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The fatty acid composition, total phenol content and tocopherol content of olive oils from Shodo Island

of Japan were analyzed for di#erent varieties, maturation stages and extraction methods. Radical-

scavenging activity of olive oils was also determined spectrophotometrically by measuring the disappear-

ance of +,+-diphenyl-,-picrylhydrazyl radical at /+1 nm. The di#erences in fatty acids composition, total

phenol and tocopherol content in virgin olive oils were not great among the varieties. The content of oleic

acid was in range of 00�12�. Though virgin olive oils contained more phenolic compounds than hexane-

extracted olive oils, tocophenol content was not very di#erent. In hexane-extracted olive oils, the total

phenol content decreased during olive maturation. The tocopherol content of three types of olive oils also

decreased during maturation. Still, large amounts of phenolic compounds remained in the olive residue

after hexane extraction. The contribution of tocopherols to radical-scavenging activity was -3�0+� in

virgin olive oil, which suggests that both tocopherols and phenolic compounds contribute to radical-

scavenging activity.
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Introduction

Olive oil, one of the oldest known vegetable oils, is

prepared from olive fruit (Olea europaea L.) (Boekenoogen,

+302 ; Weiss, +32-). Virgin olive oil is rich in oleic acid,

natural antioxidants (phenolic compounds and tocopherols)

and aromatic compounds (Ranalli et al., +333 ; Cavalli et
al., ,**-). Antioxidative components and polyunsaturated

fatty acids in olive oil e#ect serum lipidic profile and

decrease LDL susceptibility to oxidation (Visioli and

Galli, +332 ; Fitov et al., ,*** ; Leenen et al., ,**,). There-

fore, the demand of olive oil is increasing even in coun-

tries lacking a tradition of olive oil production, including

Japan (Asakura, +331).

The major olive oil producing countries in the world

are located throughout the Mediterranean area. The cli-

mate in this region is suitable for producing high quality

olive oil. The composition of olive oil is known di#er

with factors such as cultivar, variety, processing method,

rainfall, irrigation, maturation and storage (Giovacchino

et al., +33. ; Gutiérrez et al., +333 ; Garcı́a et al., +330 ; Tovar

et al., ,**+ ; Vierhuis et al., ,**+ ; Brenes et al., ,***).

In Japan, olives grow on Shodo Island, which is

separated from the main olive oil production area of the

world. Although the history of planting and processing

on Shodo Island is limited to about one hundred years, the

characteristics of olive oil produced there have not yet

been reported in detail (Shibasaki, +333 ; Shibasaki and

Hirai, ,***). Solvent extraction and pressing extraction

are two of the main methods of preparing vegetable oils

in the industry. There has been no report on the di#er-

ence of oil characteristics prepared with the two methods.

Considering the importance and benefit of olive products

for health, the antioxidant characteristics of olive oil

produced on Shodo Island should be better understood.

Therefore, the purpose of this study is to assess the char-

acteristics of olive oil produced on Shodo Island, Japan.

In this study, we evaluated the fatty acid composition and

the antioxidative compounds found in Shodo Island

virgin olive oil and in hexane-extracted olive oil prepared

from di#erent varieties and at di#erent ripening stages of

olive fruits. For antioxidative compounds, we examined

total phenol and tocopherol content in olive oils. We

also determined radical-scavenging activity using the +,+-

diphenyl-,-picrylhydrazyl (DPPH) radical.

Materials and Methods

Materials Olive fruits (Olea europaea L.), cv. Manzanillo,

Lucca, Nevadillo Blanco, and Mission were harvested

during October and November ,**-, in Uchinomi Town

Olive Garden Public Co., Shodo Island, Kagawa, Japan.E-mail : matoba@cc.nara-wu.ac.jp
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These cultivars are typical varieties grown on Shodo

Island. Each cultivar was separated into three matura-

tion stages (unripe, half-ripened and fully ripened) based

on the fruit color (green, red, and black). Green : olives

with intense or dark green skin, which were in the un-

ripened stage (unripe). Red : olives with reddish spots or

areas on the skin, which were in half-ripened stage (half-

ripened). Black : olives with totally black or violet skin,

which were in the ripened stage (fully ripened).

