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Abstract

We present characterisation data for two Spanish autochthonous grapevines, Bobal and Crujidera, in comparison with the well-
known cultivars Tempranillo and Cabernet Sauvignon. Microsatellite markers were used for the molecular characterisation of Crujidera
grapevines. Leaf macronutrient contents of the four cultivars were evaluated, as well as their changes at different vine developmental
stages, and veraison was seen as the most suitable time to evaluate the nutritional status. Quantitative changes in some physiological
parameters and the phenolic composition of the four grape varieties were measured during the last month of ripening. Polyphenols, tan-
nins and anthocyanins increased with grape maturation, although the accumulation of these phenolic compounds and their patterns of
evolution varied considerably with the cultivar. The biosynthetic potential of these grapes to produce resveratrol largely depended on the

grape variety, with a remarkably high content found in Bobal berry skins.

© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Bobal and Crujidera are two indigenous Spanish culti-
vars, mainly grown in the Valencian Community. Bobal
is the grape variety mostly grown in the D.O. Utiel-Requ-
ena (Appellation d’Origine) with more than 70% of the
total grapevine area of this region. This cultivar has com-
pact medium-to-large sized bunches with large irregular
berries and a deep black-coloured skin. Crujidera, on the
other hand, is a very scarce cultivar which, despite not
being of economic relevance nowadays, has been recently
included in Vitis vinifera research projects focusing on the
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maintenance of typical rare varieties. Crujidera is a produc-
tive variety with medium-to-large sized clusters of medium
compactness, formed by large spherical berries with a blu-
ish-black skin and a juicy-crispy pulp.

The aim of this work was to characterise these autochtho-
nous cultivars, in comparison with the well-known cultivars
Tempranillo and Cabernet Sauvignon, which have been
more recently introduced into this territory and are acquir-
ing importance in the elaboration of varietal wines from this
Valencian area. Firstly, we carried out a molecular charac-
terisation of the available Crujidera plants, as previously
identified by their ampelographic characteristics. Microsat-
ellites markers used in our study were those successfully
employed by several groups for different genetic or genomic
approaches concerning grapevine analysis (Bowers, Dangl,
& Meredith, 1999; Bowers, Dangl, Vignani, & Meredith,
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1996; Sefc, Regner, Turetschek, Glossl, & Steinkellner,
1999; Thomas & Scott, 1993).

Since mineral nutrition is an important factor affecting
grape composition and wine quality (Delgado, Martin,
del Alamo, & Gonzélez, 2004), we determined the nutrient
status of the four cultivars at four different phenology
stages. The results of this intercomparison suggest veraison
as the most suitable time for nutritional evaluation of
grapevine, owing to the fact that leaf mineral composition
showed a higher stability at this phenology stage.

The colour and astringency of wines are mainly due to
the anthocyanins and tannins extracted from the solid parts
of the grape during winemaking. Nonetheless, each grape
variety possesses a distinct phenolic composition (de Vil-
liers, Vanhoenacker, Majek, & Sandra, 2004; Ortega-Reg-
ules, Romero-Cascales, Lopez-Roca, Ros-Garcia, &
Gomez-Plaza, 2006; Ryan & Revilla, 2003) and a particular
ease to release these metabolites into must (Glories, 1999;
Gonzalez-Neves, Gil, & Ferrer, 2002; Romero-Cascales,
Ortega-Regules, Lépez-Roca, Fernandez-Fernandez, &
Goémez-Plaza, 2005; Saint-Criq de Gaulejac, Vivas, &
Glories, 1998a), which are key parameters for the definitive
quality of wines. Although these parameters are genetically
determined, their expression throughout the grape ripening
process is modulated by agricultural and environmental
factors (Delgado et al., 2004; Jackson & Lombard, 1993;
Pérez-Lamela, Garcia-Falcon, Simal-Gandara, & Orriols-
Fernandez, 2007; Vian, Tomao, Coulomb, Lacombe, &
Dangles, 2006).

