
   

Ciencia y Tecnología Alimentaria

ISSN: 1135-8122

somenta@gmail.com

Sociedad Mexicana de Nutrición y Tecnología

de Alimentos

México

Mateus, N.; Proença, S.; Ribeiro, P.; Machado, J. M.; Freitas, V. De

Grape and wine polyphenolic composition of red vitis vinifera varieties concerning vineyard altitude

Ciencia y Tecnología Alimentaria, vol. 3, núm. 2, julio, 2001, pp. 102-110

Sociedad Mexicana de Nutrición y Tecnología de Alimentos

Reynosa, México

Available in: http://www.redalyc.org/articulo.oa?id=72430105

   How to cite

   Complete issue

   More information about this article

   Journal's homepage in redalyc.org

Scientific Information System

Network of Scientific Journals from Latin America, the Caribbean, Spain and Portugal

Non-profit academic project, developed under the open access initiative

http://www.redalyc.org/revista.oa?id=724
http://www.redalyc.org/articulo.oa?id=72430105
http://www.redalyc.org/comocitar.oa?id=72430105
http://www.redalyc.org/fasciculo.oa?id=724&numero=4093
http://www.redalyc.org/articulo.oa?id=72430105
http://www.redalyc.org/revista.oa?id=724
http://www.redalyc.org


102

Cienc. Tecnol. Aliment. Vol. 3, No. 2, pp. 102-110, 2001
Copyright 2001 Asociación de Licenciados en Ciencia y Tecnología de los Alimentos de Galicia (ALTAGA).            ISSN 1135-8122

GRAPE AND WINE POLYPHENOLIC COMPOSITION OF RED Vitis vinifera
VARIETIES CONCERNING VINEYARD ALTITUDE

Abstract
The effect of altitude and its related climatic conditions on the polyphenolic composition (procyanidin and anthocyanin

compounds) of grapes and wines of Touriga Nacional and Touriga Francesa red varieties is reported (Douro Region, 1997). The levels
of catechin monomers ((+)-catechin, (-)-epicatechin, (-)-epicatechin O-gallate), detected procyanidin oligomers (B1 to B8, B2-3’’-O-
gallate and trimer C1) and total extractable proanthocyanidins were analysed at harvest in grape skin and seeds as well as the
anthocyanidin monoglucosides composition in grape skin. Chemical and sensorial analysis of the resulting Port wines was performed.
Higher levels of anthocyanins in grape skin were found at higher altitude, whereas procyanidin compounds were produced in larger
amounts at low altitude for both skin and seeds. Despite having lower colour intensity, higher levels of anthocyanins were present in
wines made from higher altitude grapes. Overall, low altitude appears to be most advantageous for general wine quality. © 2001 Altaga
All rights reserved.
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Resumen
Se ha estudiado el efecto de la altitud y sus condiciones climáticas sobre la composición polifenólica (procianidina y

antocianina) de uvas y vinos de las variedades tintas Touriga Nacional y Touriga Francesa (Región del Douro, 1997). El nivel de
monómeros de catequinas ((+)-catequina, (-)-epicatequina, (-)-epicatequina O-galato), oligómeros de procianidina detectados (B1 a
B8, B2-3’’-O-galato y trimer C1) y proantocianidinas totales extraibles se analizaron en pieles y semilla de uvas vendimiadas así
como la composición de antocianidinas monoglucosídicas en pieles de uva. Se realizaron análisis químicos y sensoriales de los vinos
de Porto resultantes. Se encontraron niveles altos de antocianinas en pieles de uvas procedentes de altitudes altas, mientras que las
procianidinas se produjeron en cantidades mayores a bajas altitudes en ambas, pieles y semillas. No obstante, menor intensidad de
color y mayores niveles de antocianinas estuvieron presentes en vinos de hechos con uvas de altitudes altas. Globalmente, la altitud
baja parece tener mejores ventajas para la calidad general del vino.© 2001 Altaga. Todos los derechos reservados.

