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#1%87.  Sugar accumulation by in vitro cultured juice vesicles of satsuma

mandarin
(J. Japan. Soc. Hort. Sci. 69 : 57 - 59. 2000)

Summary

Juice vesible explants including some mesocarp tissue excised from young satsuma mandarin

(Citrus unshiu Marc. Cv.Miyagawa wase) fruit, were cultured in vitro on MS solid medium
supplemented with 1mg/L BA and 5 or 10% sucrose under dark conditions at 25C. The juice

vesicles grew expansively and turnd orange. The juice vesicles accumulated sugar when cultured on
‘the medium supplemented with 10% sucrose and incubated for two months. Sugar composition in
‘jthe cultured juice vesicles differed from that of fruit grown in the field. The in vitro culture of juice
vesicles may aid in elucidating the mechanism of éugar accumulation and other compounds in Citrus
fruit.

Key Words: Citrus fruit, in vitro culture, juice sac, sugar content.

Introduction
During the growth and maturation of Citrus fruit, many compounds, including sugars, acids, and
flavonoids, which determine fruit quality, accumulate in juice vesicles. Unlike the mesocarp tissue of

other fruits, the Citrus juice vesicles are easy to be isolated without wounding and cultured on a

nutrient medium. Thus, there are several reports on in vitro culture of juice vesicles. Earlier attempts

to culture juice vesicles in vitro resulted in callus formation instead of organized vesicle enlargement

(Kordan, 1963, Unger and Feng 1978). Altman et al. (1982) reported the enlargement of juice
vesicles in vitro-without callus formation and found that either BA, GA or IAA enhances vesicle
enlargement. However, they investigated the growth and the physiological changes of cultured juice
vesicles for an experimental period of 16 days so that sugar accumulation in the juice vesicles did
not occur.

In our study, we found that sugar éccumulation could be induced when juice vesicles are
incubated for a long period on é medium containing, a ﬁigh cohcentration of sugar. In this report, the

method for studying sugar accumulation in juice vesicles in vitro is described.

Materi d Me
Young fruit of ‘Miyagawa wase’ satsuma mandarin were harvested on June 25 (50 days after full

bloom) and on July 30 (85 days after full bloom). The fruit were surface-sterilized by a 10-min soak



in 70% ethanol, a 30-min soak in 1% (w/v) NaOCl, and n‘ﬁsed in sterile water. Juice vesicles,
including the mesocarp (albedo), which were excised from the equatorial region of the fruit, were
placed on 10 ml of agar medium in culture tubes (18 X 150 mm) and incubated in the dark at 25 °C.
The explants were placed with the endocarp side up, so that the juice vesicles were not in contact
with the Murashige and Skoog (MS) medium (1962) supplemented with 1 mg/L BA, 5% or 10%
sucrose and 1% (w/v) agar. The pH of the MS medium had been adjusted to 5.6-5.8 and autoclaved
for 15 min at 121 °C. A minimum of 25 vesicle explants were used for each medium.

The explants were taken out of their tubes and their growth and sugar concentration determined‘
monthly. The juicé vesicles were separated from the mesocarp, squashed, and boiled in 80% ethanol.
The extracts were filtered and the filtrate evaporated to dryness. After the residue was re-dissolved,
the sugar content was determined with a highaperfonnancé liquid chromatograph (HPLC) equipped
with a refractive index detector.

For comparison, the sugar content in juice vesicles of orchard-grown fruit was similarly
determined. The weight of the vesicle juice was determined by crushing the vesicles on a pre-
weighed filter paper, removing the debris, and quickly weighing the moist filter paper. The juice
weight was calculated by subtracting the initial weight from the total weight. The growth and sugar
contents of the juice vesicle were determined by calculating the mean of eight replicate vesicle

explants in each treatment. Mean comparisons were made by using t test.

Results a i ion
The juice vesicles grew, becoming enlarged, rounder, and more compact than those in intact fruit.
Guardiola et al. (1993) reported that the vesicle explants excised from young fruit 5 to 50 days after
full bloom developed vigorous callus irrespective of the hormone added to the medium. However, =
those excised 60 or more days after full bloom formed little or no callus. In our study, no callus
formed even on the explant excised 50 days after full bloom. The addition of a high concentration of
sugar to the medium seemingly inhibited callus formation. Two months after the start of the culture,
the juice vesicles grown on the medium containing 10% sucrose became orange and juicy; they were
easy to crush by hand, whereas those on the 5% sucrose medium were translucent and hard to crush
(Fig. 1). Table 1 shows the fresh weight, juice weight, and sugar content of the cultured juice A
vesicles two months after the start of the culture (The explants were excised 85 days after full
bloom). The fresh weights of each vesicles ranged from 26 to 32 mg. Sucrose concentration in the
‘medium did not seem to influence the fresh weight of juice vesicles. However, the juice weight was
greater in those cultured on the 10% rather than on 5% sucrose (Table 1). The sucrose content in
vesicles cultured on 10% sucrose gradually increased until two months after the start of the culture,

then increased rapidly. This pattern of sugar accumulation was similar to that of juice vesicles in the



field-grown &fruit. However, sugar composition differed between in vitro and in vivo (in the field)

grown vesicles, in that sucrose ratio (sucrose content/total sugar content) in the cultured juice
vesicles was higher than that in the intact fruit (Table 2). The vesicles accumulated sugars on the
10% sucrose medium, whereas those on the 5% medium lost sugar during their culture (Table 1).

Altman et al. (1982) found that sugar concentration in cultured juice vesicles did not change
during a 16-day culture, even though the total volume of the explant increased. The authors gave no
sugar concentrations in the medium. Our results indicate that to induce sugar accumulation in
cultured juice vesicles, it is necessary to culture the vesicle explants on a medium containing at least
10% or more sucrose for more than a month. In Citrus, sugar is transported to the juice vesicles
through phloem in the form of sucrose. In our study, the sugar was translocated via phloem of the
albedo attached to the explant. Although the sugar concentration in phloem effluents of Citrus grown
in the field has not been determined, the data reported for other plant species indicate that it is

ES

maintained at concentrations as high as 200 to 800 mM (Gifford et al., 1981). We assume that sugar

translocated to the juice vesicles in vitro could be induced as the sugar concentration in the phloem
increases to a threshold level due to the high concentration of sucrose in the medium. Therefore, the
sugar accumulation by in vitro cultured juice vesicles enables us to study the mechanism of sugar

accumulation in Citrus juice vesicles in a simpler, more controlled fashion than in the field.
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Table 1. Effects of sucrose concentration in the medium on fresh weight, juice weight and sugar content of

juice vesicles cultured in vitro.

Sucrose Jtiice vesicle weight  Juice weight Total sugar Sucrose Glucose Fructose
(%) (mg) (mg) (%) (%) (%) (%)
5 26.7 157 2.09 0.94 0.51 0.64
.10 31.9 22.7 6.92 5.39 0.70 0.83
Significance N.S. Er e b N.S. N.S.

Data were determined after two months of the culture.

The total sugar, sucrose, glucose, and fructose content (%) in the vesicles at the start of the culture (July 30) were 3.36,
1.55, 0.90, and 0.92 (%) respectively.

**Significant (p<0.05).

Table 2. The changes in total sugar content and sucrose ratio
in the juice vesicles cultured in vitro and in vivo.

June25 July31 Aug.24 Sep.25

Total sugar content (%)

In vitro = 3.53 4.01 6.95
In vivo 2.08 3.36 3.91 6.66
Significance = N.S. N.S. N.S.
Sucrose ratio (%)

In vitro — 65.7 65.8 63.1
In vivo 62.5 46.0 38.2 45.6
Significance — Ad i rx
**Significant (p<0.05).

* Sucrose content/ total sugar content x 100.

Fig. 1. Photographs of juice vesicles grown in vitro.
Top: Section of satsuma mandarin fruit on June 25. The part
enclosed with a dashed line was excised and cultured MS
medium supplement with 1mg/LBA, 10%sucrose, and 1% agar.
Bar=2 mm.
Middle: The juice vesicles after one month in the culture.
Bottom: The juice vesicles after two months in the culture.



% 2 #i. Effect of explant age, growth regulators and carbohydrates on sugar

accumulation in Citrus juice vesicles cultured in vitro

(Scientia Horticulturae 90 : 109-119. 2001)

Abstract

Juice vesicles explant of satsuma mandarin cultured on MS solid medium grew expansively and
accumulate sugar. However, sugar accumulation did not occur in one-third fruit explant. Sugar
accumulation occurred in the juice vesicle explanté excised from fruitlet at 51 days after full bloom
or later and culturedn on the medium containing 10 % sucrose. BA, GA3 or NAA supplemented in‘
the medium promoted the 'gfowth of juice vesicles. However, these growth regulators did not
stimulated sugar accumulation. Effect of sucrose, glucose and fructose on vesicle growth and sugar
accumulation was determined. Fructose was not effective for vesicle growth. Sugar composition in
vesicles cultured on various carbohydrates indicated sugar degradation and cohvgrsion occurred in

vesicle explant..

Introduction
_ Tissue and orgaﬁ culture techniques are powerful tool for the study of fruit growth and
development. The advantage of in vitro culture stems from the possibility of minimizing undefined
variables and carefully_controlling medium composition and environmental factors. Earlier attempts
to culture the juice \;esicle in vitro resulted in callus formation rather than organized vesiéle
enlaigement (Kordan, 1963, Ungar and Feng 1978). Altman et al. (1982) reported enlargement of the
juice vesicle in vitro without callus formation and found that either BA, GA or IAA enhances the -
. vesicle enlargement. However, except for lemon juice vesicles in which sugars did not change
during culture(Altman et al. 1982), little attention has been given to sugar accumulation by juice
vesicles cultured in vitro. Recently, we demonstrated the sugar accumulation in cultured juice
vesicles of satsuma mandarin by prolonged cultﬁre period and high concentration of sugar

| supplement into the medium (Mukai et al., 2000).



Sugar is one of the most important components that determine fruit quality. Moreover, it is known
that sugar content and its compositidn in fruit are greatly changed by environmental factors, such as
temperature, light and soil moisture. The in vitro culture of | juice vesicles and fheir sugar
accumulation could aid in studies on the sugar accumulation mechanism in Cifrus fruit. In this
report, effects of explant factors (time of explant excision and explant type) and medium
(exogenous growth regulators and carbohydrates) on sugar accumulation in cultured juice vesicles

were described. -

Materials and Methods

i

1, Effeqt of explant type.

Young fruits were harvested on 15 July (fruit diameter: about 40 mm) from ‘Okitsu-wase’
satsuma mandarin trees grown in glasshouse. The fruits were surface-sterilized by a 10-min soak in
70% ethanol and a 30-min soak in 1% (w/v) NaOCI and rinsed in sterile water. In fhe following
experiments, thé same sterilization method was used.

Two types of explants were prepared.

(1) One-third of fruit with a short peduncle (2 mm length) present.

One third of fruit including a short peduncle was excised with a rézor blade.

(2) Juice vesicle explants including a few mesocarp (albedo).

The juice vesicle explants including a few mesocarp (albedo) were cut from the equatorial region of
~ the fruifs with a razor blade.

The explants thus prepared were placed on 20 ml of agar medium in 35 X 130 mm culture tuBes
(for 1/3 fruit) or on 10 ml of agar medium in 22 X 120 mm culture tube (for juice vesicle explants)
and incubated in the dark at 25 °C. The explants were ’placed with the endocarp side up, so that the -
juice vesicles were not in contact with the culfure media. Murashige and Skoog basal medium

(1962) supplemented with 10 % sucrose and 500 mg/L benomy] as disinfectant was used.

2, Effect of the time of explant excision.



Young fruits wefe harvested on 30, 41, 51, 64 and 84 days after full bloom from field-grown
"Miyagawa-wase' mandarin trees. The juice vesicle explants including a few mesocarp (albedo)
were cut from the equatorial region of the fruits with a razor blade. The explants thus prepared were
placed on 10 m! of agar medium in 22 X 120 mm culture tubes and incubated in thé dark at 25 °C.
MS basal medium supplemented with 3, 5 or 10 % sucrose was used.

3, Effects of exogenous growth regulators.

- Young fruits were .harvested on July 7 from field grown 'Miyagawé—wase‘ mandarin trees. The
juice vesicle explants including a few mesocarp were used. The explants were placed on 10 ml of
agar medium in 22 X 120‘ mm culture tube and incubated in the darkgt 25 °C. MS medium
suppleménted with 10 % sucrose and 1 mg/L of benzyladenine (BA), gibberellic acid (GA3) or
naphthalene acetic acid (NAA) was used.

4, Effects of various carbohydrates.

Young fruits were harvested on August 4 from field grown 'Miyagawa-wase' mandarin trees. The
juice vesicle explan:ts including a few mesocarp were used. The effects of various types of
carbohydrates on vesicle growth and sugar accumulation were determined using MS media
sﬁpplemented_ with 10 % of sucrose glucose or fructose. The explants were placed on 10 ml of agar
medium in 22 X 120 mm culture tube and incubated in the dark at 25 °C.

In the above mentioned experiments, the media were autoclaved for 15 min at 121 °C. Prior to" -
autoclaving, the pH was adjusted to 5.6-5.8 and 1% (w/v) agar was added. A minimum of 25
vesicle explants were ﬁsed for each medium.

During the culture, the explants were taken but to measure their growth and sugar accumulation
every month after the planting. The weight of the vesicle juice was détermined by crushing the |
vesicles, that separated from the mesocarp, on a pre-weighted filter paper, remoiling the debris, and
quickly weighting the moist filter paper. The juice weight was calculating by sﬁbtracting the initial
weight ﬁorﬁ the total weight. The filter paper was cut into small pieces and sugar was eluted from
the filter paper by incubating overnight in distilled water at 2 °C. The sugar content was detenﬁiﬁed ‘

by high-performance liquid chromatography (HPLC) equipped with a refractive index detecfor.



To compare with orchard-grown fruits, the sugar content of intact fruits was determined by same
methods.

