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Postharvest Changes in the Activities of Sugal・開metabolizing 
Enzymes in Eggplant Fruit Stored at Different Temperatures 

MATSUI TOShiyuki*!i and KOSUGI Yusuke* 

* Dε伊pαr附tmηnentCJ.ザfApplied Biω010沼刷刷gががiたfcαalS針ci花f厄E叩ncesι，Facul付か Qザf‘ Agr 

2393， J，政ke問nobe，M凶4必i耐ki卜-cho，K.釘it，ωa-g♂u叫nκ1，K.αgαωwγ叩a 76白l一07乃95

In this study， we investigated the postharvest changes in the activities of invertase (EC 3.2.1. 26)， 

sucrose synthase (SS; EC 2.4.1. 13) and sucrose phosphate synthase (SPS; EC 4.4. 1. 14) and their 

relationships with sugar content during storage of eggplant (Solanum melongena L. cv. Senryou) fruit at 

13 and 25
0

C for up to 14 days. Firmness and color change were used as the quality index of eggplant 

during storag巴.The acid invertase activity in the soluble fraction (SF) of the eggplants stored at 25'C 

was significantly higher than those of the eggplants stored at 13'C on days 11 and 14. In t也h巴 cell

bound f台ra抗ctむ10∞n(にCWBF町)， the activities were 1泌1註ighe臼rthroughout the storage period. The acid invertase 

activity in the CWBF was 22~25 times higher than the SS activity on day 8 at 25'C. The SS and 

SPS activities in the eggplants stored at 25
0

C were the highest on day 14. Low叩temperaturestorage 

was effective in decreasing invertase activity in both fractions， thereby suppressing sucrose 

degradation compared with high-temperature storage. Low-temperature storage at 13'C cause no 

chilling injury to the eggplant. It was even e任ectivein maintaining the sucrose content， color and 

firmness of eggplant fruit 

(Received Feb. 21， 2008 ; Accepted Jul. 14， 2008) 
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As a highly perishable vegetablell
， eggplant fruit 

(So!anul1l l1lelongena L.) contains a high amount of 

water. Aside from water， carbohydrate is also 

considered as a major component of eggplant fruit 

and eggplant quality is directly related to the 

concentration and metabolite21
• The normal postharvest 

physiology of eggplant is characterized by an 

approximately 45% sugar loss during air storage at 

25'C for up to 10 days31. However， a lower temperature 

during storage or transportation can minimize the 

loss of sugar from eggplant. For example， the sugar 

content of eggplant has been reported to be about 

91 % after 1 day storage at 10'C relative to its 

eggplant during storage under nonchilling injury 

condition61
• Sucrose-metabolizing enzymes such as 

invertase (soluble and cell-wall-bound fractions71
)， 

sucrose synthase (SS) and sucrose phosphate synthase 

(SPS) ， were found in eggplant by preliminary 

experiments. In plant tissues， the cleavage of the 

glycosidic bond in sucrose is induced by either SS 

or invertase. SS requires UDP as a cosubstrate and 

produces fructose and UDP-glucose81
， whereas 

invertase simply splits sucrose into glucose and 

fructose. SS is a cytoplasmic enzyme that catalyzes 

reversible reactions and acts only in breaking down 

sucrose in ViVo'l. Acid invertase， which exhibits 

initial value41
• optimum activity at pH 5， is present in vacuoles 

Temperature fluctuations affect the chemical (soluble fraction) and in the apoplast bound to cell 

composition such as sugar contents， of harvested 

products51
• Hence， elucidating the behavior of 

enzymes related to sugar metabolism is important 

in understanding the physiological traits of the 

commodities during storage. However， no report has 

yet been published on the relationships between 

carbohydrate and its metabolizing enzymes in 

S Corresponding author， E-mail: matsui@ag.kagawa-u.ac.jp 

walls (cell-wall-bound fr・action). Eggplant loses its 

skin brightness with time elapsed and becomes dark 

or brownish61
• Note that the firmness of vegetables 

depends on the turgor of living cells， which tend to 

produce rigidity. When cell volume decreases， cells 

become soft and flaccidlOl
. 

In this study， we investigated the color and 
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firmness of eggplant as indicators of its quality， and 

the changes in the activities of sugar-related 

enzymes and their substrates during storage under 

nonchilling injury condition') at 13 and 25'C for up 

to 14 days. The lowest safe storage temperature for 

eggplant is known at 7 'C]). As cold room 

temperature fluctuates by 5 'c， the lowest safety 

temperature was chosen to be 13'C. 