Palabras clave: Touriga, viñedo, vino, uva, polifenoles, antocianinas, procianidinas

Resumo
Estudouse o efecto da altitude e as súas condicións climáticas sobre a composición polifenólica (procianidina e antocianina)

de uvas e viños das variedades tintas Touriga Nacional e Touriga Francesa (Rexión do Douro, 1997). O nivel de monómeros de
catequinas ((+)-catequina, (-)-epicatequina, (-)-epicatequina O-galato), oligómeros de procianidina detectados (B1 a B8, B2-3’’-O-
galato e trimer C1) e proantocianidinas totais extraibles analizáronse nas peles e sementes de uvas vendimadas así coma a composición
de antocianidinas monoglucosidicas nas peles de uva. Realizáronse análises químicas e sensoriais dos viños de Porto resultantes.
Encontráronse niveis altos de antocianinas nas peles de uvas procedentes de altitudes altas, mentras que nas procianidinas produxéronse
en cantidades maiores a baixas altitudes en ámba-las dúas, peles e sementes. Sem embargo, menor intensidade da cor e maiores niveis
de antocianinas estiveron presentes nos viños elaborados con uvas de altitudes altas. Globalmente, a altitude baixa parece ter mellores
ventaxas para a calidade xeral do viño. © 2001 Altaga. Todolos dereitos reservados.

Palabras chave: Touriga, viñedo, viño, uva, polifenois, antocianinas, procianidinas
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INTRODUCTION

Port wines are made from grapes grown in the
Douro Demarcated Region in northern Portugal. The
particularity of this wine is that the fermentation is not
complete in order to obtain a sweet wine. Indeed, when
about half of the original sugar content has been converted
to alcohol, the fermentation is stopped by fortifying the
must with wine spirit. Since for Ports the fermentation and
pomace contact time are shorter than for the traditional
red table wine, it is important to set the better Port wine-
making conditions that will ensure a good polyphenol
compounds extraction. Anthocyanins are a family of
polyphenols that are directly responsible for colour, which
is a major quality attribute of the resulting wine.
Proanthocyanidins are another large family of polyphenol
compounds and are thought to make an important
contribution to the astringency and bitterness of wines
(Singleton and Esau, 1969; Ricardo da Silva et al., 1991;
Lea, 1992). Indeed, it is believed that these compounds
interact with the salivary proteins, namely Proline Rich
Proteins (PRP), causing a sensation of dryness in the palate
(Haslam, 1979; Lea, 1992). Their content in wines may
also affect the colour intensity and stability, as well as their
ability to age (Singleton and Trousdale, 1983 and 1986;
Bakker et al., 1986; Bakker and Timberlake, 1986; Haslam,
1988). The mechanisms whereby procyanidins influence
the red colour of wine are thought to be interactions
between the anthocyanin chromophore and the
procyanidin’s phenolic rings through hydrophobic
associations, as well as Van der Waals driving forces and
solvating effects (Brouillard and Dangles, 1993). During
storage, these compounds undergo several structural
changes due to oxidation and polymerisation reactions, and
these events may be crucial to achieve good sensorial
characteristics of the wine (Singleton, 1986; Haslam 1988;
De Freitas et al., 1998a).

Since the vineyards in the Douro Region are situated
on the hillsides of the valley, altitude and the related climate
appear to be important factors affecting berry development.
Altitude can strongly affect the climatic conditions since
it is directly associated to the resulting temperature,
humidity and other environmental factors which will
influence grape maturation (Jackson and lombard, 1993;
Kliewer and Torres, 1972; Guilloux, 1981). In the present
work, the effect of cultivation altitude on the polyphenolic
composition (anthocyanins and procyanidins) of grapes and
wines is reported for two of the best Portuguese red Vitis
vinifera varieties – Touriga Nacional (TN) and Touriga
Francesa (TF) – grown in the Douro demarcated region
for the 1997 vintage.

MATERIALS AND METHODS

Grape samples
Grapes of Touriga Nacional and Touriga Francesa

varieties were sampled from São Luís Douro vineyards
(Barros & Almeida, Lda). These vineyards are located in
a hillside that presents a 50-60% slope with a Northwest
solar exposure and a characteristic schistose soil with a
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high percentage of stones. Four zones were chosen from
the same vineyard that had similar conditions. Two zones
were situated at low altitude between 100 and 150 meters
for both varieties studied, and the other two zones were
situated at higher altitude, between 300 and 350 meters
for the Touriga Nacional variety, and between 250 and
300 meters for the Touriga Francesa variety. The vineyard
system consisted of four-meter wide horizontal terraces,
each containing two rows of vines (1.10 x 2.0 meters apart).
The vines, planted with the R99 rootstock, were trained
double Guyot, with an average load of 8-10 buds per vine
for Touriga Francesa and 12-15 buds per vine for Touriga
Nacional. There was no irrigation and no fertilisation. 100
berries were randomly sampled from previously marked
grapevines of TN and TF varieties. The total sugar content
of whole berries was estimated by refractometric
measurement of total soluble solids content of juice pressed
from a representative sample of berries. The pH of the
berries was measured using a 50g berry sample that had
been homogenised in a blender for 10 seconds.

