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Abstract

Zingiber officinale is a tropical produce which is susceptible to chilling injury due to
improper storage temperature management. Therefore, the objective of the study was to
investigate the development of chilling injury (CI) in ‘Bentong’ ginger rhizome. Fresh
‘Bentong’ ginger rhizomes were harvested at 9-10 months and were stored at 5, 15 and
25°C for 0, 8, 16, and 24 days. The treatments were evaluated for the effects of storage
temperatures and storage durations on postharvest chemical qualities of ginger rhizomes.
The experiment showed significant interaction effects between storage temperature and
storage durations for total flavonoid contents (TFC), total phenolic contents (TPC), 6-
gingerol, 6-shogaol, and DPPH radical scavenging activity of the treated rhizome. Ginger
stored at 15°C showed the highest TPC at 16 days of storage and then reduced throughout
the storage as compared to the ginger stored at 5°C and 25°C. The 6-gingerol content
increased from day 0 to day 16 and resulted in an optimum content at 66.7 mg/g fresh
weight when it was stored at 15°C. 6-shogaol was identified in smaller quantities within
the range of 1.52 to 3.11 mg/100 g of fresh weight. A similar trend was also observed in 6
-shogoal after 24 days of the storage. DPPH scavenging activity showed that storage at 5
and 25°C resulted in a decrease of DPPH inhibition along with storage durations.
Therefore, it was suggested that the ginger was best kept at 15°C up to 16 days of storage
in order to maintain the postharvest qualities and chemical properties of ginger.

1. Introduction

Botanically, ginger is known as Zingiber officinale,

district with the highest production of ginger in Pahang
which has reached to 7,382.399 kg in 2016 which is
equivalent to RM 64 million of profits (DOA, 2016).

Zingiberaceae family, a perennial herb that is grown as
an annual crop. The thick tuberous rhizome is pale
yellow, aromatic with pungent taste (Gupta and Sharma,
2014). Ginger consumption as medicinal herbs has been
practised since ancient time 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).

In 2016, total production of ginger in Malaysia was
recorded to be 13.4 metric tonnes and Pahang produced
the highest followed by Selangor, Kelantan, Pulau
Pinang, Kedah and Johor. Specifically, Bentong is the
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However, the high local demand for ginger rhizomes
leads to insufficient supply for the local consumers. This
has initiated an importation of ginger from China,
Thailand and Indonesia to Malaysia. During
transportation, the imported rhizomes are stored under
refrigeration at low temperatures around +1°C and
deposited to a local wholesale market and stored in a
cold room under the same condition, causing the
rhizomes to manifest its symptoms as translucency and
shrivelling when returned to ambient temperature.
Eventually, reducing its physical and chemical quality
such as the colour, sweetness, acidity, phytochemical
contents, antioxidant and enzyme activities. The
deteriorating effects have shown that ginger rhizomes
were intolerance to chilling temperatures.

Malaysian ginger rhizomes are highly in demand for
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domestic and international consumers especially
Bentong ginger. This is supported by recent statistics
showing that importation of ginger worth RM 90.6
million in 2017 as compared to exportation only for RM
1.49 million indicating the inadequate supply to meet the
local demand (FAMA, 2017). Moreover, the low
production of ginger has limited the total capacity of
ginger exportation due to insufficient land resources and
unsuitable type of soil for the cultivation of ginger. In
addition, the infection of soil borne diseases such as
fusarium and bacteria wilt causing wet rot on ginger
rhizomes also leads to low ginger production (Yasser and
Mohamad, 2012).

