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ABSTRACT
Resveratrol, (3, 5, 40-trihydroxystilbene) is a non-flavonoid polyphenol stilbene synthesized by plants when
damaged by infectious diseases or ionizing radiation. Although present in more than seventy plant
species, grapes and wine are the major dietary contributors of resveratrol, responsible for 98% of the daily
intake. In 1992, Renaud and De Lorgeril first linked wine polyphenols, including resveratrol, to the
potential health benefits ascribed to regular and moderate wine consumption (the so called “French
Paradox”). Since then, resveratrol has received increasing scientific interest, leading to research on its
biological actions, and to a large number of published papers, which have been collected and discussed in
this review. The relatively low amounts of resveratrol measured in wine following moderate consumption,
however, may be insufficient to mitigate biological damage, such as that due to oxidative stress. On this
basis, the authors also highlight the importance of viticulture and the winemaking process to enhance
resveratrol concentrations in wine in order to bolster potential health benefits.

Abbreviations: ALT: Alanine aminotransferase; AMPK: AMP-activated protein kinase; APC: Antigen presenting cells;
ApoB100: Apolipoprotein B100; ApoB48: Apolipoprotein B48; AUC: Area Under the Curve; BMI: Body Mass Index; BNP:
Brain Natriuretic Peptide; CAD: Coronary Artery Disease; CCL3: Chemokine (C-C motif) ligand 3; CCND2: G1/S specific
cyclin-D2 gene; CF: Calcium Fructoborate; cps: capsules; CRP: C-Reactive Protein; CVD: Cardiovascular disease; CYPs:
Cytochromes; CYP1A2: Cytochrome P450 1A2; CYP2D6: Cytochrome P450 2D6; CYP3A4: Cytochrome P450 3A4; FMD:
Flow Mediated Dilatation; GE: Grape extract; GE-RES: Grape-extract resveratrol; GLP1: Glucagon-like peptide 1; HbA1c:
Glicated hemoglobin; HDL: High Density Lipoprotein; HDL-chol: HDL-cholesterol; Hs-CRP: High sensitive-C Reactive Pro-
tein; IGF-1: Insulin like Growth Factor-1; IGFBP3: Insulin like Growth Factor Binding Protein 3; IL-10: Interleukin-10; IL-6:
Interleukin-6; LDL: Low Density Lipoproteins; LDL-chol: LDL-cholesterol; NAMPT: Nicotinamide phosphoribosyltransfer-
ase; NF-kB: Nuclear Factor –kB; NO: Nitric Oxide; OFR: Oxygen Free Radicals; Ox-LDL: Oxidized-LDL; PAI-1: Plasminogen
Activator Inhibitor-1; PBMCs: Peripheral Blood Mononuclear Cells; PGC1: Peroxisome proliferator activated receptor
gamma coactivator 1; PPARGC1A: Peroxisome Proliferator Activated Receptor Gamma Coactivator 1 alpha; RASSSF-1a:
Ras association domain-containing protein 1-alpha gene; RES: Resveratrol; SIRT1: Sirtuin 1; T2DM: Type 2 Diabetes
Mellitus; TNF-alpha: Tumor Necrosis Factor-alpha; TRMs: Total Resveratrol Metabolites; UC: Ulcerative cholitis; UF:
Ultrafiltrate; URM: Urine Resveratrol Metabolites; wks: weeks

KEYWORDS
Resveratrol; wine and health;
oxidative stress; winemaking

Introduction

It is well known that a healthy diet is one of the most
potent tools to avoid any kind of malnutrition, as well as to
reduce risk factors for chronic pathologies such as cancer,
cardiovascular diseases, diabetes and dementia. A balanced
diet must supply the suitable amount of energy and
nutrients to maintain the desirable body weight and homeo-
stasis. In this regard, several national and international
guidelines have been published to guide the choices of con-
sumers and public organizations (EFSA 2017; JECFA 2003;
USDA 2015), In the last few decades, besides the nutritional

balance, a relatively new concept on the proper intake with
the diet of functional compounds (for example antioxidants
such as polyphenols) has been introduced; in fact, while not
providing energy, they can contribute critically to the gen-
eral health of consumers (Vanzour et al. 2010; Cvejic and
Gojkovic-Bukarica 2016).

