MITTEILUNGEN KLOSTERNEUBURG 65(2015): 237-249 MARTIN POUR NIKFARDJAM et al.

POLYPHENOL CHARACTERIZATION OF RED WINE
FROM GERMANY’S WURITEMBERG REGION

MARTIN POUR NIKFARDJAM', BETTINA WAGNER' AND GARY PICKERING?

! State Institute for Viticulture, Oenology and Fruit Technology
D-74189 Weinsberg, Traubenplatz 5
E-Mail: Martin.PourN@lvwo.bwl.de

? Cool Climate Oenology & Viticulture
Institute, Brock University
St. Catharines, ON, L2S 3A1, Canada
E -Mail: gpickering@brocku.ca

Wiirttemberg is Germany’s fourth-largest winegrowing region and the only one with predominance of red varieties.
To date, its wines have been poorly described with respect to physicochemical composition, including phenolic con-
tent, which has become of increasing interest to the industry, given the association of polyphenolics with desirable
health benefits and the need for wine regions to identify points of differentiation. In this study, we sought to characte-
rize a sample of commercial red wines from Wiirttemberg with particular reference to their polyphenol composition.
37 red wines were assessed for general chemical composition (FTIR), mean degree of polymerization (mDP; HPLC),
proanthocyanidins (HPLC) and total phenolic content (Folin-Ciocalteu). Large differences were found with regard
to polyphenol content with wines made from V. vinifera L., cv. 'Trollinger' showing the lowest and cuvées showing the
highest concentrations. Wines made from cv. 'Pinot noir' contained the highest concentration of monomeric tannins,
which may account for the harsh and bitter sensations sometimes anecdotally reported for this variety. In contrast,
Trollinger wines had the highest proportion of polymeric tannins (trimers and above). Despite these differences, the
mean degree of polymerization was approximately 3 for all varieties. This finding agrees with the thiolysis results,
which showed that the ratio between terminal and extension units of the tannins was around 1:2, confirming a medi-
um chain length of 3. These results may be used to inform production decisions, help optimize the quality of German
wine, and assist in the branding and marketing of wines from Wiirttemberg. Additionally, it may benefit longer-term
goals of better understanding the key drivers of bitterness and mouthfeel sensations elicited by red wines.
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Die Charakterisierung von deutschen Rotweinen aus der Region Wiirttemberg. Wiirttemberg ist die viertgrofite
Weinbauregion in Deutschland und stellt die einzige Region dar, in der rote Rebsorten dominieren. Bis zum heuti-
gen Tag sind die Weine der Region in Bezug auf ihre chemische Zusammensetzung, einschliellich der Polyphenole,
jedoch nur unzureichend charakterisiert. Gerade letztere sind aber fiir die Industrie mehr und mehr von Interesse,
da Polyphenole positive Auswirkungen auf die Gesundheit haben kénnen und die Weinregionen immer mehr nach
Moglichkeiten suchen, sich von anderen Regionen in der Zusammensetzung ihrer Weine zu unterscheiden. In dieser
Studie haben wir versucht, verschiedene Rotweine aus Wiirttemberg mit besonderem Fokus auf ihre Polyphenolzu-
sammensetzung zu charakterisieren. Insgesamt wurden 37 Weine auf ihre allgemeine chemische Zusammensetzung
(FTIR), ihren mittleren Polymerisationsgrad (mDP; HPLC), Proanthocyanidine (HPLC) und Gesamtphenolgehalt
(Folin-Ciocalteu) untersucht. In Bezug auf den Gesamtphenolgehalt ergaben sich grole Unterschiede, wobei Wei-
ne der Rebsorte "Trollinger' die niedrigsten und Cuvée-Weine die hchsten Gehalte aufwiesen. Weine der Rebsorte
'Spitburgunder’ (Pinot noir) zeigten die hdchsten Gehalte an monomeren Tanninen, die fiir die harten und bitteren
Noten verantwortlich sein konnten, die die Weine dieser Rebsorte manchmal besitzen kénnen. Im Gegensatz dazu
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zeigten die Trollinger-Weine den hochsten Anteil an polymeren Tanninen (Trimere und grofler). Trotz all dieser Un-

terschiede lag der mittlere Polymerisationsgrad (mDP) iiber alle Rebsorten hinweg bei ungefihr 3. Dieses Ergebnis

zeigt gute Ubereinstimmung mit den Ergebnissen der Thiolyse, in der ein Verhiltnis von 1:2 zwischen endstindigen

