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Varietal Differences among the Polyphenol Profiles of Seven
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Polyphenols present in red table grape varieties Red Globe, Flame Seedless, Crimson Seedless,
and Napoleon, and the white varieties Superior Seedless, Dominga, and Moscatel Italica were
analyzed by HPLC—DAD—MS. The anthocyanins peonidin 3-glucoside, cyanidin 3-glucoside (and
their corresponding p-coumaroyl derivatives), malvidin 3-glucoside, petunidin 3-glucoside, and
delphinidin 3-glucoside were found. In addition, caffeoyltartaric acid, p-coumaroyltartaric acid, and
the flavonols quercetin 3-glucuronide, quercetin 3-rutinoside, quercetin 3-glucoside, kaempferol
3-galactoside, kaempferol 3-glucoside, and isorhamnetin 3-glucoside were detected. Flavan-3-ols
were also detected, and were identified as gallocatechin, procyanidin B1, procyanidin B2, procyanidin
B4, procyanidin C1, catechin, and epigallocatechin. These phenolics were present only in the skin,
as the flesh of these grape cultivars was almost devoid of these compounds. Anthocyanins were the
main phenolics in red grapes ranging from 69 (Crimson Seedless) to 151 (Flame Seedless) mg/kg
fresh weight of grapes, whereas flavan-3-ols were the most abundant phenolics in the white varieties
ranging from 52 (Dominga) to 81 (Moscatel Italica) mg/kg fresh weight of grapes. Total phenolics
ranged from 115 (Dominga) to 361 (Flame Seedless) mg/kg fresh weight of grapes. This means that
a serving of unpeeled table grapes (200 g) could provide up to 72 mg of total phenolics (Flame
Seedless). These results indicate that the intake of unpeeled table grapes should be recommended
in dietary habits as a potential source of antioxidant and anticarcinogenic phenolic compounds.

KEYWORDS: Anthocyanins; hydroxycinnamic acid derivatives; flavan-3-ols; flavonols; HPLC —DAD—-
MS; stilbenoids; table grapes; total phenolics; Vitis vinifera
INTRODUCTION an important step in atherogenic plaque formation which is

determinant for development of cardiovascular and coronary

In the past few years, epidemiological, clinical, and in vitro . - . : .
studies have shown the role of polyphenolic compounds (presemdlsease 17). Also established is the effectiveness of phenolic

in fruits, vegetables, and wine) in preventing cardiovascular gompounds from grape extrac’gs 'to inhibit hyollrope'roxi'de forma-
disease mortalityl(—5). Flavonoids and other phenolic com- tlog as wetllgs toh|nh|b|t bqth “lp'd andt p(;ci:]eln Emda:polﬁ][. .
pounds have been reported to have multiple biological effects . Ome Studies have previously reported the phenalic composi-
such as antioxidant( 7), antiinflammatory 8, 9), inhibition tion of WIn€ grape v_arlet|e§9—21). Usually, these ;tud|es have

of platelet aggregatioriL(), antimicrobial (1), and even “anti- been carngd out in qrdgr to coryglate phenollc. compognds
aging” (5) activities. Other in vivo studies showed that anti- concentration W'th a_r_1t|o>_<|dant activity. However, mformatlon_

oxidant flavonoids were inversely associated with mortality from concerning the identification and quantification of each phenolic

heart diseasel@). Furthermore, delayed tumor onset was compounq Of_ table grape varieties is_ratht_ar scarce.
observed in transgenic mice upon feeding with red wine _ 1he objective of the present study is to identify by HPLC
phenolics 13). DAD—MS—MS the composition of potential health-promoting

Grapes constitute one of the major sources of phenolic phenolic compounds from seven_table grape varieties. Four red
compounds among different fruitd4). In this context, the (Red Globe, F_Iame Seec_:lless, Crimson Seec_iless, and Napoleon)
antioxidant activity of grapes has been positively correlated with anq three white (Supgrlqr Seedless, Dominga, and Moscatel
their phenolic composition: anthocyanins, flavonols, flavan-3- ltalica) table grape varieties were analyzed.
ols, hydroxybenzoates, and, in general, phenolic compouijis (