Storing  horticultural  produces under lower
temperature has been practised since ancient time as a
method for preservation as it reduces the overall
metabolic rate such as respiration and ethylene
production (Wills er al., 2007). Nevertheless, improper
management of storage temperature of any produce will
lead to disruptions of metabolic and physiological
processes in plants thus reducing the postharvest quality
of the produce. Moreover, ginger is a tropical produce
which is prone to chilling injury when stored at a
temperature lower than 15°C. By storing the rhizomes
under this temperature may develop physiological
breakdown as it alters the physical properties of cell
membranes. This will lead in reduction of the membrane
elasticity, decreasing their compliance and preventing
lipid inclusion in their composition, lower lipid fluidity,
thereby reducing the activity of several membrane-bound
enzymes, including H'-ATPase, increase the lateral
diffusion of phospholipids, sterols and proteins in the
plasma membrane (Kasamo et al., 2000). Chilling injury
may be affected by environmental, cultural and or
genetically which alter their response to storage
temperature (Lukatkin ef al., 2012).

Local ginger especially Bentong ginger is high in
quality as compared to imported ginger from Indonesia,
Thailand, China, Taiwan and the United States. It is
highly demanded in Hong Kong and Britain market. Its
pungency and the level of heat that gives sensation to the
taste bud has attracted attention, not from the local
consumers but also worldwide. Therefore, Bentong
ginger was chosen in this experiment in determining the
optimum storage temperatures and storage durations on
the physico-chemical qualities of rhizomes. The ginger
rhizomes which were collected from Bentong were
stored at 5, 15 and 25°C and were kept for 0, 8, 16 and
24 days.
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2. Materials and methods

2.1 Plant material

The propagation of rhizomes takes place by portions
of mature rhizomes of 12 months known as seed
rhizomes. Bentong ginger is cultivated on the terraced
hill on a cliff with planting distance is 0.25 m x 0.25 m.

2.2 Preparation of samples

Fresh ‘Bentong’ ginger rhizomes at 9-10 months
after planting were supplied from a fresh market in
Bentong. The rhizomes were cleaned, wrapped in
polyethylene plastic and packed into a box with the
dimension of 24 x 15 x 30 cm. The fresh and cleaned
ginger rthizomes were stored at three storage
temperatures (5, 15 and 25°C) for four storage durations
(0, 8, 16 and 24 days). Then, the ginger rhizomes were
squeezed for its juice by using a juicer (Hurom HU 100,
Korea). The juice was then filtered through Whatman No
1 filter paper. The filtered juice was used to determine
for total phenolic content (TPC), total flavonoid content
(TFC), identification of 6-gingerol and 6-shogoal and
DPPH radical scavenging activity during day 0 and after
storage at day 8, 16, and 24.

2.3 Total phenolic contents

The TPC was determined using Folin—Ciocalteu
reagents (Policegoudra and Aradhya, 2007) with slight
modification. An aliquot (0.1 mL) of ginger juice was
added to 2 mL of 2% sodium carbonate (Na,CO;) and
incubated for 3 mins. Then, 0.1 mL of 50% Folin—
Ciocalteu reagent were added and incubated for 30 min
at room temperature. Absorbance was measured at 750
nm using a Multiskan GO microplate spectrophotometer
(Thermo Fisher Scientific 1510, Waltham, MA USA).
Amounts of TPC was calculated using the gallic acid
calibration curve. The results were expressed as gallic
acid equivalents (GAE) g kg of fresh weight (FW).

2.4 Total flavonoid contents

TFC was measured by the aluminium chloride
colourimetric assay according to Singh et al. (2012). An
aliquot (1 mL) of extracts or standard solutions of rutin
(0.05, 0.1, 0.15, 0.2 and 0.25 g L") were added to 10 mL
volumetric flask containing 4 mL of distilled water. First,
0.30 mL of 5% sodium nitrate (NaNO;) were added into
0.2 mL of the ginger juice. Then, 0.3 mL 10%
aluminium chloride (AICl;) was added after five min. A
volume of 2 mL of 1 M sodium hydroxide (NaOH) was
added after 6 mins and the samples were measured
against the blank at 510 nm using a Multiskan GO
microplate spectrophotometer (Thermo Fisher Scientific
1510, Waltham, MA, USA). The total flavonoid content
was expressed as rutin equivalents (RE) g kg of fresh
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weight (FW).

