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Abstract. This study was carried out in order to investigate the effect of temperature of treatment and stor-
age on the longevity of ‘Unicorn’ tomatoes of light red maturity stage during commercial handling condi-
tions encountered while exporting over long distances. Tomato stored at 5°C and 11°C temperature with
85% relative humidity by pre-treating handling temperature that was using from field to before shipment as
a winter temperature 5°C, spring temperature 11°C and summer temperature 25°C for 3 days. On the fina
storage day, 25°C/11°C (treated/stored) tomatoes showed the highest respiration and ethylene production
rate; whereas the lowest respiration and ethylene production rate was found for 5°C/5°C treated and stored
tomatoes. Tomatoes treated and stored at 5°C/5°C showed higher marketability, without evidence of fungal
rot, decay or spots for 23 days. The fresh weight loss under al trestment conditions increased gradually dur-
ing 5°C and 11°C storage temperatures. The higher firmness and soluble solids were determined from 5°C/
5°C and 5°C/11°C treated and stored tomatoes repectively, than from others tomatoes on the finad day of
storage. In addition, 5°C/5°C tomatoes showed higher vitamin C contents than tomatoes stored at other tem-
peratures, on the final day of storage. As the ripening and storage period progressed, the titratable acidity
increased, but declined (P < 0.05) thereafter, due to over ripe tomatoes under all treatment conditions. These
results show that 5°C/5°C treated and stored light red maturity stages of ‘Unicorn’ tomatoes are optimum to
export because they show the highest storability and marketability. Moreover, the marketability of light red
maturity stage of ‘Unicorn’ tomato maintained for 2 weeks in 25°C/11°C trested and stored temperature that
might be the export temperature from Korea to Japan in summer season. This research result could be use-
ful in helping tomato growers and exporters to get optimum market value by satisfying the buyer and con-
sumer with a fresher product.
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Introduction

The shdf life of tomatoes is very short under ambient
conditions due to a high perishability. After harvesting
tomatoes, quality deterioration begins by emitting gas-
eous compounds (carbon dioxide & ethylene), reducing
physica properties (visual quality, weight and firmness),
and chemical properties (vitamin C, soluble solids, titrat-
able acidity). It mainly happens through inadequate stor-
age facilities, and due to enzymatic activities. As aresullt,
growers and/or exporters, wholesaler, retailer as well as
nations incur heavy losses in revenue. Temperature is an
important factor tomato to maintain postharvest quality
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and storability. At lower temperatures ripening is dowed;
a temperatures over 27°C, bacteria growth and rotting
may be accelerated, and above 30°C ripening may be
inhibited (Kader, 2002). Polderdijk et d. (1993) showed
that a temperature of 12°C is considered to be safe for
storege for tomatoes. Znidarcic and Pozrl (2006) reported
that tomatoes can be stored at ambient temperatures for
periods of up to 7 days. However, longer period ripe
tomatoes can be stored a a temperature of 10~15°C and
85~95% rdative humidity (Castro et a., 2005).

Roberts et d. (2002) reported that during typical com-
mercia handling, commodities are often shipped in mixed
loads, meaning that shipping temperatures may be 5°C or
lower, well below recommended temperatures for many
crops, including tomatoes. Storage and ripening recom-
mendations for tomatoes are well known, but quality
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problems associated with poor temperature management
continue to occur during distribution (Cantwell et d.,
2009). At the market interface, only produce that corre-
sponds to the expectations of the consumer is acceptable
(Tzortzakis et d., 2007). Consumers increasingly desire
high quality (visua and nutritional) tomatoes for alonger
market period, within convenient pricesin both domestic
as well as export markets. It is important to understand
the growers and/or exporters, wholesdler, retailer as well
as consumer’s desire for quality throughout the commer-
cia handling period. So, researchers should establish an
optimum condition to reduce water loss, delay softening
and extend shelf life, so as to not only prevent posthar-
vest losses, but adso generate additional revenue. The
study was carried out to investigate the effect of temper-
ature on the quality and storability of light red maturity
stage of ‘Unicorn’ tomatoes during commercia handling
when exporting over long distances.