(Figure 1). In addition, these compounds have proved to inhibit MATERIALS AND METHODS

in vitro the oxidation of human low-density lipoproteinkg, Reagents.Cyanidin 3-rutinoside was purchased from Polyphenols
A. S. (Sandnes, Norway), quercetin 3-rutinoside was purchased from
* To whom correspondence should be addressed. Phéi3&: 968 39 Merck (Darmstadt, Germany), and resveratrol, catechin, and chlorogenic
6334. Fax: +34 968 39 6213. E-mail: fatomas@cebas.csic.es. acid were purchased from Sigma (Madrid, Spain). Formic acid and
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Figure 1. Representative structures of the phenolic compounds described
in the present study. (A) Anthocyanins: R; = R, = —OH, R; = glucose,
delphinidin 3-glucoside; R; = —OH, R, = H, R3 = glucose, cyanidin
3-glucoside; R; —OCHs;, R, = -OH, R; = glucose, petunidine
3-glucoside; R; = —OCHs, R, = H, R; = glucose, peonidin 3-glucoside;
R1 = R, = —OCHjs, R3 = glucose, malvidin 3-glucoside; R; = —OH, R,
= H, R; = p-coumaroylglucose, cyanidin 3-p-coumaroylglucoside; R; =
—0CHjs, R, = H, R; = p-coumaroylglucose, peonidin 3-p-coumaroylglu-
coside. (B) Flavonols: R; = —OH, R, = H, R; = glucose, quercetin
3-glucoside; R; = —OH, R, = H, R; = glucose-thamnose, quercetin
3-rutinoside; Ry = R, = H, R3 = galactose, kaempferol 3-galactoside;
R1 = R, = H, R; = glucose; kaempferol 3-glucoside; R; = —OCHjs, R,
= H, R3 = glucose, isorhamnetin 3-glucoside. (C) Flavan-3-ols: R; =
H, R, = —OH, R3 = H, (+)-catechin; R; = H, R, = —-OH, R; = —OH,
gallocatechin; R; -OH, R, = H, R; —OH, epigallocatechin;
epicatechin—catechin, procyanidin By; epicatechin—epicatechin, procyanidin
Bo; catechin—epicatechin, procyanidin By4; epicatechin—epicatechin—epi-
catechin, procyanidin C;. (D) Hydroxycinnamic acid derivatives: R; =
—OH, R, = tartaric acid, caffeoyltartaric acid; R; = H, R, = tartaric acid,
p-coumaroyltartaric acid. (E) trans-Piceid.

methanol (MeOH) were of analytical grade and also supplied by Merck.
Ultrapure water from a Milli-Q system (Millipore Corp., Bedford, MA)
was used throughout this research.

Grapes.The table grapes were harvested in summer (J0lgtober)
2001 in different locations from Murcia (Spain): Superior Seedless

Cantos et al.

above-obtained was analyzed using a Merck-Hitachi HPLC system with
a pump model L-7100 and a diode array detector Merck-Hitachi 7455.
Separations were achieved on a Licrochart column (Merck) (RP-18,
12 x 0.4 cm; 5um particle size). The mobile phase consisted of water
with 5% formic acid (solvent A) and HPLC grade methanol (solvent
B) at a flow rate of 1 mL/min. Elution was performed as previously
described by Cantos et a22). HPLC experiments were repeated three
times. Phenolic content was expressed as mg/kg of fresh weight taking
into account that skin represented about 10% of the total berry weight.

Phenolic Identification and Quantification. Chromatograms were
recorded at 510, 360, 320, and 280 nm. Phenolic compounds were
identified by their UV spectra recorded with a diode array detector
and by LC-MS. Some of these phenolics have been previously
identified with authentic marker2®), and other were identified by
their MS spectra and their corresponding daughter MS/MS fragments.

Anthocyanins were quantified at 510 nm as cyanidin 3-rutinoside,
flavonols at 360 nm as quercetin 3-rutinoside, stilbenoids at 320 nm
as resveratrol, hydroxycinnamic acid derivatives at 320 nm as chloro-
genic, acid and flavan-3-ols at 280 nm as catechin.

