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Abstract: Sulphur dioxide is used in the vinification process as an antimicrobial agent, but it is also considered as an important risk
factor for liver diseases. Stilbenes have inhibitory effects on the growth of lactic acid bacteria strains isolated from wine. The authors
investigated the viability of obtaining free-SO2 resveratrol-enriched red wines. Substitution of sulfite (7 g/100kg) for resveratrol (150
mg/L and 300 mg/L) in the vinification process did not change the basic physical and chemical properties of wine or its sensorial profile.
To the best of the authors’ knowledge this is the first time that this type of vinification procedure is reported.
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1. Introduction
Cabernet Sauvignon is one of the world’s most
widely recognized red wine grape varieties. It is grown
in nearly every major wine producing country among a
diverse spectrum of climates from Canada’s Okanagan
Valley to Lebanon’s Beqaa Valley. Cultivation of the
grape originally from France spread across Europe and
to Australia and America where it can be found in
places like California (Santa Cruz Mountains), Chile
(Maipo Valley), and Argentina (Tunuyán). The classic
profile of Cabernet Sauvignon tends to be full-bodied
wines with high tannins and noticeable acidity that
contributes to the wine’s aging potential. In cooler
climates, Cabernet Sauvignon has a propensity to
produce wines with blackcurrant notes that can be
accompanied by green bell pepper, mint, and cedar
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ones all of which become more pronounced as the wine
ages. In more moderate climates the blackcurrant notes
are often seen with black cherry and black olives ones
while in very hot climates the current flavors can veer
towards the over-ripe and “jammy” side [1].
Traditional vinification is a common procedure
which limits the contact with oxygen by the early
addition of sulfur dioxide (sulfite, SO2) [2].
Nevertheless, whilst SO2 is commonly used as an
antimicrobial agent and preservative in foods and wine,
it has also been listed as an important risk factor for the
initiation and progression of liver diseases due to
oxidative damage [3]. Sulfite in wine and foods has
been described as triggering asthma attacks [4]. The
prevalence of sulfite sensitivity in the asthmatic
population as a whole would be around 3.9%, with
steroid-dependent asthmatic patients being most at risk
[5]. Due to this, different strategies and alternative
methodologies are being carried out to reduce or to
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avoid the presence of sulfites in wines. Among them
the use of natural fungicides (i.e. hexanal), dimethyl
carbonate, lisozime, and modified atmosphere
packaging, two controlled atmosphere, and both
intermittent and continuous applications of O2 [2, 6].
Recently, interest has been focused on some natural
components of wine, such as phenolic compounds, as
an alternative to inhibit bacterial growth. Among wine
phenolics, flavonols and stilbenes have shown the
greatest inhibitory effects on the growth of lactic acid
bacteria strains isolated from wine [7]. The authors
hypothesized therefore that resveratrol could substitute
sulfite as a preservative in wine. The introduction of
stilbenes as a part of a whole vinification process has
never been evaluated. This fact would also permit to
increase the concentration of resveratrol, a polyphenol
with bioactive properties [8, 9] in wines.
The aim of the pilot work was to investigate the
viability of the substitution of sulfite by resveratrol in
the vinification process and its effect on the basic
chemical, physical, and sensorial indices of Cabernet
Sauvignon red wines. The authors were also aimed to
test the degree of enrichment of resveratrol in wines as
a consequence of the procedure.

2. Materials and Methods
2.1 Vinification Procedures
The best Cabernet Sauvignon red grapes produced in
vineyards of Tunuyán (Mendoza, Argentina) were
picked, delivered to the pilot plant, and placed in a
crusher-destemmer (10 L), with a temperature
management system. At harvesting, grapes had a
median sugar content of 26.2 ºBrix; a titrable acidity of
4.61 g tartaric acid/L; and a pH of 3.86.
The
following
different
micro-vinification
procedures were applied, using 100 kg of grapes for
each trial:
Procedure 1. A traditional red vinification without
resveratrol and with the addition of potassium
metabisulfite (7 g/100kg), at commencement of the
crusher destemmer process, decantation at 8-12 °C

