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Abstract: Alcoholic beverages have been consumed for centuries in different countries
around the world. Today, we know that the ethanol they contain is associated with
significant health risks, especially in the case of abuse, in individuals with special health
conditions, and in pregnant women. However, over the years, awareness has grown that
wine, especially red wine, has a beneficial effect on human health due to the powerful effect
of the antioxidant substances it contains, known under the generic term of polyphenols.
The main concern remains around the ethanol content of wine and its effects on health.
After fifty years of research and studies, the debate is still open, with conflicting indications
about the positive effect of moderate wine consumption in the context of a balanced diet
and the toxic effect of ethanol even in low doses. In this disputed area, the market for
low-alcohol and alcohol-free wines has found its place in the last decade, creating a new
opportunity for the global wine trade. These new types of wine are going to open a new
chapter in the history of wine. In this review, we have summarised the main aspects of
the health implications of wine consumption considering scientific evidence from the last
50 years, including low-alcohol and dealcoholised wine.

Keywords: alcohol abuse; red wine; polyphenols; wine market; low-alcohol wine;
dealcoholised wine

1. Introduction
Nowadays, wine is one of the main traditional alcoholic beverages consumed all over

the world due to its easy accessibility, preservability, legality, and diffusion. It is mainly
used for hedonic reasons. Its beneficial effects have been recognised since antiquity, and its
use in medical therapy is well-documented. Wine, for example, was mixed with honey for
coughs, and various unguents containing wine and herbs were used for skin diseases [1]; it
was used for asthma, constipation, epilepsy, and jaundice [2]. Wine was also employed as
an antiseptic, sedative, and anaesthetic due to its alcohol content [3].

The role of wine in maintaining a good health status is still a hot topic today. It contains
numerous bioactive molecules, including polyphenols, flavonoids, flavonols, anthocyanins,
proanthocyanidins, and stilbenes, recognised for their beneficial health properties, such
as reducing the risk of cardiovascular infractions, neurological diseases, atherosclerosis,
and all causes of mortality [4]. Unfortunately, despite massive information campaigns
on the risks of alcohol abuse, its over-consumption is estimated at 76.3 million people
worldwide, with almost 1.8 million deaths each year [5]. Moreover, alcohol is casually
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linked to several cancers and considered a carcinogen, with a high variability in individual
responses influenced by factors like genetics, diet, and overall health [6].

In this context, dealcoholised wine has the potential to attract different market seg-
ments and meet the needs of those consumers who are more health-conscious or simply
cannot drink alcoholic beverages due to medical advice [7]. The question is whether
dealcoholised wine really is the panacea for all ills or whether, rather, it may pose health
issues to the consumer. The following paragraphs illustrate the pros and cons of wine
consumption described from 1970 to the present. The last paragraphs are devoted to
low-alcohol and dealcoholised wine and include a description of the target market, the
characteristics of these wines in relation to their stability, and some considerations regarding
health properties.

2. Search Methodology
The Scopus database was queried for basic and clinical articles published from 1970 to

the present. After several attempts, the terms “Wine AND Health” were chosen as the best
in terms of the breadth of topics covered. English language restriction was imposed. The
search yielded 6812 references, including original articles and reviews.

Considering the enormous amount of data obtained, the search was repeated in two
different periods: the first from the year 1970 to 1999 and the second from the year 2000 to
2024. Co-occurrence analysis of terms in titles, abstracts, and keywords of documents ob-
tained in Scopus from 1970 to 1999 and from 2000 to 2024 was performed using VOSviewer
(VOSviewer version 1.6.20). This strategy allowed us to identify the main themes addressed
by researchers in the two periods under consideration. Full-text articles were revised to
determine their interest, giving priority to systematic reviews. Studies with repetitive infor-
mation or of lesser relevance to the subject of this review were excluded. When appropriate,
the PubMed database was also consulted to acquire useful information. Finally, 262 articles
were selected.

We have deliberately tried to avoid technical terms in order to make this work as
accessible as possible to all readers. Given the broad area of research analysed, description
of the specific mechanisms of polyphenol activity in relation to health has been omitted.
However, the extensive bibliography cited allows for in-depth exploration of the topics
discussed hereafter.

3. Bibliometric Analysis from 1970 to 1999
In Figure 1, it is possible to observe the bibliometric networks constructed by using the

words “Wine AND Health” considering the period from 1970 to 1999. Obviously, the item
“wine” was the most important one (cluster 1, 139 links, 231 occurrences, and a total link
strength of 1646). It was followed by the items “alcohol consumption” (cluster 4, 129 links,
154 occurrences, and a total link strength of 1346), “alcohol” (cluster 2, 129 links, 140 occur-
rences, and a total link strength of 1237), “female” (cluster 2, 126 links, 176 occurrences, and
a total link strength of 1588), “male” (cluster 2, 127 links, 174 occurrences, and a total link
strength of 1528), “adult” (cluster 2, 113 links, 76 occurrences, and a total link strength of 1467),
“aged” (cluster 3, 108 links, 48 occurrences, and a total link strength of 774), and “risk factor “
(cluster 3, 102 links, 52 occurrences, and a total link strength of 551).

