124 

  6.3.5 Effect of differential UVC irradiation timing and 

crown rot-infected fungi on total phenolic content and 

antioxidant capacity of banana fruit 

127 

   6.3.5.1 Total phenolic content 127 

   6.3.5.2 Antioxidant capacity 129 

 6.4 Discussion 133 

  6.4.1 Effect of differential UVC irradiation timing on 

crown rot disease control 

133 

  6.4.2 Postharvest quality in response to UVC irradiation 

and crown rot-infected fungi 

133 

  6.4.3 Total phenolic content and antioxidant capacity of 

Berangan banana fruit in response to UVC irradiation  

and crown rot-infected fungi 

135 

 6.5 Conclusion 137 

     

  7 BIOCHEMICAL AND CELL WALL ULTRASTRUCTURAL 

CHANGES IN CROWN TISSUE OF BANANA (MUSA AAA 

‘BERANGAN’) FRUIT AS MEDIATED BY UVC 

IRRADIATION AGAINST CROWN ROT FUNGAL 

INFECTION 

138 

 7.1 Introduction 138 

 7.2 Materials and methods 139 

  7.2.1 Fruit materials 139 

  7.2.2 Fungal culture and preparation of conidial suspension 139 

  7.2.3 UVC treatment and fungal inoculation 139 

  7.2.4 Ripening process 140 

  7.2.5 Preparation of banana crown tissue 140 

  7.2.6 Determination of total phenolic content 140 

  7.2.7 Determination of lignin content 140 

  7.2.8 Enzyme extraction 141 

  7.2.9 Determination of protein content 141 

  7.2.10 Determination of polyphenol oxidase activity 141 

  7.2.11 Determination of peroxidase activity  142 

  7.2.12 Determination of phenylalanine ammonia-lyase 

activity 

142 

  7.2.13 Tissue processing for transmission electron 

microscopic observation 

142 

  7.2.14 Experimental design and statistical analysis 143 

 7.3 Results  143 

  7.3.1 Changes in inducible biochemical compounds as 

mediated by UVC against crown rot fungal infection 

143 

  7.3.2 Changes in activity of defense-related enzymes (PPO, 

POD and PAL) as mediated by UVC against crown  

146 



© C
OPYRIG

HT U
PM

xv 

 

rot fungal infection   

  7.3.3 Changes of crown tissue under transmission electron 

microscopic observation 

149 

   7.3.3.1 Effect of UVC irradiation on cell wall 

ultrastructure of control (natural 

infection) banana fruit 

149 

   7.3.3.2 Effect of UVC irradiation on cell wall 

ultrastructure of fungal 

inoculated banana fruit 

150 

 7.4 Discussion 155 

  7.4.1 Effects of UVC irradiation on production of inducible 

compounds associated with host-defense mechanisms 

155 

  7.4.2 Effects of UVC irradiation on ultrastructural 

modification and host-pathogen interaction in crown 

tissue of Berangan banana   

157 

 7.5 Conclusion 159 

     

  8 SUMMARY, GENERAL CONCLUSION AND 

RECOMMENDATION FOR FUTURE RESEARCH 

160 

 8.1 Summary 160 

 8.2 General conclusion 161 

 8.3 Recommendation for future research 161 

  

REFERENCES 162 

APPENDICES 187 

BIODATA OF STUDENT 192 

LIST OF PUBLICATIONS 193 

 

 



© C
OPYRIG

HT U
PM

xvi 

 

LIST OF TABLES  

 

 

Table                                                                                                                    Page                              

   

2.1 The effective doses of UVC irradiation in controlling postharvest 

diseases on horticultural crops caused by different pathogens 

11 

   

3.1 Sources of isolates and GenBank accession numbers used in the 

phylogenetic analyses 

23 

   

3.2 Crown rot severity on banana crown tissue 25 

   

3.3 Crown rot severity based on the discolouration of crown tissue (Finlay 

and Brown, 1993) 

25 

   

3.4 Crown rot severity based on the softening of crown tissue (Finlay and 

Brown, 1993) 

25 

   

3.5 Conidial dimension and cultural characteristics of L. theobromae, C. 

musae and F. equiseti isolated from Berangan banana fruit crown 

32 

   

3.6 Identity of isolates based on ITS region comparison with sequences 

from GenBank 

37 

   

3.7 Effects of different fungal species on rot severity, crown tissue 

discolouration and softening on Berangan banana fruit during 10 days 

of incubation at 25±2°C and 85% RH 

40 

   

4.1 Effect of UVC irradiation doses on the average of percent inhibition 

in radial growth (PIRG) of F. equiseti, C. musae and L. theobromae 

isolates during 9, 7 and 5 days of incubation period 

51 

   

4.2 Effect of UVC irradiation doses on conidial germination of F. 

equiseti, C. musae and L. theobromae isolates after 24 h of incubation 

at 28±2°C 

54 

   

4.3 Effect of UVC irradiation doses on sporulation of F. equiseti, C. 

musae and L. theobromae isolates 

55 

   

4.4 Exponential decay rates (k), standard error (S.E.) and regression 

coefficient (R2) for each single stage exponential decay curve 

56 

   

