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Abstract

Concentrations of trans-resveratrol, catechin and epicatechin were analyzed in musts and wines produced from seven red and four
white grape cultivars from various wine growing regions of Turkey. Phenolics were quantified using an HPLC method optimized for
the separation of wine phenolics. Wine samples contained higher phenolics levels than the corresponding musts. With the exception
of Semillion, white wines and musts contained lower concentrations of phenolics than red wines and musts. However, the white cultivar
Semillion had the highest concentrations of catechin and epicatechin among all wine and must samples. Semillion wine catechin and epi-
catechin were 13.7 and 11.8 mg/L, respectively. The highest level of trans-resveratrol among the white cultivars was found in Narince
wine (1.93 mg/L). Within the red wine and must cultivars, Boğazkere, Öküzgozü, and Cabernet contained the highest concentrations
of flavan-3-ols and trans-resveratrol. Catechin was the major phenolic in all wines and most musts. Epicatechin was the major phenolic
in 6 of the 11 must samples, but none of the wine samples. trans-Resveratrol was generally found in lowest concentrations in both wines
and musts.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The amount and types of phenolics present in wines and
juice may play an important role in controlling oxidation in
the human body. Phenolic compounds, primarily flavanols,
have antioxidant properties which may be the source of
putative health benefits derived from wine consumption.
Wines contain a wide range of polyphenolic constituents
that have reported anticancer, and anti-inflammatory
effects in vitro, as well as the ability to block cellular events
predisposing to atherosclerosis and coronary heart disease
(CHD), (Aznar, Lopez, Cacho, & Ferreira, 2001; Faustino,
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Sobrattee, Edel, & Pierce, 2003; Franco et al., 2002;
Goldberg, Karumanchiri, Soleas, & Tsang, 1999; Gonz-
alez-Paramas, Esteban-Ruano, Santos-Buelga, De Pascual-
Teresa, & Rivas-Gonzalo, 2004; Guendez, Kallithraka,
Makris, & Kefalas, 2005; Jeandet et al., 1997; Monagas,
Bartolome, & Gomez-Cordoves, 2005; Teissedre & Lan-
drault, 2000; Vitrac, Monti, Vercauteren, Deffieux, & Mer-
illon, 2002). In France, CHD mortality is lower than in
other industrialized countries, even though the dietary
intake of saturated fat is higher. Regular consumption of
red wine has been hypothesized to be the most likely cause
for this phenomenon known as the ‘‘French Paradox’’
(Adrian et al., 2000a; Aznar et al., 2001; Burns et al.,
2001; Faustino et al., 2003; Gambelli & Santaroni, 2004;
Kolouchova-Hanzlikova, Melzoch, Filip, & Smidrkal,
2004; Landrault et al., 2001; Monagas et al., 2005; Saucier
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& Waterhouse, 1999; Teissedre & Landrault, 2000; Vinas,
Lopez-Erroz, Marin-Hernandez, & Hernandez-Cordoba,
2000).

Grapes contain a large amount of various phenolic com-
pounds in the skins, pulp and seeds. During fermentaion
and aging, wine compounds undergo structural transfor-
mations through oxidation and condensation reactions
which have an impact influence on wine astringency and
color (Gonzalez-Manzano, Rivas-Gonzalo, & Santos-
Buelga, 2004; Monagas et al., 2005). The extension of macer-
ation time (skin contact) and fermentation periods increases
phenolic content, but also increases undesirable quality
components such bitterness, astringency and off-flavors.

Concentrations of phenolic compounds increase during
wine fermentation which employs commercial and endoge-
nous enzymes (Vazquez, Perez-Coello, & Cabezudo, 2002).
However, the occurrence of phenolic substances in wines is
not only a consequence of their extraction from grapes dur-
ing winemaking. These compounds are present in complex
polymeric and glycosidic forms that are not easily degraded
by digestive juices and so their absorption into the body is
limited. During fermentation, these aggregates are broken
down to monomeric forms. This beneficial effect is impor-
tant from a nutritional point of view and so it would be
useful to find specific chemical parameters that could be
used to develop a ‘‘nutritional card’’ for wine (Gambelli
& Santaroni, 2004).