Wine-making
Microvinifications were performed in triplicate for

each wine studied. SO2  was added to a final concentration
of 60 mgL-1. The grapes used were collected in the same
vineyard from four different zones (see Grape Samples).
25 Kg of grapes were randomly sampled, de-stemmed and
crushed into stainless-steel wine vats. When about half of
the original sugar content has been converted to alcohol,
the must fermentation was stopped by the addition of wine
spirit (ratio wine/wine spirit ≈ 5). Every wine was separated
from pomace by filtration and pumped to other vats. The
final alcohol content was set to 20% (v/v) for all the wines.
The sensorial analysis of the resulting wines was performed
by a panel of 10 tasters (from the Port Wine industry) who
assessed the following characteristics: colour, astringency
and general impression of the wine. The classifications
are presented with a scale of 1 to 5.

Preparation of grape skin and seed extracts
Grape skins and seeds were carefully removed from

several frozen berries and then freeze-dried. 1.0 g dry
weight (DW) of skin and seeds were extracted with
5x20mL ethanol/water  (1:1 v/v) using a blender (Ultra-
Turrax) according to the procedure described in reference
(Darné and Madero-Tamargo, 1979). The ethanol was
removed using a rotator evaporator and the extracts were
adjusted with de-ionised water to a final volume of 100
mL and a pH of 4.0.

Chromatographic purification of flavans
The low molecular weight proanthocyanidins were

first extracted from grape seeds and skin extracts, and
wines, by ethyl acetate. The extract was then applied on a
Toyopearl Gel HW-40(s) column (250 x 25 mm i.d.) using
methanol as the eluant at 0.8 mL/min (De Freitas and
Glories, 1999). Two fractions were yielded: the first (120
mL) contained (+)-catechin and (-)-epicatechin, and the
second (100 mL) contained (-)-epicatechin gallate,
procyanidin dimers and trimer C1. Chromatography using
the Toyopearl Gel allowed us to separate these compounds
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into an advanced state of purity to be clearly identified
and analysed by HPLC-DAD.

HPLC analysis of procyanidins
The procyanidin dimers of the skin and seeds

extracts were chromatographed and detected by HPLC-
DAD using two connected columns MERCK  (C18) ODS
(250 x 4.6 mm i.d.) protected with a guard column packed
with the same packing according to the procedure described
elsewhere (De Freitas and Glories, 1999). The elution
system consisted of two solvents, A: 2.5% acetic acid in
water, and B: 80% acetonitrile in A. Gradient elution
consisted of: 7% B with isocratic elution for 5 min; 7-20%
B, from 5 to 90 min; 20-100% B, from 95 to 100 min;
100% B, from 100 to 110 min (isocratic), followed by
washing and reconditioning of the column. The analysis
was carried out at 25ºC and at a flow rate of 1.0 mL/min.

Identification of procyanidins
The procyanidin dimers B1 to B8 and trimer C1

used as standards were synthesised following the reported
methods (Geissman and Yoshimura, 1966; Michaud et al.,
1973). Procyanidin dimers in grape extracts were identified
by analytical HPLC, by comparison with authentic
standards (De Freitas et al., 1998b; Rigaud et al., 1991).
The (-)-epicatechin O-gallate and B2-3’’-O-gallate were
collected from the HPLC column and their structures were
elucidated by NMR (De Freitas, 1995).

Assay of total extractable proanthocyanidins (TPA)
Total proanthocyanidins were determined directly

in total polyphenol extracts according to the procedure
described in references (Darné, 1991; Ribéreau-Gayon and
Stonestreet, 1966). 6.00 mL of diluted polyphenol extracts
(1/50) was introduced together with an equal volume of
HCL (37%) into a test tube. After sealing, the mixture was
shaken and heated at 100ºC for 30 minutes (water bath).
The anthocyanidin compounds released by acid
decomposition of the proanthocyanidins were evaluated
by spectrophotometric determination using a 10-mm cell
at 520 nm. The content in proanthocyanidins was
determined using a calibration curve (based on peak area)
which was established using a mixture of procyanidin
oligomers as standard. This oligomeric fraction was
obtained according to De Freitas et al. (1998b). This assay
can not be performed in Port wines since these latter have
sugar, which after the heating process will give rise to
secondary products that will affect the measure of the
absorbance at 520nm.