Virgin olive oils were prepared with a continuous two-

phase centrifugation olive oil processing plant (Oliomio

/*, Toscana Enologica Mori, Italy) from randomly selected

olive fruits of the four varieties indicated previously.

The processing methods included selecting, crushing,

kneading, pressure-centrifugation percolation and centri-

fugation, which separates virgin olive oil from the aque-

ous phase of the fruit.

Reagents Analytical grade n-hexane, methanol, eth-

anol, sodium methoxide, toluene, and HPLC grade n-

hexane and ,-propanol were obtained from Wako Pure

Chemical Industries (Osaka, Japan). DPPH, gallic acid,

+,.-dioxane and Folin-Ciocalteu reagents were obtained

from Nacalai Tesque, Inc. (Kyoto, Japan). The water

used in this experiment was purified with Mili-Q Labo

equipment (Millipore Japan, Tokyo, Japan).

Tocopherols (a-tocopherol, b-tocopherol, g-tocopherol,

d-tocopherol) and ,,,,/,1,2-pentamethyl-0-hydroxychroman

(PMC) were from Eizai Co. (Tokyo, Japan).

Sample preparation Fresh olive fruits were first

frozen with liquid nitrogen, and powdered by grinding

with pestle and mortar. The obtained powder was

lyophilized with a freeze dryer (VO-.**F, Taitec, Japan).

The dried powder was extracted with +* times volume of

hexane at .� for -* min in the dark. The suspension was

centrifuged at +/,***�g at .� for ,* min. The extraction

step was repeated twice. The resulting supernatant was

combined and evaporated with rotary evaporator. The

oil obtained was sealed under argon gas and stored at

�2*� until analysis. The resulting residue was dried

under vacuum to remove extra hexane. The obtained

powder was ground into finer powder with a mortar with

pestle and kept at �2*� until analysis.

Water and oil contents Water content was deter-

mined by drying at ++*� (American Oil Chemists’ Socie-

ty, +323). Oil content was gravimetrically determined by

extracting oil from lyophized fruit with n-hexane. The

content was expressed as percentage of fresh weight

(Garcı́a et al., +330 ; Esti et al., +332).

Total phenol content The total phenol content was

determined according to the method of Brenes et al. (,***)

with little modification. Briefly, + g of oil sample was

mixed with + ml of 0*� methanol and 0 N HCl mixture

(, : +, v/v) at room temperature. The mixture was occa-

sionally stirred for . h and then centrifuged at ,,***�g for

/ min ; the aqueous phase was washed three times with ,-

ml aliquots of hexane. The total phenol content was

determined by the Folin-Ciocalteu method (Singleton and

Rossi, +30/). The content was expressed as mg of gallic

acid equivalents (GAE) per +** g of sample.

Fatty acid composition The fatty acid composition was

determined after methylation according to the o$cial

method of the AOCS (American Oil Chemists’ Society,

+323) using GLC (Shimadzu GC-+1A, Kyoto, Japan) with a

flame ionization detector (FID) and the capillary column

(HR-SS-+*, ,/ m�*.,/ mm, Ulbon, Shinwa Chemical Indus-

tries Ltd., Kyoto, Japan). The flow rate of argon gas was *.0

ml/min, and the column oven temperature was program-

med to increase from +0*� to ,,*� at the rate of ,�/min.

Tocopherol content Tocopherol content was deter-

mined according to the method of Ueda and Igarashi

(+33*) by HPLC coupled with fluorescence detector. The

HPLC system consisted of a Cosmosil /SL-++ column (..0

�,/* mm), a L-0*** pump and a F-+*** fluorescence detec-

tor (Hitachi, Tokyo, Japan). Excitation and emission

wavelengths were set at ,3/ nm and -,/ nm, respectively.

The mobile phase was n-hexane/+,.-dioxane/,-propanol

(32.//+/*./, by vol.) pumped at a flow rate of +.* ml/min.

Oil was diluted in n-hexane (between /*- and +**-folds)

before analysis, and PMC was used as an internal stand-

ard. The content was expressed as mg of tocopherol per

+** g of oil.

