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Abstract: The aim of this project was to study changes in the content of trans-resveratrol in berries and leaves

of grapevine (Vitis sp.) infested by fungal diseases, especially by Botryotinia fuckeliana Whetzel, called as grey
mildew, Plasmopara viticola (Berk. & M.A. Curtis) Berl & De Toni, called downy mildew and Uncinula necator
(Schw.) Burr, called powdery mildew. In our experiments two white and two blue varieties were used. Contents
of trans-resveratrol were determined in healthy and infested leaves and in healthy berries. Infested leaves of
white varieties contained more trans-resveratrol than those of blue varieties. The content of trans-resveratrol
in berries was lower than that in leaves.
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It is known that after the infestation with Botryotinia fuckeliana Whetzel., the grapevine is
capable to synthesise greater amounts of phytoalexin trans-resveratrol, which serves as a natural
protection against infection. In European cultural
grapevine Vitis vinifera L. the contents of resveratrol were repeatedly reported. However, as a result
of crossing European and American grapevine
species, some new varieties were obtained, which
showed a better resistance to fungal diseases. As
they are products of crossing of different species,
they are called interspecific varieties.
Although phenolic substances are routinely synthesised during the processes of plant growth, the
synthesis of some of them is induced also by stress
factors caused for example by fungal diseases or
UV radiation (Beckman 2000). From the chemical
point of view, these compounds are derivatives of
amino acids phenylalanine and tyrosine (Naczk &

