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Grape variety [Cabernet Sauvignon (CS) and Merlot (M)] effect on the proanthocyanidin composition
and sensory perception of wine grapes from Bordeaux vineyards for two successive vintages (2006
and 2007) is reported. The flavan-3-ol monomers [(+)-catechin = C, (—)-epicatechin = EC, (—)-
epicatechin-O-gallatte = ECG] and the proanthocyanidin oligomers [dimers B1, B2, B3, and B4 and
trimer Cat-Cat-Epi (T)] in grape seed and skin tannin extracts were identified and quantified at harvest.
Proanthocyanidin subunit compositions, percentage of galloylation (%G), and percentage of prodel-
phinidins (%P) as well as mean degree of polymerization (mDP) of the proanthocyanidin fraction
were determined. Sensory analysis concerning the astringency and bitterness intensity of the
proanthocyanidins of skin and seed tannin extracts was also performed. The results showed that
proanthocyanidin composition can be greatly affected by grape variety. For both vintages between
CS and M, significant differences were found on mDP (p < 0.05) in seed tannin extracts, whereas in
skin tannin extracts, significant differences were observed for %G and %P (p < 0.05). Sensory analysis
showed that grape variety influenced neither astringency nor bitterness intensity perception for both
skin and seed tannin extracts for the two successive vintages studied. A positive correlation was
found between astringency intensity, mDP, and B3 content in skin tannin extracts.
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INTRODUCTION

Cabernet Sauvignon (CS) and Merlot (M) are the world’s
most widely recognized red wine grape varieties. CS became
internationally recognized first through its prominence in
Bordeaux wines. From France, the grape spread across Europe
and to the New World, where it found new homes in habitats
such as California’s Napa Valley, Australia’s Coonawarra
region, Chile’s Maipo Valley, Argentina, South Africa (1), and
southern Brazil (2). Despite its importance in the world of wine,
the grape is a relatively new variety, being the product of a
chance crossing between Cabernet Franc and Sauvignon Blanc
sometime during the 17th century in southwestern France (3).
On the other hand, M is produced primarily in France (where
it is the third most planted red grape), Italy (where it is the
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country’s fifth most planted grape), California, Romania, and
to a lesser extent in Australia, Argentina, Canada’s Niagara
peninsula, Chile, New Zealand, South Africa, Switzerland,
Croatia, Hungary, Montenegro, Slovenia, and other parts of the
United States such as Washington state and Long Island (4).

The tannic nature of CS and M is of paramount interest,
particularly in the Bordeaux wine-growing region, which is
mostly planted with these two varieties. Proanthocyanidins,
or condensed tannins, are grape-derived flavonoid compounds
of great importance to red wine quality due to their astringent,
bitter properties (5, 6) and their role in the long-term color
stability (7). Astringency is a tactile sensation, whereas
bitterness is a taste. Molecular size of proanthocyanidins
affects their relative bitterness and astringency (6). Monomers
are more bitter than astringent, whereas the reverse is true
for large molecular weight derivatives. Grape-based proan-
thocyanidins contain the flavan-3-ol subunits (+)-catechin
(C), (—)-epicatechin (EC), (—)-epicatechin-3-O-gallate (ECG),

© 2009 American Chemical Society

Published on Web 12/23/2008



546 J. Agric. Food Chem., Vol. 57, No. 2, 2009

and (—)-epigallocatechin (EGC) (8—11). Skin proanthocya-
nidins differ from those found in seeds in that skin tannins
include prodelphinidins (EGC) and have a higher degree of
polymerization and a lower proportion of galloylated
subunits (5, 7, 12).

Relatively little is known about the variety effect on grape
proanthocyanidin composition and on sensory perception. Previ-
ous studies (13—15) have examined the phenolic content of
wines often in relation to a single variety, but they tended to
focus on rather few compounds of interest. In the literature,
data concerning variety effect on yield and quality of wine
grapes (16) and variety differences in response to environmental
parameters are also reported (17—19). Interestingly, the com-
parison of polyphenol content from different varieties has
received little attention, in particular when defining features that
may be specific to the grape, juice, and wine (20—23). The aim
of this work was to investigate the variety effect on proantho-
cyanidin composition and sensory perception of the Bordeaux
wine grape varieties CS and M in order to determine if the
proanthocyanidin composition and sensory perception of skin
and seed extract may discriminate the two varieties CS and M.