In particular, six main clusters were created, with 143 items, 3612 links, and a total link
strength of 13,984. Cluster 1, in red, mainly includes the items characterising wine and its
health promoter molecules/effects (resveratrol, polyphenols, antioxidants, vitamins, health
protection, etc.). Cluster 2, in green, contains those items linked to alcohol, alcoholism,
age, gender, and psychological and social aspects. Cluster 3, in blue, mainly links age,
race, risk factors, and various health diseases (breast cancer, colon cancer, diabetes mellitus,
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obesity, etc.). Cluster 4, in yellow, contains items like alcohol consumption, risk factors,
and cardiovascular diseases. Clusters 5 and 6 are minor clusters. Specifically, cluster 5, in
purple, includes items like mortality, ageing (80 and over), liver cirrhosis, and health care;
cluster 6, in light blue, associates the items ethanol, blood pressure, cholesterol, coronary
diseases, hypertension, risk, and stress.

Figure 1. Co-occurrence analysis using VOSviewer (VOSviewer version 1.6.20) of terms in titles,
abstracts, and keywords of documents obtained in Scopus from 1970 to 1999 using as keywords
“Wine AND Health” (links for each cluster are reported in the bar-chart in the top right).

This clearly shows that the period from 1970 to 1999 was greatly characterised by
research involving (i) wine as a health promoter; (ii) alcohol abuse; (iii) wine and, in general,
alcohol consumption and their impact on various diseases related to age, gender, and health
status; and (iv) wine compounds with health effects. It should be noted that most of the
studies conducted in the period from 1970 to 1999 refer to research concerning alcoholic
beverages in general. We have therefore selected those papers referring primarily to wine,
which will be discussed in the following paragraphs.

3.1. Wine as Health Promoter

In the 1970s, numerous studies were focused on wine’s microbiology and chemistry,
with a special interest in the development of new methods for determining the molecules
involved in wine quality, maturation, and ageing. Concurrently, alongside scientific work
on the risks of alcohol consumption, data on the positive effects of wine consumption have
also increased. One of the first sources reporting specific information on wine’s benefits
for health was given by St. Leger et al. [8]. In their survey, the authors analysed mortality
data in 18 different countries, considering variables like health services, economic and
demographic factors, population density, cigarette consumption, alcohol consumption
attributed separately to beer, wine, and spirits, calories, and fat intake. The principal
finding was a strong and specific negative association between ischaemic heart disease
deaths and wine consumption. Subsequently, Klurfeld and Kritchevsky [9] demonstrated
the superiority of red wine over other alcoholic beverages in preventing atherosclerosis.
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Their observation was based on an animal study involving rabbits fed a high-cholesterol
diet together with water (control) or different drinks containing ethanol. After 3 months, all
control rabbits had developed atherosclerotic lesions in the coronary arteries. All alcoholic
beverages except beer reduced the incidence of atherosclerotic lesions, but red wine showed
the most impressive effect, lowering the incidence of lesions by 40%.

Baum-Baicker [10] reviewed the health benefits of moderate alcohol consumption,
highlighting the inverse relationship between coronary heart disease (CHD) and regu-
lar alcoholic beverage use. This negative association was ascribed to alcohol’s effect of
increasing levels of high-density lipoprotein cholesterol, which acted in the removal of
cholesterol from tissue. Other explanations for alcohol’s moderate cardioprotective effect
included the associated diet changes in moderate drinkers, the silicon content in wine
and beer, decreased platelet aggregation and coagulation, and the ability to lessen stress
and/or alter personality patterns associated with CHD risks. Dry, non-sweet wine and
diluted, distilled spirits have been recommended in the treatment of diabetes. It has been
suggested that alcohol may improve glucose tolerance and blood glucose response to
ingested carbohydrates. Due to reported decreased HDL values in diabetics, alcohol has
been suggested as useful for its HDL-increasing function. Authors have reported positive
benefits of moderate wine consumption due to (i) trace metals and mineral content and (ii) a
moderate cardioprotective effect due to alcohol increasing levels of high-density lipoprotein
cholesterol. Later, Middleton [11] described the role of flavonoids from fruit, vegetables,
wine, and tea in mammalian cellular functions and enzyme systems in relation to health
and disease.

One of the most interesting publications on the effect of wine consumption on health
is given by Renaud and de Lorgeril [12]. The authors analysed the data from the MONICA
project, a worldwide monitoring system for coronary heart disease (CHD) organised by
the World Health Organisation (WHO), and noted that the mortality rate for CHD in
France was closer to that of Japan or China than that of the USA or the UK, particularly for
women, although saturated fat intake and serum cholesterol concentrations were similar
to those in the USA and the UK. This finding constituted the so-called French paradox.
In particular, data from the city of Toulouse, France highlighted that wine should have a
greater protective effect than other kinds of alcoholic beverages. The authors concluded
that the protection from CHD was not only associated with low serum cholesterol or high
HDL cholesterol due to alcohol consumption, as previously assumed by other authors, but
also reduced platelet aggregation. Arguably, this publication set the point where wine,
and no longer alcoholic beverages in general, was included, along with olive oil, fruit, and
vegetables, among the key foods that characterise the Mediterranean diet, which differs
from other European diets in its wealth of nutritious and non-nutritious antioxidants that
may contribute to the persistence of health-protective attributes [13–17].

Of interest is the intervention study performed by Leighton et al. [18]. The authors
reported the results of a 3-month survey on two groups of 21 male volunteers each who
received either a Mediterranean diet or a high-fat diet. During the second month, red wine
was added to the diets. The results obtained after clinical, physiological, and biochemical
evaluations supported the following conclusions: (i) a high-fat diet induces oxidative
stress; (ii) a diet rich in fruits and vegetables enhances antioxidant defences; and (iii) wine
supplementation to a high-fat or Mediterranean diet increases plasma antioxidant capacity,
decreases oxidative DNA damage, and normalises endothelial function.

