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Introduction: Phytoalexins are biologically active com-
pounds that are produced by plants in response to fungal
infection or abiotic stress such as heavy metal ions or UV
light. In grapevines, the stress response mainly includes the
synthesis of a simple stilbene, resveratrol. This compound
has provoked an intense interest due to its antifungal prop-
erties (HOOS and BLAICH 1990). In addition to the resveratrol
association with reduced Botrytis cinerea infection in grapes,
previous studies have also found resveratrol to be very ben-
eficial to human health: due to its particular solubility in the
lipid phases of low density lipoproteins (LDLs) (FRANKEL

et al. 1995), resveratrol may reduce human LDL oxidation
(FRANKEL et al. 1993) and platelet aggregation (PACE-ASCIAK

et al. 1995), two major parameters implicated in arthero-
thrombogenesis. The so-called French paradox could thus
be attributable in part to the presence of this compound in
wines. In addition to its antioxidant properties, very recent
studies have shown resveratrol to have anti-cancer capa-
bilities as well (JANG et al. 1997).

Since the pioneering work of SIEMANN and CREASY (1992),
much attention has been paid to resveratrol concentrations
in wine. In contrast, very few research reports, except the
study of ECTOR et al. (1996) have focused on the concentra-
tion of resveratrol in fruit of table grape cultivars. The aim of
this preliminary study was thus to analyze the resveratrol
content of grapes produced under conditions found in a
commercial vineyard.

Material and Methods:   P l a n t   m a t e r i a l : One black
grape cultivar, Black Corinth, and one pink red cultivar, Flame
Seedless, were obtained from vineyards managed by Corrin
Produce in Fresno, CA, USA. These cultivars arrived in three

shipments (approximately corresponding to the dates of har-
vest), July 7, July 23 and August 8, 1997. Fruit within the
three shipments was edible. Upon arrival of each of the three
shipments, two separate samplings of grape berries were
prepared. The first sample (10-20 grape berries of each
cultivar) was extracted directly to determine the resveratrol
content under natural conditions. At the same time, the maxi-
mal resveratrol production potential of grapes was deter-
mined by using an abiotic elicitor of stilbene synthesis, i.e.

UV irradiance. 10-20 grape berries from each cultivar were
irradiated on their abaxial surfaces under UV irradiance (TLC
inspection lamp, 254 nm, 10 min; distance from the lamp:
15 cm) as previously described (JEANDET et al. 1995 b). All
experiments were done in quadruplicate, so the analytical
results are representative of the resveratrol content of both
varieties.

S a m p l e   p r e p a r a t i o n   a n d   r e s v e r a t r o l
a n a l y s i s :  Since resveratrol is mainly produced by grape
skin cells and is absent or produced at a very low level in the
fruit flesh, grape skins were carefully peeled from irradiated
and non-irradiated berries. Grape skins were extracted as
previously described (JEANDET et al. 1995 b). Samples (dis-
solved in 80 % methanol) were then injected directly to a
HPLC system (Waters, Milford, MA) (JEANDET et al. 1997).

A n t h o c y a n i n   q u a n t i t a t i o n :  The anthocyanin
content of grape berries was determined as previously de-
scribed by SOMERS and EVANS (1977).

Results and Discussion: The anthocyanin concentra-
tion was approximately the same for the last two shipments
(Tab. 1).
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Tab. 2 presents the resveratrol concentrations deter-
mined in grape berries of the two varieties. Concentrations
varied considerably in both cultivars depending on the time
of harvest. The highest resveratrol concentration was found
in the first shipment (July 07). During ripening (as deter-
mined by the anthocyanin content; Tab. 1), resveratrol con-
centration steadily decreased in both cultivars (second and
third shipments, July 23 and August 8; Tab. 2). This con-
firms the negative relationship between resveratrol synthe-
sis and anthocyanin concentration (JEANDET et al. 1995 b).

In order to determine the maximum phytoalexin produc-
tion of grape berries within the three shipments, resveratrol

T a b l e  1

Anthocyanin content of grapes (mg·kg-1 fresh weight)a

1st ship- 2nd ship- 3rd ship-

  ment   ment    ment

(July 07) (July 23) (August 08)

Black Corinth 670b 880 850
Flame Seedless 350 450 470

a Total anthocyanins in the fruits were expressed as mg of a mixture

of acylated and non-acylated anthocyanins (E
1%

 
1 cm

=500).
b Each value corresponds to the mean for a sample obtained by
pooling 100 berries.
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synthesis was induced by UV-irradiation. Results (Tab. 2)
show that, for the first shipment cv. Flame Seedless experi-
enced more than a 4-fold increase in resveratrol after
UV irradiation. The resveratrol increase in cv. Black Corinth
following UV irradiation was lower. It can be assumed that in
both cases the values correspond to the potential maximum
resveratrol production of the fruit. Two and 4 weeks after
the first shipment, the phytoalexin production potential of
grape berries drastically decreased at the end of maturation
(Tab. 2).