MATERIALS AND METHODS

Reagents. Deionized water was purified with a Milli-Q water system
(Millipore, Bedford, MA). Acetonitrile (HPLC grade), ethyl alcohol
(HPLC grade), acetic acid, orthophosphoric acid, L-ascorbic acid,
L-tartaric acid, hydrochloric acid, ammonia, and sodium acetate were
obtained from Prolabo-VWR (Fontenays/Bois, France). (+)-Catechin
(C), (—)-epicatechin (EC), (—)-epigallocatechin (EGC), (—)-epicatechin-
3-O-gallate (ECG), B1 [(—)-epicatechin-(4/3-8)-(+)-catechin], B2 [(—)-
epicatechin-(4/-8)-(—)-epicatechin], and ammonium phosphate were
purchased from Sigma-Aldrich (Saint Quentin Fallavier, France). B3
[(+)-catechin-(4a.-8)-(+)-catechin], B4 [(+)-catechin-(4o.-8)-(—)-epi-
catechin], and trimer (T) [(+)-catechin-(4/5—-8)-(+)-catechin-(4/5-8)-
(—)-epicatechin] were synthesized by the Laboratory of Organic
Chemistry and Organometallic, Universitei Bordeaux 1 (24).

Selection of Experimental Area and Samples. The study was
carried out with samples from five vineyards located in the Bordeaux
vine-growing region in southwestern France. They are situated in
Pauillac (V1), Margaux (V2), Saint Emillion (V5), Saint Emillion (V6),
and Cotes de Bourg (V7). The vineyards are all planted with Vitis
vinifera L. cv. Cabernet Sauvignon (CS) and Merlot (M). One grape
sample of each vineyard and of each variety was collected at maturity
in September 2006 and 2007.

Preparation of Extracts. Seeds and skins were removed by hand
from grapes, washed with distilled water, lyophilized for 2 days, and
stored at —20 °C. The frozen seeds and skins were finally ground in a
ball grinder. A 5 g portion of the obtained powder was extracted using
45 mL of acetone/water (80:20, v/v) followed by 45 mL of methanol/
water (60:40, v/v). The centrifugal supernatants were evaporated under
reduced pressure at 30 °C to remove organic solvents, and then the
residue was dissolved in water and freeze-dried to obtain a crude tannin
extract.

Fractionation of Seed Proanthocyanidins. The crude seed tannin
extract was first dissolved at a concentration of 80 g/L in distilled water
containing 5% ethanol to help solubilization. This solution was extracted
three times with chloroform to remove lipophilic material, and then
the aqueous phase was finally extracted three times with ethyl acetate
to obtain low molecular weight procyanidins (oligomeric tannins) in
the organic phase. The oligomeric proanthocyanidin extract was
concentrated and freeze-dried to yield the dry powder. Then it was
analyzed by reverse phase HPLC-UV.

Fractionation of Skin Proanthocyanidins. Crude skin tannin extract
(2.4 g) was dissolved in 10 mL and then fractionated on Toyopearl
TSK HW-50 (F) gel from Tosoh Corp. After loading, the column was
washed with 200 mL of distilled water. Anthocyanins were eluted with
900 mL of ethanol/water/trifluoroacetic acid (20:79:1, v/v/v). Then the
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Table 1. Ternary Mobile Phase Gradient of the HPLC Method

% of mobile?

time (min) flow rate (mL/min) phase A phase B phase C
initial 0.5 97 3 0
5.00 0.5 97 3 0
15.00 0.5 92 8 0
18.00 0.5 0 8 92
30.00 0.5 0 13 87
55.00 0.5 0 20 80
60.00 0.5 0 25 75
70.00 0.5 0 30 70
75.00 0.5 0 80 20
80.00 0.5 0 97 3
82.00 0.5 97 3 0
84.00 0.5 97 3 0

@A, 50 mM ammonium phosphate adjusted to pH 2.6 with orthophosphoric
acid; B, 20% A with 80% acetonitrile; C, 0.2 M orthophosphoric acid adjusted with
ammonia to pH 1.5.

residual monomers and oligomers were retrieved with methanol (100%).
After the evaporation of the organic solvent, skin tannin extract was
freeze dried and analyzed by reverse phase HPLC-UV.

HPLC Analysis of Monomeric and Oligomeric Flavan-3-ols. The
equipment used for the HPLC analysis consisted of a Finnigan UV —vis
detector (UV—vis 200), a Finigan autosampler, and a Finnigan ternary
pump coupled to an Xcalibur data treatment system. Separation was
performed on reversed-phase Agilent Nucleosil C18 (250 mm x 4 mm,
5 um). The mobile phases were (mobile phase A) 50 mM dihydrogen
ammonium phosphate adjusted to pH 2.6 with orthophosphoric acid,
(mobile phase B) 20% A with 80% acetonitrile, and (mobile phase C)
0.2 M orthophosphoric acid adjusted with ammonia to pH 1.5. The
solvent gradient is described in Table 1. Eluting peaks were monitored
at 280 nm. Calibration curves were established at 280 nm using external
standards, either commercial (C, EC, ECG, B1, B2) or synthesized (B3,
B4, T). Each sample was injected three times. Unknown concentrations
were determined from the regression equations, and the results were
converted into grams of dried weight.