HPLC —MS—MS. Chromatographic separation was carried out on
an RP Gg LIChroCART column (25x 0.4 cm, particle size m,
Merck, Darmstadt, Germany) using water/formic acid (95:5, v/v) (A)
and methanol (B) as the mobile phases. Elution was performed as HPLC
analysis conditions above detailed. The HPLC system equipped with a
DAD detector and mass detector in series consisted of a HPLC binary
pump (G1312A), an autosampler (G1313A), a degasser (G1322A), and
a photodiode array detector (G1315B) controlled by software
(v. A08.03) from Agilent Technologies (Waldbronn, Germany). The
mass detector was an ion-trap mass spectrometer (G2445A, Agilent
Technologies, Waldbronn, Germany) equipped with an electrospray
ionization (ESI) system and controlled by software (v. 4.0.25). The
heated capillary and voltage were maintained at 360and 4 kV,
respectively. Mass scan (MS) and daughter (M&S) spectra were
measured fronm/z 100 up ton/z 1500. Collision-induced fragmentation
experiments were performed in the ion trap using helium as the collision
gas, and the collision energy was set at 50%. Mass spectrometry data
were acquired in the negative ionization mode for anthocyanins,
flavonols, hydroxycinnamic acids, and flavan-3-ols. UV chromatograms
were recorded at 510, 360, 320, and 280 nm.

RESULTS AND DISCUSSION

Anthocyanins. Few qualitative differences in anthocyanins
from red table grape varieties were found. Seven anthocyanin-
glucosides (two of them acylated) were identified in grape
skins: delphinidin 3-glucoside, cyanidin 3-glucoside, cyanidin
3-p-coumaroylglucoside, petunidin 3-glucoside, peonidip-3-
coumaroylglucoside, peonidin 3-glucoside, and malvidin 3-glu-
coside Table 1; Figure 2A). The only qualitative difference
was the absence of both acylated derivatives in Flame Seedless
as well as the absence of the cyanidip-8eumaroylglucoside
in Napoleon Table 2). However, significant quantitative
differences in the anthocyanin profile were found. The main

(Cieza, July 1), Flame Seedless (Molina de Segura, July 16), Red Globe@nthocyanin in all the varieties was peonidin 3-glucoside, in

and Moscatel Italica (Aledo, July 31), Crimson Seedless (Blanca,

contrast to wine grapes in which the main anthocyanin has been

September 9), Dominga (Totana, November 7), and Napoleon (Alhama, reported to be malvidin 3-glucosid€3). The other most
November 14). All grape berries were transported to the laboratory abundant anthocyanins were cyanidin 3-glucoside and malvidin

and processed the same day.
Extraction of Phenolic Compounds.Grapes were peeled with a
sharp knife, and the skins were stored-&0 °C until analyzed. Skin

3-glucoside. The latter two occurred in similar amounts except
in Red Globe in which cyanidin 3-glucoside was three times
more abundant than malvidin 3-glucosideable 2). Petunidin

represented apprpximately 10% of the total fresh ngght of grape berry, 3-glucoside and delphinidin 3-glucoside were minor glucosides
so data were divided by 10 to express the phenolic content in mg/kg with a mean contribution of about 3% and 2% of the total

fresh weight. Samples were homogenized in an Ultraturrax T-25

equipment (Janke and Kunkel, Ika-Labortechnick) at 24 000 rpm for 1

min after addition of 4 mL of a solution of MeOH/formic acid (97:3)

per g of grape skin. The extracts were centrifuged at 3605 min

in a Centromix centrifuge (Selecta, Barcelona), filtered through a 0.45-

um membrane filter Millex-H\{3 (Millipore), and analyzed by HPLC.
HPLC Analysis of Phenolics.A sample of 2Q.L of the supernatant

