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ABSTRACT

Tomato is fruit vegetables sustaining valuable benefits in economy and nutrition. It has a high content of Vitamin C and
lycopene. Being a climacteric fruit, tomato is perishable and has a short shelf life. To improve the storage quality of tomato,
the effect of hot water treatment and calcium dips on tomato (Solanum lycopersicum) was studied. Tomato fruits were dipped
in two temperatures (40°C and 50°C) of the hot water bath for 2 minutes before treatment of 2% calcium chloride for 2
minutes. The fruits were stored at 10°C + 2°C in the cold room at a relative humidity of 80-95%. Changes in weight loss,
firmness, total soluble solids (TSS), titratable acidity, ascorbic acid, and lycopene content were observed and recorded on 0,
2,4, 6,8, 10, 12, 14 days of storage. Hot water treatment at 50°C with 2% of calcium chloride can control the weight loss
and firmness of tomato with the low level of total soluble solids and acidity and retained the level of ascorbic acid. This

treatment prone to extend shelf life, delay ripening and retained the postharvest quality of tomato.
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INTRODUCTION

Tomato (Solanum Ilycopersicum L. or Lycopersicon
esculentum) belongs to the nightshade family,
Solanaceae. It is one of the most important and
widely cultivated vegetables in the world for its
fleshy fruits (Kapsiya et al.,, 2015). Tomato is a
good source of potassium, Vitamin C, folic acid,
carotenoids, and lycopene (Arab & Steck, 2000). It
is a climacteric fruit with a short life span, usually
2 to 3 weeks (Gharezi ef al., 2012). Thus, harvesting
on a specific stage and with the proper postharvest
treatment of the fruit can maintain the postharvest
quality of tomato. The United State Department of
Agriculture (USDA) (1991) established six ripening
stages of tomato which are green with 100% green;
breaker, a noticeable break in color with lesser than
10% of other than green color; turning, between 10
and 30% of the surface, in the aggregate, of red(ish)
color; pink, between 30 and 60% of red(ish) color;
light red, between 60 and 90% and red, more than
90% red. However, the selected stage to harvest the
tomato fruits is depending on the purposes.

* To whom correspondence should be addressed.

According to Shankara et al. (2005), the high
water content of tomatoes makes them vulnerable
to postharvest losses. Overmature fruit was easily
damaged or rotted. The deep red fruits have shorter
market life and are more susceptible to bruising
during harvest and postharvest handling. Tomato
fruit also continues to ripen by emitting ethylene
and increased the rate of respiration. High
respiration rate thus will lead to the breakdown of
tissues and thus fasten the ripening and senescence
processes. These resulted in postharvest loss and
shorten the shelflife. Postharvest losses can be
defined as measurable quantity and quality loss of
crops at harvest, storage, transportation, processing,
marketing and preparation (Kiaya, 2014). The losses
can be occurred because of reduction in shelf life,
quality deterioration, microbial infection, diseases,
improper packaging and storage condition.

To overcome the loss, application of post-
harvest treatment such as hot water treatment, edible
coating, and chemical treatments with proper storage
conditions and packaging are needed. Postharvest
treatments are intended to slow down the ripening
process and senescence changes, minimize the
microbial growth, delaying the respiration rate and
thus extend the storage and marketable life of fruits.
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Hot water treatment is potential in controlling
infection, maintaining the fruit quality, reducing
chilling injury, and improving the shelf life (Lurie
& Pedreschi, 2014). Heat can be applied to fruits
and vegetables, including melon and tomato, as
hot water dips (HWD), vapour heat, or hot dry air.
Moreover, hot water treatment is inexpensive and
easily applied at commercial scale, particularly in
treatments of short duration (Hofman et al., 2002).
Prestorage heat treatments to control decay are often
applied for a relatively short time (minutes) because
the target pathogens are found on the surface or in
the first few cell layers under the skin of the fruit or
vegetable (Fallik, 2004). Meanwhile, the addition
of calcium chloride dipping is widely used as
preservatives and firming agent to maintain the
firmness of the fruits. Calcium is an essential plant
nutrient since the divalent Ca?" is required for
structural roles in the cell wall and membranes, as a
counter-cation for inorganic and organic anions in
the vacuole and as an intracellular messenger in the
cytosol (Fallahi ef al., 1997). The treatment such as
calcium chloride dipping can increase the shelf life
and maintaining the quality of peach fruit (Sohail
et al., 2015). Meanwhile, calcium application
combined or not with heat treatments had
maintained firmness in a wide variety of fruit and
vegetables including lettuce and cantaloupe (Roura
et al., 2008). This study evaluated the effect of hot
water and calcium chloride treatment to postharvest
quality of tomato.