LC-MS and HPLC Apparatus and Absorbance Measurements.
LC-MS analyses were performed on a Micromass Platform Il simple
quadruple mass spectrometer (Micromass-Beckman, Roissy Char-
lesde-Gaulle, France) equipped with an electrospray ion source. The
mass spectrometer was operated in negative-ion mode. The source’s
temperature was 120 °C, the capillary voltage was set at 3.5 kV
and the cone voltage was —30 eV. HPLC separations were performed
on a Hewlett-Packard 1100 series (Agilent, Massy, France) including
a pump module and a UV detector. Both systems were operated
using Masslynx 3.4 software. The absorbance was recorded at 280
nm and mass spectra were recorded in the range of 50 to 1500 amu.
Separation was performed on a reversed-phase Waters XTerra RR
C18 (100 mm x 4.6 mm, 3.5 um) column at room temperature.
The method uses a binary gradient with mobile phases containing
1% (v/v) aqueous acetic acid (mobile phase A) and MeOH (mobile
phase B). The solvent gradient described below for oligomeric
proanthocyanidins was applied at a flow rate of 1 mL/min. The
elution conditions were: 5% B for 1 min, a linear gradient from 5
to 16% B in 1 min, a linear gradient from 16 to 22% B in 6 min a
linear gradient from 22 to 35% B in 1 min, a linear gradient from
35 to 42% B in 7 min, a linear gradient from 42 to 100% B in 1
min. The column was then washed with 100% B for 3 min and
re-equilibrated with 5% B for 4 min before the next injection.

Mean Degree of Polymerization (mDP). The proanthocyanidin
mDP concentrations were quantified by phloroglucinolysis (25).

Sensory Analysis. Samples. Model wine solutions had the following
composition: deionized water, ethanol (12%), tartaric acid (5 g/L) with
pH adjusted at 3.2 with NaOH. To evaluate bitterness and astringency
of model wine solutions, the tannin concentration of 1 g/L was chosen
as a minimum tannin concentration typically found in red wines.

Judges. Twelve judges, six women and six men, from the Oenology
Department at the University of Bordeaux took part in the experiment.
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Table 3. Levels of Monomeric and Oligomeric Flavan-3-ols in Seed and Skin Tannin Extract in 20072

Mb
mean value, n =5

csb
mean valug, n =5

M? from vineyard

CS?@ from vineyard

V6

V5

V2

Vi

\4

V6

V5

V2

V1

Seed Extract

T T T T T T T
< OO QN O OO O O
O N~ QO 0O~ 00 W N
™M © O O =~
—ONOM—QAm
p——
T C CC C B T T
LANO AN LD ~— O
< O~ AN A
T NN~ O~ A
NoaAoS©+~mo
=
OO O N 0O WO
ITI—STODH T —
—NQoo—o— Qo
SCr-rooodocoo
HHHHHHHH
Al © I~ O O O M~
OO OO O S M
M © @O~ O
T OO —MmOo
-_—
OO oA OO
O A DLW O OoOAN
DRV QRN
OO O OO OC OO
HHHHHHHH
SO OTANO®M
OO NOMNNT™—™OD
©Oo©0Ooxo
+—~aAOoO+~+—al o
-
OO OO T™ O W o
VO AL N O DO
Smoomnoo
[=h SNeoloNoNoNe N
HHHHHHHAH
OCOMNTO T O O
AN NOANO ST AN A
TY¥T - OoNo— QO
OO WO — AN O
-
T OO~ O WO
WM T—S O 0 — O
Qoo Yaoo
OO OO OOCOOoO
HHHHHHHH
<t MO O© 0 OAN O
W AN NN~ QA ST O
N0 0N OO
VOO OMO AN O
DO T 0O OO o
DM — M S O WO W
oo
OO O OO O OO
HHHHHHHAH
<~ oo oS ©
g s~ NN A
SOOI
O O ST OoOAN®

)
—OoOOoOWOoOO MO
— OO WO < AN —
OO oANW— O
T ANOODONOO
HHHHHHHH
O ™~ 00 0 M ™
FTTOOTDHDOD
N AN © LD QO —
M ANONN 0O
< AN —
[oNeNeNoll e li{cNe]
O — N0 O©OFTA
oo TR
OO O OO O OO
HHHHHHHH
O~ M O A W
LLOAUM— D DO O
DO MO 00N
OO ANNO T~ O
[aV] -~
[oNoNolorNeooloNe]
D WO O© AN ML
M~ oo — M
— OO OO OoOOo
HHHHHHAH
AT O — MO T
NFTO—OW~— <
@ O o~
LM~NNOOOAN
=24
o Al O <
~ At — AN — —
]
[=NeNeNell Sele)
HHHHHHAH
OO QAN — I~ T
NI~ O 00— O C©
0 0O N AN @© NI~
AN+~ ANO— OO
omooT oo
T AND— AN T— ™M
e ]
[eNeNoloNoNeNol
HHHHHHH
00 00 0 AN A O ©T
N OO —M C
© S NOW T
OFT—OANO