during 1.5 weeks, and fermentation performed at
17 °C-20 °C by S. cerevisiae, using ammonium
phosphate (15 g/100kg) as a yeast nutrient.
Procedure 2. A red vinification with resveratrol at
150 mg/L and without potassium metabisulfite at
commencement of the crusher-destemmer process,
decantation at 8-12 °C during 1.5 weeks, and
fermentation performed at 17 °C-20 °C by S. cerevisiae
using ammonium phosphate (15 g/100kg) as a yeast
nutrient.
Procedure 3. A red vinification with resveratrol at
300 mg/L and without potassium metabisulfite, at
commencement of the crusher-destemmer process,
decantation at 8-12 °C during 1.5 weeks and
fermentation performed at 17 °C-20 °C by S. cerevisiae
using ammonium phosphate (15 g/100kg) as a yeast
nutrient.
Resveratrol was added as a -cyclodextrin complex
in microcapsules (Shanghai DND Pharm-Technology
Co., Inc. Shanghai, China) for increasing its solubility
and stability in wine.
2.2 Fermentation
The fermentation included, in the first 48 h after
crushing, a maceration: the liquid phase was
maintained in contact with the solid parts of grape (skin
and seeds) at a constant temperature of 17 °C. After
maceration, the entire bulk was pressed through a
hydraulic press and the liquid phase was transferred in
25 hL stainless steel tanks. The fermentation continued
at a controlled temperature of 20 °C according to the
sugar consumption. Subsequently, the liquid mass was
subjected to an ageing in steel at a controlled
temperature of 20 °C. Fermentation procedures lasted
13 days. The kinetic of fermentation was measured by
hydrometry. After fermentation the wines were
clarified with ovoalbumin, submitted to a first racking
and after one week decantation, they were analyzed.
2.3 Physical and Chemical Analyses
The dry matter of the wines was determined by
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drying of 10 mL sample in a boron silicate glass over a
water hot bath at 100 °C. After evaporation, the sample
was put in the oven until full drying. Alcoholic strength
at 20 °C (expressed as %vol), titrable acidity
(expressed as g of tartaric acid/L), volatile acidity (g
acetic acid/L), sugar content (g/L), dry extract (g/L),
and free and total sulphur dioxide (mg/L) were
determined according to the regulations of the National
Institute
of
Vinification,
Argentina
(http://www.inv.gov.ar/). The pH was also measured.
Colour index was assessed by the relationship
Intensity/Tone, were Intensity = A420 + A450 and
Tone = A420/A450.
2.4 Resveratrol Determination in Wines
Trans-resveratrol
was
purchased
from
Sigma-Aldrich (Steinheim, Germany). Solvents used
were of analytical grade, acetonitrile (JT Baker,
Deventher, Nederlands), and formic acid (Sintorgan,
Buenos Aires, Argentina). Standard solutions of
trans-resveratrol in pure methanol (JT Baker,
Deventher, Nederlands) were prepared. For resveratrol
determination, wines were filtered through a
membrane filter (0.45 lm) immediately after opening,
and injected in the HPLC. Trans-resveratrol was
determined by the HPLC method using an Agilent
1100 Series liquid chromatograph (USA) equipped
with UV/DAD and fluorescence detectors. The
analysis was performed on reversed phase Kromasil
100-5C18 thermostatized (35 °C) column (4.6 mm-250
mm, 8 mm) and formic acid/acetonitrile mobile phase.
All injections were performed in triplicate.
2.5 Sensory Analysis
A descriptive method was used to define the sensory
profile of the experimental bottled wines. A descriptive
panel of 10 judges was employed. They have received
some preliminary training sessions in order to develop
a common vocabulary for the description of the sensory
attributes of the Cabernet Sauvignon wine samples, and
to familiarize themselves with scales and procedures.
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Each attribute term was extensively described and
explained to avoid any doubt about the relevant
meaning. On the basis of the frequency of citation (>
60%) 27 descriptors were selected to be inserted in the
card: colour intensity, colour evolution, violet red, rust,
dark red, bordeaux red, odour intensity, red fresh fruits,
red mature fruits, marmalades, flower, aromatic herbs,
spices, dry fruits, odor evolution, reduction, flavour,
acidity, sweet tannins, drying tannins, concentration,
finnish (persistency), bitter, fruitness, unctuosity, hot,
and astringent (tactile in mouth). The wine samples
were randomly evaluated by assigning a score between
0 (absence of the sensation) and 4 (extremely intense)
in individual booths under incandescent white lighting.
The analysis was performed by triplicate.
2.6 Statistical Analyses
The resulting scores between procedures were
averaged and compared. In order to find significant
differences among attributes between wines, ANOVA
or Mann Whitney tests, according to the parametricity
or not of the variables, were applied. The statistical
data treatment was performed using the statistical
package SPSS V12. Significance was applied at P <
0.05.