We have evaluated the changes observed in various
physiological parameters and in the phenolic composition
throughout ripening to characterise the Bobal and Cruji-
dera varieties, in comparison with the Cabernet Sauvignon
and Tempranillo cultivars. The patterns of variation found
in the evolution of total polyphenols, tannins and anthocy-
anins, as well as in their extractability, are discussed along
with results on the resveratrol content in these grapevines
analysed.

2. Materials and methods
2.1. Study area

Leaf and berry samples of V. vinifera L. cultivars Bobal,
Crujidera, Tempranillo and Cabernet Sauvignon were col-
lected in 2005 from a commercial vineyard (Fuenteseca
vineyard), located at Camporrobles (UTM 8310, at an alti-
tude of 980 m above sea level) within the D.O. Uticel-Requ-
ena (Valencia, Spain, D.O. = certificate of guarantee). The
vines, spaced 1.35m x 2.85 m with a density of approxi-
mately 2500 vines ha~!, underwent localised irrigation.
Environmental conditions and management practices were
identical for the different vine plots evaluated in this study.
According to the FAO (Food and Agriculture Organisa-
tion of the United Nations), the soil is petric Calcisol with
50% sand, 30% lime and 20% clay, 2% organic matter con-
tent, electric conductivity of 0.2dSm™", and a pH of 8.2.

2.2. Microsatellite analysis

Leaf samples of Crujidera were collected from several
vines grown in the Fuenteseca vineyard. Fresh leaves were
surface cleaned, frozen in liquid nitrogen, and transferred
to be frozen at —80 °C. Two Crujidera accessions from
“El Encin” Vitis germplasm bank (IMIA, Alcald de Hen-
ares, Spain) were used to assess the trueness-to-type of
the tested plants.

DNA was extracted using the EZNA Plant DNA Mini-
prep Kit (Omega Bio-Tek Inc., Norcross, GA). A total of
12 microsatellite loci, as previously described, were syn-
thesised and employed in this study: VVMD7, VVMD?27,
VVMD28 (Bowers et al., 1996, 1999); VVS2, VVS29 (Tho-
mas & Scott, 1993); ssrVrZAG21, ssrVrZAG29, ssrVr-
ZAG47, sstVrZAG62, ssrVrZAG64, ssrVrZAG79,
sstVIZAG112 (Sefc et al., 1999). Fluorescently labelled
primers were used for PCR amplification, according to
the protocol described by Martin, Borrego, Cabello, and
Ortiz (2003).

2.3. Leaf sampling and nutrient analyses

Leaves were collected according to previous methods
employed for foliar diagnosis (Delgado et al., 2004). Sam-
pling took place in the months of June, July, August and
September 2005, coinciding with various vine phenology
stages (bloom, post-bloom, veraison, and pre-harvest,
respectively). Three separate samples of 20 leaves were col-
lected for each sampling data and cultivar. Leaves were
then surface washed, dried, and pulverised. For nutrient
analysis, samples were digested with nitric acid using a
heating digestor (DK 20 Velp Scientifica srl, Usmate,
Italy). Potassium (K), calcium (Ca) and magnesium (Mg)
concentrations were measured by atomic absorption spec-
trometry (SpectrAA220 FS, Varian Inc., Palo Alto, CA),
and phosphorus (P) was determined by spectrophotometry
(Spectroquant, Merck, Darmstadt, Germany). Total nitro-
gen content was determined on untreated pulverised sam-
ples using combustion analysis (EA 1110 CNHS; CE
Instruments, Milan Italy). Three replicate measurements
were performed per sample.

2.4. Berry sampling and analyses

Sampling took place after veraison (August 15) at three
stages of the ripening process: August 30, September 15,
and October | (harvest). For each sampling data and culti-
var, two grape clusters were collected from both sides of 10
vines located in different rows within each cultivar plot.
Berries were separated from clusters and various represen-
tative samples of 100 berries were randomly collected for
each cultivar, and were immediately frozen and stored at
—20 °C until analyses were performed.

Total soluble solids (expressed as °Brix) were deter-
mined by refractometry. Colour intensity (ODyyo+
ODs,0 + ODgyg) and total tannin content measurements
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were performed by spectrophotometry, according to the
methods proposed by Glories (1984) and Ribéreau-Gayon
and Stonestreet (1966), respectively. For these analyses,
seeds were manually separated from grape samples, and
berries homogenised for 2 min. The resulting slurry was fil-
tered and the juice obtained centrifuged at 3000g for 5 min,
prior to the analyses.