S

OO —al ™=

OoWwWmmMmm+—

Skin Extract

0.149 + 0.020

0.243a
0.481a
nd

0.762a

0.625a
nd

0.084a

nd
0.361 4 0.007

0.252 +0.012
0.727 £ 0.017

nd
nd

nd
0.231 4 0.002

0.059 + 0.003
0.717 £ 0.030

nd
0.048 4 0.002

0.065 =+ 0.001
0.721 + 0.024

nd
nd

nd
1.690 £ 0.110

0.691 +0.010

nd
nd

nd

0.084 +£0.000 0.154 £ 0.004
0.056 + 0.003

nd
nd

nd
0.232 4 0.002

1.067 + 0.008
0.105 + 0.004

nd
nd

nd
0.094 + 0.002

0.476 + 0.037
0.060 + 0.003

nd
nd

nd
0.202 4= 0.008

0.592 + 0.037
0.248 + 0.002

nd
0.131 = 0.018

1.383 £ 0.046

nd

2.026 +0.014 0.684 +0.012
0.037 £ 0.001

0.292 + 0.001

C
EC
ECG
B1

0.606a

nd
1.502a

nd

nd

nd
0.445 4+ 0.011

nd
nd

nd
nd

nd
nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd

6.799 & 0.032
nd
nd

nd

0.183 & 0.001
nd
nd

nd

nd

@ Data are means of triplicate determination. In units of mg/g dw for seed and skin tannin extract, 4 standard deviation over three replications in one grape sample. CS, Cabernet Sauvignon; M, Merlot; nd, not detected. > ANOVA to

compare data; values with different letters within each row are significantly different (Tukey’s test, p < 0.05); n, number of grape samples.
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was strongly negatively correlated with %G. Projection of the
cases on the first two components showed that two groups of
samples could readily be differentiated. The first group includes
the CS samples, which generally showed a strong correlation
with B1, B3, C, T, mDP, and %G; the majority of them are
found on the left side of the first factorial plane. The second
group was formed by the five M samples, placed on the right
side of the first factorial plane, which shows that these
individuals are opposed to the variables B1, B3, C, T, mDP,
and %G. This fact allows us to assume that there was a
discrimination in tannin composition of CS and M seed tannin
extracts.

Skin Extracts. Among the eight studied variables (C, EC, B1,
B3, T, mDP, %G, %P), five were significantly different (EC,
B3, T, %P, %G, p < 0.05) (Table 6). Three significant
components, which accounted for 94.42% of the total variance,
were computed. A biplot constructed from the first two principal
components, explaining 81.39% of the variance, is displayed
in Figure 2. As can be seen in this figure, the first principal
component is strongly negatively correlated with EC, %P, and
%G, whereas the second principal component is negatively
correlated with B3 and heavily positively correlated with T.
Likewise, the data seems to form a pattern on this plot. For
instance, the CS variety is placed in the left hand of the first
factorial plane, because this variety shows a strong correlation
with EC, B3, T, %G, and %P. In contrast, the M variety is
placed in the right-hand corner of the first factorial plane, which
shows that this variety has a weak negative correlation with
EC, B3, T, %G, and %P. Thus, M and CS skin tannins can be
clearly differentiated by their composition.

Comparative Proanthocyanidin Composition between CS
and M Grapes in 2007. Seed Extracts. Identically as in the
2006 vintage, the same variables were examined for the vintage
2007 (Tables 3 and 5). Tannin CS and M profiles differed
significantly on mDP and T concentration (p < 0.05). In vintage
2007 the M presented higher concentration of T, whereas the
opposite was observed in vintage 2006. These contradictory
findings could be attributed to the plot variation. As shown in
Table 3, important variability was observed within the vineyards
for the same variety. For example, in the case of CS seed
extracts, the T was not detected in three vineyards. Because
the data concerning the climatic conditions of each plot were
unavailable, no further exploitation of this finding could be
made. There were no significant differences for the other studied
variables.

Skin Extracts. The same tannin aspects of vintage 2006 were
studied, and important differences between CS and M were
found for %G and %P (p < 0.05, Table 5). Figure 3 indicates
that for these variables CS showed a richer profile compared to
M.

