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A method was proposed to reduce the amount of shock experienced by cherry cargos being
shipped from Japan’s Yamagata Prefecture to Taipei, Taiwan. In this study, cherries were first
packaged in500g plastic containers, which were then loaded into corrugated fiberboard containers two
packages per container. A total of10such corrugated fiberboard containers were then loaded into a
larger corrugated fiberboard packaging container. This packaging style was found to reduce shock
acceleration at the very bottom by half as compared to the ordinary shipping method, in which three
two-package boxes were fastened together with the help of plastic bands. Consequently, shock-induced
damage to the cherries during export was significantly decreased. In addition, we investigated the
shock absorbing effectiveness of the selected cushioning material. We determined that five-mm-thick
urethane sheeting could decrease shock acceleration at the very bottom by 1/2.4~1/3.7 and that
adding additional sheets could decreased the shock even further. However, we also found that the
sheeting other than one at the bottom did not provide sufficient cushioning effects.

(Received May 16, 2011 ; Accepted Nov. 21, 2011)
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Effect of the Amount of Nitrogen Application and Ratio of Nitrate
and Ammonia Nitrogen on Bitterness and Yield of Cucumbers
(Cucumis sativus L. ‘Kema’) in Hydroponics

18

KaeTrsu Keiko*™'*, Morikawa Shinya®', Nakamura Kenji** and ABe Kazuhiro™?

% 1 Research Institute of Environment, Agriculture and Fisheries, Osaka Prefectural Government,
442 Shakudo, Habikino—shi, Osaka 583-0862
* 2 Especmic Corp, 3—11-17 Ikeda, Neyagawa—shi, Osaka 572-0039
* 3 Graduate School of Agriculture and Biological Science, Osaka Prefecture University,
1-1 Gakuen—cho Naka—ku, Sakai—shi, Osaka 599-8531

The purpose of this study was to establish a deep - flow hydroponic culture system to reduce the
degree of bitterness in cucumbers (Cucumis sativus L. ‘Kema’) which consumers do not favor. The effect
of the amount of nitrogen application and the ratio of nitrate and ammonia nitrogen on the degree of
bitterness and yield of ‘Kema’ cucumbers grown in hydroponics was analyzed. Commercially available
90% nitrate nitrogen and 10% ammonia nitrogen fertilizers were used for this study. In conventional
cultivation, cucumbers were cultivated with 1/2 units of standard (Ohtsuka-A) nutrient solution. The
‘Kema’ cucumbers cultivated with 2/3 units of standard nutrient solution were more bitter in taste
than the ones cultivated with 1/3 units of standard nutrient solution. ‘Kema’ cucumbers cultivated
with less nitrate nitrogen were less bitter in taste than the ones cultivated conventionally. Moreover
‘Kema’ cucumbers cultivated with less nitrate and more ammonia nitrogen showed more yield than
the ones cultivated conventionally. These findings suggest that the bitterness of ‘Kema’ cucumbers is
related to the amount of nitrate nitrogen; additionally, hydroponic cultivation utilizing less nitrate and
more ammonia nitrogen can help maintain the yield.

(Received Sep. 21, 2011 ; Accepted Dec. 12, 2011)

Key words . ammonia nitrogen, cucumber, bitterness, hydroponics, nitrate ion concentration
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amount of nitrogen in the hydroponic solution during
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Effect of the amount of nitrogen application and

B : Nitrate nitrogen ; [J] : Ammonia nitrogen
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N=10% :90%) ; 2/ 3-55% . 2/ 3 units of standard solution
(NH,-N : NOs-N=55% : 45%) ; 1/2-40% : 1/ 2 units of
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/ 3 units of standard solution (NH.-N:NO:;-N=10% : 90%)

“: Different letters indicate significant difference between the
means at a 5% level (Fisher’s least significant difference
[LSD] test)
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Fig. 2 Effect of the amount of nitrogen application and
the ratio of nitrate and ammonia nitrogenon the total
number of harvested ‘Kema’ cucumbers
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Influence of Cultivation Method on the Functional Components
of Persimmon Leaf Tea
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The influence of cultivation method on the functional components of persimmon leaf tea was
investigated using cv. ‘Saijo’. Suitable cultivation methods are as follows : @ heavy pruning during
winter for the formation of succulent shoots, @ application of double the regular quantity of fertilizer
to enhance tree growth, and (® harvesting of all succulent shoots at each harvest. The leaves
harvested in August showed about 50~70% lower ascorbic acid concentration than those harvested in

June, resulting in a different leaf quality.

(Received Apr. 11, 2011 ; Accepted Nov. 7, 2011)
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Effects of 1-Methylcyclopropene on the Postharvest Quality
of Komatsuna (Brassica rapa L. Perviridis Group)

Toxucur Takahiro*, Suzukr Yasuo* and Terar Hirofumi*®

*  Graduate School of Agricultural Science, Kobe University, Rokkodai—cho 1-1, Nada—ku, Kobe 657-8501

Komatsuna (Brassica rapa L. Perviridis Group) rapidly turns yellow and degrades at ambient
temperature after harvest. The effects of 1-methylcyclopropene (1-MCP) treatment on the postharvest
quality of komatsuna were investigated. Komatsuna was treated without (control) or with 0.1, 0.5, or
146/ ¢1-MCP for 24 h at 20C in the dark, and then stored in a perforated polyethylene bag at 20T
in the dark. In the control, yellowing was observed on the tops of the leaves, and the score was less
than 4 on day 3. 1-MCP treatment delayed yellowing, and komatsuna treated with 0.1, 0.5, and 1x¢/
¢ 1-MCP started to yellow on days 4, 5, and 6, respectively. The chlorophyll a and b content was
significantly higher in komatsuna treated with 1x¢/ ¢ than in the others on day 3, and, thereafter, the
decrease was retarded. The decrease in chlorophyll content reflects yellowing. 1-MCP treatment
reduced weight loss and was likely to suppress carbon dioxide production to a greater extent than
that observed in the control. In comparison with the control, 1#¢/ ¢ 1-MCP treatment drastically
suppressed the decrease in ascorbic acid and [-carotene content during storage. These results
demonstrate that 1-MCP treatment is useful for the retention of komatsuna quality during storage.

(Received May 30, 2011 ; Accepted Dec. 5, 2011)

Key words : komatsuna, 1-MCP, quality
a=vJ, 1-McP, WwH

Komatsuna (Brassica rapa L. Perviridis Group), a

leafy vegetable, is produced throughout Japan
because of its short growing period and its ability
to adjust to various environments. It contains large
amounts of vitamins and carotenes”?. After harvest,
its outer leaves rapidly turn yellow at ambient
temperatures. It has been reported that when it is
stored at 28C in the dark, the chlorophyll and
ascorbic acid contents in the leaves decrease to
20% of their initial value in 3 days”. The greenness
of the leaves is an important quality index, and the
retention of this quality during distribution is
valuable.

Ethylene production is related to yellowing of
leaves through chlorophyll degradation in some leafy
vegetables after harvest. Application of an inhibitor
of ethylene action or of ethylene synthesis to
vegetables and fruits is an effective way to control
the effect of ethylene.
MCP),

ethylene action”. 1-MCP has been permitted for use

1 -Methylcyclopropene (1 -
a competitive inhibitor of ethylene, inhibits

towards postharvest quality retention of many

horticultural crops in various countries”. Many

studies have been conducted on the effects of 1-
MCP on fruits and flowers, but only a few have
1 -MCP
treatments have been reported to prolong the shelf

focused on leafy vegetables”. So far,
life of some leafy vegetables, including coriander
leaves”, sweet basil”, parsley”, rocket'”, and Asian
leafy vegetables" . Furthermore, 1-MCP treatment
delays the development of russet spotting in lettuce
induced by exogenous ethylene, and increases its
storage life®'”. On the other hand, 1-MCP does not
improve the shelf life of Chinese cabbage™.
Therefore, this study was conducted to clarify the
effects of 1-MCP treatment on the shelf life and

postharvest quality of komatsuna.
Materials and methods

Fresh komatsuna (B. rapa L. Perviridis Group) was
(Kobe,
Japan). Komatsuna of average size that was sound

purchased from Sinkakobeseika Co., Ltd.

was selected for use. The roots were dipped in
1% sodium hypochlorite solution and rinsed with
distilled water.