The growth and sugar contents of the juice vesicle were determined by calculating the mean of
eight replicate vesicle explants in each treatment. Mean comparisons were made by using Duncan

multiple range test. Probabilities less or equal to 0.05 were taken to be significant.

Results

1, Effect of explant type.

Irrespective of the explant types, the cultured juice vesicles showed the same expanding growth.
at&fter a fnonth of culture, no difference in vesicle weight was found for the two explant types.
However, in one-third fruit explant, each sugar content in juice vesicles decreased less than that at
MOéulaﬁop. On the other hand, sugar content in vesicle explant increased. Sucrose ratio (sucrose
contenf/ total sugar content) in the cultured juice vesicles was higher than that of intact field grown
| fruit (Table 1). |
2, Effect of the time of explant excision. .

In the explant excised from 30 day old fruitlet, the juice vesicles did not grow and only callus
growth was observed (Fig.1). The grc;wth of juice vesicle was observed when explant was excised
from fruitlet at 41 days after full bloom and culturéd on the medium containing 5 or 10 % sucrose.
| However, callus was initiated when cultured on the medium containing 3 % sucrose. When the
explant was excised from fruitlet later than 51 days after full bloom, the expanding growth of juice
vesicle was enhanced irrespective the sugar concentration iﬁ the medium and the time of explant
excision.

When the explant was excised from fruitlet later th’an 51 days after full bloqm and cultured on
the medium containing 3 or 5 % sucrose, total sugar content decreased less than that at explant
inoculation. In the explants from 51 or later old ﬁ'uitlet; total sugar content on 10 % sucrose

medium increased during the culture period, however, it was lower than that of intact field grown

fruit (Table 2). In comparison with the field grown fruit, the cultured juice vesicle had higher

10 . 5 :



sucrose content and lower glucose and fructose content. Sucrose ratio (sucrose content/ total sugar
content) 1n the explant cultured on 10 % sucrose medium was gradually increased as the time of
explant excision was later. Sucrose ratio in the vesicle of field grown fruit was also increased
during fruit growth (Fig. 2).
3, Effects of growth regulators.

The growth of juice vesicle explant wﬁs enhanced by BA, NAA and GA. However, sugar
accumula:tion did not promote by these growth regulators (Table 3). |
4, Effects of cafbohydrates.
- The vesicle growth was observed on the medium containing sucrose, glucose or fructose. Growth
was stimulated in descending order from sucrose, glucose and fructose. On the other hand, total
sugar content after émonth of culture was highest on glucose medium. It wﬁs not different between
sucrose and: fructose medium. On sucrose and fructose medium, the sugar supplemented to the
culture medium was more accumulated in the juice vesicles. On glucosé medium, however, sucrose

content was higher than glucose one (Table 4).

Discussion

In the study of sugar accumulation, to obtain the meaningful results using in vitro cultured juice
vesicles, it 1s neces-s‘afy to find :the culture procedure for normal deveiopment of juice vesicles”
without callus formation. Guardiola et al. (1993) demonstrated that callus was formed from
endocarp explants fro;n 5-50 day old fruitlets irrespeqtive the hormone treatment. However,
explants from 60 day old fruitlets made almost no callus. In our study, no callus forrhed on the
explant excised 51 day or later after full bloom. In satsuma mandarin, the juice vesicle primordia
began rapid growth a week after full bloom and became cylindrical in shape. The epidermai cells at
the base of juice vesicles began to elongate in early July while the epidermal cells near the apex of
the vesicles continued to divide until much léter stages. The cell division for juice vesicle cells in
satsuma mandarin fruit is hormally completed by early June to mid June. (Kuraoka and Kikuchi

1961, Kikuchi et al 1964) Therefore, éallus formation might be occur when the meristematic

11



activity of juice vesicle was maintained. Callus formation is characteristic of actively dividing
tissue. High concentration of sucrose supplemented in the medium inhibited callus initiation.'
Tisserat and Galletta (1987) indicated that reducing the concentration of cérbohydrates added to
media from 3 to 0.01 or 0.1 % reduced callus production. These results indicated that even in early
excised explants, normal vesicle growth may be possible when they were cultured on low (0.01 to
0.1 %) or high conc¢ntraﬁon (more than 10 % ) of sucrose.

Tisserat et al. (1989) reported that culturing smaller pieces of fruit resulted in increasing higher
ratio of callus formation. Then, in our study, the effect of explant type was observed. In the explant
excised at mid July, the growth of the juice vesicle did not differ between two explant types,

ishowever, sugar accumulation did not occur in 1/3 fruit explant. Although why sugar decreased in
1/3 fruit explant was not apparent, we assume that absorbed sugar from tﬁe culture medium was
used for the growth of other fruit part such as albedo and flabedo.

The experiment examined the effects of explant excision time and sugar concentration in the

-medium indicated sugar accumulation occurred Whén the juice vesicle eXplant were excised from
fruitlét at 51 days after full bloom or later and cultured on the medium containing 10 % or higher
concentration of sucrose. |

BA, GA3 or NAA supplemented in the medium prorﬁoted the growth of juice vesicles. This is
coincident with the results of Guiadiola et al.(1993). However, these growth regulators did not
stimulated sugar a'écumulation. This fact may be indicate that these growth regulators did not
directly stimulate the transport system of each sugar. |

Ih the juice vesicles cultured on sucrose medium, sucrose content was higher than other sugars,
however, glucose and fructose were also accumulated to some extent. When cultured on glucose
medium, sucrose was more accumulated than glucosé. These results suggest that absorbed sugar.
from the culture medium was converted to other sugars after or during transport into the vesicles.
In the family Roséseae, sorbitol is converted by sorbitol and/or sucrose-metabolizing enzymes into
other sugars after transport into the fruit. (Yamaki and Ishikawa, 1986, Moriguchi et al. 1990,

Moriguchi et al. 1992)
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In Citrus fruit, photosynthates enroute to juice vesicles transport via three vascular bundles.
Following phloem unloading, subsequent transfer of photoéynthates to juice vesicles occur via juice
vesicle segment epidermis and juice vesicle stalks that are nonvascular tissues. In this process,
sucrose synthase, invertase and sucrose phosphate synthase are thought to be involved (Lowell et al.
1989). Tomlinson et al (1991) reported sucrose synthase activity was greater in dorsal vascular
bundles than any other fruit tissue.

In vitro cultured juice vesicles coﬁld be used for the study of sugar accumulation in Citrus fruit.
We now conduct the experiments that aim to reveal the relationships among culture condition,
sugar accumulation and sugar metabolizing enzymes activities in the vascular bundles and juice

vesicles cultured in vitro.
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~ Table 1. Effect of explant type on vesicle growth and sugar accumulation.

vesicle sugar content (mg/g juice)  sugar composition(%)
weight(mg) total sucrose glucose fructose sucrose glucose fructose
sugar ' ‘
intact fruitz = 5.5 33.1 135 9.5 10.1 40.8 28.6 30.6
(July 15)
explant type
1/3 fruit 14.7a 20.5c 6.4c 62c 7.8c 312b 30.1b 38.4a
vesicles 13.8a 53.0b 27.2a 10.3b 15.5b 51.0a 19.5¢ 29.5b
intact fruity  15.5a 68.7a 20.9b 22.7a 25.1a -30.2b 33.1a 36.6a

(August 16)

culture period : July 15 to August 16.
z: intact field grown fruit on July 15.

vt intact field grown fruit on August 16-

" Mean followed by a different letter within the column indicates significantly different
(P <0.05). '

Table 3. Effects‘of growth regulators on vesicle growth and sugar accumulation.

growth vesicle- , sugar content (mg/g juice)

regulator weight (mg) _ total sugar sucrose glucose “fructose
control 11.5b 87.6a 59.1a 13.6a 14.9a
BA 16.3a 81.6a 59.4a - 10.6b 11.6b
GA 15.2a 85.5a 59.2a 12.2ab 142a
NAA 16.2a 88.5a 64.0a 11.0b 12.9b

Culture period : July 7 to September 7.
Mean followed by a different letter within the column indicates sugmﬁcantly different

(P <0.05).
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Table 4. Effects of carbohydrates on vesicle growth and sugar accumulation.

vesicle sugar content (mg/ g juice) sugar composition (%)
weight total sucrose glucose fructose sucrose glucose fructose

(mg)  sugar

intact fruitz 4.4 380 178 9.7 10.5 47.0 25.4 27.5
carbohydrate

in medium

sucrose 10% 16.6a 63.8b 39.1a 1l.1c .13.6c 61.0a 17.6c 21.5b
glucose 10% 11.2b 81.6a 39.2a 23.3a 19.1b 4790 28.6a 23.5b
fructose 10% 7.9c 72.4b 20.5b 17.6b 34.3a 28.1c  24.3b 47.5ba

z : field grown intact fruit at the start of experiment.

Mean followed by a different letter within the column indicates significantly different

(P <0.05).
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Figure2. Sugarcomposition in the juice of cultured vesicles and field grown intact

fruit.
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Table 2. Effects of the time of explant excision and sucrose concentratlonm the meduim on

vesicle growth and sugar accumulation.

sugar content (mg/gjuice)

date sucrose

vesicle  total sucrose  glucose fructose - vesicle  total sugar
in medium weight  sugar weight (mg/g juice)
(mg) (mg)
Julyl  intact fruit 17.0 9.4 3.4 41 ‘
a month after the start of culture ' two months after the
0 start of culture
‘ 3% 5.5¢ 2.2b 1.6¢ 1.8¢ 7.3b 7.2
5% 6.8c 3.4b 1.7¢ 1.8¢ 7.5b 10.0c
10% 19.9b 11.0a 4.4b 4.5b 8.8ab  28.4b
intact fruit* 266a 1302  6.0a 7.6a 126a  59.9a
July 14  intact fruit 20.8 11.9 3.5 5.4
a month after the start of culture two months after the
o start of culture
3% 12.0a 13.4b 5.9b 2.8¢c 4.8c 23.2a 15.8¢c
5 % 7.8b 17.6b 10.2b 2.56¢ 4.9¢ 19.6a 20.7c
10% 10.3a 43.0a 24.5a 8.2b 10.3b 22.2a 64.3b
intact fruity 9.6ab 46.1a 19.1a 12.8a 14.2a 15.1a 72.3a -
August 3 intact fruit 4.4 26.6 13.0 6.0 . 7.6 5
a month after the start of culture two months after the
start of culture
3% 19.9a 18.4c 5.3d - b.1lc 8.0c 41.2a 22.6¢
5% 18.4a 26.4c 10.1c 6.9bc 9.4be 38.4a 27.2¢
10% 14.4b 49.3b 26.3a 10.3b 12.7b 27.0b 61.0b
intact fruit* 12.6b 59.9a . 20.9b 18.8a 20.2a 21.5b 83.6a

2: field grownintact fruit on August 1 and September 1,

v: field grownintact fruit on August 14 and September 14, .

x: field grownintact fruit on September 3 and October 3.
Mean followed by a different letter for each date indicates significantly different (P < 0.05).

17



81

Suc.

Suec.

Suc.

3%

5%

Time of explant excision

June 10 June 21 July 1

Figure 1. Effects of the time of explant excisionand sucrose concentration in the
medium on the growth of juice vesicles.



0

F2E EESFHVLWU L5 OFERSHCRITTEE
F1H. HEHOEREBLIOKRT Uy LED U X 5 OFERICRIE
TRE

(BEZ=ELHEE 70 1 238 - 243, 2001)

Summary

Juice vesicle explants including albedo and segment membrane tissue excised from young
satsuma mandarin (Citrus unshiu Marc. cv. Miyagawa wase) fruit were cultured in vitro on MS
solid medium with various sucrose concentratiohs and water potentials in the dark conditions at
25°C.

The juice vesicles became swollen and accumulated sugar, similar to those of fruit grown in the
field, when cultured on 10% sucrose medium for 70 days, whereas those cultured on 5% sucrose
medium grew but absorbed less sugar. There is a close positive relationship between sugar
accumulated by the vesicles and sucrose content in the medium with or without adjusting water
potential.

When cultured under different water potentials on 10% sucrose concéntration, the juice vesicles
grew less but accumulated more sugar accumulation as the water potential decreased. However,

the effect of water potential had no effect on the sugar composition in the vesicles.

Key Words: Citrus, juice vesicle, sugar accumulation, vesicle culture, water potential

| w =
REQEERHET, EEOICIIESRALEDORE~DE, KIN~OR Y AR
L3260 THDEE, TOR, Bk 3RS, FIEMORE~DES, REATOR
BWREPEE LTV ESETHD. SbIC, RERBICRT 2 REOES BRI RITTRE
ER L LT, ¥k, BE, HEAS, EREERERICALATNS. ChOERERE
OFEEROBEDL Y 2T 5121%, X VBEMARERREFAVDIZLENEDEEZONS.
INETICY, o YBlr ) OREEBREEITT 5720 inviro BEENRL DT
724 (Kordan 1963 ; Ungar - Feng 1978 ; Altman &, 1982) , B U Xk 5 DRFEIHRS
NBbDOOEDERTE TIIE > CVRD 72, B Mukai 5 (2000) X722 2w
BUBL LS EAVT, invito THBL & S ORECHERSTETHS Z L 2HEL
fe. LinL, SEERLEHIOSME L OBD YISOV TIREEFHRARS. LA
(1984) ITREOEEMO L HCELT, Wi L RERMMGE ORICAE L SEORES
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BUC Lo CHEARENICRYAENS & L, EROMEEHEOMERET 200~800mM &
BREICHERISNL TS EBRRTWS. £z, Wardlaw(1974)IXME R R OERE DZE
HRELZHE LTS, £ITC, ARETIE, BHPOHEREZELIETBLLL 5~
DHEOB VAL ERE L. £, REOBERIEENRENESNDIART ¥
(R4 - BTH 1980 ; Yakushiji & 1996 ; [A13 5 1996b) DFEIZ OV THEDLE THRET
L7.