It is interesting to note that for both vintages grape variety
influenced the tannin composition of both skin and seed
tannin extracts, but it has showed different behaviors
according to the vintage. The only consistent differences
between CS and M in both vintages were the mDP in seed
extracts and the %G and %P in skin extracts. A correlation
study was performed on the data generated by chemical
analysis of grapes from vintages 2006 and 2007. The data
sets corresponding to each vintage were combined and
submitted to a two-way ANOVA analysis with factor 1
variety (CS and M) and factor 2 vintage (2006 and 2007). In
the case of seed extracts, grape variety effect was observed
for mDP (Table 6), whereas a vintage effect was found for
C, ECG, B1, B2, and B4 and for %G (Figure 4). Figure 4
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Table 4. Structural Characteristics and Composition (Percent in Moles) of Seed and Skin Tannin Extract in 2006*

CS? from vineyard

M@ from vineyard cs® mP

\al V2 V5 V6 V7 Vi

V2 V5 V6 V7 mean value, n =5 mean value, n = 5

Seed Extracts

terminal units C 65 67.7 61.2 70 72.5 43.9
EC 32.7 33 34.5 294 26.6 55.9
ECG 2.3 2.7 1.9 0.6 1.0 0.2

extension units C 46.2 21.5 31.1 23.5 40.3 24.0
EC 34.4 54.6 335 58.9 32.8 67.6
ECG 19.3 239 35.5 17.6 26.9 8.4
EGC nd nd nd nd nd nd

mDP 4.4 2.7 3.8 25 47 2.5
%G 17.9 15.9 26.7 11.6 214 5.0
%P

Skin Extracts

terminal units C 63.9 711 4“7 35.6 40.3 34.7

EC 36.1 28.9 61.9 60.7 59.7 65.3
ECG 0 0 0 0 0 0
extension units C 38.1 40.5 344 53.8 1.9 20.3
EC 56.3 40.5 46.4 38.7 733 76.1
ECG 1.5 39.5 2.9 241 2.9 1.1
EGC 41 15.1 16.3 6.0 12.0 2.5

mDP 15.7 25.1 13.8 27.4 21.7 16.3
%G 1.4 4.6 2.7 2.0 2.8 1.0
%P 3.9 14.5 15.1 5.8 11.6 24

45.9 49.1 76.1 59.1 67.3 54.8
53.5 49.6 37.2 40.3 31.2 473
0.6 15 2.1 0.6 1.7 1.0
24.9 442 22.7 20.2 32.5 27.2
68.1 41.9 39.1 45.3 42.8 524
6.9 13.8 38.2 345 24.6 20.4
nd nd nd nd nd nd
2.2 2.6 2.2 2.6 3.6a 24b
441 9.1 10.9 21.3 18.7a 10.1b
43.3 52.6 40.6 78.8 50.5 50.0
56.7 474 59.4 21.2 495 50.0
0 0 0 0 0 0
59.8 49.6 54.8 24.7 35.7 418
335 49.2 416 70.3 51.0 54.1
2.6 0.4 0.8 2.4 9.8 15
441 0.7 2.8 2.6 10.7 25
15.7 271 26.3 35.4 219a 242a
2.4 0.4 0.8 2.4 2.7a 14b
3.8 0.7 2.7 2.5 10.2a 24b

@CS, Cabernet Sauvignon; M, Merlot; %P, percentage of prodelphinidins; %G, percentage of galloylation; mDP, mean degree of polymerization; nd, not detected.
5 ANOVA to compare data; values with different letters within each row are significantly different (Tukey’s test, p < 0.05); n, number of grape samples.

Table 5. Structural Characteristics and Composition (Percent in Moles) of Seed and Skin Tannin Extract in 20072

CS? from vineyard

M? from vineyard cs? MP

Vi V2 V5 V6 V7 Vi

V2 V5 V6 V7 mean valug, n =5 mean valug, n =5

Seed Extract

terminal units C 51.1 474 52.1 35.9 106 46 29 45 50.5 18.5 39.4 426
EC 35.1 415 303 579 87 45.2 60.9 40.2 46.5 76.6 50.3 48.2
ECG 13.9 111 17.6 6.2 2.4 15.4 10.1 14.8 3.0 4.9 10.2 10.8
extension units C 6.8 6.8 187 803 286 7.6 8.3 8.6 52.5 18.5 28.3 19.2
EC 30.2 345 245 75 509 306 295 31.2 17.0 76.6 29.5 27.1
ECG 63.0 58.7 56.8 12.2 20.5 61.8 62.2 60.1 30.5 49 422 53.7
EGC nd nd nd nd nd nd nd nd nd nd nd nd
mDP 3.8 3.9 7.2 8.8 441 3.5 2.8 3.3 2.3 2.0 55a 30b
%G 50.1 46.5 51.3 11.6 16.1 487 342 46.5 17.0 20.3 35.1a 36.6a
%P
Skin Extract
terminal units C 87.2 99.8 640 409 820 996 989 99.0 92.0 99.8 74.8 97.4
EC 4.3 0 52 483 0 0 0 0 6.7 0 115 17
ECG 4.2 0.2 12.1 10.8 8.0 04 1.1 1.0 1.2 0.5 7.1 0.9
extension units C 76.5 12.7 84.9 56.1 53.3 31.3 82.2 92.8 92.4 19.9 56.7 74.7
EC 2.6 65.3 14 27 40.6 61.9 7.8 24 2.3 79.2 27.4 18.6
ECG 2.1 1.9 9.3 3.3 1.8 15 15 1.8 24 0.2 3.7 1.8
EGC 2.1 19.3 4.4 13.6 2.7 5.2 8.5 3 2.9 0.7 8.4 49
mDP 29.4 157 488 78 319 4.3 13.1 22.4 24.2 11.7 26.7 a 16.0a
%G 2.2 2.5 94 4.2 35 1.3 1.4 1.8 2.3 0.2 44a 1.7b
%P 18.2 19.4 4.3 11.9 2.5 4.0 7.8 2.9 2.7 0.6 11.3a 44D