For grape skin determinations, representative samples
of each cultivar were manually peeled, and the skins were
used to measure total polyphenols, expressed as the total
polyphenol index (TPI), total anthocyanins, and the antho-
cyanin extractability index (AEI), as proposed by Saint-
Criq de Gaulejac, Vivas, and Glories (1998b). Resveratrol
extraction from berry skins and HPLC determinations of
trans-resveratrol were performed according to the methods
developed by Romero-Pérez, Lamuela-Raventds, Andrés-
Lacueva, and de la Torre-Boronat (2001).

3. Results and discussion

3.1. Characterisation of Crujidera vines by microsatellite
markers

Microsatellites have been used in this study as molecular
markers to identify and assess the trueness-to-type of an
old plantation of grapevines growing in a commercial vine-
yard (Fuenteseca vineyard, Camporrobles, Valencia,
Spain). According to their morphological characteristics,
these grapevines have been catalogued as the V. vinifera
Crujidera cultivar.

We carried out a molecular identification based on the
use of various sequence tagged microsatellite site (STMS)
primers, previously reported by different researchers for
grapevine analysis. Our results demonstrated that the stud-
ied plants presented the same genotypic pattern, as shown
in Table 1. This genotypic profile, represented by the allelic
size of the 12 microsatellite loci employed in our analyses,
was also identical to that of the two Crujidera accessions
used as a true variety. They share the same alleles at all
the loci evaluated, and the cumulative probability of the
12  microsatellites was estimated in the order of
2.6 x 107 '3 These results confirm the identity of the plants
analysed and validate the previous ampelographic determi-
nations of Crujidera grapevines. These findings allow the
use of the available plant material for future propagation
programmes of this grape variety.

STMS have been successfully employed in grapevines
for cultivar identification and characterisation (Martin
et al., 2003), detection of synonymies and homonymies
(Ulanovsky, Gogorcena, Martinez de Toda, & Ortiz,

2002) or to assess the geographic origin of cultivars (Sefc
et al., 2000).

3.2. Changes in leaf macronutrient contents at different vine
phenology stages

The results provided in Table 2 show the variations in
macronutrient contents found in the leaves of Bobal, Cab-
ernet Sauvignon, Tempranillo and Crujidera cultivars ana-
lysed at four different vine phenology stages: bloom, post-
bloom, veraison, and pre-harvest. In general, our data are
in accordance with values previously reported for grape
vines. Foliar concentrations of N, P and K, in the four
varieties analysed, were at their highest at the beginning
of the sampling period (June), and declined progressively
during summer until pre-harvest (September); the opposite
trend occurred for Ca, while leaf Mg concentration did not
show any variation throughout the vine-growing season
(Table 2). This pattern of variation is similar to those
reported for V. vinifera, as well as for other distinct plant
species (Roca-Pérez, Boluda, & Pérez-Bermudez, 2006;
Schreiner, 2005), which indicated that the foliar concentra-
tion of elements such as N, P and K decreased throughout
a seasonal cycle, whereas Ca content increased, as a result
of the leaf aging process.

All these results suggest that the decrease in N, P, and K
is mainly due to the retranslocation of these mobile macro-
elements to different sink organs, like fruits, that grow dur-
ing this period. Moreover, the increase in the contents of
structural and non-structural leaf compounds, produced
from spring to autumn during the process of leaf develop-
ment, also contributed to the reduction in the percentages
of N, P, and K observed in our analyses. Despite this dilu-
tion effect, Ca concentrations in the leaves increased
throughout the sampling period, due to the low mobility
of this macroelement in phloem and its high availability
in the soils where the studied grape vines were grown.

