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Grape skins and seeds are sources of phenolic compounds that contribute to the sensory characteristics

and beneficial bioactivity of wines and other processed foods. Hence, the study was aimed to evaluate

and characterize the phenolic composition and antioxidant activities of five wild grapes native to Japan

and two hybrids derived from the wild ones. Finally, the results were compared with those of two

cultivated grapes (Vitis vinifera cv. Muscat of Alexandria, a white and V. labruscana cv. Bailey Alicante A, a

tenturier-type grape). Among the skins of wild grapes, those of Shiohitashibudou (V. sp., an unidentified

wild grape) contained the highest amount of total phenolics (13.8 mg g�1 gallic acid equivalent of fresh

weight) and antiradical activities (61.7 mmol g�1 trolox equivalent of fresh weight). In contrast,

Shiragabudou (V. shiragai) contained highest amount of seed total phenolics (16.5 mg g�1 gallic acid

equivalent of fresh weight). All wild grape seeds were rich in procyanidin monomers. The total

phenolics and antiradical activities in skins of a hybrid grape Kadainou R-1 were higher than those of its

parents. This study demonstrates that wild grapes are potential sources of neutraceutical phenolics and

can thus be utilized as novel breeding resources.

& 2008 Elsevier Inc. All rights reserved.
1. Introduction

Grapes (Vitis species) are members of the family Vitaceae. They
are among the most important plant species cultivated, with an
area of about 7.4 million ha worldwide (FAO, 2002). Grape berries
are consumed as table fruit, wine, juice, and raisins. Grapevines
and their products, particularly wine, have been important
elements in human life, foods and religions (Lavee, 2000).

The benefits of consuming grapes and its products have gained
further recognition with the discovery of phenolics. Phenolic
compounds were demonstrated to reduce atherosclerosis, cor-
onary heart disease (Goldberg et al., 1995; Renaud and Lorgeril,
1992), various cancer types, and several dermal disorders
(German et al., 1997; Yilmaz and Toledo, 2004). Positive correla-
tions between total phenolics and antioxidant capacity have been
reported (Alonso et al., 2002; Borbalán et al., 2003; Gómez-Plaza
et al., 2006; Orak, 2007; Sato et al., 1996). Anthocyanins, one of
the major groups of pigments belonging to the secondary
metabolites of flavonoids, have become important as nutraceu-
tical food additives (Tamura et al., 1994; Blando et al., 2004). In
recent years, because of possible health benefits of phenolics
(German et al., 1997; Goldberg et al., 1995; Renaud and Lorgeril,
ll rights reserved.

+81879 52 6004.

udel).
1992; Yilmaz and Toledo, 2004), consumption of foods containing
high phenolics has been increasing steadily (The Wine Institute,
2007). Phenolic compounds also contribute to the quality of wine
taste (Arnold and Noble, 1978). Phenolic compounds are synthe-
sized from the early stage of berry development and decline
towards ripening (Conde et al., 2007; Doshi et al., 2006). Berry
skin and seeds are the parts where most phenolic accumulation
occurs. Characterization of the composition of berry metabolites
not only enables the origins to be chemotaxonomically classified,
but also provides wider choices for the breeder.

Cultivated European grapes commercially spreads in the world
but East Asian wild grape germplasms have been left standing
without any studies on their nutraceutical potential. To date,
there has been no report on the characterization of phenolic
compounds in wild grapes native to East Asia and their hybrids.
Hence, the aims of this study were to evaluate and characterize
the phenolic composition and antioxidant activities of the
berry skins and seeds of five wild grape germplasms native to
East Asia, particularly Japan, two hybrids derived from wild
grapes and the related cultivated grapes. The present study
demonstrated that the berry skin of wild grapes contained higher
amount of total phenolics compared to those of V. rotundifolia and
V. vinifera cultivar. By evaluating wild grapes, we may be able to
assess the value of these indigenous natural resources and
promote their cultivation once the nutraceutical benefits have
been identified.

www.sciencedirect.com/science/journal/yjfca
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2. Materials and methods