Aging and, consequently, chronic non-transmissible or life-
style diseases such as cardiovascular diseases, diabetes, oncolog-
ical and neurodegenerative diseases, start as functional
problems many years before their clinical manifestations. Aging
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as a concept of use and wear, as well as an accumulation of
damages in molecular structures over time have a common
denominator, namely, oxidative stress. Oxidative stress is an
increase in free radical production and/or a decrease in the pro-
duction of antioxidant molecules (Sies 1985; Hern�andez Saave-
dra and Mc Cord 2007; Pisoschi and Pop 2015). Cellular
biology covers the energy demands of metabolism through
organelles such as mitochondria. In order to accomplish this
process, mitochondria, which can be considered as chemical
machines, work at constant pressure and temperature to pro-
duce energy (adenosine triphosphate or ATP) 24 hours a day.
As part of this energy production process, however, mitochon-
dria also produce metabolic waste, that is, oxygen free radicals
(OFR). One to three percent of the oxygen that cells breathe
(which is equivalent to 4 to 12 liters of oxygen/day for humans)
leaks from the respiratory mitochondrial chain, goes through
their membrane and remains in the cell as OFR (Boveris et al.
1972), producing an accumulation of acid waste, molecular
damages, diseases and aging (Boveris 2005; Raha and Robinson
2000). Therefore, mitochondria, the main source of cellular
energy, are also the source of 95% of the body’s OFR (Stotland
and Gottlieb 2015). Correspondingly, evolving biology has
adapted by means of a system of “antioxidant defense” inside
the intracellular compartment to protect itself from damages
caused by its own functioning (Table 1).

Unlike intracellular spaces, the antioxidant defenses of
intravascular and intestinal lumen spaces depend almost
exclusively on the food supply, which makes them vulnera-
ble to oxidative stress if the supply is ‘unsuitable’. In other
words, the lifestyle-related prevention is greatly significant
to fight the redox imbalance. As Table 1 shows, the intra-
cellular antioxidant defense system is dual and based on
endogenous enzymatic system and a non-enzymatic food-
borne system. Eventually, the enzymatic system is defeated
by the damage produced by OFR, causing an increase of
oxidative stress (Sies 1985; Hern�andez Saavedra and
McCord 2007; Pisoschi and Pop 2015). It has been shown
that after 20 years of age, intracellular antioxidant defenses
as measured by glutathione concentration start decreasing
at approximately 1.2% per year due to OFR damage (Samiec
et al. 1998; Maher 2005). Therefore, oxidative stress caused
by OFR is the side-effect of energy production due to the
comburent used, which is oxygen (Barja 2014). As shown
in Figure 1, during human life, three stages can be poten-
tially identified in redox homeostasis: the first one is ‘full
health’ period, up to 28–30 years old, when antioxidant
defenses are balanced in number with pro-oxidant

molecules. The second stage is the ‘healthy’ period (appar-
ent wellbeing), between 30 and 60 years old, when there is
a redox imbalance with oxidative stress produced by the
deterioration associated with aging, being sedentary, over-
weight or obesity, an increased and unbalanced plasma cho-
lesterol concentration, and physical or psychological stress.
During this stage, the ‘healthy’ situation is relative due to
redox imbalance and lifestyle-related prevention is greatly
significant. After turning approximately 60 years old, a third
stage begins called ‘illness’ period with possible clinical
manifestations.

As shown in Figure 2, during this third stage (illness), total
oxidative stress is the sum of what has been provided by cellu-
lar breathing (level 1), oxidative stress by physiological stimu-
lation (e.g. postprandial) (level 2), metabolic waste and other

Table 1. Antioxidant defense systems in intracellular, intravascular and intestinal lumen spaces.

Source of antioxidant defense Specific molecule Intracellular space Intravascular space Intestinal lumen

Endogenous enzymes Catalase X
Glutathione peroxidase X X
Superoxide dismutase X

Endogenous antioxidant Glutathione X
Active molecules from food Carotenes X X X

Vitamin C X X X
Vitamin E X X X
Polyphenols X X X

Modified from Boveris 2004.

Figure 1. Oxidative stress snowball effect. Stages on redox homeostasis evolution
in time. In (y) redox homeostasis in (x) years.