HPLC analysis of anthocyanins
The anthocyanidin monoglucosides of the skin

extracts and wines were chromatographed by HPLC using
a Beckman Ultrasphère (C18) ODS (250x4.6 mm i.d.)
column and detection was carried out at 520 nm. The
solvents were A, H2O/HCOOH (9:1), and B, CH3CN/H2O/
HCOOH (3:6:1). The gradient was 20-85% B for 70 min,
85-100% B for 5 min and then isocratic for 10 min at a
flow rate of 1 mL/min (Roggero et al.,  1987). The
anthocyanidin-3-monoglucosides and respective acylated
esters were identified on the basis of their UV-vis spectra

and retention time. The acylated esters were isolated by
semi-preparative HPLC and their structure were elucidated
by acid hydrolysis. The anthocyanidins and phenolic acids
released were identified by HPLC by comparison with
authentic standards. The calibration curves were obtained
by injecting standards with different concentrations of
malvidin 3-glucoside (Extrasynthèse). The range of the
linear calibration curves (r2  > 0.98) was 0.01 (limit of
detection) to 1.0 mg/L for the lower concentration
compounds and 1.0 to 500.0 mg/L for the higher
concentration compounds. Unknown concentrations were
determined from the regression equations and the results
were expressed on mg of malvidin 3-glucoside per berry.
Repeatability of this method from extraction to HPLC
analysis for four samples of the same batch of grape skins
gave a coefficient of variation < 7%.

Red colour evaluation
The contribution of total anthocyanins for the

relative red colour of wines and skin extracts was evaluated
directly by spectrophotometry at 520 nm using a 1mm cell.

Assay of anthocyanins bleached by sodium bisulphite
This assay was adapted from the one described by

Somers and Evans (1976). One mL of grape skin extract (or
wine) was diluted in a bottle with 1.0 mL of ethanol and 20.0
mL of HCl (2%). 10 mL of the previous solution was placed
into a test tube with 4.0 mL of a sodium bisulphite solution
(20%). In another test tube the solution of bisulphite was
replaced by distilled water (used as a reference solution).
The discoloration of the solution was practically
instantaneous, nevertheless it was stored at room temperature
and in the dark for 20 min. and the red colour was evaluated
directly by spectrophotometry at 520 nm using a 10 mm cell.
The difference of colour intensity between this solution (d)
and the reference solution (do) corresponds to the free
anthocyanins that react. The content in free anthocyanins was
determined using a calibration curve (based on peak area)
which was established using malvidin 3-glucoside standard
solutions submitted to the same procedure [concentration (mg/
L) = 803.7 x (do-d) + 15.13].

Dialysis index
This assay was performed according to the

procedure described in the literature (Glories, 1978). 5.0
mL of wine was introduced into a dialysis tubing (cellulose;
6 mm i.d.; nominal molecular weight cut-offs of 12000-
16000; average porous radius of 25 angstroms) and placed
into a vial with 50.0 mL of 12% aqueous ethanol solution
(5g/L tartaric acid, pH 3.2). In the second vial, 5.00 mL of
wine was diluted directly with the same hydroalcoholic
solution up to 50.0 mL (reference solution - do). Both vials
were closed and stored at room temperature for 24h. The
difference between the two values of absorbance at 280
nm corresponded to the higher phenolic compounds, which
were retained inside the dialysis tubing [D.I. = (do-d)/do].
The membrane permits the diffusion of lower molecular
weight compounds in the hydroalcoholic solution through
the walls but retain higher molecular weight compounds
such as condensed tannins, tannins-polysaccharide
complexes, polymerised pigments, etc.
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Table 1.- Anthocyanin composition (mg/g berry)a in grape skin of Touriga Nacional and Touriga Francesa
varieties from different altitudes at harvest (September, 15; vintage 1997).

BSA index (NTU/mL wine)
This index is based on the tannins ability to form

insoluble aggregates with proteins, namely with bovine
serum albumin (BSA). The fortified wine was diluted to
1/50 with a 12% aqueous ethanol solution (5 g/L tartaric
acid, pH 3.2). 150 mL of BSA in aqueous solution (0.8 g/
L) was added to 4 mL of the wine solution in a test tube.
The mixture was then shacked and stored at room
temperature. Wine tannins bind with BSA to form
insoluble complexes. The haze formation of the solution
increased with time, and after 45 minutes the formation
of the complexes stopped and the haze stabilised. This
process was monitored by nephelometry to evaluate wine
“tanning capacity” (De Freitas, 1995).

