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Abstract
The resveratrol (3,5,4'-trihydroxystilbene) is a phytoalexin belonging to the class of polyphenolic compounds called
stilbene, produced in response to stress factors by a wide variety of plants, including Vitis vinifera. This study presents
the high performance liquid chromatography (HPLC) system detection of the forms of resveratrol (cis- and trans-)
isomers in the skin of the Cabernet Sauvignon and Merlot black grapes from the Șimnicu de Sus wine grape-growing
area during the 2019 and 2020 period. The resveratrol isomers were determined throughout the period of maturation of
the studied varieties (15 July to 5 September) of the grape berries skin samples. The resveratrol content of grapes skin
decreased constantly from the green phase until the full maturity for both varieties, reaching zero for cis-resveratrol
(0.043mg/L for Cabernet Sauvignon variety in 2020) in the matured fruits.
Key words: cis- and trans- resveratrol, black grapes, grape skin.

INTRODUCTION
The resveratrol was isolated from the grape
berries, skin and seeds in 1976 (Wu et al.,
2013). In 1992, Siemann and Creasy reported
that the resveratrol could appear in grape
products and especially in wine being
considered responsible, at least partially for the
effects of wine on coronary artery disease.
Other studies confirmed this aspect as well (St
Leger et al, 1979; Rimm et al., 1991; Hertog et
al., 1995; Rimm et al., 1996; Arthur et al.,
1997; Hao et al., 2004; Nakata et al., 2012;
Timmers et al., 2012; Mazza et al., 2021).
Some varieties showed a trans-resveratrol
content in skins of two to three times higher
than the average content in all varieties
(Torchio et al., 2013; Nguyen et al., 2020).
Besides, resveratrol play a role in the
prevention of human pathological processes
such as inflammation, atherosclerosis and
carcinogenesis ( Stivala et al., 2001; Donna et
al., 2009; López-Nicolás et al., 2009; Holthoff
et al., 2010; Shingai et al., 2011; Stark et al.,
2011; Mobasheri et al., 2012; Carter et al.,
2014). The trans-resveratrol was considered to
have antimutagenic and chemoprotective
effects against cancer proliferation (Melzoch et
al., 2001; Borra et al., 2005; Chandra et al.,
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2015; Munir et al., 2015; Jiang et al., 2017),
antiseptic, antioxidant and anti-inflammatory
characteristics (Park et al., 2000; Pinto et al.,
2005; Szewczuk et al., 2005; Bist et al., 2010;
Zhu et al., 2012; Goutzourelas et al., 2015;
Benayahoum et al., 2015; Nunes et al., 2017).
As a result of these studies, the resveratrol is
considered one of the constituents of black
grapes and red wine that can be used to make
pharmaceutical preparations in order to
improve human health (Delmas et al., 2005;
Ahn et al., 2007).
The in-depth study of resveratrol isomer
stability was conducted by (Jeandet et al., 1991;
Căpruciu et al., 2007; Cayuela et al., 2009;
Kutil et al. 2015; Novelle et al., 2015; Oliveira
et al., 2017; etc). Another important aspect for
the synthesis of resveratrol is the influence of
the viticultural area on the total polyphenols
dynamics.
The influence of the viticultural area has been
studied by many authors who have established
direct relationships and correlations between
climatic
conditions
(temperature,
precipitations), soil conditions and resveratrol.
It has been established that the duration of
sunshine, precipitation, slope exposure and
winds are essential factors for the synthesis and
dynamics of total polyphenols (Sautter et al.,