Once grapes are crushed and before the beginning of
alcohol fermentation, several condensation reactions take
place which involve anthocyanins, catechins, and procyani-
dins, and result in the formation of new polymeric pig-
ments (Revilla & Ryan, 2000). Therefore, the final
composition of polyphenol compounds in wine depends
on the polyphenols contained in the grapes, the extraction
parameters, wine production methods as well as chemical
reactions taking place during wine ageing (Czyzowska &
Pogorzelski, 2004; Garciaviguera & Bridle, 1995; Sun,
Spranger, Roque-do-Vale, Leandro, & Belchior, 2001).

Flavan-3-ols or flavanols are found in the solid parts of
the berry (seed, skin and stem) in monomeric, oligomeric,
or polymeric forms; the latter two forms are also know
as proanthocyanidins or condensed tannins (Monagas
et al., 2005). Flavanols, the other phenolic components of
wine, also have antioxidant properties (Guendez et al.,
2005; Vinas et al., 2000). It has also been found that alco-
hol and SO2 remarkably enhanced antioxidant properties
of flavanols (Saucier & Waterhouse, 1999). The neutral
phenolics are composed of flavan-3-ols, with catechin and
epicatechin as the two major compounds (Auw, Blanco,
Okeefe, & Sims, 1996; Blanco, Auw, Sims, & O�Keefe,
1998). Catechin and procyanidins have been shown to be
powerful in vitro inhibitors of LDL oxidation and platelet
aggregation (Careri, Corradini, Elviri, Nicoletti, & Zag-
noni, 2003; Gambuti, Strollo, Ugliano, Lecce, & Moio,
2004; Gonzalez-Paramas et al., 2004; Padilla et al., 2005;
Teissedre & Landrault, 2000). Minussi et al. (2003) & Mit-
jans et al. (2004) reported that the antioxidant and immu-
nomodulatory activity of wine has a positive correlation
with catechin and epicatechin concentration. Catechins
have many other beneficial health effects such as anti-
tumorgenic, anti-mutagenic, anti-pathogenic and anti-oxi-
dative properties (Buettner, 2004).

Phytoalexins occur naturally in various families of
plants, but grapes and related products are considered
the most important dietary source of these substances (de
Lima et al., 1999). They are stilbenes which include resve-
ratrol (trans-3,5,4 0-tri-hydroxystilbene), pterostilbene,
piceid and viniferins (Adrian et al., 2000a; Adrian, Jeandet,
Douillet-Breuil, Tesson, & Bessis, 2000b). Stilbenes con-
centrations can vary depending on factors such as grape
cultivar, mechanical injury, fungal infection mainly by
Botrytis cinerea (Careri et al., 2003; Jeandet et al., 1997;
Kolouchova-Hanzlikova et al., 2004), vinification proce-
dures (de Lima et al., 1999; Dixon, 2001), environmental
conditions (temperature, humidity, latitude, height above
sea level and geochemical characteristics) (Gambelli &
Santaroni, 2004; Gambuti et al., 2004) and abiotic stresses
such as ultraviolet (UV) (Adrian et al., 2000a; Careri et al.,
2003).

In recent years, it has been discovered that resveratrol
has several biological effects, including anticancer activity
for certain cancer types, cardio protection activity (Adrian
et al., 2000a; Aznar et al., 2001; Blanco et al., 1998; Careri
et al., 2003; Franco et al., 2002; Jeandet et al., 1997; Mit-
jans et al., 2004; Padilla et al., 2005), antioxidant activity
and inhibition of platelet aggregation, as well as anti-
inflammatory activity (Gambuti et al., 2004; Padilla
et al., 2005). There is increasing interest in resveratrol
research owing to its pharmacological activity (Dourtog-
lou, Makris, Bois-Dounas, & Zonas, 1999; Zhou et al.,
2004).

Because of their similar chemical characteristics, flava-
nols have been difficult to separate and quantify. However,
HPLC can provide different retention times to allow the
identification of these compounds (Garciaviguera & Bridle,
1995) and fluorescence detections should provide the neces-
sary selectivity for accurate quantification.