The komatsuna was treated without (control) or

§ Corresponding author, E-mail : terai@kobe-u.ac.jp
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with 1-MCP (Smart Fresh™ 0.14% A.L, Rohm and
Haas, Tokyo, Japan) at concentrations of 0.1, 0.5, or
14/ ¢, in a 24.8 ¢ polyethylene container sealed
with a rubber stopper for 24 h at 20C in the dark.
After 1-MCP treatment, the komatsuna were placed
in a polyethylene bag (0.03 x 355 X 450mm) with 4
punched holes (¢ 5mm). The bags were stored at
20C in the dark until analysis. The day on which 1
-MCP treatment was started was defined as day 0.
The quality of the leaves was evaluated visually
according to changes in freshness and yellowing of
leaves, as follows : 5 =fresh without any yellowing,
= acceptable for consumers with a slight loss of
freshness, 3 =yellow at the leaf apex, 2 =one-half
of the leaf blade yellow, 1 =entire leaf blade yellow.
Chlorophyll was assayed according to the method
of Moran'"’. Leaf samples (0.5g) were immersed in
30m¢ of N,N-dimethylformamide and stored overnight
at 5C in darkness. The chlorophyll content was
determined by measuring the absorbance of the
solvent at 647 and 664nm. B-Carotene content was
assayed according to the method of Ovanacr and
Anp0"”. 1-Ascorbic acid (AsA) and 1-dehydroascorbic
acid (DHA) content was assayed, according to the

¥ Leaf samples (0.5g) were

method of ROE er al.
taken on the day of measurement.

To measure carbon dioxide production, komatsuna
were placed in a 3,360m¢ container. The containers
were sealed for 1 h at 20C, and the headspace
gas was withdrawn with a syringe. The carbon
dioxide concentration was determined with a TCD
gas chromatograph (GC — 8 A, Shimadzu, Kyoto,
Japan), using a Porapak Type Q column (Waters
Corp., Milford, MA). The injector, column, and
and 100C ,

carbon

detector temperatures were 100, 90,

respectively. The results of dioxide
production on a fresh weight basis were reported

as m¢ - kg™ - s
Results

1. Effects of
quality

1-MCP treatment on the visual

Komatsuna was stored for 7 days at 20C in the
dark following treatment with 1-MCP for 24 h. The
quality score is shown in Fig.1, and marketability
was considered lost at scores less than 4. The
scores for each treatment continued to diminish
In the
observed on the tops of the leaves, and the score
was less than 4 on day 3. Treatment with 1-MCP

during storage. control, yellowing was

5
4
v 3
=]
A =—¢— Control
2T —g=01ul/t
] == (05 ul/L
-—= 1 ul/l
0 '] ] '] ] ] ] ]
0 1 2 3 4 5 6 7
Days in storage
Fig. 1 Changes in quality value of komatsuna during

storage at 20C

Komatsuna was treated without (control ()) or with 1-MCP
at 0.1 (D), 0.5 (&), or 1 (O) /¢ for 24 h. Vertical bars
are the SE of 4 replications.

delayed vyellowing ; komatsuna treated with
0.1, 0.5, and 1x¢/ ¢ 1-MCP showed scores below
4 on days 4, 5, and 6, respectively. At the end
of day 7, the scores were 1.5 for the control
komatsuna and 2.3, 2.5, and 2.8 for those treated
with 0.1, 0.5, and 1 #¢/ ¢ 1-MCP, respectively.
These indicate that 1-MCP
prolongs the shelf life, and that treatment with 1

results treatment
/€ was the most effective.
2. Effects of 1-MCP treatment on chlorophyll

content

Changes in the content of chlorophyll a and b
during storage after 1-MCP treatment are shown in
Fig. 2. Until day 2, there were no changes in
chlorophyll a content in all treatments including
control. After day 3, chlorophyll a levels started to
decrease. However, the chlorophyll a levels were
significantly higher in komatsuna treated with 1 u¢/
¢ than in the others on day 3, and thereafter, the
retarded. The
chlorophyll b content during storage were similar to

decrease was changes seen in
those seen with chlorophyll a.
3. Effects of 1-MCP treatment on weight loss
The rates of weight loss during storage after
treatment with various concentrations of 1-MCP are
shown in Fig. 3. Progressive weight loss was
observed after all treatments during the storage
period. The rates of weight loss at the end of
storage were 12.7, 11.4, 11.1, and 10.3% for the
control and 0.1, 0.5, and 1 ¢/ ¢ 1-MCP-treated

komatsuna, respectively. These results indicate that
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Fig.2 Changes in chlorophyll a (A) and b (B) contents
of komatsuna during storage at 20T
Komatsuna was treated without (control (@)) or with 1-MCP

at 0.1 (D), 0.5 (&), or 1 (O) ue/ ¢ for 24 h. Vertical bars
are the SE of 4 replications.
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Fig. 3 Changes in weight loss of komatsuna during

storage at 20C

Komatsuna was treated without (control (@)) or with 1-MCP
at 0.1 (D), 0.5 (&), or 1 (O) /¢ for 24 h. Vertical bars
are the SE of 4 replications.

1-MCP treatment tends to reduce weight loss
during the storage of this vegetable in a dose-
dependent manner.
4. Effects of 1-MCP treatment on carbon dioxide
production
The rate of carbon dioxide production during
storage after 1-MCP treatment is shown in Fig. 4.
Carbon dioxide production increased from day 4 in
the control. The
production from komatsuna treated with 0.1x¢/ ¢ 1-

pattern of carbon dioxide
MCP was similar to that of control komatsuna.
Komatsuna treated with 0.5 and 1 ¢/ ¢ exhibited
similar drifts in carbon dioxide production, and
these values were more likely to be suppressed
than those in the control komatsuna, except during
days 3 ~5.
5. Effects of 1-MCP treatment on ascorbic acid

content

Changes in AsA and DHA content during storage
after 1-MCP treatment are shown in Fig.5. The
AsA content of the control komatsuna consistently
decreased during storage, especially from day 0 to
day 3. The rate of decrease in AsA during storage
was progressively suppressed upon treatment with
increasing concentrations of 1-MCP. There were no
differences in AsA content between control and 0.1
10/ ¢ 1-MCP-treated komatsuna, except on day 5.
Treatment with 14¢/ ¢ 1-MCP drastically suppressed
the decrease in AsA content during storage, in
The DHA

content, which was low compared to that of AsA,

comparison with that in the control

140
E 120 F e=@= Control
S =0=0.1u¢/¢
§ 100 e=te=05p0/¢
E g =014/t
=
S
£ 60 F
5 ¢
= )
S 40
o
8 20

O '] '} '] '} '} '} ']

Days in storage
Fig. 4 Changes in CO. production of komatsuna during
storage at 20C

Komatsuna was treated without (control (4)) or with 1-MCP
at 0.1 (D), 0.5 (&), or 1 (O) ul/ ¢ for 24 h. Vertical bars
are the SE of 4 replications.
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_ at 0.1 (D), 0.5 (&), or 1 (O) ue/ ¢ for 24 h. Vertical bars
E 6 are the SE of 4 replications.
o
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g
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L r =0=1 0/ could delay the vyellowing of komatsuna during
0 1 1 1 1 1 1 . storage (Fig.1). The decrease in chlorophyll content