RESULTS AND DISCUSSION

Anthocyanin compounds
The HPLC analysis of the anthocyanidin

monoglucosides (AMG) clearly indicated that malvidin-
3-glucoside and its respective acylated esters (acetyl,
coumaroyl and caffeoyl esters) were the most relevant
anthocyanins found in grape skin (Table 1). Malvidin was

found to be the most important anthocyanidin (60-70% in
TN and 75% in TF) followed by, and in decreasing order
paeonidin, petunidin, delphinidin and cyanidin, which was
only found in traces quantities. These results are in
agreement with previous literature (Bakker and
Timberlake 1985; Gonzalez et al. 1990; Roggero et al.
1987). In wine, malvidin was also the most abundant
anthocyanidin accounting for 60 to 65% of the total
content of anthocyanins, except for TF at 100-150m, which
contained 80% of malvidin (Table 2). Touriga Francesa
and Touriga Nacional were shown to be almost equally
productive of AMG per berry skin, but the final content
in the respective wines was found to be much higher for
the TN variety.

Cultivation altitude with its related climate was
shown to be an important factor influencing anthocyanin
production in the grapevines. The data obtained from a
meteorological station situated at 200 meters (between
the two vineyard altitudes studied) revealed that the
average day/night temperature (30ºC/16ºC) of the last
month of maturation was 23ºC. The average maximal
temperature values during ripening at the higher vineyard
locations were situated between 29 and 35ºC, whereas
the ones of the lower vineyard sites were between 33 and

 Grape skin 

 Touriga Nacional   Touriga Francesa 
Anthocyanin b   Altitude 100-150 m 300-350 m  100-150 m  250-300 m 

Dp-3-glucoside   0,18 0,48  0,06 0,05 

Cy-3-glucoside   0,01 0,07  0,01 0,01 
Pt-3-glucoside   0,19 0,47  0,08 0,08 

Pn-3-glucoside  0,20 0,52  0,01 0,02 
Mv-3-glucoside   1,55 2,51  0,86 1,02 

Dp-3-acetylglucoside   0,01 0,05  0,01 0,00 
Cy-3-acetylglucoside   0,01 0,01  0,01 0,01 
Pt-3-acetylglucoside   0,03 0,07  0,02 0,06 

Pn-3-acetylglucoside   0,04 0,09  0,04 0,31 
Mv-3-acetylglucoside   0,45 0,52  0,29 0,11 
Dp-3-coumaroylglucoside   nd 0,01  0,01 nd 

Cy-3-coumaroylglucoside   nd nd  0,01 0,01 
Pt-3-coumaroylglucoside   0,09 0,13  0,10 0,11 

Pn-3-coumaroylglucoside   0,13 0,22  0,08 0,08 
Mv-3-coumaroylglucoside   0,85 0,85  0,98 1,25 

Pn-3-caffeoylglucoside   0,01 0,01  0,01 0,01 
Mv-3-caffeoylglucoside   0,09 0,12  0,09 0,10 
        
Total anthocyanins  3,85 6,13  2,61 3,22 
        

 
a Data are means of triplicate determinations (coefficient of variation < 0.07).
b The concentration of anthocyanin is expressed in mg of malvidin-3-glucoside per g berry; Dp =
delphinidin; Cy = cyanidin; Pt = petunidin; Pn = peonidin; Mv = malvidin

nd = not detected.
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38ºC. At these temperatures, the humidity values were
about 40% for the higher altitude and 20% for the lower
altitude. During the night, the humidity values were found
to be near 95-100% for all the locations. The average
minimal temperatures were reported near 15ºC for all the
vineyard sites. These low altitude climatic factors appear
to disfavour the biosynthesis of AMG in grape skin and
wine comparatively to the higher altitude, especially for
the TN variety. This feature is in agreement with some
findings in the literature. Indeed, some authors consider
that for some varieties, high temperatures above 35ºC
strongly decrease the anthocyanin accumulation, and that
a deficiency or an excess of humidity and irrigation tends
to decrease grape anthocyanin content (Kliewer and
Torres, 1972; Guilloux, 1981).

The original proportions of grape skin
anthocyanins were not always similarly found in the
resulting wines. For instance, the ratio between malvidin
3-glucoside and its coumaroyl ester was two to three times
lower in grape skins than in the resulting wines. This
feature could be explained by the fact that acylated

anthocyanins are more likely to undergo chemical
transformations (McCloskey and Yengoyan, 1981;
Timberlake and Bridle, 1976; Bakker, 1986).