Materials and Methods 

1. Plant materials 

round plunger (flat-surfaced polyacetal resin cylinder. 

3 mm in diameter). Breaking strain (a high fragility 

strain rate and a large number indicate a strong 

resistance to fragility) readings were randomly 

obtained at around 3 points of each pulp portion. 

5. Determination of carbohydrate content by HPLC 

Two grams of frozen pulp tissue was mix巴dwith 

1 g of sea sand and homogenized in a cooled 

mortar and pestle. The homogenate was transferred 

in a 10司 mRvolumetric flask. which was then filled 

with water to a final volume of 10mR and centrifuged at 

Eggplant ‘Senr・you' was grown in farmers' 11，000 X g for 10 min. The supernatant was filtered 

greenhouse in Kagawa Prefecture， Japan. Eggplant 

fruits were harvested randomly on July 5， 2006 and 

immediately stored at 13 and 25'C in perforated 

plastic bags with 1 hole (6 mmゆ)for 14 days in the 

dark. Sampling was performed after 0， 1， 3， 5. 

8. 11 and 14 days of storage， and tissue samples 

were immediately frozen at -30'C until enzyme 

extraction and assay as well as until sugar content 

determination. 

2. Measurement of weight loss 

Weight loss was measured by weighing the 

eggplants on O. 1. 3. 5， 8， 11 and 14 days after 

harvest. The d巴creasein weight was expressed as 

the percentage of weight loss related to the initial 

weight. 

3. Measurements of color change/hue angle and 

lightness 

The surface color of each sample was measured 

using a chromameter (Nippon Denshoku， Kogyo Co.， 

Ltd.) with light passing through an 8-mm measuring 

hole. The chromameter was calibr就 ed using the 

manufacturer's standard white plate. Color change 

was quantified using L (Iightness) and a and b 

colorimetric systemsl1
). Hue angle， that is， h'= tan-) 

(b/α) when a > 0 and b > 0 or hO 口 1800 + tan-) 

(b/α) when α< 0 and b > O. was calculated from 
a and b)2). A higher hue angle indicates a purple 

color，明rhilea lower hue angle indicates a yellow 

color. 

4. Measurement of firmness 

Firmness was measured rheologically based on 

the resistance of pulp to pressure on shearing. 

Breaking strain. which indicates the fiber content of 

eggplant， was determined with a creep meter 

(Yamaden Rheoner RE-33005 L)， equipped with 

software Ver. 2.0 for automatic analysis. A cross-

sectional cut of 1 cm thickness was made at a 

rate of 1 mm/ s with a pressure of 2 kgf using a 

through a cellulose nitrate membrane filter (0.45μ限

pore size). Soluble sugars were analyzed by HPLC 

using a stainless steel column (10. 7mm ID X 30cm) 

packed with silica gel (gel pack C 610). The mobile 

phase (filtered air-free water) was pumped through 

the column at a flow rate of 1 mR / min. Pressure 

was adjusted to 14~ 15 kg/ cnl and temperature to 

60 'c. A RI monitor (Hitachi L-3300) was used. 

Sucrose. glucose and fructose were identified from 

their retention times and quantified according to the 

standard 

6. Enzyme extraction and assay for acid invertase 

Five grams of frozen pulp tissue was mixed with 

1 % polyvinylpolypyrrolidone (PVPP) proportional 

to the sample weight and 1 g of sea sand. The 

sample was then homogenized using a cooled 

mortar and pestle with 5 mR of 0.2 M citrate凶

phosphate (C-P) buffer (pH 5.0). The resulting 

homogenate was filtered through four layers of 

cotton cloth， and the filtrate was centrifuged at 

11，000 X g for 10 min. The total supernatant was 

dialyzed with 1 R of 5 mM C-P buffer (pH 5.0) for 

12 h with constant stirring. and the solution was 

designated as the soluble fraction ( SF ). The residual 

tissues were re-extracted with 10mR of 0.2 M NaCl 

C-P buffer. The supernatant was dialyzed as 

described above and the dialyzed inner solution was 

designated as the cell-wall-bound fraction (CWBF). 

