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Ginger is a tropical produce that is susceptible to chilling injury (CI). Storing
ginger below 15 °C will defect its postharvest quality as it is susceptible to chilling
injury (Cl). Therefore, the objective of this experiment was to evaluate the effects
of storage temperatures and storage durations on the physico-chemical qualities
of rhizomes. The collected rhizomes from Bentong were stored at 5, 15, and 25
°C and were kept for 0, 8, 16, and 24 days. The experiment was laid out as a
randomized complete block design (RCBD) and analysed as a two-way factorial
with four replications. For physical attribute, storage under 15 °C showed that
weight loss was concomitant with the firmness of rhizomes and was supported
by a positive correlation between weight loss and firmness. For colours, changes
of the values of h° were gradual when the rhizomes were stored at 15 °C contrary
to chilling of rhizomes at 5 °C suggesting that the colour of the rhizomes was
managed to be maintained at such condition. The phytochemical analysis
resulted in a similar increment in total phenolic and flavonoid when stored at 5
and 15 °C up to 16 d of storage durations. It also showed that storage at 25 °C
could retain 6-gingerol and 6-shogaol up to 16 d of storage. For DPPH activities,
the antioxidant capacity became weaker, especially during storage at 25 °C as
compared to 5 C of storage.

Hot water treatment is developed for disease control and provides an alternative
to the application of synthetic chemicals. In conjunction to mitigate Cl symptoms,
a study on hot water dip at 45 °C for 0, 5, 10, and 15 min and immediately stored
at 5 °C for 0, 8 and 16 d were assessed. Storage at 5 °C was chosen as it
represents chilling temperature. The postharvest qualities were expected to be
prolonged under chilling temperature after being treated in hot water treatment.
The experiments were conducted using RCBD, analysed as a two-way factorial
with four replications and evaluated for physico-chemical qualities. From the



results, the rhizome weight loss, increased proportionally with dipping durations
and storage durations. For firmness, dipped rhizome for 5 min at 45 °C was
found to maintain the rhizome firmness along storage as compared to other
dipping durations. The hue (h°) colour value of undipped rhizome resulted in a
significant decline after 16 d of storage. Exposed rhizome for 5, 10 and 15 min
seemed to maintain the he of the rhizome after storage at 5 °C. The lightness of
colour (L*) also responded similarly. The decrease in h° from yellow to slightly
brown also indicated rhizome browning. This was supported by a sharp increase
of browning index in undipped rhizome within 16 d of storage at 5 °C. Rhizome
held at 45 °C / 5 min managed to reduce browning as compared to other
durations. Dipping for 15 min resulted in a significant increase in TPC, TFC and
6-gingerols, especially at 16 days of storage durations whilst DPPH activity was
achieved when dipped for 5 min.