Shahidi 2004). The group of phenolic substance
involves a number of compounds ranging from
simple phenols, phenolic acids and their derivatives
to coumarins, flavonoids and stilbenes, tannins and
lignins (Merken & Beecher 2006). The roles of
these compounds within the plants are very different: they protect them against pests and UV radiation, attract pollinators, function as antioxidants,
and endow sensory properties and colour to their
fruit. They are important not only for plants but
also for humans as they often show high antioxidative properties and also positively influence the
cardiovascular system (Jackson 1994; Revilla &
Ryan 2000; Nikfardjam et al. 2006).
These phenolic substances are not distributed
uniformly within the plant organism and they are
typical only for some parts of the plant organism: insoluble phenols occur in cell walls while
soluble ones are present in cell vacuoles. Lignin
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and hydroxycinnamic acids are present above all
in ligneous structures where they increase the
mechanical strength of plant tissues (Scalbert
1993; Baucher et al. 1998). Stilbenes belong to
the groups of non-flavonoid phenolic substances
and just these compounds are considered to be
the carriers of resistance against fungal diseases.
Increased amounts of stilbenes are synthesised
not only in plants infested with fungal diseases
(above all with Botryotinia fuckeliana Whetzel.
Plasmopara viticola Berl. &. de Toni, and Uncinula
necator Burr.), but also under the effect of UV
radiation and some other stressors (Langcake
& Pryce 1976).
It is known that after the infestation with Botryotinia fuckeliana the grapevine plants can increase the synthesis of trans-resveratrol as a natural
means of protection in the neighbourhood of the
infested spot so that a further spread of the infection is prevented (Langcake 1981). Recently, the
main attention has been paid to resveratrol. This
compound can occur either in cis or trans-form.
In grapes, trans-resveratrol is considered to be
the main stilbene derivative. It is present above
all in skins of berries and also in leaves and grape
stalks (Mikeš et al. 2008) and during the process of
maceration it passes into wine. The occurrence of
trans-resveratrol in leaves was described in papers
(Adrian et al. 2000; Okuda & Yokotsuka 1996)
dealing with the synthesis of resveratrol under the
effects of UV radiation, aluminium chloride and/
or mechanical damage. Cis-resveratrol does not
occur in grapes (Jeandet 1991) and its presence
in wine is explained as a result of photochemical
isomerisation of trans-resveratrol and/or as a
product of organic viticulture (Jeandet 1995).
There are also glycosides of resveratrol in plant
material called piceids. These glycosides were
identified in grape skins and berries (Sun et al.
2006). Grapevines, grapevine wine and also other
foodstuffs of plant origin contain great amounts
of various flavonoids and phenolic compounds.
Their content may be as high as several grams per
kg of plant material (Burns et al. 2000). However,
the health function for humans and the protective
one for plants fulfils only one isomer, viz. transresveratrol, and for that reason the aim of this
study was to estimate its contents in interspecific
wine grape varieties approved in the territory of
the Czech Republic and to follow changes in its
contents in berries and leaves of grapevine plants
infested with fungal diseases.
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Material and methods
Berries and leaves were sampled in the vineyard
of the Department of Viticulture and Oenology,
Faculty of Horticulture, Mendel University of
Agriculture and Forestry in Brno, in the research
station Mendeleum in 2006.
Samples. Two white varieties were selected for
this study: Hibernal (Siebel 7053 × Riesling clone
239) and Malverina (Rakish × Merlan). The former
one was selected in German town Geisenheim
and its acreage in the Czech Republic is approximately 10.6 hectares. The latter one was selected
in Moravia (by Mádl, Kraus, Michlovský, Peřina,
and Glos) and its acreage is 6.2 hectares.
The blue variety Laurot (Merlan × Fratava) was also
selected in Moravia (by Mádl, Kraus, Michlovský,
Peřina, and Glos) and is grown on 3.5 ha of vineyards,
while Cerason (MI-5-100) (Merlan × Fratava) is a
new breeding, which has not yet been registered in
the National List of Varieties of the Czech Republic
(Pavloušek 2007).
Both healthy and infested leaves were sampled
(on 22 nd August and on 3 rd October) and also
healthy berries (on 3 rd and 23 rd October). As 2006
vintage was very favourable and the berries were
not infested, only healthy ones were sampled. Prior
to processing, all samples were deep frozen.
Processing of leaves. Frozen leaves were freezedried. Weighed samples of freeze-dried material
(0.25 g) were extracted for 30 min in 90% methanol in shade at room temperature and thereafter
centrifuged at 3500 rev/min for 10 minutes. The
sediment was rinsed twice with methanol and
centrifuged. Supernatants were pooled, the total
volume was recorded and the sample was stored
in a freezing box until the HPLC measurement.
Processing of berries. Frozen berries were homogenised in 90% methanol, extracted for 30 min,
and centrifuged under the same condition as leave
samples. This was followed by the second extraction for 30 min and centrifugation. The sediment
was rinsed with 90% methanol and centrifuged.
Supernatants were pooled, the total volume was
recorded and the sample was stored in a freezing
box until the HPLC measurement.
Reagents and solvents. Trans-resveratrol was
obtained from Sigma-Aldrich (Prague, Czech Republic). o-Phosphoric acid was obtained from
Fluka (Sigma-Aldrich, Prague, Czech Republic).
Acetonitrile and methanol were purchased from
Merck (Prague, Czech Republic).
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Chromatographic methods. Extracts were analysed using an HPLC apparatus (Hewlett Packard
1050) with a diode array detector (DAD) in a column Phenomenex Luna C18(2) (3 µm, 2 × 150 mm).
The volume of injected sample was 5 µl.
Mobile phase A: acetonitrile:o-phosphoric acid:
water (5:0.1:94.9), mobile phase B: acetonitrile:
o-phosphoric acid:water (80:0.1:19.9). For separation, the gradient from 0% to 45% of mobile phase
B within 55 min was used and thereafter from
45% to 100% of B within 10 min; the flow rate
was 0.25 ml/min. Column temperature was 25°C.
Trans-resveratrol was detected at 315 nm.
Results and discussion
Samplings were performed on two different
dates. It was expected that the date of sampling
(i.e. the degree of ripeness) could influence the
content of resveratrol in berries and also in leaves.
López (López et al. 2001) analysed five samples
of Spanish wines originating from different regions and detected trans-resveratrol only in one
of them.
Our research was focused on the detection of
trans-resveratrol. As can be seen in Table 1, the
biosynthesis of trans-resveratrol was increased in
infested parts of the plant. It is also important that
in infested leaves of white varieties the content of
trans-resveratrol was higher than in blue varieties.
This difference was studied also by Romero-Pérez
et al. (2001). Interesting results were published also
by Navarro et al. (2008) who studied contents of
various compounds (including trans-resveratrol)
in skins of berries of varieties Tempranillo, Bobal,
Cabernet Sauvignon, and Crujidera. The authors