2.5 High performance liquid chromatography
2.5.1 Sample preparation

An aliquot (1 mL) of ginger juice was membrane
filtered through a 0.20 mm syringe filter (Titan 3,
Thermo Scientific), and 10 mL of the filtrate was
subjected to HPLC analysis.

2.5.2 Standard solution preparation

The stock solution of 1 gL' ppm of 6-gingerol and 6
-shogaol (Chengdu Biopurify Phytochemicals Ltd.,
China) were prepared in HPLC grade methanol. The
stock solution was then serially diluted into 0.05 - 0.5 gL
"' of working solutions for the calibration curves at five
concentration levels and were filtered through 0.20 mm
syringe filter (Titan 3, Thermo Scientific). A volume of
10 mL of standard solutions was injected into HPLC
system. The calibration curves were established by the
peak areas and concentrations of working solutions.

2.5.3 Chromatographic separation parameters

The HPLC system consisted of Agilent 1200 Series
equipped with a diode array detector (DAD). The filtered
standard and extract solution were injected into a
reversed phase Phenomenex Luna C18 (2) 100A (250
mm X 4.6 mm, 5 mm) with a guard column (Phenomenex
C18; 4 x 3.0 mm i.d, Phenominex Inc., USA). The
method was developed by using acetonitrile (A) and
deionised water (B) as the mobile phase. The gradient
elution is optimized as 95% water (0 to 7 mins) and
followed by 35% water (8-10 min). The flow rate was set
at 1.0 mL/min and the scanning between 200 nm and 400
nm was performed. The column temperature was set to
40°C. The injection volume was 10 mL. Identification of
6-gingerol and 6-shogaol was based on the comparison
of the retention times of unknown peaks to those of
reference standards while quantification of each
compound was carried out by comparison of the area of
peaks recorded with calibration curve of standards. The
results were expressed in g kg™ of fresh weight (FW).

2.6 1,1- diphenyl picrylhydrazyl (DPPH) free radical
scavenging activity

The antioxidant activity of the ginger juice was
determined using 1, 1-diphenyl-2-picrylhydrazyl (DPPH)
radical base on the electron transfer reaction between
DPPH reagent and the plant extracts. First, 0.4 mL of
ethanol was added into 100 pL of ginger juice. Then, 1
mL of 0.1 mM DPPH was added into the samples and
incubated at 37°C for an hour. The absorbance value was
measured by a  Multiskan GO  microplate
spectrophotometer (Thermo Fisher Scientific 1510,
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Waltham, MA, USA) at 517 nm. Percent of inhibition of
DPPH was calculated by ((abs control — abs sample) /
abs control) x 100 (Maizura et al., 2011).

2.7 Experimental design and statistical analysis

The experiment was laid out as randomized
completely block design (RCBD), analysed as a two-way
factorial comparison of storage temperature (5, 15, 15°C)
versus storage durations (0, 8, 16 and 24 days) with four
replications. Data were subjected to analysis of variance
(ANOVA) using the procedure of the general linear
model (PROC GLM). Main effects and interactions
between two factors were included in the model.
Multiple regressions analysis (PROC REG) with two
variables was used to determine the effects on
postharvest qualities. Means comparison were separated
by Tukey's honestly significant difference (HSD) test at
P <0.05.