2008; Rastija et al., 2009; Ubalde et al., 2010;
Duque et al., 2011; Geana et al., 2015; Cichi et
al., 2016; Leeuwen et al., 2016).
The quality-oriented practices in viticulture
produce grapes with high levels of stilbene
(Bavaresco, 2003; Yaman et al., 2016; Storchi
et al., 2019; Rocchetti et al., 2021).
It has been found that grape vines synthesize
the resveratrol as a response to stress factors:
hitting impact, high level of UV radiation
(Rodriguez et al., 2006; Choi, 2011), fungal
infections (Hoos and Blaich, 1990, Dai et al.,
1995; Schoonbeek et al., 2001; Pezet et al.,
2004), the presence of heavy metals such as
copper, etc.
The exposure to UV radiation produces
irreversible isomerization of trans-resveratrol
in cis- resveratrol which exhibits less stability
than the isomer which is not exposed to light
(Delmas et al., 2011; Wu et al., 2013).
When Botritys cinerea attacks, the resveratrol
is produced in grape as a means of self-defense.
Some studies have shown that a 160 mg/L
trans-resveratrol concentration is sufficient to

inhibit the growth of the Botritys cinerea
mycelium (Adrian & Jandet, 2012).
The objectives of this study were to determine
through high performance liquid chromatography (HPLC) system, the cis and trans resveratrol from the grapes of Cabernet Sauvignon
and Merlot cultivars at different stages of their
development, as well to do statistical analysis
of the obtained results at full grapes maturation.
MATERIALS AND METHODS
Sampling Sites
The experiments were organized in parcels
placed in identical orographic conditions
(plateau conditions), on a slightly levigated
reddish brown soil. Geographically, the area is
located in South West of Romania, at 44°24'23
"N, 23°48'09" E and it is characterized by mild
winters and long summers, with high sunshine
duration and low rainfall (Table 1), climatic
conditions required for the synthesis of
anthocyanins and total polyphenols, including
the resveratrol.

Table 1. Description of the sampling sites for blake grapes
Sampling sites
Altitude (m)
Average July temperature
(°C)
Radiation
Precipitation (mm)
Soil

Șimnicu de Sus
175
+22°C … +23°C
Hight
565
terraced forest brick soils or heavily eroded slopes with
moderate slopes rich in carbonates

The organization of the experiments was done
by the randomized block method, with 2
variants, representing the studied varieties,
respectively 15 vine per variety in 4 repetitions.
Soil preparation and grapevine work was done
uniformly for both varieties.
The varieties included in the study are grafted
on Berlandieri x Riparia Kober 5BB rootstock,
with 2 x 1.2 m planting distance, semi-high
growth with multiple Guyot cutting system,
with a crop load of 40 buds/vine.

used in the production of high quality red
wines.
The samples were harvested at 15 days between
the veraison phase and full maturity (15 July - 5
September), the analyzed varieties being in the
same stage of development.
For each variety, 100 grape berries were
harvested at the same specified date, in 3
repetitions and were analyzed in viticulture lab
of the Faculty of Horticulture, University of
Craiova (3 samples).

Fruit Sampling
The biological material used for analysis was
the grape berries skins of `Cabernet Sauvignon`
and `Merlot` cultivars, which are basic varieties
in the vineyards of south-western Romania,

Reagents
The pure resveratrol (trans - 3,5,4' trihydroxystilbene) was purchased from Sigma
Chemical Co. and the stock solution (1000
mg/L was prepared by dissolving 25.00 mg of
commercial product, without previous purifica-
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tion in 25 mL of methanol. The acetonitrile,
methanol and acetic acid were used for liquid
chromatography (Merck). The used water was
ultra-pure, Basic TWF.

The chromatographic separation was performed
on an Econosil C18 10 U column (250 mm x
4.6 mm i.d., 5 μm particle size) at room
temperature (20°C) and with thermostatic
control. The total gradient time was 35 minutes,
with a flow rate of 1.0 mL/min, with an
injection volume of 5 μL. The gradient elution
system consists of water (A) and acetonitrile
(B) (H2O/CH3CN 2: 8 v/v). The column
effluent was monitored by the UV detector.
The cis-resveratrol is detected at absorbance of
280 nm and the trans-resveratrol at 307 nm
absorbance. The identification was based on
retention time and spectrum data. In order to
confirm the accuracy of the method, repetitive
analyzes were performed, calculating the mean
relative standard deviation (RSD) for three
replicated determinations. The calculation of
the limit of detection (LOD), signal-to-noise
ratio (S/N) = 3 of the individual compounds
was reached at their maximum absorption.