‘ MEB X OHE

W OEER S BEKEREHHEIESICRETRO REE HIRE BALVER
L= BREZHR LA, 235, AR OB BIX 1999458 10 H Tholk.

1. HHIOFERE DR
KB TA 22 BICERILZREE 0% 5/ —NT55), 1%REHERRT PY 7 AT
0HMEEREE LB, 7 U — NV FNCREEREE LY 1~2mm D7 R &
CESD5EESFEBU £ 5 EHAG 3mm A) 20 i L. “hbDHMFERs u—
A 5%B LN 10%E 5 AT MS BREHMERBE 1%)ICEX AT 7. ZOE, TAXFE
SETHFICLUTH L & H MR EIcfihiank 2Lz, 1REBRE (¢22X120mm)
IZEEH 10ml 2 AN, 18I 272, BE25C, MELEEFTTHEEL, KN1rA%
IVEEEED LI OURFEZRVHL TR LL ) OREBLIUHEELRE L. AR
IFHOB EREICONWTHHERAE L. 2B, BRLEI>ERETORVWRLEIIZTE
KRV LTRELE. RICBL LI E2ABAICIZIATETOEL, BS 2B KRV
DHLFBELTRERHEL L. oA 2EFEVICAN, SmlOAEZMZ TEEQC)TT—&
TR L2 b O& YL 7L L LT, HPLC(RHIEE : Shodex RI7T1, H T A :
ShodexSP0810) THEZ BEDRIE ZIT o 7z,
EBR 2. EREQRRBEH~ORREE) 7A 6 BICERZERL, ER1 AR
R B—2R 5%E 10%DEHITHEZIMATT8H 24 BETEELE. RWT, A7 E—2R
5%, 10%36 K8 15%DEHICHERIZER 21TV, 9H 2 BICEEM L 2 ZBYHLTE
RREERICHESEDRAIEZTo 2.
EBR3. (KBTFTv vy ve—EL LZEA) 8A 23 HICRELRIM L TERI LEFKIC
WL rHUFZFEL, A7 u—2X 15%D MS BREMB LUOKRT oy v e—E
(- 14MPa) 12T 5D = b= 26%ZHRMLIER 7 0 —R 10%D MS BEREFHIIZ
AT, 108 19 BICEED L 5 ZRVB LT ERELARICESBORELITo 2.
2. BHDART v x VOBE _
EE4 THSRHICRERZBERLTERI LARICHDC L OUAEZREL. MSEEZL 1
J2FRL, A7u—R 10%EEERELL, w2 =F—=10% (-09MPa) , 3% (-
1.4MPa) , 6% (- 1.8MPa) BX 9% (-23MPa) ZZFHEHEHM LIzART %L
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DERDEMERAZL WL x SR EEX T2, ABT V¥ v VOB HIZETE(1989)
WiEo7-. SAIRIKEM L YZMVH L TESEZFAEL .
EBRS. (KRTU Uy VORZDIEHMA~OHHNRIER) 7H 12 BICREELERLU TER 1
ERERIC, A7 1—2 10%0D MS BEREMIIEAfTT, 8 A2 BETHELE. KRNOTE
B 4 L RABOKET o x LDRIRBEMICHREEZT, 98 1 BICEED L%
MYELCHEEEZHIELE. ‘

2B, WThOERRBFAEICHZ->TE 10 KU ELORBRE LI VB L L > ZRVHL,
WL x5 EOREIZ20EUALOBT &5, £ L TESEOHEICITRITEN 100mg 72
Ex1HrTrel, s rabbeAvi. BEEORRSITE, EREOCREER
13 ONTIESESTE, ART L2 LOBEER 4, SHTOWTIXERSH 21T

27z,

w3
1. HHRRE OB o

AT =R 5%L 10%EHTORED L L ) BIOHEREOBH L & 5 BEBIUHES
BORBEEE | RICR L. BLX D OEKERTEEN1 » A%E A 20 B)ET
FABEXEOBENERONR o7, HERTRHO10A 1 HTIEAZ B—X 5%KT
BELEN, ROTHLERE, 100%A70—2ARDIEEL o7, —F, WL HIDELHEEE
ITEEE 1y ABRICTTIREZERRRALN, BERECEDLEL, A7 —X 5%K TiitER
WHDEBEESELIVETL, Z0O%, 27 0—X5%EKTRbTHREMIE YEot.
27 m—2R 10%K & # EREHEEFREREE CHES RSN LR, X7 2—32 10%
R OEHEEBIIH ERERICH~T, REHRZEC TR 10mg /g juice (Ko 72.
j%laﬂﬁ%&n—xs%&m%ﬁﬁﬁbt&,%ﬂ%h&x&n—xs%,m%%lﬂ
ﬁu%§f%ﬂ?éamﬁI#Hﬁ%ﬁﬁﬁbtﬁ%%%lﬁuﬁbk.%ﬁ%%%%
B AIC BT B RS EIZA 7 0 —X 5%K T 163%, 10%X T 44.8mg/ g juice & B &I
EOBRR DI, MRS | B R OWMS BT OB £ Rk U SERA R L,
FThOBH A7 u—2 BHETRLEL, KOTI0%K, SHEOETHo. itk
17 ABOEOEMEBIZAZ B—R 5% TR LIL LD TEP -T2 b DD, HERT
BEDAEOS BT RS w— 2 10% THRIEE L b DI RIZR M- 7.

BT OSERE 2 B X 12720 TIIEOKRT oy VIRER BT, KRT v ¥
w%—ﬁ&bf%ﬁﬁ%x&u—xm%ﬁiﬂw%t%irﬁ%ttﬁ%%ﬁz%m%
Liz. ZOBEEH, A7 0—2 0BEOEHEERICHA, 27 0—2R 15%K T,
2RI u—R, FAA—REERTLICEMELT L. BEECIERS B—2 15%K
TRIZO—RALEREEY, BEBELRMET L. | ‘

2. BHIOKRT Vo L OFE
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BRUM L VEHMOKRT VY VEEZX TEELEZEAON 1 y AROESELE 3
FRIRLE. LI DOREBEIIART Vv ABNMETT B3I LA WEHE Sh, -
23MPa K CIERMT ORI RETH -7 FE2l) . BL LI OESEITNTHLORED
ARTF v v VMEL 72 51E CENBBEEChH 7. ZOMBRIICIIZ A a— 2 ZRNT
BERERRBD bhRD o708 3 F).

-1.0MPa T3 BEMHEE LERBICART U v VO RARBAEHIZHE L, 1 A REE
BLERBREZEIRIORLE. WThOR bFERBERZIIESEOEMB RO, T -
1.8 MPaLl FOKRRT ¥ VETEWHEEEEZ R L. TOBEOFEERLIZINVa—R
LINT PR THEBERRONS bOD, KKF L VDL & FAT Lz —E DM
BRI, ‘ :

%z £
’ IV L kD OERORBRAIIH S ORETEN TV (Kordan 1963 ; Ungar * Feng
1978)74%, Altman 5(1982)2%, H/VABROAE LRVREETH Uk Y HEE2REFTIEH

EK&%LE.tﬁ,&waHﬁ@%%%&@ﬁ%ﬁ@%ﬁ%%@%ﬁ@%b%h&
Mol EELITEHOBEREL R 7 0—210%E LT1 7 AU LOEHREETSZ
LICE o THRESTTREL 22 Z L 2 WE L (Mukai 2000) . #f ERE~OFEDOER
BRTEDIE, VAL S MR OBOREAREED ZLERH Y, HIERN
DHEEBEEDDII LI > TREN~ODRVALHMESND LELZDND.
Zimmermann * Ziegler (1975) 11 v % VA& R ORI LT DERE% 10~20% & H#E
LTEY. Gifford * Evans(1981) bEFER P OREIIA 7 v —2AREETH Y, TOREX
200~800mM & & L~ UL THERF STV 5 LIRS TWD. ZThE X7 rn—XIZ#ET5 L
K 6.8~2TA%DIBEEL 72D, FI2 T, HHIDRI 0 —REEE 5% B LU 10%ICREL
T, BEDU L5 P~OBEOERERN LERE, 27 0—2 0%E CIEIEE o8 F
RELGERBEEERED UL D ORERRLNE. —F, A7 0—X SHR TR
L) DRZIEND BOD, FEOERITOTHTHoEE 1K) KWT, IHITEVEE
 BEORMICHEREER LR, SHOBREICHAL TR L) TORSEL ER L
& 1%).

B OMBE ¥ LR SUTBE, BHOART Y Y ARETTH 0B L LS
~NOFEERBICHELRISTIENEZDND. 20D, KRT Uy VE—FELLTA
Ju—RBERTELS IR, Mk FRICERED 2 0 — AR CHEERMEES
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FTLERARTWDE., AERCIIEHOBEREESY FRISELZLILL - TR LI IFOESE
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cultured in vitro.

Juice vesicle explants were cultured on 5 and 10% sucrose
medium under dark condition at 25 °C from July 22 to

Oct. 1. Vertical bars show the standard errors.

Fresh weight (A) and sugar content (B) of juice vesicles

Table 1. Sugar accumulation by juice vesicles subcultured on MS medium with different sucrose concentrations.

Sugar content (mg/g juice) after one month of

Sugar content (mg/g juice) at start of subculture

. : z
Sucrose in medivm <ubculture
Primary culture Subculture Total sugar  Sucrose Glucose  Fructose Total sugar  Sucrose Glucose  Fructose
5% 5% 16.3 72 43 48 17.9 10.6 4.2 3.1
10% 37.8 22.7 7.7 7.4
15% 739 47.3 12.7 13.9
10% 5% 44.8 22.9 10.0 12.0 213 74 7.0 6.9
10% . 49.7 24.2 12.2 13.3
15% 86.7 54.5 155 15.7
Significance Primary culture; sucrose concentration (P) Ay NS ** **
Subculture; sucrose concentration (S) *E ** ** ok
PXS NS NS NS *

z ;Iuice vesicle explants were cultured on 5 and 10% sucrose medium from July 6 to Aug.24, and subcultured on 5, 10 or 15%

sucrose medium from Aug. 24 to Sep. 22.
¥ NS, * and ** are non - significant, significant at P=0.05 and 0.01, respectively.
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Table 2. Sugar accumulation by juice vesicles cultured on MS medium with different sucrose concentrations
under uniform water potential.

Sucrose in - Sugar content (mg/g juice) v | Compositipn of sugar (%)
medium Total sugar Sucrose Glucose Fructose Sucrose ' Glucose Fructose
10% 53.8 24.0 126 17.2 44.6 234 32.0
15% 90.1 54.7 16.5 18.8 60.5 184 21.0
Significance * 2 ** * NS *x * -

Water potential of 10% sucrose medium was adjusted — 1.4MPa with mannitol.
Juice vesicle explants were cultured from ‘Aug.23 to Oct.19 under dark condition at 25°C .
% NS, * and ** are non - significant, significant at P=0.05 and 0.01, respectively.

Table 3. Effect of water potential of 1/2MS medium on sugar accumulation of vesicles cultured in vitro.

Water Sugar content (mng/g juice) . Composition of sugar (%)
2al12 .
potential Total sugar Sucrose Glucose Fructose Sucrose Glucose Fructose
— 0.9MPa 78.2b" © 36.4b 19.0b 22.8b - 46.5a ' -243b 29.2a
—14 . 83.7b - 37.2b ’ 20.8b 25.7b _44.5a - 24:9ab 30.7a
- 18 105.8a 46.5a 27.3a 32.1a 44.0a 25.7a 30.4a

? Water potential of medium containing 10% sucrose was adjusted with mannitol.
Juice vesicle cxplants were cultured from July 8 to Aug.9 under dark condition at 25°C .
¥ Means within each column with different letters are different by least significance difference at P=0.05.

Table4. Sugar accumulation of the vesicles subcultured on 1/2MS medium with various water potentials,

Water Vesicle wt. Sugar content (mg/g juice) Composition of sugar (%)
potential (mg) Total sugar Sucrose Glucose Fructose Sucrose Glucose Fructose
— 0.9MPa 12.82 57.0b 35.2b . 11.1c 10.7¢ 61.3a 19.8a 18.8¢c
- 1.4 9.1b 52.8b 30.6b 10.4c 11.8c ~  579ab 19.7a 22.4ab
-18 . 9.3b 82.5a 50.6a 15.5b 16.3b - 61.7a 19.0a 19.9bc
—-23 6.5¢c 85.3a 45.2a 18.7a 21.4a 52.7b 22.1a 25.3a

Juice vesicle explants were cultured on 10% sucrose medium from July 12 to Aug.2, subsequently subcultured on 10% sucrose

medium with various water potentials from Aug.2 to Sep.1.
At the start subculture, total sugar, sucrose, glucose and fructose content (mg/g juice) in the vesicles were 42.5, 22.9,8.4 and 11.2,

respectively. _
% Means within each column with different letters are different by least significance difference at P=0.05.
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-1.8MPa -2.3MPa

Fig. 2. Growth of juice vesicles cultured on 10% sucrose medium under various water potentials from July 8 to
Aug. 9. Water potentials of the medium were adjusted at — 0.9, — 1.4, — 1.8 or — 2.3 MPa with 0, 3, 6,9%
mannitol, respectively. The vesicles at — 2:3MPa did not grow significantly. Scale bar indicates Smm.



B2H. BHMOBBERS, FCNBEONEED L L) OBEMRIC
kRETRE | |

I

¥ = ;
—ROFBRZBNTE L DEBRSIIHERIZ L > THIGENTWE. FREFROESIC
BEEN DY, FEESEI TRV L BRESKSENE L, BRI L THEATE,
EEEOET, BEENSVWREOMERRETS. 103V REOER LI UBEBICH
T B EHARLY, BICERRS OHBCON TS OREMTOR TV BR, —EORE
BBLATVAN. THEERMTONAZESO LERERPRES bITIZAV bk
DRBEMIC L o TRENEZ-TL BbLELLNS. £, ERBHSOEENER
EDRBFEZN LTORENRSDOROD, HHVIIREICERERIET ONIRHTH
5. BEDULS AV I LICEo TREDHEERCERROPEERIETHELH
BILWEETHD. THET, BHU L IMEEAVEEERCITEREHE LT
Murashige and Skoog EZHt & Murashige and Tucker $§#hZzfEfH L/~ &EINLVY. Ll
A CEAE# THoTh, FRUEMICEDRREZEMTZ 2 L1280, BEORER
RESERDILEVE OBERRRTTIEIN TS, T2 TR BRI L 0%E
WHERR S DRI U & 5 OFERCRITTRELR/E L.