3. Result and discussion
3.1 Total phenolic contents and total flavonoid contents

Total phenolic and flavonoid contents were
determined as their role in the prevention of diseases and
various biological activities (Rahmani et al., 2014) The
TPC was expressed as milligram of gallic acid per 100 g
of fresh weight of ginger. Storage duration was further
partitioned resulting in significant cubic orthogonal
polynomial (Figure 1). The TPC of the juice of the
rhizome treated at 5, 15 and 25 °C for 0, 8, 16 and 24
days ranged from 23.0 — 48.98, 22.12 — 52.2 and 25.12 —
42.4 mg GA/100 g FW, respectively. Figure 1 showed a
significant cubic trend when ginger rhizomes were stored
throughout 24 d of storage durations at 5°C. At 5°C,
TPC dropped and increased significantly from initial to 8
d of storage durations. The phenolic contents were then
continued rising significantly and rapidly by 100% when
reaching 16 d of storage durations, the TPC of rhizomes
were seen to decline again by 52% at the end of storage
durations. The similar fluctuation in the changes of TPC
was also observed when the rhizomes were stored at 15
and 25°C. The amount of total phenolics of the rhizomes
at 15°C were significantly 7% higher as compared to
storage at 5°C and 18% higher than storage at 25°C
during storage at day-16. Furthermore, on day-24, stored
rhizomes at 5°C recorded the lowest decline in TPC than
stored rhizomes at 15 and 25°C by 13% and 21%,
respectively.

Previous research by Ghasemzadeh et al. (2016)
reported that Bentong ginger rhizomes contained a
significantly higher content of TPC when refrigerated at
5°C than storage at 15°C after four months of storage
durations. This amount showed a significant reduction
from the initial contents of the total phenolic by 27% and
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55% after months of storage at 5 and 15°C, respectively.
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Figure 1. The relationship between total phenolic contents and
storage duration (0, 8, 16 and 24 days) at different storage
temperatures of ginger (5, 15 and 25°C). Y (5) = 30.04 —
6.09x + 0.88x” - 0.026x°; R2=0.99, Y (15) = 30.04 — 7.26x +
1.02x% - 0.03x%; R2 = 0.99, Y (25) = 30.04 — 4.20x + 0.58x* —
0.017x%; R? = 0.99. Means with the different letters are
significantly different at P = 0.05. Bars indicate the standard
error (n = 4).

The most abundant phenolic compound present in
ginger rhizomes is gallic acid (Ghasemzadeh et al,
2016). Other phenolics that are distributed in the
rhizomes are ferulic acid, tannic acid, cinnamic acid and
syringic acid. These compounds were found to reduce its
concentration as storage temperatures increased with
prolonged storage durations (Ghasemzadeh et al., 2016).

The increasing of TPC content could be due to
reaction between phenolic compounds and PPO thus has
isomerized parts of the phenolic compounds (Altunkaya
and Gokmen, 2009) when the plant is damaged due to
storage and inappropriate storage temperature. The rates
and cellular sites of ROS production during temperature
stress could play a central role in stress perception and
protection. As phenolic compound being strong reducing
power, the compounds could scavenge the ROS and
neutralize it (Suzuki and Mittler, 2006).

The decrease in soluble phenolics was observed
toward the end of storage may be due to the breakdown
of these cellular structures (Toor and Savage, 2006)
leading to oxidation of total phenolic (Cocci et al.,
2006). It is assumed that freezing temperatures with
disruption of cell membranes may trigger the release of
oxidative and hydrolytic enzymes that would destroy the
antioxidants (Mohammadian et al., 2011). A similar
observation was reported by Hernanz et al., 2009 on the
reduction of phenolic contents in red wine after being
stored after 12 months. Recent experimental evidence
indicated that storage conditions affect the content of
phenols to a great extent since they can undergo
hydrolysis, oxidation and complexation (Cheynier and
Fulcrand, 2003). The reduction in TPC could also be
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explained by the conversion between free and bound
phenolic substances (Ferrante and Maggiore, 2007).

3.2 Total flavonoid contents

The changes of flavonoid contents as one of the
active ingredients in ginger rhizomes were evaluated and
was expressed as g rutin per kg of rhizome fresh weight.