Materials and M ethods

Hydroponics grown light red maturity stage of fresh
consumed tomatoes (Lycopersicon esculentum Mill. cv
‘Unicorn’) were harvested, washed and rinsed in chlori-
nated water (0.015% NaOCl), and stored a 5°C and 11°C
with 85% relative humidity by pre-treating handling tem-
perature that was using from field to before shipment asa
winter temperature 5°C, spring temperature 11°C and
summer temperature 25°C for 3 days.

Carbon dioxide concentration was measured by PBI
Dan sensor (Check Mate 9900) and ethylene concentra-
tion was measured by GC (2010 Shimadzu) equipped
with awax column and a flame ionization detector (FID).
The detector and injector operate a 127°C, oven was
50°C, and carrier gas (N,) flow rate was 0.67 mL/s (Park
et a., 2000). Two fruit per replicate of light red maturity
stage were placed into a sealed 125 mL plastic container
for 6 h. A 1 mL sample of the head space was withdrawn
using a syringe, to measure the ethylene concentration.

during 5°C and 11°C storage. Five panel members were
employed to assess the marketability of the tomatoes.
The fresh weight loss of tomatoes during the storage
period was measured by subtracting sample weights from
their previous recorded weights, and presented as % of
weight loss. Firmness was measured using a Rheo meter
(Sun Scientific Co. Ltd., Japan) with a maximum force of
10kg and a 6 mm diameter round stainless steel probe
with a flat end. During measurement, tomatoes were
placed on aplastic ring to keep upright. Penetrating force
(N) through the skin of the tomatoes flesh and deforma:
tion (mm) values were recorded. Vitamin C was mea
sured by RQflex plus (Merck, Germany) with mg/100 g
FW (Arvanitoyannis et a., 2005). Soluble solids was
measured by Refractometer (Atago U.SA. Inc., U.SA.)
and results were read directly in °Brix. The titratable
acidity was measured by DL 22 Food & Beverage Ana
lyzer (Metter Toledo Ltd., Kored), and results were
reported as mg/g citric acid.

1. Satidtical analysis

Graphs were produced using SigmaPlot 10 (Systat
Software, Inc., USA) and datistic anayses were per-
formed by SPSS V.18 (SPSS Inc., Chicago, USA). Sig-
nificant differences between mean vaues were determined
using the Duncan’s Multiple Range Test (P = 0.05) fol-
lowing one-way ANOVA.

Results and Discussion

During postharvest handling temperatures (5°C, 11°C,
and 25°C) treated period (0~3 days), the respiration rate
was significantly decreased (P < 0.05). As the storage
period (4~28 days) progressed, respiration rates were
increased until the 23rd day, and significantly decreased
(P<0.05) thereafter. The highest to lowest repiration
rates were produced by 25°C/11°C and 5°C/5°C tomatoes
during storage period, respectively. As temperature as
well as respiraion rate increase, the fruit quality

The percentage of marketability was subjectively assessed
on fruits based on visua quaity determinants likes mould
growth, decay, shriveling, smoothness, shininess and
homogeneity. Marketability was observed on ascae of 1
to 100 (01~39 =very bad, 40~59 =bad, 60~79 = good
(marketable), 80~99 =very good, and 100 = excellent)

decreases. Respiration rate is one of the most important
indicators of senescence in tomatoes, as are weight |0ss,
pigment content, firmness and ethylene production (Meir
et d., 1992). Hardenburg et a. (1986) reported that the
respiration rate of mature green tomatoes increased by
100% when stored at 25 to 27°C compared to storage at
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0°C. As assessing respiretion rates during storage is ben-
eficia to maintain quality (Wareham and Persaud, 1999),
5°C/5°C tomato trestment, and storage is appropriate
because of lower respiration rates.