4.5 Effect of UVC irradiation doses on cellulase activity of L. 

theobromae¸ F. equiseti and C. musae isolates 

58 

   

5.1 Main and interaction effects of different UVC doses and days after 

ripening initiation on crown rot disease incidence and severity of 

Berangan banana fruit ripened at 25±2°C and 85% RH for 7 days 

71 



© C
OPYRIG

HT U
PM

xvii 

 

5.2 Effect of different UVC doses on area under disease progress curve 

(AUDPC) and reduction of crown rot disease of Berangan banana 

fruit ripened at 25±2°C and 85% RH 

73 

   

5.3 Effects of UVC irradiation doses on crown tissue discolouration and 

softening on Berangan banana ripened at 25±2°C and 85% RH 

74 

   

5.4 Main and interaction effects of different UVC doses and days after 

ripening initiation on peel browning of Berangan banana fruit 

75 

   

5.5 Main and interaction effects of UVC irradiation doses and days after 

ripening initiation on respiration rate and ethylene production of 

Berangan banana fruit ripened at 25±2°C and 85% RH for 5 days 

81 

   

5.6 Main and interaction effects of UVC irradiation doses and days after 

ripening initiation on percentage weight loss of Berangan banana fruit 

ripened at 25±2°C and 85% RH for 5 days 

83 

   

5.7 Main and interaction effects of UVC irradiation doses and days after 

ripening initiation on peel colour changes (L*, C* and h° values) of 

Berangan banana fruit ripened at 25±2°C and 85% RH for 5 days 

84 

   

5.8 Main and interaction effects of UVC irradiation doses and days after 

ripening initiation on peel and pulp firmness of Berangan banana fruit 

ripened at 25±2°C and 85% RH for 5 days 

87 

   

5.9 Main and interaction effects of UVC irradiation doses and days after 

ripening initiation on soluble solids concentration, titratable acidity 

and pH of Berangan banana fruit ripened at 25±2°C and 85% RH for 

5 days 

90 

   

5.10 Main and interaction effects of UVC irradiation doses and days after 

ripening initiation on total phenolic content (TPC) and antioxidant 

capacity (FRAP and DPPH radical scavenging activity) of Berangan 

banana fruit ripened at 25±2°C and 85% RH for 5 days 

94 

   

6.1 Main and interaction effects of differential UVC irradiation timing 

and days after ripening initiation on crown rot disease severity of 

Berangan banana fruit ripened at 25±2°C and 85% RH for 7 days 

109 

   

6.2 Percentage of crown rot disease reduction in Berangan banana fruit 

inoculated with crown rot fungus complex, L. theobromae + F. 

equiseti + C. musae and challenged with UVC irradiation after 7 days 

of ripening initiation at 25±2°C and 85% RH 

112 

   

6.3 Scores of crown tissue discolouration and softening in Berangan 

banana fruit inoculated with crown rot fungi and challenged with 

UVC irradiation after 7 days of ripening initiation at 25±2°C and 85% 

RH 

113 



© C
OPYRIG

HT U
PM

xviii 

 

6.4 Main and interaction effects of differential UVC irradiation timing, 

species of fungal inoculated and days after ripening initiation on 

respiration rate and ethylene production of Berangan banana fruit 

115 

   

6.5 Main and interaction effects of differential UVC irradiation timing, 

species of fungal inoculated and days after ripening initiation on peel 

and pulp colours of Berangan banana fruit 

118 

   

6.6 Main and interaction effects of differential UVC irradiation timing, 

species of fungal inoculated and days after ripening initiation on peel 

and pulp firmness of Berangan banana fruit 

121 

   

6.7 Main and interaction effects of differential UVC irradiation timing, 

species of fungal inoculated and days after ripening initiation on 

soluble solids concentration, titratable acidity and pH of Berangan 

banana fruit. 

124 

   

6.8 Main and interaction effects of differential UVC irradiation timing, 

species of fungal inoculated and days after ripening initiation on 

ascorbic acid content of Berangan banana fruit 

126 

   

6.9 Main and interaction effects of differential UVC irradiation timing, 

species of fungal inoculated and days after ripening initiation on total 

phenolic content of Berangan banana fruit 

128 

   

6.10 The effects of various UVC treatments in controlling crown rot 

complex pathogens based on disease severity and postharvest 

qualities of Berangan banana 

130 

   

6.11 The effects of various UVC treatments in controlling crown rot 

complex pathogens based on disease severity and postharvest 

qualities of Berangan banana 

136 

   

7.1 Main and interaction effects of differential UVC irradiation timing 

and days after ripening initiation on total phenolic and lignin contents 

in crown tissue of Berangan banana fruit 

144 

   

7.2 Main and interaction effects of differential UVC irradiation timing 

and days after ripening initiation on polyphenol oxidase (PPO), 

peroxidase (POD) and phenylalanine ammonia-lyase (PAL) enzyme 

activities in crown tissue of Berangan banana fruit 

146 



© C
OPYRIG

HT U
PM

xix 

 

LIST OF FIGURES  

 

 
Figure Page 

   

2.1 Spectrum of ultraviolet light 8 

   