2.1. Plant materials and viticulture condition

Five wild grapes, namely Vitis ficifolia var. ganebu (Ryukyuga-
nebu), V. ficifolia var. lobata (Ebizuru), V. coignetiae (Yamabudou),
V. sp. (Shiohitashibudou) and V. shiragai (Shiragabudou,); two
progenies, namely Kadainou R-1 (Ryukyuganebu�V. vinifera L. cv.
Muscat of Alexandria, KR-1) and progeny of Kadainou R-1
(KR-1�Bailey Alicante A, Progeny) and two cultivated grapes,
Muscat of Alexandria (white grape, MoA) and V. labruscana cv.
Bailey Alicante A (tenturier type, Bailey AA) were used in this
study. Grape berries were collected from the University Farm
vineyards of Kagawa University, Sanuki, Japan. About 45 regular
size berries from three clusters (10–15 from each) were selected at
45 days after véraison.

2.2. Chemicals

Catechin, 2,2-diphenyl-b-picrylhydrazyl (DPPH), p-dimethyla-
minocinnamaldehyde (DMACA), Folin-Ciocalteu’s reagent, and
quercetin were purchased from Nacalai Tesque, Inc., Japan. Gallic
acid was from Wako Pure Chemical Industries, Ltd., Japan.
Similarly, malvidin 3,5-diglucoside chloride was from Extrasynth-
ese, France. TroloxTM was obtained from Calbiochem, Germany.

2.3. Sample preparation

The selected berries were finger pressed to remove juice and
pulp. Seeds and skin were separated, washed several times with
distilled water, and moisture was absorbed on blotting paper. One
gram of the samples (skin or seed) in three replicates each was
extracted by grinding the sample for 1 min at 24,000 rpm in a
blender (Ultra-Turrax T25; Ika-Labortechnik, Germany) with
10 mL of acidified methanol (1:99 v/v, HCl:MeOH). The homo-
genate was incubated for 12 h at 4 1C in the dark before filtering
with Whatman no. 1 filter paper and centrifuging at 3500 rpm for
10 min. The extract was separated and the residual tissue was
re-extracted two times following the same procedure in 5 mL of
acidified methanol each time. The extracts obtained by extracting
the same sample for three times were combined, mixed
thoroughly and used for further experiments.

2.4. Total phenolic content

Total phenolic was determined using the Folin-Ciocalteu’s
colorimetric assay (Singleton and Rossi, 1965). A 0.5 mL aliquot of
the prepared extract was diluted five times, of which 100mL
aliquot was taken for further analysis. The 100mL aliquot was
mixed with 1 mL phenol reagent, 1 mL 10% sodium bicarbonate,
and 4 mL distilled water. The mixture was allowed to stand for 1 h
in the dark. The total phenolic concentration was calculated from
a calibration curve (r2

¼ 0.999) by plotting known solutions of
gallic acid (1–0.0625 mg mL�1) against absorbance at 760 nm.
Results were expressed as gallic acid equivalent (GAE) against the
fresh weight of the samples (mg g�1).

2.5. Total anthocyanin content

The total anthocyanin content was determined following
the procedure described by Yoshida et al. (2000). Malvidin
3,5-diglucoside was used as an internal standard. A 0.5 mL aliquot
of the sample was diluted 10 times and absorbance was read at
537 nm using a UV/vis spectrophotometer (Shimadzu Co. Ltd.,
Japan). The total anthocyanin concentration was estimated from a
calibration curve (r2
¼ 0.99) by plotting the known solutions of

malvidin 3,5-diglucoside (1–0.0625 mg mL�1) against absorbance
at 537 nm. Results were expressed as malvidin 3,5-diglucoside
equivalent (ME) against the fresh weight of the samples (mg g�1).