Figure 2. Evolution of oxidative stress in time. 1) cellular breathing oxidative status
average; 2) oxidative stress by physiological stimulation (e.g. postprandial); 3) and
4) acute to mild chronic oxidative stress; 5) acute to moderate chronic oxidative
stress; 6) acute to severe chronic oxidative stress (Modified from Preiser 2012).
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disease risk factors such as high blood pressure, obesity, dysli-
poproteinemia, chronic inflammatory processes and diabetes
mellitus (levels 3 to 6).

The measurement of the body’s antioxidant defenses could
become usual practice in the future to evaluate risk factors for
chronic diseases, in addition to blood pressure and body
weight. For example, a quantification of skin carotenoids by
resonance Raman Spectroscopy has been suggested by Mayne
et al. (2013). A decrease in antioxidant defenses may act as an
alert to change dietary practices or to use antioxidant dietary
supplements to reduce the risk of cardiovascular, metabolic or
neurodegenerative diseases, as well as that of cancer. Non-inva-
sive Raman Spectroscopy is a technique that can be used to
measure antioxidant defenses (Ermakov and Gellerman 2010).

As cells do not have antioxidant reserves, if intestinal diges-
tion causes oxidative stress and there is not an appropriate die-
tary antioxidant balance, the cellular structures of the internal
milieu may be damaged (Rahal et al. 2014).

Potential benefits of drinking red wine with meals have been
partly ascribed to wine’s relatively large content of polyphenols
such as resveratrol (Das and Das 2010). Polyphenols have been
shown to reduce the damaging effects of OFR during food
digestion and absorption (Karatzi et al. 2008). Nourishment
may become a risky habit, therefore, if there is not an appropri-
ate redox balance in nutrients.

Resveratrol

Resveratrol (3, 5, 40-trihydroxystilbene) is a phytoalexin, non-
flavonoid polyphenol present in more than 70 plant species.
Only a few of these plants are edible and among the latter, the
most important are: Vitis vinifera (grape), Arachis hypogaea
(peanut), Theobroma cacao (cacao), plants producing berries
(Vaccinium myrtillus, Ribes nigrum, Rubus idaeus, etc.) and
their relative by-products (such as red wine, chocolate, juices,
etc.). It has been shown that resveratrol has in vitro anti-inflam-
matory effects and, accordingly, has been used as dietary sup-
plement in animal models to increase longevity and improve
health in mice fed with hypercaloric diet (Baur et al. 2006; Bir-
rell et al. 2005; Rahman 2006). Dietary studies in animal mod-
els have shown that resveratrol and other chemically related
compounds activate SIRT1 (Cant�o and Auwerks 2012; Timmer
et al. 2012), and imitate the effects of caloric restriction (Lee
and Min 2013; Wu and Hsieh 2011); sirtuins are a family of
deacetylase enzymes that, when activated, silence DNA infor-
mation. The interest in resveratrol in nutrition and medicine
started in 1992, when resveratrol was identified as a possible
explanation for cardiovascular protective effects associated
with the intake of red wine in “The French Paradox” (Siemann
and Creasy 1992; Renaud and De Lorgeril 1992). One potential
cardioprotective mechanism of action is the inhibition of low
density lipoprotein (LDL) oxidation (Frankel et al. 1993;
Frankel et al. 1995). Potential cancer preventive effects have
also been proposed for resveratrol (Jang et al. 1997; Carter et al.
2014; Xue et al. 2014). Such data increased the interest of scien-
tists, the general public and the pharmaceutical and dietary
supplement industries, so that a bibliographic search in
Pubmed using ‘resveratrol’ as the keyword currently delivers
more than 9,000 publications.

Numerous research efforts explored resveratrol’s biological
mechanisms of action. There are, however, certain limitations
that create doubts when extrapolating the results of basic in
vitro and ex vivo research to human health. For example, basic
research often involves dietary interventions with relatively
high doses of resveratrol compared to those naturally found in
wine (Lin et al. 2016; Wong et al. 2016).

