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The quantities of 11 flavan-3-ols were determined using HPLC in the seeds of 17 vinifera, hybrid,
and labrusca type red and white grape cultivars grown in the Niagara region of Ontario, Canada.
The ranges of concentrations (mg/100 g of seeds) were as follows: (+)-catechin, 21-244; (-)-
epicatechin, 23-284; B1, 3-62; B2, 9-106; B3, trace-71; B4, 2-149; B1-3-O-gallate, trace-74;
B2-3-O-gallate, trace-26; B2-3′-O-gallate, trace-11; C1, 0-10; T2, trace-76. The monomers (+)-
catechin and (-)-epicatechin were present in most cultivars in greater quantities than any one of
the procyanidins. In all but three cultivars, B2 was the most abundant procyanidin and the
galloylated procyanidins were present in considerably lower concentrations than the nongalloylated
ones. Cultivar influenced the flavan-3-ol composition of the seeds. Gamay, Pinot noir, Baco noir,
and Vincent seed were the best sources for these compounds among the cultivars examined.
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INTRODUCTION

Grape seeds are a rich source of catechins and
procyanidins (PC). In addition to the monomers (+)-
catechin (Cat), (-)-epicatechin (Ec), and (-)-epicatechin
3-O-gallate, 14 dimeric, 11 trimeric, and one tetrameric
PC have been identified in grape seeds. Nine of these
PC are esterified with one or two gallic acid molecules
attached to an Ec unit (Table 1). Substantial quantities
of highly polymerized PC are also present. Prieur et
al. (1994) found that 55% of the PC in grape seeds
consisted of more than five monomer units. Only PC
type proanthocyanidins were detected in the seeds while
the skin of the grapes contained prodelphinidin as well
as PC (Escribano-Bailón et al., 1995). In addition to the
PC, four unidentified hydrolyzable tannins were also
found in grape seeds (Santos-Buelga et al., 1995).
Grape seeds contribute to the Cat, Ec, and PC

contents of red wine and grape juice. These compounds
affect the color, clarity, taste, mouth feel (astringency),
stability, and aging characteristics of these beverages.
Furthermore, catechins and PC are nutraceuticals,
contributing to the healthful properties of red wine and
grape juice, which are excellent dietary sources of these
compounds. Catechins are absorbed into the blood-
stream (Das, 1971; Hackett et al., 1983; Midorikawa et
al., 1983), exhibit antioxidant (Mangiapane et al., 1992;
Scott et al., 1993; Vinson et al., 1995; Teissedre et al.,
1996) and free radical scavenging activity (Ricardo da
Silva et al., 1991b; Arpentine et al., 1992; Frankel et
al., 1993; Hu et al., 1995), and act as antihepatoxic
(Perrissoud, 1986; Lacaille-Dubois and Wagner, 1992),
antiviral (Selway, 1986), and anticarcinogenic (Liu and
Castonguay, 1991) agents.
Masquelier (1982, 1988) suggested that PC stabilize

the collagen in the arterial wall, inhibit localized

histamine formation in the arteries, and accelerate the
removal of cholesterol. Dimeric PC are absorbed into
the bloodstream (Das, 1971; Laparra et al., 1977;
Masquelier, 1982, 1988; Jimenez-Ramsey et al., 1994),
while the higher oligomers pass through the digestive
system unabsorbed (Jimenez-Ramsey et al., 1994).
Procyanidins act as antioxidants (Ozaki et al., 1990;
Mangiapane et al., 1992; Teissedre et al, 1996), scavenge
free radicals (Uchida et al., 1987; Ariga and Hamano,
1990; Elstner and Kleber, 1990; Ozaki et al., 1990;
Ricardo da Silva et al., 1991b; Arpentine et al., 1992;
Frankel et al., 1993; Maffei Facino et al., 1994; Tana-
hashi et al., 1995), spare vitamin C (Laparra et al., 1979;
Masquelier, 1982, 1988), act as antihypertensive (Meu-
nier et al., 1987; Terencio et al., 1991), anti-inflamma-
tory (Gábor, 1986), antimutagenic (Liviero et al., 1994),
and antiviral (Takechi et al., 1985) agents, and inhibit
some undesirable enzymatic activities (Maffei Facino et
al., 1994). Laparra et al. (1979) recommended that 100
mg of PC should be consumed every day. Recognition
of the health benefits of catechins and PC initiated the
manufacture of grape seed extracts (e.g., Pycnogenols)
as dietary supplements.
There are a number of reports available on the Cat,