3.2. Alcohol Abuse and Health

Another theme addressed in the period from 1970 1999 was alcohol abuse [19–23]. In
addressing this topic, researchers referred to alcoholic beverages in general, not specifically
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wine. Many interventions have been developed by governments of various states with
the intent of restraining heavy alcohol consumption. At the end of the 20th century, the
main goals of alcohol-related policies in the United States were to diminish motor vehi-
cle accidents and related injuries, lower the prevalence of alcoholism, and reduce health
complications associated with alcohol abuse [24,25]. In different parts of the world, the
type of alcoholic beverage differed on the basis of lifestyle, cultural characteristics, and
policies, with liquors consumed especially in US populations, beer in Germany, and wine
in other European countries [26]. Heavy alcohol consumption was associated with psycho-
logical effects, especially clinical depression [10], and health risk factors, highlighting the
relationship between alcohol consumption and various diseases in cohorts of patients
of different ages and genders. Marmot et al. [27] reported the results of a study on
1422 men, classified according to their average daily alcohol intake. Over 10 years
of follow-up, the mortality rate was lower in men reporting moderate alcohol in-
take than in either non-drinkers or heavier drinkers. They found a U-shaped rela-
tionship between estimated daily alcohol consumption by age and mortality from all
causes. Cardiovascular mortality was, however, greater in non-drinkers, and non-
cardiovascular mortality was greater in heavier drinkers. As for other pathologies, a
positive dose–response effect was largely evidenced, with alcohol designated as a di-
rect and specific cause of various morbidities. Kune and Vitetta [28] reviewed the
aetiology of colorectal cancer based on scientific evidences from 1957 to 1991, con-
cluding that alcohol increases mucosal cell proliferation, activates intestinal procarcino-
gens, and has a role in unabsorbed carcinogens. In their review, the authors outlined
that general or indirect carcinogenic effects of alcohol included immunodepression,
activation of liver procarcinogens, changes in bile composition, and increased tissue
nitrosamine levels.

Although the exact mechanisms through which chronic alcohol ingestion stimulates
carcinogenesis was not known, experimental animal studies highlighted that ethanol
is not a carcinogen, but, under certain conditions, it is a cocarcinogen and/or a tumour
promoter [29]. Ethanol metabolism was also evaluated in relation to the generation of highly
reactive compounds, such as acetaldehyde, unstable acetaldehyde–albumin complexes,
and free radicals, able to bind to cell constituents, decrease DNA repair mechanisms, trap
the detoxifying peptide glutathione, and induce chromosomal aberration. However, the
amount of unstable cytotoxic complexes in the serum of healthy male volunteers was
lower after drinking red wine than after drinking white wine, probably due to the higher
concentration of antioxidants in red wine [30].

3.3. Wine and Its Impact on Various Diseases Related to Age and Gender

Among studies conducted in the period from 1970 to 1999, Leger et al. [8] assessed the
factors associated with cardiac mortality in developed countries, highlighting that alcohol
consumption, primarily wine, was very strongly negatively associated with ischaemic
heart disease mortality and moderately positively associated with road accident deaths in
both males and females separately screened in the 25–34 and 55–64 age groups. Williams
et al. [31] conducted a large study on the association of cancer sites with tobacco and alcohol
consumption. The researchers pointed out that alcoholic beverage intake was positively
associated with a consistent dose–response increase in the risk of invasive cancers of the oral
cavity and the larynx. Females also exhibited a positive association of alcohol with rectal
cancer, whereas males did not. When age and race were controlled, a significant positive
dose–response association was observed. In a similar study, Hoey et al. [32] suggested that
alcohol and, particularly, red wine may be important risk factors for adenocarcinoma of
the stomach in France. In addition, cigarette smoking, a risk factor in itself, when coupled



Foods 2025, 14, 1854 6 of 31

with alcohol, appeared to markedly increase the risk. These findings were confirmed [33]
or disproved [34,35] by other studies in the same field.

An important piece of research from the same period focused on alcohol consumption
among women, with attention to the effect of drinking during pregnancy [36–39] and the
possible relationship between wine consumption and breast cancer [40–45] or colorectal
cancer [46–49].

3.4. Knowledge of Wine Compounds and Assessment of Health Effects in the Years 1970–1999

In light of the previous data, it is clear that until the end of the 20th century, the most
discussed and controversial results concerned alcohol content in alcoholic beverages. How-
ever, much of the scientific world was overall in agreement regarding the inverse correlation
between moderate alcohol consumption and the incidence of CHD. This was essentially
ascribed to alcohol’s capacity to increase levels of serum high-density lipoprotein (HDL)
cholesterol and to reduce platelet aggregation [12]. Moreover, alcohol was also designated
as responsible for an acute effect on fibrinolysis, thus preventing the tendency to increased
thrombus formation [50]. In work by Obisesan et al. [51], the authors hypothesised that
alcohol consumption was a risk factor for the development of age-related macular degener-
ation (AMD). The deleterious effect of alcohol on hypertension and its adverse effect on
some forms of retinopathy formed the basis for this hypothesis. Surprisingly, the study
showed a negative association between alcohol consumption and the odds of developing
AMD. Red wine was reported as the main actor in this negative association.