It is well known that the foodmatrix is important inmodifying
intestinal absorption, bioavailability, pharmacokinetics of mole-
cules and, as a consequence, animal and human health outcomes
(Stockley et al. 2012). In general, lipophilic resveratrol has been
shown to be highly absorbed after oral ingestion and extensively
and rapidly metabolised through glucuronidation and sulfatation
reactions in the liver, and also through hydrogenation of the ali-
phatic double bond in the intestine (Soleas et al. 2001; Meng et al.
2004; Goldberg et al. 2003; Walle et al. 2004). Human studies by
Walle et al. (2004) on the oral absorption of 14C-resveratrol
showed that the elimination half-life of total resveratrol metabo-
lites is about 6 to 15 hours after oral doses. Resveratrol metabolites
can be detected in the urine of humans consuming one glass of
wine per week, if the last drink was consumed three days previ-
ously, or in those consuming three glasses of wine per week, if the
last drink was consumed five days previously (Zamora-Ros et al.
2006; Zamora-Ros et al. 2009).

Despite its rapid biotransformation, resveratrol may show effi-
cacy in vivo through its metabolites or derivatives (Stockley et al.
2012). In plasma, unmetabolised resveratrol binds to both albu-
min and lipoproteins such as LDL (Gambini et al. 2015). These
complexes, in turn, can be dissociated at cellular membranes,
which have receptors for albumin and LDL, leaving the resvera-
trol free and allowing it to enter cells. Accordingly, resveratrol
may interact with extracellular and intracellular molecules, and
its mechanism of action at the cellular level may be triggered by
either activating signaling pathways, when binding to cell mem-
brane receptors, activating intracellular mechanisms, or even
developing its effects inside the nucleus. In addition, its efficacy
may also be explained by the conversion of both sulfates and glu-
curonides back to resveratrol in target organs, such as the liver
and intestine (Vitrac et al. 2003; Wenzel and Somoza 2005). In
addition, in vivo effects may be attributable to its bioactive metab-
olites, which are measurable in plasma and urine post oral inges-
tion (Vitaglione et al. 2005; Boocock et al. 2007).

Resveratrol daily intake

Different studies have calculated the daily dietary intake of res-
veratrol or total stilbenes, but results are not always in agree-
ment (Rabassa et al. 2015; Siemann and Creasy 1992; Zamora-
Ros et al. 2006; Zamora-Ros et al. 2008; Zamora-Ros et al.
2009; Zamora-Ros et al. 2012). According to a relatively recent
study (Rabassa et al. 2015), the daily intake of total resveratrol
(total stilbenes) is in the order of few mg/day, where red wine is
the richest source (approximately 90%).

Resveratrol and human health: Criteria for literature
search

In this review, papers reporting human studies on resveratrol
intake and benefits are collected and discussed, according to
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the body of evidence. Two of the most important scientific
databases of references and abstracts on life sciences and bio-
medical topics, PubMed/MEDLINE and Embase, were system-
atically searched to create the present work. The following
search strategy and selection criteria were used: data were col-
lected from database inception to April 2017, with the terms
“clinical trial”, “benefits”, “health”, in combination with “res-
veratrol”. Additional search criteria were: human study; oral
exposure; and controlled trial.

Results

Since 2009, there has been a proliferation of resveratrol-related
dietary interventions in patients treated for different patholo-
gies and in healthy volunteers with risk factors. Searches from
1970 to 2008 produced mainly studies performed in vitro or in
laboratory animals. The papers selected according to the inclu-
sion criteria are listed in Table 2.

The Spanish PREDIMED study was one of the first studies
to assess the association between moderate wine consumption,
resveratrol intake and cardiovascular (CVD) risk factors in
1000 participants including high cardiovascular risk patients
(Zamora-Ros et al. 2012). Measuring the total resveratrol
metabolites (TRMs) in urine as biomarkers of exposure, the
authors showed that moderate wine consumption as well as
resveratrol intake can positively modulate some recognized
CVD risk factors, such as blood lipid profiles, fasting blood glu-
cose (significant changes only with resveratrol) and heart rate.
Data collected indicated that resveratrol intake (as such or with
wine) might help to decrease CVD risk factors.

A second study by Semba et al. (2014), assessed whether die-
tary resveratrol intake, but not specifically wine consumption,
modulated events associated with inflammation, CVD, cancer
and mortality. It was a prospective cohort study involving 783
community-dwelling men and women aged 65 years or older
in two villages of the Chianti area, from 1998 to 2009. Urines
were analysed to measure the level of resveratrol metabolites
(URM), and population was classified in quartiles: <1554 (n D
195), 1554–4996 (n D 196), 4996–15010 (n D 196), and
>15010 (n D 196) nmol URM/ g creatinine. During the nine
years of follow-up, 268 (34.2%) of the participants died. The
relationship between URM and all-cause of mortality was sta-
tistically evaluated and no significant correlation was found,
when the model was adjusted for age, sex, BMI, serum level of
lipids, and chronic diseases. In details, no differences was
observed between quartiles for heart failure, peripheral artery
disease, stroke, diabetes mellitus, cancer, chronic kidney dis-
ease, and overall mortality.