Regression analysis was further carried out and to
partition storage duration into cubic orthogonal
polynomial contrasts (Figure 2). Initially, TFC was 0.31
g RU kg' of rhizome fresh weight. The flavonoid
contents displayed significant cubic trend when ginger
rhizomes were chilled under 5°C during 24 days of
storage. The TFC was drastically and significantly
increasing until day 16 of storage and continue to
decrease significantly 8 days after that. A cubic trend
was also shown throughout storage at 15°C. The TFC,
however, dropped significantly on 24™ day of storage by
88%. At ambient condition (25°C), the TFC also resulted
in similar cubic trend. The TFC of rhizomes was
increased significantly but slightly after 8 days of storage
and was further decreased until day 24 of storage
duration. By end of storage d, stored rhizomes at 15°C
resulted in the lowest TFC followed by storage at 25 and
5°C.

1.0
0.9 LSDggs=0.53

Total flavonoid contents
(g RU g kg FW)

010 8 16 2
Storage duration (days)

®5°C a415°C m25°C

Figure 2. The relationship between total flavonoid contents
and storage duration (0, 8, 16 and 24 days) at different storage
temperatures (5, 15 and 25°C) of ginger. Y (5) = 30.78 — 2.44x
+0.71x*- 0.023 x*; R2=0.99, Y (15) = 30.78 — 6.08x + 1.26x*
- 0.04x%; R2 = 0.99 and Y (25) = 30.78 + 2.81x — 0.15x* +
0.00034x*R*= 0.99. Means with the different letters are
significantly different at P = 0.05. Bars indicate the standard
error (n =4).

The common flavonoids found in ginger were
quercetin, apigenin, luteolin, myricetin (Ghasemzadeh
and Ghasemzadeh, 2011). Other flavonoids that were
also found are kaempferol diglycoside, rutin, kaempferol
rhamnoside xyloside, diacetylafzelin,
pentahydroxyflavone, hemslyanoside, galangin (Ji Soo et
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al,, 2015).

The flavonoid contents at low temperatures of 5 and
15°C showed a similar pattern of accumulation. The
finding was agreed with a study on cassava root showed
an increase of flavonoid contents after 3 days of storage
at room temperature and followed by a significant
decline. Particularly, an accumulation of scopoletin was
observed after 8 days of storage (Uarotta and Maraschin,
2015).

Flavonoids are synthesized by the general
phenylpropanoid pathway in plants (Winkel-Shirley,
2001). The production for pigmentation of flower and
fruit, to regulate polar transport of the phytohormone
auxin. Due to the chemical compounds, plants have
developed defend mechanism in response to
environmental stress such as biotic and abiotic stress
(Nakabayashi et al., 2014). Generally, the increase of
TFC has been observed during low temperature (Becker
et al, 2015) due to abundance of the enzyme that
catalyses the biosynthesis of flavonoids and the
expression of flavonoid biosynthesis genes in many plant
species (Crifo et al., 2011). The production of enzymes
such as  2-oxoglutarate-dependent  dioxygenase,
cytochrome P450, and short-chain dehydrogenase/
reductase that involved in the catalysation in flavonoids
biosynthesis resulted in the production of flavonoid
contents (Yonekura-Sakakibara et al., 2019).

Improper storage temperature is a causative agent of
oxidative stress that trigger the production of reactive
oxygen species (ROS) (Wismer, 2003). The ROS has
caused damage in cellular components such as DNA,
lipids, proteins, and sugars. Therefore, to curb the
deteriorations, the ROS homeostasis and the flavonoids
and phenolics have come into actions. Plant homeostasis
occurs when the accumulation of ROS, antioxidant
enzymes’ function and low molecular antioxidants come
in balance To combat the ROS, the ROS-scavenging
mechanism involve enzymes and antioxidant molecules
play its role in scavenging the ROS thus neutralising the
free radicals (Trchounian et al., 2016) by donating a
hydrogen atom thus inactivated the ROS (Treml and
Smejkal, 2016). Once the hydrogen atom has been
withdrawn from the flavonoid molecules, it would
become phenoxyl radical and react with other free
radical to produce a stable quinone (Prochazkova et al.,
2011) which resulted in the decline of flavonoids.
Uarotta and Maraschin (2015) suggested that the
increase in flavonoid contents acting as non-enzymatic.