Tanninen und den entsprechenden Verlingerungseinheiten ermittelt wurde, was die mittlere Kettenlinge von 3 er-

klart. Die Ergebnisse konnen als Hilfe bei der Herstellung dienen, um die Qualitit deutscher Weine zu optimieren

und die Weine aus Wiirttemberg besser zu vermarkten. Zusitzlich kann auf lange Sicht ein besseres Verstindnis der

Ausloser von Bitterkeit und dhnlichen Geschmackseindriicken in Rotwein gewonnen werden.

Schlagworter: Polyphenol; Trollinger; Spatburgunder; Polymerisation; Thiolyse

WURITEMBERG

Currently, in Germany there are approximately 100,000
ha of vineyards located in 13 designated winegrowing
areas. Wiirttemberg is the fourth-largest winegrowing re-
gion within Germany, comprising about 11,000 ha. For
several reasons, Wiirttemberg can be regarded as unique:
as in Pfalz (Palatinate) and Rheinhessen, Wiirttemberg’s
average yield per hectare is around 100 hl/ha, consider-
ably higher than that of other German regions. Further-
more, Wiirttemberg has the highest proportion of red
varieties at approximately 60 %; in all other regions,
white grapes predominate (DEUTSCHER WEIN STATIS-
TIK, 2014). Also in Wiirttemberg, most of the vintners
are organized in cooperatives. Although the number of
cooperatives has declined significantly since 1996, they
are still responsible for approximately 70 % of the total
winegrowing area (HONOLD, Weinbaukartei Weinsberg,
pers. communication).

Red wines from Wiirttemberg are well-known for their
easy-drinking style. This is partially due to the varieties
typically grown in this region: "Trollinger', 'Pinot noir’,
'Lemberger', and 'Pinot meunier'. Anecdotally, these va-
rieties do not reach full physiological ripeness in Wiirt-
temberg, especially with regard to phenols. Most of the
red grapes undergo flash pasteurization (82 °C for 2 to 3
min) to achieve fruit-driven, low polyphenol-containing
wines (JAKOB et al., 1997). Classical mash fermentati-
on is also performed, but to a much lower extent. These
wines are typically used as a component in cuvée blends
to add structure to the aforementioned flash pasteurized
wines (BLANKENHORN, 2002 ).

During the last 10 to 15 years several efforts have been
taken to raise the quality of red wine. Local varieties
have been partially replaced by internationally known
varieties, such as 'Merlot', 'Syrah', 'Cabernet Sauvignon/,
and 'Cabernet Franc'. Winemaking technology has in-

corporated procedures such as fermentation and ageing
in barriques, and post-fermentative extraction of the
grapes. While in some cases the results have been very
successful, polyphenol ripeness remains an issue. Even
though wines might mature for 14 to 18 months in bar-
rel after malolactic fermentation, they often show green,
harsh astringency, anecdotally attributable to the tannin
composition. Additionally, wine colour tends to show
brown hues relatively early. Several processing technolo-
gies, including oxygen management and pressure swing
adsorption, have been tested to deal with these issues,
with mixed success (BLANKENHORN and PLAG, 2006;
BLANKENHORN and HIRT, 2005).

POLYPHENOLS

Of particular interest in recent years has been the eluci-
dation of the polyphenol composition of red wine. This
has come from two sources: firstly, increased interest in
the health-promoting properties of these compounds,
which have been linked to lower rates of coronary heart
disease (IrrTI and VARONI, 2015), anti-cancer proper-
ties, including inhibition of human cancer cells (GRON-
BAEK et al., 2000; BARRON et al., 2014), and even increa-
sed longevity in some animal studies (AIrEs et al., 2012).
Therefore, elucidating the polyphenolic composition of
aregion’s red wines offers a potential point of differentia-
tion in a competitive international market place.