To better evaluate the result of the study, the authors calcu-
lated the average daily dietary consumption of resveratrol in
this population during the follow up. The mean log dietary
intake of resveratrol (mg) were: ¡2.71 (¡ 2.87 to ¡2.55) at
3 months; ¡2.82 (¡2.99 to ¡2.64) at 6 months; and – 2.66
(¡2.81 to ¡2.50) at 9 months. This amount appeared insuffi-
cient to have a significant influence on health status and mor-
tality risk of participants. Moreover, the lack of the expected
association may reflect variability in resveratrol intake, inter-
individual variation, and variability of host-gut microbiota

(Blaut and Clavell 2007; Nicholson et al. 2012) indicating that a
much larger sample size is required to reach final conclusions.

These contradictory studies, therefore, suggest that the next
research step is the identification of an effective ‘dose’ of resver-
atrol necessary to benefit human health. Summarizing the data
collected in this review (Table 3 and 4), the most significant
beneficial health effects are associated with the cardiovascular
system. The lowest active amount of resveratrol identified was
30 mg/day to improve endothelial function in healthy individu-
als (Wong et al. 2011). A wide range of resveratrol ‘doses’ has
been associated with the improvement of other physiological/
pathological functions and parameters or reduction of risk
factors.

The effects of viticulture and winemaking practices
on resveratrol concentrations in wine

Resveratrol exists in both cis and trans forms in wine, but trans-
resveratrol predominates in grapes and may be methylated and
polymerized to produce piceid, pterostilbene and the viniferins,
respectively, and glycosylated during fermentation (Jeandet
et al. 1995a; Langcake 1981; Pezet and Cuenat 1996). The aver-
age concentration of total resveratrol in red wine is 7 mg/L and
is 2 mg/L in ros�e and 0.5 mg/L in white wine, but ranges widely
according to grape variety, geographical indication and vintage
(Waterhouse 2002). In contrast to other grape-derived phenolic
compounds produced in the skins and seeds of grapes in
response to increased sunlight and temperature (Spayd and
Tarara 2002), resveratrol acts like a phytoalexin and is pro-
duced by the skin cells of grapes and by the leaves in response
to Botrytis cinerea, Plasmopara viticola, Rhizopus stolonifer,
Uncinula necator and other fungal infections on grapevines, as
well as in response to UV light, radiation and related external
stimuli (Ector et al. 1996; Adrian 2000; Gerschman et al. 1954).
Resveratrol is also synthesized by unstressed vines but to a sig-
nificantly lesser degree (Pezet et al. 1996). Disease-resistant
plant genotypes quickly produce and accumulate resveratrol
while in susceptible species, such as Vitis vinifera, production
occurs more slowly. The cultivar Pinot Noir appears quite sus-
ceptible to fungal infection and hence generally produces and
accumulates a higher concentration of resveratrol than other
varieties, irrespective of viticultural origin (Siemann and Creasy
1992; Goldberg et al. 1995; Jeandet et al. 1995b).

Accordingly, a high concentration of resveratrol has been
consistently measured in wines from cooler climate regions
reflecting a cool damp climate and increased fungal pressure,
such as Ontario in Canada, and Bordeaux and the Rhone Valley
in France, although some sub-regional differences were also
observed (Goldberg et al. 1995; Soleas et al. 1997). Conversely,
a significantly lower concentration of resveratrol has been mea-
sured in wines from relatively warm and dry climates. In grape
berries infected with powdery mildew, however, the concentra-
tion of resveratrol appears to be correlated with the fungal pres-
sure (Romero-Perez et al. 2001). Studies suggest also that
although the synthesis of resveratrol is induced and increases
as climatic conditions lead to Botrytis cinerea infection, exces-
sively heavy infection actually degrades the induced resveratrol
by activating an exocellular laccase-like stilbene oxidase, so that
a relatively low concentration of resveratrol is measured in

4 R. F. PASTOR ET AL.
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wines from a vintage where there is heavy Botrytis cinerea pres-
sure (Pezet et al. 1991; Jeandet et al. 1995b).