3.1 Berangan banana in ripening stage 4 was used in this study 19 

   

3.2 Infected Berangan banana hand 20 

   

3.3 Severity scores of banana crown rot disease. (Alvindia et al., 2004) 24 

   

3.4 Symptoms of crown rot disease on Berangan banana fruit. (A, B) 

Initial stage of disease development (after 4 to 5 days of ripening) 

showed darkening of crown tissue and (C) the appearance of crown 

tissue desiccation. (D) By day 7, black rot symptom was observed to 

spread on the crown surface and pedicels of individual fingers 

(indicated by arrow). (E) Observation on day 10 showed crown 

surface was severely infected with fungal mycelia and (F) 

development of brownish-black lesions on finger peel (indicated by 

arrow) 

27 

   

3.5 Isolation of crown rot fungal pathogen using five-points plating on 

PDA medium. Culture on PDA showed different fungal colonies 

was growing out from crown tissue sections after 3 days of 

incubation at 28±2˚C 

28 

   

3.6 Cultural characteristics of L. theobromae isolated from infected 

crown of Berangan banana fruit that grown on PDA. Colony was 

initially white with fluffy aerial mycelia, becoming dark grey and 

finally getting darker as day progressed. The mycelia became 

flattened and fungal sporulation through pycnidia and stromata was 

developed as incubation prolonged. Cultures on PDA from upper 

surface at day 3 (A) and day 4 (B); upper and lower surface of 

cultures on day 6 (C, D), day 7 (E, F), day 8 (G, H), day 14 (I, J), 

day 21 (K, L), day 32 (M, N) and day 47 (O, P) 

29 

   

3.7 L. theobromae with developing fruiting bodies on PDA after 4 

weeks of incubation period at 28±2°C. (A) Formation of pycnidia in 

white colour with liquid exudation where probably marked the 

position of ostioles (indicated by arrow). (B) A mature pycnidium 

appeared in black colour (red arrow) while stromata can be found 

within mycelia in the culture (black arrow)   

30 

   

   

   

   



© C
OPYRIG

HT U
PM

xx 

 

3.8 Morphological characteristics of L. theobromae isolated from crown 

rot disease of Berangan banana fruit. (A, B) The immature conidia 

appeared as hyaline and aseptate. (C) Note the immature conidia 

were developed into pale brown colour without septation (indicated 

by arrow). (D) The mature conidia were observed as dark brown 

with longitudinal striation. (E) Meanwhile, the hyphae were 

appeared as brown colour, branched with septation (indicated by 

arrow). Bar: (A) 10 µm, (B) 5 µm and (C-E) 10 µm 

31 

   

3.9 Morphological characteristics of C. musae isolated from crown rot 

of Berangan banana that grown on PDA. (A) Upper and (B) lower 

surfaces of colony. The colony was in salmon orange colour with the 

formation of appresoria irregularly scattered throughout the plate. 

(C) Conidia were cylindrical shaped and (D) invariably guttulate 

(arrow). (E) The hyphae were hyaline and branched (arrow). (F) 

Formation of appresoria from germinated conidia (arrow). Bar: 20 

µm 

33 

   

3.10 Morphological characteristics of F. equiseti isolated from crown rot 

of Berangan banana fruit that grown on PDA. (A) Upper and (B) 

lower surfaces of fungal colony appeared as white aerial mycelia and 

yellow to orange colour in the center of colony. (C) Macroconidia 

have 4-5 septa while (D) microconidia have 1-3 septa. (E) The 

microconidia were derived from monophialide structure. (F) The 

fungus produced chlamydospores in the hyphae, where they were 

usually found singly or in pairs with globose-shaped and smooth 

walled (arrow). Bar: (C-F) 20 µm 

34 

   

3.11 PCR products amplified with ITS1/ITS4 primers and 

electrophoresed in 1.4% agarose gel and 1x Tris-buffered EDTA. 

PCR products obtained were generated approximately 500 and 520 

bp of DNA fragments. (A) Lanes 1-3: CMB samples. (B) Lanes 1-

3: LTB samples. (C) Lanes 1-6: FSB samples. M: 1 kb DNA ladder 

36 

   

3.12 Neighbor-joining phylogenetic tree of Lasiodiplodia theobromae 

and related species identified from GenBank database based on ITS 

gene sequences. The number at branch node indicates bootstrap 

values from a test of 1000 replications. The scale bar indicates the 

number of nucleotide substitutions. Evolutionary analyses were 

conducted by using MEGA6 program 

37 

   

3.13 Neighbor-joining phylogenetic tree of Colletotrichum musae and 

related species identified from GenBank database based on ITS gene 

sequences. The number at branch node indicates bootstrap values 

from a test of 1000 replications. The scale bar indicates the number 

of nucleotide substitutions. Evolutionary analyses were conducted 

by using MEGA6 program 

38 

   



© C
OPYRIG

HT U
PM

xxi 

 

3.14 Neighbor-joining phylogenetic tree of Fusarium equiseti and related 

species identified from GenBank database based on ITS gene 

sequences. The number at branch node indicates bootstrap values 

from a test of 1000 replications. The scale bar indicates the number 

of nucleotide substitutions. Evolutionary analyses were conducted 

by using MEGA6 program 

39 

   

3.15 Pathogenicity tests of inoculated and non-inoculated Berangan 

banana fruit. (A) Fruit were not inoculated with pathogens (control). 

