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The temperature of tomato and eggplant fruit was measured during distribution from
harvest in Fukuoka to arrival at a wholesale market in Tokyo. There were three critical points
to be improved where the fresh produces were possibly exposed to high temperature. First, the
produce temperature remarkably rised before pre-cooling, and at this point, the temperature
reached the maximum. Second, after pre-cooling, the fresh produces were again warmed dur-
ing sorting and packaging in the packing house in which the temperature was not controlled.
Third, the temperature increased in the packing house was remained in the truck.

Using the experimental data simulated the temperature during distribution, the effect of
temperature changes on the internal quality of fresh produces was examined. The results
showed that the temperature changes remarkably decreased the organic acid and sugar con-
tents of the fresh produces while the firmness was little affected. Therefore, it is considered
that the fresh produces should be consistently kept at low temperature by improving the critical
points during distribution in order to preserve the internal quality of fresh produces.

INTRODUCTION

Fresh produces have the feature in which the quality decreases after harvest.
Accordingly, the quality of the fresh produces is kept by the methods of low temperature
storage, CA storage and MAP in order to satisfy the consumer requirement for high qual-
ity produces. In these methods, low temperature storage is the most basic, and the fresh
produces except for those which are susceptible to chilling injury are desirable to be
consistently kept at low temperature from harvest to consumption. Therefore, cold chain
from pre—cooling at the producing district via, the cold auction room at the wholesale
market and the refrigerated truck to refrigerated showcase at retailing has been
developed in Japan. However, the temperature of fresh produces is difficult to be consis-
tently kept low. For example, the time lag from harvest to pre-cooling causes a tempera-
ture rise of fresh produces, especially under the direct solar radiation, the temperature
rises drastically as Inaba and Crandall (1988) reported on it to reach 50-55°C. Moreover,
the temperature rise is not able to be avoided when the truck is loaded up/down with the
fresh produces, and a remarkable change in temperature was actually reported by Nakano
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and Maezawa (2002). During current distribution of the fresh produces, the cool-ability
of refrigerated truck may not unexpectedly lower the produces temperature because too
many fresh produces, especially for the long distance transportation, are loaded onto the
truck. However, there are not sufficient reports that actually measured the temperature
of fresh produces during distribution nevertheless the fresh produces suffer from high
temperature and temperature change (Nakano and Maezawa, 2002).

There is possibility that the temperature rises often cause a remarkable deterioration
of the fresh produces. Not only temperature rises, but also temperature change itself may
reduce the quality of fresh produces. Akimoto et al. (1997) measured the respiration rate
of spinach under the constant temperature and the temperature periodically changing,
and indicated the respiration rate at the latter condition was higher than that at former
one. However, they measured only respiration rate, and the effect of actual temperature
change during distribution, which was considered to be more irregular, on internal quality
of fresh produces was not clear.

In this paper, the temperature of fresh produces was measured with elapsed time
from harvest to wholesale market in order to study the practical temperature control of
fresh produces during the current distribution, and the effect of the temperature change
during distribution on the quality of fresh produces was examined.

MATERIALS AND METHODS

Measuring the temperature during distribution

Tomato fruits (Lycopersicon esculentum Mill. cv. AS73) and eggplant fruits
(Solanum melongena L. cv. Chikuyo) were harvested in the morning on 23 June at the
farm in Fukuoka Prefecture. These produces were practically handled as shown in Table
1. The temperature of tomato fruits were not controlled until pre-cooling at 7°C by the
room cooling. After pre—cooling, the tomato fruits were sorted, packaged, and loaded
onto a refrigerated truck of which setting temperature was 7°C. These handlings were

Table 1. Time schedule of handling and temperature during distribution of fresh produces.

Date Time Handling Setting temperature
Tomato 23 June 9:00 Harvest none
18:00 Aggregate fruits none
18:00-8:00 Pre-cooling 7°C
24 June 16:30 Sorting and packaging none

17:00 Loading none
17:30- Transportation 7°C
25 June 15:00 Arrival at a wholesale market none
Eggplant 23 June 9:00 Harvest none
11:00 Aggregate fruits none
14:00 Sorting and packaging none
16:30 Loading none

17:30 — Transportation 7°C .

24 June 12:50 Arrival at a wholesale market none
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done in packing house in which the temperature was not controlled. The eggplant fruits
were almost similarly handled to the tomato fruits except for pre-cooling, because egg-
plant fruits were susceptible to chilling injury (Kozukue et al., 1979; Fallik et al., 1995).

The temperature of fresh produces was measured by inserting sheathed temperature
sensor into the center of tomato fruit, or embedding the button type temperature loggers
in the center of eggplant fruit from farm in Fukuoka to wholesale market in Tokyo.
Ambient temperature near the fresh produces was also measured by the button type tem-
perature logger which was fixed on the side of container before packaging, and on the
inner wall of the corrugated cardboard box after packaging. After loading the fresh pro-
duces onto the truck, the temperature in the body of truck was also measured by the but-
ton type temperature loggers fixed on the side wall of the body.