Secondly, polyphenols are also of increasing interest
because of their association with bitterness and astrin-
gency, two nominally aversive sensations linked with
consumer rejection of foods and beverages (FISCHER
and SokoLowsKy, 2011; SokoLOWSKY and FISCHER,
2012), yet-at moderate levels-considered part of the ty-
picity of many red wine styles (LESSCHAEVE and NOBLE,
2005; Bajec and PICKERING, 2008). As well as helping
to differentiate wine types (SCHNEIDER, 2000), they are
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also strongly associated with the richness or "body" of
red wine (LLAUDY et al., 2004). However, over-extracti-
on of polyphenols during red wine making leads to bit-
ter and harsh wines (WEBER et al., 2013); indeed, the
‘art’ of fine red wine making is largely about the careful
extraction and fractionation of grape-derived phenolic
components.

SPECIES

The polyphenol component of red wine is comprised
of tannins, catechins, and anthocyanins (CHEYNIER et
al., 2006; FiscHER and NOBLE, 1994; LEA et al., 1978;
VIDAL et al, 2004). Monomeric flavan-3-ols are ge-
nerally perceived more bitter than higher oligomers or
polymers (HUFNAGEL and HOFMANN, 2008; WATER-
HOUSE, 2002). Up to a chain length of four units (ie.,
tetramers) bitterness is typically predominant over as-
tringency (THORNGATE and NOBLE, 1995). Bitterness
and astringency are not only influenced by the degree of
polymerization, but also by the degree of galloylation.
Tannins extracted from the skins have been classified
as less astringent than seed tannins with a higher level
of galloylation (CHEYNIER et al., 2006; SOUQUET et al,,
1996). CHEYNIER et al. (2006) also found that the ratio
of the concentration of polyphenols and anthocyanins
has a great influence on bitterness. If not enough an-
thocyanins are available, oligomers polymerize. Maybe
this is the reason for the saying that only tannic wines
can age well (LLAUDY et al., 2004). Due to the lack of
aging, young red wines still contain a lot of short-chain
phenols. They are usually rather bitter and astringent
and, therefore, also referred to as "hard". The longer tan-
nin chains of aged wines are accordingly characterized
as "soft" (NOBLE, 1994). Furthermore, there are also dif-
ferences in the sensory characteristics of the stereoiso-
mers (+)-catechin and (-)-epicatechin; epicatechin is
more bitter than catechin, and the bitterness and astrin-
gency on the palate is longer (DREwWNOWSKI and Go-
MEZ-CARNEROS, 2000; NOBLE, 1994).

VITICULTURAL AND OENOLOGICAL CONSIDERA-
TIONS

In the early stages of grape berry development exclusi-
vely colourless polyphenols are synthesized by the gra-
pevine to protect the berries from potential predators
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and various fungi (EHRHARDT et al., 2014). At veraison
— the stage when coloration of red varieties begins - an-
thocyanins are produced, largely as a response to intense
UV-irradiation during the hot summer month of August
(BARNUD et al., 2014). Several viticultural interventions
have been identified as impacting the final polyphenol
content of the grape. For instance, reduced crop levels
and less shading through removal of leaves can increa-
se final phenol content (Fox and POUR NIKFARDJAM,
2008). Additionally, stress factors such as mechani-
cal cluster thinning and fungal pressure increase phe-
nol content (POUR NIKFARDJAM and STRAUSS, 2011;
STRAUSS et al., 2013).

Most polyphenols in wines are extracted from the gra-
pes during winemaking (CADOT et al,, 2012). Hence,
the final content of polyphenols greatly depends on
the winemaking technique used (GABETrA et al., 2000;
REVILLA et al,, 1991). Early in vinification, it is main-
ly polyphenols from the skins that are extracted. With
increasing maceration time, seed tannins play an increa-
singly important role as a source of polyphenols (SHI et
al,, 2005). Seed tannins are more polymeric than those
derived from the skin, and thus contribute to a large ex-
tent to the wine’s bitterness and astringency (CURKO et
al, 2014). They are extracted by ethanol during must
fermentation, whereas temperature is a crucial element
in the case of thermovinification (JaxoB et al., 1997).
The latter technique favours colour (anthocyanin) ext-
raction, and - since ethanol is not available at this early
stage — avoids contemporaneous extraction of the hars-
her and more astringent tannins from the seeds (SAccHI
etal,, 2005).