All extraction procedures were carried out at 0 ~ 

4 'c， followed immediately by enzyme assays. The 

standard assay medium for acid invertase consisted 

of 0.2mR of 0.2 M C-P buffer (pH 5.0)， O.lmR of 

0.5 M sucrose， O.lmR of water and O.lmR of crude 

enzyme solution. A blank experiment was carried 

out using distilled water instead of O. 5 M sucrose 

The assay mixture was incubated at 45'C for 15 

min. After the reaction. the assay mixture was 

neutralized with O. 1 N NaOH. Somogyi's copper 
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reagent was added and the mixture was heated for 

10 min in boiling water. The amount of reducing 

sugars was estimated by the method of SOivIOGYI，"I. 

Enzyme activity was expressed as the amount of 

glucose produced per minute per milligram of 

protein. 

7. Enzyme extraction and assay for SS and SPS 

A sample of pulp tissue (5 g) was mixed with 

1 % PVPP proportional to the sample weight and 1 

g of sea sand. The sample was then homogenized 

in 0.2 M potassium-phosphate (K-P) buffer (pH 

7.8) containing 10 mM  ascorbate， 15 mM MgCl" 1 

mM EDT A and 1 mM dithiothreitol (DTT) using 

a cooled mortar and pestle. The resulting 

homogenate was filtered through four layers of 

cotton cloth， and the filtrate was centrifuged at 

11，000 X g for 20 min. The total supernatant was 

dialyzed with 1 R of 5 mM K-P buffer (p日 7.8)

for・ 16h with constant stirring， and the inner 

dialyzed solution was used as the crude enzyme. All 

extraction procedures were carried out at 0 ~ 4 'c. 
SS and SPS activities were assayed at 37'C 

following the methods described by HUsB!¥RD et al.141 

with slight modifications. The reaction mixtures (70 

μR) contained 50 mM HEPESぷJaOHbuffer(pH7.5)， 

15 mM MgCl" 25 mM fructoseふphosphate(FふP)， 

25 mM glucoseふphosphate(GふP)and UDP司glucose

The mixtures were incubated for 30 min at 37'C 

and the reaction was terminated with the addition 

of 70;A of 30% KOH. Enzyme blank experiments 

were terminated by adding the KOH before 

incubation. Test tubes were kept at 100
0

C for 10 

min to destroy unreacted fructose or F-6ヂ. After 

cooling， 2 mR of anthrone reagent (150 mg of 

anthrone with 100mR of 15% H2So.1) was added and 

incubated in a 40'C water bath for 15 min. After 

cooling， the color of the reaction mixture was 

measured at 620 nm. SS was assayed as described 

above but using 25 mM fructose instead of F-6-P. 

Enzyme activity was measured as micromoles of 

was determined by トtest.The relationship between 

sugar content and enzyme activity was calculated 

by linear correlation analysis161
• 

Results and Discussion 

1. Changes in weight loss， color and firmness in 

eggplant 

No significant weight loss was observed in the 

eggplants stored at 13 and 25'C throughout the 

storage period (Fig. 1 (A)). The hue angle of the 

eggplants showed no significant change throughout 

the storage period under both storage conditions 

(Fig.1 (B)). However， L， which indicates the color 

5 

4 
( ) ぷ

g 3 

"'-' 

ぷコ~ 2 

EU Z 

l 

O 

182 

180 

-qbJ E 

@ 178 

z aロ: 176 

174 

O 

O 

(A) 

(C) 

---.公-13'C

一合一25
0

C

3 

一念ー 13'C

ーゼトー25
0

C

3 

九争〈γ一室

15 
吋

10 

5 

一念ー 13"C

一合一25"C

6 9 12 15 

6 9 12 15 

了づ 合議

sucrose or sucrose phosphate produced per minute 0 

per milligram of protein. 

8. Determination of protein content 

Soluble protein content was determined by the 

method of Low立Y et al.151 using bovine serum 

albumin as the standard. 