Of the possible ratios between macronutrients, only the
seasonal variations of N/P are pointed out and shown
(Fig. 1). The seasonal pattern of the N/P ratio showed a
drastic increase from June to September, which along with
other processes, could be related to a higher retransloca-
tion of P rather than N. Throughout the leaf aging process,
the P requirements for RNA are greatly reduced and
nucleic-acid phosphate can, therefore, be mobilised from
leaves and retranslocated to sink organs, leading to higher
N/P ratios (Giisewell, 2004). This ratio has been used as a
diagnostic indicator of N saturation and/or of the vegeta-
tive growth limitation by these nutrients, as well as to iden-
tify thresholds of nutrient limitation. The N/P ratios for

Table 1

Sizes of the alleles, in base pairs, for each of the 12 loci analysed in the Crujidera cultivar

VVMD7 VVMD27 VVMD28 ZAG21 ZAG29 ZAG47 ZAG62 ZAG64 ZAG79 ZAG112 VVs2 VVs29
236 180 240 204 111 158 186 138 244 226 140 170
240 180 250 214 111 158 190 142 254 231 142 170
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Table 2

Macronutrient contents (% dry weight) in leaves of different grape cultivars collected throughout the growing season (bloom, post-bloom, veraison, and

pre-harvest)

Element Sampling Bobal Tempranillo Cabernet Sauvignon Crujidera
N June 15 4.25+0.13 5.17+£0.12 3.97+0.03 442 +0.17
July 15 2.93 +£0.10 3.454+0.10 2.96 +0.15 3.56 £0.02
August 15 2.78 £0.02 3.02+£0.05 2.73 £0.08 2.71 £0.04
September 15 2.40 £+ 0.06 2.52 +£0.08 2.31 £0.03 2.48 £0.05
P June 15 0.42 £ 0.04 0.52 £ 0.04 0.35 £ 0.01 0.49 £ 0.01
July 15 0.24 £+ 0.01 0.31 £0.02 0.23 £0.01 0.35+£0.02
August 15 0.20 £+ 0.03 0.22 +0.03 0.19 £+ 0.04 0.23 +0.02
September 15 0.16 £ 0.01 0.18 £ 0.01 0.14 £ 0.02 0.18 £0.01
K June 15 1.34 £ 0.05 1.37 £0.02 0.89 £0.01 1.24 £ 0.02
July 15 1.20 £0.01 1.35 4+ 0.01 0.56 £+ 0.03 1.06 £+ 0.03
August 15 0.56 £ 0.02 0.61 £0.02 0.54 £0.02 0.70 £0.02
September 15 0.45 £ 0.05 0.55 £ 0.01 0.35 £ 0.04 0.47 £0.03
Ca June 15 0.62 £+ 0.02 0.60 £ 0.05 0.99 £+ 0.03 0.94 £ 0.07
July 15 0.89 £ 0.09 1.01 £0.11 1.09 £ 0.05 1.01 £0.08
August 15 1.46 £0.12 1.42 +£0.17 1.22 £0.15 1.67 £+ 0.09
September 15 2.26 £0.13 2.31+£0.21 2.10 £ 0.09 246 £0.18
Mg June 15 0.17 £ 0.03 0.24 + 0.05 0.28 +0.05 0.25 +0.09
July 15 0.18 £0.03 0.23 £ 0.08 0.29 £+ 0.04 0.23 £0.02
August 15 0.27 £0.02 0.24 £0.03 0.30 £ 0.07 0.21 £0.01
September 15 0.28 £+ 0.07 0.31 £0.07 0.37£0.10 0.26 £ 0.05
187 [———Bobal 3.3. Evolution of various physiological parameters during the
16 |—=— Cabernet ripening of Bobal, Tempranillo, Cabernet Sauvignon and
" Crujidera grapes
-% 124 Ripening of the four grape varieties studied was assessed
é 10 4 at three sampling dates during the last month of growth
z (15, 30 and 45 days after veraison), by measurement of
8 1 berry weight, °Brix and colour intensity. A comparison of
6 the data obtained from the four cultivars for each sampling
date is presented in Table 3.
4 . ; ; .

June July August September

Fig. 1. N/P ratios in leaves of different grape cultivars collected
throughout the growing season (bloom, post-bloom, veraison, and pre-
harvest).

the four grape cultivars studied are similar to the average
ratios of terrestrial plant species (N/P = 10-13) at their
natural field sites (Giisewell, 2004); the leaves of the
vines only exhibited a deep starvation of P at harvest time
(Table 2 and Fig. 1).