Ec, and individual PC content of mature grape seeds
from France (Bourzeix et al., 1986a,b; Romeyer et al.,
1986; Dumon et al., 1991; Ricardo da Silva et al., 1991a,
1992b), Yugoslavia (Kovac et al., 1990), Spain (Escrib-
ano-Bailón et al., 1992a; Santos-Buelga et al., 1995),
Portugal (Ricardo da Silva et al., 1992a), and Morocco
(Hmamouchi et al., 1994), but such data is not available
from North America. However, only one of these
publications provides information on the Cat and Ec
(Bourzeix et al., 1986b) and five provide information on
the individual PC contents (Bourzeix et al., 1986b;
Ricardo da Silva et al., 1991a, 1992a,b; Hmamouchi et
al., 1994) expressed as weight of flavanol per unit weight
of fresh seed. Furthermore, data are lacking on the
flavan-3-ol content of the seeds of interspecific hybrids
and labrusca type cultivars which are important in the
Eastern grape growing regions of North America. Since

* Author to whom correspondence should be ad-
dressed [telephone, (905)562-4141; fax, (905)562-3413;
e-mail, fuleki@sympatico.ca].

† Horticultural Research Institute of Ontario.
‡ Universidade Técnica de Lisboa.

1156 J. Agric. Food Chem. 1997, 45, 1156−1160

S0021-8561(96)00493-1 CCC: $14.00 © 1997 American Chemical Society



the catechins and PC of seeds are important in wine
and juice production as well as in utilization of pomace,
this study was undertaken to generate data on the Cat,
Ec, and individual PC contents of seeds from grape
cultivars grown in the Niagara region of Ontario, the
major viticultural production area of Canada.

MATERIALS AND METHODS

Hand-harvested mature clusters of 17 grape cultivars/
seedlings (cultivars in the following) were obtained from the
experimental vineyard of the Horticultural Research Institute
of Ontario at Vineland or from the vineyards of the Wiley
Brothers Ltd., St. Catharines, Ontario (Foch, Niagara, Vincent)
in the 1993 and 1994 growing seasons. The seeds were re-
moved manually from the berries of randomly selected clusters
to collect 50-100 g of seeds from each cultivar. The seeds were
washed with distilled water, air-dried, and stored at -30 °C
until analyzed. The frozen seeds were pulverized in a Waring
blender.
Chemical Standards. The chemicals used were of the

highest purity commercially available. The source for the Cat
and Ec standards was Sarsyntex (Merignac, France). Procya-
nidins B1, B2, B3, B4, B1-3-O-gallate, B2-3-O-gallate, B2-3′-
O-gallate, C1, and T2 were isolated from the methanol extract

of grape seeds as described by Ricardo da Silva et al. (1991c).
The monomers were quantified as Cat (4.394 × 104 integrator
units/µg), dimers and trimers as B2 (2.942 × 104 integrator
units/µg), and gallates as B2-3′-O-gallate (5.884 × 104 integra-
tor units/µg).
Analytical Procedures. Methanol extracts of the grape

seed samples were prepared following the procedure of Bourzeix
and co-workers (1986b). The approximately 12 g pulverized
seed sample was placed in 50 mL of methanol at -24 °C,
protected from light, and extracted under CO2 for 16 h. The
extraction was carried out in a stepwise manner with 50 mL
aliquots of solvents; 80% methanol was followed by 50%
methanol each for 4 h. Bidistilled water was added to the
sample and placed at -24 °C for 15 h. Finally the residue
was extracted with 75% acetone for 1 h. Five milliliters of
the pooled extracts was purified and fractionated on a poly-
amide (TLC6, Macherey-Nagel, Düren, FRG) column as de-
scribed by Ricardo da Silva et al. (1990). The catechins and
PC fractions were passed through 0.45 µm membrane filters,
and 50 µL aliquots were injected onto the HPLC column.
A Merck Model L-200A pump (Merck-Hitachi, Darmstadt,