The objective of this study was to determine the relative
concentrations of phenols such as trans-resveratrol, cate-
chin and epicatechin in both wines and musts from various
red and white grape cultivars grown in Turkey.

2. Materials and methods

2.1. Chemicals and standards

Acetonitrile and acetic acid of HPLC-grade were
obtained from Merck (Darmstadt, Germany). HPLC-
grade methanol was purchased from Carlo Erba Reagent
(Milan, Italy). Standards of (+)-Catechin, (�)-Epicatechin
and trans-resveratrol were supplied from Sigma (St. Louis,
Missouri, USA). Pectinex 2000 L and Pectinex AR were
obtained from Novo Ferment (Switzerland). Potassium
meta-bisulfide was purchased from Merck (Darmstadt,
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Germany). Saccharomyces bayanus (67 J INRA Narbonne)
was used in wine fermentation as yeast starter and it was
supplied from Fermicamp (France). Stock solutions
(1 mg/mL) were prepared by dissolving 2.5 mg of the com-
mercial product in 2.5 mL of methanol. They were kept in
dark bottles at 4 �C. Working solutions of each standard
were prepared by dilution with distilled water 1/10 (v/v)
just prior to analyzing.

2.2. Must and wine preparation

Eleven grape cultivars used in this study were supplied
from five different vineyard regions in Turkey and har-
vested in 2003. Seven red wines and four white wines were
produced from these cultivars. Each grape cultivar was
obtained from regions where growing conditions were most
favorable for that cultivar.

Each cultivar was harvested at the optimal stage of rip-
ening for commercial use from selected locations then
transferred and processed in the pilot scale winery at our
department. Pectinex 2000 L (0.05%) and Pectinex AR
(0.05%) were added to the pulp after fruit disintegration.
The maceration and pectinolysis process lasted 4 h. After
maceration, some parts of the must samples were analyzed
prior to fermentation. Potassium meta-bisulfide was added
(50 mg S02 kg�1) to the mash and pressed in a vertical
press. The must was inoculated with 2% yeast starter
(6 · 108 CFU/mL). Vinification procedures were com-
pleted for each cultivar must by dividing it into three
50 L flasks and storing them at 17 ± 2 �C until the sugar
was consumed. Other steps followed were the same as clas-
sic wine making practices; wines were racked and bottled
following filtration and kept in cold stabilization (�4 �C)
for two weeks. They were then stored in cellar conditions
for 3 months prior to analyzing.

2.3. Chromatographic procedure

trans-Resveratrol, catechin and epicatechin levels in
wine and must samples were measured by a HPLC system
(HP 1100 series, Hewlett–Packard, Palo Alto, CA, USA)
after small modifications of a previously reported method
(Vinas et al., 2000). This system was combined with a
quaternary pump (HP, G1311A), a fluorometric detector
(HP, G1321 A) and an autosampler (HP, G1329 A).
trans-Resveratrol, catechin and epicatechin were separated
on C18 Hypersil H5 ODS column (Phenomenex, Aschaff-
enburg, Germany) (250 · 4.6 mm i.d.) with gradient elu-
tion of three mobile phases (flow rate 1 mL min�1). The
mobile phases consisted of (A) 9% acetonitrile, 91%
(5%: aqueous acetic acid) (v/v); (B) 25% acetonitrile,
75% (5%: aqueous acetic acid) (v/v); (C) 70% acetonitrile,
30% (5%: aqueous acetic acid) (v/v), respectively. The step
gradient started with 100% mobile phase A for 10 min at
a wavelength (kEx/kEm) 280/315 nm (for catechin and epi-
catechin), step gradient to 100% mobile phase B in 1 min
and held for 11 min at a wavelength (kEx/kEm) 324/370 nm
(for trans-resveratrol). To prepare the column for the
next run, mobile phase C and then mobile phase A were
run for 5 min and 15 min, respectively, after each
injection.