Fruit inoculated with (B) C. musae, (C) F. equiseti (D) L. 

theobromae and (E) C. musae + F. equiseti + L. theobromae after 10 

days of incubation at room temperature (25±2°C) in sterile 

condition. Note all the inoculated hands expressed a more severe 

symptom of crown rot disease compared to non-inoculated fruit. The 

appearance of crown tissue blackening was observed at the 

inoculation point and extended to the pedicel of fruit finger 

(indicated by arrow) 

42 

   

4.1 UVC germicidal chamber 47 

   

4.2 Effects of various UVC irradiation doses on mycelial growth of 

Fusarium equiseti during 9 days of incubation period (n = 5) 

52 

   

4.3 Effects of various UVC irradiation doses on mycelial growth of 

Colletotrichum musae during 7 days of incubation period (n = 5) 

52 

   

4.4 Effects of various UVC irradiation doses on mycelial growth of 

Lasiodiplodia theobromae during 3 days of incubation period (n = 

5) 

53 

   

4.5 Models for single stage exponential decay curves of the three 

isolates as affected by UVC irradiation. Survival fraction = exp (-kt), 

where k is decay constant (s-1) and t is UVC irradiation time (s) 

55 

   

4.6 F. equiseti hyphae after irradiated and non-irradiated with UVC. (A) 

Fungi on UVC-irradiated plate showed swelling of the hyphal tips, 

thickenings (arrows) and (B) vacuolization on the hyphal strand 

(arrow). (C) Observation on non-irradiated plate showed normal 

morphology of F. equiseti hyphae. Bar: 20 µm 

57 

   

4.7 Clear zones around control and UVC-irradiated (0.02 kJ m-2) 

mycelial plugs of F. equiseti (A-B), C. musae (C-D) and L. 

theobromae (E-F) cultured on CMC agar plate after 3 days of 

incubation at 28±2°C. R1 and R2: replicate 1 and 2, respectively 

59 

   

5.1 Stainless steel chamber was used to expose Berangan banana fruit 

with UVC irradiation 

65 

   



© C
OPYRIG

HT U
PM

xxii 

 

5.2 Effect of different UVC doses on crown rot disease severity that 

naturally infected on Berangan banana fruit during ripening at 

25±2°C and 85% RH. The different letters in each day are 

significantly different by Duncan’s multiple range tests at P≤0.05 on 

arcsine transformed values. Vertical bars indicate S.E. of means for 

four replicates 

72 

   

5.3 The appearance of browning discoloration on Berangan banana peel 

irradiated with (a) 0.00, (b) 0.01, (c) 0.02, (d) 0.03, (e) 0.04 and (f) 

0.05 kJ m-2 UVC irradiation following 7 ripening days at 25 ± 2°C 

and 85% RH 

75 

   

5.4 Effect of UVC irradiation doses on peel browning of Berangan 

banana ripened at 25±2°C and 85% RH for 5 days. The different 

letters in each day are significantly different by Duncan’s multiple 

range tests at P≤0.05 on arcsine transformed values 

76 

   

5.5 SEM micrographs showed the typical features of epidermal surface 

and the transverse section of Berangan banana crown during mature 

green stage (day 0 before initiation of ripening). (A) An angular 

polyhedral profile of epidermal cells was observed on the crown 

surface. (B) Cellular outgrowth of trichomes observed on the surface 

of the crown. (C) Transverse section of crown tissue showed an 

intact polyhedral cell wall packing. (D) Vascular bundle of xylem 

and phloem tissues. tr: trichome. vb: vascular bundle; x: xylem; ph: 

phloem. Bar = (A) 10 µm, x1,000; (B) 20 µm, x950; (C) 100 µm, 

x100 (D) 50 µm, x400 

77 

   

5.6 SEM micrographs (Bar = 50 µm, x300) of epidermal surface 

changes on Berangan banana crown on day 1 and 5 after ripening 

initiation. (A) Epidermal surface of control crown surface at day 1. 

The epidermal surface appeared smooth. (B) Epidermal surface of 

0.01 kJ m-2 UVC-treated crown at day 5. There was not much of 

surface modification found as banana fruit ripened to day 5. (C) 

Epidermal surface of control crown at day 5. Prominent fungal 

colonization appeared on the surface of the crown 

78 

   

5.7 SEM micrographs (Bar = 50 μm, x300) of Berangan banana crown 

tissue structures on day 1 and 5 after ripening initiation. (A) Control 

crown tissue at day 1. Cells have an intact polyhedral interlocking 

profile with limited intercellular spaces. (B) 0.01 kJ m-2 UVC-treated 

crown tissue at day 5. The cells of UVC-irradiated crowns retained 

its cellular compartment, but with prominent intercellular spaces 

(arrow). (C) Control crown tissue at day 5. Cells showed an intensive 

loss of cellular structure due to development of fungal mycelia in the 

crown tissue 

79 

   