Days in Storage

Fig.5 Changes in reduced ascorbic acid and
dehydroascorbic acid contents of komatsuna during
storage at 20C

Komatsuna was treated without (control (@)) or with 1-MCP
at 0.1 (D), 0.5 (&), or 1 (O) ue/ ¢ for 24 h. Vertical bars
are the SE of 4 replications.

was almost constant during storage and was not
affected by 1-MCP treatment.
6. Effects of 1-MCP treatment on p-carotene

content

Changes in the content of f-carotene during
storage after 1-MCP treatment are shown in Fig. 6.
The P-carotene content of the control komatsuna
started to decrease at day 1, and consistently
decreased thereafter. There were no differences in
B-carotene content between control and 0.1x/ ¢ 1-
MCP-treated komatsuna from day 1 to day 6. The B
- carotene content was significantly higher in
komatsuna treated with 1 ¢/ ¢ 1-MCP than in the
control komatsuna during storage.

reflected the yellowing and reduced marketability of
the leaf vegetable. While treatment with 0.1x4¢/ ¢ 1-
MCP showed little effect compared to control, the
14/ ¢ 1-MCP treatment was very effective in
delaying yellowing. The period of marketability of
komatsuna treated with 1 ¢/ ¢ 1-MCP was 5 days,
while that of the control was 3 days; in other
words, 1-MCP treatment prolonged the period of
marketability by 2 days (Fig.1). These results show
that treatment with 1-MCP at a concentration of 1
18/ ¢ is sufficient for maintaining the greenness of
komatsuna.

1-MCP is an inhibitor of ethylene action and
prevents ethylene effects in a broad range of fruits,
vegetables, and ornaments” . Because of its
mechanism of action, its effects on climacteric fruits
have been investigated in detail”. The effect of 1-
MCP on leafy vegetables has not been studied in
depth because they generally produce very low
although

endogenous ethylene is related to senescence. 1-MCP

levels of ethylene, in some of them,

extends the shelf life of coriander leaves”, sweet
basil’, parsley”, mizuna”, and tatsoi”, while in

10)

rocket', pak choy, Chinese mustard, choy sum, and

garland chrysanthemum', 1-MCP is effective only in
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the presence of exogenous ethylene. A climacteric-
like peak in ethylene production has been observed
in coriander leaves” and sweet basil” after harvest,
but not in parsley”. As far as we know, there is no
information about such a pattern in mizuna and
tatsoi. Thus, we might not be able to attribute the
effects of 1-MCP treatment to its inhibitory effect
on the action of ethylene produced after harvest.
However, it has been reported that the threshold
level for ethylene action on non-climacteric produce
is well below 0.005¢¢/ ¢ and that such low levels of
ethylene are sufficient to exert a detrimental effect

®  Taking this into consideration,

on postharvest life
undetectable levels of climacteric-like ethylene might
be related to the

vegetables. In this study,

senescence of some leafy
1-MCP treatment was
found to be effective in prolonging the greenness of
komatsuna. Thus, we cannot exclude the possibility
that endogenous ethylene might be related to
Further

ethylene and 1-MCP treatment in the presence of

senescence. studies on the effects of
exogenous ethylene, on the greenness of komatsuna,
and on ethylene production during storage are
required to understand the availability of 1-MCP to
a greater extent.

Weight loss of vegetables during storage is an
important factor that determines the quality of leafy
vegetables. In this study, 14¢/ ¢ 1-MCP had the
effect of inhibiting this weight loss, a finding similar
to that seen in sweet basil”. Treatment with 1 uf/
¢ significantly reduced carbon dioxide production

compared to control, except for days 3 ~5 (Fig.4).

These data indicate that treatment with 1 44/ ¢ 1-
MCP
effectively maintained the freshness of komatsuna.

reduced weight loss and respiration and
Green leafy vegetables, including komatsuna, are
rich in antioxidants, including ascorbic acid and
carotene, and it is important to maintain their
content in order to retain their quality during stor
1-MCP treatment effectively
acid and - carotene

age. In this study,
maintained ascorbic levels
during storage (Figs.5 and 6). Although it is not
known if ethylene directly regulates the amount of
these antioxidants, similar results have been
reported for total ascorbic acid content in lettuce®
and for DHA in spinach®. Our experiments suggest
that 1-MCP treatment is useful for maintaining the
quality, including vitamins and B-carotene content, of

komatsuna.
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Ethylene Production Rate: A Sensitive Indicator
for Determining the Occurrence of Mechanical Stress
in Tomato Fruits
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% 1 National Food Research Institute, National Agriculture and Food Research Organization,
2—1-12, Kannondai, Tsukuba, Ibaraki 305-8642
% 2 New Energy and Industrial Technology Development Organization,
1310 Omiya, Saiwai, Kawasaki, Kanagawa 212-8554
% 3 Graduate School of Life and Environment Sciences, University of Tsukuba,
1-1-1, Tennodai, Tsukuba, Ibaraki 305-8572

Mechanical stresses, including impact stress, play an important role in changes of physiological,
biological, eating, and appearance quality of horticultural produces. In this study, the effect of slight
impact on the respiration and ethylene production of mature green tomato fruits was examined. First,
to exclude changes in respiration and ethylene production derived from the climacteric during
experiments, an attempt was made to accurately judge the ripening stage from the rate of ethylene
production. No climacteric rises were observed at least within 48 h if the initial ethylene production
was less than 8.2 nmol/kg/h. Tomato fruits, identified as mature green by this screening test, were
dropped from 5 cm height for 1, 3, or 10 times. Their respiration and ethylene production greatly
increased as a result of these very slight impacts when the fruits were dropped. Interestingly,
ethylene production of the fruit was promoted by even a single drop from 5 cm, and the increase in
ethylene production was more apparent than that of respiration. Moreover, 1-methylcyclopropene (1-
MCP) treatment did not inhibit the increase in both of ethylene production and respiration rate caused
by dropping the fruits 10 times. From these results, ethylene production seems to be the most
predominant factor indicating the physiological change in tomato fruit which was treated with a slight
impact, since the injury symptom is not always visible after the physical stress. The ethylene
production rate, therefore, should be taken into consideration as one of sensitive indicators for
determining the occurrence of mechanical stress in tomato fruits. Furthermore, ethylene production
rate might be used as a basic screening parameter for selecting tomato fruits used in study of the
effects of chemical and physical treatments on the metabolism and quality of postharvest horticultural
produce.