Bloom is usually the standard stage for collecting leaf
samples for diagnostic purposes in grapevine. However,
its short duration often makes the adequate collection
and analysis of leaf samples difficult. Besides this, our
results showed a marked variability in mineral concentra-
tions among the four cultivars at this stage, whereas a
higher stabilisation in the leaf macronutrient levels at ver-
aison was observed (Table 2). These findings suggest verai-
son as the most suitable time to evaluate the nutritional
status of grapevines, due to the higher stability of the leaf
mineral composition at this phenology stage.

At harvest, berry weight was significantly higher in the
Bobal grapes, reaching 285 g per 100 berries, whereas the
smallest fruits were those of the Cabernet Sauvignon and
Tempranillo vines, with 103 g and 134 g, respectively. The
increase in weight was gradual throughout the ripening
process, but became moderate in the four varieties. How-
ever, significant increases were only observed across the
sampling dates in the smallest berries (Cabernet Sauvignon
and Tempranillo) during the first two weeks of September.
Grape size is of fundamental importance, since anthocya-
nins are synthesised in the skin. Consequently, a larger
berry weight results in a lower skin-to-flesh ratio and the
compounds are diluted (Ortega-Regules et al., 2006).

The accumulation of sugars in berries, expressed as
°Brix, was progressive and significant across the three sam-
pling dates for the Bobal, Cabernet Sauvignon and Temp-
ranillo varieties (Table 3). This physiological parameter
remained more stable in the cultivar Crujidera, although
the °Brix of these berries also increased significantly
between the first and last samples analysed (Table 3). Com-
pared with Cabernet, it is remarkable to note the high
sugar levels found in the autochthonous grape Crujidera.
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Table 3

Changes in various physiological parameters of Bobal, Tempranillo,
Cabernet Sauvignon and Crujidera grapes collected at three stages after
veraison (August 15) throughout the last month of ripening

Sampling Bobal Tempranillo Cabernet Sauvignon Crujidera
Weight of 100 berries (g)

August 30 268 a 118 a 82 a 218 a

September 15 276a 128 b 96 b 227 a

October 1 285a 134D 103 b 232 a
°Brix

August 30 146a 152a 16.1 a 185a

September 15 16.8b 178 b 198 b 20.5 ab

October 1 194c 194c 222¢ 213 b
Colour intensity

August 30 49 a 53a 7.8 a 43 a

September 15 59b  6.6b 79 a 4.9 ab

October 1 63b 70D 8.1a 520

For each cultivar and parameter, values followed by the same letter are
not significantly different (p < 0.05).

The progressive and parallel evolution of berry weight and
sugar content observed for the four grape varieties
throughout the last month of ripening is similar to that
reported for Cabernet Sauvignon and Tempranillo grapes
at different stages of ripening (Ryan & Revilla, 2003). Nev-
ertheless, these results do not coincide with those found in
Shiraz berries by Fournand et al. (2006), who reported that
once berry weight had reached its maximum level it then
decreased, because of water loss, as sugar content
increased.

The spectrophotometric measurements of colour inten-
sity in grape musts showed a progressive and significant
increase prior to harvest, except for those musts from
Cabernet Sauvignon berries, where colour remained almost
constant in the three samples evaluated (Table 3). Despite
this pattern of evolution, the musts obtained from the
Cabernet grapes always possessed the highest values of col-
our intensity while, in contrast, Crujidera berries produced
the least coloured musts (Table 3).

3.4. Changes in total polyphenols, tannins and anthocyanins
during the ripening of Bobal, Tempranillo, Cabernet
Sauvignon and Crujidera grapes

Besides the aforementioned physiological data, various
parameters related to the phenolic composition of grapes
have been determined, to characterise the Bobal and Cruji-
dera varieties, in comparison with Cabernet Sauvignon and
Crujidera grapes. The results obtained for the four culti-
vars, as well as the evolution of these parameters during
the ripening process, are shown in Figs. 2-4.