demonstrated significant differences in contents
of trans-resveratrol between individual varieties.
However, their results were not corroborated in
our study. We observed the significant differences
in resveratrol contents in samples of individual
varieties; however, the content in blue varieties
was higher.
As results from the data presented in Table 1
show, infested leaves of white varieties (Hibernal,
Malverina) contained much more trans-resveratrol
than those of blue varieties (Laurot, Cerason).
On the second date of the harvest, contents of
trans-resveratrol were increased both in healthy
and infested leaves but values recorded for white
varieties were still higher than those in blue ones.
A similar study with infected leaves was performed
by Bernard et al. (2006). The authors infected
leaves with spores of Plasmopara viticola (Berk.
& M.A. Curtis) Berl & De Toni and found in fresh
leaves as much as 40 µg/g of trans-resveratrol.
The statistical analysis revealed by Anova, that
white or blue berries showed to be a very important trait. Results obtained by variance analysis
indicated (Figure 1) that the effect of the date of
harvest was highly significant, especially when
comparing the sum of values recorded for white
varieties with that of blue ones. Above all, the
second sampling the content of trans-resveratrol
was markedly increased. While on the first date of
sampling (22nd August) the effect of variety colour
was not significant, it was statistically highly significant on the second one (3rd October). Results of
the evaluation of the health condition and variety
colour on the content of trans-resveratrol (Figure 2)
also corroborated their highly significant effect
only in leaves of white varieties; in blue varieties

Table 1. Content of trans-resveratrol in leaves of interspecific hybrids (mg/kg of fresh matter)
Sampled on
22

nd

August

3rd October

Hibernal

healthy leaves
infested leaves

0.96
8.88

6.84
14.51

Malverina

healthy leaves
infested leaves

1.20
8.08

11.90
13.06

Laurot

healthy leaves
infested leaves

1.91
2.63

5.79
6.41

Cerason

healthy leaves
infested leaves

1.57
1.56

4.69
5.95
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Figure 1. Content of trans-resveratrol in leaves as dependent on colour of grapes and date of leaf sampling

Figure 2. Content of trans-resveratrol in leaves as dependent on colour, health condition and date of sampling

Table 2. Content of trans-resveratrol in berries of interspecific hybrids (mg/kg of fresh matter)

a higher degree of resistance than plants of the
European cultural grapevine Vitis vinifera L. Our
analyses demonstrated that, in case of infestation,
these more resistant plants also synthesised greater
amounts of trans-resveratrol then healthy plants. It
was surprising that infested leaves of white varieties contained more trans-resveratrol than those
of blue ones. The content of trans-resveratrol in
leaves was influenced also by the date of sampling.
In berries, the content of trans-resveratrol was
influenced only slightly and higher values were
recorded in blue varieties. Although the content
of trans-resveratrol in interspecific hybrids was
not so high that it would be the cause of their
resistance. It could be a great advantage that it is
not necessary to use the chemical protection in a
such extent as in case of European varieties. This
fact reduces the possible contents of pesticide residues in grapes, juice and wine so that the health
importance of these varieties is higher.

Berries

Sampled on
22nd August

3rd October

Hibernal

0.23

0.14

Malverina

0.31

0.25

Laurot

0.65

0.53

Cerason

1.33

0.54

the effect of these factors was insignificant. If the
variety colour was not involved into the variance
analysis, the effect of infestation (band also of
the variety) showed to be insignificant. On the
other hand, the effect of the date of sampling was
statistically highly significant.
Table 2 presents the results of analyses of berries
sampled on two different dates. In contradistinction
to leaves, the effect of sampling was not significant;
however, it was even slightly reduced on the second
date of sampling (Table 2). Berries of white varieties
contained less trans-resveratrol than those of blue
ones. Leaves and berries were sampled on different
dates because of leaf fall occurred before the fruit
fully ripened. The effect of the date of sampling of
berries was statistically insignificant.
Conclusions
In grapevine plants the content of trans-resveratrol increases above all in cases of their infestation with fungal diseases. Interspecific varieties
obtained recently by means of hybridisation show
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