9. Stastical analysis 

The experiment was performed using a randomized 

complete block design161 with three replicates. The 

difference between the means of two populationsl71 

O 3 6 9 12 15 
Days of storage 

Fig.l Changes in weight loss (A)， hue angle (B) and L 

(C) during storage of eggplants at 13 and 25'C 

Each point represents the mean of three r巴plicates.
Vertical bars indicate SE 
(A) Between 13 and 25

0

C = no significant difference 
(B) Between 13 and 250

C = no significant difference 
(C) Between 13 and 250

Cロ significantdifference at 95% level. all 
days except days 0， 1 and 5. 
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lightness of eggplant， increased as storage progressed 

at 25
0

C (Fig. 1 (C)). This result suggested that， 

although hue angle remain巴dalmost constant during 

storage. the eggplants stored at 25
0

C showed a lighter 

color. Consequently. eggplant fruit attractiveness 

during market display was reduced. Compared with 

that of other perishable vegetables such as lettuce'8' 

and broccoli四) which show a progressive decline in 

greenness with time in 20
0

C storage， the color of 

the eggplants was not markedly affected by storage 

temperature. Despite the hue angle and color 

changes， the overall visual quality declined more 

rapidly in the eggplants stored at 25
0

C than in 

those stored at 13
0

C. For instance， the visual quality 

on day 14 for the eggplants stored at 13
0

C was 

comparable to that on day 8 for those stored at 

25
0

C (data not shown ). Prominent quality deterioration 

occurred after day 8 of storage as exhibited by the 

darkening and shriveling of the peeL Although no 

chilling injury symptom， such as pitting formation 

and mold growth， was observed at both storage 

temperatures， keeping the eggplants at 25
0

C promoted 

marked changes in peel color， lightness and fruit 

softening. These manifestations indicate the limit of 

product marketability. Moreover， the breaking strain， 

indicating the fragility strain rate of fruit， was 

higher in the eggplants stored at 25
0

C than in those 

stored at 13
0

C except from the initial day to day 5 

(Fig. 2). When the breaking strain exceeds about 

43%， eggplant quality seemed to show the onset of 

rapid deterioration. Our result closely agreed with 

the findings of ABE et al.61， who reported that the 

freshness of eggplant could be retained for 14 days 
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Fig. 2 Changes in breaking strain during storage of 
eggplants at 13 and 25

0

C 

Each point r巴presentsthe mean of three replicates. Vertical bars 
indicate SE. Between 13 and 25'C = significant difference at 95% 
level. all days except days O. 1. 3 and 5. 

at 10
0

C and for 10 days at 20
0

C. 

2. Soluble sugar content and invertase activity in 

eggplant 

Sucrose content continued to increase until the 

end of the storage period after having a transient 

decrease on day 1 of storage at 13
0

C， whereas it 

continued to decrease in 25
0

C storage throughout 

the 14同daystorage period (Fig. 3 ). The eggplants 

stored at 13
0

C exhibited a higher sucrose content 

from day 5 to 14 than those stored at 25
0

C. Glucose 

content was almost constant in 13
0

C storage. while 

that in 25
0

C storage continuously decreased until 

day 5 and then increased until day 14. Fructose 

content remained almost constant up to day 8 and 

increased until day 14 of storage at 13
0

C， whereas 

that at 25
0

C showed almost the same patterns of 

glucose content， except for a sharp decline on day 

14. 

Acid invertase in the SF of the eggplants stored 

at 25
0

C showed a constant activity until day 5 and 

increased thereafter， whereas that in the SF of the 

eggplants stored at 13
0

C slightly decreased until day 

14 (Fig. 4 (A)). The activity in the CWBF of the 

eggplants stored at 25
0

C continuously increased until 

the end of the storage period after having a 

transient decrease on day 3， but no significant 

change was observed in the case of 13
0

C-stored 

samples (Fig. 4 (B)). The activities in both fractions 

in eggplants stored at 25
0

C were significantly higher 

than those at 13
0

C from days 3 to 14 except for 

the activity in the SF from days 3 to 8. There was 

an inverse relationship between invertase activity 

and sucrose content in eggplants stored at 25
0

C but 

none in those stored at 13
0

C (Table 1 ). Although 

the relationship between invertase in the CWBF 

and reducing sugar in the eggplants stored at 13
0

C 

did not explain the enzyme-substrate phenomenon， a 

negative correlation was found in the eggplants 

stored at 25
0

C. The activities of acid invertase in 

the CWBF at both storage temperatures were 

higher than those in the SF. This observation is 

similar to that reported in soybean201 and 

asparagus211
• 

The acid invertase activity in the CWBF of 

eggplants stored at 25
0

C showed over 9μmol 

min -1 mg-1 protein when the eggplants reached their 

limit of marketability on day 8. At 13
0

C， there was 

no remarkable change in invertase activities in both 

of SF and CWBF during storage (Fig. 4). These 

results suggested that a lower storage temperature 
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Fig.3 Changes in sugar content during storage of 

eggplants at 13 and 25'C 
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Fig. 5 Changes in sucrose synthase (A) and sucrose 

phosphate synthase (B) activities during storage of 

eggplant fruit at 13 and 25'C 

Each point represents the mean of three replicates. Vertical bars 

indicat巴SE

(A) and (B) Between 13 and 25'C = No significant difference. 

