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Abstract-Changes in the chemical components of the ripening fruits of Elaeagnus ~~ti~oru var. gi~anre~ and E. 
u~el~~ru, were examined. In the pulp of the fruits, the sugars p~nt,glu~~and fructose, increased remarkably with a 
~~~tt~t decrease in the titrable acidity. Pol~henols, pr~ominantly composed of associated tannins, markedly 
diminished. In the stone, the contents of the sugars and polyphenols remained constant. L-Ascorbic and 
dehydroascorbic acids in the pulp diminished. The fall in L-ascorbic acid is unusual and is paralleled by a fall in the 
tannin materials. 

INTRODUCTION 

The ripe fruits of oleasters (olives) such as Elueuptus 
multiporu var. @wontea (Japanese name: Daio-gumi) and 
E. ~11~~ (Aki-gun) taste better than those of other 
species of the Elaeagnus genus. The unripe fruits of the 
above oleasters are used as pickles and for the production 
of alcoholic beverages in Japan. The plants belonging to 
this genus are known to contain mono- and disaccharides 
in the leaves Cl], fructose and L-ascorbic acid in the fruits 
[Z], fatty acids and phytosterols in the seed [3] and the 
leaves and stems [4] and carotenoids in the fruits [5,6]. 
Marked improvement in taste, especially in sweetness and 
astringency, occurs during ripening of the fruits. However, 
the changes in the chemical components responsible for 
improvement in taste of the ripening fruits have not been 
studied. The present paper describes changes in such 
components as sugars, organic acids, polyphenols and L- 
ascorbic and dehydroascorbic acids in the ripening fruits 
of E. multifiora var. ginganfea and E. umbelluta. 

RESULTS AND DISCUSSION 

Five stages in the ripening fruits of E. multij?oro Thunb. 
var. gingantea Araki and E. umbellata Thunb. were defined 
on the basis of the surf&~ colour of the fruit (see 
Experimental). 

The fresh weight of the pulp per fruit in both species of 
oleasters increased with ripening of the fruits, but the 
fresh weight of the stone per fruit remained constant 
during ripening (Fig. 1). The ratio of the fresh weight of 
the pulp to that of the stone increased with ripening, and 
the ratio at the final stage of ripening of E. multipora and 
E. wnbellora was 1.7 and 3.6 times the ratio at the initial 
stage, respectively. 

The sugars present in the pulp and stone of the fruits of 
both okasters at the various stages of ripening were found 
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Stags of rlpenlng 

Fig 1. Changes in the fresh weight of the ripening fruits of E. 

nudfipOr0 var. gingontea (Em) and E. umbellata (Eub 0 - 0 : 
wholefruitofEm,~--_:pulpofEm;A-A:stoneofEm,O- 
o : whok fruit of Eu; Cl -- Cl : pulp of Eu; A - A : stone of Eu. 

to be glucose, fructose and sucrose (TLC analysis). The 
first two were predominant in the pulp, and the ratio of 
glucose to that of fructose was about unity during 
ripening. The glucose and fructose gradually increased 
during ripening, especially at the later stage (Fig. 2). The 
content of both glucose and fructose at the final stage of 
ripening were 2.4 (9.3%) and 1.7 (11.4%) times higher 
than those at the initial stage of ripening. The sugars 
present in the stone of E. multi+a were also found to be 
glucose and fructose (Fig. 9 In contrast to the stone of E. 
mult@ora, sucrose in the stone of E. umbellata pre- 
dominated over ghzose and fructose. Besides these three 
sugars, the presence of a trace amount of anthrone and 
~h~o~~ol negative compounds, probably oligo- 
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Fig. 2. Changes in the sugar content in the ripening fruit pulp of 
E. multipora var. ginguntea (Em) and E. umfdl~lo (Eu). 0-O: 
total sugar content in Em; m -m: glucose content in Em; A - A: 
fructose content in Em; +-+: sucrose contmt in Em, 0 --- 0: 
total sugar content in Eu; 0 -- 0 : ~~KXX content in Eu; A -- A: 

fructose content in Eu ; +-+ : sucrose content in Eu. 

Stage of ripening 

Fig. 3. Changes in the sugar content in the ripening fruit stone of 
E. multiporo var. gingantea (Em) and E. umbel/ato(Eu). l - 0 : 
total sugar content in Em;m - l : glucose content in Em; A - A : 
fructose content in Em; +-+: sucrose content in Em, O-O: 
total sugar content in Eu; 0 -- 0 : glucose content in Eu;A--A: 

fructose content in Eu: +--+ : sucrose content in Eu. 

saccharides, were found in the stone of both oleasters. 
However, identification of these oligosaccharides was 
unsuccessful 

The content of organic acids increased to a maximum at 
the early stage of ripening of the pulp of both oleasters 
and then the acid content was gradually reduced to co 
80% of the maximum content at the final stage (Fig. 4). 
The ratio between the content of sugars and that of 
organic acids increased to 5.6 from 1.8 and to 6.3 from 3.7 
in the ripening fruit pulp of E. multiJora and E. umbellata, 
respectively. Here, the content .of organic acids was 
calculated as that of citric acid. 