Several attempts have been made to reduce bitterness
and astringency in wine using various fining agents with
varying success (BONERZ et al., 2004; POUR NIKFARD-
JAM et al.,, 2006; TSCHIERSCH et al.,, 2010). The legal
requirement to label potential allergens has also chan-
ged the use of these winemaking additives (SCHNEIDER
2014; SCHUMANN et al., 2013). For instance, an increa-
sing number of fining agents from non-allergenic sour-
ces are being used in industry (KAMMER et al., 2012;
TSCHIERSCH et al., 2010), potentially altering polyphe-
nols composition and altering the sensory profile.
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STUDY OBJECTIVES

Given this interest in the polyphenolic content of red
wine, and the increasing need for wine regions to iden-
tify points of differentiation in their products, our main
objective was to characterize a representative sampling
of commercial red wines from the Wiirttemberg region,
with particular reference to their polyphenol composi-
tion. Such a characterization may assist in branding and
marketing, and also benefit longer-term goals of better
understanding the key drivers of bitterness and mouth-
feel sensations elicited by red wines. This information
can be used to inform production decisions and help
optimize the quality of German wine.

MATERIALS AND METHODS

WINE SAMPLES

A total of 37 red wines made from different varieties,
'Lemberger' (n = 12), 'Pinot noir' (n = 5), 'Trollinger’
(n=10), and cuvée (n = 10) from the vintages between
2009 and 2011 was analysed. The wines were provided
by local wineries based on their experience of these wi-
nes eliciting high astringency or bitterness compared to
their other products.

CHEMICALS AND STANDARDS

All solvents were of high-performance liquid chromato-
graphy (HPLC) grade. Acetone, acetic acid, dichlo-
romethane, ethanol, n-hexane, and hydrochloric acid
were purchased from Merck (Darmstadt, Germany).
Acetonitrile was purchased from Carl Roth (Karlsruhe,
Germany), benzyl mercaptane from AlfaAesar (Karlsru-
he, Germany), and methanol was purchased from VWR
International (Leuven, Belgium).

Folin-Ciocalteu's phenol reagent was purchased from
Merck (Darmstadt, Germany).

(+)-Catechin, (-)-epicatechin, and (-)-epicatechin galla-
te were purchased from Carl Roth (Karlsruhe, Germa-
ny) and Procyanidin B2 was purchased from Extrasyn-
these (Genay, France).

MARTIN POUR NIKFARDJAM et al.

HPLC ANALYSIS

THIOLYSIS AND MEAN DEGREE OF POLYMERIZA-
TION (mDP)

Analysis was performed using the method by BoNERZ
(2003). Briefly, 400 pl of wine were added to 400 pl of a
S % solution of benzyl mercaptane in acidified methanol
(0.2 M HCI) in an HPLC vial. The vial was sealed and
placed for 4 min in a boiling water bath. After cooling
to room temperature the obtained solution was injected
into an HPLC (UltiMate 3000, Dionex, Idstein, Ger-
many) equipped with an autosampler and a diode-array
detector. Separation of compounds was achieved using
a LiChrospher 100 RP-18, 250 x 4.6 mm, S ym column
(VWR, Darmstadt, Germany) and a pre-column of the
same material maintained at 25 °C. The chromatograms
were recorded at 280 nm, and identification and quanti-
fication of the terminal and extension units were carried
out using diode array detection spectra and calculated as
(+)-catechin, (-)-epicatechin and (-)-epicatechin gallate
with three seperate calibration curves. The mDP values
were calculated according to the method published by
ATANASOVA et al. (2002). The injection volume was 20