(Received Jul. 11, 2011 ; Accepted Dec. 14, 2011)

Key words : [-methylcyclopropene (1-MCP), ethylene, mechanical stress, respiration rate, tomato
1-AFVvirzurury, =FLy, PREE, b PEAFLX

Loss of harvested fresh produce in Japan was injury; the symptom is not always

visible
immediately after the physical stress”®. Mechanical

2004”. The losses are closely related to the various
handling procedures from field to consumption”.
Among the many factors involved, mechanical injury
is responsible for considerable losses”?. Both fruits
and vegetables are vulnerable to mechanical injury.
Even a slight impact often causes some symptom of

injury on the surface of fresh produces, whether
visible or not, can constitute a pathway for fungal
infection”. Consequently, the resultant diseases can
be a major cause of loss of fruits and vegetables.
Mechanical injury may also adversely affect

quality”, for example through accelerated ripening

§ Corresponding author, E-mail address : shiina@affrc.go.jp
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impaired flavor, and

7),9)~13)

with inferior appearance,

consequent loss of marketability Mechanical
injury may also increase respiration and ethylene
production, thereby decreasing the quality of the

W=9 " since internal components are

fresh produce
consumed in the respiratory process, and ethylene
is well known as an “aging hormone”. MACLEOD et
al. reported increases in the respiration rate and
ethylene production of mature green tomatoes
dropped from a height of 40 cm'. They suggested
that the more times the fruits were dropped, the
higher the respiration rate and ethylene production.
However, low temperature (4 C) has been reported
to inhibit the effect

respiration rate and ethylene production in apricot

of mechanical injury on
for a drop from 30 cm'. In other previous studies,

enhancement of respiration rate and ethylene
production in plum by a force of 50 N was
inhibited by

Additionally, increases in respiration and ethylene

calcium and heat treatment™.

production during ripening of injured apricots were
inhibited by of 1-
methylcyclopropene (1-MCP)".

retarded and/or application

Although several studies have focused on changes
in the respiration and ethylene production caused
by mechanical injury, little is known about the
influence of very slight shock on the respiration and
highly
distribution system, especially in advanced countries,

ethylene production. In a developed
very slight impacts are more frequent than the
relatively intense impacts simulated by dropping
from 30 cm or more. Accordingly, one objective of
this study is to investigate the influence of slight
impact (dropping from a height of 5 cm) on
respiration and ethylene production in mature green
tomato fruits.

In addition, the

treatment on the

effect of 1-MCP
respiration and

inhibitory

changes in
ethylene production was also examined in order to
provide useful information for the distribution chain
of the fresh produce. By visual determination, used
in most other studies, ripening may already be
initiated in some fruits classed as mature green.
When the
climacteric fruits such as tomatoes, it is necessary

experiments are conducted with

to determine the stage of ripening with high

accuracy since ripening may affect the results.

Inevitably, changes in respiration and ethylene

production caused by the mechanical injury would

not be distinguishable from those caused by

ripening. Therefore, to eliminate the effects of

ripening and climacteric rise on experimental
samples and subsequent results, another aim of this
study is to propose a new screening method for
determination of mature green tomato fruits. This
method  will

selection  for

improve the accuracy of sample

future studies relating to the

metabolism and quality changes of postharvest

produce.
Materials and methods

1. Plant materials

Fruits of tomato (Lycopersicon esculentum Mill. cv.
Momotaro, a popular and common variety in
Japan) were obtained from a commercial farm in
October and November 2004, and May 2005
(Tsukuba city, Ibaraki prefecture).

harvested at the mature green stage based on skin

They were

color appearance and farmer’s judgment, and
immediately transferred to a constant temperature
of 25 T at the laboratory (National Food Research
Institute, Tsukuba, Ibaraki, Japan), where they were
held overnight to equilibrate their temperature at
25 C. After this pre-storage, the fruits were used
for the following screening.
2. Ripening process survey of mature green
tomatoes and setting a threshold

ethylene production rate

level of

Ten tomatoes were individually placed in a 1 ¢
plastic jar, and hermetically sealed for at least 1.5
h. Initial ethylene production rate was determined
by analysis of 1mé of gas withdrawn from the jar.
Subsequent ethylene production rate and skin color
appearance of tomato fruits were also recorded.
Tomato fruits were monitored for 258.5 h on 8 h
basis for the first 48 h, and on 12 h
interval basis for the afterward investigation. A

interval

threshold of initial ethylene production rate was set,

which defined mature green tomato fruits in
metabolic terms. The screening test based on the
threshold level of initial ethylene production rate
allowed the
mechanical impact stress tests.

3. Application of mechanical impact

selection of the fruits for the

Tomato fruits were dropped from a height of 5
cm onto a concrete floor, and this treatment was
performed 1, 3 or 10 times. No visible damage, even
slight water soaking, was observed on surfaces after
treatment. The impacts were evenly distributed

over the equatorial surfaces of the fruits (on each
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(29)
fruit, a different part of the equatorial surface
struck the concrete floor with each impact).

Immediately after the drop treatment, three or four
tomato fruits were placed in 2 ¢ and 3 ¢ acryl jars,
kept at 25 €.
Respiration and ethylene production rates were

respectively. Temperature was

determined at 1 h intervals to 9 h intervals based
on the speed of change in gas composition. Each jar
h before
respiration rate and ethylene production rate were

was tightly sealed for at least 1
calculated from the increases in amount of carbon
dioxide and ethylene, respectively. In this study,
three replications of experiment were performed
with fruits from three harvest crops, according to
difficulty of data collection and time-consuming of
screening test and dropping treatment procedures.
For each crop, thirty fruits were used for screening
with
production less than 8.2 nmol/kg/h (this value was

test. Twelve to sixteen fruits, ethylene
set by the results obtained from the experiment as
described in 2.),

treatment.

were then used for dropping

4. 1-methylcyclopropene (1-MCP) treatment

Six tomatoes were treated with 1 4¢/¢ of 1-MCP
for 24 h
ethylene binding sites in the fruits. The dropping

to allow the sufficient protection of
treatments were then performed 10 times to 3
tomato fruits, and these fruits were subsequently
placed in a 2 ¢ jar. The remaining fruits were also
placed in the other jar for non-dropping treatment.
and the
production rate

The temperature was kept at 25 T,

respiration and ethylene were
determined according to the method described in 5.
Eighteen fruits after screening test were used for
three times of experiment.
5. Gas analysis

Ethylene analysis was conducted using a gas
GC 8A, Kyoto,
Japan) fitted with a flame-ionization detector held at
160 C and a Porapak Q column held at 140 C. For
carbon dioxide analysis another gas chromatograph
(Shimadzu model GC 6-AM, Kyoto, Japan) fitted
with a thermal conductivity detector held at 80 C
and a ZY-1 column held at 70 C was used. Helium

was used as carrier gas for both sets of equipment.

chromatograph ( Shimadzu model

Results

1. Survey of ripening process of mature green
tomato fruits : Color development and ethylene
production
The color development and ethylene production

rate of tomato samples were monitored during

258.5 h. As shown in Fig.1, at the same time of

monitoring, the difference of skin color development

was observed among three mature green tomato
samples which were harvested at the same day.

The early development of red color was observed

in order of sample-1, -2, and -3.

The ethylene production rates of the same tomato
fruits of Fig.1 are shown in Fig. 2. Because the
wide range of changes in ethylene production were
observed among 10 mature green fruits which were
harvested at the same day, the ethylene production
obtained from three fruits (with rapid, intermediate,
and late onset of climacteric rise) were therefore
used to represent the changing characteristics of
ethylene production during storage. Although typical
climacteric rises were confirmed in all samples, the
timing of their onset differed among the samples.
The onset of increase in ethylene production rate of
at 22 h
whereas that of

sample-1 was observed after  first

measurement, sample-2  was
observed at 72 h. In sample-3, the onset of the
increase in ethylene production occurred after more

than 150 h, and a peak in the rate was not

observed in this fruit within the 258.5 h of
observation. The fruit of sample-1 with early
increase in ethylene production revealed rapid

development of red color, whereas the increases of
ethylene production and red skin color development
of sample-3 were observed later. By visual
determination, the external appearance of tomato
fruits was similar at harvest; however ethylene
production and internal ripening were different
(Fig. 3). In this study (within 48 h at 25 T), we
found that onset of internal ripening was observed
when initial ethylene production was 20 nmol/kg/h.
However, the onset of internal ripening of the fruit
was not found when initial ethylene production was
less than 8.2 nmol/kg/h.
2. Effect of slight impact stress on physiological

aspects of tomato fruits

According to the similar tendency of respiration
and ethylene production rate in treated samples of
harvest showed here the

three crops, we
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Fig. 1
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Difference in progress of color development among samples of tomato

The ripening stage of each was visually assessed as mature green before storage.
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Fig. 2 Ethylene production rate of three tomato fruits
during ripening ; (@), sample-1; (&), sample-2 ; (H),
sample-3

All samples were regarded as mature green at the outset, as

determined from appearance.

representative data which were collected from the
second harvested fruits (Fig.4, 5). Respiration and
ethylene production rates of tomato fruits that had
been dropped from a height of 5 cm were
expressed as values relative to the values of
untreated fruits.