anthocyanins, respectivelfféble 2). The above quantitative
profile of anthocyanins was not accomplished by Flame Seedless
which contained the highest amount in anthocyanins distributed
in equal proportion, including peonidin 3-glucoside and del-
phinidin 3-glucoside which represented around 22% of total
anthocyanins in this varietyT@ble 2). Total anthocyanins
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Table 1. HPLC-DAD-MS Analysis of Grape Skin Phenolics 0.3
molecular ion m/z~ fragment m/z~ HPLC Rt g A i 510 nm
structure? (MS) (MS-MS) (min) % 0.2
dp 3-glc 463 300 235 - 5
cy-3-glc 447 284 26.3
pt-3-glc 477 314 28.7 0.1
pn-3-glc 461 299 311
o R | ! “ i e
cy-p-coum X
pn-p-coum 607 453, 299 46.9 0.0 S NN
g-3-gluc 477 301 335
a-3-glc 463 300 301 1ol it 30
g-3-rut 609 463, 300 344 8
k-3-gal 447 284 37.3 s
k-3-glc 447 284 39.2 g 13
i-3-glc 477 314 40.5 § 0.06
cafta 311 179 10.3
couta 295 163 133 J_X;}L
piceid 389 227 26.8
(epi)catechin 289 289 11.9 0.00
procyanidin B1 577 289 10.3 008 |
c 7 10 320nm
@ Abbreviations: dp-3-glc, delphinidin 3-glucoside; cy-3-glc, cyanidin 3-glucoside;
pt-3-glc, petunidin 3-glucoside; pn-3-glc, peonidin 3-glucoside; mv-3-glc, malvidin § 1
3-glucoside; cy-p-coum, cyanidin 3-p-coumaroylglucoside; pn-p-coum, peonidin 3-p- 8004l 1 16
coumaroylglucoside; g-3-gluc, quercetin 3-glucuronide; g-3-glc, quercetin 3-glucoside; §
g-3-rut, quercetin 3-rutinoside; k-3-gal, kaempferol galactoside; k-3-glc, kaempferol- < 3 8 15
3-glucoside; i-3-glc, isorhamnetin 3-glucoside; cafta, caffeoyltartaric acid; couta, 2
p-coumaroyltartaric acid. 0.00
1" 22 33 44 55

ranged from 151 mg/kg of fresh weight of grapes (fw) for Flame
Seedless (the richest source) to 68 mg/kg of fw for Crimson
Seedless (the poorest variety together with Napoleon). Total Figure 2. HPLC chromatograms of skin extracts of mature table grapes.
anthocyanins, as well as the different proportion of every (A) Flame variety, 510 nm; (B) Superior variety, 360 nm; (C) Napoleon
anthocyanin in the total anthocyanin profile, has been previously Variety, 320 nm. (1) caffeoyltartaric acid; (2) hydroxycinnamic acid
described in 32 red table grape varieties including both Red derivative-a; (3) p-coumaroyltartaric acid; (4) delphinidin 3-glucoside; (5)
Globe and Flame Seedles®4). This previous study reported  cyanidin 3-glucoside; (6) petunidine 3-glucoside; (7) trans-piceid; (8)
total anthocyanin values similar to those found in the present Peonidin 3-glucoside; (9) malvidin 3-glucoside; (10) quercetin 3-glucuronide;
study (Table 2), even though the proportion of each anthocyanin (11) quercetin 3-glucoside + quercetin 3-rutinoside; (12) kaempferol
regarding the total anthocyanin profile was different from that 3-galactoside; (13) kaempferol 3-glucoside; (14) isorhamnetin 3-glucoside;
reported hereTable 2). In addition, in this previous study, not  (15) cyanidin 3-p-coumaroylglucoside; (16) peonidin 3-p-coumaroylgluco-
only coumaroyt-anthocyanin esters but also both caffeegnd side.

acetyl-anthocyanin esters were found, although in small

amount. The lack of these compounds as well as the other
differences in the seven table grapes assayed here could b
related to agronomic factors such as soil composition, irrigation,
light intensity, etc., as agronomic factors have been proposed
as important determinants of the phenolic composition of fruits

and vegetables, including the possible variation of the phenolic glucoside. As the compound corresponding to peak 12 eluted

profile of grape varieties2y). earlier than peak 13, this difference was due to the hexoside