In wine, ethanol is the most abundant alcohol. In standard fermentation conditions, ethanol
can accumulate to about 14–15%, even if its concentration generally ranges between 10 and
13% [52]. Methanol is also present in wine at minor concentrations (about 0.1–0.2 g/L). Because it
is predominantly generated from the enzymatic breakdown of pectins, pectolytic enzymes
added to support wine clarification could accidentally increase the methanol content.
Methanol is neurotoxic, and its metabolites, formaldehyde and formic acid, can cause
organic lesions and central respiratory system disorders. It must, however, be considered
that wine has lower concentrations of methanol and its metabolites in comparison to other
alcoholic or non-alcoholic beverages [53,54]. In addition to the health effects of alcohol,
researchers in the years 1970–1999 also extensively evaluated the effect of polyphenolic
compounds, particularly anthocyanins, tannins, and flavonoids. These compounds had
already been known in the wine industry for some time, but they were considered mainly
for their contribution to wine’s characteristics, such as colour, sensory effects, aroma,
and texture. On the other hand, polyphenols from various vegetables have already been
indicated for their antioxidant activity [55,56]. However, it was not until the beginning of
1990 that wine polyphenols were definitely recognised, together with moderate alcohol
intake, as health promoters. The number of compounds identified in wine increased over
time (see Table 1) thanks to the development of gas chromatography, high-pressure liquid
chromatography, nuclear magnetic resonance, thin-layer chromatography, and infrared
spectroscopy [57].

Among phenolic compounds, wine flavonoids were recognised as potent antioxi-
dants and metal chelators. Their capacity to sequester and thus reduce the activity of
oxidant-inducing metals, such as iron and copper, was attributed to their 4-carbonyl and
1,5- (or 3-) hydroxyl groups [52]. Another class of compounds examined in the same period
was stilbenes and stilbene glycosides. Among them, the most extensively studied was
trans-resveratrol (3,5,4’-trihydroxystilbene). This compound was shown to modulate lipid
metabolism and inhibit low-density lipoprotein oxidation and platelet aggregation. Further-
more, as a phytoestrogen, resveratrol could provide cardiovascular protection. Resveratrol
has also been claimed for its anti-inflammatory and anti-cancer properties. [52,58–61].
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Other phenolics extensively studied for their antioxidant potential were the hydrox-
ycinnamic acids (caffeic, ferulic, and p-coumaric acids), catechins, and epicatechin [62–64].
The universal property highlighted for all of these compounds was related to their function
as antioxidants, expressed by their ability to capture free radicals and inhibit their enzy-
matic generation and to inhibit the oxidation of cellular components, such as membranes
and low-density lipoprotein. Studies from those years showed that some of these polyphe-
nols were able to prevent or reduce platelet aggregation, the synthesis of pro-aggregative
eicosanoids, and synthesis by leukocytes of pro-inflammatory leukotrienes. In addition,
certain polyphenols were demonstrated to be able to promote prostacyclin and nitric oxide
synthesis and thus play a role in optimising blood flow through the arterial system. Finally,
it was shown that quercetin in particular had anti-cancer potential, while other phenols
may have a weak lipid-lowering capacity [52].

Figure 2 may be useful to recognise the most studied phenolic compounds in wines in
the years 1970–1999. In particular, many of the detected compounds belonged to phenolic
acids and anthocyanins, followed by stilbenes, flavonols, flavones/isoflavones, flavanols,
and condensed tannins. Few other compounds belonging to the remaining classes were
reported (Figure 2A). Considering the studies concerning the health effects of these phenols,
data from the literature indicate phenolic acids and stilbenes as the most indagated wine-
derived compounds, followed by anthocyanins, flavonols, flavanols, flavones/isoflavones,
and hydrolysable tannins (Figure 2B). All other classes of compounds have been little
investigated for their health effects.

The presence of polyphenols was gradually correlated with red wine, which proved
its superiority over other alcoholic beverages, including white wine, in terms of type and
concentration of active compounds and, consequently, health activity [65,66].

Table 1. Phenolic compounds detected in wine and tested for their health effects in the years 1970–1999
(the references are the main documents describing the detection of a compound in wine and the
evaluation of health effects).

Compound Detection in Wine Evaluation of Health
Effects

FLAVONOIDS

Anthocyanins

Delphinidin

[64,67,68]
[63,69,70]

Cyanidin
Petunidin
Peonidin
Mavidin
Vitisins [71,72]
Others [72–74]

Flavonols

Myricetin [64,75]
[64,75]Quercetin [64,75]

Kaempferol [75]
[75]Isorhamnetin [75]

Rutin [75]
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Table 1. Cont.