(A) 

一合一 13t

suppressed acid invertase activities in both fractions. 

This finding was supported by our data in which 

sucrose breakdown was lower in the eggplants 

stored at 13
0

C than in those stored at 25
0

C from 

days 5 to 14. 

The SS and SPS activities in the 巴ggplants

reached their maxima on day 14 of storage at 25
0

C 

(Figs.5 (A， B)). At13
0

C， until the end of the 

storage period， SS activity was almost constant but 

slightly decreased on days 1 and 8， and SPS 

activity slightly increased throughout the storage 

period except on day 8. No significant di妊erencem 

SS or SPS activity was found between both storage 

conditions. However， inverse relationships were 

found between SS activity and sucrose， glucose and 

fructose contents in the eggplants stored at 25
0

C 

(Table 1). 

Comparing SS with invertase in the CWBF， the 

latter' s activity in the eggplants was 22 ~ 25 times 

higher than the former's activity on day 8 at 25
0

C 

(Figs.4 and 5). This observation is similar to that 

reported in broccoli却 andyoung soybean'OI stored at 

15 
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Table 1 Correlation coefficients (r) between enzyme activity and sugar content 

in eggplants during storage at 13 and 25"C 

Correlation coefficient (r) 
Sugar Condition 

IV (SF) IV (CWBF) SS SPS 

Sucrose 13"C 0.261 -0.174 O. 132 0.213 

25"C -0.727ネ* -0.758** 0.458ネ 0.531本傘

Glucose 13"C -0.061 0.322 0.034 O. 104 

25
0

C -0.415 -0.525* -0.486* -0.604** 

Fructose 13
0

C -O. 050 -0.204 -0.075 0.013 

25
0

C -0.035 -0.582** -O. 494キ -0.680*キ

IV口 invertase.SF=soluble fraction. CWBF= cell“wall-bound fraction. SS口 sucrosesynthase. 

SPS= sucrose phosphate synthase 
“*.， and“* *.， denote significant difference at p< 0.05 and p< 0.01. respectively (n = 21). 

25"C. 

In conclusion. low叩temperaturestorage at 13"C is 

effective in suppressing invertase activity in both 

fractions. thereby preventing sucrose breakdown. 

This low-temperatur巴 storage at 13"C is also 

sufficient in maintaining eggplant color and firmness 

without causing chilling injury to the eggplant. 
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異なった温度で貯蔵されたナス果実における

糖関連酵素活性の収穫後の変化

松井年行叶・小杉祐介*

* 香川大学農学部応用生物科学部

(〒761-0795 香JII県木田郡三木町池戸2393)

本報告は，収穫後14日間13
0

Cと25
0

Cで貯蔵されたナス

果実の糖含量と関連するインベルターゼとショ糖合成酵

素 (SS)，ショ糖リン酸合成静素 (SPS)活性の変化

について検討した。硬度と色の変化は，貯蔵産物の品質

指標として使用した。

貯蔵された果実の可溶性インベルターゼ活性は，貯蔵

4日から14日まで25
0

Cのものは13
0

Cで貯蔵されたものよ

りも有意に高く，一方，細胞壁結合性の場合は，貯蔵期

間を通してお℃のものは13
V

Cのものよりも高かった。ナ

スの縮施壁結合性の酸性インベルターゼ活性は， 25
0

C貯

蔵開始 8 日でSS活性の22~25倍高かった。 25
0

C貯蔵さ

れたナス果実のSSとSPSは， 14日の活性が最も高かった。

以上の結果より，ナス果実における13
0Cの低温貯蔵が，

可溶性及び細胞接結合性の南画分のインベルターゼ活性

を高温貯蔵と比較して抑制するため，ショ糖の分解を抑

制するのに効果的であることが示唆された。 13
0

Cでの低

温貯蔵は，果実に対して低温障害を起こさず，果実のシ

ョ糖含量及び色や硬度の保持に効果的であることが認め

られた。

(平成20年2月21日受付，平成20年7月14日受理)
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