3.3 Identification and quantification of 6-gingerol and 6-
shogaol

The main active ingredients contained in ginger
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rhizomes which were 6-gingerol and 6-shogaols were
identified and quantified by using HPLC analysis. A
significant interaction between storage temperature (5,
15, and 25°C) and storage duration (0, 8, 16, and 24
days) on 6-gingerol and 6-shogoal content which was
expressed as milligram per 100 g of fresh weight of
ginger.

From Figure 3(A), quantification of 6-gingerol in
ginger rhizomes juice gave a range from 0.35 to 0.66 g
kg' of fresh weight (FW). Partition regression has
regressed storage durations into significant cubic trend
during rhizome storage at 5°C. Initially, the 6-gingerol
contained 0.35 g kg’ FW. As storage duration begins,
the content started to increase significantly after
refrigerated at 5°C for 8 days. The amount of 6-gingerol
sharply increased significantly towards day 16 with a
total of increment of 112%. However, the amount
dropped significantly by 42% at the end of the storage
duration. Rhizomes that were kept at 15°C also portrayed
a similar cubic trend. But, the increment of 6-gingerol
content from initial to 16 d of storage was lower by 8.5%
than stored rhizome at 5°C. Similarly, at ambient
condition (25°C), the changes of 6-gingerol showed a
cubic trend. Storage of rhizome at 25°C showed a
gradual and significant rise from day O until day 16 of
storage. At day 16, the increment was observed to be the
lowest as compared to storage at 5 and 15°C. 6-gingerol
was then continuing to decline slowly on the 24™ day of
storage duration.

Similar trends of changes in 6-shogaol content were
shown (Figure 3 (B)). The content of 6-shogoal was
identified in the range of 0.0152 to 0.031 g kg™ of fresh
weight. A cubic trend was shown during storage of
rhizomes at 5°C. Initially, the amount of 6-shogaol was
quantified to be 0.0152 g kg”' FW. The content increased
progressively until day 16 of storage by 103% and
dropped sharply by 37% at the end of storage day.
Storage of rhizome at 15°C was observed to be in similar
and significant cubic trend as in 5°C of storage for 16
days by 93%. However, the 6-shogaol was slightly and
significantly reduced by 5% at day 24 of storage.
Meanwhile, at 25°C, 6-shogaol content increased
gradually until the end of storage durations at day 24.
This indicated that the amount of 6-shogaol could be
maintained throughout 24 days of storage durations.

Eun-Jeong et al. (2012) reported that the total
gingerol content that was refrigerated at 10°C showed
decreasing trends with an increase in storage time. While
at room temperature, the total gingerol content did not
change for up to 10 days of storage. This was in
accordance with a report which stated that 6-shogaol, a
dehydrated form of 6-gingerol, was a minor component
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in ginger and has recently been reported to have more
potent bioactivity than 6-gingerol (Ok and Woo-Sik,
2012). According to Rantawaty (2004) who discovered
that gingerol loss was very small during storage at 5°C
as compared to room temperature at 28°C throughout 12
weeks of storage. Zhang et al. (1994) concluded that
gingerols in all products degraded gradually with
storage.