Proanthocyanidin compounds
Beside the fact that the differences observed in the

levels of proanthocyanidins depend mainly from their
grape extraction rates during fermentation, some
considerations can however be made. The levels of
catechin monomers (Cat) ((+)-catechin, (-)-epicatechin,
(-)-epicatechin O-gallate), low molecular procyanidin
oligomers (PC) (B1 to B8, B2-3’’-O-gallate, and trimer
C1 ((-)-epi-(-)-epi-(-)-epi)) and total extractable
proanthocyanidins (TPA) in grape skin and seeds are
shown in Tables 3 and 4. (+)-Catechin was usually the
most important flavan-3-ol monomer in grape skin while
(-)-epicatechin was the major one in seeds for all the
vineyards studied. In wines, (+)-catechin was shown to
be the most relevant monomer at low altitude, while (-)-
epicatechin was the major one at high altitude.

Table 2.- Anthocyanin composition (mg/L)a in wines of Touriga Nacional and Touriga Francesa
varieties from different altitudes (vintage 1997).

 Wine 

 Touriga Nacional  Touriga Francesa 
Anthocyanin  b  Altitude 100-150 m 300-350 m  100-150 m 250-300 m 

Dp-3-glucoside   2,45 13,47  0,69 1,23 

Cy-3-glucoside   0,66 1,32  0,60 0,77 
Pt-3-glucoside   5,62 11,55  0,92 2,23 
Pn-3-glucoside  8,78 26,01  0,95 2,19 
Mv-3-glucoside   87,33 217,41  16,46 64,46 
Dp-3-acetylglucoside   11,36 13,23  6,07 6,20 
Cy-3-acetylglucoside   5,28 12,81  0,61 2,97 

Pt-3-acetylglucoside   2,79 10,77  0,53 0,84 
Pn-3-acetylglucoside   1,38 6,79  0,67 1,75 
Mv-3-acetylglucoside   20,46 40,72  3,47 13,46 
Dp-3-coumaroylglucoside   0,67 3,11  0,87 0,91 
Cy-3-coumaroylglucoside   4,00 nd  nd nd 
Pt-3-coumaroylglucoside   0,84 2,00  0,68 1,12 
Pn-3-coumaroylglucoside   2,73 7,40  0,64 1,76 
Mv-3-coumaroylglucoside   17,70 26,95  2,43 7,87 

Pn-3-caffeoylglucoside   0,62 nd  0,55 0,34 
Mv-3-caffeoylglucoside   0,84 2,00  0,68 1,12 
        
Total anthocyanins  187,40 412,64  39,56 117,05 
        

 
a Data are means of triplicate determinations (coefficient of variation < 0.07) from 3
microvinifications.
b The concentration of anthocyanin is expressed in mg of malvidin-3-glucoside per L of wine; Dp =
delphinidin; Cy = cyanidin; Pt = petunidin; Pn = peonidin; Mv = malvidin
nd = not detected.
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With respect to procyanidin dimers, B1 represented
almost the total content of the low molecular weight
procyanidins in grape skin. We also noticed that the dimers
linked through C4-C6 interflavanoid bond (B5 to B8) were
absent in grape skin, as already reported in literature for
red and white varieties (Bourzeix et al. 1986; De Freitas
et al 1999; Mateus et al. 1999). In seeds, B2 was always

the major detected procyanidin, which is in agreement
with previous works on several varieties (Czochanska et
al., 1979; Bourzeix et al., 1986; Fuleki and Ricardo da
Silva, 1997; De Freitas and Glories, 1999; Mateus et al.,
1999; Katalinic and Males, 1999), followed by, in
decreasing order B1, B4, B2-3’’-O-gallate and B3. The
other detected dimers (B5 to B8) and trimer C1 appeared

 Altitude  
  100-150 m   300-350 m  

Catechins Skin Seeds Wine 
(mg/L) 

Skin Seeds Wine 
(mg/L) 

(+)-catechin 1.1 ± 0.1 30.4 ± 0.7 7.88 0.8 ± 0.1 24.5 ± 0.3 3.53 
(-)-epicatechin  tr 52.8 ± 1.9 4.53 tr 66.3 ± 7.2 4.89 
(-)-epicatechin O-gallate  b nd 14.9 ± 0.5 0.78 nd 0.009 ± 2.8 0.37 
Dimers       
B1 14.2 ± 0.1 136.0 ± 6.9 50.42 12.8 ± 0.1 81.5 ± 20.0 46,68 
B2 * 198.8 ± 1.9 20.91 1.4 ± 0.5 167.8 ± 25.9 7,54 
B3 nd 36.5 ± 1.9 3,01 0.9 ± 0.4 19.3 ± 5.2 1.36 
B4 nd 97.7 ± 1.9 7.00 nd 53.2 ± 1.4 2.35 
B5 nd 39.9 ± 5.7 0.03 nd 22.1 ± 2.1 0.09 
B6 nd 72.6 ± 1.5 0.88 nd nd 0.02 
B7 nd  nd nd 9.7 ± 0.3 3.44 
B8 nd 27.0 ± 0.4 0.40 nd 17.6 ± 0.3 0.45 
B2 O-gallate  c nd 74.9 ± 5.7 5.23 nd 54.9 ± 11.4 3.17 
Trimer C1 nd 54.3 ± 0.7 5.58 nd 38.0 ± 6.9 2.97 
Oligomers+catechins 15.3 ± 2.6 835 ± 8.0 93,45 14.9 ± 1.0 563.7 ± 87.0 68.05 
TPA d (mg/berry) 6.20 5.0 - 5.97 3.80 - 