Wine and must samples (0.5 mL) were centrifuged at
10,000g for 5 min and were placed in a thermostat con-
trolled autosampler (+4 �C). Hundred micro liters of sam-
ples and standards (0,10,100 and 1000 ng/mL) was injected
directly into the column. All measurements were performed
in triplicate (n = 3), values were averaged and the standard
deviation calculated.

trans-Resveratrol, catechin and epicatechin peaks were
identified by the comparison of retention times and UV
spectrums with commercial standards of phenolic com-
pounds. To evaluate the efficiency of the HPLC procedure,
each sample was also spiked with standards (1000 ng for
must and 100 ng for wine samples). Chromatograms were
analyzed with the HP Chemstation software, (Revision
A.08.03.847) and quantification was done using linear
regression analysis (Pharmacological Calculation System,
Version 4.0).

2.4. Statistical analysis

The concentration of flavan-3-ols and trans-resveratrol
were measured and analyzed using one-way ANOVA. Val-
ues (n = 3) were reported as mean concentration ± stan-
dard deviation. The SD was calculated by analysis of
variance using the Minitab statistical package (Minitab
Inc., PA). Furthermore, Duncan�s multiple range test was
used to determine the differences (p < 0.01) between vari-
ances by using the MSTAT statistical package (N. Drink-
water, Madison, WI).

3. Results and discussion

During the process of wine preparation significant
changes take place in the composition and content of
phenolic compounds resulting from the process of fruit
disintegration as well as wine fermentation and ageing
(Lopez-Velez, Martinez-Martinez, & Del Valle-Ribes,
2003). The total polyphenol content is highest for wines
made using an enzymatic treatment (Czyzowska & Pogor-
zelski, 2004). Low molecular weight catechins could sig-
nificantly participate in the reducing or antioxidant
power of red wine and could directly correlated with its
concentration (Katalinic, Milos, Modun, Music, &
Boban, 2004). Although the final composition of wine
phenolic compounds can be altered by must extraction
and wine production methods the major factor appears
to be the amount of polyphenols contained in the initial
grape cultivar.

Enzymatic maceration and yeast fermentation were used
in this study as a processing method during wine produc-
tion. This method was chosen because more phenolic com-
pounds are extracted from the grapes and undesirable
effects in the wine quality, such as secondary metabolites



Table 1
Mean levels of catechin, epicatechin and resveratrol in the analyzed must samples

Cultivars ColorB Location Region Concentration of phenols (mg/L)A

Catechin Epicatechin Resveratrol

Kalecikkarası R Ankara MA 0.044 ± 0.003cdC 0.160 ± 0.0057c 0.0056 ± 0.0014c

Çalkarası R Denizli A 0.812 ± 0.01b 0.335 ± 0.0086bc 0.0007 ± 0.0001c

Boğazkere R Diyarbakır EA 0.262 ± 0.01c 0.224 ± 0.0084bc 0.0246 ± 0.013bc

Öküzgözü R Elazığ EA 1.014 ± 0.031b 0.652 ± 0.013b 0.102 ± 0.033b

Cabernet sauvignon R Tekirdağ T 0.055 ± 0.002cd 0.214 ± 0.0025c 0.0004 ± 0.0003c

Cinsaut R Tekirdağ T 0.113 ± 0.004cd 0.098 ± 0.0046c 0.001 ± 0.00003c

Merlot R Tekirdağ T 0.019 ± 0.0005d 0.099 ± 0.0006c 0.0008 ± 0.000006c

Emir W Ankara MA 0.036 ± 0.0023cd 0.04 ± 0.0006c 0.291 ± 0.0008a

Narince W Tokat BS 0.054 ± 0.015cd 0.110 ± 0.0011c 0.023 ± 0.0017bc

Clairette W Tekirdağ T 0.067 ± 0.0072cd 0.157 ± 0.004c 0.02 ± 0.00003c

Semillion W Tekirdağ T 6.829 ± 0.144a 4.527 ± 0.194a 0.0082 ± 0.0004c

A Mean values and ±S.D. (n = 3) expressed in mg/L.
B R: red; W: white; MA: middle anatolia; A: aegean; EA; east anatolia; T: thrace; BS: black sea.
C Different superscripts within the same column for each value mean significant difference p < 0.01.