In nutraceutical research, ultrasonication techniques have
been applied to enhance the accumulation of secondary metab-
olites in plants. Ultrasonication techniques have recently been
applied to increase the accumulation of resveratrol in grape
skins and leaves (Hasan and Baek 2013). The accumulation of
resveratrol increased in grape skin by 7.7-fold after ultrasonica-
tion treatment for 5 minutes, followed by incubation for a fur-
ther 6 hours. The increase of resveratrol in leaves, however, was
less than that in grape skin. The amount of increased resvera-
trol in grape leaves after 15 minutes of ultrasonication, followed
by a 3-hour incubation, was 1.8-fold higher than that observed
in non-treated controls. The accumulation of resveratrol in
both grape skin and leaves was dependent on the ultrasonica-
tion time and the incubation period. Resveratrol-enriched
grape juice has also been obtained using ultrasonication treat-
ment reported in previous work (Hasan et al. 2014). In all the
grape varieties used, significantly higher amounts of resveratrol
were observed in grape juice manufactured from fruit treated
with ultrasonication of the grape skins of cultivars Campbell
Early, MBA, and Kyoho: the content of resveratrol in juices
increased by 1.53, 1.15, and 1.24 times, respectively.

The concentration of phenolic compounds in wine is also
influenced by winemaking variable (Revilla et al. 2001). The
extraction of total phenolic compounds during winemaking
from the skins, seeds and flesh of grape berries into must,
however, rarely exceeds 50% of the total amount present
originally in the grape (Somers and V�erette 1988). In gen-
eral, white wine is made by fermenting juice from which
grape skins and seeds have been removed, and red wine is
made by fermenting juice in the presence of grape skins
and seeds. Fermentation with solid grape material allows
the aqueous and alcoholic extraction of phenolic com-
pounds from the skins and seeds. The concentration of total
phenolic compounds in wine consequently increases during
fermentation with skins and seeds, but may subsequently
decrease as some of the phenolic compounds combine with
proteins and yeast hulls and precipitate. The concentration
of total phenolic compounds continues to decrease with fin-
ing and filtration, and during maturation.

As phenolic compounds are primarily located in the skins
and seeds of grape berries, it is implicit that winemaking practi-
ces, which influence the extraction of these compounds from
the skins and seeds into the wine, would influence their concen-
tration in the final wine.

Table 3. Summary of resveratrol’s effects in humans with different diseases.

Area No. of studies (Ref. to Table 1) Daily dose range (Lowest active dose) Comments

Cancer 3 (1–3) 0.07–5 g (0.07 g) Positive effects on markers of cellular proliferation,
migration and apoptosis.

Fatty liver 3 (4–6) 0.3 –3 g (0.3 g) Reduction of hepatic enzymes and opposing results on
inflammatory markers.

CVD 7 (7–12) 0.5–200 mg (0.5 mg) In most studies, reduction of LDL-cholesterol (�8 mg)
and some inflammatory markers (�0.5 mg).

Metabolic syndrome 3 (13–15) 0.1–1.5 g (1.5 g) No significant effects on flow mediated dilatation till
0.1 g/day.

Positive modulation of metabolic syndrome parameters
at 1.5 g/day.

Diabetes 5 (16–20) 0.01–3 g (0.01 g) Most studies showed improvement of insuline sensitivity;
contradictory results in reduction of glycemia.

Cognitive functions 2 (21–22) 0.075–2 g (0.075 g) General improvement of cognitive fuctions requiring
further research to be confirmed.

Other 3 (23–25) 0.03–0.5 g Reduction of pain score in women with dysmenorrhea
(30 mg/day) and improvement of inflammatory
biomarkers in ulcerative colitis (500 mg/day).
Improvement in mean net ultrafitration volume and
rate in dialized patients (�450 mg/day).

Table 4. Summary of resveratrol’s effects in healthy humans.

Area N.of studies (Ref. to Table 1) Daily dose range (Lowest active dose) Comments

Cardiovascular 4 (26–29) 0.030–2 g (0.030 for endotelial function) Decreased levels of risk factors for CVD: ApoB48
and ApoB100, endotelial function and oxidative
stress, etc.