 

Table 3.- Levels of catechins, procyanidin oligomers and total proanthocyanidins (mg/g berry)a in grape skin and seeds of Touriga Nacional
variety at harvest (September, 15) and in the resulting wines (mg/L) at different altitudes (vintage 1997).

a Data are means from triplicate assays (coefficient of variation < 0.07);  b Results expressed as µg (-)-epicatechin equivalents;  c Results
expressed as mg B2 equivalents. d Mean of two samples; nd = not detected; TPA = total proanthocyanidins; tr = traces (<0.7).

 Altitude 
  100 -150 m   250-300 m  

Catechins Skin Seeds Wine 
(mg/L) 

Skin Seeds Wine 
(mg/L) 

(+)-catechin 0.5 ± 0.1 26.6 ± 3.6 3.71 tr 50.1 ± 4.5 2.28 
(-)-epicatechin 0.5 ± 0.1 33.8 ± 7.2 1.79 tr 63.8 ± 8.5 2.99 
(-)-epicatechin O-gallate  b nd 3.1 ± 1.0 0.09 nd 8.8 ± 0.8 0.09 
Dimers       
B1 5.9 ± 0.1 44.8 ± 5.5 13.84 4.8 ± 0.1 60.6 ± 1.4 21.82 
B2 0.7 ± 0.1 56.8 ± 2.3 4.15 0.6 ± 0.1 74.9 ± 4.0 6.89 
B3 tr 14.6 ± 1.0 1.27 nd 23.3 ± 1.9 1.66 
B4 nd 21.1 ± 4.6 1.73 nd 36.3 ± 3.7 2.26 
B5 nd 9.8 ± 4.9 0.03 nd 12.2 ± 4.0 0.09 
B6 nd  0.30 nd 7.4 ± 1.6 0.02 
B7 nd  Nd nd nd 0.39 
B8 nd 9.8 ± 1.6 0.22 nd 16.7 ± 1.4 nd 
B2 O-gallate  c nd 22.1 ± 0.7 1.03 nd 41.6 ± 5.3 1.14 
Trimer C1 nd 13.0 ± 1.3 1.56 nd 16.2 ± 1.1 1.62 
Oligomers+catechins 7.5 ± 21.1 255.6 ± 10.4 24.14 5.4 ± 0.1 411.6 ± 26.8 35.88 
TPA d (mg/berry) 5.4 3.8 - 5.8 4.2 - 
 

Table 4.- Levels of catechins, procyanidin oligomers and total proanthocyanidins (mg/g berry)a in grape skin and seeds of Touriga Francesa
variety at harvest (September, 15) and in the resulting wines (mg/L) at different altitudes (vintage 1997).

a Data are means from triplicate assays (coefficient of variation < 0.07);  b Results expressed as µg (-)-epicatechin equivalents;  c Results
expressed as mg B2 equivalents. d Mean of two samples; nd = not detected; TPA = total proanthocyanidins; tr = traces (<0.7).
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in lower concentrations for both the varieties studied. In
the resulting wines, B1 was by far the major procyanidin
and represented about 54% of the total content of PC in
TN at 100-150 m and 69% at 300-350 m, whereas TF had
57% and 61% of B1 at low and high altitude, respectively.
Dimer B2 which was the major dimer in seeds was only
the second most important dimer in wine.

The influence of the vineyard altitude was shown
to be different for the two varieties studied. To our
knowledge, little data is available in literature concerning
the levels of Cat, PC and TPA correlated to environmental
factors (Jordão et al., 1998), unlike anthocyanin
compounds as previously referred. In the present work,
low altitude seemed to be advantageous for producing
higher levels of Cat, PC and TPA per berry in skin and
seeds of both varieties studied (except for grape seeds of
TF which were more productive at high altitude).