2.6. Procyanidin monomers (flavan-3-ols)

The flavan-3-ols content was determined following the
procedure described by Arnous et al. (2001). Briefly, a sample
(0.2 mL) diluted 1:100 with MeOH was placed in a 1.5 mL
Eppendorf tube, and 1 mL of DMACA (0.1% in 1 N HCl-MeOH)
solution was added. The sample was vortexed and stood for
10 min at room temperature. The absorbance was recorded at
640 nm. The concentration of flavan-3-ols was determined from a
calibration curve, constructed by plotting the known concentra-
tions of catechin (0.26–0.01625 mg mL�1) against absorption at
640 nm (r2

¼ 0.9997). Results were expressed as catechin equiva-
lent (CE) against the fresh weight of the sample (mg g�1).

2.7. Total flavonols

The total flavonols was determined following the procedure as
described by Mazza et al. (1999) and expressed as quercetin
equivalent against fresh weight (mg g�1). Briefly, the sample
(0.25 mL) diluted with 10% ethanol (v/v) or standard was pipetted
in a test tube and 0.25 mL 0.1% HCl in 95% ethanol (v/v) and
4.55 mL 2% HCl (v/v) were added. The solution was thoroughly
mixed and allowed to stand for approximately 15 min before
reading the absorbance at 360 nm with a spectrophotometer.
Quercetin dissolved in 95% ethanol was used as standard. The
calibration curve (r2

¼ 0.99) was constructed by plotting the
known solutions of quercetin (1–0.0625 mg mL�1) against absor-
bance at 360 nm.

2.8. Measurement of antiradical activity

Antiradical activities were determined using the procedure as
described by Arnous et al. (2001). All samples were diluted 10
times with MeOH. An aliquot of 25mL of diluted sample was
added to 975mL of DPPH solution (60mM in MeOH) and vortexed
for few seconds. The absorbance was read at 0 and 30 min. The
antiradical activities (AAR) was determined from the calibration
curve (r2

¼ 0.99) by plotting the known concentrations of
TroloxTM (20–1.25 mmol) against the absorbance at 515 nm and
expressed as mmol of Trolox equivalent (TE) against fresh weight
(mmol g�1).

2.9. Statistical analysis

All the experiments were done in triplicate. Significant
differences between means were separated by analysis of variance
(ANOVA) followed by Tukey’s test at the 5% level. Computations
were done by SPSS for windows version 13.0 (SPSS Japan Inc.,
Tokyo, Japan).
3. Results and discussion

3.1. Contents of total phenolics and other metabolites in wild grape

skins

Total phenolics, total anthocyanins, total flavonols, and
procyanidin monomers determined in berry skins of five wild
grapes are presented in Table 1. The total phenolics of the five wild
grapes in skins ranged between 4.9 and 13.8 (average 8.0) mg g�1
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Table 1
Phenolic distribution and antioxidant properties of grape berry skin

Grape genotypes Total phenolics

(mg g�1 GAE)

Total anthocyanins

(mg g�1 ME)

Total flavonols

(mg g�1 QE)

Procyanidin monomers

(mg g�1 CE)

Antiradical activities

(mmol g�1 TE)

Ebizuru 8.4de70.2 2.2b70.2 2.1bc70.1 3.9a70.4 38.5b74.2

Ryukyuganebu 6.8cd70.2 1.9b70.3 1.2ab70.1 1.4a70.8 29.4ab71.1

Shiohitashibudou 13.8g70.3 5.0e70.2 3.4d70.3 5.0a71.4 61.7c71.2

Shiragabudou 4.9b70.2 0.9a70.1 1.3ab70.1 4. 1a70.4 15.7a70.7

Yamabudou 6.0bc 70.1 1.6ab70.2 1.2ab70.1 1.1a70.4 26.9ab74.9

Kadainou R-1 8.7e70.5 3.3c70.6 1.8bc70.1 0.9a70.2 113.3d73.7

Progenya 12.9g70.3 4.3de71.0 2.2bc70.5 5.9a70.6 57.3c76.4

Bailey Alicante A 10.8f70.7 3.6cd70.5 2.5cd70.1 5.3a71.2 62.2c75.0

Muscat of Alexandria 1.2a70.1 NA 0.3a70.1 0.2a70.1 26.5ab71.5

Values with the same letter(s) within a column are not significantly different at po0.05 by Tukey’s test. Abbreviations are explained in the text.