The ethylene production rate (8.28 uLC2H4/kg/h) of
initid day was in agreement with Kader (2002) that
tomatoes produce 1.0~10.0 uLC2H4/kg/h a 20°C. Burg
(2004) reported that the optimal temperature for ethylene
production by tomatoes tissue is 27°C. Higher tempera-
tures produce higher ethylene production rates than lower
temperatures. Until the 13th day the ethylene production
rate was significantly decreased (P <0.05) at different
treatment and storage temperatures, and theresfter ethyl-
ene production rates increased and quality decreased.
Due to concerns that naturally produced ethylene from
the fruit delays ripening (Krishnamoorthy, 1982), 5°C/
5°C tomato trestment, and storage is appropriate because
of lower ethylene production rates.

It may be possible to extend tomato storability by low-
ering the respiration and ethylene production rates after
harvesting, by taking appropriate action a the store house,
during transportetion, in port, a distribution period, in
super market/outlet, in wholesalelretail shop and in the
refrigerator. Our results agreed with those of Workneh
and Osthoff (2010), in thet ethylene was found to increase
significantly with an increase in respiration rates in cli-
meacteric fruit, increasing the ripening process. In addi-
tion, our results also agreed with Krishnamoorthy (1982),
that arisein respiration rate is accompanied by increased
ethylene production.

As storage period progressed, the fresh weight loss
was significantly increased. Not only did different tem-
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peratures show different fresh weight losses, but results
were amogt linear (Fig. 2, left). 25°C/11°C treated and
stored tomatoes showed higher fresh weight loss than
other lower temperatures. Until the fina storage day, our
result did not exceed the maximum permissible weight
loss 7% (Kays and Paull, 2004). During the storage
period a 5°C/5°C, 5°C/11°C and 11°C/5°C, 11°C/11°C,
the fresh weight loss did not influence the fruit appear-
ance due to controlled humidity. It has been found that
storage duration, storage temperature and treatment have
sgnificant effects on weight loss (Javanmardi and Kubota,
2006) because higher temperatures and longer storage
times showed higher transpiration than lower tempera-
tures and shorter times.

The marketability of light red maturity stage of ‘Uni-
corn’ tomatoes, were maintained for 2 weeks under
25°C/11°C conditions, which might be the export tem-
perature from Korea to Japan during the summer season.
In contrast, 5°C/5°C, 5°C/11°C, 11°C/5°C, 11°C/11°C
tomatoes remained marketable for 3 weeks. All tome-
toes had 100% marketability until the 8th day except for
5°C/5°C, 11°C/11°C and 25°C/11°C tomatoes, which
showed 1~2% reduction. In light red tomatoes, 5°C/5°C
treated tomatoes showed the highest marketability (60%)
on the 23rd day. Cantwell et d. (2009) reported that at
5°C and 10°C, near ripe grape tomatoes remained of mar-
ketable quality for 18 and 12 days, respectively. Our
results agreed with those of Roberts et . (2002) in that
no decay occurred from any treatments during ripening
and storage for severa days beyond the light red (red-
ripe) maturity stage. In addition, there was no visible evi-
dence of chilling injury (uneven color development) due
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Fig. 1. The respiration rate and ethylene production rate of ‘Unicorn’ tomato at different treated (5°C, 11°C and 25°C for 0~3
days) and storage temperature (5°C and 11°C for 4~28 days). Vertical bars represent + SD of means (n=5).
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Fig. 2. The Fresh weight loss (%) and marketability (%) of Unicorn tomato at different treated (5°C, 11°C and 25°C for 0~3
days) and storage temperature (5°C and 11°C for 4~28 days). Marketability was scored on the scale of 1 to 100
(01~39 = very bad, 40~59 =bad, 60~79 =good, marketable, 80~99 = very good, and 100 = excellent) during storage

period. Vertical bars represent + SD of means (n =5).

to trestment and storage at low temperatures for the light
red maturity stage.