Measuring the quality of fresh produces

Tomato fruits (Lycopersicon esculentum Mill. cv. Momotaro) and eggplant fruits
(Solanum melongena L. cv. Hakata—naganasu) were stored at a constant temperature of
7°C, and 10°C, respectively. In addition, these produces were set in a programmable
incubator (Yamato Scientific Co, Ltd., IL700) which simulated the temperature during
distribution from harvest to the wholesale market described above. The storage periods
of all experiments including the constant temperature tests were equal to the period from
harvest to the wholesale market arriving.

Firmness, sugar content, and organic acid content of the fresh produces were mea-
sured before and after storage. After measuring firmness, 5g of juices were made by
homogenizing individually these five fruits, and each were diluted with 75% acetonitrile to
make samples for analyzing sugar content by HPLC (Shimadzu Co., LC10-AD, detector:
RID-10A, column: Shodex Asahipak NH2P). For analyzing organic acid content by HPLC
(Shimadzu Co. LC10-AD, detector, CDD-6A, column: SCR-102H), further 5g of juices
were squeezed, and were diluted with distilled water.

RESULTS AND DISCUSSION

Temperature during distribution

The temperature of the fresh produces is shown in Fig. 1. The temperature of tomato
fruit in the greenhouse after harvest was 29.5°C, then increased with elapsed time until
pre—cooling. The maximum temperatures of tomato fruit and ambient reached 35.2°C
and 39°C, respectively. Such high temperatures resulted from placing tomato fruits in
greenhouse for a long time. Woolf et al. (1999) showed that the temperature of avocado
fruit on the side exposed by direct solar radiation regularly exceeded 35°C, while the
ambient temperature never exceeded 25°C, and they reported the temperature of
exposed fruit reached 10-15°C above ambient temperature. Woolf et al. (2000) similarly
reported on the difference of temperature between exposed and unexposed fruits by
solar radiation. In this measurement, tomato fruits were not exposed by direct solar
radiation. If the fruits were exposed, the temperature might reach to 50-55°C as
reported by Inaba and Crandall (1998). At the end of pre-cooling, the tomato fruit tem-
perature reached to the minimum temperature of 8.7°C which was closed to the setting
temperature of 7°C in the pre-cooling room. After pre-cooling, the tomato fruit and



216 D. NEI et al.

60 Precooling Tomato
D Sorting, packin;
go/ 40 el Liading, transponin%l
g ﬁ\ E Inside of the truck
Q 1
g 20 h Pa
= Ambience
Produce
0 ! L L
9:11 1:11 17:11 9:11
623  6/24 6/25
60
—_ Sorting, packing Eggplant
8 i Loading, transporting
B 40 i
*5 g™ NPT Produce
g N
Ambience Inside of the truck|
0 1 ! 1
9:30 17:30 1:30 9:30
6/23 6/24
Time

Fig. 1. Changes in temperature of tomato and eggplant fruits
during distribution from farm in Fukuoka to wholesale
market in Tokyo.

ambient temperatures remarkably increased until the tomato fruits were loaded onto the
truck. These temperature rises were caused by natural temperature condition of packing
house. After loading, the tomato fruit temperature gradually decreased in the truck,
finally reached to 19.5°C at the arrival of a wholesale market in Tokyo. During
transportation, there was a large difference between the temperature actually measured
and the setting temperature of 7°C in the truck. It is suggested that the cool-ability of
the refrigerator in the truck was insufficient. The cooling load of fresh produces was too
large because of a large amount of loadage, and the respiratory heat of produces.
Moreover, the thermal insulation effect of corrugated cardboard box was considered to
inhibit the tomato fruits from being cooled.

The initial temperature of eggplant fruit was 33.5°C. Until loading onto the truck, the
temperature of eggplant fruit fluctuated between 30°C and 33.5°C. After loading the
eggplant fruits onto the truck, both of the eggplant fruit and ambient temperatures gradu-
ally decreased until the truck arrived at the wholesale market. At the wholesale market,
the temperature of eggplant fruit reached to the minimum temperature of 29°C which
was remarkably higher the setting temperature of 7°C in the truck. The reason was
similar to the case in tomato: a large cooling load and the thermal insulation effect of cor-
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rugated cardboard were considered to inhibit the eggplant fruits from being cooled.

In this experiment, three critical points to be improved where the fresh produces
could be exposed to high temperature were observed. First, the produce temperature
remarkably rised before pre—cooling, and at this point, the temperature reached the maxi-
mum. Second, after pre-cooling, the produces were again warmed when the produces
were sorted and packaged in the packing house under the natural temperature condition.
Third, the heat stored at sorting and packaging after pre—cooling might be remained in
the truck. In order to achieve the severe temperature control, and to supply the high
quality produces, it was required to make improvement upon these critical points during
distribution.

The effect of temperature during distribution on the produces quality

The temperature which were simulated the distribution temperature history by the
programmable incubator was demonstrated in Fig. 2. The simulated temperatures rela-
tively agreed with those actually measured. Accordingly, it was reliable to carry out the
experiments under the simulated temperatures in order to examine the effect of
temperature during distribution on the internal quality of fresh produces.