Table 2
Mean levels of catechin, epicatechin and resveratrol in the analyzed wine
samples

Cultivars Concentration of phenols (mg/L)A

Catechin Epicatechin Resveratrol

Kalecikkarası 14.226 ± 0.21aB 2.792 ± 0.070bc 0.467 ± 0.007e

Çalkarası 9.822 ± 0.642d 1.028 ± 0.027e 0.323 ± 0.013ef

Boğazkere 14.357 ± 0.725a 0.873 ± 0.007e 1.495 ± 0.020c

Öküzgözü 5.823 ± 0.186e 1.772 ± 0.030d 4.403 ± 0.084a

Cabernet
sauvignon

11.439 ± 0.491bcd 3.232 ± 0.024b 0.311 ± 0.006ef

Cinsaut 10.489 ± 0.166cd 1.716 ± 0.015d 1.245 ± 0.048d

Merlot 9.776 ± 0.261d 2.665 ± 0.077c 0.176 ± 0.008fg

Emir 3.029 ± 0.150f 1.075 ± 0.043e 1.243 ± 0.013d

Narince 12.343 ± 0.027abc 1.100 ± 0.022e 1.931 ± 0.022b

Clairette 5.832 ± 0.295e 0.545 ± 0.025f 0.273 ± 0.013fg

Semillion 13.748 ± 0.601ab 11.775 ± 0.124a 0.116 ± 0.00002g

A Mean values and ±S.D. (n = 3) expressed in mg/L.
B Different superscripts within the same column for each value mean

significant difference p < 0.01.
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and bacterial fermentation, do not occur. Table 1 shows
the grape sample originations from five different vineyard
regions.

Except for Semillion, red grape cultivars generally had
higher levels of catechin, epicatechin and trans-resveratrol
compared to white cultivars. White Semillion grapes had
the highest concentration of catechin (6.829 mg/L) and epi-
catechin (4.527 mg/L), however, Emir had the greatest
trans-resveratrol levels (0.291 mg/L). Semillion white
grapes had contained the highest flavan-3-ols concentra-
tions but the lowest trans-resveratrol. We observed the
same results in Semillion wines. This pattern was not
repeated between the red grapes and its wines. Therefore,
it can be said that each grape cultivar did not give the same
response to the same wine making practices. Within the
group of red grape cultivars, Ökügözü grapes contained
the highest levels of all three phenolics. The phenolic profile
of wine is not the same as that of fresh grapes because sig-
nificant changes in phenolic composition occur during the
wine-making process, both very early at the grape-crushing
stage and during wine fermentation and aging (Lopez-
Velez et al., 2003).

Tables 1 and 2 show the phenolic compound levels in the
must and wine samples. All of the wine samples contained
higher levels of flavanols than the corresponding must sam-
ples. Faustino et al. (2003) also reported that grape culti-
vars have a lower amount of catechin, epicatechin and
trans-resveratrol than found in wines. The biological activ-
ity of trans-resveratrol and it�s derivatives, that may be rel-
atively abundant in grapes and wines, has been reported
(Burns et al., 2001; Kolouchova-Hanzlikova et al., 2004;
Revilla & Ryan, 2000; Sato, 1997; Wang, Catana, Yang,
Roderick, & van Breemen, 2002).

Fig. 1 shows the HPLC profiles corresponding to the
must (a), wine (b) and three phenolics standards (c) using
fluorometric detection. The elution order and the retention
characteristics were: (1) catechin (tr = 5.7); (2) epicatechin
(tr = 8.9); (3) trans-resveratrol (tr = 19.6).
3.1. Flavan-3-ols concentrations

The largest concentration of the three phenolic com-
pounds examined in the musts and wines (Fig. 2) was
catechin. Of our 11 wines studied, Boğazkere red and
Semillion white wines had the highest levels. Catechin
and trans-resveratrol, had much higher average levels in
the red wines. However, epicatechin average levels were
higher in the white wines. These results show great sim-
ilarity to those previously reported by Minussi et al.
(2003). Catechin concentrations in the white wines also
were similar to a number of studies (Darias-Martin,
Rodriguez, Diaz, & Lamuela-Raventos, 2000; Landrault
et al., 2001; Teissedre & Landrault, 2000). As shown in
Table 3 the average catechin concentrations in must sam-
ples (0.85 mg/L) were lower compared to the wine sam-
ples (10.08 mg/L). These differences were found to be