Compound Detection in Wine Evaluation of Health
Effects

Flavanols

Catechin [63,64] [63]
Epicatechin [63,64] [63]
Epigallocatechin [76] [76]
Epicatechin-gallate [76] [76]
Astilbin [77] [78]
Engeletin [77] [76]

Flavanones

Flavones/isoflavones [79] [80]

Chalcones [79] [81]

Condensed tannins [79,82,83] [52]

Hydrolysable tannins

Gallotannins [84] [52,85]
Ellagitannins [62,86] [52,85]

Other phenols [87]

NON-FLAVONOIDS

Phenolic acids

Hydroxybenzoic acids

p-hydroxybenzoic acid [62,68,88] [89]
Gallic acid [62] [63]
Vanillic acid [62,86] [90]
Gentisic acid [91] [92]
Syringic acid [62,86]
Salicylic acid [68] [52]
Protocatechuic acid [93] [93]

Hydroxycinnamic acids

Caffeic acid [62–64] [63]
Coumaric acid [62,67] [94]
Sinapic acid [95] [95]
Ferulic acid [62] [96]

Stilbenes

trans-resveratrol [97,98]

[52,58–61]trans-piceid [98,99]
trans-astringin [99,100]
Piceatannol [99]

Tyrosol [68] [101]

Hydroxytyrosol [68] [94]
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Figure 2. Amount of documents (%) obtained in Scopus from 1970 to 1999 using as keywords “Wine
AND name of a single class of compounds” (A) and “Wine AND name of a single class of compounds
AND Health” (B).

A more detailed description of the health effects of individual classes of phenolic
compounds is given in the following paragraphs.

4. Bibliometric Analysis from 2000 to 2024
Figure 3 shows the bibliometric networks constructed by using the words “Wine

AND Health” in the subsequent period from 2000 to 2024. The item “wine” was the
most important (cluster 4, 455 links, 2575 occurrences, and a total link strength of 22,035),
as the research was set up using the keywords “wine” AND “health”. This item was
followed again, as already observed in the previous years, 1970–1999 (Figure 1), by “alcohol
consumption” (cluster 3, 436 links, 1070 occurrences, and a total link strength of 12,400)
and “alcohol” (cluster 3, 443 links, 939 occurrences, and a total link strength of 10,207). The
items “red wine” (cluster 1, 452 links, 661 occurrences, and a total link strength of 9199),
“resveratrol” (cluster 1, 433 links, 535 occurrences, and a total link strength of 7332), and
“antioxidants” (cluster 4, 421 links, 508 occurrences, and a total link strength of 6446) followed.

In detail, there were four main clusters, 456 items, 54,621 links, and a total link strength
of 298,550. Cluster 1, in red, mainly includes the items characterising red wine and its
health promoter molecules/effects (resveratrol, polyphenols, antioxidants, flavonoids,
antidiabetic activity, anti-inflammatory activity, cancer inhibition, degenerative disease,
etc.). Cluster 2, in green, contains diet, including Mediterranean diet, and various diet-
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related problems (obesity, cardiovascular disease/risk, blood pressure, triglycerides, uric
acids, etc.). Cluster 3, in blue, comprises many items containing the word “alcohol” (alcohol
consumption, alcohol abuse, alcohol drinking, alcohol intoxication, alcoholic beverages,
etc.) and problems related to alcohol consumption (anxiety, breast cancer, cancer incidence,
cancer mortality, liver cirrhosis, mortality risk, etc.). In this cluster are also included the
items related to age, gender, race, and socio-economic factors. Cluster 4, in yellow, contains
the item “wine”, a miscellanea of other items found in clusters 1–3, and items related to
mycotoxins, microorganisms, and metals.

Figure 3. Co-occurrence analysis using VOSviewer (VOSviewer version 1.6.20) of terms in titles,
abstracts, and keywords of documents obtained in Scopus from 2000 to 2024 using as keywords
“Wine AND Health” (links for each cluster are reported in the bar-chart at the top right).

Through data analysis of Figures 1 and 3, it is evident that in the period 2000–2024,
much higher links, occurrences, and total link strength were found compared to the previ-
ous period of 1970–1999, reflecting an expansion of research concerning wine over the last
24 years. The field of research regarding alcohol consumption as a risk factor linked to age,
gender, race, and socio-economic aspects remained highly monitored. Most of all, red wine
and antioxidants, particularly resveratrol, assumed particular importance over the years.

4.1. Awareness of the Health Implications of Wine Consumption in the Years 2000–2024

In the early 2000s, thanks to numerous epidemiological surveys, it was generally
recognised that moderate alcohol intake, particularly wine, was associated with a lower
risk of cardiovascular disease [102]. It was also clear that these benefits could be enhanced
by red wine consumption due to the additional effects of polyphenols, which demonstrated
beneficial properties independent from the presence of alcohol [102]. Evidence that moder-
ate and regular red wine consumption may prevent the onset of type 2 diabetes and related
complications was furnished [103]. Epidemiological studies showed that moderate intake
of red wine was able to reduce the risk of developing neurological disorders [104], espe-
cially when Alzheimer’s and Parkinson’s diseases were considered [105]. The capability of
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red wine to protect against various immune-related disorders by stimulating the immune
response and by reducing inflammation was reviewed [106]. Guilford and Pezzuto [107]
highlighted that both the alcoholic and polyphenolic components of wine can contribute to
its beneficial effects in healthy people, given wine is a complex mixture in which a multi-
tude of chemical constituents and metabolites work synergistically to impact human health.
Clinical studies and research have continued over the years indicating beneficial effects
resulting from moderate wine, especially red wine, consumption [108–110], particularly
when included in a Mediterranean diet model [111–113].

While studies on the positive effects of wine have multiplied, attention to possible
health risks has remained high, and scientists continue to warn consumers about the
harmful effects of heavy alcohol consumption. In a cohort study based on information
obtained over 6 years of follow-up, Kao et al. [114] reported that even if moderate alcohol
(wine, beer, or spirits) consumption does not increase the risk of type 2 diabetes in either
middle-aged men or women, high alcohol intake increased diabetes risk among middle-
aged men. When wine consumers were examined, no statistically significant association
was found between wine intake and diabetes risk. Remarkably, the authors did not associate
this finding with the presence of health-promoting polyphenols in wine but with healthier
behaviours (increased physical activity, total dietary fibre intake, and decreased total fat
intake) of wine-drinking subjects.