FRG) was connected to a Waters 717 plus autoinjector (Mil-
ford, MA). Detection was made at 280 nm with a Konic UV-
vis detector (UVIS 200) coupled to Konichrom data treatment
system (Konik Instruments, Miami, FL). The column (250 ×
4.6 mm, particle size 5 µm) was a reverse-phase C18 Super-
spher 100 (Merck, Darmstadt, FRG) protected by a guard
column of the same material.
A modification of the method described earlier by Ricardo

da Silva et al. (1990) was used for the HPLC separation of

Table 1. Flavan-3-ols Identified in Grape Seeds

abbreviation compound refa

Monomers
Cat (+)-catechin 7
Ec (-)-epicatechin 7
EcG (-)-epicatechin

3-O-gallate
7

Dimer Procyanidins
B1 Ec-(4âf8)-Cat 3
B2 Ec-(4âf8)-Ec 3
B3 Cat-(4Rf8)-Cat 3
B4 Cat-(4Rf8)-Ec 3
B5 Ec-(4âf6)-Ec 4
B6 Cat-(4Rf6)-Cat 4
B7 Ec-(4âf6)-Cat 1
B8 Cat-(4Rf6)-Ec 4

Dimers Esterified with Gallic Acid
B1-3-O-gallate Ec-3-O-gallate-(4âf8)-Cat 4
B2-3-O-gallate Ec-3-O-gallate-(4âf8)-Ec 4
B2-3′-O-gallate Ec-(4âf8)-Ec-3-O-gallate 1
B4-3′-O-gallate Cat-(4Rf8)-Ec-3-O-gallate 4
B7-3-O-gallate Ec-3-O-gallate-(4âf6)-Cat 6
B2-3,3′-di-O-gallate Ec-3-O-gallate-(4âf8)-

Ec-3-O-gallate
4

Trimer Procyanidins
C1 Ec-(4âf8)-Ec-(4âf8)-Ec 1
C2 Cat-(4Rf8)-Cat-(4Rf8)-Cat 5

Cat-(4Rf8)-Cat-(4Rf8)-Ec 6
T2 Ec-(4âf8)-Ec-(4âf8)-Cat 1
T3 Ec-(4âf8)-Ec-(4âf6)-Cat 4
T4 Ec-(4âf6)-Ec-(4âf8)-Ec 4
T5 Ec-(4âf8)-Ec-(4âf6)-Ec 4
T6 Ec-(4âf6)-Ec-(4âf8)-Cat 4

Trimers Esterified with Gallic Acid
C1-3-O-gallate Ec-(4âf8)-Ec-(4âf8)-

Ec-3-O-gallate
2

T2-3-O-gallate Ec-(4âf8)-Ec-3-O-gallate-
(4âf8)-Cat

4

C1-3,3-digallate Ec-(4âf8)-Ec-3-O-gallate-
(4âf8)-Ec-3-O-gallate

2

Tetramer Procyanidins
Ec-(4âf8)-Ec-(4âf8)-
Ec-(4âf8)-Ec

6

a Reference given for the first thorough identification of the
compound in grape seed: (1) Boukharta (1988); (2) Escribano-
Bailón et al. (1992b); (3) Lea et al. (1979); (4) Ricardo da Silva et
al. (1991c); (5) Romeyer et al. (1986); (6) Santos-Buelga et al.
(1995); (7) Su and Singleton (1969).