There was slight difference of respiration rate in
(Fig . 4).
respiration rate was increased about 1.25 fold in 16

fruits dropped only once However,

h when the fruit was dropped 3 times, and by
about 1.55 fold when the fruit was dropped 10

External

Internal

(a) (b)

Fig. 3 Relationship between initial ethylene production
and internal ripening onset (after 48 h) of tomato fruits

Fruit with initial 20 nmol/kg/h of ethylene
showing internal ripening onset at 48 h (a) ; fruit with initial
ethylene production than 8.2 nmol/kg/h, lacking of
internal ripening onset at 48 h (b). (These photos were taken

production,
less

at 48 h after measurement began)

times. The period of recovery of the respiration
rate after the dropping treatment was almost the
After 33 h of
treatment, the rate in fruits that were dropped 3

same, regardless of treatments.
or 10 times had returned almost to the basal level.
For ethylene production rate, a single drop from
5 cm enhanced the ethylene production to about
2 fold within 3 h. In fruits dropped 10 times,
ethylene production reached about 6 times the
basal level within 12 h. Additionally, the recovery of

ethylene production to the basal level was not
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Fig.4 Respiration rate of tomato fruits dropped (@) 1,
(4) 3, or (J) 10 times from a height of 5cm

Data are represented as values relative to those of untreated
tomato fruits.
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Fig. 6 Respiration rate of tomato fruits dropped 10
times from 5cm after 1-methylcyclopropene (1-MCP)
application

Values shown are relative to those in tomato fruits that had
not been dropped.
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Fig.5 Ethylene production rate of tomato fruits dropped
(@)1, (&) 3, or () 10 times from a height of 5cm

Data are represented as values relative to those of untreated
tomato fruits.

achieved in 10 times-treated tomatoes, and higher
level of ethylene production had been sustained
during 40 h (Fig.5).
3. Effect of 1-MCP on respiration and ethylene

production rates

Respiration rate and ethylene production rate of
tomato fruits that were dropped 10 times from 5
cm following 1-MCP treatment were also expressed
as values relative to the values in tomato fruits that
had been 1-MCP treated but not been dropped
(Fig. 6, 7). Respiration immediately increased, and
reached a peak 1.5 times the value in reference
of the
There was no difference in the proportional increase

samples within 8 h dropping treatment.

in respiration rate of fruits (which had been dropped
10 times) between 1-MCP treated and untreated

Time (h)

Fig. 7 Ethylene production rate of tomato fruits dropped
10 times from 5 cm after 1-methylcyclopropene (1-
MCP) application

Values shown are relative to those in tomato fruits that had
been 1-MCP treated but not been dropped.

fruits (Figs. 4, 6). Ethylene production rate was
increased even after 1 h, and at 4 h it was about
6.4 fold higher than in fruits that had not been
dropped.

Discussion

1. Relationship between initial ethylene production

rate and subsequent ripening

The maturity stage of tomato fruits is generally
judged by appearance. However, because ripening
starts from the inner tissue, visual determination is
not sufficiently accurate for studies of metabolic
activity (i.e. respiration and ethylene production).
This study aimed to identify mature green fruits
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from their ethylene production rate. Hereto, the
relationship between the initial rate of ethylene
production after pre-storage and the rate after
subsequent ripening was investigated.

During 258.5 h of monitoring, the tomato fruits
which had been classed as similar ripening stage by
visual determination revealed the difference of skin
color development and ethylene production (Fig.1,
2). The initial ethylene production rates of fruits
that subsequently ripened early tended to be higher
than those of fruits that ripened later (data not
shown). The rate of ethylene production was
assumed in the present study to accurately indicate
the ripening stage of the fruit. Moreover, there is
difference of ethylene production and internal
ripening although the external appearance of tomato
fruits was similar at harvest (Fig.3). It is probable
that the difference in ripening progress is caused
by a slight individual difference in internal ripening
stage when measuring began. In other words,
internal ripening was probably already initiated in
early ripening fruit at the start of the experiment.
However, from our results, it is indicated that there
was considerable difference in the progress of

ripening among tomato fruits whose initial ripening

stage had been classed as similar by visual
determination.
Generally, the selection method of living

horticultural produces (fruits and vegetables) for
physiological or biochemical research experiments is
often based on appearance, size, and shape.
Nevertheless, from our study, it is suggested that
selection of experiment samples judged by visual
further

relating to cellular metabolism. Moreover, since a

appearance is not sufficient for study
strong correlation between ethylene production and
ripening (in terms of appearance) was confirmed,
ethylene production rate might be used as a basic
screening parameter for selecting tomato fruits used
in study of the effects of chemical and physical
treatments on the metabolism and quality of
postharvest horticultural produces. However, it must
be borne in mind that threshold levels of ethylene
depend on cultivar,

production rate  might

commodity, and storage temperature, and the

threshold needs to be specified according to the

presented experimental design.

2. Effect of mechanical stress on respiration and
ethylene production

MacLEoD et al. reported that the respiration rate

of tomato fruits that were dropped 4 times from
40 cm onto a hard table top was increased and
reached a peak 1~ 2 days after the treatment”.
In the present study, one slight impact had little
influence on the respiration rate of mature green
tomato fruits. On the other hand, when the number
of drops was increased, significant increases in
respiration rate were observed (Fig.4). These results
indicate the cumulative effect of mechanical injury.
Similarly, Mao et al. reported that enhanced
respiration rate of figs was linearly related with the
intensity of mechanical stress®.

The results of this study suggest that although
the effect of a single impact is very slight, the
respiration rate can be increased with increasing
number of impacts. Burton and Schulte-Pason
reported that dropping more than 4 times from 50
cm had no further effect on the respiration rate of
sweet cherry”’. However, a decrease in respiration
rate of tart cherries with increasing number of
impacts was found. Therefore, an increasing number
of impacts would differently affect the respiration
rate in different commodities, and further studies on
the cumulative effect of impacts will supply useful
knowledge for handling and transportation of fresh
produce.

For the effect of dropping treatment on ethylene
in this study, the

ethylene production rate was enhanced to about 2

production of tomato fruits

fold within 3 h with a single drop from 5 cm.
Additionally, we found that the greater the number
of drops, the higher the ethylene production is. This
with
dropping is wound-induced ethylene, which has been

increased ethylene production repeated

confirmed in many plant tissues such as apricot

#  Previous

fruits”, plum fruits'’, and broccoli stems
studies in apricot fruits, cucumbers, and tomatoes
also suggested that the mechanical damage could
be promoting synthesis of l-aminocyclopropane-1-
carboxylic acid to rapidly produce ethylene® ~*. By
dropping, increase in ethylene production rate was
more apparent than that of respiration. In addition,
ethylene production was promoted by even a single
drop from 5 cm. Therefore, increased ethylene
production should be more sensitive as indicator of
impact stress than is respiration. The occurrence of
mechanical injury in a tomato fruit, which caused
by even a slight impact, probably induce ripening
and cause severe loss of production (amount and
Additionally, ripening  of

quality). since  the
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climacteric fruits is known to be triggered by
ethylene”, the ripening metabolism progresses not
only in that fruit, but also in that many surrounded
fruits. In other words, shelf life of the batch of
fruits is

shortened by increased production of

ethylene caused by impact stress. From these
viewpoints, the rate of ethylene production seems to
be the most predominant factor indicating the
internal ripening and physiological change in tomato
fruit, since the injury symptom is not always visible
immediately after the physical stress. The ethylene
should be taken into

production rate, therefore,

consideration as one of sensitive indicators for
determining the occurrence of mechanical stress in
tomato fruits.