ME B XIT®HFE

ER 1. BHHoEREFRRECRE

1999 4E 7 A 7 BIT “BJIRA" BADDRELEML, MSEHOERESBES 1/1,
1/2, 1/4 fFlC Uizt (1/1, 1/2, 1/4MS 85#) M T 7. TR B —X 10%, #
R1%EL, 25C, WEFHFTEEL, 2 yABRKBHLISELW L SOEEEZHIE
L.f:. | ' | «

EB2. NP, KRZEHMICETIHEENE .

CTATHI ENRA RADSREESRR U, Huff (1983) OFBIHEN, MS EA
P57 B NHNO;, KNO, % KHCO, ICB& #iX 7= N R ZH5H, KHPO, % KCl IZBE#ix 7 P X
ZH5Hh, KNO;, KH,PO, & NHH,PO,, NHNO; IZEX#Z 7 K RZFHE L OEAREH (W
NHAR7v—2 10%%ET) ZERL, ThLDEMIZH U X S AT, 53%1
rRA%E2VABRCB LI EROVML, BLrS>POBEESELEELE. %/, 1 »A
RS 1/IMS EAHE M CHEZE L7, N RZHEH, P RZEHHM, K RZHEHT 1 4 AR
HRL, FBCESELRELE. - |
EER 3. EEHIO N BEDEE ;

7TH 4 BICREZEM U CTOL ORI T /2. MS SEOERESD 5 B, NHNO;,
KNO, DIBEEL 1/1, 1/2, 1/4 W LItk fERR L7z, BBLME, 25°C T CHBEL, 1, 2
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5 ABICH L & 5 2B H LU THESRENE L.

E R & B
ER . BEHOBMEEREREDCR

K23 0 HABOFEEB L X S EIX 1/1. 1/2, 1/4 RTZREHN 115, 11.2, 7.3mg T
BHY, /M8 RCRERL /. EESBIARBERKREVIELEESEARH -7
(1 3R) . 1/465 BHOWL L) FOEHEEIELEL, FiZ, IVva—RLTny
F—2EEIE 1/IMS BHIZBIT A EN 5 LV b 20mg/g juice 1E LM o7z, 1/4MS HeHhiz
ﬁﬁé@U;b¢@éﬁ§§ﬂ1wﬁm@jmﬁe&%L<%wﬁa&©,%ﬁ%m%ﬁ%
Mot E1E) . |
EB2 N, P, KRZEHMICBITHEER

% 1y BRICBITAB U L 5 FOESER, N REFHTHTLOBELELEL, P,
K RSEMTIE I/IMS ERIVAAThoTe (E2F) . £, NRSHEHOB L £ 5 Tk
I a— R ERERCE Dok (E2E) | '

23 2 » ARIZBVWT N REFEHOW U & 5 TRINVa—R LTI b—RAEEH
PREVHLEZICEL, BTN h—REBEREN-T (FEIR, F3IX) . PREF
I E LI HDRAZ B —RAEEIX 1/IMS #Hh XV bABICEL, K RZHFHTIIRD T
EIFDINT—RE TNy b—RAEEMR /NS EH LD HIEVEA TH o .

N RZHEHTHRRER LESECBOTHOR L E 3 FOT VT h—RAFEIIMOK LY
BABICES, AEAELENor (B4R . £, DU IS OREERLEIAHHE
CHEREL DT, |
EBR 3. O NRBEDORE
WU SOEKRESIIN BECETICHVVEESWAERZR L. B8 1 » ARICE
FAEES R N BEQETICHN, WRROBELEM LA, & BTSN EES
fbok(%4®).%@ﬁ%,ﬁNEKﬁﬁé%ﬁﬁ%ﬁﬁiot(ﬁsm).%%2‘
» ABICBNTHD UL SOEREE (B6 R , HaE (B 7K , HEaRsse @Es
R &bic, #E1y AR LAFOER THTZ.

| £ B

By %Y REOHEVHE BT 2 ERMEEOBEC SV TR EROBRITIL,
ERHRERS L ESERENT S LV O RRE, R, ERREESASVLESE
BT BLVIRRICHPNTEY, —EORBRBFLNTVRY. ThiZEHO LR
SRR ER DB B D BN TS, , ERIIMEORBRE
CEET B, FEREOHKOLAREDHRIC L > TRARENORE~DERE
BYBEZI MR, BEESROELRANT I L bELOND. LivL, KBRS

30



TIRERMIE DB LI > TREOES EIMADT 5 = L HERIICH N TN S,
I, FREORRIENEREL EERSE L OBREASAL (1977) BIO
Tachibana ¢ Yahata (1998) D#trdé b —FH L. BEELGTIIREECABEERAICRITT
BEROEEZYVEL CHRETAZENARTAERTHID, BLrigEsAnsZ itk
S TERDEENREELRADL LN TES.

BHOERENLZVWLEBH L L5 OESENBAOTEERIZOVWTIIERED & Z ARHET
b5, BREEOEMICE >TH LI BOERBEACK S BN E S TeRE
HESWIIA LN TRHEAR D 5. Cazetta b (1999) 1F b 7€ = L HREDREICH
wT%ﬁ®%$iﬁ§%&@%®%Qﬁ%$®%ﬁﬁmi6hé:&%%thé.it
RIEDHFEZ LNZER ORI RN F—JFERF VR BOMMBIRE RBIZIT TR, &
%i@%ﬁk%@mﬁﬁvfiwk&ofﬁﬁ,mﬁwﬁﬁ%%ﬁ%ﬁﬁb%mﬁ%éi
SERBREDBFHEINTNDZEBHALMZENTWS (Gibson, 2000 ; Coruzzi *
Bush,2001) . Z ¥ VREOHEALVERECHEOERENERE, BU & 5B RH
BERCFRBEAMEROEELZHEH L CO AR ELOND. 4BITZ0AICELT
DHEPMETHA ).

m =
Vv aUIAVOBL L IBERIIBNT, HHMOEBRRSBEND L & 5 POBER
R TEEETAE L. _
1. MS BEOFHBUCH, HEERSEE D, FBHCETEORMASE S Bf &R L7,
(72, N,PLKXRZHEHMTOUE TIINRZRKICBW THEERIMENT-.
2. BHONREZEMSEEHE, BNBERIZEHEOERMENL, S50 58T
BEOBIEREMLE.

50 A X #®&
Cazetta, J. 0., J. R. Seebauer and F. D. Below . 1999. Sucrose and nitrogen
supplies regulate growth 6f maize kernels. Ann. Bot. 84:747-754
Coruzzi, G. and D. R. Bush. 2001. Nitrogen and carbon nutrient and metabolite
signaling in plants. Plant Physiol 125: 61-64 O\
Gibéon, S. 1. 2000. Plant sugar—respones‘pathways. Parts of acomplex regulatory
web. Plant Physiol. 124:1535-1539 | |
Huff, A. 1983. Nutritional control of regreening and dereening in citrus peel
segments. Plant Physiol. 73:243-249.
SRS - AT - AT 1977, U Y2y I HicBI 2 EKEOERN &
BLRAELE L OBk, BEFHE. 45323 - 328.
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Tachibana, S., and S. Yahata . 1998 .Effects of organic matter and nitrogen
fertilizer applications on fruit quality of Satsuma mandarin in a high density

planting. J. Japan. Soc. Hort. Sci. 67 : 671-676.

=R, BHOEERENMS L OFOESEICRIITEER.
eS8 (ng/g juice)

HEBE AT a—2R TN a—2R TNVT h—2R ]
1/1MS 59. 1b? ~ 13.6¢ 14.9c¢ 87. 6¢
1/2MS ' 72.5a 23.0b 21.9b 117. 4b
1/448 72. 2a 33. 0a 34. 5a 140. 0a

W TEORZo—2R, FAa—R, FA7 b—R, @ESEBIXFNEH, 8.3, 2.7, 3.8, 14.8mg/g
Julce.

L AT 7Ry FRBRBEANE 5% LAV THEEERD B Z L ERT.

100%

80%

B 60%
N
&
SE

B 40%

20%

0%

T1/1M8 1/2MS 1/4MS
B2

1K BHoOERRESD U X 5 POBERLRIIRIETRE.
W R7o—XR T Na—R O TATh—R,
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Hok HBHTON P, KERSORSIER » ARICBITS
WU L5 POESBECRIETHE.

BESE (mg/g juice)

REsy Ar/m—R  Fla—R T h—2R S5E

1/1MS 28.8 b? 11. b 14.9 b 55.3 b
-N 36.4 a 18.7a 22.6 a 77.8 a
-P 29.4 b 13.1b 16.7b  59.2 b
X 28.2 b 11.6b - 16.3 b 56.0 b

WAFTHEOR I n—R, Jra—R, JAJ b—R, 2ESEITLTH
8.3. 2.7, 3.8, 14.8mg/g juice ThH-o7~.
TN T RNy MRERRDBEAII % LA TEEERDD Z L 5T,

100%

80%

60%

e

40%

20% |-

0%

1/1M8 -N -P K
RERST

F2X. BEHPON, P, KEKODORZNEEREL » ABIIBITS
BU x5 FOEMRERICRIFTTHE. ‘
m AR BE—R E :FAa—x, [O:T7NT F—2R.
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FIR. BHTON P, KEODRZHEE2 » ARIZBITS

BLrOFORESEIRIETEE.

W& (ng/g juice)

RZESy ArZu—R Fra—R TA7 h—2R 2FF
1/1MS 51.7 a? 16. 8bc 16. 9be 85.4 b
-N 47.8 a 21.1 a 28.8 a 97.8 a
-p 34.1 b 17.9 b 18.7 b 70.6 ¢
K 47.2 a 13.6 ¢ 14.6 ¢ 75. 4bc

P TAT Ry "BRRRDEEII %L RATEEERDD Z LT

100%

80%

B 60%
by
g
i

B 40%

20%

0%

1/1M8 -N -P K
RZRST

3. HEHFODN, P, KRS DRZBEZE2 » AED

WU x5 OREMEREERICRIETRE.
W:R7u—X,

S va—x, O: 707 b—R.

BAR. BEAPTN P, KRZEMICHERERZELELEGOBLLL5F D

aEGREEL» AR).

Ve & (mg/g juice)

RZ %5y AT E—2R T a—A TIVT h—2R L
1/1MS 32. 0a* 9.2a 9.7 b 50. 9b
-N 38.7a 12. 2a 12.6 a 63. ba

-p 36. 9a 10. 3a 9. 7ab 56. 9b

K 34. 4a 10. 8a 10.9 b 56. 1b

WREEEEG A2 B)DRZu—R, Fra—X, TNT h—R, &FESET

FNEN 22.9, 8.4, 7.3, 42.5mg/g juice THoT=.

TN T 7Ny MBRRBBEII N VRV THEEERDD Z L BRT.



Sucrose
Glucose
10.00 — OFructose
O Total sugar

HH
|

800 |—
6.00 = -
4.00
2.00
0.00

Sugar content(%)

1/2N 1/4N
IEith

BAK HHPFON RESD UL OBERIRIETHE (BE1 1 A%)

OFructose

100% M Glucose

Sucrose

(o]
(=]
=S

60%
40%

Suger constitution

20%

0% : . : ' : !

MS 1/2N 1/4N
L -

FHX HEHFONBESEMEMRICRIZTEE 815 A1%)
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Sugar content(%)

(;nﬁg()) ' Vesicle Wt
140 Juice Wt
12.0
10.0

8.0
6.0
4.0
20
0.0

MS 1/2N 1/4N
Kt

HE6E EHTONBESDU LS ORKREICRIETEE (%2 4 A%)

Sucrose

- "’“ ] Glucose - T -
16.00 O Fruqtose
14:00 O Total sugar .
12.00 T I
10.00 t —
8.00 Q B
6.00 * ’ —
4.00 ]
2.00 —
0.00 .
1/2N 1/4N
I

FIR HEHPONRBENER?2 » AFROBEEEICRIETEE
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OFructose
100% « I~ | Glucose
5 80% | | (HSucrose |
3
< 60%
[
o]
© 40%
©
1
@ 20%
0%
MS 1/2N . 1/4N
HEith

FEEE KM NRENER 2 » AROEEBRICRIETE
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FI3H. BREESEREDL X OBERIIRITTEE

%
Dy aUIR O ERECE - BEEIIRIE, RERELRVEEERNICL - TEEL
2, B - AR EPELRTS. BRIFPoESEOEML, BIE 20°CHEORIENE
BEESNTRY, BEEIERIILSE . £, BRIEER7o—IX0EEMESH, £
FEERCHD2EEPEMT S (FERE, 1969 ; HED 1970 ; FHES, 1982) . “hbd
DREIIHE BREEOHEBEHALNZLTNEHOD, ZORRIZOWTIHESBERLT
VRV, RIRIZREOERZT TR, Fifll, BAELOFRBBEOERCHELRIEL,
HEREIZLDE LIWEERE, R, GREOFBETRECEELRIET. 201D,
BEER L RESE OB b RELAOBE DERESCABBEOEEREENE L ONS.
SHIZ, ZOLIBREEREDIENC, Y, HEAS, HERLEESELERREED
HEBERCHETSED, HERERZAVEERR CIEY 0EROEEL N5 =
L REEECHD. REMRORES A ERR CIRAEES T COERRTETHY,
BEERRVREDOHRYEHSH. AHETIE Mukai 5 (2000) [ZL2WLx H¥ERE
W, BRBEREZEAOESEIIOVTRE L. |

T

P L Ok

HERZEFRHERRIERFTOV Y2y I hy “BIINBRE BALVHELZRR
L, BECEoTHL L 38280 H L. 10%Sucrose © MS FEREEH (EX 1%) [2HE
Z . |

ER 1. (EERLEVLVER)

8H 4 BIZH AT, WET T2+ AR 15, 20, 25 30CTHEZEL.
KBR2. (BT LY L) | |

6 A 30 BIZHEAfHT, 7THA30 BETIX25CTHEEL,ZDH 1 » AMLSEELRGT T8
ELk. '
BEBRKTRID LI OEZFHEL, LML X TS ES HPLC THIE LT-.

 EBRER
EBR 1. (ERLTLVER) V
WU ) OREAREIFREKIEEE®L. X2y AROLESEIRERKIECHER
LY, BIZ 30CRTIHAIZ r—X, Fa—R, TL7 b—RAOVThOELELE
Aole. HEERIETIE 30CKTA Y n—XEANEL, BEWEIENEL 2otz. E72,
BERIRERKESECERSROLE B1R) .
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ER2 (BERTLVER)
BLrOBRAEERENRRONEN -T2, A7 0 —RHERERERIZY, Sra—x, 7
7 P—AREERIELEHERLERY, SEERIBEAKIEILEVVEALTR L. TOKE,
PHRRLIEERRIE Y X7 n—REARE L, BEBEEAMES Rotr. EBEEITE
BRIEEEVVEASRDNIZ(E 2 K).