In the case of alcoholic cirrhosis, Pelletier et al. [115] pointed out that although wine
contains several polyphenolic compounds with antioxidant properties that may alleviate
ethanol-induced liver toxicity, its heavy consumption can still lead to alcoholic cirrhosis, like
other alcoholic beverages. Other studies indicated that in populations with frequent wine
consumption, the risk of cancer of the oral cavity and pharynx was strongly increased [116].
The authors emphasised the carcinogenic effect of alcohol, underlining that wine contains a
concentration of resveratrol that is probably insufficient to promote a biological effect and
counteract the deleterious impact of alcohol.

Chronic alcohol intake was associated with increased breast cancer risk in women [117],
even if data from the literature highlighted the cancer-preventing effects of resveratrol from
wine [107,118,119]. Other negative effects of wine intake regarded induced asthmatic symp-
toms attributable to natural sulphite levels or added sulphur dioxide, the presence of the
carcinogen ethyl carbamate derived from arginine metabolism in malolactic bacteria [120],
and possible toxic effects of heavy metals [121] or mycotoxins [122].

4.2. Assessment of Health Effects of New and Already Known Wine Compounds

From the data shown in Table 1, it is evident that most of the wine compounds known
today had already been identified and studied for their health effects before 2000. New
wine phenols were detected in the subsequent period (Table 2), but they were generally
derived through processes of rearrangement of the original phenols detected previously,
mainly due to wine making and ageing processes or interaction with microbial metabolites.

4.2.1. Wine Anthocyanins

Among flavonoids, already known anthocyanins (Table 1), as well as their new
derivates (Table 2), have received attention not only for their important role in wine
colour and sensory attributes but also for their potent antioxidant and anti-inflammatory
effects [123–129]. Initially, anthocyanin derivatives were assumed to derive mainly from
direct or acetaldehyde-mediated reactions of condensation between anthocyanins and
flavanols. Over the years, reactions involving anthocyanins with other compounds, such as
pyruvic acid, vinylphenol, vinylcatechol, ketoglutaric acid, acetone, and 4-vinylguaiacol,
have been demonstrated, giving rise to new anthocyanin-derived pigments called pyra-
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noanthocyanins, including pinotin A and vitisins [130]. Overall, these new pigments
showed even higher antiradical and antioxidant activity than their precursors thanks to the
inclusion in their structure of a catechol or catechin moiety able to donate a H atom to free
radicals, thus inactivating them [130,131].

The absorption and bioavailability of catechins in the human body, together with
their microbial catabolism, were clarified, and numerous in vitro and in vivo studies have
proven a wide range of beneficial effects on human health, so much so that a daily dose
of anthocyanins of 50 mg was recommended in some countries [132]. Today, we know
that anthocyanins are absorbed and metabolised throughout the entire gastrointestinal
tract, resulting in the production of many different intermediate metabolites that possess
specific biological properties and activities, such as endothelial cell activation and repair,
improvement of cognition and neuroprotection thanks to the ability to decrease brain oxida-
tive stress, inflammation, and degeneration [128]. Particularly in the colon, anthocyanins
and their metabolites are further broken down into phenolic acids, which can be easily
absorbed by the intestinal mucosa. These products can modulate the colonic microbiota,
resulting in increased production of short-chain fatty acids (SCFA), known to be involved
in regulating the functions of the gut–microbiota–brain axis [133]. Interestingly, in 2011,
wine was indicated for its contribution (up to 25%) of dietary anthocyanin intake in the
European population [134].

4.2.2. Wine Flavonols

With regard to flavonols, syringetin and laricitrin were first detected in 2003 and
2007, respectively, in Cabernet Sauvignon wine during ageing [135] and in red grapes and
wines [136]. A recent review by Chmiel and Stompor-Gorący [137] summarises the current
reports on syringetin, a dimethyl myricetin derivative, and some of its structural analogues
already known for their antioxidant, antimutagenic, hepatoprotective, antidiabetic, and
antilipogenic properties. Specifically, these methylated forms of flavonols showed high
stability, biological activity, and an ability to interact with cell membranes, with the resulting
ability to inhibit cancer cell proliferation. Syringetin was also suggested as an optimal
adjuvant in the treatment of diabetes thanks to its ability to inhibit the absorption of
carbohydrates and reduce postprandial glycemia [138], its status as a modulator of the
accumulation of age-related pigments with a strong pro-longevity effect [139], its anti-viral
effects [140], its benefits for the treatment of Alzheimer’s disease [141,142], and its status as
a stimulant of osteoblast differentiation at various stages [143]. Most of these effects were
also highlighted for laricitrin and for the already known flavonol isorhamnetin [137].

