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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? show random increases and decreases in fungal growth of all
fungi species tested. In percentage inhibition radial growth, 0.3 kJ m™ was the best for
F. equiseti, both 0.2 and 0.3 kJ m™ doses were the best for L. theobromae, while 0.01
and 0.60 kJ m™? effectively inhibited the C. musae radial growth. Meanwhile, 0.015 kJ
m2 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® was recorded in negative control fruit, whereas,
fruit treated with 0.30 kJ m™ showed the lowest AUDPC value of 38.1 unit®. 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 ki m™ showed browning scores that
corresponding to 40 to 60% peel browning, whereas, fruit treated with 0.01 kJ m™
UVC showed a much lower of browning score by the end of the ripening period. UVC
irradiation at 0.01 kJ m? 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? was found



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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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 k] m? telah
menyebabkan peningkatan dan pengurangan secara rawak pada pertumbuhan miselia
kulat-kulat yang diuji. Dos 0.3 kJ m? didapati paling berkesan dalam mengurangkan
pertumbuhan miselia kulat F. equiseti, manakala dos-dos 0.2 dan 0.3 kJ m? adalah
yang terbaik terhadap perencatan pertumbuhan kulat L. theobromae, dan 0.01 dan 0.6
kJ m? pula secara efektifnya dapat mengurangkan pertumbuhan radial kulat C. musae.
Ujikaji menunjukkan bahawa dos 0.015 kJ m™ 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®) pada buah kawalan
negatif, manakala telah mencatatkan nilai terendah pada buah yang dirawat dengan dos
0.3 kJ m?(38.1 unit?). 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? menunjukkan skor
pemerangan sebanyak 40 hingga 60%, manakala buah yang dirawat dengan 0.01 k m™
menunjukkan skor pemerangan yang lebih rendah pada akhir tempoh peranuman. Dos
0.01 kJ m? merupakan dos yang optimum pada pisang Berangan kerana ia berkesan



untuk mengurangkan sebanyak 46.25% penyakit reput umbut tanpa menyebabkan
pemerangan pada kulit pisang. Sebaliknya, radiasi UVC pada 0.05 kJ m? 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 Kkajian 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.
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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

1



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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