Metabolomic profiling on hot water dipped rhizomes has identified two
secondary metabolites  groups: gingerols-related compounds and
diarylheptanoid group. The distinct separation between hot water dip treatment
at 5, 10, and 15 min and control were observed via OPLS-DA. The heat map
showed the distribution of the up and down regulation of the identified
metabolites. Based on the distribution, heat map assists in suggesting the
optimum durations of hot water treatment at 45 °C for 5 min to be the optimum
duration in reducing browning index that could be an indicator for chilling injury.
In conclusion, preconditioning of ginger rhizomes by hot water treatment at 45
°C increased chilling tolerance upon storage at chilling temperature.
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Halia merupakan hasil tanaman tropika yang retan kecederaan kedinginan (Cl).
Penyimpanan halia pada suhu dingin akan merosakkan kualiti lepas tuai akibat
mengalami kecederaan kedinginan (CI). Oleh itu, objektif eksperimen ini adalah
untuk menilai kesan suhu penyimpanan dan jangka masa penyimpanan
terhadap kualiti fizik-kimia  rizom. Rizom yang dikutip dari Bentong disimpan
pada suhu 5, 15, dan 25 °C selama 0, 8, 16, dan 24 hari. Eksperimen ini disusun
menggunakan reka bentuk rawak blok sepenuhnya (RCBD) dan dianalisis
sebagai faktorial dua hala dengan empat replikasi. Untuk atribut fizikal,
penyimpanan di bawah suhu 15 °C menunjukkan bahawa berlaku penurunan
berat selari dengan ketegasan rizom dan disokong oleh korelasi positif antara
penurunan berat dan ketegasan. Untuk warna, perubahan nilai h° berlaku
secara beransur-ansur apabila rizom disimpan pada suhu 15 °C berbanding
dengan penyejukan pada 5 °C. Hal ini menunjukkan bahawa warna rizom
berjaya dikekalkan dalam keadaan suhu sedemikian. Analisis fitokimia
menunjukkan peningkatan yang serupa bagi jumlah kandungan fenolik dan
flavonoid apabila disimpan pada 5 dan 15 °C selama 16 hari tempoh
penyimpanan. la menunjukkan bahawa penyimpanan pada suhu 25 °C dapat
mengekalkan kandungan 6-gingerol dan 6-shogaol sehingga 16 hari tempoh
penyimpanan. Untuk aktiviti DPPH, kapasiti antioksidan semakin berkurangan
terutama semasa penyimpanan pada suhu 25 °C berbanding dengan
penyimpananpada suhu 5 °C.

Rawatan air panas ialah rawatan, yang telah dikembangkan bagi tujuan kawalan
penyakit, dan merupakan alternatif kepada penggunaan bahan kimia sintetik.
Sehubungan itu, bagi mengurangkan simtom CI, kajian mengenai celupan air
panas pada suhu 45 °C selama 0, 5, 10 dan 15 min dan disimpan pada 5 °C
selama 0, 8 dan 16 hari dinilai. Penyimpanan pada suhu 5 °C telah ditentukan



sebagai suhu dingin. Kualiti lepas tuai dijangka dapat dikekalkan pada suhu
dingin setelah dirawat dengan rawatan air panas.Eksperimen dilakukan
menggunakan RCBD, dalam susunan factorial dua hala dengan empat replikasi
dan dinilai untuk kualiti fizik-kimia. Hasil kajian menunjukkan penurunan berat
rizom meningkat secara berkadar dengan jangka masa pencelupan. Untuk
ketegasan, rizom dicelupkan selama 5 minit pada 45 °C didapati mengekalkan
ketegasan rizom di sepanjang tempoh penyimpanan berbanding dengan jangka
masa pencelupan yang lain. Nilai warna rizom (h°) yang tidak dicelup
menunjukkan penurunan yang ketara setelah 16 hari tempoh penyimpanan.
Rizom yang terdedah selama 5, 10 dan 15 minit dilihat mengekalkan nilai h°
bagi rizom selepas penyimpanan pada suhu 5 °C. Kecerahan warna (L *) juga
menunjukkan tindak balas yang sama. Penurunan h° daripada kuning hingga
sedikit perang juga menunjukkan pemerangan rizom. Ini disokong oleh
peningkatan ketara indeks pemerangan dalam rizom yang tidak dicelup dalam
tempoh16 hari pada suhu 5 °C. Rizom yang dicelup pada 45 °C / 5 min berjaya
mengurangkan pemerangan berbanding dengan jangka masa yang lain.
Pencelupan selama 15 min menyebabkan peningkatan ketara bagi jumlah
kandungan TPC, TFC dan 6-gingerol khususnya selepas 16 hari tempoh
penyimpanan. Sementara itu, aktiviti antioksidan (DPPH) pula dapat dicapai
pada jangka masa pencelupan 5 min.