3. Results and Discussion
Results obtained in the analyses of the physical and
chemical properties of Cabernet Sauvignon wines are
reported in Table 1. No differences were observed
among procedures. Fig. 1 shows the kinetics of
fermentation in the different vinification procedures.
No differences were obtained among them. Results of
the sensory analyses showed that the majority of
attributes examined were similar among SO2 and
resveratrol wine making procedures (Fig. 2), although
vinification with 300 mg/L of resveratrol provided the
wine with the highest colour evolution, violet red,
and colour intensity (P < 0.05 versus Procedure 1).
The colour of red wines is one of the first features
perceived by consumers that can greatly influence their
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Table 1 Quality parameters of Cabernet Sauvignon red wines obtained through four different wine-making procedures.
Vinification
procedure
1

3.9 ± 0.09

Titrable acidity
(g tartaric acid)
6.11 ± 0.09

Volatile acidity
(g acetic acid/L)
0.18 ± 0.01

Dry extract
(g/L)
32.3 ± 1.43

1545 ± 141

2.93 ± 0.99

3.9 ± 0.01

5.64 ± 0.03

0.19 ± 0.02

32.8 ± 1.73

1798 ± 97

2.64 ± 0.68

3.7 ± 0.02 6.05 ± 0.13

0.18 ± 0.01

35.1 ± 0.63

1503 ± 86

Alcohol (%)

Sugar (g/L)

pH

15.5 ± 0.15

2.85 ± 0.7

2

15.3 ± 0.21

3

15.6 ± 0.14

Colour index

Procedures: 1, with potassium metabisulfite (7 g/100kg) and without resveratrol; 2, without potassium metabisulfite and with
resveratrol (150 mg/L); 3, without potassium metabisulfite and with resveratrol (300 mg/L).
14
12
10
8

P1

6

P2

4

P3

ºBe

2
0
1

2

3

4

5
Hours

6

7

8

9

Fig. 1 Evolution of the fermentation process in the different vinification procedures. P1, vinification procedure without
resveratrol and with addition of potassium metabisulfite (7 g/100kg); P2, vinification procedure with resveratrol at 150 mg/L
and without potassium metabisulfite; P3, vinification procedure with resveratrol at 300 mg/L and without potassium
metabisulfite.

commercial acceptance. Wines are expected to be
transparent and have intensive colour [10]. The mean
final content of resveratrol in wine was: 2.42 mg/L,
34.81 mg/L, and 93.85 mg/L following procedures 1, 2,
and 3, respectively.
In the present work the authors describe a novel
procedure in which resveratrol was used to replace
potassium metabisulfite as an antimicrobial and
preservative agent in the vinification procedure. From
the results, a wine making procedure using resveratrol
at 150 mg/L or at 300 mg/L, and without sulfite, does
not promote major changes in the basic physical,
chemical, or sensorial properties of wine in comparison
with the traditional vinification procedure using 7
g/100kg of potassium metabisulfite. Resveratrol,
despite its antimicrobial and antifungic properties, at

the above concentrations referred to did not change the
fermentation kinetics. Due to this, the use of resveratrol
alone is a promising tool for achieving a proper
vinification without SO2.
Wine fermentation, clarification, cold stabilization,
and filtration processes considerably affect resveratrol
contents. However, the influence of microbiological
processes is considered to be more important than that
of physical and chemical ones [11]. The authors used
the same yeast strain and no changes in the kinetics of
the fermentation were observed among procedures.
Other vinification steps, with exception of the
substitution of sulfite by resveratrol, were also identical.
Due to this we expected similar reductions in the
resveratrol content between procedures. Percentages of
recovery of resveratrol in wine in procedures 2 and 3
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Fig. 2 Sensory profiles of wine with the different vinification procedures: P1, vinification procedure without resveratrol and
with addition of potassium metabisulfite (7 g/100kg); P2, vinification procedure with resveratrol at 150 mg/L and without
potassium metabisulfite; P3, vinification procedure with resveratrol at 300 mg/L and without potassium metabisulfite.