The used protocol to resveratrol determination
by HPLC
A. Extraction-purification method based on
solvent extraction
The extract obtained from the skin of 100
grapes berries (representing a sample) was used
in order to identify the cis and trans-resveratrol
forms by HPLC Agilent 1000. The grape
berries obtained from the three samples were
manually separated, their skin was weighed and
placed in 50 mL of 96% ethanol. After
homogenization, the samples were kept in the
dark for 48 hours. To obtain the extracts, the
centrifugation method was used at 4000 rpm
for 20 minutes followed by filtration through
0.45 μm filters. Centrifugation was performed
with Centurion Scientific Centrifuge LTD K2
R Series. The samples obtained were kept in
the dark until the extract was subject to
chromatographic analysis.
B. HPLC method for determination
This study involves a simple, accurate,
sensitive and reproducible high performance
liquid chromatographic method for the
determination of resveratrol (cis- and trans3,5,4' -trihydroxystilbene) in the skin of
Cabernet Sauvignon and Merlot grapes. The
calibration curves of trans-resveratrol and cisresveratrol were obtained by plotting the peak
area of each standard against concentration in
the range of 5-100 and 2-50 mg/L, respectively.
The number of calibration points was eight for
trans-resveratrol and five for cis-resveratrol.
Each calibration point was the average of three
independent measurements.

Statistical Analysis
In order to determine the content of trans- and
cis-resveratrol in the grapes of the Cabernet
Sauvignon and Merlot, the analysis of variance
(ANOVA) was used. The differences between
the means values of trans- and cis- resveratrol
were tested by the Duncan test (using the SPSS
16 program). The results were expressed in
mg/L, as mean values ± standard deviation
(SD). Also, the coefficient of variation (CV %)
was calculated.
RESULTS AND DISCUSSIONS
The results of the study regarding the dynamics
of trans- and cis- resveratrol in the grape
berries skins are presented in Table 2 and
Table 3.

Table 2. The variability of trans- resveretrol (mg/L) in grape berries skin analyzed
in Șimnicu de Sus viticultural areas during the 2019-2020
Calendar
dates
15 July
29 July
8 August
22 August
5 Sept.

Mean

9.152
5.828
3.316
1.997
0.633

Cabernet Sauvignon
2019
2020
S.D.

0.76
0.65
0,40
0.10
0.08

CV
%

8.3
11.2
12.1
5.0
12.7

Variety of grapes

Mean

S.D.

CV%

Mean

8.463
4.539
2.822
1.240
0.430

0.27
0.17
0.19
0.18
0.04

3.2
3.7
6.7
14.6
9.3

11.083
7.581
4.363
2.491
0.996
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2019

S.D.

0.17
0.25
0.26
0.42
0.04

Merlot
CV
%

1.5
3.3
6.0
16.8
3.9

Mean

10.443
6.778
3.169
1.897
0.675

2020

S.D.

0.37
0.27
0.21
0.20
0.06

CV
%

3.5
4.0
6.6
10.5
8.4

Table 3. The variability of cis- resveretrol (mg/L) in grape berries skin analyzed
in Șimnicu de Sus viticultural areas during the 2019-2020
Calendar
dates
15 July
29 July
8 August
22 August
5 Sept.

Mean

7.119
4.910
2.213
1.083
0.065

Cabernet Sauvignon
2019
2020
S.D.

0.13
0.14
0.04
0.06
0.01

CV
%

1.8
2.8
1.9
4.6
19.6

Mean

S.D.