Z £
INETORERE LEERICET 28 EREEZ AV T, —BRAICHIE Tk
DEBHRL D, BLELEREMNT 52 LML TS (GEE, 1969 ; H/ES 1970 ;
FEED, 1982; BmAD, 1994) . UL, BEEWLC X OBE, BEREYMLY, 50
IEEEERT XV OBRELEOWTRIZEBNTY, BIRIEESHESEDEMMEESHh, &
CETHEOEMEEP R ThHo%. ThHDOFEEET CORIEDENE, #ERETH,
RELSLNOBRBICBITHEKE, WRICEZHEEE, £/2, BRERENVBEIZL-T
HERZ0IZx LT, BEFHTIE, BI—EEOERIVBEHEIVERINE 2 LIZFER
BHdEBELOND. £z, BLXIDERERICALND LI, BESEVEEHL
I)DEEDRENTHNBZ 0D, BL L dDERRTF—UNEL, REEEMEESH
TWBZEREZLND. —F, HEEREECEL I ERECBT 2 RERS LIFE
R T, BRIECETEOLEREE o7, ThiX, BENTOERMEEREEICYT S
BEDEENRKE VDI FRELEED L L 5 TERRRDR A o EELLNS.
, W OE
YLV aUIAVBL LD OBERFAVT, BREEM L X O OEK, BBEE
CRIETHEZRE L.
1. BREYYIVEELRRT-oEES, BRKIFED L L 5 OEAREIEL, R
DEPoT. i, SECEDBETERRIBRERKIEL K ThHoT.
2. BEADTIVEELELTo8E, BLEIERCEERIIR AR o, &

BRECESENEN 2. e, EFCHDIBTELERIFHRRIEERThHo 2.

51 A XX &
EEIRER. 1969. HKIHBRETICBIT AV Y2 UI BV REOKRERIE. 1. 9 ALUED
BEFPREOEERLNEE - REICRITTHE. ERHA. 8:15-30.
FEEH - FHEAY - MR, 1970. BESEM I OREQIERAR L ICHEILE
TR E¥M. 39:19-27. ‘
EAEE « FFERE - TR - $RERE. 1994, TV v a v IAVOEAICRIETIRE
LREOHEERBOEE. BFMH. 62 : 725—732. ’ ,
FEEEN - (LEE - AR - SAZ. 1982, UL a v Ih Y REORBCRIET R
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KRREOKE. BEFHE. 51:135—141. .

F1R FRETCT2VAMBRELEBLL OB -BEE B A 4 BEEEMNLN)

Vesicle | Sugar.content (%) Sugar composition (%)

WT(mg) | Sucrose | Glucose | Fruc. Total Sucrose | Glucose | Fruc.
15°C 17.1c 3.65b 0.89b 0.95b 5.49¢ 66.6a '16.1b 17.2ab
20°C 19.6¢ 3.81b 0.81b 0.87b 5.49¢ 69.5a 14.7b 15.8b
25°C 24.8b 4.6la 1.00b 0.98b 6.59b 69.9a 15.2b 1496
30°C 28.8a 4.98a 1.69a 1.65a 8.32a 59.8b 20.3a 19.9a

8/4~10/6 ICERERET TRELE,
8/ A BE R DFEEEIL, Sucrose:1.78, Glucose:0.97, Fructose:1.05, Total sugar:3.80% T o 7z.

2R EBREEPCTERREZEATHEOML LSO - BEE

Vesicle | Sugar content (%) Sugar composition (%)

WT(mg) | Sucrose | Glucose | Fruc. ‘Total Sucrose | Glucose | Fruc.
15°C 11.4a 4.09a 1.48d 1.52d | 7.09b 57.4a 20.8d 21.7d
20°C 10.4a 3.77ab 1.79¢ 1.90c 7.46b 50.5b 24.0c 25.5¢
25C 12.2a 331bc | 2.12b 2.34b 7.77ab | 42.5¢ 27.3b 30.2b
30°C 11.8a 2.97c 2.63a 3.00a 8.60a 34.5d 30.6a 34.9a

6,/30~7,/301% 25°CH%%%{¢T?—7$¢:}1§% L., 7/30~8/ 31 LEBRERET CHEELE.

7./30 BER DOFES EIL. Sucrose:2.75, Glucose:0.98, Fructose:1.15, Total sugar:4.88% T o 7=.



AN BHOMER L RESSEED U 3 > OBRBICRET RS

# 5

RECEENIHEL, ECTARINERRECER LT, RN REORRIZER
5. COERERETSELIEEL LT, Y—ARME V> 7 ERICHT DRI
@%Eﬂﬁw%&ﬁigvﬁb,ﬁ%ﬁ«@%@@%,E%ﬁ@@ﬁ%«@&%%@%ﬁ
HBZNOITELBEE LTS EEBLXOND. HUrXYDOERDIEREIZR 70— TH
v, A7 n—ARFNCEETIERLELT, f>_uF—F (nver. ) , A7 a—X¥
L E—F (88) , Aru—RY UEEL LV F—F (SPS) REBHBN TS, Z LT SPS
N —RBRE L T HBOBFICBITA A7 o —AAROEERTH Y, Inver.® SS I
U ERRE R XA T D D—DODFEI L 2B L EZ LN TN A RZEDFEMIZD
wfﬁxﬁtﬁﬁgm.zmmmmm-ﬁg@ﬂ%@ﬁﬁykyﬁﬁﬁ¢®%%§m1&v
20% L HEE LT Y, Gifford » Evans (1981) & BT OREREIL 20~800mM & 572
D DI L~ TR STV S LR TWS, E72, Wardlaw (1974) 35T % CHIEIRE
®%%§®$%%§méﬁ%bfwéiﬁk,ﬁykymﬁwf%ﬁﬁtéﬁ%%kﬁ%
z26h5. —F, REREFFOEEECHERRICBVWTHOREARAT — VI X » THEHT
55T EBHONTEY, MEROBEROLLE OBEMIESNS. 2T, EED
DOBEFE LWLk H55%% (Mukai b, 2000 ; M5 2001 ; Harada 5 2001) ZFAL T,
B O EBECEMRRE TS BAIT, B 5 OFEEFCERBIC DX S 2
BAE U B ISV TR ZITo 72 .

B L Oh R

EB 1. EBMOBEREELZHAOB Uk 5 MRS
BEREREEHERRICERTO Y 2y I h Ly “BIIRE ALY 7A 68,
8 A 4H, 8A 23 RICEEERFERMLE. HE#, RLr>WREUVEHL, X7u—2R
10% E7-iZ 7 NV a—2%%ETe MS 55 (EREE 1%) I ), 25C, BELHT
TEELE. ZhATh, 81 r AROEROBIEBD LIS ZRVHL, BEE
HPLC(# 2% : Shodex R171,%7 7 A :Shodex SPO810) THIE L 7. HPLC AY v 7/WKIL,
WO HLEDL £ 5 2 SHA A TETORL, Z0AEHZEEVICAR Sml Ok
M2 TIERQEC) FT—RBEHH LIz b0z AV,

EBR 2. BHOMBESEL CHAOBH Uk 5 ORERS XL ORIBEREE

“EJNBRA ALY 7H 4 BIZBREEZERLZ. FECXVEER, 2om BEOT
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NARREDFEB L L 5GF 28V H L, Sucrose IE%L 5, 10, 15% & L7z MS ZEXREE
i (BRRE 1%) [THEAFT72. 25C, BMESFHTCEELEZ. N1 v A%, 2 v A%,
37 ABICD U L S POMEEES HPLC THIE L. MEOHEIIER | LAKETHS.

Fl, TARRAB U £ 5O OBREA o _vZ—F (Acid inver.) , A7 B—RX &
—8 (SS) , X7/ m—RY B X —E (SPS) IEMEZRIFHILE L-. 28, RS
WIEHOM ERELZRR L CREORIEEZITo /2. SEREEROREF LIS 1| Kiort
EBVTHB.

¥ 7 /1iZ 200mM Hepes buffer(pH7.0)20ml %1 2 THItH T 5

l
.
4BDOH—ETAEL, AIKE 14000g T3055E07EEL, EEHEEZRER
! - ! '
(f v A Z—EEHRE) (R B—RL v H—F,
Ay a—RAY LY —EEIEHE)
 50mM Y »B& buffer T 8 FFRIEAT 5mM Hepes buffer(pH7.5) TE#T
(2 B Z & i buffer & ZH#2) (2 B[ Z & 1Z buffer & 53#)
] | ! |
EHE % & T buffer ICBERKZM % T 30°C - [BALAHERE (B YLy 10) AR
20 53 (b ELAEER (3000g) THEE, RS
' 1
FEE % & T buffer ICEERIKE N2 T 30C
20 & s
HIERER H=E buffer BIEBER x£E buffer
EAME Inver. 100mM 100mM buffer SS (&F) | 7 b= 50mM
AJu—R pH4.5 UDPG Hepes buffer
' pH7.0
7V Inver, | 100mM 100mM buffer SPS TW)h=2 6P 80mM
AJu=z - pH7.4 ) UDP /" pa—x | Mes buffer
PH7.5
I 1)

ERUIBTLEL VEXRNY VIETHIE

F1K BERHBEREEORESE
HH» BB, B, BRE G 4CUTOREEBETITo . buffer KIdE~7 R T A, TRan
VBT NI oL, VAT A B, DIT, EGTA, EDTA, ¥ 7o{kr VoL, ZofbF I oA, 7

::wﬁﬁwnvﬁéﬁﬁﬁbh

ARE L7~ UDP, UDPG 2EERIZ LY KIS
A% 72 NAD, NADH % 45¥356EE CHlE

EBRER
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EBR 1. BEHOBEAREEXLHEEOW U X 5 NOERS

M1 r AFOEEHFMTICBIT 2 BEOEMEL BT S L, X7 n—XEHTIL, 7
T HO6AMNLDERTIIAZu—R, Fha—R, 757 b—=2DWWFNOELE LM
L7228, 8 A 4 BUBOKEETIIEICRZ u—XEE0EMEE| 2B L, MoEoLm
m@#ﬁ%ot.~ﬁ,7»:—%%%?@,8H23E#%@%%ﬁ7»&b~x®%‘
MBENTH o PSMINTNOB b FEOZE LWVEMAR b (B 18) . &5EH
CRITLERAMPICRY A ENTEORFE~DESEEEE 2KITRLEZ. A7 u—2R
BTN a—RETNT b—ZA~DORHN TH 6 EDLOREECTERICRONZBE
~®%mﬁTLt.¥f,ﬁw:—x%ﬂ?mxﬁu~x«@ﬁ%ﬁﬁ%ﬁ&otﬁSH
23 HOAODHDTIHET L.

EBR2. BHOEEELEILEAOD L & 5 OBEERER X ORHEEREH

BHOEREZELX T2y ARERELZERD L S OBEEEFE 2RITR L. HED
CriOFOBERIEHOBEREREVIZEEREESEThoL. 1272, R u—2
10%,5% X CTiiigi 2 » AUMEESED LERA LR o/, BEETIE, X7 a—2x
15% T, HEREOVTHOMEH A7 o—XLEREBEL, FLa—2R, L7 b—2
EEPRE N,

BEREBIUEED U & 5 OBRHEBEREEOHBEE 3 KR L. 7 AYgokt
FRECIIEE nver EMEMNE L, SS, SPS IEHIIEN TH oz, FOREMYE inver. B
HRBEIET L72DiZR LT, SS, SPSIFESNIC LR L7z, HEH L X O, WTFho
BEREEE L EREIVEL, FREHOBBERBEVLOIESE 7. ELIC,
Sucrosel5% TZ DEFPBEE TH o7, L LEEZEDORHMESILIIE EEE L I1FIFH
RThot.

z £

RE~OEELRT, Y —REBTOREIN e —F A Iz k> TEHEICRVAER,
VUUHBTHBAIREIERL, Tra—T4 0%, RRMRNOERIZELZONS.
ERERET 5720y — R L Vv s BOBREEORENREED ANERDY, %
DIeDIT T v 7B TITHBATORS, BREA~DORSENERIITORS. ZOBIZ
FEOERMHBEREENEETSLELON5. FFE (1998) 1cXb L, hrFVRED
HEERESNIL X 509 2MY &AL AEMEREKEL L, BLIO5MBLIUBWLE A
FIZELTWRN., IUrFYRBZER L TERR I 0 — R THEERE S TT AT 7 A b
rru—7A4 a8, A -V E—BDERAEZITTCING h—RE T NVa—RiZ45
RENs. —HHERES TR/ n—REHERICLY UDPG L7 V7 b—RIZHRE
NTYUTFRATA 7T rua—FA 78NV BELHD. TOR, Zhbdbo
PBEIWDC L oOMB~LEVIAEND. Tomlinson 5(1991), MH5 (1995) X, “hbd
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HBERRICBIT AEREEREOEEAD L LIBT3 XV ENLHRELTNS.