@CS, Cabernet Sauvignon; M, Merlot; %P, percentage of prodelphinidins; %G, percentage of galloylation; mDP, mean degree of polymerization; nd, not detected.
b ANOVA to compare data; values with different letters within each row are significantly different (Tukey’s test, p < 0.05); n, number of grape samples.

shows the PCA score plot for the first two PCs, which explain
82.28% of the total variance. The first component is positively
represented by the variables C, ECG, B2, and B4. B1 was
positively and negatively represented by the first and the
second component, respectively. The second component is
strongly positively represented by %G. The projection of the
grape seed samples in the first two components showed that
the seed samples were well separated by vintage. The 10
grape seed samples of 2006 (two replications of each
vineyard) are concentrated in the bottom left quadrant of the
first factorial plan and showed rather small variability within

this vintage. The 2007 grape seed samples (also two
replications of each vineyard) are localized entirely on the
second factorial plan, showing a great variability within this
vintage. In the case of skin extracts the grape variety has an
influence on %G and %P and the vintage on EC concentration
(Table 6). The magnitude of the influence that the variety
had on the seed tannin extracts was less than that of the
vintage year, whereas the opposite was observed in skin
tannin extracts. These results suggest that tannins are
dependent on variety, on vintage (32), and, according to our
findings, on tannin source (skins or seeds). Preys et al. (33)
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Figure 1. Principal component analysis of Seed Tannin Extract composi-
tion for 2006 (factor 1 vs factor 2).

Figure 2. Principal component analysis of Skin Tannin Extract composition
for 2006 (factor 1 vs factor 2).

Table 6. Comparison of Grape Variety and Vintage Effect of the Studied
Variables on Skin and Seed Tannin Extract?

variety? vintage®
CS? mean value M? mean value 2006 mean value 2007 mean value
(mg/g), n =10 (mg/g), n=10 (mg/g), n=10 (mg/g), n= 10
Seed Extract
C 12.94 + 358 a 819+ 1.38a 6.76 +1.12a 1437 £3.39b
EC 6.85+196a 828+ 1.12a 553+ 0.98a 961+182a
ECG 1.384+0.33a 1.68+0.76a 0.60+0.21a 245+ 0.68 b
B1 255+066a 1.90+049a 377+ 0.38a 0.67 +0.16 b
B2 390+1.79a 280+ 055a 114+ 0.16a 5.56 +1.58 b
B3 159+ 043a 092+0.15a 1.08 £0.19a 143 +£043a
B4 2.05+0.88a 171 £039a 052 +0.14a 325+ 0.70 b
T 118+ 05a 213+ 1.09a 154 £ 044 a 177 £1.14a
mDP 459 + 0.61a 2.60 £0.16b 3.02+0.30a 418+ 0.68a
%G 26.914+510a 21.71+5.15a 1444+237a 3424 +5.15b
Skin Extract

C 045+0.14a 0.28+0.07a 022+ 0.05a 050+ 0.14a
EC 036+020a 026+0.09a 0.07 +£0.02a 0.55+0.18b
ECG nd nd nd nd
B1 0.02+0.01a 0.05+0.0352a 0.03+0.01a 0.05+0.04a
B2 nd nd nd nd
B3 079+067a 025+0.16a 0.05+0.02a 0.99 +0.66 a
B4 nd nd nd nd
T nd nd nd nd
mDP? 2430+378a 19.60+290a 2310+ 227a 2094 +420a
%G? 353 +0.73a 1.40+0.70b 2.06 +0.40a 2.87+0.80a
%P? 10.54 +-1.98 a 297 +16b 6.30+1.70a 721+121a
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Figure 3. %P and %G (percentage of prodelphinidins and galloylation,
respectively) in Skin Tannin Extract for the two grape varieties studied in
2007. Values with different letters are significantly different (Tukey’s test
p < 0.05). Bars represent standard deviation (n = 5 and 5).

percentage of G than M. These findings are in accordance with
Soleas et al. (23), who found that M wine exhibited a higher

@ In units of mg/g dw for seed and skin tannin extract. CS, Caberet Sauvignon;
M, Merlot, %P, percentage of prodelphinidins; %G, percentage of galloylation; mDP,
mean degree of polymerization. © ANOVA was made separately to compare vintage
and variety effect; values with different letters within each row are significantly
different (Tukey’s test, p < 0.05); &, standard error over three replications in one
grape sample; n, number of grape samples; nd, not detected.

have clearly observed this for Dornfelder and for Gamay
wines, for two vintages, for which differences associated with
tannin content, galloylation percentage, and mDP were
reported.