Insulin sensitivity 5 (30–34) 0.075–1 g No significant result on glycemia and insulin
sensitivity.

Chemioprevention 3 (35–37) 0.005–5 g No significant effect.
Training performance 4 (38–41) 0.15–2 g No effects on training performance.
Cognitive function 1 (42) 0.250–0.5 (0.25) No effect on cognitive function, improvement in

cerebral blood flow.
Hepatic metabolic function 1 (43) 1 g Possible effect (positive or negative) on hepatic

metabolism of drug.
Bone mineralization 1 (44) 0.15–0.5 g Dose-response improvement of bone density.
Immunomodulation 1 (45) 5 g Improvement of immunomodulation and

inflammation.
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The influence of winemaking techniques in conjunction
with grape variety on the resveratrol concentration in wines
has also been studied for the cultivars Merlot, Cabernet Sau-
vignon and Prokupac as well as for Pinot Noir (Atanackovi�c
et al. 2012). Applied winemaking technologies included ther-
movinification and the separation of must from pomace. The
total resveratrol concentration in analysed wine samples ranged
from 0.35 to 4.85 mg/L. Merlot wines had the highest average
resveratrol concentration, while the lowest was found for the
native cultivar Prokupac.

Although resveratrol concentrations in the red wines
depended on the grape variety, correlation between the applied
winemaking technology and the concentration of resveratrol in
wines was not observed. Data suggest, however, that the most
important factor in winemaking is the maceration time, since
the highest concentrations of resveratrol and piceid, and the
highest antioxidant activity were found following six and ten
days of maceration for Vranec and Merlot wines (Kostadinovi�c
et al. 2012). In addition, the techniques of skin extraction and
enzymatic hydrolysis of glucoside forms play an important role
in resultant resveratrol concentration of wine, because stilbenes
are mainly found in skin cells of the berry (Bavaresco et al.
2012).

To enhance resveratrol concentrations in wine pre and post
fermentation, must could be enriched with resveratrol-rich
grape skins.

Alternatively, grape-derived resveratrol could simply be
added during winemaking; however, this practice is not allowed
in all countries. Sulfur dioxide is added during winemaking to
inhibit the growth of unwanted yeasts and bacteria, and to pro-
tect wine from oxidation. Sulfur dioxide is, however, associated
with allergies and sensitivities in susceptible individuals, which
is reflected in mandated warning labelling for added amounts
greater than 10 mg/L (Stockley and Johnson 2015). Conse-
quently, alternatives to sulfur dioxide are being sought. A pilot
study assessed the replacement of sulfur dioxide with the anti-
oxidant resveratrol during winemaking (Pastor et al. 2015).
Two different amounts of resveratrol (150 mg/L and 300 mg/
L), along with reduced or no sulfur dioxide added during wine-
making (Pastor et al. 2015), had similar effects on the organo-
leptic or sensory properties of the resultant wine. The beneficial
effects of adding resveratrol to reduce or replace sulfur dioxide
is two-fold for consumers ─ a reduced risk of an adverse reac-
tion with a potentially reduced risk of mortality.

Conclusions

The oxidative stress is an imbalance between antioxidant mole-
cule production and the oxygen reactive species, which are a
natural consequence of cellular breathing that produces energy
and is performed in mitochondria. This homeostasis is a deli-
cate balance in molecular biology aimed to maintain the suit-
able redox potential. If the redox potential increases, it means
that we are facing an increased production of oxygen free radi-
cals, which is one of the first risk factors of non-transmissible
chronic diseases, aging and its consequences like cardiovascu-
lar, metabolic and neurodegenerative diseases and cancer.
Given that the world’s population is growing at an unprece-
dented rate, where percentage of people worldwide aged 65 and

over is projected to double to approximately 17 percent of the
world’s population by 2050 (He et al.. 2016), research into sim-
ple dietary interventions to reduce the risk of these chronic dis-
eases have become increasingly important. Resveratrol has
been consistently shown to be a biologically active compound
since 1992, having potential effects on human health and dis-
eases. Wine is the main sources of dietary resveratrol although
average intake is in the order of few mg/day and it is not
enough to support healthy biological actions. Therefore, we
need to thoroughly investigate resveratrol’s effects in humans
and explore means to increase its concentration to be biologi-
cally relevant in foods (mainly fruits and derivatives) and bev-
erages (such as juices and wine).
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