(A) 080
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®5°C 415°C m25 °C

Figure 3. The relationship between 6-gingerol (A) and 6-
shogaol (B) and storage duration (0, 8, 16 and 24 days) at
different storage temperatures (5, 15 and 25°C) of ginger. (A)
Y (5) =34.35-3.78x + 0.82x* - 0.027 x3; R2=10.99, Y (15) =
34.35 — 3.54x + 0.68x> - 0.021x>; R2 = 0.99 and Y (25) =
34.35 — 0.68x + 0.23x* + 0.0083x”; R* = 0.99. (B) Y (5) =
1.52 = 0.22x + 0.03x” - 0.012 x*; R2 = 0.99, Y (15) = 1.52 —
0.12x + 0.023x* - 0.0007x”; R2 = 0.99 and Y (25) = 1.52 +
0.13x - 0.0092x*> + 0.0002x*; R*> = 0.99. Means with the
different letters are significantly different at P = 0.05. Bars
indicate the standard error (n = 4).

6-gingerol is phenolic alkanone compound with the
presence of b-hydroxy (Denniff et al, 1981) which
contributed to the pungency of ginger rhizome and were
believed to exert a variety of remarkable
pharmacological and physiological activities (Sanwal et
al., 2010). The B-hydroxyl ketone moiety in 6-gingerol is
converted to 6-shagoal via dehydration and was
deprotonated into alkenes thus producing conjugation of
the o,B-unsaturated ketone skeleton in the chemical
structure under high temperature or acidic condition
(Kou et al. 2018) and prolonged storage (Wohlmuth,
2008). This compound is present in significantly lower
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quantities since they represent biogenetically only side-
products of gingerols (Jiang et al., 2005).

It is clear that the conversion of gingerol to shogaol
is affected by temperature, but it also depends on the
impact of heat type, sample type, and time of heat
exposure (Yhung Jung ef al., 2018). In this experiment,
the temperatures of storage that were applied were 5, 15
and 25°C which does not involve heating of the samples.
Storage of rhizomes under 5, 15 and 25°C was not
possible for any conversion to occur. Initially, 6-gingerol
and 6-shogaols contents were constituted to be 0.35 and
0.015 g kg of fresh weight. Gopi et al. (2015) stated
that application of heat at 60 and 70°C on ginger
rhizome resulted in a ratio of 6-gingerols to 6-shagaols to
have a value of 1 as compared to 22:1 as resulted from
this analysis. Extreme temperature reaching 100 to 120°
C showed a significant conversion of these active
compounds, where a rapid degradation of gingerol to
form shogaol was observed. Therefore, it could be
suggested that the changes of these compounds could be
related to oxidative stress. The highest increasing trend
of 6-gingerol was noted at 5°C, followed by 15°C and
25°C. As 6-gingerol and 6-shogaol are categorized under
phenolics, these compounds may be responsible in
scavenging free radicals produced as a result on
improper storage management. The chilling temperature
could trigger the transcript, protein, and activity of
different ROS-scavenging enzymes (Sato et al., 2001).
Low-temperature stress was also shown to induce build-
up of hydrogen peroxide in cells. The disruption of
mitochondrial function that reduces the expression of
cold-responsive genes which eventually lead to the
accumulation of ROS. So, the secondary metabolites
such as 6-gingerol and 6-shogaol play a role in
scavenging free radicals. With the presence of the
hydroxyl group and the short carbon chain in its
chemical structure, 6-gingerol was reported to possess
stronger antioxidant activity as compared to other
derivatives of gingerols such as 8 and 10-gingerols.
However, for 6-shogaol, despite being the minor
contribution in ginger rhizomes, it was reported that 6-
shogaols exhibited the greatest antioxidant capacity
among other gingerols and shogaols. The high potency
of this compound is attributed by the a, f-unsaturated
ketone moieties in its structure (Guo et al., 2014). It was
observed that at room temperature, the content of 6-
gingerol and 6-shogaol was at gradual increased
indicating that this temperature is suitable in maintaining
the active ingredients.

3.4 1, I-diphenyl-1-picrylhydrazyl radical

scavenging capacity assays

(DPPH)

The scavenging of DPPH was expressed in
percentage of DPPH inhibition by the antioxidant
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compound from the ginger juice.