pl.
PROANTHOCYANIDINS

Analysis was performed using the method by Pour
NIKEARDJAM (2001) based on a method of Lazarus
et al. (1999). Briefly, a C18-cartridge (Strata C18-E, 55
pm, 70 A, 500 mg, 6 ml, Phenomenex, Aschaffenburg,
Germany) was conditioned with S ml methanol and
water. After that 10 ml of wine were loaded onto the
cartridge and interfering substances washed off with wa-
ter. The cartridge was then dried under a gentle airflow.
The proanthocyanidins were eluted using S ml acidified
acetone (0.5 % acetic acid). The organic solvent was
then evaporated at 35 °C under reduced pressure. The
residue was re-dissolved in 1 ml acidified acetone and
then subsequently used for analysis without any further
pre-treatment. An HPLC (UltiMate 3000, Dionex, Id-
stein, Germany) equipped with an auto-sampler, dio-
de-array and fluorescence detector was used. Separation
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of compounds was achieved using a LUNA-Silica, 250 x
4.6 mm, S pm (Phenomenex, Aschaffenburg, Germany)
column and a pre-column of the same material main-
tained at 37 °C. Fluorescence spectra at an excitation
wavelength of 276 nm and an emission wavelength of
316 nm were used to identify and quantify the contained
proanthocyanidins expressed as (+)-catechin. Additio-
nally recorded diode array spectra at 280 nm were used
to check peak purity.

TOTAL POLYPHENOL CONTENT AND GENERAL
COMPOSITION

The total polyphenol content was determined using
the Folin-Ciocalteu method (RITIER et al., 1994) with
(+)-catechin as standard. General components (density,
alcohol content, extract, reducing sugar, glucose, fructo-
se, pH-value, total acidity, tartaric acid, lactic acid, malic
acid, and acetic acid, and glycerol) were measured on a
WineScan FT-120 (Foss, Hillerod, Denmark) (BAauM-
GARTNER et al.,, 2001). All analyses were performed in
duplicate.

DATA ANALYSIS

All data analyses was carried out using Excel (Versions
2003 and 2010, Microsoft, Redmond, USA), XLStat
(Version 2011.1.05, Addinsoft, Paris, Frankreich) and
SPSS (Version 21, IBM, Armonk, USA). Analysis of va-
riance (ANOVA) was conducted and Tukey’s HSD
test was used for separation of means. Principal compo-
nent analysis was conducted on all analytes.

RESULTS AND DISCUSSION

GENERAL COMPOSITION

Results of the FTIR analysis are given in Table 1. The
mean alcohol content across all varieties equates to 13.2
% v/v, which is somewhat higher than the 12.0 to 12.5
% v/v, generally found in Wiirttemberg, the lower levels
reflecting consumer preference for easy-drinking red wi-
nes from this region (WURTTEMBERG WINE QUALITY
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APPROVAL BOARD, personal communication). Trollin-
ger wine shows lower levels of extract, likely reflecting
the stylistic trend of higher residual sugar in this variety.
It also has a lower concentration of tartaric acid compa-
red with other varieties, concurring with anecdotal re-
ports for this variety in Wiirttemberg. This is consistent
with the speculation that "Trollinger' does not reach full
ripeness in this region, tending to produce wines of more
intense character and balance only in more southern
European locales, such as South-Tyrol in northern Italy
(HuBER et al., 2005).

'Lemberger' was the variety with the lowest pH, asso-
ciated with its higher total acidity values. Interestingly,
volatile acidity levels are higher in cuvées and Pinot noir
wine compared with Lemberger and Trollinger wines.
This may be attributable to the fact that Pinot noir wines
and cuvées are more likely to undergo maturation in bar-
rels, which is known to increase volatile acidity (Cro1-
TORU, 2013).

There is also a large (2.6 x) difference between the va-
rieties in total polyphenol content. 'Lemberger’, previ-
ously identified as a polyphenol-rich variety (STRAUSS
etal,, 2013), had similar contents to 'Pinot noir". In con-
trast, '"Trollinger' shows the lowest polyphenol values, in
agreement with other phenolic results presented below.
The high values for the cuvées are probably due to the
use of anthocyanin-rich varieties such as 'Cabernet Dor-
sa' or 'Cabernet Mitos' as blending partners, which may
contribute a significant portion of phenols (SCHIEFER
and STEINBRENNER, 2012).