Pencirian metabolomik terhadap rizom yang dirawat dengan celupan air panas
telah mengenal pasti dua kumpulan metabolit sekunder iaitu gingerol dan
diarilheptanoid. Pemerhatian terhadap pemisahan distingtif antara rawatan
celupan air panas dalam tempoh 5, 10 dan 15 min dengan kawalan dilakukan
menggunakan model OPLS-DA. Peta haba menunjukkan taburan peningkatan
dan penurunan oleh metabolit yang dikenal pasti. Berdasarkan taburan
tersebut, peta haba dapat membantu memberi cadangan jangka masa optimum
5in bagi rawatan air panas pada suhu 45 °C sebagai tempoh optimum bagi
mengurangkan indeks pemerangan yang menjadi tanda aras kepada
kecederaan dingin. Berdasarkan penemuan tersebut, dapat dilihat bahawa
metabolomik LCMS adalah pendekatan holistik dalam pengesahan rawatan
pasca tuai.

Sebagai kesimpulan, rawatan air panas pada suhu 45 °C sebagai prakondisi ke
atas rizom halia dapat dilihat mampu mencetuskan ketahanan sewaktu
penyimpanan dalam suhu yang dingin.
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3- methoxyphenyl)-3,5-heptanediol (2), Hexahydrocurcumin
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CHAPTER 1

INTRODUCTION

Botanically, ginger, known as Zingiber officinale (Zingiberaceae), is a perennial
herb grown as an annual crop. The thick tuberous rhizome is pale yellow in
colour and aromatic in scent is filled with pungent taste (Gupta and Sharma,
2014). Ginger consumption as a medicinal herb has been practiced since
ancient times in treating various illnesses such as nausea, menstruation
disorder, inflammation, cough and cold, food poisoning, epilepsy, and even
cancer (Shukla and Singh, 2007). The ability of ginger to reduce the symptoms
of those illnesses is related to the therapeutic properties, including antimicrobial,
antioxidant due to the presence of gingerol and shogaol and its derivatives
(Kumar et al., 2011).

Up to 2017, the total number of ginger production has reached 3,038,120 tons
worldwide with India is the top country contributing to 35.2 % of production.
Malaysia ranked the 13t position with total ginger production of 14, 279 tons in
2017, equivalent to only 0.5 % of the world population (FAOSTAT, 2019). In
Malaysia, Bentong, Bara, and Tanjung Sepat varieties have been cultivated
locally. Bentong is the most popular ginger as the pungency is stronger, low in
fibre contents and bigger in size as compared to other varieties (Mohd et al.,
2015). The production of Bentong ginger has reached 7,382.399 kg in 2016,
which is equivalent to RM 64 million of profits (Harian Metro, 2017).

Bentong rhizomes offered the best quality as compared to imported ginger from
Thailand, China and Indonesia. Therefore, Bentong rhizomes have been
exported mainly to Singapore followed by South Africa and Indonesia. However,
improper temperature management of the rhizomes will reduce the postharvest
qualities and marketability (IndexBox, 2021). It is known that ginger is a tropical
produce which is prone to chilling injury when stored at a temperature lower than
15 °C (Kasamo et al., 2000). Storing the rhizomes under this temperature may
develop physiological breakdown as it alters the physical properties of cell
membranes, thus reducing the membrane elasticity (Kasamo et al., 2000).

Exported Bentong ginger follows a series of postharvest standards of procedure.
Washed and cleaned rhizomes are treated with anti-fungal solutions at 500 ppm
to prevent fungal growth. After the curing process, rhizomes are packed in
corrugated fireboard and stored at 10-15 °C at relative humidity of 85-90% to
extend its shelf life up to 4-5 months before being transported by ship (Mohd
Ismail and Abd Shukor, 1990).

In common practice during transportation, the imported rhizomes were stored
under refrigeration at low temperature around +2 °C. They deposited to a local
wholesale market and stored in a cold room under the same condition, causing
the rhizomes to manifest its Cl symptoms such as translucency and shrivelling
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when returned to ambient temperature. Eventually, reducing its physical and
chemical qualities such as the colour, sweetness, acidity, phytochemical
contents, antioxidant, and enzyme activities. These deteriorating effects may
imply that ginger rhizomes are intolerant to chilling temperatures and the means
to avoid this deterioration needs to be addressed.