MATERIALS AND METHODS

Sample preparation

Tomato fruits (variety Holand) were freshly
harvested and bought from Tomato Farm, Cameron
Highland with maturity index 3. They were washed
with sodium hypochloride and let to dry before
treatment. They were treated with hot water
treatment at 40°C or 50°C for 2 minutes with or
without dipping in 2% of CacCl, for 2 minutes. For
control, the fruits were stored at 10°C without any
treatment. The fruits were stored in the basket inside
the chiller with a temperature of 10°C for 14 days
with 4 replicates. The relative humidity inside the
chiller was set at 80-95%. The analysis was
conducted every 2 days interval.

Weight loss and firmness analysis

The fresh weight of tomato fruits was measured
every 2 days until 14 days of storage. The
differences in weight loss were expressed as a
cumulated percentage of weight loss from the initial
weight. The firmness of tomato was measured
using TA.XT plus texture analyser (Stable Macro

Systems Ltd.). The maximum force-exerted
(expressed as g-force) was used for firmness data.

Ascorbic acid analysis

Ascorbic acid was measured by titrating 1 mL
of tomato juice and 25 mL of oxalic acid with 2,6-
dichlorophenolindophenol (DCPIP) solution until
light rose pink colour persists. The ascorbic acid
content was calculated as:

DCPIP (mL) used to

Concentration titrate tomato juice

of ascorbic acid

x 1 mg/mL
DCPIP (mL) used to

titrate standard

Lycopene analysis

1 g of homogenized tomato was mixed with 20
mL of acetone: ethanol: hexane (1:1:2). The mixture
was stirred for 15 minutes. Then, 3 mL of water was
added and the sample was shaken on ice. The sample
was left at room temperature for 5 minutes. The
upper layer was transferred to a cuvette and its
absorbance was read at 503 nm (Fish et al., 2002).
The lycopene content was calculated using the
following formula:

Lycopene content (ng/g) = (Asp; X V x 10°) / (g x
100 x m)

Molar extinction coeeficient (¢) = 17.2 x 10%/M/cm
V = total volume of extract
m = sample weight (g)

Total soluble solids (TSS) and titratable acidity
(TA) analysis

Total soluble solids (TSS) were determined
using a refractometer and expressed as °Brix.
Titratable acidity (TA) was obtained by titrating 10
mL of juice sample with 0.1 N NaOH up to pH 8.2.
The method is described as in AOAC (AOAC, 2005).
The result expressed as a percentage of citric acid
using the following equation:

Titre x normality of alkali x
volume made up x
equivalent weight x 100

% citric acid/malic acid = —
Volume take for estimation X

weight of sample x 100

Statistical analysis

One way ANOVA repeated measures, and non-
parametric tests Kruskal Wallis were carried out.
The level of significance used is (p <0.05). The data
were subjected to IBM SPSS Statistic 20 software
(Java).
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RESULTS AND DISCUSSION

Physical characteristics of tomato

There was a significant increase in weight loss
within 14 days of treatment (Figure 1). Tomato
treated at 40°C of hot water in combination with 2%
of CaCl, (T2) showed the lowest weight loss with
3.1 g compared to the treatment with hot water alone
and control. Meanwhile, treatment at 50°C with 2%
of CaCl, (T4) showed the second-lowest of weight
loss and insignificantly difference with treatment T2.
Weight loss occurs in all treatments throughout the
storage period due to the transpiration and
respiration of fruits. Temperature manipulation is
one of the effective methods that can affect the
respiration rate and thus controlling weight loss.
Safdar (2009) indicated that hot water treatment
reduces fresh weight loss of tomato over control at
the end of 25 days of storage. However, the addition
of CaCl, can improve the postharvest treatment of
tomato in controlling the weight loss. Calcium plays
a role in maintaining the membrane permeability
and integrity and thus restrict water transfer and
delaying dehydration (Sohail et al., 2015). The

effectiveness of hot water treatment and dipping in
calcium chloride in controlling the weight loss was
observed in papaya study (Ayon-Reyna et al., 2017).