Figure 1. Chromatogram of the catechin fraction [acetonitrile/
water (30:70) eluate from the polyamide column] of Riesling
grape seed extract monitored at 280 nm. Peak identification
(tR, min): 1, (+)-catechin (15.9); 2, (-)-epicatechin (23.4).
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individual catechins and PC. The mobile phases for catechins
were (A), acetic acid/bidistilled water (2.5:97.5) and (B),
acetonitrile/A (80:20). A linear gradient was run from 93
volumes of A + 7 volumes of B to 70 volumes of A + 30 vol-
umes of B during 40 min, followed by another to 100 volumes
of B during 5 min, where it was held for 10 min. The mobile
phases for the separation of PC were (A) acetic acid/bidis-
tilled water (10:90) and (B) bidistilled water. A linear gra-
dient was run from 10 volumes of A + 90 volumes of B to 70
volumes of A + 30 volumes of B during 45 min, followed by
another from 70 volumes of A + 30 volumes of B to 90 volumes
of A + 10 volumes of B during 37 min, and then to pure A
during 10 min. The flow rate was 1 mL/min for catechins and
0.9 mL/min for PC. Between two injections, the column was
washed isocratically, using methanol/water (50:50, v/v), for 15
min, in both methods. All analyses were done in duplicate at
least.

RESULTS AND DISCUSSION

Representative chromatograms of the catechins and
PC fractions of the grape seed extracts are shown in
Figures 1 and 2. The results of the analyses on 17
cultivars are presented in Table 2. To facilitate com-
parison to literature values based on cluster weight,
Table 2 presents data on the contribution of seeds to
cluster weight. In the seeds of 10 of the examined 17
cultivars, Cat and Ec were present in higher concentra-
tions than any of the individual PC. Similar observa-
tions were reported in the literature (Bourzeix et al.,
1986b; Kovac et al., 1990; Dumon et al., 1991; Escrib-
ano-Bailón et al., 1992a; Santos-Buelga et al., 1995). The
concentration of Ec was higher than that of Cat in 12
cultivars. Romeyer et al. (1986) found this to be the
case in half of the examined cultivars while others found
that Cat was present in higher concentration than Ec
in most cultivars (Bourzeix et al., 1986b; Kontek, 1986;
Kovac et al., 1990; Santos-Buelga et al., 1995).
In the seeds of all but three of the examined grape

cultivars B2 was the PC present in the highest concen-
tration. The other PC present in relatively large
quantities in most cultivars were B4, T2, B1, and B3
but not always following this order of ranking. The
galloylated PC were present as minor constituents in
most cultivars. Notable exceptions were Gamay, Vin-
cent, and Merlot. Most studies carried out on the PC
composition of seeds from ripe grapes (Bourzeix et al.,
1986a,b; Romeyer et al., 1986; Kovac et al., 1990;
Ricardo da Silva et al., 1991a, 1992a,b; Hmamouchi et
al., 1994; Santos-Buelga et al., 1995) found B2 the major
PC and the rank order of the other PC variable. The
data presented here as well as that in the literature
suggest that cultivar has a major influence on the
quantitative individual PC composition of grape seeds.
In most cases, the concentrations of individual PC in

the seeds were within the ranges reported in the
literature (Ricardo da Silva et al., 1991a, 1992a,b;
Hmamouchi et al., 1994). About one-third of the PC
values, particularly those for B2-3′-O-gallate and C1,
were lower than the minima reported in the literature.
Bourzeix and co-workers (1986b) reported considerably

Figure 2. Chromatogram of the procyanidin fraction [acetone/
water (75:25) eluate from the polyamide column] of Riesling
grape seed extract monitored at 280 nm. Peak identification
(tR, min):1, B3 (34.5); 2, B1 (38.4); 3, T2 (40.4); 4, B4 (45.9); 5,
B2 (54.8); 6, B2-3-O-gallate (57.0); 7, B2-3′-O-gallate (65.0);
8, B1-3-O-gallate (72.8); 9, C1 (74.0).