The total polyphenol index (TPI) reflects the combina-
tion of the distinct phenolic compounds in grape berries
or wines. In the case of grapes, the TPI is widely employed
as an indicator of berry quality for wine production. The
TPI values found for the three sampling dates (Fig. 2) cor-
roborate the high values previously reported for the well-

1007 m August 30
b b b |g September 15
[}
80 b B October 1
b
a
604 _a_1_ a b
o a a
[
40
20
0 T T T
Bobal Tempr. Cabernet Crujid.
Cultivar

Fig. 2. Total polyphenol index of Bobal, Tempranillo, Cabernet Sauvi-
gnon and Crujidera grapes collected at three stages after veraison (August
15) throughout the last month of ripening. For each cultivar, values with
the same letter are not significantly different (p < 0.05).
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Fig. 3. Total tannin concentrations in Bobal, Tempranillo, Cabernet
Sauvignon and Crujidera grapes collected at three stages after veraison
(August 15) throughout the last month of ripening. For each cultivar,
values with the same letter are not significantly different (p < 0.05).

known Tempranillo and Cabernet Sauvignon varieties, as
well as for the autochthonous grape Bobal. These three cul-
tivars presented TPI values ranging between 77 and 83 at
harvest. In contrast, the TPI value for the other autochtho-
nous grape, Crujidera, was around 50, which could repre-
sent an initial limitation in the use of this variety for
winemaking. In relation to the evolution of total polyphe-
nols, different authors agree on a rapid and high accumula-
tion of these metabolites in the berries during the several
weeks after veraison, which is followed by a stabilisation
phase until ripening, or even by a decrease in polyphenols
a few days prior to the grape harvest (Gonzalez-San José &
Diez, 1992; Keller & Hrazdina, 1998; Pirie & Mullins,
1980). It has been reported that the higher or lower activi-
ties, from veraison to ripeness, of the numerous enzymes
involved either in the biosynthesis or the degradation
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Fig. 4. Anthocyanin concentrations (A) and anthocyanin extractability
index (B) in Bobal, Tempranillo, Cabernet Sauvignon and Crujidera
grapes collected at three stages after veraison (August 15) throughout the
last month of ripening. For each cultivar, values with the same letter are
not significantly different (p < 0.05).

(peroxidases and glycosidases) of phenolic compounds are
responsible for these patterns of evolution (Delgado et al.,
2004). In this respect, our results suggest that polyphenol
evolution also depends on the V. vinifera cultivar; thus,
the TPI data showed a final stabilisation of polyphenols
in Bobal, Cabernet Sauvignon and Tempranillo, whereas
the pattern was different in Crujidera, where these natural
products decreased significantly in ripe fruits (Fig. 2).
The total tannin contents of Bobal, Tempranillo, Caber-
net Sauvignon and Crujidera berries, and their evolution
throughout ripening are depicted in Fig. 3. At harvest, tan-
nin contents were significantly higher in Cabernet Sauvi-
gnon and Tempranillo grapes with 4.76 and 4.31 g17! of
total tannins, respectively, whereas the lowest amount
(2.85g17!) was found in Crujidera fruits. The pattern of
variation of tannins was similar in all four grape cultivars
analysed since, in all cases, the berries presented tannin
concentration values that increased gradually until the time
of harvest (Fig. 3). However, the accumulation of tannins
following veraison was highly significant until two weeks
before harvest, after which these compounds remained vir-
tually stable. This profile is in agreement with results previ-

ously reported for various grape cultivars (Delgado et al.,
2004; Esteban, Villanueva, & Lissarrague, 2001). Nonethe-
less, it is difficult to reach definitive conclusions on the evo-
lution of tannins, since other authors observed no major
changes (Fournand et al., 2006), or even a decrease (de Fre-
itas, Glories, & Monique, 2000) in total tannins from ver-
aison to harvest.