3. Effect of 1-MCP

stress

treatment on mechanical

1-MCP binds to ethylene receptors and prevents
the ethylene signal and action. It is widely known
to be
extending storage life of fresh produces®*. 1-MCP

beneficial for keeping the quality and
treatment has also been reported to reduce the
levels of ethylene production, respiration, and to
delay softening and degreening. In this experiment,
how 1-MCP

influences the ethylene production and respiration

in order to examine treatment

rate of mechanical stressed tomato fruits, these

responses after dropping between 1-MCP prior
treated sample and non-treated one were compared.
From the effect of

respiration and ethylene production discussed above,

mechanical stress on
ethylene production caused by dropping might be
considered as one cause of increased respiration in
stressed fruits. However, the increase in respiration
rate of tomato fruits caused by dropping was not
inhibited by 1-MCP treatment. Nor did it inhibit an
increase in ethylene production rate. This lack of 1-
MCP inhibitory effect suggests that the rise in
respiration rate directly affected by dropping stress
and not via the secondary effect by an increase in
ethylene. The considerable energy required to stress
response by dropping would result in an increased
respiration rate. Additionally, changes in respiration
of dropped and non-dropped tomatoes might be
possessed by different signal transduction cascades.
The study
demonstrated different signal cascades of 1-MCP
responses. They found that 1-MCP inhibited the
accumulation of ethylene-induced CM-ACOI mRNA
transcripts,

in melon by BouQuIN er al also

while no inhibition of transcript

accumulation and no loss of ACC oxidase activity
was observed in wounded leaves previously treated
with 1-MCP®.

However, inhibitory effects of 1-MCP on the
enhancement of respiration by mechanical injury
indicated that

increases in respiration of kiwi fruits caused by

have been reported. Mao et al.

cutting were inhibited by prior treatment with 1 ¢
/¢ of 1-MCP for 10 h®. PERERA et al. reported the
same effect in sliced ‘Braeburn’ apples®”, although a
cultivar dependence of the 1-MCP effect was also
reported. Because of differences in degree of stress,
and among different crop plants, it is difficult to
discuss the various effects of 1-MCP that have been
reported. The effect of 1-MCP can be influenced by
cultivar, physiological age and whether the product
is climacteric®. To avoid ineffective application of 1-
MCP, further
influencing its effect are required.

studies to clarify the factors

Conclusion

A method of identifying mature green tomato
fruits from their ethylene production was proposed.
difficulty of
accurately determining the early ripening stage

This study also demonstrated the

from skin color. Moreover, a slight difference in

ripening stage may markedly affect results of

experiments. By wusing the presented screening
method for mature green fruit, the influence of
climacteric rise can be excluded at least for 48 h.
The method will make a significant contribution to
short-term  experiments on climacteric fruits.
Therefore, several thresholds of ethylene production
to determine ripening stage have to be made,
depending on temperature, commodity, and cultivar.
Respiration rate and ethylene production of mature
green tomatoes increased with an increasing
number of slight impacts. A slight dropping seems
to have a direct effect on the respiration rate of
the fruits. 1-MCP did not inhibit this increase in
respiration rate, however further studies to clarify
the factors influencing 1-MCP effect on mechanical
stress are required.

During distribution of the fresh produce, slight
impacts are frequent. Enhanced ethylene production
is considered to be more harmful than increased
respiration, since its effects spread to the fruits
surrounding the one that has been stressed. The
fresh produce must be handled with the greatest

care if the high quality of the produce is to be
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maintained throughout the supply chain.
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Changes in Food Items Because of Processing with Different Drying Methods
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Changes in total vitamin C content in 5 vegetables (paprika, spinach, parsley, broccoli and pea) were
investigated after the application of different food-processing techniques such as freeze-drying (FD), air
-drying (AD), retort sterilization (RT). Drying characteristics such as rehydration and color of the
vegetables were also evaluated. Among the 3 processing techniques, FD resulted in the highest vitamin
C retention ratio in the vegetables. The rehydration ratios of the dried vegetables were determined
after the vegetables were immersed in hot water at 80C for30min. The rehydration ratios obtained
after FD were higher than the corresponding ratios obtained after AD. Moreover, the appearances of
the FD-treated vegetables after rehydration were almost the same as those of the fresh vegetables.
The degree of color difference between the fresh vegetables and the FD-treated vegetables was lesser
than that between the fresh vegetables and the AD-treated vegetables. These findings confirmed that
FD was the best method for processing of food items.
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MG Lo Z 0%, TV I Ny F 2 RHEiRELI21TC,
205 DG T L7z Omkgeriid, TEmICE <A
WHNDLEMICHET ), L MV M BHERR L, BRH R
fERTH, ERELERARENEE 7 L —N—T— A%
L7

3. BEA2ICEEDAE

AP orY sy I vClE, oo L Lo 2 FEE
3505 HREY I V58 I VOMREZESD
RICEDOX PRl 2 EIIREFE L AL I N 207, VT
F AL A b= (DTT) I ZXB@TCAENZ LY, BRAL
Rz geilcizi L, Y I vCe L

(1) & @&#ikro~ 1257 (HPLC) @
BEER OB, WHOHPLCHREZ H Wi 20
D RN TR DO FEREREE 2 M L 720

(2) #HHEFE  AESBIOL MV MREH0g,
FDMB L UADIMIEIH 1 g ZFFREL, 5% 250 VK
i (MPA) 35mé7% iz CHEdRE (BRH AR B% 2T
W T—AKREYFAY—) TI15,000rpm, 5 55 [ EH
U 7ze SO BERE (H O THSERE.  CR-20) % v
T12,000rpm, 0 C, 155 LABEZITV, BHN7
%% 5 %MPATS0mIZ E A, 0.45mD~< A 717
4V —TH#L7zo MPAHIH L 7210040 D7FEHZ, 10
mM DTTE&A 1MV Y HAKE - H V) 7 250 %2 REL,
5 7 M #FE %, 25%MPAS0u % N 2 CHlE#E & L 72,
(3) BIEAHE HREYIVCHEOMEZ, BEHR
#BEICEAAFEM NS (ECD) % %75 L/-HPLC Tl
E L7 HPLCY A 7 A 213 & 4 #NANOSPACE S1-1,
F— NI EERE T WY 7 PSMCZEENE
WHwW7z, %8, HPLCOMEHIIDTOLEB) TH %,
h 5 L E A& i CAPCELL PAK C18UG120
(4. 6mmL.D. X 250mm), BB : 10mMF b5 T F VT ¥
TovAazuY FEFIOMMY ~ G (pHS. 25),
Lk 1 1.0u8/min, BT LI 40T, HAHEAR 5
ul, W G EE T xa X Y v 2 BRI
W £#350m Vo

4. ETEORE

WA AR A ER O 4 fFROKYEK UK
80T) ICIRIE L72o RiEiHIZ, 80CoHBl (7 X7 v#
#  THERMAL ROBO TR-1) W TR &8 7.
0.5~304[i2iE %, KEI Y D72HH 1T 5 5 HfHE S
FHEEZHE L BxEi), 2B, HuoRIIEeEy
WX AR TRT 20, RO ER % R
FOAMEYIHRBERR IS H2EAETELL Bk =18