   



© C
OPYRIG

HT U
PM

xxiii 

 

5.8 Changes in (A) respiration and (B) ethylene production rates of 

Berangan banana fruit as influenced by different UVC irradiation 

doses during ripening days at 25±2°C and 85% RH. The different 

letters in each day are significantly different at P≤0.05 according to 

Duncan’s multiple range test. Vertical bars indicate S.E. of means 

for four replicates 

82 

   

5.9 Changes in peel lightness (L*) of Berangan banana fruit as 

influenced by different UVC irradiation doses during ripening days 

at 25±2°C and 85% RH. The different letters in each day are 

significantly different at P≤0.05 according to Duncan’s multiple 

range test. Vertical bars indicate S.E. of means for four replicates 

85 

   

5.10 Changes in peel (A) chroma (C*) and (B) hue angle (h°) of Berangan 

banana fruit as influenced by different UVC irradiation doses during 

ripening days at 25±2°C and 85% RH. The different letters in each 

day are significantly different at P≤0.05 according to Duncan’s 

multiple range test. Vertical bars indicate S.E. of means for four 

replicates 

86 

   

5.11 Changes in (A) peel and (B) pulp firmness of Berangan banana fruit 

as influenced by different UVC irradiation doses during ripening 

days at 25±2°C and 85% RH. The different letters in each day are 

significantly different at P≤0.05 according to Duncan’s multiple 

range test. Vertical bars indicate S.E. of means for four replicates 

88 

   

5.12 Changes in the soluble solids concentration of Berangan banana fruit 

as influenced by different UVC irradiation doses during ripening 

days at 25±2°C and 85% RH. The different letters in each day are 

significantly different at P≤0.05 according to Duncan’s multiple 

range test. Vertical bars indicate S.E. of means for four replicates 

91 

   

5.13 Changes in titratable acidity of Berangan banana fruit as influenced 

by different UVC irradiation doses during ripening days at 25±2°C 

and 85% RH. The different letters in each day are significantly 

different at P≤0.05 according to Duncan’s multiple range test. 

Vertical bars indicate S.E. of means for four replicates 

92 

   

5.14 Changes in the pH of Berangan banana fruit as influenced by 

different UVC irradiation doses during ripening days at 25±2°C and 

85% RH. The different letters in each day are significantly different 

at P≤0.05 according to Duncan’s multiple range test. Vertical bars 

indicate S.E. of means for four replicates 

93 

   

   

   

   

   



© C
OPYRIG

HT U
PM

xxiv 

 

5.15 Changes in the total phenolic content of Berangan banana fruit as 

influenced by different UVC irradiation doses during ripening days 

at 25±2°C and 85% RH. The different letters in each day are 

significantly different at P≤0.05 according to Duncan’s multiple 

range test. Vertical bars indicate S.E. of means for four replicates 

95 

   

5.16 Changes in (A) FRAP and (B) DPPH activity of Berangan banana 

fruit as influenced by different UVC irradiation doses during 

ripening days at 25±2°C and 85% RH. The different letters in each 

day are significantly different at P≤0.05 according to Duncan’s 

multiple range test. Vertical bars indicate S.E. of means for four 

replicates 

96 

   

6.1 Flow chart of UVC treatment applied at differential irradiation 

timing i.e. 24 h before, 0 and 24 h after inoculation, and control 

treatments (positive and negative). Berangan banana fruit were 

inoculated with different species of crown rot-causing fungi i.e. C. 

musae, F. equiseti, L. theobromae and C. musae + F. equiseti + L. 

theobromae. The fruit were then initiated for ripening using 10 mL 

L-1 of ethylene and allowed to ripen normally at 25±2°C and 85% 

RH. Analysis was performed on day 0 (before initiation of ripening) 

and day 1, 3 and 5 (after initiation of ripening) 

105 

   

6.2 Disease severity of Berangan banana fruit inoculated with crown rot 

fungus complex; L. theobromae, C. musae and F. equiseti and then 

challenged with UVC during ripening days at 25±2°C and 85% RH. 

The different letters in each day are significantly different by 

Duncan’s multiple range tests at P≤0.05 on arcsine transformed 

values. Vertical bars indicate S.E. of means for four replicates 

110 

   

6.3 Values of area under disease progress curve of crown rot disease on 

Berangan banana inoculated with with crown rot fungus complex; L. 

theobromae, C. musae and F. equiseti and then challenged with 

UVC irradiation. Data are means of four replicates each of three fruit 

hands per treatment. The different letters are significantly different 

by Duncan’s multiple range tests at P≤0.05. 

111 

   

6.4 Crown tissue discolouration on Berangan banana fruit inoculated 

with crown rot fungus complex; L. theobromae, C. musae and F. 

equiseti and challenged with UVC irradiation. Photos were taken 7 

days after ripening initiation at 25±2°C and 85% RH. (a) Fruit 

dipped in prochloraz as positive control and (b) inoculated and non-

irradiated with UVC as negative control. (c) Fruit non-irradiated 

with UVC and without fungi inoculation (without treatment), (d) 

fruit irradiated with UVC 24 h before artificial fungal inoculation, 

and (e) fruit irradiated with UVC 24 h after fungal inoculation 

114 

   

   



© C
OPYRIG

HT U
PM

xxv 

 

6.5 Effect of different fungal species on respiration rate of Berangan 

banana fruit treated with differential UVC irradiation timing. 