Flavonols. The main flavonols found in all the table grape residue. It can be assumed that peak 12 is kaempferol 3-galac-
varieties were quercetin 3-glucuronide, quercetin 3-glucoside, toside Figure 2B; Table 1). The above minor flavonols were
and quercetin 3-rutinoside (the two latter coeluted in a single detected in trace amounts in most of the varieties. However,
peak under these chromatographic conditions and thus they werghey were quantified in the white varieties Superior Seedless
quantified as a single peakjgure 1B, peak 11). A common  and Moscatel Italica. In both cases kaempferol 3-glucoside was
pattern in the quantitative profile of the main flavonols was not the most abundanfTable 3). Previous reports described the
found. Quercetin 3‘g|UCUr0nide was the dominant flavonol in resence of myricetin derivatives in both W”'%X and table
Flame Seedless and Napoleon varieties, whereas it was founq21) grapes. However, the flavonol myricetin was not found in
in the same concentration as the other two quercetin derivativesany of the seven table grape varieties studied here. This
in Crimson Seedless and Moscatel Italica varieties. Red Globe, discrepancy could be justified by the use of different extraction
Superior Seedless, and Dominga grapes contained quercetitprotocols, as organic media extract higher amounts of both
3-glucuronide in smaller amounts than quercetin 3-glucoside flavan-3-ols and flavonols, whereas water extracts higher
plus quercetin 3-rutinosideT @ble 3). amounts of anthocyanins and procyanidiag)(

Three other minor compounds were identified as two  Total flavonol content ranged from 64 mg/kg of fw for
kaempferot-hexosides and isorhamnetin 3-glucoside. Both Superior Seedless to 13 mg/kg of fw for Crimson Seedless. In
kaempferol derivatives shared the same mass and UV-spectrageneral, white grape varieties showed a higher flavonol con-
although their retention times were different. The UV spectrum tribution to total phenols than red grape varieties. This contribu-

Retention time (min)

of the first eluted compound (peak 1Bigure 2B) revealed
that the hexoside substitution was at 3 position, because
ubstitution at 7 position provokes a characteristic shift in the
maximum of UV spectrum which was not observed. Peak 13
(Figure 2B) was coincident with the retention time, UV
spectrum, andn/z- of an authentic standard of kaempferol-3-



5694 J. Agric. Food Chem., Vol. 50, No. 20, 2002 Cantos et al.

Table 2. Anthocyanins Content of Table Grape Varieties?

anthocyanin® Red Globe Flame Crimson Napoleon
dp-3-glc 4.7 (1.0) 343(2.7) 1.1(0.2) 1.9(0.3)
cy-3-gle 28.9 (4.2) 32.7(7.1) 6.6 (2.0) 11132
pt-3-glc 2.71(0.9) 17.9(0.8) 0.9(0.1) 1.4 (0.4)
pn-3-glc 65.4(0.2) 324 (5.1) 452 (5.2) 40.6 (0.2)
mv-3-glc 9.25(0.2) 33.4(7.3) 8.8 (1.4) 178 (4.2)
cy-p-coum 1.4(0.4) 0.0 (0.0) 1.2(0.3) 0.0 (0.0)
pn-p-coum 29(0.0) 0.0 (0.0) 4.7(0.7) 5.9(15)
ta 1153 (1.1) 150.7 (2.2) 68.5 (6.9) 75.7 (0.4)

2 Values are expressed as mg/kg of fresh weight of grape berry (skin + flesh). Standard deviation is reported in parentheses (n = 3). P Abbreviations used: dp-3-glc,
delphinidin 3-glucoside; cy-3-glc, cyanidin 3-glucoside; pt-3-glc, petunidin 3-glucoside; pn-3-glc, peonidin 3-glucoside; mv-3-glc, malvidin 3-glucoside; cy-p-coum, cyanidin
3-p-coumaroylglucoside; pn-p-coum, peonidin 3-p-coumaroylglucoside; ta, total anthocyanins.

Table 3. Flavonols Content of Table Grape Varieties?

flavonol® Red Globe Flame Crimson Napoleon Superior Dominga Moscatel Italica
g-3-gluc 24.0(2.2) 34.2(2.6) 5.0(1.1) 22.7(1.7) 209 (1.7) 5.66 (0.6) 18.4 (3.5)
g-3-glc/rut 37.3(7.5) 19.6 (3.5) 7.8(2.8) 9.7 (4.0) 26.0 (1.2) 27.0(2.0) 20.4 (1.7)
k-3-gal tre tr tr tr 3.4(0.4) tr 0.5(0.1)
k-3-glc tr tr tr tr 12.3(1.4) tr 47(1.2)
i-3-glc tr tr tr tr 14(0.1) tr 3.7(0.5)
tf 61.3(9.6) 53.8 (6.0) 12.8 (3.5) 324 (5.5) 64.0 (4.6) 32.7(2.7) 47.7 (6.1)