Fig. 1. Chromatographic profiles of must (a), wine (b) and the standards (c). The peaks correspond to: (1) catechin (1 ll/mL); (2) epicatechin (1 ll/mL);
(3) trans-resveratrol (1 ll/mL). The wavelength changes are shown at the top of the figure.
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significantly different (p < 0.01). The phenolic compound
accumulation in wine may come from the enzymatic
preparation, yeast fermentation, and oxidative polymeri-
zation reactions. Research by Czyzowska & Pogorzelski
(2004) also shows that the total content of polyphenols
is highest for wines treated with an enzymatic prepara-
tion. The levels of catechin and epicatechin in all wine
samples showed a great similarity to that reported by
Minussi et al. (2003) and Garciaviguera & Bridle
(1995). However, these levels were at lower concentra-
tions than reported in other studies (Bonilla, Mayen,
Merida, & Medina, 1999).
French Merlot and Cabernet wines had remarkably high
levels of catechin and epicatechin compared to our observa-
tions in Merlot and Cabernet wines (Landrault et al., 2001;
Teissedre & Landrault, 2000). And in Spanish red wines,
(Gambuti et al., 2004) levels of catechin (65–195.4 mg/L)
and epicatechin (42.4–46.6 mg/L) were found. However,
young red wines were found to have levels of (catechin)
4.96–7.14 mg/L and (epicatechin) 2.02–3.02 mg/L which
were very similar to that found in the red wines of this study
(Gomez-Plaza, Gil-Munoz, Lopez-Roca, & Martinez,
2000). Also Blanco et al. (1998) reported comparable levels
of catechin 6.8 mg/L and epicatechin 1.5 mg/L in red wines.



Fig. 2. Comparative diagram shows mean values of catechin, epicatechin
and resveratrol in red and white wines. Black bars: (+)-catechin; Striped
bars: (�)-epicatechin; Dotted bars: trans-resveratrol.

Table 3
Average levels of catechin, epicatechin and resveratrol in must and wine

Average values of phenols (mg/L)A

Catechin Epicatechin Resveratrol

Must 0.846 ± 0.339bB 0.601 ± 0.222b 0.043 ± 0.015b

Wine 10.080 ± 0.643a 2.597 ± 0.534a 1.089 ± 0.002a

A Mean values and ±S.D. (n = 3) expressed in mg/L.
B Different superscripts within the same column for each value mean

significant difference p < 0.01.
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Among our must samples, the highest catechin level was
obtained in the Semillion must (6.829 mg/L). In the wine
samples, this flavanol was found to be the highest in red
Boğazkere wine (14.357 mg/L).

The significant differences (p < 0.01) of the average val-
ues between musts (0.601 mg/L) and wines (2.597 mg/L)
were determined for epicatechin levels. The highest epicat-
echin levels again were seen in Semillion must (4.527 mg/L)
and the Semillion wine also had the highest concentration
of epicatechin (11.775 mg/L). In comparison, Goldberg
et al. (1996) reported epicatechin levels between 16.7 and
64.4 mg/L in commercial wines. Padilla et al. (2005) also
found higher concentrations of epicatechin in Spanish
wines between 5.3 and 46 mg/L and Vitrac et al. (2002)
reported average epicatechin levels of 32.9 mg/L in red
wines.

3.2. trans-Resveratrol concentrations

trans-Resveratrol occurs in grape skin in a few lg g�1

fresh weights, mainly in its free form the correspond-
ing glucoside, piceid. cis-Resveratrol is not a natural
constituent of grapes and there is no evidence about fac-
tors that could facilitate such conversion during
winemaking.

trans-Resveratrol concentration in grape skins is also
effected by their sanitary state. In this study the must aver-
age level of trans-resveratrol (Table 3) was low (0.043 mg/
L). This fact may be easily explained by the grape stock�s
response to mold infections and physiological stresses
which produce higher levels of trans-resveratrol and other
stilbenes. If those phenomena do not appear, the levels in
grapes and wines may be low (Revilla & Ryan, 2000).
These differences can also be explained by the intensity of
gray mold infection at harvest time (Adrian et al.,
2000b). In addition to the previous reasons, some grape
varieties may be genetically richer in this compound (Burns
et al., 2001; Kallithraka, Arvanitoyannis, El-Zajouli, &
Kefalas, 2001).