Different letters in each treatment are significantly different at 

P≤0.05 according to Duncan’s multiple range test. Vertical bars 

indicate S.E. of means for four replicates 

116 

   

6.6 Effect of different fungal species on ethylene production of 

Berangan banana fruit treated with differential UVC irradiation 

timing. Different letters in each treatment are significantly different 

at P≤0.05 according to Duncan’s multiple range test. Vertical bars 

indicate S.E. of means for four replicates 

117 

   

6.7 Effect of different fungal species on peel lightness (L*) of Berangan 

banana fruit treated with differential UVC irradiation timing. 

Different letters in each treatment are significantly different at 

P≤0.05 according to Duncan’s multiple range test. Vertical bars 

indicate S.E. of means for four replicates 

119 

   

6.8 Effect of different fungal species on peel chroma (C*) of Berangan 

banana fruit treated with differential UVC irradiation timing. 

Different letters in each treatment are significantly different at 

P≤0.05 according to Duncan’s multiple range test. Vertical bars 

indicate S.E. of means for four replicates 

119 

   

6.9 Effect of different fungal species on peel hue (h°) of Berangan 

banana fruit treated with differential UVC irradiation timing. 

Different letters in each treatment are significantly different at 

P≤0.05 according to Duncan’s multiple range test. Vertical bars 

indicate S.E. of means for four replicates 

120 

   

6.10 Effect of different fungal species on peel firmness of Berangan 

banana fruit treated with differential UVC irradiation timing. 

Different letters in each treatment are significantly different at 

P≤0.05 according to Duncan’s multiple range test. Vertical bars 

indicate S.E. of means for four replicates 

122 

   

6.11 Effect of different fungal species on pulp firmness of Berangan 

banana fruit treated with differential UVC irradiation timing. 

Different letters in each treatment are significantly different at 

P≤0.05 according to Duncan’s multiple range test. Vertical bars 

indicate S.E. of means for four replicates 

123 

   

6.12 Effect of different fungal species on ascorbic acid content of 

Berangan banana fruit treated with differential UVC irradiation 

timing. Different letters in each treatment are significantly different 

at P≤0.05 according to Duncan’s multiple range test. Vertical bars 

indicate S.E. of means for four replicates 

127 

   



© C
OPYRIG

HT U
PM

xxvi 

 

6.13 Effect of different fungi species on total phenolic content of 

Berangan banana fruit treated with differential UVC irradiation 

timing. Different letters in each treatment are significantly different 

at P≤0.05 according to Duncan’s multiple range test. Vertical bars 

indicate S.E. of means for four replicates 

129 

   

6.14 Effect of different fungal species on antioxidant capacity (FRAP 

values) of Berangan banana fruit treated with differential UVC 

irradiation timing. Different letters in each treatment are 

significantly different at P≤0.05 according to Duncan’s multiple 

range test. Vertical bars indicate S.E. of means for four replicates. 

TE = Trolox equivalent 

131 

   

6.15 Effect of different fungi species on antioxidant capacity (DPPH 

values) of Berangan banana fruit treated with differential UVC 

irradiation timing. Different letters in each treatment are 

significantly different at P≤0.05 according to Duncan’s multiple 

range test. Vertical bars indicate S.E. of means for four replicates. 

TE = Trolox equivalent 

131 

   

6.16 Effect of different fungi species on antioxidant capacity (ABTS 

values) of Berangan banana fruit treated with differential UVC 

irradiation timing. Different letters in each treatment are 

significantly different at P≤0.05 according to Duncan’s multiple 

range test. Vertical bars indicate S.E. of means for four replicates. 

TE = Trolox equivalent 

132 

   

7.1 Changes in (A) total phenolic and (B) lignin contents in crown tissue 

of Berangan banana fruit with crown rot fungus complex, L. 

theobromae + F. equiseti + C. musae as influenced by differential 

UVC irradiation timing during ripening days at 25±2°C/85% RH. 

The different letters in each day are significantly different at P≤0.05 

according to Duncan’s multiple range test. Vertical bars indicate 

S.E. of means for four replicates. GAE = gallic acid equivalent, TGA 

= thioglycolic acid 

145 

   

7.2 Changes in polyphenol oxidase (PPO) activity of crown tissue of 

Berangan banana fruit inoculated with crown rot fungus complex, L. 

theobromae + F. equiseti + C. musae as influenced by differential 

UVC irradiation timing during ripening days at 25±2°C/85% RH. 