aValues are expressed as mg/kg of fresh weight of grape berry (skin + flesh). Standard deviation is reported in parentheses (n = 3). ° Abbreviations: g-gluc, quercetin
3-glucuronide; g-3-glc/rut, quercetin 3-glucoside + quercetin 3-rutinoside; k-3-gal, kaempferol 3-galactoside; k-3-glc, kaempferol 3-glucoside; i-3-glc, isorhamnetin 3-glucoside;
tf, total flavonols. ¢ Traces.

Table 4. Phenolics Distribution Regarding Total Phenolic Compounds The total amount of hydroxycinnamic acid derivatives ranged
in Table Grape Varieties from 48 mg/kg of fw for Flame Seedless to 8.4 mg/kg of fw
for Red Globe Table 5). Previous data concerning the content

Red Moscatel ; ; ; At
Globe Flame Crimson Napoleon Superior Dominga  Itaica of hydroxycinnamic acid derlvatlvles. have been reported for Red
o - T o 5 5 o . . Globe and Flame Seedless varieti@g, (28). However, total
Qﬁg\t,o%co)@nms 37 =10 o o 2 2 hydroxycinnamic acid derivatives represented about 5% and
% OH—cinnamates® 4 13 7 7 7 2 11 12% of total phenols in Red Globe and Flame, respectively, in
% flavan-3-ols 18 30 31 13 46 50 56 contrast to our results (13% for Red Globe and 4% for Flame
Seedless). No significant differences were found between mg/
a (OH-Cinnamates), hydroxycinnamic acid derivatives. kg fw in white and red table grapes, and their contribution to

total phenols.

tion ranged from 47% for Superior Seedless to 10% for Crimson  Flavan-3-ols.Catechin, gallocatechin, epigallocatechin, pro-
SeedlessTable 4). Previous studies on phenolic content in table cyanidin B1, procyanidin B2, procyanidin B4, and procyanidin
and wine grape varieties have been carried out but followed aC1 were identified by LEMS (Table 1). However, HPLC
different approach27, 28). These studies did not quantify conditions were not optimal to quantitatively analyze flavan-
individual phenolics, but quantified phenolic groups, i.e., 3-ols because separation of catechin and its corresponding
anthocyanins, flavonols, hydroxycinnamic acid derivatives, and polymers requires specific HPLC conditior#2(33). Therefore,
flavan-3-ols Figure 1). According to previous studies the same catechin and procyanidins were quantified as a single flavan-
flavonol contribution to total phenolics was found in Flame 3-ol compound Table 5).
Seedless (15%) in agreement with our results. However the The total amount of flavan-3-ols ranged from 109 mg/kg of
flavonol contribution previously reported in Red Globe was 14% fy for Flame Seedless to 18 mg/kg of fw for Napoledrale
(27), in contrast with the contribution described in the present 5) which was not in agreement with either Meyer et &I7)(
study (27%) Table 4). Again, and as a tentative hypothesis to  who did not found flavan-3-ols in most of the varieties studied,
justify the above discrepancy, agronomic factors and extraction or with Yi et al. (28), who reported the lack of flavan-3-ols in
protocols could be involved2(, 25). Red Globe variety as well as a content of 7-fold less amount of
It should be stressed that the content of flavonols is important flavan-3-ols in Flame Seedless variety. We have previously
because of their antioxidant activity. In fact, quercetin is one emphasized that this variability could be tentatively justified
of the most effective antioxidant flavonoid2Q, 29) with by extraction protocols. These authors used water to redissolve
anticancer activity 30, 31). the already extracted compounds. Flavan-3-ols, except catechin
Hydroxycinnamic Acid Derivatives. Caffeoyltartaric and ~ and epicatechin, show low solubility in aqueous media. There-
p-coumaroyltartaric acid were found in all the grape varieties fore, this could explain the absence of procyanidins and flavan-
(Figure 2C). The identification of the third hydroxycinnamic ~ 3-0Is in these previous studieg7( 28).
acid derivative was not possible because of its poor ionization  The contribution of flavan-3-ols to total phenolics was higher
in our LC—MS assay conditions. Caffeoyltartaric acid repre- in white grapes than that in red ondsble 4). In addition, the
sented about 60% of total hydroxycinnamic acid derivatives in high variability in flavan-3-ols content could be important, as
all the varieties except in Superior Seedless in which the these phenolics have been described as the most important
contribution was about 40%. antioxidants in grapes34, 35) together with their possible role
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Table 5. Hydroxycinnamic Acid Derivatives, Flavan-3-ols, and Total Phenolics Content of Table Grape Varieties?