Wine analysis
The soluble solids content, pH of the must and

berry weight are shown in Table 5. It is extremely
important to notice that the two varieties studied have
different average berry weight. TN had a much lower
average berry weight, which is characteristic of this low
productive Portuguese variety. Consequently, more grape
berries are required to produce the same volume of wine
than TF variety, enriching the final polyphenolic
composition of the resulting wine. This explains, in part,
the higher AMG and PC content found for TN (Table 6).
Additionally, the higher levels of low molecular PC per
berry for TN also explains the greater difference observed
between the larger amount of PC found in TN relatively
to the TF wines.

Concerning the influence of vineyard cultivation,
the wines of both varieties made from grapes grown at
the lower altitude were better appreciated by the evaluation
panel, especially for the TN variety (Table 6). It is
interesting to notice that the TN wine made from grapes
of lower altitude was by far the most intensely coloured
(Abs 520 and 620nm), despite the fact that it had a lower
content of AMG compared with the wine from the higher

altitude. Bearing in mind that this TN wine of 100-150 m
had much higher levels of low molecular PC, it is possible
that some interactions between these compounds and
AMG will have occurred through copigmentation
phenomena. Further to copigmentation phenomena,
covalent associations between anthocyanins and PC may
occur by direct condensation or involving ethyl bridges.
This event will result in higher complex structures
responsible for a colour intensification and stabilisation
of the wine (Somers, 1971; Timberlake and Bridle, 1976).
Low altitude was also shown to enhance wine’s astringency
according to the tasters evaluation. This sensorial
parameter follows the wine tannin ability to precipitate
BSA. Indeed, the wines made from grapes grown at lower
altitude revealed a higher capacity to precipitate BSA,
especially for TN. Although BSA is structurally different
from human salivary proteins, it has often been used as a
model protein to assay wine’s astringency. It is well known
that the procyanidins ability to bind BSA increase with
their concentration and molecular weight (Haslam, 1974).
Therefore, the higher levels of PC found in TN wines of
the lower altitude, together with their expected higher TPA
content, should contribute importantly to the higher BSA
index reported. This hypothesis is supported by the higher
dialysis index found for TN wine of low altitude, pointing
to the presence of more polymerised structures.

Although climatic conditions are extremely
variable from one year to another, comparative studies

 Touriga Nacional  Touriga Francesa 

Altitude 100-150 m 300-350 m  100-150 m 250-300 m 
Berries  per Kg 
of must 746.3 1000.0  500.0 588.2 

pH 3.53 3.31  3.52 3.58 

ºBrix 22.5 21.7  19.8 19.9 

 

Table 5.- Average berry weight, soluble solid content expressed in
ºBrix and pH of the musts of Touriga Nacional and Touriga Francesa
varieties (vintage 1997).
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 Touriga Nacional Touriga Francesa 
Altitude 100-150 m 300-350 m 100-150 m 250-300 m 

Procyanidin oligomers (mg/L) 93.4 68.1 24.1 35.9 
Anthocyanidin 
monoglucosides (mg/L) 

187.4 412.6 39.6 117.1 

Absorbance (520 nm) 1.25 0.66 0.47 0.48 
Absorbance (620 nm) 0.35 0.12 0.14 0.11 
Dialysis index (%) 128.2 30.0 81.9 68.1 
BSA index (NTU/mL wine) 128.2 30.0 81.9 68.1 
Sensorial Analysis (0-5)     
Astringency 4.3 2.6 2.7 2.1 
Colour 4.5 3.5 2.5 2.2 
General impression 4.5 3.2 2.6 2.2 
 

Table 6.- Analytical parametersa and sensorial analysisb of the wines of Touriga Nacional and Touriga Francesa varieties
produced from grapes grown at different altitudes (vintage 1997).

aAll assays performed from 3 microvinifications; bthe wines were evaluates by a panel of 10 tasters.
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between two locations from the same vineyard can be
achieved with acceptable reliability. Nevertheless, this
work is being repeated with the same vineyards from other
vintage years in order to bring more data on this matter.

Conclusion
The influence of cultivation altitude for the vintage

of 1997 is reported herein for two Portuguese red varieties
often used to produce top quality Port wines. Low altitude
appears to be advantageous improving wine’s quality, as
assessed by the sensory panel. This feature was more
marked for the TN varietal wine which was found to be
much more appreciated when made from low altitude
grapes. The same outcome was obtained after another
sensorial analysis of the same wines performed one year
later (data not shown).
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