6.459
3.531
1.788
1.045
0.043

0.13
0.11
0.1
0.03
0.01

Variety of grapes
CV
%

2.0
3.1
5.7
2.6
23.3

The presented data show differences in the
resveratrol accumulation between both isomers
and varieties, which change from one
determination to another. The results of the
study show that a maximum of cis- and transresveratrol content was recorded at the
beginning of the grape maturation period for
both Cabernet Sauvignon and Merlot varieties
in both years of study (2019 and 2020). There
is a continuous decrease in the content of transand cis-resveratrol from the initial stage of
grape berries ripening to full maturity for both
studied varieties. Jeandet et al. (1991), find that
there is a decrease in the capacity of grape
fruits to synthesize the resveratrol during the
fruit maturation, and this appears to be
produced at the skin level. Thus, a maximum
content of 9.152 mg/L for trans-resveratrol was
recorded on 15 July 2019 and 8.463 mg/L in
2020 for Cabernet Sauvignon in Șimnicu de
Sus, the values continuing to decrease
continuously until the full maturity in both
years of study. A higher amount of transresveratrol quantity was extracted from the
Merlot variety skins in comparison with the
Cabernet Sauvignon variety under the same
orographic conditions and climate of the
Șimnicu de Sus vineyard plantation, i.e. 11.083
mg/L in the 2019 crop, and 10.443 mg/L in
2020. A continuous decrease in the transresveratrol content was observed during
maturation also by Giuffrè (2013) on the four
varieties of red grapes grown in the south-west
Calabria (South Italy). The coefficient of
variation of trans-resveratrol in the Cabernet
Sauvignon variety skins is low or medium in all
the analyzed data, between 5% and 12.7% in
2019 and between 3.2% and 14.6% in 2020
(Table 2). The variation coefficient of transresveratrol in the Merlot variety is low for most
determinations periods, ranging from 1.5% to

Mean

8.071
5.573
3.828
1.095
0.086

2019

S.D.

0.14
0.09
0.02
0.03
0.01

Merlot
CV
%

1.7
1.7
0.6
2.6
15.4

Mean

6.994
5.178
2.123
1.105
0.058

2020
S.D.

0.3
0.02
0.01
0.03
0.01

CV
%

4.3
0.4
0.7
2.6
16.6

16.5% in 2019 and from 3.5% to 10.5% in
2020 (Table 2). Higher levels of transresveratrol content in the Merlot variety have
been observed throughout the study compared
to the Cabernet Sauvignon variety, with a
higher dynamic in 2020. It can also be observed
that at the end of the maturity process, the
lowest value of trans-resveratrol is detected by
the HPLC system at the Cabernet Sauvignon
variety in 2020 with a value of 0.430 mg/L In
another study, the highest concentration of
trans-resveratrol detected in the Cabernet
Sauvignon grapes at full maturity in the
Tekirdağ region of Turkey was 0.443 mg/L
(Yaman et al., 2016). The resveratrol
concentration in skins ranged from 0.5 to 14.1
μg/g fresh skin, with an average of 4.12 μg/g
for the 36 skin samples from grapes grown in
Japan (Okuda & Yokotsuka, 1996). The
content of cis-resveratrol in Șimnicu de Sus
recorded a maximum value at the beginning of
the maturation period on July 15 for both
Cabernet Sauvignon and Merlot. The content of
cis-resveratrol decreases continuously for both
varieties both in 2019 and in 2020 until
September 5 (last date of the analysis). Lower
values were observed at the technological
maturity compared with trans-resveratrol
content (Table 3). The coefficient of variation
of cis-resveratrol for the Cabernet Sauvignon
variety is low in most analyzed data, ranging
from 1.8% to 4.6% in 2019 and between 2%
and 5.7% in 2020 and it has medium values
(19.6 %) at the end of the maturation period, in
2019 and very high values (23.3%) in 2020
(Table 2). The Merlot variety is characterized
in both years of study by a higher capacity of
cis-resveratrol synthesis compared to the
Cabernet Sauvignon variety. The coefficient of
variation of cis-resveratrol for Merlot variety is
also low in most of the analyzed data, ranging