The aim of the present work was  to determine whether
consumption of commercial Californian table grapes can con-
stitute a significant dietary source of resveratrol. Results
show that resveratrol can be found in relatively high amounts
in table grapes under the growing conditions of California.
The resveratrol content of Californian table grapes exceeds
that in wine grapes from Northern France (e.g. Burgundy),
which typically ranges from 5 to 20 mg·g-1 fresh skin (JEANDET

et al. 1995 a).
The average values of trans-resveratrol of red wine (data

from SIEMANN and CREASY 1992; FRANKEL et al. 1995) ranged
from 1500 to 3000 mg·l-1. According to our calculation, ap-
proximately 50 berries of cv. Black Corinth correspond to the
amount of resveratrol found in a glass of red wine.

Since it has been shown that resveratrol concentration
decreases during ripening, it would be beneficial to harvest
and consume grapes as soon as they become edible.

This work constitutes a partial fulfilment of the B.S. of JANET

MORIARTY. PHILIPPE JEANDET was a visiting Professor at the Univer-
sity of Kentucky (June-August 1997). Authors thank the Univer-
sity of Kentucky and the University of Bourgogne for financial
suport of this work. Authors are also indebted to Corrin Produce
(Fresno, CA) for providing fruit samples and to CHANTAL RADET

for her technical assistance during the preparation of the manu-
script.

ECTOR, B. J.; MAGEE, J. B.; HEDWOOD, C. P.; COIGN, M. J.; 1996: Resveratrol
concentration in muscadine berries, juice, pomace, purees, seeds
and wines. Am. J. Enol. Vitic. 47, 57-62.

FRANKEL, E. N.; WATERHOUSE, A. L.; KINSELLA, J. E.; 1993: Inhibition of
human LDL oxidation by resveratrol. Lancet 341, 1103-1104.

- -; - -; TEISSEDRE, P. L.; 1995: Principal phenolic phytochemicals in
selected California wines and their antioxidant activity in inhib-
iting oxidation of human low density lipoproteins. J. Agric. Food
Chem. 43, 890-894.

HOOS, G.; BLAICH, R.; 1990: Influence of resveratrol on germination of
conidia and mycelium growth of Botrytis cinerea and Phomopsis

viticola. J. Phytopathol. 129, 102-110.
JANG, M.; CAI, L.; UDEANI, G. O.; SLOWING, K. V.; THOMAS, C. F.; BEECHER,

C. W. W.; FONG, H. H. S.; FARNSWORTH, N. R.; KINGHORN, A. D.;
MEHTA, R. G.; MOON, R. C.; PEZZUTO, J. M.; 1997: Cancer
chemoprotective activity of resveratrol, a natural product de-
rived from grapes. Science 275, 218-220.

JEANDET, P.; BESSIS, R. ; SBAGHI, M. ; MEUNIER, P.; 1995 a: Production of
the phytoalexin resveratrol by grapes as a response to Botrytis

attack under natural conditions. J. Phytopathol. 143, 135-139.
- -; BREUIL, A. C.; ADRIAN, M.; WESTON, L. A.; DEBORD, S.; MEUNIER, P.;

MAUME, G.; BESSIS, R.; 1997: HPLC analysis of grapevine
phytoalexins coupling photodiode array detection and fluorom-
etry. Anal. Chem. 69, 5172-5177.

JEANDET, P.; SBAGHI, M.; BESSIS, R.; MEUNIER, P.; 1995 b: The potential
relationship of stilbene (resveratrol) synthesis to anthocyanin
content in grape berry skins. Vitis 34, 91-94.

PACE-ASCIAK, C. R.; HAHN, S.; DIAMANDIS, E. P.; SOLEAS, G.; GOLDBERG,
D. M.; 1995: The red wine phenolics trans-resveratrol and quer-
cetin block human platelet aggregation and eicosanoid synthe-
sis: Implications for protection against coronary heart disease.
Clin. Chim. Acta 235, 207-219.

SIEMANN, E. H.; CREASY, L. L.; 1992: Concentration of the phytoalexin
resveratrol in wine. Am. J. Enol. Vitic. 43, 49-52.

SOMERS, T. C.; EVANS, M. E.; 1977: Spectral evaluation of young red
wines: Anthocyanin equilibria, total phenolics, free and molecu-
lar SO2, "chemical age". J. Sci. Food Agric. 28, 279-287.

T a b l e  2

Resveratrol (mg·g-1 fresh skin) in irradiated and non-irradiated
grapes

1st ship- 2nd ship- 3rd ship-

  ment    ment    ment

(July 07) (July 23) (August 08)

Flame Seedless

   Non-irradiated fruits 13.2±   7.6 4.0 ± 0.6 1.0 ± 0.3
   Irradiated fruits 57.3± 20.8 4.8 ± 1.2 1.8 ± 0.7
Black Corinth

   Non-irradiated fruits 25.1± 14.5 0.8 ± 0.3     n.d.a

   Irradiated fruits 33.2± 11.1 1.7 ± 0.2 0.9 ± 0.4

a Not detectable (£0.1 mg·g-1 fresh skin).
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