4.2.3. Wine Flavanols

Evidence regarding the health benefits of dietary flavanols has continued to accumu-
late over the years. In particular, their effect on cardiovascular health has been extensively
evaluated, with procyanidins detected as the principal vasoactive polyphenols in red
wine [144]. Interestingly, Corder et al. [144] showed a high correlation between longevity
and high content of oligomeric procyanidins in red wines from southwest France due to
traditional winemaking, outlining the positive effects of these compounds on vascular func-
tions. Similar results have been reported more recently by Khan et al. [145], who strongly
indicated that oligomeric procyanidins play a key role in the improvements in endothelial
function caused by red wine. The mechanisms underlying the anti-inflammatory effects of
procyanidins were already described by Martinez-Micaelo et al. [146], who emphasised
the involvement, among others, of the modulation of several pivotal pathways in the
regulation of cellular homeostasis, the production and secretion of inflammatory mediators
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(e.g., cytokines or nitric oxide), and the modulation of mitogen-activated protein kinase
and nuclear factor κB pathways, involved in the regulation of several cellular processes.

Among flavanols, the already known astilbin (see Table 1) was indicated as a pos-
sible agent in the prevention and management of various diseases and disorders [147].
Its mechanism of action was clarified in relation to the central nervous system and the
immune system by acting on various immunomodulators and inflammatory modulators.
Many other properties (anti-inflammatory and antimicrobial activity, hepatoprotective and
antioxidative action) and the proposed mechanisms of this phenol were also elucidated.

4.2.4. Wine Flavanones

Among new compounds, Jandera et al. [148] described the presence in red wines of
naringenin and hesperidin using RP-HPLC analysis with a CoulArray detector. The occur-
rence of these flavanones was already reported almost exclusively in citrus fruits, even if
low amounts of naringenin was also detected in tomatoes and tomato-based products [149].
Their antimicrobial [150,151] and health benefits [152] were detected. In rat models these
flavanones were more efficiently absorbed than other flavonoids, thus suggesting a dietary
role in reducing the risk of chronic diseases, such as cardiovascular diseases and cancer,
despite their limited amount in wine.

4.2.5. Wine Phenolic Acids

To our knowledge, only a few other phenolic acids have been added to those already
known by 1999 and listed in Table 1. The impact of these compounds on health has been
continually studied, as they are an important fraction of wine polyphenols.

Their antioxidant activity was determined in vitro [153], while their vasodilatory activ-
ity had already been recognised a few years earlier [154]. Especially caffeic and ferulic acids,
the dominant phenolic acids in wines, were evaluated for their important role as anticancer
agents [155,156]. Behind these activities, today, we know that phenolic acid metabolites,
as well as those from other polyphenols, are mainly formed from the metabolism of gut
microbiota, which, in addition to their own antioxidant activities [157], could be respon-
sible for much of the disease reduction associated with wine consumption [158]. For this
reason, in vitro studies could give rise to very different results with respect to those actually
obtained in vivo [159]. As with the other phenols, recent reviews on the health effects of
the main phenolic acids are available in the literature, confirming their importance in the
human diet [110,160,161].

4.2.6. Wine Stilbenes

Monomeric stilbenes were extensively studied for their health properties [123,162–168]
and antimicrobial activity [169]. In 2013, Moss et al. [170] highlighted for the first time the
presence in red wine samples of dimeric, trimeric, and tetrameric forms (Table 2) derived
from previously identified stilbene monomers (see Table 1). In particular, 23 new com-
pounds were found, including several resveratrol–resveratrol and piceatannol–piceatannol
homodimers, resveratrol–piceatannol heterodimers, modified dimers (O-glycosylated,
methoxylated, and oxidised) and multiple trimers and tetramers. The study emphasised
the chemical complexity of stilbenes in wine, which is the most important source of these
compounds in the Western diet [171]. In fact, stilbene intake from wine accounts for 98.4%
of intake, followed by 1.6% represented by grape berries and grape juice [172].

El Khawand et al. [171] reviewed the biological activity of monomer and oligomer
stilbenes. It was observed that stilbene monomers present a higher volume of distribution
than stilbene oligomers, suggesting that monomers are better distributed from blood to
tissues than oligomers in accordance with the higher absorption rate of monomers in
comparison with oligomers. This fact would suggest that non-absorbed or low-absorbed
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oligomers could exert local action, primarily in the intestine, whereas monomers could
exert a systemic, beneficial action upon absorption and delivery to target tissues.

Despite the wide range of wine stilbenes with health effects and the multiple mech-
anisms of action of each compound, resveratrol remained strongly addressed and ex-
tensively studied. Its beneficial effects on health have been widely examined over the
years [66,108,109,111,173–183]. Apart from the already recognised antioxidant activity,
researchers have reported resveratrol as a potent antiarrhythmic agent with cardioprotec-
tive properties protective against cerebral ischemic injury thanks to its capacity to cross
the blood–brain barrier and metabolic diseases by improving mitochondrial function; it
is also cancer chemo-preventive. A few studies reviewed potential adverse effects of
resveratrol [184,185], but they were primarily related to possible toxic effects of resveratrol
supplementation in humans when administered in the form of a pharmaceutical drug.

Finally, it should be emphasised that despite the numerous positive health effects
that resveratrol has been shown to possess, its content in wine is very low [158,186], so
it cannot be considered the preferred source of supply of this compound. Because of
the important properties of resveratrol, Bavaresco et al. [187] reviewed the possibility
of producing high-resveratrol-containing grapes and wines through the application of
winemaking technologies that avoid the degradation of this compound and its oligomers,
viniferins, including viticultural factors, grape variety, precautions during vinification and
storage, and yeast choice.