DL 5 REORBERE T A FHOEERD U L 5 1050 b LTV 320
WT, SO L USRS A S TRE L. BREUETH B 27 o— X B
LLTHIALEZEE, MIRERRAZu—R I Vva—R, 747 h—RbTHRENT
ERLED, TOREIRX7TALANOOEETELL, 8 A LE, TANDDEETIIM
DFE~OEBBIH S, —F, JVva—XEERELCHRALEZES, RA7e—XT
DEFN 7 A LM, 8 ALAPLOBETELL, 8 A TANLDOBETIII NV I—XT
DEBBRELP-. ZUHDZ L XY, TAHDHRETIIRAI o —RDSREB L UOERK
RORMBERTHY, TO®, 70— XHMRORBAEAWIIEZ 50V LTE
RRIIFHRT LB 605, ' '

BERZEOB UL X 5B T 2BERMHBRFEEOEHNELLELHE LI 25, Bk
SN E—PTEHEL 7 AIICEL, 8 A, 9 ABICHITTELETL, 10 AflicEs
H U7, SS (AEJFIA) , SPS &ML 7, 8 AHNIMEL 9, 10 AN THisE L 7=,
Kato * Kubota(1978), Lowell H(198NITHENWREE R T —VIZBITHEWNA ¥ —EiE
#, %LT&%’&%&:%&T%E@M&T%E%L/Cb\é. 72, REMICBITARIn—X
DEMZEALT, A~ Z—EEEDET (Kato - Kubota, 1978) , SPS, SS (&5
M) EHEOER (Lowell 5, 1989) , SS (& m) & EF (AR, 1996 : Kubo
5,2001) I2L 5 E LTWBA, Song * Echeverria (1996) i% SS, SPS DREMAICRITS L
FERTORY. BRDU &5 OFERHEHBEREEZ LB L L 25, REREXT -V
DALY (HERB O HESEET 51EY) 1 v ¥ —CEEMETL, SS (BRK
M) , SPSEHEDOHEHEAR OGN, bR ERECER L IZEFEETHo.
72, BHOR 7 o—RABERBVLERKIEENTLOBEREELEIRD, 5%A7n—
AR TIZIEH ERELFRBREDERETH 7. ZD X 5 REERAMIC X AEREIBEERE
~DOFBIIOVTIL, Gazetta (1999) 23 b VTR IV THHMO N KD EF T Inver.
SS EMED LR ZR TV, BHMOBEREOHNHDIZL, BL X 5 ~DEDCRY AHS
ZWRE L LT, BEREEROBWEEREZ O, &<I2A XV E —E0EmniEtER
Ry a—ADBERFRRETGR L, SS, SPS DEVNEMRR Y o —XDEAR & ikia~DE
BERLTWAZEREZDND.

REIHEZRVIALZDITIRY —R eV 7RICBIT AR e —XAOREARRBHLET
bV, TORBEAROHERFITILICI UV ZIEFLTWVWELEZ LT3 (Ho,
1988) . JBEFEIEELIC Inver DIEADIFHNT, Song(1998)i SS (LHRFGH) HSHEERENEE
DREI VI AHIZEELTWA EHELTEY, Hockema & (2001) 1EAKR b L RIZXK
% SS (fiR) HIEDHERN, WEBOEMESIXREI LTV ERRTNS. SEDE
BRTIL SS DR Y B—ANBHEOEEABE L TORN, SHRROBERDS 5.



~ W =B
B ODSEERE L OSSRE AL X T, Ui aUINLBUL SRR LEEAOHT
I ) NOFEEBEOERHBERESICRETEELHE L.

1. HEHOEEAI 0—RBLUTVa—RE LTEELEES, WTNLOBBTSH
>TH, RAZu—R, Fila—R, T)J h—REEOERENRR LN, WMVIAE
NIFERMOFERSICRB I Z LA NE RoT.

2. 7 AHIOHETIEAY B —ADHEB L A7 o — X®Amﬁﬁ®ﬁﬁﬁﬁ%f
HY, BARNPLOEETIE, ZhoDRBIIRERTHT.

3. 7 AYEIOR ERETITERME Inver.TEHEDR &<, SS, SPSTEHEIIENTH-T-. £
DOBREEME inver BEHEIFAFEIZKT L=DIZX LT, SS, SPS TNz R/ L.

4. KEDUI ) OEREHIVTILE EREIVEL, EEHOBEREREV
Lo EE o7, LIS, Sucrosel5% T DEMMBEE CThole. L LEEE
RORFHHEIIE EREL IZIZRKETH o2
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1% BEBBEOREEREATF—JOBNABL £ 5 hoBS BICRIETYES

RN BEHO% B2 s ABROESE (g g juice)
: Sucrose Glucose Fructose Total sugar
e el 10.3 3.8 4.5 18.6
TH6H~ A7 a—2X 22.2 11.1 13.0 46.3
8ASH FIa—X 30.7 21.4 14.2 66.3
R 18.9 10.0 10.7 39.6
8§ H4H~ AZnO—2A 39.1 11.1 13.6 63.8
9H8H TJIa—2x 39.2 23.3 19.1 81.6
B GE 21.0 16.7 18.3 56.0
8 H23H~ Ar7O—X 39.6 19.8 21.3 80.6
9H 248 T a—=x 31.4 . 37.1 21.8 90.3

TA6HEB~8A6H 8A4H~9R8H 8A23H~9A24H
HEMR

B IX AZ7O0—X, VI —AWMBHICBIT A EERRFICHROAENZHEOEHEAD
[y ‘

FB: RoO— R, FE&: ZLa— s,
W AyO—R, G:FNa—R,. 0: 77 b—2A.
HROKFIHEHAB P OESE O BNE(mg/g juice).
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CEIRBREORIBRLIEMTOER 2 » AROBD UL OFOREEE

HEaE (ng g juice) FEHAREL (%)
EHEIRE Sucrose | Glucose | Fructose | Total sugar | Sucrose | Glucose | Fructose
Sucrose 5% 14. 7d! 3.6d 4. 4d 22.17d 64. 6a 15.9¢ 19. 5¢
Sucrosel0% 31.4b 8. 8¢ 9.0c 49.1c 64.1a 17.5¢ 18. 4c
Sucroselb% 50. 9a 23.9a 27.0a 101. 8a 50. 0b 23.5b 26. 5b
B ERE" 25.9¢c 20. 6a 21.9b 68.4b 37.9¢ 30.2a 32.0a

19 SHIKB EX DL .

VI TRENRAEDHRLBLVRNTEREZSHD.

A it \/'ﬁq;ﬁ)l/_ﬁj'—"é

DN
o

-
o

B EME (1 mol/g h)

o

—o— [Eli%
—l- 5%suc

——10%suc
—@— 15%suc

o]
(=)

C: AT O—RL Iy —F

D
(=)

-
S

EEFRIEME (L mol/g h)

3. B ERESICEEDL & > OBEABEREEOSHNE(L
A: BTNy —E, B: 7IVAVEA Ty —F,
C: A O0—RA3 2% —EERKRAFRD, D: A70—XY gy 27—

9/6

10/6

B AT (1 mol/g-h)

B: 7IAVUHEA T oIIVY—TF,

D
o

NS
(=]

o

D: AZO—RAY SELSH—F

9/6

[e]
o

N
(=)

N D
o

o

fEsEME (U mol/g h)

1/6

-

8/6

9/6

10/6




FIE. HBEEHIEEDL X O OBRKRBICKIETRE

H1E. BEL LY OBED L 5 IcB Y AMIEREDNHES L NI RIET R
BEMEOBE | |

% =

AR VREOFERBIIEL L LICAKEREEATIEERRS ThH 5. LERS
CBNTHE, BREEEEECHITELET AVACLEYAFL Y, KEEMICLS
RIS O R e & OBBERIR SR SN TR, ThbOBESRICAREL
TEREEZET A LAMEL R-THED, VWK ERROBE S EREE CFIF 25
£ DBARBDBNTNG, Ty va® b REOHRIIREL 7 ALBAEICEEY,
T ATRCE—2 2R L, TORBBIICIT CRRICETT5. —F, REbE) OB
EHEEL, BEYLYayTIALE, BBV V29T 10 ALACE—2 2RT. =
DEE—7 OfiZ, REDHICY OSFFERITEMLTHD 00, REERIC L 5HRHE
THREEIIRD LTW3. Zhb0E—s OREREIRERETERT 5 L Vbh T
WBGES, 1996). REOHEMBIIEENTERSN, BET3BETHD 7 T VBER
BER L PEP INAF T T —EDOEENREBRBOHEHE L I —HTHZLENRRENTVS
(MVRE - RE, 1987) . —F, BESRRTBICONT, ZhbOARRDEEMET
L, 7=VBHRROEREEREER EEZONTWS. LirL, FEBOREHERIX
RARENEL, & CARMRONRBRIIEFBRICKSTHLI TR, Z0X5R
BRBERNTT 5101, LV BEAERREAVDZ LAEHLELONE. TRETK
b, IFXFVBLLIORETEBEBITTDH7-DIZ in vitro FHEVNRALA LN TE N
(Kordan w@;U@m-k@-wn;Amm1a 1982) , BU X HDRZEXALAOND D
D DRBGBIEDORNICE TIEE > TV, B Mukai b (2000) X722 Ihy
BT L5 %EANT, invito THBHU X 5 OREOHEERRTRETHS = L E2HE L.
ZITH, BEICFVREEODL L O EERFAVTEERRONELHAEL, (1) B
RIBOERREL LTODU £ HBEOFA, Q) BELEIBRABCRIETES, o
WTHRES L7 S

e XU

ER 1. BHEL L ®YOBED U X D OBRRE o o
B FASTHBRBICERTOY 2y Iy 3 BEIIRE, BIRE, &
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BiEMEAVE. 199941374 1 BERTER 55 H), 2000 i34 3 BREDL ¥ 7 A 23
FIZREZRERLE. 228, 1999 £ ‘=2—VLF’ LEY, AFFIZOVTHRELE.
R L7 REITEEICRE (AHED, 2000) , FAK 2mm ExSF BT & S8R E
3mm )% {ERL L721&, 1/2MS, 10%;&? n—2R, 0.8%EXEHIZER L. HERE
25C, BRXOHTTHEL, HH, BLrd2mMVHL, Y=—AFOHKEEZ HPLC
TEELE. ARICEROM EREOREEII O VT HLHEFAZ L. 28, HPLC DOH
ELMIE, BT 5 KC—SIBAET), # 7 LRE ; 60C, WHEK ; 2mM  HCIO4
lml/min, BTB Y V8% 2+ b U ¥ A 1.5ml/min. TH5.

| EBR2 HRGESBBECRIETRE

WRESHICEMETO “BIRE LV 7A LMCREZRRL, BECENTANE
2mm EZ2OF BT & 38R 3mm A)Z/ER L7k, DTSR~ SEHERE, Rl
N EBEBIWKRT Vv L EEZZ MS BHIZER 1% EREH)CEZ 72, £,
HEREZEXDRLRIL. B, LEUNOEREGOERT 1L/1MS i, 270
—210%, <= h—AEERM, HEEE25C, BELHETHS.

1. HBHEREORE  BHHPEREL Sucrose 5%, 10%, 15%& L1=. SRR
20004E7 B 4 H~10A 11 BCh 3.

2. FoHi N BEEEDOZE . MS MO NHNO;, KNO:MEEZ 1/1, 1/2, 1/4 & Li-. k&
HAMIL 2000F 7R 4B~9A5HTH .

3. HHKRET LY v LOEE | 12MS Bz = h—LE 0, 3, 6, 9% (wi) O
P CURIN U 7o e 2 5 L7 R ABF o MC B3 L - 09,-14,-1.8, -23MPa
IZHEY). 7H 12 B~8 A 2 BT, = = b NVERMOEKRDEREHETERL, *
D%, KRFU vV EEXTEHTIA 1 BE THRAEERLE.

4. BEBEEOCKE 8 A 4 BICHEXMT, BEUMLY 2 AR 15, 20, 25, 30CT
‘%%Ltgk,&Hwﬁkﬁiﬁﬁ7ﬂ305&?@%%?%fﬂ%%bk%ﬁl&ﬂﬁ
BIRESRHT CHEE LEREZRIT =,

WINOAEX S, —EHHOBEEOE, WL H>ZWMVEL, Ya—XHOF#EY
HPLC CTEE L. ’

| £ B & 2
EB 1. BN XY OBEDU L ) ORRBE |
1999 SEEIZRIT HH EREOBIREIX, 9 A 1 BIC WIRE |, “BJIRE Ov—
sBRRLN, BHEN CEETNLVENE. E—/OBSIHEBEM, BIRE W
NBEDNETE Tz, —FEEB L 5 T, BARRBEAEEY, WIREL 1 5
A, BIBAEBRMNE 2 D ABICE— s BRI, TRUBAEICEBEMET Lk,
BRE3 y AR TROWTNORELIZEFRREOCBBE Cho(F 1 K A). HERBEN
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3

RV RENARBIIRENTER - PMSN5B. U vayIh L OBRBEX 7
ALBAECEEY, 7 ATAICY—2 2%, R T CARICETFTS. —
J7, VY ( Sinclar, 1984) X ¥ F (FEE, 1984) 72 K OFEBE T v %Y TlImkEH
ETBMERENLER L, V—7FRCNETS. ZhOoOBREHNBERD 2 2/ T7DHUF
VEOWL k HEEETol. UrvavINy 3 RECEVTE, B EREOREE
DEHEHT, FHEEBAROBARKIICET AW L 5153 (1999 £E) T, 5§
B, BREOLANRLN, BREETHS WIIRE THE 1 » A, BEBLV
EBEED BIRE , BREUYLUVay THEE 2 s ARCBEBEOLY—2 &R
Uiz, BEmsiai 3 BREbE T 2000 EEDER T, H)IBAETER 1 » ARICER
BEOE—2 BROLNZUSL, #EEE, BEDU LY OVThLERYES, BRE
PR LT, £, FEELbIC, B ERET—RIICH DN IRRED MEMER, 7
ExE, BEREOY—7 OB ICBEAEE (matsumoto « shiraishi, 1981a,b ; HIN 5,
1969) REDERIT, HEMU L5 THEHALMTRIoK. LEY, RFFOEETH,
g1 v AROBBEDETRELL, Z0#%, AFFCRAHCBOERARLN,
M ERELISSRRE L RO LT, VEY TS 4 » A%RECHiE Lo
2, BERFIZE OWEL IR D RNT

INLDIELY, HEDULSICRNTD, BERELIHERERBOGHE, SN
TONTVS EEZ b, HREEEE, BEROBEIRYEET LIk, B
Ur 5 SEABRMOERS L LCHATE3LELbh5. £, BRILFVICHRD
NAHBREROY TV BBEOANMRETIE, AR U & 5 BEICEHIFR SN bR
LEZ BN, BEREOYL LTI N TEIOBSRR LT, BEREOY %Y
DEMEbEZOND.