Firmnessis an important aspect of fresh tomato quality
and it decreases over time (Idam et d., 2011). It is pri-
marily dependant on the storage temperature. As firm-
ness is closely associated with the ripeness stage of the
tomato (Kader, 1986), as ripeness and storage progressed,
firmness significantly decreased (P < 0.05). High temper-
ature treated tomatoes showed lower firmness, whereas
low temperature trested tomatoes showed higher firm-
ness. During 18 days of storage, the tomatoes of lowest
firmness were those treated at 5°C/5°C, decreasing by
amost 29% over the next 28. Moreover, the firmness of
tomatoes treated at 25°C/11°C decreased by around 40%,
and 28 days later, by around 43%. Our results agreed
with Roberts et a. (2002) in that higher storage temper-
atures caused more rapid senescence. However, on the
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23rd day our results showed the minimum acceptable
firmness (16.82 N) was determined for 5°C/5°C toma
toes. If the firmness value of tomatoes is below this min-
imum acceptable vaue, they are very difficult to market.

During the postharvest handling temperature treatment
period (0~3 days) the vitamin C content significantly
decreased (P < 0.05) under dl trestment conditions. For
higher temperature trested tomatoes, the vitamin C losses
were higher than for lower temperature trested tomatoes.
As storage period and ripening progressed, vitamin C
increased and significantly decreased (P < 0.05) thereaf-
ter under al trestment conditions. Our results agreed with
those of Dad et d. (1965) that an increase in ascorbic
acid content took place with ripening, with either a con-
tinuing rise or a dight fall during the final stages of rip-
ening. On the fina day of storage, 5°C/5°C tomatoes
showed higher vitamin C than other tomatoes. As vita-
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Fig. 3. The firmness and vitamin C of ‘Unicorn’ tomato at different treated (5°C, 11°C and 25°C for 0~3 days) and storage
temperature (5°C and 11°C for 4~28 days). Vertical bars represent + SD of means (n =5).
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min C losses are accelerated at higher temperatures (Lee
and Kader, 2000) 11°C/11°C tomatoes showed about
22% more loss than 5°C/5°C tomatoes on the 28th day.
During the treated period (0~3 days) al tomatoes
showed a sharp reduction in soluble solids, but it did not
show any differentiation between higher and lower tem-
perature effects. It was found that as the ripening and
storage period progressed, soluble solids increased over a
certain period, and decreased significantly (P < 0.05) after-
wards for al tomatoes except 25°C/5°C and 11°C/5°C.
However, 25°C/5°C and 11°C/5°C tomatoes, soluble sol-
ids significantly increased during the storage period. The
highest soluble solids were observed in 5°C/11°C toma
toes followed by 5°C/5°C, 25°C/5°C, 11°C/5°C, 25°C/
11°C, and 11°C/11°C, respectively, on the final day of
storage. Our results are in agreement with those of Jav-
anmardi and Kubota (2006) in that no significant changes
in soluble solids for both room (25°C) and low (5°C)
temperature treated tomatoes occurred up to the 3rd day.
A previous report had indicated that total sugar levels
showed a generd increase, followed by stability, or a
dight decrease during ripening (Bddwin et d., 1991),
though our different temperatures showed a similar effect
during the postharvest ripening and storage period.

During the treated period (0~3 days), 5°C treated
tomatoes showed a higher citric acid content than others,
and significantly decreased (P < 0.05) under al treatment
conditions. The highest and lowest acidity value was
recorded in 5°C/5°C and 11°C/11°C tomatoes, respec-
tively, on the find storage day. Moreover, 11°C/11°C
tomatoes showed about 18% more loss in titratable acid-
ity than 5°C/5°C tomatoes on the 28th day. During the
storage period (4~28 days) under al treatment condi-
tions, titratable acidity increased gradually over a certain
period, and declined (P < 0.05) thereafter. So, our result
agreed with those of Cagtro et d. (2005) which reported
titratable acidity of tomatoes during ripening and storage
to dightly increase, and decrease afterwards. The titrat-
able acidity content of 5°C/11°C, and 25°C/5°C tomatoes
were fairly constant at 28th day. As sourness highly cor-
related with titratable acidity (Stevens et d., 1979), the
lower titratable acidity content showed higher sweetness
than higher titratable acidity contents.

During the treated period (0~3 days), 11°C treated
tomatoes showed higher sugar/acid ratio. The sugar/acid
ratio was higher due to increased sugar and decreased
acid contents during the treatment and storage period. On
thefinal day of storage, 5°C/11°C tomatoes showed higher

Table 1. The soluble solids (°Brix) of different treated (5°C, 11°C and 25°C for 0~3 days) and storage temperatures (5°C and

11°C for 4~28 days) of ‘Unicorn’ tomato.