Total anthocyanin concentrations of Bobal, Tempran-
illo, Cabernet Sauvignon and Crujidera berries, and the
changes observed throughout the ripening process are
depicted in Fig. 4A. Although the berries of the four vari-
eties accumulated high concentrations of anthocyanins at
the time of harvest (>1100 mg 17", the ability of the grape
to biosynthesise these flavonoids was greatly dependent on
the cultivar analysed. Anthocyanin concentrations were
very high for Cabernet and Bobal, which reflects the oeno-
logical potential of this autochthonous grape. These con-
centrations decreased in Tempranillo, and reduced to half
for those in the skins of Crujidera grapes (Fig. 4A). In rela-
tion to the evolution of total anthocyanins during ripening,
we observed a continuous biosynthesis of these flavonoids
in the skins of the four grapes. Nevertheless, two different
patterns can be distinguished; firstly, that shared by the
Bobal, Tempranillo and Cabernet Sauvignon grapes, which
was characterised by a progressive and significant accumu-
lation of these metabolites until harvest; while in Crujidera
berries, an initial significant increase of anthocyanins was
followed by a stabilisation phase during the two weeks
prior to harvest (Fig. 4A).

Anthocyanins accumulate in berry skins during the rip-
ening of grapes and it is known that each variety of grape
has a particular potential to biosynthesise these phenolic
compounds. Nevertheless, a comparison of the numerous
studies carried out to determine anthocyanin contents in
grape berries and to establish the pattern of accumulation
during ripening demonstrate that these parameters are
affected to a greater or lesser extent by factors such as
maturity, climate, soil conditions and management prac-
tices (Delgado et al., 2004; Jackson & Lombard, 1993;
Pérez-Lamela et al., 2007; Vian et al., 2006). All constant
and varying factors affecting the oenological quality of
grape clusters, besides the particular methodology
employed (i.e., frequency of sampling and analytical proce-
dures) to evaluate the anthocyanins of their berries, seem to
be responsible for the differing results reported on this sub-
ject in the literature. Conversely, more conclusive results
have been obtained when anthocyanins have been evalu-
ated qualitatively. Thus, it has been demonstrated that
the anthocyanin fingerprints of distinct grapes cultivars
are closely related to their genetic characteristics and,
therefore, these qualitative profiles are highly suitable to
distinguish grape cultivars or for varietal authentification
of wines (de Villiers et al., 2004; Ortega-Regules et al.,
2006; Ryan & Revilla, 2003).

The colour of red wines is mainly due to the anthocya-
nins extracted from the berry skins into musts during wine-
making. During this process however, each grape variety



188 S. Navarro et al. | Food Chemistry 108 (2008) 182—190

differs in its ability to release these metabolites accumulated
in the vacuoles throughout ripening. We have evaluated
anthocyanin extractability from Bobal, Tempranillo, Cab-
ernet Sauvignon and Crujidera berries, as proposed by
Saint-Criq de Gaulejac et al. (1998b). According to this
assay, the anthocyanin extractability index, expressed as
a percentage (AEI %), represents the ratio between non-
extractable anthocyanins and total anthocyanins. In other
words, the lower the AFEI, the greater the ease of anthocy-
anins to diffuse from grape skins. The values obtained in
our experiments are seen in Fig. 4B.

At harvest, the lowest AEI value (35.2%) was found in
Tempranillo berries, which reflects a low stability of the
skin cell walls and membranes at grape maturity. Bobal,
Crujidera and Cabernet Sauvignon berries displayed signif-
icantly higher indices, ranging from 46.5% to 48.6%
(Fig. 4B). Irrespective of the anthocyanin concentrations
in these three varieties, very high for Cabernet and Bobal
and lower for Crujidera (Fig. 4A), their high extractability
indices indicate the difficulty of anthocyanin extraction
from these grapes.

In relation to the evolution of the AEIs during ripening,
it is particularly striking to note the opposite patterns
observed in Tempranillo and Crujidera grapes. Thus, at
the first sampling date (August 30), these varieties pos-
sessed the highest and lowest values of extractability,
respectively (Fig. 4B). Yet throughout one month of ripen-
ing with increasing sugar contents (Table 3), Crujidera
grapes did not show any significant change in their AEI,
whereas Tempranillo berry ripening favoured increased
anthocyanin extractability, as can be deduced from the
progressive and significant decreases observed in its AEI
values (Fig. 4B). The pattern found for Tempranillo is sim-
ilar to that reported in previous works (Glories, 1999;
Saint-Criq de Gaulejac et al., 1998a), while our results
for Crujidera are in agreement with the profiles described
for different grapes by Gonzélez-Neves et al. (2002) and
Romero-Cascales et al. (2005), where sugar content chan-
ged with no significant changes in the AEI