Red Globe Flame Crimson Napoleon Superior Dominga Moscatel Italica
cafta 5.2(0.7) 28.6 (3.4) 5.7(0.8) 5.7(0.2) 35(0.5) 15.9 (2.2) 10.4 (1.7)
derv-a 1.1(0.2) 4.4(0.2) 1.1(0.2) 1.0(0.2) 1.8(0.4) 25(0.3) 2.1(0.4)
couta 2.1(0.3) 14.6 (1.3) 2.7(0.2) 2.8(0.2) 3.7(0.5) 6.6 (0.3) 3.8(0.4)
TH 8.4(0.2) 47.6 (4.8) 9.5(0.5) 9.5(0.5) 9.0(0.9) 25.0(0.9) 16.3 (2.0)
Tfla 40.4 (4.1) 109.1 (0.4) 41.1(10.8) 18.3(3.0) 62.7 (3.5) 57.2 (6.0) 81.1(10.7)
Tphen 225.4 (9.4) 361.2 (8.0) 131.9 (6.3) 135.9 (6.3) 135.7 (5.8) 114.9 (6.6) 145.1 (9.5)

2 Values are expressed as mg/kg of fresh weight of grape berry (skin + flesh). Standard deviation is reported in parentheses (n = 3). Abbreviations: Cafta, caffeoyltartaric
acid; derv-a, hydroxycinnamic acid derivative; couta, p-coumaroyltartaric acid; TH, total hydroxycinnamic acid derivates; Tfla, total flavan-3-ols; Tphen, total phenolics.

in the reduction of mortality from heart diseas36). Recent From the nutritional point of view, a serving (200 g) of
studies have proved that a supplement of catechin (7.5 mg in(unpeeled) table grape could supply an amount of phenolic
daily catechin intake) was associated with a tendency for a 20% compounds which could range from 72 mg (Flame variety) to
reduction in ischaemic heart disease mortality ri8R)( 23 mg (Dominga variety) of total phenolic compounds. For
Grape seeds are very rich in flavan-3-o&8)( However, instance, the red variety Flame Seedless (the richest variety in
current dietary habits do not involve the ingestion of seeds, so total phenolics) provides 30 mg of anthocyanins, 11 mg of
that the possible health-promoting role of grape seeds shouldflavonols, 9.5 mg of hydroxycinnamic acid derivatives, and 22
remain under discussion. In this context, seedless and seedmg of flavan-3-ols per serving of grapes.
containing grapes could be equally healthy. However, seed- Bearing all this in mind, a serving of table grape (200 g)
containing grapes could be useful to make juice because duringcould provide enough phenolics content to potentially promote
the crushing the juice is enriched with flavan-3-ols coming from health benefits according to in vivo studies which show the
the seeds20, 27). Another interesting approach for using seed inverse relation between catechin and quercetin rich diets and
extracts is the development of functional foods and nutraceu- the risk of ischaemic heart disease and the regulation of cancer
ticals (34). promoter genes, respectivel§7 43).

Stilbenoids.trans-Piceid (rans+esveratrol 39-3-glucoside)
was detected in Superior Seedless (7.3 mg/kg of fw) and ACKNOWLEDGMENT

Napoleon (1.3 mg/kg of fw) varieties. No more stilbenoids were \ye gre grateful to Cooperativa Molinense (Molina de Segura,

detected. It should be noted that stilbenoids are phytoalexinsMurcia’ Spain) and Coato (Totana, Murcia, Spain) for supplying
which are induced under stress conditions (pathogen attack,iaple grapes.

UV—C light, etc.). Moreover, stilbenoid induction requires
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