Wine flavanols, which come from grape skin, are
extracted at the beginning of alcohol fermentation and they
are a source of trans-resveratrol after degradation due to
the b-glucosidase activity (Bavaresco, Fregoni, Cantu, &
Trevisan, 1999).

trans-Resveratrol appeared in lower concentrations than
the other phenols in this study. These results confirm previ-
ous research made by Vinas et al. (2000). Table 3 shows
that the average trans-resveratrol contents of wines
(1.089 mg/L) were higher than in must samples
(0.043 mg/L). There were statistical differences between
concentrations found in the musts and those found in the
wines (p < 0.01). The concentrations of trans-resveratrol
in musts and wines are profoundly influenced by some
practices, such as the use of enzymes. As regards enological
practices, vinification conditions seem to exert substantial
influence on trans-resveratrol and isomers concentrated in
wine (Dourtoglou et al., 1999). trans-Resveratrol levels in
the red grapes ranged between 0.0004 and 0.102 mg/L
and the white grapes varied between 0.008 and 0.291 mg/
L. Emir must (white cultivar) contained the highest trans-
resveratrol concentration of all the musts (0.291 mg/L).
Ranges for the red wines were 0.176–4.403 mg/L and white
wines 0.116–1.931 mg/L. In wines, the highest trans-resve-
ratrol level was measured in the red wine, Öküzgözü
(4.403 mg/L).

The trans-resveratrol levels in the red wines studied were
lower than previously reported (Adrian et al., 2000a; Kol-
ouchova-Hanzlikova et al., 2004). However, Baptista, Tav-
ares, & Carvalho (2001)found similar trans-resveratrol
amounts in Portuguese red wines (0.63–5.21 mg/L). And
in white wines, Darias-Martin et al. (2000) reported
trans-resveratrol levels similar to this study. Also Vitrac
et al. (2002) reported averages within the range of the
wines in this study (red wines 2.3 mg/L and white wines
0.06 mg/L).

In Italian red wines, the levels of trans-resveratrol have
been reported between 0.56 and 2.86 mg/L (Careri et al.,
2003). Goldberg et al. (1996) reported trans-resveratrol
levels ranging from 0.30 to 4.68 mg/L in commercial
wines. Padilla et al. (2005) found concentrations of
trans-resveratrol in Spanish wines between 0.06 and
4 mg/L. Also, Gambuti et al. (2004) found levels of
trans-resveratrol between 2.1 and 2.5 mg/L in Spanish
wines.
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4. Conclusion

The HPLC procedures provided excellent separation
and enabled quantitation of these three major compounds
present in must and wine. Our data has demonstrated the
differences of phenolic content were influenced by enzy-
matic preparation and controlled fermentation conditions.
In the research conducted by Czyzowska & Pogorzelski
(2004), the data shows that considerable modification of
flavanol composition takes place during enzymatic macer-
ation in the process of wine production. However, soil type
and fungal pressure are additional factors reported to influ-
ence phenolic concentrations (Baptista et al., 2001).

We determined that the concentrations of trans-resve-
ratrol, catechin and epicatechin increased from the origi-
nal must as a result of wine fermentation. Observed
levels of flavan-3-ols and trans-resveratrol were similar
to that reported by other researchers (Darias-Martin
et al., 2000; Landrault et al., 2001; Teissedre & Landra-
ult, 2000). On average, the largest increases from must to
wine were observed for catechin in both red and white
cultivars followed by epicatechin and trans-resveratrol
(Fig. 2). Since the phenolic content of wine, particularly
catechins and proanthocyanidins, have been of interest
due to their potential health benefits (Gonzalez-Paramas
et al., 2004) this study should be of value to those wine
makers and consumers seeking high levels of these
compounds.
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