Treatment Initial 3day 8 day 13 day 18 day 23 day 28 day
5°C/5°C 6.80% 5.75% 6.15% 6.93° 7.07¢ 7.03° 6.93%
5°C/11°C 6.80° 5.75% 6.28° 6.90° 7.15¢ 713 7.00¢

11°C/5°C 6.80% 5.907 6.00% 6.48% 6.522 6.70° 6.80°

11°C/11°C 6.80% 5.90 6.46° 6.68° 6.80" 6.572 6.30%

25°C/5°C 6.80% 5707 6.08% 6.60% 6.63% 6.65% 6.85%

25°C/11°C 6.80% 5707 6.30° 6.60% 6.85° 6.60% 6.33°

ZMean separation within columns by Duncan’s multiple range test at P < 0.05.

Table 2. The titratable acidity (mg/g citric acid) of different treated (5°C, 11°C and 25°C for 0~3 days) and storage tempera-

tures (5°C and 11°C for 4~28 days) of ‘Unicorn’ tomato.

Treatment Initial 3day 8 day 13 day 18 day 23 day 28 day
5°C/5°C 0.38% 0.322 0.40° 0.42° 0.422 0.54° 0.38°
5°C/11°C 0.38% 0.3 0.38™ 0.43° 0.45% 0.53* 0.33*

11°C/5°C 0.38% 0.307 0.30% 0.37® 0.442 0.412 0.36™

11°C/11°C 0.38% 0.30% 0.332 0.38® 0.422 0.50%* 0.31*

25°C/5°C 0.38% 0.307 0.34%® 0.43° 0.48* 0.53 0.33%

25°C/11°C 0.38* 0.30% 0.322 0.36% 0472 0.43* 0.36®

“Mean separation within columns by Duncan’s multiple range test at P < 0.05.
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Table 3. The sugar/acid ratio of different treated (5°C, 11°C and 25°C for 0~3 days) and storage temperatures (5°C and 11°C

for 4~28 days) of ‘Unicorn’ tomato.

Treatment Initial 3day 8 day 13 day 18 day 23 day 28 day
5°C/5°C 17.89% 17.972 15.38° 16.50° 16.83' 13.02° 18.24°
5°C/11°C 17.892 17.972 16,53 16.05° 15.89° 13.45¢ 21.21'

11°C/5°C 17.89° 19.67° 20.001 17.51¢ 14.82° 16.34' 18.89°

11°C/11°C 17.892 19.67° 19.58¢ 17.58° 16.19° 13.14° 20.32¢
25°C/5°C 17.89°7 19.00° 17.88° 15.35° 13.81° 12.55° 20.76°
25°C/11°C 17.897 19.00° 19.69° 18.33° 14.57° 15.35° 17.58°

ZMean separation within columns by Duncan’s multiple range test at P < 0.05.

sugar/acid ratios whereas 25°C/11°C tomatoes showed
lower (P <0 .05) sugar/acid ratios. As storage time and rip-
ening progressed, sugar/acid ratios generaly increased.
However, our result agreed with those of Mohammed et
a. (1999) in that there was a generd increase in the
sugar/acid ratio in each group, as storage time advanced.

Before exporting tomatoes, growers and/or exporters
must confirm the appropriate handling temperature for
optimum longevity. If there is a loss in quality, market-
ability will decrease. It is recommended that after har-
vesting until before exporting, the tomatoes growers and/
or exporters can keep their tomatoes under appropriate
temperatures for long distance exports. The light red
maturity stage of ‘Unicorn’ tomato at 5°C trested at the
store house, during transport, and at sea/air port, and 5°C
storage temperatures from the port onwards are appro-
priate for long distance export because of the higher
storability and marketability. Therefore, the findings of
this work should be useful in helping to tomatoes grow-
ers and/or exporters to export their tomatoes different
countries by using appropriate temperatures.
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