Table 2. Catechin and Procyanidin Composition of Seeds of Different Grape Cultivars (mg/100 g)a

catechins procyanidinsd total

cultivar colb
seed
%c

(+)-
catechin

(-)-
epicatechin B1 B2 B3 B4 B1-3-O-g B2-3-O-g B2-3′-O-g C1 T2 catechins dimers

dimer
gallates trimers

vinifera
Cabernet Franc R 6.6 96 136 26 79 21 43 24 16 3 tre 26 232 169 43 26
Cabernet
Sauvignonf

R 4.8 58 67 17 50 9 19 11 tr tr 2 30 125 95 11 32

Gamay R 4.4 114 114 62 93 71 149 74 26 8 tr 67 228 375 108 67
Merlot R 7.2 64 79 20 48 8 21 25 8 4 tr 23 143 97 37 23
Pinot noir R 5.9 244 193 56 90 30 59 21 9 11 8 76 437 235 41 84
Chardonnayf W 4.9 42 99 25 61 14 26 14 3 tr 6 3 141 126 17 9
Riesling W 4.9 25 24 11 29 2 12 tr 2 2 tr 7 49 54 4 7

hybrid
Baco noir R 7.2 98 106 33 91 41 127 21 26 7 10 43 204 292 54 53
DeChaunac R 7.4 135 78 4 22 2 12 tr tr 4 tr 17 213 40 4 17
Maréchal Foch R 9.1 46 42 14 43 23 61 11 12 1 4 6 88 141 24 10
Vincent R 9.3 155 284 60 106 27 45 41 9 4 tr 28 439 238 54 28
Brights 12 R 6.2 23 52 6 24 tr 10 4 3 7 tr 9 75 40 14 9
V65115 R 7.9 47 72 9 18 tr 3 5 tr 2 5 13 119 30 7 18
Seyval W 7.5 21 23 3 9 2 2 tr tr tr 0 tr 44 16 tr tr

labrusca
Concord R 7.0 37 88 7 75 tr 16 4 4 5 2 8 125 98 13 10
Elvira W 10.3 40 55 11 29 2 3 3 2 1 1 4 95 45 7 5
Niagara W 5.2 58 97 8 39 tr 2 tr 2 8 tr 17 155 49 10 17

a Monomers were expressed as (+)-catechin equivalents, dimers and trimers as B2 equivalents, and dimer gallates as B2-3′-O-gallate
equivalents. b Color: R ) red; W ) white. c Contribution of seed weight to cluster weight. d B1, B2, B3, B4 ) dimers; B1-3-O-g, B2-3-O-g,
B2-3′-O-g ) dimer gallates; C1, T2 ) trimers. e Traces. f Vintage 1994 while those unmarked were from 1993.
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higher concentrations of Cat, Ec, and PC in the fresh
seeds of Merlot and Pinot noir than found in this study.
The cooler climate of the Niagara region could explain
the lower values found in this study.
The data in Table 2 suggests that the quantities of

catechins and PC were influenced by genetic factors. In
general the seeds of red grape cultivars contained higher
quantities of these compounds than the whites. The
greater capacity of red cultivars to synthesize phenolic
compounds could explain this trend. Among the red
cultivars Pinot noir had the highest Cat, T2, B2-3′-O-
gallate, and total analyzed flavan-3-ol contents; Vincent,
a Vineland hybrid with extremely high anthocyanin
concentration (Fuleki, 1990), had the highest Ec, B2,
and total catechins; Baco noir (a Vitis vinifera-Vitis
riparia hybrid from France), the highest C1 content. The
seeds of Gamay were richest in the other individual PC
as well as total PC. Brights 12 and V65115, two highly
pigmented hybrids containing only monoglucosidic an-
thocyanins (Fuleki, 1990), had surprisingly low cat-
echins and PC contents. Bourzeix et al. (1986b) deter-
mined the catechins and PC contents in the seeds of 10
grape cultivars and found that Pinot noir was the
highest in Cat, Ec, B1, B2, B3, B4, trimer, and tetramer.
Among the white cultivars, Niagara, a labrusca type

cultivar used mainly for juice, was the highest in Cat,
and Chardonnay in Ec and total PC. The results of this
study indicate that, among the examined grape culti-
vars, the seeds of Gamay, Pinot noir, Baco noir, and
Vincent are good sources for the analyzed nutraceutical
compounds.
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