Figure 4 shows the relationship between the
percentage of DPPH inhibition and storage duration (0,
8, 16 and 24 days) at different storage temperatures of
ginger (5, 15 and 25°C). Stored rhizome at 5°C showed
significant cubic decreased throughout storage durations.
The inhibition of DPPH decreased significantly by
22.4% at the end of storage durations. In addition,
storage at 15°C also resulted in a significant cubic
relationship after 24 days of storage. A significant and
drastic reduction in percentage inhibition of DPPH was
seen during storage of rhizomes at 15°C two times
higher than those stored at 5°C. Similar trend was
observed during storage at 25°C with fluctuation in the
changes of percentage. The inhibition of DPPH was
significantly dropped by 89% by 16 days of storage and
was continue to increase significantly to 84% at day 24
of storage.

120 | LSDy4=0.73

100 d b

80 ¢ c

60

40

Inhibition of DPPH (%)

20 j

0 8 16 24
Storage duration (days)

®5°C 415°C m25°C

Figure 4. The relationship between percentage of DPPH
inhibition and storage duration (0, 8, 16 and 24 days) at
different storage temperature of ginger (5, 15 and 25°C). Y
(5) = 87.4 + 2.05x - 0.24x>+ 0.0049x° R2 = 0.99, Y (15) =
87.4 + 3.04x - 0.31x% + 0.0044x%; R2 = 0.99, Y (25) = 87.40+
13.88x — 2.26x° + 0.068x’; R> = 0.99. Means with the
different letters are significantly different at P = 0.05. Bars
indicate the standard error (n = 4).

The decreasing trend in the percentage of DPPH
inhibition in rhizome stored at 5°C was associated with
the reduction of antioxidant content in the rhizome to
neutralize the DPPH free radical (Candrawinata et al.,
2014). A study by Kang and Saltveit (2002a) reported
the correlation between higher levels of DPPH activity
and the increased chilling tolerance in heat-shocked rice
seedling radicles. The chilling-tolerant short radicles
showed higher levels of DPPH activity than longer, more
chilling sensitive radicles (Kang and Saltveit 2002b).
There also appears to be a correlation between DPPH
activity in cucumber radicles and vigour difference in
chilling sensitivity.

A study on cucumber seedling radicles has revealed
that chilling reduced DPPH activity in both high- and
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low-vigour tissue, and it did not recover after 48 hrs of
growth at 25°C. The level of activity in low-vigour
radicles decreased to 58+3% of that in high-vigour
radicles assayed either immediately after chilling, or
after an additional 48 hrs at 25°C (Kang and Saltveit,
2002b). Similar findings also supported that there was a
significant reduction in the antioxidant activity in the
flavedo of Citrus sinensis ‘Siavaraz’ at -6°C compared
with control samples stored at 15°C (Mohammadian et
al. 2011).

It is also known that the antioxidant activity of
phenolic compounds is closely associated with their
structures, such as substitutions on the aromatic ring and
side-chain structure. The strong antiradical activity of
phenolic and flavonoid could be due to the presence of
conjugated double bond, which makes the electrons more
delocalized (Wagh et al, 2012). Moreover, their
accessibility to the radical centre of DPPHe could also
influence the order of antioxidant power.

4. Conclusion

From the results, there was a significant interaction
on chemical properties when the Bentong ginger
rhizomes were treated at storage temperatures of 5, 15
and 25°C for 0, 8, 16 and 24 days. An execution of
orthogonal partition of storage duration has resulted in
linear, quadratic or cubic polynomial depending on the
measured variables. The phytochemical analysis resulted
in similar increments in total phenolic and flavonoid
when stored at 5 and 15°C up to 16 days of storage
durations. The active compound which is the 6-gingerol
was identified to be the major component as opposed to
6-shogaol which present in small quantity. It showed that
storage at 25°C could retain 6-gingerol and 6-shogaol up
to 16 days of storage. For DPPH activities, the
antioxidant capacity became weaker especially during
storage at 25°C.
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