DPPH radical-scavenging activity DPPH radical-sca-

venging activity was evaluated using the method of Blois

(+3/2) and Espı́n et al. (,***). Oil samples and DPPH were

dissolved in ethyl acetate. An aliquot of sample solution

(+0* ml) was mixed with the +** mM DPPH solution (+2.*

ml). The mixture was left to stand for -* min at room

temperature in the dark. The absorbance by DPPH was

measured at /+1 nm by a UV-,+**PC UV-VIS spectropho-

tometer (Shimadzu, Kyoto, Japan). The DPPH radical-

scavenging activity was determined from the di#erence

in absorbance detected at /+1 nm resulting from the de-

crease of the DPPH radical between the blank and each

sample. Trolox was used as a control. The data are

expressed as m mol of Trolox equivalent of +** g of each

sample. The DPPH radical-scavenging activity of toco-

pherol standards (a-, b-, g- and d) was also analyzed accord-

ing to the method stated.

Statistical Analysis The data are presented as mean

�standard deviation of three preparations. Student’s

t-test was accomplished using Microsoft Excel.

Results and Discussion

Water and oil contents of olive fruits The water and oil

contents of olive fruits of di#erent varieties and ripening

stage are shown in Table +. The water content was 02.0�
13..�. The skin color of fruit changes from “green” (the

first stage of ripening) to “black” during ripening. The

water content decreased ,.*�+-.+� in the course of ripen-

ing (Table +). Esti et al. (+332) reported the same mois-

ture decrease pattern for olive fruits in the Molise region.

The oil content was di#erent among the four varieties,

ranging from +,..�,,.0� (Table +). Lucca showed the

highest oil content. However, significant di#erences for

each ripening stage were not observed in all varieties.

Garcı́a et al. (+330) reported that the oil content of olive

fruits in Spain did not change significantly during ripen-

ing.
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Total phenol content The total phenol content of olive

oil and residue is shown in Table ,. The oils analyzed

were virgin and hexane-extracted olive oils from the olive

fruits of various varieties and at di#erent ripening stages.

The total phenol content of virgin olive oil was 1.3�+1.,

mg GAE/+** g oil. The total phenol content of olive oil

in Italy, Spain, and Greece were reported to be 1-�,0/ mg

GAE/kg (Pellegrini et al., ,**+), 2/.-�,+3.* ppm as ca#eic

acid (23.*�,,2./ mg GAE/kg) (Gutiérrez et al., ,**,) and 12�
--3 mg/kg as ca#eic acid (1..+�-/-.2 mg GAE/kg) (Psomiadou

and Tsimidou, +332), respectively. The total phenol con-

tent in virgin olive oils of Shodo Island was at a level

similar to those in Italy, Spain, and Greece.

The total phenol content of hexane-extracted oil was *.1�
1.3 mg GAE/+** g oil. Phenolic compounds present in

olive oil can be classified as lipophilic and hydrophilic

(Baldioli et al., +330). The total phenolic content of virgin

olive oil was higher than that of hexane-extracted olive

oil. This could be explained by the finding that hexane

hardly extracted hydrophilic phenolic compounds from

the fruit.

In the hexane-extracted olive oils, total phenol content

was the highest in green olives and was significantly

decreased during ripening, except in Lucca. This tend-

ency agrees with the observation by Gutiérrez et al. (+333).

This result suggests that the skin color of fruit can be a

good index to evaluate total phenol content.

Next, we examined the total phenol content of residues

after extraction of oil by hexane. The total phenol con-

tent was /+..1�+,/..+ mg GAE/+** g in fresh olives (with-

out pits), showing that the total phenol content of the

residue about +** times higher than that of virgin olive

oils (Table ,). This suggests that the defatted residue,

which has not been widely utilized, could be a good

resource of phenolic compounds. Phenolic fractions of

olive oils are being identified as an anti-oxidative stress in

human cells (Manna, et al., ,**,). Dietary intake of natu-

ral antioxidants, including phenolic compounds, is ex-

pected to prevent lifestyle diseases, including cancer and

cardiovascular diseases (Ames, +32- ; Shukla et al., +330).