Polyphenols in the pulp and stone of both ripening 
oleaster fruits were found to be mainly composed of 

associated tannins (proanthocyanines) using the method 
of ref. [A. The highest content of polyphenols in the pulp 
of the fruits was observed in the youngest fruits of both 
oleasters (Fig. 5). The polyphenol content decreased 
remarkably with ripening of the fruits, being reduced to 
two-fifths and one-fifth in the fruits of E. multiflora and E. 
umbellota at the final stage, respectively. The fall in the 
content of the polyphenols was paralleled by a fall in the 
content of the associated tannins. On the other hand, the 
content of the polyphenols in the stone remained almost 
constant during ripening of the fruits of E. multiflora and 
E. umbellata, though a slight reduction was observed at 
the early stage of the ripening for the latter plant, as shown 
in Fig. 6. The content of the associated tannins in the 
stones remained constant during ripening for both the 
plants (Fig. 6). 

L-Ascorbic acid and dehydroascorbic acid in the pulp of 
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Fig. 4. Changes in the organic acid content in the ripening fruit 
pulp of E. multiporo var. ginganrea (Em) and E. unbel/a~a (Eu). 

0 -0 : acid content in Em. O--O : acid content in Eu. 
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Fig. 5. Changes in the polyphenol content in the ripening fruit 
pulp of E. muft#7oro var. gingantea (Em) and E. umbeflara (Eu). 
0 - 0 : total polyphenol content in Em; W-- n : associated 
tannin content in Em, O-O : total polyphenol content in Eu; •I -- 

- Cl : associated tannin content in Eu. 
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BuOH-Me2CGH20 (4: 5: 1) [20]. Spots visualized by spraying 
with an anthronc reagent, a naphthoresorcinol reagent [21] and a 
H,SO,-HNO, (I 9: 1) mixture} of the 80 ‘A EtOH extract showed 
the presence of glucose, fructose and sucrose in the pulp and the 
stone. Determination of aldohcxoses, reducing sugars aad total 
soluble sugars were performed by the o-amioodiphenyl acetic 
acid method [22], method of ref. [23] and the PhOH-HISO, 
method [24], respectively. The contents of glucose, fructose and 
sucrose were calculated using the following equations: glucose % 
= aldohexoses %; fructose y0 = reducing sugars %-akio- 
hexoscs %; sucrose % = total soluble sugars %-reducing 
sugars %. 

Organic acids. The pulp was ground with H20 in the presence. 
of a small amount of sea sand. The aq. soln obtained was 
centrifuged at 3ooO rpm for 10 min and the supemataot was 
titratal with 0.02 M NaOH. The content of organic acids in the 
pulp is shown in Fig. 4 as the titrable acidity, that is, ml of 
1 M NaOH/lOO g fresh pulps. 

Polyphenols. The fruits were extracted by the same method as 
that used to extract the solubk sugars. Polypheools were 
determined by Folio-De& method [ZS]. Associated tannins 
were determined by the method reported in ref. [A as described 
below. Following tiwenthal’s method, gelatin was added to the 
80% EtOH soln to give a precipitate. After removal of the 
precipitate, the EtOH solo was subjected to determination of 
polyphenols by Folin-Dcois’ method. The polyphenol contents 
obtained were multiplied by 1.7 to give the amount of non-tannin 
material [7]. The associated tannin content was calculated as the 
dilTerence in the content between the polypheools and the non- 
tannin materials. 

L-Ascorbic acid and dehydroascorbic acid. The material was 
ground with 5 % metaphosphoric acid in the presence of a small 
amount of sea sand and centrifuged at 3000 rpm for 10 min. The 
supernatant, after addition of 80% EtOH, was left at 2” for 2 
days, followed by concentration to a small vol. under reduced 
pressure. The concentrate was subjected to TLC analysis (co- 
TLC) using n-BuOH-AcOH-Hz0 (4: 1: 5) as solvent and 2,6- 
dichlorophenolindophenol soln as a colour-producing reapnt 

PI. 
For identification of dehydroascorbic acid, the material was 

ground with 8 vols 5 % metaphosphoric acid in the presence of a 
small amount of sea sand, followed by addition of 11 vols of HzO. 
The 2 % metaphosphoric acid soln thus obtained was centrifuged 
at 3000 rpm for 10 min. Following the method reported in ref. 
[9], the 2&dinitropheoylhydroe derivative obtained from the 
s~perttataot WBS extracted with EtOAc. The EtOAc extract, after 
concentration under reduced pressure, was subjected to TLC 
analysis (co-TLC) using toluene_Me~C~S % HOAc(Z: 1: 1) as 
solvent. 

Following the method reported in ref. [lo], L-ascorbic acid and 
dehydroascorbic acid were determined by the 2,4- 
dinitrophenylhydrazine method, in which 2,6dic- 
hloropheooliodopheool was used as the oxidant, for the above- 
described 2 % metaphosphork acid extract of the mate&l. The 
reliability of the 2,4dinitropheoylhydraxine method was defined 

by duplicate analysis of the 2 % m&phosphoric acid extract of E. 
umbellata fruits using the 2,6dkhlorophenolindophenol method 
[ll]. The levels of L-ascorbic acid detected by the 2,4- 
dioitrophenylhydrazine method were found to be slightly higher 
f3.10-11.5 vs 294-10.45 ma”/. at the 1st to 5th stage of ritzenion) 
ihan those detected by- .the 26dkhlorophe~olind~phen~i 
method. 
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