PROANTHOCYANIDINS

The results of NP-HPLC on tannic composition are gi-
ven in Figure 1 and expressed as mg catechin/l. Pinot
noir wine shows significantly higher concentration of
both monomeric and total tannins, consistent with
some reports from other wine regions (Kemp et al,
2011). While this finding may be positive with respect
to the potential health benefits of Pinot noir wines from
Wiirttemberg, it is a variety well-known to produce wi-
nes with harsh, green, and astringent tannins when gra-
pes do not reach complete ripeness (LAFONTAINE et
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Table 1: Basic physicochemical composition of wines measured by FTIR and Folin-Ciocalteu method (total phenols). Data
represent mean + standard deviation; wines with different letters differ significantly for each parameter (p < 0.05 from

ANOVA followed by Tukey’s HSD test)

Parameter Cuvée Lemberger Pinot noir Trollinger
(n=10) n=12) n=5) (n=10)
Density 0.9941 + 0.0010 a 0.9932 + 0.0017 a 0.9936 + 0.0014 a 0.9931 + 0.0024 a
Alcohol (g/1) 1069 £ 2.8 a 104.7 £ 3.1a 103.8 £+ 83 a 102.6 £+ 3.6 a
Extract (g/1) 30.1 £2.7a 272 +4.1a 277+ 52a 258 +52a
Residual sugar (g/1) 28+ 12a 38+23a 38+ 15a 52+54a
Glucose (g/1) 0.0+05a 08 +13a 0.6 +0.6a 1.7+27a
Fructose (g/1) 0.5+ 08a 1.0+ 1.1a 1.0 £ 0.8a 1.8 £30a
pH 385+ 0.11a 3.59 + 0.08 b 3.76 £ 0.21 ab 3.69 £ 0.13 b
Total acidity (g/1) 50+£05a 50+ 04a 45 £ 04 ab 44 £05b
Tartaric acid (g/1) 21+£03a 20+ 03a 1.9+03a 1.4+£02b
Lactic acid (g/1) 25+05a 1.9+03b 22 £0.1ab 2.0 £ 0.8ab
Malic acid (g/1) 02+03a 02+02a 03+0.1a 0.7 +08a
Volatile acidity (g/1) 0.73 £ 0.18 a 0.53 £ 0.16 be 0.70 £ 0.11 ab 0.44 £ 0.13 ¢
Glycerol (g/1) 82+ 1.0a 82+ 08a 7.7+09a 72+ 08a
Total phenols (mg/1) 2940 + 829 a 1975 + 631 b 2074 + 458 ab 1121 £ 259 ¢

al,, 2013), or through over-extraction of the grape seeds
post-alcoholic fermentation (WEIAND, 2009). Thus, op-
timisation and careful management of Pinot’s polyphe-
nol potential is important, and includes several systems
to remove the seeds from fermenters to allow extraction
of the skins alone, and removal of seeds from the bottom
of tanks after alcoholic fermentation is completed (WEI-
AND, 2009).

Lemberger wines and cuvées show very similar tannic
composition. This may reflect the common use of Lem-
berger wine as the base wine in cuvées from this region,
with the final wine typically blended with other prefer-
red varieties such as Trollinger and Pinot noir wines.
Pinot noir and Trollinger wines show very similar relati-
ve tannic composition, with approximately two thirds of
the tannins composed of monomers, 22 % of dimers, and
7 % trimers. However, 'Trollinger' is the variety with the
lowest total tannin content, with, for instance, only 40 %
of the total concentration of 'Pinot noir'. This is often re-
flected in the generally lighter-bodied style and colour of
reds from this variety (EDER et al, 2004). Interestingly,
Trollinger wine contains the highest proportion of poly-
meric tannins (trimers and larger), which make up 14.9
% of its total tannic fraction. This might be due to the ge-
nerally lower resistance of Trollinger wines to oxidative
polymerization of the tannins (FiscHER, 2003). Thus,
wines made from 'Trollinger' showed the most progres-

sed ageing with regard to tannin polymerization.
Overall, hexamers and heptamers make up only a very
small fraction of the tannin composition of these wines,
perhaps reflecting the relatively recent vintages used in
the study. Pinot noir wines tended towards the highest
concentration of these larger polymers.