B, BU LS ORBECRIETEERRE UL 25, HHOBRE, N &
EHBNIFKARA PVABRERTHIZY, BVBEEEZRLZ.

BHMOEBESZEDS LD UL AOERERABES - L BALN TS (FFHD
2001). —F, BOARBEETHD TCA VA 7 VTHELEELLTVWA I b, 20
EEEDO LANBARORECHEELTVA I EREXONS. L, BESENMTS
POBCHAMOTHICHELTWAZ L bEL LN, SHORMNEETHS. N RE
CELTIE, BEHA9THIZED N BENKSH I VILBREEECR- =58, BIEE
DEED LB TEY, iz, Tachibana - Yahata(200D)13ZEF N SEELBBEDHIC
EOMEZRTVS. Z0OX5Iic N BECETNEREESRT LT, BEDLED
TRONBEN LRV TOESED ERGRER) LAbETEXD L, BENOERZE
EOEEICHT COMIEEELE 2 BREOEEL 25 THS Y. KA ML RAEEZBL
EENEESZLITLALNTRY, RERSTOANSEEC L SEERELEDS
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TRERMELR->TWE. ZOFERELT, '{’t.‘%ﬁﬁfu%lucct 5 B 5 FR DAL RE R BNl

LD BEEHRDOT-DREBEL LN TS, '
B EREORESEICKBITDRERNE, BRIEEBOSENES, KEEICRDZ LN

BTN S (GEE, 1969 ; HE, 1970) . 775, Z0OEA. KEICL > CEEEARH

HEhTBY, —BREDLZY OBROENBICITIREIC L ZEEN RO TIZRWVW L D

Wrbsd (B, 1997) . BED L X 5> OBEEIT, HEYMLVEELAELZToLb0

TIEREEBEEDEMARON-DIZH LT, BEATLVIBRELELT-= DT

EERECESEBICRERSL LN, Zhid, fIEOHRE, WLk 5 DIEKRERNSH

BIEEENTZDIIXI LT, BEBORE, WL L IERICEERRONREPo7Z LIT—H

BhBEEZOND. T4DL, BLIIERBEEREVEERAT—V0BE, BAK

BEBTHY, WL IEROBEREHICIIBOBNET LB 60D, &5 (1997)

ICEBE, Dot ayInrOBRBREILTATACE—2 20258, —REHE) OB

ERIZIALACE—I3HY, ZOMITEROBERSEMLTNBITHMnbET,

TP EIC REERIC £ B FRIEIC L > THRBENET LTV LRTH 3.
:@iﬁu,%%W@%Em%ﬁ%ﬁ(m%ibvx,ﬁﬁ&B)%ﬁwiﬁ(ﬁ®E

M, BATEREHN, AN, PEEARY) RETEHTIZLAMLATHNS. £LT, Th

LOREE LT, BERDEZERLBLMEOEIHIE L ORERXEICH S HEORNE, &R

REPBEHECEE LTS, 205 2BREOBEST ORGEIEE RT3 541,

AFETHRARIZDC X SBEBROFADEDRIbDEEZEZLNS.

W =
ARSI LRV REOH L X 5 HEREAVCERBRONELRAEL, (1) BRAMOE

BRRELTOB L OHBEOFIH, Q) HEFESBABHICIRIETES, 1TOWTHE

L7. A , - :

1. 7o vavIhy 3EEEBVTIE, RERFTAT —UREVREN L OEE (1999
FE) T, BERKR BREOEAVRLN, TORETLZ. HBREHZK 3 EH
BoHE7 2000 FEOEE CIIERMMYT, BREXEAD LE., VEY, XXFOH
ETIE, K1y AROBBECEKTSELL, T0O%, XFFCRARICBROER
2, TLT, LELCIEEE 45 A%ETHLOST .

2. BEBEMHDN, BWLIODBEECREITEELRE L L5, HHOERE(RY
u—2 5, 10, 15%), N EEQ/1IMS, 172N, 1/4N)HBWViTKZ kL R(—0.9,
—~1.3, —1.8, —2.3MPa)B EFT3I1TE, BVEBEBELZR L. £/, BRIEEUS,
20, 25, 30°C)TiX, HEUVHLOEEOEAIFRIFFBEENEL, BERTD

P LOERTIIFRIE S ERSEOHEASRONL.
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Acid content(%)

B:AFF

Acid content(%)

B2, BEACFY OB EREBIVERDU & 5 OBRIBE OEH

—e— iZEtotal
—3— 3 ECitric
—A— EZEMalic
- - % - -#t Ftotal

-« % - - it _LCitric
- - @ - - 5 _EMalic

s

Jul.30 Aug.30 Sep.300ct.30 - Dec.2
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6 ——[HiE
—&8— 5%suc
—A— 10%suc
“&b —0— 15%suc
P
S
o
°
(&)
©
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)
o
|_
0

1/4 8/4 9/4 10/4

HIN. HHOBMBRENEED L & 5 ORBECRIETEZE

B1R BREORBRLIEMT2 » AMBRLEDU & 5 ORRIBE SRR

Sucrose conc. | Content of acid Composition of
In medium (mg,/g juice) acid(%)

Citric acid Malic acid Total acid Citric acid Malic acid
Sucrose 5% 9.9¢ 5.2a 14.9¢ 65.0b 35.0a
Sucrose 10% 18.1b 1.5a 25.6b 70.7b 29.3a
Sucrose 15% 26.2a 6.6a 32.7a 79.9b 20.1a
In vivo (Sep.8) 16.9bc 0.4b 17.3¢ 97.7a 2.3b

Contents of total acid, citric acid and malic acid at start of the culture(July 4) were 185, 164, 2.1mg/k

juice srespectively.

Acid content (9%)

MS 1/2N 1/4N MS 1/2N /4N -

BAK., BHHWONBESEEDULL>OBRIGRBIRETEE
A1 5 A%, B:EE2HAR
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Acid content (%)

-0.9MPa —1.4MPa

—1.8MPa

—2.3MPa

5 M. HMOKRT > VAMEED U & 5 ORBEICKIETEE

ok FBETCT2HVAMEELEDL & 5 OEER

Vesicle wt. Total sugar Acid

(mng) (%) (%)
15°C 17.1¢ 549 ¢ 1.04 ¢
20°C 19.6 ¢ 549¢ 143b
25°C ‘ 248 b 659 b 152 b
30°C 28.8a 8.32a 2.52a

8,/4~10/6 IZEKRFEBRET CTHELE,

B3R EHRAPCHBREZEZATGEOBU & 5 OEER
Vesicle wt. Total sugar Acid
(mg) (%) (%)
15°C ‘114 a 7.09b 340a
20°C 104 a 746 b 2.89b
25°C 122a 7.77 ab 2.64 b
30°C 11.8a 8.60a 253D

6,/30~7,30 1X 25 CREESMCT—RITEEE L, 7/30~8/31iC
BREEET CEEL-.
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Fofi  HEDU x5 LB ERECHT 5HE RS L URANBREROEL

&
AV RRAOEHRBIIENDOEBRIZEAHDO TR, BLLIONTHEIVERSH
5. AREDS (1972) 1ZUV T a v I A CREOFEBABERY, (OWL X 2 ICHRA
L7 R a0 — AR ERICEFERRICEA I NERB O ERNERICET T 25988,
BERBROERENRL, £RkeSENERTEE 25700, REDHY OFHEBE DY
POIZTEIET 2 ETOHRE, QOB L L IIKMALELAS B—RADEERE~DEAN
B L., WU D ICREDFERPED SNDEFHD 3 212 KB] LT3, Matsumoto
Shiraishi (1981a, 1981b) 1 BHIDERD VL =¥ I H L ORKM A HE LT, B0
BER 7 U BREL D b Z OB EICENL., BVBAD S DITRWEFIZ Y = VB OTE
ENEREE EED | EREOBOBERELS KVIEED LRRTNS.
B O AR IZ D\ Tk Bogin 5(1966)i37 &2 F /L CoA & 4% o EREE DIE SRS
Y250 LFEEREEZETCTCA YA ZNVICE B LE2BELTWS. AGRH - FE
(1987) ® PEP AARF L5 —BORMIC X 5 REERGE A E M £ I E B2 25
X7 LTRY, 7o BAREER L PEP LRI T — Y ORENEEBROMBE L X<
—EFH I LEREHRLTVS. —F, BESEBTSIIoNT, ThbOAKRDER
PMETL, 7o VBAMROBREENEES LEZONDN, HRERIIAKERIZT
NTHLATRY. BEH L LTI MbN LEMMEICBI LT, A% (1990,
1990b) 137 = VB EREER DIEHE T B I UM BB RIZ L 5 7 EF /L CoA SEDIK
TEBEH LTS, Sadka H(2000)i37 = ERAEEESR OTEMEETIZZ < EHMICR S
ChBELTWB., £z, BREOERZT~FY LBV XA XA (AKRA - RE.
1987), AA— T4 5LV T —1LE 2 (Sadka 5,2000), R —FLEVEHFT—LF
m%mW%)%m@bfy%n%n\Tzz&—%%@@tﬁ‘ib:yPU7WT&
<HBREFOT 2= —BEEOBE, BEOTa=F—EEHEZHEETAIV I~ A
FEEDHEGEHEL TS, Z0X 52, BEBORBIITRALRENZV S 2iz, Y,
BE., K, BEREREOERIZE > TRENOBEENRESERAINDIZ EBALN
T3, o
KREITIE, BARMEMBTT 2LV EMARAERREZAVDIZEBNARIEE X, AR
AROEECHIW L L HINEEELZ B S A DICEHOFRER LOKRT v
NEBLIET, HBEWL L 5 0BEERL KUBRMEROEEL LR L.

il

R K O
AR ERFHEIEBICREFT O “EIRE BALY 7A 4 RICHREERL, &
HBICHE (Mukai B, 2000) BT x SEIRZFE L. X7 m—X 10%ZFM L7 MS B
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i (ERIRE 1%) I[THEX 2T, 17 AM 25CHEBEHT CHREREBI 2o, 20
B, (DVEHIOR 7 o —RPEEZE X85 (A7 a—2 5, 10, 15%) BLUQKKF
VUXNEEZEMS (=M= 0, 3, 6, 9%EHRML, ARFUU R LMET—
1.0, —14, —19, —23MPallfiE$ 3 X7 u—X 10%MS 55H#l) 12 22 THERIES
BRIz, R TH8H) | MREER BA8H) BLIUHMREE 1A
% OA9H) WHLrI>FTOBREERLVUI = U EEEE (CS LEET) & NADP KER
1Y = EBAKEESR (CDH LIT) 2 ERLE. B EREIZOWT bR R
DREZIT-7=. BB, BEEIX HPLC TEEL, TORESRMLX, 74 ;KC—
$UI(BRET), # 5 ARE ; 60°C, WM ; 2mM HCIO4 1ml/min, BTB U “EA%S 2
S RU YA LSml/min. ThB.

iz, BREEOHIEIIRICGRRS FETITo7-.

BREWDCI>XVBWL L 5EMA7EITEEY H L, PVPP(polyvinylpolypyrrolidone)0.1 g,
200mM Hepes buffer(ZOOrhM Hepes 200ml,MgCl, 0.203g,EDTA 0,074g,DDT 0.031g,CHAPS
0.1g,pH8.5) 2ml Z /M %, KB TFQC)TER L. BRKREZIZ /A TABL, 3000g,
10 53] ACTELDBEERB 22072, EEEFENA T 4V AIZ% L 200mM Hepes buffer
T 8 FFHENT 21T o72. BEER, MK EE MY v 7 (MILLIPORE #£) 2% LT
3000g. 4°CT6047. 1557, 10 MR LSBEZITVOERNE L7c b O MBERIRE LTz, 7

NADP KHERIA Y 7 = VBT € Ka 7/ —YORIE : MEERIK 0.166ml & Triethanole
amine buffer(triethanolamie 1.4g DL-isocitrate 0.1g,NaCl 0.225g,/ H,O 75ml, pH7.5)O.830m1 %
~A 7 EVUIZANT 200CT 553H A > F =2~— kL7, NADPAKR (NADP 0.026g,
MnSO4 0.06g/ H,O 3ml) 0.033ml ZMZ TR S, HE 340nm CRAEZRIE L.

?:J:‘/Eé%“/‘/&—*k“ DORFE : HEERW 0.5ml & DTNB(DTNB 0.0039g/IM tris buffer
10m1)0.1ml, Acetyl CoA(Actyl CoA 0.003g/H,0 0.3ml)0.03ml &~ A 2 2z AT 20C T
3OMA F 2 N—F Liek, %V oBEER(CE Y nEEEE 0.0013g/0.1M Tris buffer)0.05ml
EMZCRIGESYE, HE 412nm CTREEZHIE L.