Besides the mentioned significant differences in tannin profile
between CS and M, a closer look at Table 6 could lead to further
remarks. For both vintages, in seed extracts EC content in M
was higher than in CS, whereas CS presented a higher

content of epicatechin than CS.

Sensory Analysis. Although several researchers have studied
the impact of some media characteristics on bitterness and
astringency, they often involved simple molecules such as
flavan-3-ols (34—36), alums, or acids. The influence of grape
variety on tannin extract perception has been investigated to a
lesser extent (22, 37). The next step after the chemical analyses
was to check if the factor variety could influence the tannin
bitterness and astringency intensity.

Comparative Sensory Analysis between CS and M in 2006.
Table 7 shows the notes that were attributed by the judges.
The panelist effect was not significant (p > 0.05), suggesting
that the evaluation of astringency and bitterness of tannin
extracts was made by homogeneous judges. On a scale of
intensity of 0—7 points, the average scores for astringency were
5.2 and 4.2 for seed tannins extracts and 5.5 and 4.9 for skin
tannin extracts in the cases of CS and M, respectively. As far
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Figure 4. Principal component analysis of Seed Tannin Extract composi-
tion for 2006 and 2007 (factor 1 vs factor 2).

Table 7. Comparison of Astringency and Bitterness Intensity between
Varieties in 20067

astringency intensity bitterness intensity

tannin extract cs? M2 cs? Vs
seeds 52+21a 42+11a 47+ 13a 39+13a
skins 55+23a 49+14a 52+12a 48+13a

@CS, Cabernet Sauvignon; M, Merlot. Mean astringency and bitterness over
two repetitions; +, standard deviation over the two repetitions; values with different
letters in a row are significantly different (Duncan’s test p < 0.05).

as bitterness intensity is concerned in seed tannin extracts the
average scores were 4.7 and 3.9 and in skin tannin extracts the
average scores were 5.2 and 4.8 for CS and M, respectively.
Even if the panel is trained, standard deviation may still be
important due to personal perception. No significant differences
were found on astringency or on bitterness intensity (p > 0.05)
for both skin and seed tannin extracts between CS and M. CS
and M varieties did not have a significant difference in sensory
perception of tannin extracts despite the chemical differences
in tannin composition between them. With the exception of
variations in proanthocyanidin composition (such as polymer
size, extent of galloylation, and formation of derivatives) the
other factors that influence these sensations (including sensory
methods and interactions in mixtures as well as physiologic
factors) could explain our findings. The intensity of astringency
and bitterness builds up when several samples are tasted.
Increasing the ethanol concentration of wine from 8 to 14%
(by vol) approximately doubled the bitterness intensity but had
no effect on astringency (38, 39). Ethanol enhancement of
bitterness was also observed with oligomeric tannins in model
wine solutions (40). Saliva may also influence astringencys; it
has been speculated that when subjects were partitioned into
groups on the basis of their salivary flow rates and the data
were analyzed separately, low-flow subjects perceived the
maximal intensity of astringency later and rated it more intensely
and for a longer time than did high-flow subjects, for both red
(41) and white wines (38).

Comparative Sensory Analysis between CS and M in 2007.
In vintage 2007, the average values for astringency were 3.9
and 4.2 in seed tannin extracts and 4.0 and 4.2 in skin tannin
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Table 8. Comparison of Astringency and Bitterness Intensity between
Varieties in 2007

astringency intensity bitterness intensity

tannin extract cs? M2 cs? M
seeds 39+12a 42+09a 40+11a 42+14a
skins 38+11a 42+11a 31+08a 36+11a

@CS, Cabernet Sauvignon; M, Merlot Mean astringency and bitterness over
two repetitions; +, standard deviation over the two repetitions; values with different
letters in a row are significantly different (Duncan’s test p < 0.05).

extracts for CS and M, respectively (Table 8). The average
scores attributed by the judges for bitterness intensity were 3.8
and 4.2 in seed tannin extracts and 3.1 and 3.6 in skin tannin
extracts for CS and M, respectively (Table 8). Statistical
analyses showed that the grape varieties did not affect the
astringency and bitterness intensity in either skin or seed tannin
extracts (p > 0.05). Again, these observations could be attributed
to the above-mentioned factors (sensory methods and interac-
tions in mixtures as well as physiologic factors).

For both vintages, the grape variety showed the same behavior
pattern. It influenced neither the bitterness nor the astringency
intensity. A closer look at the data reveals similar assessment
of bitterness and astringency intensity, but in general, lower
intensity values were attributed to the orally perceived attributes
in 2007.