(39)

Wige/ — M) WelRosE VI & A4 G 02t 171

JUIE /R S O A R R E R X 100) 7
5. BESHCIELBL - a* - b*EDAE
BEOBEAEICLZIESOEFBBSE L0, WE
B TVIEEEBI NV (VA FEEHRE F—A5—-TL
V=) THEE - RE L. A6, 800rpm, 2 4
B4, W16, 800rpm, 1 2RI Fese, Ak b
LRIFEOKGERIIR D &) BN EE S ORYE KLY
Mz, ¥51216,800rpm, 17 L7z, AfER O A
F 3 AESRAREE S OERKOATIER—Z MRIZE
LARWHE, BREERD 2BOHEREE LD XD AW
KEMZ AR ZTEL 72, PR L 723HE, EHOMt
W2 g oML, MER (HABOTERE Color
Meter ZE-2000) CTHAEE (L*H ; a5 S D),
e GRJGM S +a*, &I —a*, BHM, +b*,
FHHM; —b*) ZBYIE L7z AR E o, A
i O ¥4l & v BT Y i OLME, a*i, b*E o
(4L*, Ada*, 4b*) 256, UToRick )z HH
L7%
AE%=[(4L*)*+ (da*)*+ (4b*)*)"*

6. % &t B R

T — 5 OFEIETFHE R RETE L, £72, 7
— 7 B OAEERER, 2 BEROBAStudentD kg,
3#ELLE 04 Tukey-Kramer® % H R E & 17\,
fabs 5 AR E AR L L7,

1. EEBFRXOES2ICEE

W L-BEORE Y I VCaERIE, WRER)LS
FHE LRSS R TR, 4B X S0 (FD,
AD, RT) OE % I VCERDHEEREEIT- 720 %
72, ME Y I VCBRAERIE, EHORE Y I VCERR
1008 LABOZMEBEORY ¥ I VCHERTRLE
(Table 1),

Table1 X 0, 5fHTXTOHEIZB VT, FDIZAD
PRTED DEVWRE Y I VCRAEFRZR L, T2,
FAoLyvy, Xk, Juya)—, BIOYHvrr
F7i2BwTC, FDEAE OB OBLY ¥ I YCEHE=EI
BREEVRLEP>=0OIZH L, ADBXURTIE, AfiEE o

Table1 Changes in the vitamin C content of some vegetables after processing
with different methods
Total VC

Vegetable Processing method -

content (mg/100g fr. wt.) (%)*

Paprika Fresh 187.2+4.7* 100.0

(n=14) FD 119.4%9.1° 63.8

AD 72.8%x2.5° 38.9

RT 96.9+ 3.2 51.8

Spinach Fresh 32.9+1.6° 100.0

(n=13) FD 29.3+1.5° 88.9

AD 10.8+5.0° 32.8

RT 2.8%2.3 8.7

Parsley Fresh 128.2+1.7¢ 100.0

(n=2) FD 131.3=19.4° 102.4

AD 79.8+3.5 62.2

RT 0.1+1.2° 0.0

Broccoli Fresh 155.6%6. 3" 100.0

(n=5) FD 120.7+7.4 69.6

AD 4.62.1° 4.3

RT 12.4%9.3" 7.7

Pea Fresh 73.0x2.8" 100.0

(n=13) FD 61.8*4.6" 84.7

AD 3.2+1.8" 4.4

RT 3.2+1.9° 4.5

*Percentage of VC content

Each data value is represented as mean *SE
VC: vitamin C; FD: freeze-drying; AD: air-drying (60C); RT:

(121C)

retort temperature

a~c: Values indicated with the same letter were not significantly different (Turkey’s
honestly significant difference test; p<0.05).
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MICHBE RO N, —F, /7Y AT, ADB
XURTIIMAZ T, FDIZBWTH AL OMICHE %7
BASNTz, FDXTY HiE, Bikichsr LB, o
FDEE LD IS ASNL Z & o, B ERIRE
W20, BMEY I VCHERPWD LWL D 5. i
WEDIX, BUGIRBCTHIEGZRINS o, HREEE
ELZWY, LALRAPS, LEWNICFDL 284, W
REAICHR 7 & OB CHEIR AR T 5 Z LB L
W E TR, WK ATERS 5 &, AR
WARIBTER A E), IEEIND 0, BopBe 2
R4y, FDIXTYADORE S I VCEHEREMPWAL
7eEZbNb, ADTIE, KODVFITHIRTHET 5
728, W OMATIHE - THE SRR I EE O A
ERENLYZERmMENTw5S, L7zdoT, /87
H TIRADZIT TR LFDICB VT L, REIBH LY
FIVCHBROBEBILI VA Lt ExZbNS, OF
0, Kb HKERIANMEILT 2FDOEHEEEAD, €5
IVCEABICHRESERLEHEMEINS, —F, RTIE
RICOERTMARE I NS 20, BEF I VCHEE
WP L7 EZ2 N5, 72721, 7370 AIZERILEH]
TEFDTRWANRANRY D U2 % H3 59720, MRIZX 5
¥ I VCORPATIZ SN, RTHROBE ¥ I v ChAE
BREL ol M END, AARY VUV EELT SIS
L2 b 5T, FDEADORKRE ¥ I Y CEEI WA L7
DIF, KIZHT BIBEIRE DR NANZRY T U H )
KCBE L TwhninEE2 55785 B LwE
DEF I VCHREHRIZOVWTIIESHORRETH 5,

FD

'!'ﬂ "
e ¥ "l.

(1) Paprika
» " '

(4) Broccoli
Fig. 1

2)Spinach

UElEofEREy, s Lrywy, kY, Javay
—, BLXUOYYZ Y FYIZBWT, FDIZADRRTE It
BLTEY I VCRRESEDLZEIRENT, 37
HIZOWTh, FDIZADRRTE L THRYE ¥ 3 »C

BRAFENENENICH 5720 L72A 5T, FDIZE ¥ 3
VCEBFERLLOICAHNBERETETHLEEZD
ns,

—7, MBAFIL Y ¥ I VCOREROBERIZOVTIE
WL ORIHENDH B, FlzE, HOs™iE, ~4 7
OBk, KromEk, 7T A4 MBS, wiTMEREIAA
MEIHARTE Y I VCRERARPRWI EZHELTw
5o EHIT, EHLWIE, KBEHLESII VY THHES I
UBORFERIIOWTHE LTEY, #TH% EDREN
ME XD D 5 7% L ORI X 2B DIE ) Y
7 I VBRI TH AL EEZMHE LTS, Th
SO, KBRS OFRAFINIKG BB DA %\
BLESE L TWA I EERBLTWS, EBONTAE
mmld, BRA MBI, Wl EOMTAB AT
FD7z0, MAKEOWHRTEDREY ¥ I VY CHRAET
% DOPFIEF BRGNS (KA Vg, A+
—NmEk, <A 7o) L#kd (FD, AD) ©
MAEDEIIODWTIE, BIESNTY IOABEILTED,
<A 7 OEMBEFDOMAEDLRIZBVTRIBE Y
I VCORAEEREPEP o (T8 KB SHEML R
P CHT 2 LB D S,

2. EREZOETH

Fig. LWC & W H 0%, Fig. 212305 HEKHOE R

FD AD

A

(3) Parsley

(5)Pea

Appearance of various dried vegetables

Each photograph shows samples treated using FD (samples on the left) and AD (samples on the right).

FD: freeze-drying; AD: air-drying
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FD AD FD
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(1)Paprika

&>y

(4) Broccoli

AD FD AD

| oo eb

(3) Parsley

(5)Pea

Fig.2 Changes in the appearance of various dried vegetables on rehydration

The dried vegetables were rehydrated by immersion in hot water at 80C for 30 min.
Each photograph shows samples treated using FD (samples on the left) and AD (samples on the right).