Firmness indicates the texture of tomato that
changed during ripening. It is one of the important
indicators of fruit quality. The softening occurred
because of the degradation of biopolymers in the
cell wall (Prasanna ef al., 2007). Tomato treated in
hot water at 50°C in combination with 2% of CaCl,
for 2 minutes (T4) showed the highest firmness level
compared to control (Figure 2). Although, no
significant difference on firmness level was observed
between all treatments. Naser ef al. (2018) observed
that persimmon treated with hot water at 45°C and
50°C had better in controlling the firmness. This
might be that hot water treatment can reduce cell
wall degrading enzymes and thus can maintain cell
strength. Thus resulted in delaying of the ripening
process (Pan et al., 2004). Meanwhile, a study by
Senevirathna and Daundasekera (2010) indicated
that fruits treated with CaCl, exhibited firmer texture.
Calcium gives an extra benefit in controlling the
firmness as it determines the cell structure and
integrity (Poovaiah et al., 1988).

Weight loss (g)

Weight loss

—=8=T1 (Control)

w—=@=T2 (40 2C + CaCl2) ====T3 (40 £C)
T4 (50 2C + CaCl2) ==@=T5 (50 2C)

Fig. 1. Weight loss of tomato during 14 days of storage.
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Fig. 2. Firmness of tomato during 14 days of storage.
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Biochemical analysis of tomato

Ascorbic acid

Ascorbic acid is one of the important anti-
oxidants in the diet (Mahdavi et al., 2010). Its
concentration decreased upon ripening and also can
be affected by the high temperature which leads to
degradation. The result (Figure 3) showed that
control (T1) and treatment with the combination of
hot water treatment and calcium chloride dipping
(T2 and T4) can reduce the loss of ascorbic acid
compared to the hot water treatment alone (T5).
There was a significant difference in the con-
centration of ascorbic acid among the treatments on
day 2, 6, and 8. On day 4, the ascorbic acid content
was increased and reached a peak. This might be
because the tomato fruit reached the maturity stage
(Sinaga, 1986). Meanwhile, the reduction in
ascorbic acid content is due to the degradation by
heat and oxidation.

Lycopene

Lycopene is the pigment that contributes to
deep red colour of ripe tomato fruits and mostly
located in tomato skin. It is an antioxidant which is
sensitive to excessive heat, pH value, and overlight
exposure (Shi & Le Maguer, 2000). There are no
significant differences in lycopene content between
treated and untreated tomato fruits (Figure 4).
During 14 days of storage, all of the treated tomato
fruits and control showed an elevated of lycopene
content that indicates the ripening process. The
degradation of chlorophyll and increased lycopene
content results in the formation of red colour during
ripening processes (Yadaz, 2009). Although, tomato
treated with 40°C of hot water treatment (T3) showed
the highest lycopene content compared to the
control. Previously, hot water treatment before
storage enhances the synthesis of lycopene in the
green and pink stage of tomatoes (Kalantari et al,
2014). Meanwhile, control fruit can reduce the
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Fig. 3. Concentration of ascorbic acid during 14 days of storage.
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Fig. 4. Lycopene content in tomato.
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accumulation of lycopene because of the cold
storage that induces chilling stress (Tadesse &
Abtew, 2016).

Total soluble solids

The tomato fruit sweetness is a factor that
affected the flavouring of tomato fruit. This
sweetness has resulted from the presence of glucose
and fructose (Stevens & Kader, 1977). In this present
study, the total soluble solids (TSS) value of tomato
fruits in all samples and control showed slightly
increased as the ripening goes on within 14 days
of storage (Figure 5). Meanwhile, there was a
significant difference between the treatment of 50°C
alone (T5) and control on day 12. The increase in
TSS is due to the hydrolysis of starch into simple
sugar and degradation of the cell wall during
ripening (Hussain et al., 2008). At the end of 14 days
of storage, control had the highest TSS value (4.1%)
compared to the other treatments. High TSS value

indicates high respiration rate and metabolic
activity and thus increase the ripening processes.

Titratable acid

Acidity is important in determining the maturity
of the fruit. There was a significant difference among
the treatments with the control on day 2, 4, 6, and
12 (Figure 6). Meanwhile, all of the treatments and
control showed a reduction of titratable acid after
14 days of storage. A declined of acidity in tomato
during the storage is resulted from the consumption
of organic acid for metabolism activity including
respiration (Bhatnagar et al., 20006).

CONCLUSION

Hot water treatment with calcium dipping can
reduce postharvest loss by the retained postharvest
quality of tomatoes and prolong the shelf life.
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Calcium chloride helps in controlling the ripening
process and reduces respiration. Since tomato fruits
are highly perishable and prone to rapid loss after
harvest, thus it is important to apply post-harvest
treatment to maintain their quality and delay the
ripening process. Thus, hot water treatment and
calcium dips are potential as postharvest treatment
and can be applied in the tomato industry to
improve the shelf life of tomato and maintain its
quality.
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