NA: not applicable.
a Progeny: Kadainou R-1�Bailey Alicante A.

Table 2
Phenolic distribution and antioxidant properties of grape seeds

Grape genotypes Total phenolics

(mg g�1 GAE)

Total flavonols

(mg g�1 QE)

Procyanidin monomers

(mg g�1 CE)

Antiradical activities

(mmol g�1 TE)

Ebizuru 8.8bc70.1 1.3a70.1 8.8ef70.1 92.2b72.7

Ryukyuganebu 3.6a70.2 1.0a70.1 3.3a70.1 20.4a71.9

Shiohitashibudou 13.6cd70.4 5.5a70.2 7.4cde70.1 21.1a72.5

Shiragabudou 16.5d70.9 1.4a70.1 6.4bcd70.1 34.3a72.8

Yamabudou 5.7ab7.11 0.8a70.1 5.0b70.1 42.9a71.4

Kadainou R-1 8.7bc70.4 0.9a70.1 7.8def70.2 16.8a72.0

Progenya 8.7abc70.3 0.7a70.1 6.1bc70.3 28.3a73.4

Bailey Alicante A 17.9d71.8 0.9a70.1 9.4f70.3 22.1a72.4

Muscat of Alexandria 54.9e72.3 1.0a70.1 16.1g70.9 51.0ab74.7

Values with the same letter(s) within a column are not significantly different at po0.05 by Tukey’s test. Abbreviations are explained in the text.
a Progeny: Kadainou R-1�Bailey Alicante A.
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GAE, with significant differences among the genotypes. Shiohita-
shibudou showed relatively higher values of total phenolics in the
skin. Pastrana-Bonilla et al. (2003) reported that the skin of five
bronze and five purple cultivars of V. rotundifolia Michx.
(muscadine grapes) in southern Georgia contained 3.3–5.5
(average 4.1) mg g�1 GAE and 2.6–3.7 (average 3.4) mg g�1 GAE
of fresh weight total phenols, respectively. The present study
revealed that the wild grapes native to East Asia contained higher
total phenolics compared to muscadine grapes. Doshi et al. (2006)
reported that V. vinifera cv. Kishmish Chornyi berry skins in India
contained 8.2 mg g�1 GAE of lyophilized sample. In the present
study, our results were expressed in fresh weight of the samples;
however, average value of total phenols in our study were nearly
equal to those of Kishmish Chornyi. Hence, it may be concluded
that wild grapes native to East Asia contained a higher amount of
total phenols than muscadine and V. vinifera cultivars. Since total
phenolic content is an index of potent antioxidant capability
(Kiselova et al., 2006), Shiohitashibudou bearing higher total
phenolics will be good resources as beneficial health materials. In
addition to total phenolics, Shiohitashibudou skin contained the
highest amount of total anthocyanins and total flavonols (Table 1).
The total anthocyanin content of Shiohitashibudou was higher
than reported for muscadine (Pastrana-Bonilla et al., 2003) and
V. vinifera grapes (Doshi et al., 2006). The difference in phenolic
contents in the skin of cultivated grapes could be partly attributed
to the genotypes (Montealegre et al., 2006), whereas wide ranges
of grape skins contained lower amounts of procyanidin monomer
with no significant differences among the genotypes. Higher
antiradical activity was observed in Shiohitashibudou as expected
from high contents of total phenolics. In general, as the total
phenols in skin increased, the antiradical activities also increased.
Generally, a positive relationship between total phenolics and
antioxidant activities has been reported previously (Alonso et al.,
2002; Borbalán et al., 2003). Hence, antiradical activity of
Shiohitashibudou would be attributed to the higher values of
total phenolics, total anthocyanins, and total flavonols.
3.2. Contents of total phenolics and other metabolites in wild grape

seeds

Total phenolics, total anthocyanins, total flavonols, and
procyanidin monomers quantified in wild grape seeds are shown
in Table 2. Apparently, anthocyanin was not detected in any seeds.
The range of total phenolics amounts in seeds was almost the
same (3.6–16.5 mg g�1 GAE) with that of skins. The average value
of total phenolics was 9.6 mg g�1 GAE of fresh weight. Shiragabu-
dou had relatively higher values of total phenolics in seeds
(Table 2). Guendez et al. (2005) reported that nine cultivars of V.