£ B &K B

1. BERELEEW L X 5O - BEE L BRBBEREEDLE

B EREL 10%R 7 n—AFHMTOERD L £ 5 1CRBIT 25, BREEOHBELE 1
WRLEZ. BEREOLKESEIX 7 AYYIO 24.7mg/g juice 2> HHEM L 9 A HBHNTiX 73.7
mg/g juice Loz, HBEWL L IICBWTHIZIEIREIZEML, MEORIZITEERE
RO oTe. T2lE, BEDL & D OFEEMRIZA 7 o —RER 55~65% L 720,
B ERFECHARDZ LEVWLDThHo/. M EREOBRERIT S AU —2 2R, £
DHBFIVET LD LT, BEER L & 9 Tk —2 2BA 5m“f, 8 AMb 9 HiZh
TET L7z, £z, 8B L L9 Tl EREICHATY VIBAEESETH -,
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BRREBEREEORRELE 2 MR L. CSEMERB L ICDH FEL iz, B LEREE
ICHARTERD L L5 DIEIBREWEEEZTRL, & <IZ ICDHEEOEMAEE ThH-o 7.
Bt LEETIE 8 AN CSIEMD 1Bon e B —2 3R b7z 2% ICDH I IZ IS A AET
B L. —F, BEDLL) CHAEERL LICHERARIEERRE YV Z0%ETL
7-.

2. EEHEEREORE

MAREE 12 ABROB L &5 ORBREBLZE SRR LD, HHOEREDEWCX
5%%&5K&H$%%ﬁﬁ%h&#ot.é%@%m%ﬁ®%%§ﬁﬁw%@&8%<
Roled, 5% AT o — R TITHREERBBR I VIET L. £, BEERICERIET
BEHSEREOEEIIR NP T2(F 1 K). .

BE I MREERARL VW THORGET Lz, BHEREDRN D DIZSHEE
WK T L. £/, CS BLV ICDH FEHEEIWTN L EHERERENLDOIEEENo 2
(B 2R).

3. BHART v VDEE
HREE 1y AROB L & O OREBREEZE 4 KITR LD, BHOKRT v LME
TTAIZFIBREELZIH L. SEESEIIEHOKRT Y VR ENLDIZEEL 72
ST, —19MPa ZECHEEIC LR Lie. (72, BHERICRIETEHART v 110
EEIRLN RN T(E3H). :

BEEITEHART V2 VOBEONE DIEEEVEER L, MREREBRFIVETL
72DiE—1.0 MPa X721} CTh oz, BEREMHEICOWVWTIE, ART UV AR ENEDIZE
CSTEMEAMES . —F ICDH IEHEILE < 72 o 7e (5 4 ).

Z £

REOEBBEEITX. WL LI IIBTIERBOGRHRR L DIERDONT VR Lo TH
EEND. TRDLARRNES BEIEREOERNE L, M HRRIBIIZRR OB 1S
ELD. vrvavIArREORE, SEMIOIEEBROERPERISETL, D2W\T
EHBOERENH L, £RESHBERTEE LR, RBENTT, SFRBED G
SENMEBTAEEZONS. LiL, GRE (1977) , Murata(1977) X C* 7 = B%
AWEERT, BBREIBW T = VBOBERPRIEREFARFICERROTFETSZ
EEERLTVWS. IUFVYREOCI VBT, MBBEDOI P FU TR TEIZ TCA
EIRIZ L > TAERR I, MRE 2 & CRiEH 28R X D (Echeverria + Valich,1988) . A
tRE - KRB (1987) 37 = BARKEERL PEP VAR X Y T —BOEENEREBROER
L XL —HEL, IR b OBEREENAE L. BFHEETICHEVBEENMETT5E
WRTWD., RKRERTHE, /7=VBERICEDLSZ 2 VBERERBIODREICEDLS A
V7 = U BEKEREERIZ OV TRE L. '
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BEREL 0%A7 u—REHTORRD L L 5 DBREEZ B LZER, BLEREE
TS AKE—7 2R LEBICARLEDICR LT, BEDHT &5 TEHLARE—2 5
HONTER L. —F, CSiEME, ICDHEMHIZLE HICHEEM L 5> TEH#EBL, 8 A
HNCIER ERFEITHAT CSTEMETHR 23 %, ICDHTEETR 6.1 5L 2o, ZOHMER
DIEEEMBERROEEEME EE -7 FR, BEI L L O THHEBEEICEY—7 18N
RolebDEEZOND. £z, EEWU XD CIIM EREICHA_RTERRBRIZEDDY
VABOEIEREN 0T, ARE SA97)NIL v %Y OEHEERA I I SRERRT B E RS A
FERBREERLTILEERLTRY, PEP IARF VT —BICLVBEEES A%
P oEEEE S EeCY VBB L, ERLEY CTIRRIX CSERICL o TTEF L
CoA LA LTI/ UVBBNAERIND L LTWBHUARE - RE, 1987). ZDZ &nb,
BED L X5 ICBOWCIREERIGDIERL. HDWIET =/ BE~DEBOMG] 2 & 03HE

£23h5.
773/3%“/5'%?‘]0)751%%@ WL x5 V\T@H#J: DERRSNDI b, EELERDBL LS
FOREEEELEZZHEIT. BRI HEEHRTF L. BHOEREDC LRSIV

KRBT ¥ VOETI :H—b\ AV ) EFOD#??IE.%\ BEEIIWVWITNLELS ot B
EMEICE L CIE, SR E O LRI, CS EHERS L ICDH FHETWInbEE -
7=
ZDEFE. EETHIHEOEMICHEWEREBEOGRR, SRR L bITEENE 5035
ROEMMB LB 2 SN T-7-012, HREEE 1 » AROBEEIIEWIREBIC o7 L H#
Bginb. —F, KETVr T /VOETIZE ICDH {EHEIXEE - 7225, CS EHEIMET
Lz, ZOBE, FEOBETIIKRT VY VOETIZHES GEESEDOTANR DR
TOBRE, BARICRELEL IR, EART UL L TOBETOELLIB L LS BED
H RO LN TEY, MENREHEOREENSEZ N A.

722, TRHOBERIEEIZ, WL E5EARL Y OMHICEE2bDTH-oTI b i
Y 7 RMEERODICRH L TR ST, TCA BBRICEDLS LD, RIADLOH
XA THD. Sadk H(2000)iZ, 7 VML EERCTHL T a=F—BICEAL, I b=
YRUTHOT 2= —BEEORTABOERICEE L, MIREFOT 2 =7 —¥EHE
DERBPBOBVICESEET I L LEETLERBELTVS. SBINODREEREL
TEHITRNEMZABLERDD LEZBNS.

W o=
w2y I b REORRREMENT AT L MM ERRAEAVD Z L REHE
Ex, BHBEROELETHIWL X HONES %%WMéﬁétbLmﬁwﬁ%F%iU
KERT ¥ VEBLERT, BEML & 5O - 2B X OB REEER OB % b
L7,
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1. BEREL 10%RA7 0 —REHTORED L L > OBEELHERLER, B ER
EOBEEIL 8 AYMCE—2 2R L, ZORABITET LZOITH LT, HBEDL
D TIREY—IBRAONT, 8 AND 9 AICMTITRT L. £/, WL L5 T
I EREICHRTY VIBBEEE THo . CS {EMEB LT ICDH EHL b,
B ERERICHANTEED L X O DIEIPEWEEEZRL, B EREETIE 8 AHC CS
EED B —2s RR N2 ICDH fEEIXITIEFKETHSE L. —F, &
WU Lo THmMBESRL bICEERARIEESEE Y ZOBETFTLE.

2. BEHMOBERED LEITHEY, BED L IIFOME - BEENEE o7, CS EHiE,
ICDH FEEIFW T b IR ES RO bOIZEE»2 T2,

3. BHOKRT v VOETICHEY, BEML LI FOHE - BEEREE 7. CS
TEMEITE KR T V¥ ¥ VOETICHEWVET Lanizxt LT, ICDH EEE#IcEE

o7z,
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Bogin, E. and A.Wallace. 1966. Organic acid synthesis and accumulation in sweet and sour lemon
fruits. Proc.Amer.Soc.Hort.Sci. 89:182-190. ‘
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& & (mg/g juice)

. _._gi%i?
b 0 EEWL
SeHE
> __‘_EL%i?
. —a— i ERRS
IVEE
50 —x—# LRRY
- VOEE
40 1- - o - - BEEBUL
S
o -- - - BEWCL
ST
” ca X - i%%ﬁ'}jliot
SV TR
0 b
0 &
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A 0—2Z 10%

A7 H0—X 156%

F3X FEREOERDELHT 1 4 A RREREEE LU x 5 OFEERE

MAN. 3% MAN. 9%

BAE ART S MDRRBEHT | 4y AR LB U x> ORERIE
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FIR BHOFERENEERD L X 5 OFEEICRIETEE

Sucrose & | ¥E S B(mg/g juice) , VERAL (%)

E Sucrose Glucose Fructose Total Sucrose Glcose Fructose
5 % 22.6 6.7 7.0 36.2 624 18.5 193
10 39.0 12.1 13.3 64.4 60.6 18.8 20.7
15 45.7 13.1 14.9 73.6 62.1 17.8 - 1202

—REME | ** * o i ns ns ns
2R BHOBRENSEEDC X S5 OBEER L OBREHEREEHICRIETEE

Sucrose # | B2 & E(mg/g juice) . B SR T 1 (U/mg protein)®

E Citric Malic Total acid CS ICDH
5 % 10.1 2.5 12.6 0.015 0.046
10 13.1 4.3 17.6 0.057 0.246
15 17.8 4.0 21.9 0.068 1 0.368

J— Yk @.J% *% ko *% *k k%

Z CS: 7 EAEREESR, ICDH: A V7 VBT Rush—F

BEHIOKRT oy VBEER L k5 OBESEICRITTEE

F IR
Mannitol 5 B (mg/g juice) AR (%)
BE Sucrose Glucose Fructose Total Sucrose “Glcose Fructose
0 % 49.7 115 14.4 75.6 65.7 15.2 19.0
3 44.6 1158 17.7 78.0 57.2 20.3 22.7
6 529 16.2 17.7 87.7 60.3 18.5 20.2
9 57.6 16.2 19.0 929 62.0 174 20.5
—REF ns * * *k ns ns ns
AR BHOKET v VREED L & 5 0BE &S X UBRMERERICRIE
TRE . :
Mannitol E224 B (mg/g juice) B IEME(U/mg protein) 2
BE Citric Malic Totalacid | CS ICDH
0 % 133 43 17.6 0.057 0.246
3 20.6 8.2 28.8 0.053 0.361
6 22.0 5.8 27.8 . 0.028 0.326
9 25.0 5.6 30.6 0.036 0.380
_.fﬁ{ E d% *%k ns %% *k *

Z CS: 7= EEEREER, ICDH: A Y /7 = VBT Fuff—¥
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3 1.
1 2.
£+ 3.
B4 4.
1 5.
K4 6.
B4 7.
B 8.
B4 9.

£+ 10.
114 11.
£+ 12.

Explant OOFEE 4% 413 51k
1/3REOEBRICIBITS 15 %), 25 ABRE)DOH U X 5 RERE
B OBERENTD U & 5 BRICRIETHEEE 30 A1)

I OBEERSEED U & 5 OB RITTEE '

PEREED B DEHIA~DOHRIEESD Uk 5 BECRIETE

KRT e VDR DEMA~ORRERPID U & 5 RBICRIZTTEE
EHi~D ABATRIAB L x ) BEICRIETEE

MS BEDOFRBEEED U x 5 ORBICRIFTBEEE 2 » A%)

B D ISR Ay DR U 1 5 ORRICRIETHE

BRED XV OEBEDL & D DORERE

ERUY LV HREEZEXHEOB L £ ) DR
EEATLVIERRESEALEEOD U L ) ORE
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2. 1/3REDERCEITS 1 v AKE). 274 ALl AVR IR = 20N
EE 1 3REOEEDLED, T : ARMOMERROBL LD
BU x5 OIEREETIEIER ERE L A TH5IEORMTL DRV

Sucrose 5% EShcrosclN 0% 3

(X 3. BEHIDBERBEDSW L X D ZEICRIETRBGER 80 BR)
ATRIFY EIRE, HERHIM3IA 19B~6H8H

Sucrose3% Ty 2 —ANIFE 69, WL XD IZESFEV. BENRERD [CONTHRAIHET.
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-Sucrose10% Glucose10% Fructose10%

(4. HEHh PR ASERR L X D DRFE\CRIE T R
WU x5 DIEXRAERE Sucrosel0% TR b &1, Fructosel0% T4 7.

Sucrose10% Sucrosel5%

Sucrose5%

A 5. BEPREEDRIR B~ DRERIEEDD L X D HEICRIETRER

7565&08E4E§?&mmd%?%&bt”,%ﬁmgwﬁﬂﬁ9ﬁ225ifﬁﬁ%ibt

s DPEMEE D _EFITEE, BEMEES nizs. ERERCRERRbIRNSTC.
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25°C

AR 11, HERNA LY ERREE L X EHEOH L & ) DRE
SR 8 B 4 A~10 A 6 B, BEFBVIELDU & 5 FEEBENT.

H@u.%%ﬁ#i@%%ﬁg%%kt%%@wuxﬁw%é
6 830H~7830H X 25°CCHEFE L, Zm#% 8 A 31H i’?@%&?ﬁ)ﬁ’(’t’%i \o7e:

BU x5 RECREOKBIIL bIRN ST

71



1/ 1MS 1/2MS 1,/4MS

‘Hﬂm.Nﬁﬁﬁ@%ﬁﬁ%ﬁwux5@%@K&E¢%@ﬁ%ﬁwﬂ%)
1,/2MS RiZHF 3 EEKRD A bivTc.

LR 9. HEHIDEERRRA DR U & D OREICRIETRE
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Citrus Hassaku hort. ex Tanaka
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