The different letters in each day are significantly different at P≤0.05 

according to Duncan’s multiple range test. Vertical bars indicate 

S.E. of means for four replicates 

147 

   

   

   

   

   

   



© C
OPYRIG

HT U
PM

xxvii 

 

7.3 Changes in peroxidase (POD) activity in crown tissue of Berangan 

banana fruit with crown rot fungus complex, L. theobromae + F. 

equiseti + C. musae as influenced by differential UVC irradiation 

timing during ripening days at 25±2°C/85% RH. The different letters 

in each day are significantly different at P≤0.05 according to 

Duncan’s multiple range test. Vertical bars indicate S.E. of means 

for four replicates 

148 

   

7.4 Changes in phenylalanine ammonia-lyase (PAL) activity in crown 

tissue of Berangan banana fruit with crown rot fungus complex, L. 

theobromae + F. equiseti + C. musae as influenced by differential 

UVC irradiation timing during ripening days at 25±2°C/85% RH. 

The different letters in each day are significantly different at P≤0.05 

according to Duncan’s multiple range test. Vertical bars indicate 

S.E. of means for four replicates 

149 

   

7.5 TEM micrographs of cell wall changes in the crown tissue of 

Berangan banana fruit at 0 day and 5 days after ripening initiation 

(DAR). (A) Cell wall of control crown at Day 0 (before initiation of 

ripening). Cell wall showed tightly packed of fibrillar materials. 

x40,000; bar = 0.5 µm. (B) Cell wall of control crown at 5 DAR. 

Cell wall has completely lost its fibrillar material networks due to 

dissolutions of fiber fraction. x50,000; bar = 0.5 µm. (C) Cell wall 

of banana crown with UVC irradiation at 5 DAR. The cell wall 

showed much more fibrillar materials compared to cell wall of 

control crown. x40,000; bar = 0.5 µm. (cw: cell wall) 

150 

   

7.6 TEM micrographs of cell wall changes in the crown tissue of 

Berangan banana fruit inoculated with crown rot complex fungus, C. 

musae + F. equiseti + L. theobromae. (A) Cell wall of control crown 

at Day 0 (before initiation of ripening). The cell wall shows a normal 

ultrastructure with tightly packed fibrils. x12,000; bar = 2 µm. (B) 

Cell wall of control crown at 5 days after ripening initiation (DAR). 

Cell wall shows a rapid degeneration with significant losses of 

fibrillar material and middle lamella matrices. Fungal cell releases 

infection vesicles and causing small lysis zone which characterized 

by decreases in electron density along the infection pathway (black 

arrow). x30,000; bar = 1 µm. (C) Cell wall of banana crown with 

UVC irradiation at 5 DAR. Cell wall is highly lignified by the 

increased of lead citrate staining. The cell wall also shows a well 

preserved fibrillar material and middle lamella structures. x15,000; 

bar = 2 µm. (cw: cell wall, ml: middle lamella, f: fungal cell) 

151 

   

   

   

   

   

   



© C
OPYRIG

HT U
PM

xxviii 

 

7.7 TEM micrographs of host-pathogen interaction observed in 

Berangan banana fruit crown tissue inoculated with crown rot 

complex fungus, C. musae + F. equiseti + L. theobromae. (A) Cell 

wall of control crown at Day 0 (before initiation of ripening). Cell 

wall showed normal cell wall ultrastructure with intact middle 

lamella matrix. x20,000; bar = 1 µm. (B) Cell wall of control crown 

at 5 days after ripening initiation (DAR). Showing the fungal hyphae 

is invading into the host cell wall. Plasmolysis of host cell was 

evident by the movement of plasma membrane away from the cell 

wall. x30,000; bar = 1 µm. (C, D) Cell wall of banana crown with 

UVC irradiation applied at 24 h after fungal inoculation, at 5 DAR. 

Development of fungi on host cell wall was associated with electron 

opaque wall apposition at the site of attempted penetration. The wall 

apposition appears predominantly as multi-textured deposits. (C) 

x20,000 and (D) x30,000; bar = 1 µm. (cw: cell wall, pm: plasma 

membrane, f: fungal cell, wa: wall apposition) 

153 

   

7.8 TEM micrographs of phenol-storing cells observed in Berangan 

banana crown tissue inoculated with crown rot complex fungus, C. 

musae + F. equiseti + L. theobromae. (A) Cell wall of control crown 

at Day 0 (before initiation of ripening). At mature green stage, 

phenolic body was not found in crown tissue of banana. x8,000; bar 

= 2 µm. (B) Cell wall of control crown at 1 day after ripening 

initiation (DAR). Cell wall shows electron dense material lined 

closely to the wall without occurrence of globular masses of 

phenolic compound. x9,000; 2 µm. (C and D) Cell wall of banana 

crown with UVC irradiation applied at 24 h after fungal inoculation 

at 1 DAR. Phenolic compounds occurred as globular masses and 

were appressed to the cell wall. A large concentration of phenolic 

compounds occurred as net-like deposit with accumulation of 

globular masses. (C) x15,000; bar = 2 µm; (D) x30,000; bar = 2 µm. 