were around 25%-30% of the quantity of added
resveratrol at the begining of the wine making
procedures.
The added value of this new vinification procedure is
that enriched-resveratrol wines were obtained.
Alternative technologies have been looked at in an
effort to increase the phenolic content (particularly
resveratrol) in grapes postharvest. An increase up
2.5-fold in the resveratrol content has been reported
after a 15 h anoxic treatment of the grapes, longer
treatments leading to damaged grape [12]. With the
authors’ new vinification procedure we obtained wines
with 14-fold and 39-fold resveratrol enrichments.
Resveratrol, is a polyphenol that belongs to the stilbene
family and occurs in relevant quantities in red wine
[13]. Besides antimicrobial and antioxidant properties,
resveratrol has been found to exert a wealth of
pharmacological actions, such as anti-inflammatory,

anticancer/proapoptotic,
chemopreventive,
antiangiogenic, and immunomodulatory [8, 9].
Recently, but on the basis of a review concerning
mainly studies in cell culture and animal models [14], a
controversy has recently arisen concerning the
potential benefits of resveratrol for human health [15].
As a consequence of the huge body of in vitro and in
vivo findings a lot of effort has been engaged in the
elucidation of the underlying mechanisms of
resveratrol action. At present, however, all findings
have not yet been translated into an approved clinical
application. PubMed lists more than 40 clinical trials
on resveratrol within the broad context of inflammation
associated disorders, many of them dealing with
diabetes, obesity, and coronary artery disease [9].
These studies often analyze inflammation-related
parameters in the plasma (i.e., CRP, TNF, IL-1, and
IL-6) and blood cells (i.e., activated kinases or
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transcription factors), or reported on functional
parameters, such as the status of the endothelium [9,
16]. Nevertheless, whether these changes in secondary
end points result in a clinically relevant improvement
of disease severity or a reduced occurrence of
disease-specific life-threatening events, have not been
yet established. In a sub-sample (n = 1,000) of the
PREDIMED (Prevención con Dieta Mediterránea)
Study, high urinary levels of resveratrol metabolites
were associated with a reduction in the prevalence of
cardiovascular risk factors in high-risk patients [17].
Recently, in a cohort study (n = 789) with older, Italian,
community-dwelling adults, total urinary resveratrol
metabolite concentration was not associated with
cardiovascular disease, cancer, or all-cause mortality
[18]. Further cohort studies with a large sample size or
clinical intervention trials are required to establish the
role of the concentration of resveratrol in biological
fluids, or its effect on secondary end points, on primary
end points for disease.
The length of time the grapes are left in the
fermentation process determines the amount of the
resveratrol wine contains. This is why red wine has a
higher content than the white one. Depending on the
geographical area, the type of vine, and the oenological
methods adopted for production, red wine usually
contains from 0.1-14.3 mg/L of resveratrol [19]. With
the new vinification processes described in the work,
besides avoiding the unhealthy properties linked to the
addition of potassium metabisulfite, the quantity of
wine resveratrol is increased. The American Heart
Association recommends limiting alcohol consumption
to one drink in women and two drinks in men
preferably taken at meals [20]. With the authors’ new
processes of vinification one drink a day (150 mL)
would provide around 5.25 mg or 14.25 mg of
resveratrol. A concern has been raised among the
safety of high resveratrol doses in humans. However,
recent studies on the evaluation of the safety and
potential mechanisms of activity following multiple
dosing, have found resveratrol to be safe and

reasonably well tolerate at doses of up to 5 g/day [21].
In human studies, a daily dose of 10 mg of resveratrol
has been shown to increase insulin sensitivity and
reduce oxidative stress when administered during 4
weeks [22], and to improve endothelial function when
administered during 3 months [23] to diabetic patients.
Results of a recent meta-analysis indicate resveratrol as
a promising tool in the management of type 2 diabetes
patients [24]. Moreover, resveratrol is known to have a
poor bioavailability when ingested from other sources
but grape products [25]. Thus, increasing the content of
resveratrol in wine can improve the effectiveness of the
administered resveratrol dose.

4. Conclusions
Substitution of sulfite (7 g/100kg) by resveratrol at
concentrations of 150 mg/L and 300 mg/L in the
vinification process do not change the basic physical
and chemical properties of wine, as well as its sensorial
profile, but provides wine with a high intensity colour.
As a consequence of the process an enrichment of
resveratrol in wine occurs at quantities which have
been proven to have benefits for health when moderate
wine consumption. Further studies on the wine
characteristics, other than the conventional ones, and of
the health benefits of these wines are warranted. To the
best of the authors’ knowledge this is the first time that
this type of wine making procedure has been reported.
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