Fig. 3 shows the changes in firmness of the tomato and eggplant fruits before and
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Fig. 2. Temperature history which was simulated and actually
measured during distribution of tomato and eggplant
fruit.
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Fig. 3. Firmness of tomato and eggplant fruits before ((1) and after (M) storage. Data
are the mean of 5 fruits.

after storage at 7°C for tomato fruits, at 10°C for eggplant fruits, and at the simulated
temperature during distribution for both fruits. The initial firmness of tomato fruits was
about 15N. After storage, the firmness was a little increased at 7°C, in contrast, that was
slightly decreased at the simulated temperature. Before storage, firmness of eggplant
fruits was about 13N, and then firmness was increased at the simulated temperature, on
the other hand, it was decreased at the constant temperature of 10°C. The difference in
the firmness between before and after storage was a little, so that the effect of tempera-
ture during distribution on the firmness of the tomato and eggplant fruits was considered
to be negligible for such a short term storage.

Fig. 4 shows citric and malic acid contents of tomato fruits before and after storage.
The initial citric and malic acid contents of tomato fruits ranged from c.a. 4.0 to 4.5 (g
gFW™), and c.a. from 0.3 to 0.4 (mg gFW™), respectively. Citric acid was mainly con-
tained in tomato fruits, and malic acid which was about 10% of citric acid followed, as also
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Fig. 4. Organic acid contained in tomato fruits before ((J) and after (l) storage. Data
are the mean of 5 fruits.
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reported by Maezawa et al. (1993). Citric acid content after storage at 7°C and at the
simulated temperature were 90%, and 79% of initial values, respectively. Similarly, malic
acid decreased during storage, and malic acid contents after storage at 10°C, and at the
simulated temperature were 82%, 58% of initial values, respectively. Auerswald et al.
(1999) reported the decrease of titratable acid in the 4-day storage at 20°C. In this
study, the decrease of organic acid content, though it could not simply compare with
titratable acid, was also obtained in the storage. The decrease of citric and malic acid
contents at the simulated temperature was remarkable in comparison with those at the
constant temperature of 7°C for tomato fruits. It is considered that the respiratory
metabolism of tomato fruits by which citric and malic acids were consumed was promoted
by high temperature of tomato fruits. However, considering the decrease of malic acid of
tomato fruits at simulated temperature was very high, the decomposition of malic acid
into other acids might be also promoted in addition to consumption in respiratory
reaction. Anyway, it appears that high temperature or temperature change itself during
distribution considerably decreases citric and malic acid contents of tomato fruits.
However, for eggplant fruits in which malic acid was mainly contained as reported by
Kodukue et al. (1978), there was no significant difference in the rate of decrease of
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Fig. 5. Organic acid contained in eggplant fruits before ([J) and after () storage.
Data are the mean of 5 fruits. )

organic acid content regardless of temperature conditions (Fig. ).

Fig. 6 indicates the sugar content of tomato and eggplant fruits. The initial sugar con-
tent of tomato fruits ranged from c.a. 40 to 48 (img gFW™), and decreased during storage
regardless of temperature conditions. The decrease of sugar content of tomato fruits at
the simulated temperature was greater than that at the constant temperature of 7°C.
After storage, sugar contents of tomato fruits at the constant temperature of 7°C, and at
the simulated temperature were 98%, 79% of initial values, respectively. For eggplant
fruits, the sugar decrease was also promoted at the simulated temperature: the sugar
contents of eggplant fruits after storage were about 91% at 10°C, and 54% at the simu-
lated temperature of initial values. The decrease of sugar content of eggplant fruits at the
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Fig. 6. Sugar content of tomato and eggplant fruits before () and after (M) storage.
Data are the mean of 5 fruits.

simulated temperature was remarkable. The consistently high temperature during egg-
plant distribution from harvest to a wholesale market was considered to promote the
respiratory reaction in which sugar was consumed as major respiratory substrate.

The high temperature or temperature change during distribution little influenced the
firmness of tomato fruits and eggplant fruits. However, the fresh produces were exposed
to a danger which caused the deterioration of internal quality such as sugar and organic
acid contents. If keeping quality of the fresh produces is preferential, it is ideal that the
fresh produces are pre—cooled as soon as possible after harvest, and was sorted and pack-
aged in a packing house air-conditioned. In Japan, the truck transportation tends to be
loaded a lot of fresh produces to cut down a transportation cost. However, considering
that the fresh produces are required not only to be reasonable, but also to be high quality
for consumers, the load quantity is needed to be reduced as the fresh produces are suffi-
ciently cooled for the quality preservation.

CONCLUSION

In the current distribution, fresh produces are possibly exposed to a danger of being
placed under high temperature, especially, before pre—cooling, during sorting, packaging,
and in the refrigerated truck loading with a large amount of produce packages. Such high
temperature or temperature change during distribution could induce the decreases of
sugar and organic acid contents of the fresh produces in a short period such as from har-
vest to wholesale market. Therefore, in order to supply the high quality of fresh pro-
duces, the temperature control must be improved before pre—cooling, during sorting,
packaging, and in the refrigerated truck.
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