(cw: cell wall, p: phenolic bodies) 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

Banana is one of the oldest fruit acknowledged to mankind and popularly known as 

poor man‟s fruit and serve as a staple food to millions of people in tropics (Ruane et 

al., 2013). It is grown in more than 120 countries and ranked the fourth most important 

global food crop next to rice, wheat and maize (Picq et al., 1999) and ranked second in 

world fruit production after oranges and before grapes (Lassois et al., 2010). In 

Malaysia, banana is listed among the six Malaysian premium fruit for development 

under the Entry Point Project of agriculture, National Key Economic Area for fruit 

production (ETP Annual Report, 2014). Musa AAA „Berangan‟ is one of the most 

famous varieties among local. It has deep yellow flesh colour and balance sweet acidic 

ratio, which make banana lovers unforgettable at the first bite. Banana fruit also 

provides significant proportion of antioxidants in human diet such as carotenoid 

pigments, ascorbic acids, flavonoids and phenolic acids (Sulaiman et al., 2011). 

 

 

Banana fruit, however, are highly susceptible to crown rot disease especially during 

ripening, storage and shipping to their final market (Slabaugh and Grove, 1982). This 

consequently has led to banana quality depreciation and thereby negatively impact on 

market value of banana (Lassois et al., 2010). The disease is mainly caused by 

development of several nonspecific pathogens such as Colletotrichum musae (Berk. 

and Curt.), Lasiodiplodia theobromae, Fusarium roseum and Ceratocystis paradoxa 

(Dade) Moreau (Eckert and Ogawa, 1985). Many researchers agreed on the 

pathogenicity of C. musae which can trigger the crown rot infection at a very small 

inoculum level (Lassois et al., 2008). 

 

 

In banana fruit industry, the routine of postharvest fungicide treatments such as 

benomyl, thiabendazole and imazalil are still the primary means for efficiently control 

the pathogenic fungi involved in crown rot disease since it has been introduced in the 

late 1960s (Lassois and de Lapeyre de Bellaire, 2014). The prolonged use of chemical 

fungicides had reduced their effectiveness against development of pathogen especially 

strains those are resistant to fungicide and as well as could cause accumulation of 

chemical residues in fresh produces (Cia et al., 2007). Due to most of people nowadays 

are highly concerned about their food safety and the demands are increasing for non-

chemically treated fruit, therefore, an alternative to the chemical treatments is urgently 

required and have to be developed.   

 

 

During the past few decades, postharvest technology of UVC germicidal irradiation 

has been proposed as surface disinfector on fresh fruit and vegetables (Civello et al., 

2006). UVC utilized the shortest wavelength of ultraviolet light at 200 to 280 nm to 

effectively destroy the genetic information in microorganisms without forming 

significant toxic residues in the irradiated products. UVC irradiation has potential to be 

used as an alternative method to reduce the dependency on postharvest agrochemicals 
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due to its germicidal properties and could promote resistance against pathogens 

(Bintsis et al., 2000). UVC light is also approved by US Food and Drug Administration 

(FDA) as a disinfectant technology for food surface treatment and permissible for its 

application in major fruit-producing countries (Guerrero-Beltran and Barbosa-

Canovas, 2004).  

 

 

The effect of using UVC treatment to control postharvest diseases have been 

investigated in several horticultural commodities and the results obtained have 

positioned this technology as promising way to reduce decay, maintain quality and 

extending the postharvest shelf life (Baka et al., 1999). Moreover, the non-ionizing and 

non-thermal irradiation able to induce beneficial responses in fresh produces which 

lead to natural disease resistance and enhancement of fruit storability (Chang-Hong et 

al., 2012). Many studies have demonstrated the ability of UVC irradiation in reducing 

postharvest diseases of fruit and vegetables, such as in orange (Gunduz et al., 2015; 

Canale et al., 2011), pepper (Rodoni et al., 2015), fresh-cut watermelon (Artes-

Hernandez et al., 2010), „Tatsoi‟ baby leaves (Tomas-Callejas et al., 2012), „Haden‟ 

mango (Gonzalez-Aguilar et al., 2007), button mushroom (Guan et al., 2012), 

sweetpotato (Stevens et al., 1999), bell pepper (Mercier et al., 2001) and boysenberry 

fruit (Vicente et al., 2004).  

 

 

Given these findings, the effectiveness of UVC irradiation has been proven in 

numerous horticultural commodities to control postharvest diseases. However, no 

study has been conducted on the effects of UVC on crown rot disease control, 

postharvest quality and changes of resistance mechanism in the cultivar of „Berangan‟ 

banana during ripening. Therefore, the general objective of this study is to determine 

the potential of UVC irradiation on crown rot disease control, changes in postharvest 

physiology, biochemical and reinforcement of cell wall ultrastructure in Berangan 

banana fruit during ripening. The specific objectives were:  

 

 

i. to confirm the fungus complex that are associated with crown rot disease of 

Berangan banana fruit using cultural, morphological, ribosomal DNA internal 

transcribed spacer (rDNA-ITS) and pathogenicity tests; 

ii. to assess the inactivation properties of UVC irradiation on crown rot fungal 

growth; 

iii. to find out the optimum dose of UVC in reducing crown rot disease on 

Berangan banana fruit and its effects on postharvest quality and antioxidant 

properties of fruit during ripening; 

iv. to evaluate the effectiveness of differential UVC irradiation timing in 

suppressing crown rot-infected fungi; and 

v. To determine the effect of UVC on resistance mechanisms (biochemical and 

ultrastructural modifications) in Berangan banana fruit against fungal 

pathogens. 
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