Some studies have examined the mouthfeel properties of
grape proanthocyanidins (42—45) so as to improve our under-
standing of the relationship between polyphenol sensory proper-
ties and their structure.

To investigate the extent to which our sensory measures could
be explained by the proanthocyanidin composition, Pearson’s
correlation was performed. Because the grape variety did not
influence the astringency or bitterness intensity, we have grouped
the chemical and sensory data for seed tannin extracts in 2006
and 2007 vintage and also for skin tannin extracts in 2006 and
2007 vintages. In skin tannin extracts, a positive relationship
was found between B3 content (r = 0.74, p < 0.04, vintage
2006), mDP (r = 0.647, p < 0.04, vintage 2007), and
astringency intensity. No correlation was pointed out between
both astringency and bitterness intensity and chemical data for
vintages 2006 and 2007 in seed tannin extracts. The correlation
between astringency and mDP has been also confirmed by
another study (31). Vidal et al. (31) have previously evaluated
the mouthfeel properties of different proanthocyanidin fractions
in wine-like solutions and showed that the higher the mDP, the
higher the overall astringency. In another study, Fernandez et
al. (22) demonstrated that Carmenére wines were perceived as
less astringent than CS wines, despite the fact that they presented
a higher proanthocyanidin concentration and a higher mDP than
CS wines. The apparent paradox was explained by the higher
amount of epigallocatechin subunits of Carmenére wine proan-
thocyanidins. The positive correlation of B3 concentration with
astringency intensity in skin tannin extracts is also interesting.
Peleg et al. (6) demonstrated that the maximum intensity of the
oral astringency of monomers was significantly lower than that
of the dimers or trimers, which did not differ significantly. There
are a number of reasons that all of the previous research
findings (42—46) correlating both astringency and bitterness
intensity with chemical data have not been confirmed. In this
study, the trained judges defined astringency as drying or
puckering in the mouth without attention to subqualities. They
did not evaluate model wine samples using the mouthfeel wheel
and specific mouthfeel descriptors with astringency subqualities.
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Thus, the judges may have not been able to specifically express
the mouthfeel quality perceived. Instead, they classified their
perceptions as astringent and bitter. The relationship between
tannin extracts and astringency should be further explored with
a panel trained to define more specific subqualities of astrin-
gency, such as fine, grainy, dry, and chalky. Moreover, judges,
even if they are trained, do not always describe bitter and
astringent perceptions with the expected descriptors. Recently,
Lesschaeve (unpublished observations, 2003) studied the rela-
tionship between the consumer language used to express likes
and dislikes and sensory descriptors of red wines. She found
that when consumers tended to like the wines, they did not use
bitter as a descriptor; bitter was used to express dislike and
tended to be associated with acid and astringent sensory
characteristics, not bitterness. In the same study, consumers who
liked astringent wines described them as having “a lot of
character” or “a long aftertaste”.

In addition, for the bitter taste, no general rule has ever been
reported to relate the structure of the molecules and bitterness
(47). Robichaud and Noble investigated the bitterness of some
phenolic compounds (42); they found that (+)-catechin and
gallic acid were more bitter than astringent. Boselli et al. (37)
studied the sensory aspects and the related chemical components
of five minor Italian Denominazione di Origine Controllata
(DOC) red wines; they created a predictive model for astrin-
gency but not for bitterness. Landon et al. (48) indicated that
perceived astringency as well as bitterness was significantly
correlated with tannin levels in Washington wines. Schlosser
et al. (49), who studied Chardonnay wines from three regions
of the Niagara peninsula, have demonstrated no differences for
aroma taste (perceived acidity, bitterness) and mouthfeel terms
(astringency, body). Little is currently known about the relation-
ship between bitterness and molecular structure; the number and
diversity of bitter tastants indicate that several transduction
mechanisms may be involved (50).

In our work we investigated the influence of grape variety
on proanthocyanidin composition and sensory perception of
grape skin and seed tannin extracts from Bordeaux wine grapes.
Until now, grape variety effect on proanthocyanidin composition
and sensory perception has never been studied in Bordeaux
predominant wine grape varieties. We have demonstrated that
there are aspects of proanthocyanidin (%P and %G in skin tannin
extracts, mDP in seed tannin extracts) that might differentiate
tannin composition of skin and seed tannin extracts according
to variety. The astringency and bitterness intensity for both skin
and seed extracts did not differentiate between CS and M.
Although difficulties in creating a predictive model for sensory
perception of skin and seed tannin extracts occurred, relation-
ships between astringency and proanthocyanidin composition
(particularly with mDP and B3 content) were observed in tannin
skin extracts. This work will be continued focusing on the grape
variety effect on mouth textural characteristics of tannin extracts.
Despite recent findings, grape variety discrimination according
to grape proanthocyanidin composition and sensory perception
remains a major challenge of wine research.
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