The simultaneous evaluation of data for technological
maturity and phenolic maturity, usually represented by
the measurements of must sugar content and skin anthocy-
anin extractability, has been suggested as an important tool
to establish the most appropriate time of grape harvest, in
relation to the type of wine desired. Our results from
Tempranillo, Crujidera, Bobal and Cabernet Sauvignon
berries support Di Stéfano, Borsa, Bosso, and Garcia
(2000), who indicated the need to evaluate the evolution
of different ripening parameters for each cultivar and each
environment, as no predetermined relationships exist
between technological maturity and phenolic maturity.

3.5. Resveratrol contents in Bobal, Tempranillo, Cabernet
Sauvignon and Crujidera grapes

Resveratrol, a phenolic phytoalexin of the stilbene fam-
ily, has also been evaluated in our study. Resveratrol accu-

mulates specifically in the skin of grape berries; it has been
demonstrated that its biosynthesis increases in response to
different biotic and abiotic stresses affecting the vines
(Romero-Pérez et al., 2001). Stilbenes are transferred from
skins to musts during maceration, but the final resveratrol
concentrations in wines depend on numerous factors. This
group of natural products, particularly the form zrans-res-
veratrol, has been extensively studied in recent years, due
to their beneficial effects for human health, such as their
antioxidant activity and protective roles against cardiovas-
cular disorders and carcinogenesis.

Resveratrol extraction and HPLC determinations of
trans-resveratrol were carried out only on berry skins from
grapes collected at maturity. The results obtained (Table 4)
showed that resveratrol content varied significantly among
the cultivars. The highest value (245 pug g~ ' dry weight) was
found in the Bobal grape; its content was twice that mea-
sured in Cabernet Sauvignon and Crujidera, and it was
eight times higher than the resveratrol content in Tempran-
illo grapes. Since the environmental conditions and man-
agement practices were identical for the different vine
plots, our data clearly demonstrate that resveratrol biosyn-
thesis is closely linked to the genetic characteristics of each
cultivar. This finding is in agreement with previous results
obtained from the analysis of berry skins or monovarietal
wines, where resveratrol concentrations varied consider-
ably and appeared to depend on the grape variety (Abril,
Negueruela, Pérez, Juan, & Estopandn, 2005; Romero-
Pérez et al., 2001). With regard to resveratrol accumulation
detected in our study, it is remarkable to note the very high
contents found in the two autochthonous grapes, Bobal
and Crujidera, which represent nutritional and therapeutic
added values for these cultivars and the wines derived from
their berries. Since wines are food-related, it cannot be
ruled out that in the near future wine labels will include
data about their nutritional-therapeutic properties, besides
those describing their particular organoleptic characteris-
tics, bearing in mind that both qualities basically lie in
the contents of their phenolic compounds.

This is the first study in which the Bobal and Crujidera
grape varieties have been analysed extensively. The results
reported herein in comparison with two famous cultivars,
Cabernet Sauvignon and Tempranillo, validate and sup-
port the excellent oenological results obtained with Bobal
grapes, not only for blending, but also for the elaboration
of monovarietal aging wines, especially when produced

Table 4
Resveratrol contents in Bobal, Tempranillo, Cabernet Sauvignon and
Crujidera berry skins

Grape cultivar Resveratrol (ug g~! dry weight)

Bobal 245 ¢
Tempranillo 32a
Cabernet Sauvignon 115b
Crujidera 120 b

Values followed by the same letter are not significantly different (p < 0.05).
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from old vines. Crujidera is also being successfully used to
produce distinct red and rosé wines in La Mancha and Val-
encian regions as part of new projects to recover rare
autochthonous varieties. Moreover and in agreement with
Sefc et al. (2000), the tendency to plant successful and
famous cultivars over all the vine-growing regions of the
world should be balanced by the maintenance of the typical
varieties of the diverse regions, in order to prevent genetic
erosions in this crop.
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