FD: freeze-drying; AD: air-drying

BN L7zo F7o, WIREEORER & TR0 M
%ZTable 2 1R L 72 HITLERIZ, RiEKM I & ICFDEAD
DEBEMEZIT> 7. WHRAMIE, BHTHEITSET
B3 2 2 L%, 30CHBEEHWTHETLS ¢
720

Fig. 1k b, M X7 #7113, FD&, ADSE HI2H

WER ST DG A A DA, FFIZADIZ R B RAER 5%
AT D L) LIGEATER CTE 72 AR L VY '76i,
FDimh TIEEH 5 TIUEA A S, ADMTIEZE, X
THEAI R BTz, Holf/ e ) iE, FDan, ADnnk i) Z
RERIGRIIAON LD o7 T O Yy ) =B LW
WY 2 RO IEFDmMTIER & 2 U A ST,

Table 2 Rehydration ratios of various drying vegetables

Time for rehydration (min)

Drying

Vegetable 0.5 1 5 10 30
method
Rehydration ratio (%)
Paprika FD 21.9+0.3 22.6x0.4 29.2+0.4 33.3+0.2 43.5+0.4
AD 17.3%0.2** 18.3%0.2** 24.9%0.3** 31.1%0.5% 42.0x0.3
Spinach FD 40.6+0.3 45.5+1.2 62.0%+0.9 75.7+2.6 86.9+1.2
AD 33.9%0.0%* 39.0%0.4% 57.6%=1.3 71.1%0.4% 81.5*0.4*
Parsley FD 62.3+2.8 67.7+2.8 81.4+4.6 96.7+1.8 -
AD 50.0%0.1% 48.0%x0.1** 73.3%2.0* 98.8+2.6 -
Broccoli FD 33.4%+1.7 35.8%+0.3 55.7=1.0 73.8+0.7 110.0+0.5
AD 24.1+1.3* 27.9+1.1** 46.0x1.6** 66.3*£2.2%* 96.1+0.8**
Pea FD 64.2%+0.9 69.0+1.1 77.1+1.0 83.7x1.1 90.8+0.7
AD 20.5*0.2** 22.1%0.4** 35.1%0.4** 48.5+0.5%* 76.3%0.7**
n=3

Each data value is represented as mean +SE
FD: freeze-drying; AD: air-drying (60TC)

% : Significantly different from freeze-drying by Student’s ¢ test (*p<0.05,

**p<0.01)
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AD78a v a) —TIEERS TPMA, ADFY > F
7 TIREERTIERENENA LN, L72d > T,
XY DA OEETIZ, FDEDIE) 2TAD &L D b AR
DOYFEFZ SN T WD Z LD WMRTE 7, T 7-Fig.2
0, WTFROBEITBWTHEREBIIGEL TW72E
FIIEEIIITCOTIRIIE ST, #iCiF & A LR L T
WA o T2AIEITTOTBIRIE VIREANSC L2, MLk
ORFERL Y, IR X 2HBONHHIIEITCHEICKRECE
BIrLEIONDL, WREROELU L EL T2 FE %
WFE, HZEGOME L KT REET S (FE LT
FUNRTEET YT Y) OBEROELDEEGNTH
BYe DF D, BIREASHZ H5NEFDIX, ADLD b
Btk oBENGIRGELEE 2 5,

—7, BEOEILEKIZRERMOBBIZED R ->THE
K%Y, 3057 BOFEILRERRETLRE Lz Ok D
B, 105#%I3IF—EIELLD, 105%OET
REPRKEITLEE L72), FDMORAETERIZ, /X7
B, XLy, k), Tavyal)—, BIUOYY
IV K TENEN, 43.5%, 86.9%, 96.7%, 110.0%,
90.8%CTH ), ADmORKEILHIZ, ThEh42.0%,
81.5%, 98.8%, 96.1%, 76.3% TH -7z, {21305
BTHPHED A SN2/ F ) A1id, FD, ADEBICIRK
BICHRA0 %R E O 3E & R TR WEICERTH D,
TUEAMETCRIET A Z LM TRE N, 72,
NI HB LU TIE, FDEADDIRAETRIZA
BREFRDSNL Do 7205, ZOMEIWTHORER
HIZBWTHFDIFADL D b HWHETHRTH 5 Z LAUR

ENize Lo T, RZBOBIRZF TR, Hxtk
IZBWThH, FDIZADL ) bENERGELEZ 5,
MM, Mk, &N, BIUOBRKELRY
ZHWIZT S v F v i EOMBMEEITH . ZThEn
OMTIFEIE L 2MBLEL %179 2 & T, RifET—
7 LX) HEICEOBENTT BN E DL B I EDRETDH
o GiRIZ, INERFEARIRE OB ITTIEIS O W T b T
T HLUEND S,

3. sROE{bLEaE

B SR EF TS TS 5720, Higof
HOBALDEE L Ip b, Z 2T, WHREPEZ AN & W
BORGERITRD L) AERAKEMA TR ZHEL,
FDd, ADSZENnZh & AfEmo iz ik L7z (Table
3o

WML, AEEESh & R L CLME (BB b sl
0, atER ST A TIAF A () I, Fofbkk
IR TIET 7 A (R) FINEALT 2@ HER S
72o bME, TV ATT I A () K, Z Ok
R TIE~ A F R (F) HINEALT 2 @550 R S
Nize T/, SAETRTOFEICIBNT, EihEE
O (AE%) &, FDOIEH2ADL ) /& n
ZEIRENT, L7zAto T, FDIFADE IR L T o
LD L VB TTETH D L VR b,

RV B i O LF N T B L 7T K 7 4 FR,
TYNYT VR, a4 KR, BLUOERE (Fo
T74)0) WZRHENTEY, HFEIIIALHL DM
ENEINTVEY, ThoDH L, AaF /4 FedE

Table3 Color characteristics of various dried vegetables

Lightness Chromaticity
Vegetable AES,
L* a* b*

Paprika Paste of fresh sample 36.27=x0.10 41.40%0.07 55.28%0.08 -
Paste of FD sample 35.78£0.02 40.59=0.03 57.05+0.13 2.01
Paste of AD sample 37.09+0.16 40.55+0.07 58. 67 0. 22 3.59

Spinach Paste of fresh sample 19.24+0. 31 —-11.21+0.11 28.44+0.42 -
Paste of FD sample 19.14+0.02 —11.45+0.09 25.67+0.03 2.78
Paste of AD sample 17.53%+0.03 —9.54%0.06 25.18%0.10 4.04

Parsley Paste of fresh sample 16.84+0.17 —10.09£0.08 24.64=0.25 -
Paste of FD sample 15.82%0.09 —=7.73x0.04 22.78%0.12 3.17
Paste of AD sample 14.92+0.06 —=7.72+0.04 21.44+0.08 4.41

Broccoli Paste of fresh sample 43.40%0.64 —18.89%0.07 41.87+0.11 -
Paste of FD sample 43.80+0.19 —17.08+0.04 42.11+0.10 1.87
Paste of AD sample 41.91%0.10 —11.60%0.00 40.21=0.08 7.55

Pea Paste of fresh sample 45.94%0. 48 —18.93%0.12 42.62=%0.43 -
Paste of FD sample 41.38%0.05 —16.95%0.01 38.49%0.15 6.47
Paste of AD sample 43.17£0.35 —12.73£0.03 42.84=£0. 25 6. 80

n=3

Each data value is represented as mean +SE
FD: freeze-drying; AD: air-drying (60C)
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