There are various ways to control chilling injury depending on the effectiveness
of the techniques in achieving the target. Alleviation of chilling injury symptoms
can be controlled by increasing the tolerance of commodities or retarding the
development of chilling injury symptoms in the tropical and subtropical that are
susceptible to chilling injury. Reducing chilling injury symptoms involves
modifying the storage environment such as low and high temperature
conditioning and intermittent warming (Wang, 2010). Previous studies showed
that hot water treatment heat-treated by hot water dip at 45 °C for 4 min, and
then stored at 2 °C for 90 days, the Cl symptoms were slightly, but significantly
reduced after being heat-treated (Mirdehghan et al., 2007). All tubers were
treated with hot water (45, 50 and 55 °C), subjected to 10 min and 20 min
immersion time was able to maintain the other postharvest qualities such as
weight loss, firmness, titratable acidity and total soluble solid (TSS) of the treated
sweet potatoes. Other findings on tuber such as potato that dipped into 45 °C
hot water for 10 min effectively reduced the weight loss and the disease index of
wounded potato tubers (Wang et al., 2020). In this study, hot water treatment
was accessed to examine its mitigating effect to alleviate chilling injury
symptoms.

Although hot water treatment could control the effect of chilling injury in many
fruits (Wang et al., 2014), its effect on ginger rhizomes has yet to be tested,
especially on ginger Bentong rhizome. Recently, the evaluation of the
commodity reactions to the hot treatment has been widely studied at
transcriptome, proteome and metabolome level (Lurie and Pedreschi, 2014). In
this study, hot water dip treatment was implemented to control chilling injury
symptoms on ginger rhizomes as it is more efficient than hot air (Lurie, 1998).
Although hot water treatment is commonly used as pest control and prevention
of fungal rot, research on hot water treatment on Cl of postharvest qualities has
been successful (Gonzales-Aguilar et al., 2000; Wang et al., 2014). The work on
ginger rhizome, however, has not been carried out yet.

Evaluation of physico-chemicals postharvest qualities include weight loss,
softening (Ketsa et al., 1997), ripening, colour (Wang et al., 2014),
phytochemical contents, and antioxidant properties has been carried out. Under
such treatment, ginger rhizome needs to be established. To facilitate an
understanding between the relationship and correlation between the heat
treatment and changes or alterations in metabolites, a metabolic profiling that
covers primary and secondary metabolites was executed by high-performance
liquid chromatography/electrospray ionization-mass spectrometry (HPLC/EI-
MS). With the advance in data processing and analysis by multivariate analysis
(MVA) using principal component analysis (PCA), a clear comprehension on the
mechanism of hot water treatment in alleviating chilling injury in ginger rhizomes
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could be achieved. These metabolomic studies have been successfully adopted
in some studies (Tanaka et al., 2015). Even though hot water treatments could
pro-long the shelf-life of fresh-cut products or fruits, the literature on the effect of
hot water treatments in reducing chilling injury symptoms on rhizomes is still not
conclusive and limited.

It is hypothesized that optimum storage temperature would have significant
interaction with storage duration in reducing the chilling injury symptoms of
rhizomes. Secondly, the hot water treatment could reduce the chilling injury
symptoms when the rhizomes are stored under chilling temperature. Therefore,
to test the hypotheses, this study is initiated with the objectives:

1. To characterize chilling injury of Bentong ginger rhizome during
storage at low temperature by physical and chemical mechanisms.

2. To evaluate the effect of hot water treatment at different dipping
durations and storage durations on physical characteristics and
chemical mechanisms on Bentong ginger rhizome.

3.  To characterize the metabolic profiling of hot water-treated rhizome
based on high-performance liquid chromatography coupled with
electrospray ionization-mass spectrometry (HPLC-EI-MS).
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