It is noteworthy that for defatted olive, which has been

disregarded with respect to antioxidant properties, fur-

ther investigation may be worthwhile.

Tocopherol content Table - shows that for tocopherol

content of olive oils, a-tocopherol is the major component

and d-tocopherol is found in trace amounts in both virgin

and hexane-extracted olive oils. The tocopherol content

of each type of virgin oil was similar among the varieties,

showing a-tocopherol content of ,*.+�,-.3 mg/+** g. The

a-tocopherol content of virgin olive oil in foreign coun-

tries was reported as follows ; 0..+�+.0.0 mg/kg (Ranalli et
al., +333) and +,+�-03 mg/kg in Italy (Pellegrini et al., ,**+)

+/0�,/- ppm in Spain (Gutiérrez et al., ,**,) and +2.�,2.

mg/kg in Greece (Psomiadou and Tsimidou, +332). These

results indicate that the a-tocopherol content of Shodo

Island olive oil is comparable to olive oils of the Mediter-

ranean region.

Next, the e#ect of ripening on tocopherol content was

examined using the hexane-extracted oils. a-Tocopherol

content of Nevadillo Blanco, Mission and Manzanillo

decreased --�, -+� and ,1�, respectively, during the

maturation from “green” to “black”. However, a-toco-

pherol content of Lucca did not change in this pattern.

Gutiérrez et al. (+333) reported that the tocopherol content

of olive oil in Spain decreased during the ripening. The

farmers usually determine olive fruit maturation stage by

fruit color. Therefore, this may o#ers a relatively simple

way for farmers to get higher quality olive oil with higher

antioxidant compound content such as tocopherols.

Fatty acid composition The fatty acid composition of

various olive oils is showed in Table .. The oils analyzed

were virgin olive oils and hexane-extracted olive oils

from the fruits of di#erent varieties and at di#erent ripen-

ing stages. The content of oleic acid (+2 : +), a major fatty

acid of olive oil, was in range of 00�12� in the virgin oils.

The content of docosaenoic acid (,, : +) of the virgin oils

Table +. Water and oil contents in olive fruits.
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was higher than that of the hexane-extracted oils. The

overall fatty acid composition of olive oils in Shodo Island

(Table .) was similar to that of the oils reported previous-

ly (Cinquanta et al. ,**+ ; Gutiérrez et al. +333 ; Beltrán et
al., ,**.).

Radical-scavenging activity The DPPH radical-sca-

venging activity of virgin and hexane-extracted olive oils

is shown in Table /. The activity of virgin oils was

similar among the three varieties other than Lucca. The

DPPH radical-scavenging activity of Lucca olive oil was

lower than that of other olive oils (Table /). The lower

phenol (Table ,) and tocopherol content (Table -) in

Lucca olive oil than in other olive oils was responsible for

the lower DPPH radical-scavenging activity. The activi-

ty of each hexane-extracted oil obtained from various

varieties of fruits was very similar to that of each virgin

olive oil.

Next, the contribution of tocopherols to DPPH radical-

scavenging activity in olive oils was calculated (Table /).

The contribution was -3�0+� in virgin olive oils and ..�
0.� in hexane-extracted olive oils. Therefore, both toco-

pherols and phenolic compounds are the main antioxi-

dants in olive oil. This result is in accordance with those

reported by Baldioli et al. (+330) and Espı́n et al. (,***).

Further investigation is underway to confirm the e#ect of

phenolic compounds to DPPH radical scavenging activity.

Conclusion

Fatty acid composition, total phenol, and tocopherol

content of olive oils di#ered among the four varieties

produced on Shodo Island, Japan. The quality of these

oils was comparable with virgin olive oils produced in the

other countries, such as Spain and Italy. There were

more phenolic compounds in the virgin olive oils than in

Table ,. Total phenol content in olive oils and residue.
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the hexane-extracted oils. Large amounts of phenolic

compounds remained in the residue after extraction by

hexane, which indicates that the residue is a source of

phenolic compounds to be developed such as natural

antioxidant additive.
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