248

36.3% than the Merlot variety, which had an
average content of 0.675 mg/Lbut the negative
difference was not statistically assured (Table
4). Similar data for the trans-resveratrol content
of the Cabernet Sauvignon and Merlot varieties
in the Șimnicu de Sus wine grape-growing
region were obtained at the end of the
maturation period also by Geana et al. (2015),
for the same varieties grown in Murfatlar
vineyards in Dobrogea, the viticultural area
located in the south-east of Romania.
Also, in 2020, the Cabernet Sauvignon variety
recorded an average content in cis-resveratrol
of 0.043 mg/L, lower with 25.9% than the
Merlot variety, which had an average content
of 0.058 mg/L the difference was not
statistically assured.
The two varieties studied in the two years
recorded similar cis-resveratrol content on
September 5, the differences were not assured
in any of the experimentation year (Table 5).

between 0.6% and 2.6% in 2019 and between
0.4% and 4.3% in 2020 and medium at the end
of the maturation period, both in 2019 (15.4%)
and 2020 (16.6%) (Table 3). Cui et al. (2015),
after a study on grapes and wine from three
major wine regions in China, show a
resveratrol content in Merlot wines higher than
that recorded in Cabernet Sauvignon wines. A
comparative analysis of the results obtained in
the two analyzed varieties in the two years of
study (Table 4 and Table 5) was performed on
September 5 (the last date of the analysis).
Thus, on September 5 2019, the Cabernet
Sauvignon variety recorded an average content
of 0.633 mg/L of trans-resveratrol, with 36.4%
lower than the Merlot variety, which had an
average content of 0.996 mg/L the negative
difference being statistically assured to a
significant degree. Also, in 2020, the Cabernet
Sauvignon variety recorded an average content
of 0.43 mg/L in trans-resveretrol, lower with

Table 4. The synthesis of the results on the trans- resveretrol content for the in grape berries skin analyzed in the
Șimnicu de Sus viticultural area on full maturity
Variety
Cabernet Sauvignon
Merlot

2019
Content of
trans-resveratrol
mg/L
0.633b
0.996a

Relative
content
%
63.6
100.0

2020
Content
of trans-resveratrol
mg/L
0.430a
0.675a

Relative
content
%
63.7
100.0

Note: Means separation by Duncan test at p≤0.05. Means with the same letter are not statistically significant.

Table 5. The synthesis of the results on the cis- resveratrol content for the in grape berries skin analyzed in the
Șimnicu de Sus viticultural area on full maturity
Variety
Cabernet Sauvignon
Merlot

2019
Content of cisresveratrol
mg/L
0.065a
0.086a

Relative
content
%
75.6
100.0

2020
Content of
cis -resveratrol
mg/L
0.043a
0.058a

Relative
content
%
74.1
100.0

Note: Means separation by Duncan test at p≤0.05. Means with the same letter are not statistically significant.

In 2019, the Cabernet Sauvignon variety
recorded on 5 September a cis-resveratrol
average content of 0.065 mg/L lower with
24.4% than the Merlot variety with an average
content of 0.086 mg/L the difference not being
statistically assured.

the technological maturity, it was observed that
the trans-resveratrol form is quantified more
than the cis-resveratrol form for the studied
varieties, with the highest values for the Merlot
variety in the Șimnicu de Sus viticultural area
in the 2019 crop.
The cis and trans-resveratrol forms of the black
grape varieties in the Șimnicu de Sus wine
grape-growing area were on a downward trend
during the maturation process, the highest
values being recorded in the first maturation

CONCLUSIONS
Studying the dynamics of resveratrol from the
beginning of the fruit maturation period until
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period. The resveratrol dynamics analysis of
the studied varieties highlights the high
potential of synthesis for this substance at the
skin level, requiring further studies of these
aspects. Thus, the Șimnicu de Sus viticultural
area becomes a point of reference within the
wine-growing area of South-West Oltenia
region, Romania, for obtaining quality red
wines. The resveratrol content in the grape
berries skin at the time of technological
maturity being a proof in this respect.
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