vinifera seeds in Greece contained 1.4–22.2 (average 11.1) mg g�1

total phenols while Pastrana-Bonilla et al. (2003) analyzed five
bronze and five purple cultivars of muscadine grapes seeds in
Georgia and reported that bronze and purple cultivars contained
19.9–32.6 (average 23.8) mg g�1 and 15.4–26.9 (average 19.8) mg
g�1 GAE of fresh weight total phenols, respectively. Hence, it is
likely that seeds of East Asian wild grapes analyzed in this study
contain lower average value of total phenolics compared to
V. vinifera cultivars and muscadine grapes. Unlike grape skin, total
phenolics and total procyanidin monomers of grape seeds were
lower than that of V. vinifera cv. Muscat of Alexandria. As
mentioned in Escribano-Bailón et al. (1992), grape seeds are rich
in procyanidin monomer and oligomers like tannins. The amount
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of procyanidin monomers of five wild grape seeds was always
higher than those in skins. So, tastes of bitterness and astringency
of wine would be attributed to the seed components like
procyanidin derivatives (Gawel et al., 2007). However, antiradical
activities among five wild grape seeds were fairly low except for
Ebizuru. Ebizuru had a high content of procyanidin monomer
along with higher radical scavenging activity. So, we may
conclude that procyanidin monomer content of Ebizuru had
much contribution to the antiradical activity of the grape seeds. In
addition, Ebizuru may contain other important chemicals, having
effective antiradical activity. More recently, Guendez et al. (2005)
has reported that procyanidin B1 may be one of the most
important radical scavengers in grape seed extracts, despite its
low contribution to overall polyphenol content. Hence, it is likely
that Ebizuru may also contain other important procyanidin
derivatives having more effective antiradical activity.

The further study on the antiradical activities of individual
phenolics like procyanidin oligomers, gallic acid, catechin, and
epicatechin gallate extracted from grape seeds on antiradical
activities is under progress in our laboratory.

3.3. Contents of total phenolics and other metabolites in skins and

seeds of hybrids and their progenies

We expected changes in the contents of total phenolics and other
metabolites in skins and seeds to be inherited in the hybrids and
their progenies. Total phenolics, total anthocyanins, total flavonols,
and procyanidin monomers quantified in grape skins and seeds of
two progenies, and were compared with those of white and
tenturier-type grape. In the case of Kadainou R-1 skin, total
phenolics and other metabolites, with the exception of procyanidin
monomers, were, interestingly, higher than those recorded in the
parents (Table 1). In particular, antiradical activity of Kadainou R-1
skin was the highest among all the grapes. On the contrary, the
tendency of the seed phenolics contents of Kadainou R-1 was
roughly similar to that of Ryukyuganebu or the intermediate of
Ryukyuganebu and Muscat of Alexandria (Table 2). So, enhance-
ment of antiradical scavenging activity of Kadainou R-1 skin was
observed when compared with the parents. In the case of Kadainou
R-1’s progeny (Kadainou R-1�Bailey Alicante A), the contents of
total phenolics and other metabolites of the skin were similar to
those of Bailey Alicante A. The tendency observed in the seed
contents of the progeny was not the same as that of the skins.

In conclusion, the possible explanation for the higher anti-
radical activity of Kadainou R-1 skin could be the higher amount
of polyphenolics and anthocyanins, as well as the contribution of
other chemicals.

The wine made up from Kadainou R-1 has deep red color and
mild astringency. It may be attributed to the lower concentration
of procyanidin monomers in skin and high contents of anthocya-
nins. Hybridization of wild grapes with cultivated grapes would
change or enhance the characters of the sensory values and
beneficial bioactive components of those wine products.
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