MEAN DEGREE OF POLYMERIZATION (mDP)

Overall, the mDP values indicate that these wines are
generally of medium chain-length and do not differ bet-
ween varieties to a large extent (Fig. 2). Mean values for
mDP vary between 2.6 (Lemberger) and 3.1 (Trollin-
ger). The highest mDP values were found in Trollinger,
which was significantly higher than in Lemberger (stan-
dardised difference = 3.689, critical value = 2.705, p <
0.004). 'Trollinger' is known as a variety poor in poly-
phenols and thus tends to show brown hue and oxidati-
ve flavours relatively early in its development (EDER et
al., 2004). During oxidation, polyphenols form longer
chains and hence mDP increases (GONZALEZ-MANZA-
NO et al,, 2006). All other varieties showed no signifi-
cant difference with regard to mDP values. Regardless of
origin or variety, mDP generally increases with wine age
and is faster if anthocyanin content is higher, because
anthocyanins are also able to polymerize with procyani-
dins (VIDAL et al., 2002).
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Fig. 1: Proanthocyanidin composition derived from Normal-Phase HPLC analysis
(Pinot noir, n=5; Lemberger, n=12; Cuvée, n=10; Trollinger, n=10)
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Fig. 2: Results of the analysis on mean degree of polymerisation (mDP) of the polyphe-
nolic fraction
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b) Fig. 4: Principal component analysis (PCA) on all analytes with regard to the separation of
varieties
THIOLYSIS

Figure 3 shows the results from the thiolysis. Cuvées
show the highest content of tannic compounds, which is
mainly due to their high polyphenol content in general
(see FTIR results; Table 1). Generally, the concentration
of tannic compounds shows very good correlation with
the phenol content, as measured by FTIR (R* = 0.946).
Interestingly, the ratio between terminal and extension
units is very close to 1 : 2 across all varieties. This sup-
ports the results from the mDP values as they are close
to a value of 3 (see above).

The separation of the chain units by HPLC before and
after thiolysis revealed that catechin and epicatechin
monomers occur in wine on average in equal concentra-
tions, but monomers were especially high in Pinot noir
wines. Catechin occurred mainly as a terminal unit, and
epicatechin and epicatechin gallate rather as extension
units (data not shown). This is consistent with the re-
sults of SOUQUET et al. (2000) and SARNI-MANCHADO
etal. (1999).
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PRINCIPAL COMPONENT ANALYSIS (PCA)

APCA was run on all analytical data to further assess the
influence of the single parameters on the separation bet-
ween varieties, and elucidate the relationship between
the analytes themselves. Results show that the varieties
are primarily separated along PC1 (Fig. 4a), which is lar-
gely defined as a phenol vs. malic acid dimension (Fig.
4b). The separation of Trollinger wines from other va-
rieties along PC1 is largely due to its higher mean values
for malic acid, indicative of wines that did not undergo
full malolactic fermentation. Little separation between
wines is observed along PC2, which accounts for just
14 % of the variation, and is mainly defined as a sugar
and density/extract-related axis. Amongst the analytes
themselves, alcohol was negatively associated with re-
ducing sugars, as expected; however, it did not associate
with either total extract or the mean degree of polyme-
rization of the tannins. The various polyphenolic species
were all positively and highly correlated, suggestive of
both commonality in the extraction and retention beha-
viours of these components in wine, and also perhaps of
some redundancy in the analyses performed.

LIMITATIONS, FURTHER RESEARCH AND
CONCLUSIONS

The wines used here were not made by standardized
vinification procedures and represented multiple vinta-
ges. Furthermore, a sampling bias exists with respect to
the wines selected; thus, the differences in polyphenol
composition should be viewed as tentative. For 'Pinot
noir', only five wines were analysed; a greater number
of samples would increase confidence in the findings
reported. More research is encouraged to further elu-
cidate the link between polyphenolic composition and
perceptions of astringency and bitterness, both with
respect to further defining Wiirttemberg wines, and the
more general goal of understanding composition/senso-
ry relationships. In conclusion, we have applied modern
analytical techniques to successfully characterize the
phenolic and general composition of representative red
wines from Wiirttemberg. While this information may
assist German vintners now with production decisions,

MARTIN POUR NIKFARDJAM et al.

we support further research aimed at optimising the po-
sitioning of Wiirttemberg wines within a very competi-
tive marketplace. Points of differentiation and marketing
foci may include health and taste advantages, for which
these findings provide some base-line indicators.
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