4.2.7. Wine Hydrolysable Tannins

Gallotannins and ellagitannins were already known for their influence on the ageing
of wine in oak barrels (wood). While they were extensively explored for the influence on
the organoleptic properties of wines [188–191], these wine compounds have been little
studied for their health benefits, probably due to their low content, as most consumed wine
is not aged in oak barrels and, even when aged there, their content in wines depends on
the barrel used and the duration of ageing [192].

Over the years, the health effects of hydrolysable tannins from various sources have
been studied, but we have been unable to obtain information on wine-specific compounds.
In 1989, Okuda et al. [193] reported the antitumor activity exhibited by several oligomeric
ellagitannins and their anti-HIV effects. Other biological activities, such as the inhibition of
the mutagenicity of carcinogens and the inhibition of tumour promotion, were also reported.
In 2000, Clifford and Scalbert [194] examined the dietary effect on health of ellagitannins
consumed with foods and beverages, including wine. Some ellagitannin derivates were
described by Quideau et al. [195]. The authors reported that some of these compounds
expressed pharmacologically relevant activities, suggesting a potential antiproliferative
action and their potential use as new anticancer drugs. Later, Okuda and Ito [196] reported
biological and pharmacological activities of tannins, including ellagitannins. They de-
scribed host-mediated antitumor activities and antimicrobial activities against Helicobacter
pylori, antibiotic-resistant bacteria, and Leishmania donovani. More recently [197,198], vari-
ous types of urolithins derived from the intestinal microbial degradation of ellagitannins
have attracted the attention of scientists for their antioxidant and anticarcinogenic effects.
Furthermore, the antiproliferative and apoptosis-inducing activities of urolithins have
been demonstrated.
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Table 2. New phenolic compounds detected in wine and tested for their health effects in the years
2000–2024 (the references are the main documents describing the detection of a compound in wine
and the evaluation of its health effects).

Compound Detection in Wine Evaluation of Health Effects

FLAVONOIDS

Anthocyanins

Anthocyanin derivates [199–201]

[123–131,202,203]Pinotin A [204]
Oxovitisins [205]
Others [206–208]

Flavonols [209]

Laricitrin [136] [210]
Syringetin [135] [137]

Flavanols

Flavanol monomer and
dimer hexosides [211]

[144,145]
Flavanol derivates [201]

Flavanones

Naringenin [148] [152]

Flavones/isoflavones [212]

Chalcones [213]

Condensed tannins [146]

Hydrolysable tannins

Ellagitannin derivates [195] [195]

Other flavonoids [214]

NON-FLAVONOIDS

Phenolic acids

Various hydroxy acids [215] [110]

Stilbenes

Hopeaphenol [216] [217]
C-Glucosides of resveratrol [218] [219]
Parthenocessin A [220]
Pallidol [218] [217]
Viniferins [221] [217]
Miyabenol C [170] [222]
Ampelopsin D [170] [223]
trans-ω-viniferin [170] [224]
cis-scirpusin A [170]
trans-scirpusin A [170]
Restrisol A [170]
Parthenostilbenin A [170]
Parthenostilbenin B [170]
(E)-miyabenol C [170] [217]
(Z)-miyabenol C [170] [217]
Other stilbenoids [170]

Other non-flavonoids [214]

As illustrated in Figure 4, the interest of researchers in the study of new or already
known phenolic compounds in wine has remained high from 2000 onwards. Interestingly,
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Figure 4A appears similar to Figure 2A, with the same classes of compounds being studied
more than others for their presence in wine. When their health activity was considered
(Figure 4B), we found some differences in comparison to the period from 1970 to 1999
(Figure 2B). In fact, anthocyanins received more attention than in the previous period, while
stilbenes, phenolic acids, flavonols, and flavanols attracted about the same interest from
scientists. For all other phenolics classes, fewer publications were recorded than for the
previous classes.

 

Figure 4. Amount of documents (%) obtained in Scopus from 2000 to 2024 using as keywords “Wine
AND name of a single class of compounds” (A) and “Wine AND name of a single class of compounds
AND Health” (B).

4.3. New Insights into the Role of Wine in Human Health

From the evidence described above, it is quite evident that moderate consumption
of wine, especially red wine, is associated with healthy properties due mainly to the
strong antioxidant properties of phenolic compounds. It is also known that excessive
alcohol consumption increases the risk of several pathologies, such as liver cirrhosis and
various types of cancers. Moreover, other important considerations regarding the actual
health benefits of wine consumption have emerged over the years, which are mainly
related to the lack of epidemiological and in vivo studies, the presence of a large number
of variables, such as diet, consumer age, gender differences, metabolism of phenolic
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compounds, degradation and transformation processes by the gut microbiota, and, last
but not least, the complex chemistry of wine [127,225]. Scientists have highlighted the
need to establish a cause and effect relationship between specific wine polyphenols and
the reduction in specific diseases [145,226]. This implies the recognition of plausible
mechanisms of action, the presence in wine of adequate polyphenol content to confer the
proposed effect, the real absorption and bioavailability of active compounds, and evidence
of a dose–response relationship. However, most of the health benefits of phenols, especially
considering the past 24 years, refer mainly to single purified compounds, which are similar
or analogous to those in wine but sometimes isolated from other sources and tested in
experimental or animal models but not in human studies. In this way, the concept of wine
as a complex mixture in which a multitude of chemical constituents and metabolites work
synergistically to impact human health is completely lost.

Considering the vast amount of research over the past 24 years, as already mentioned,
only a limited number of studies have reported human interventions to study the effect of
wine’s ingestion on health [109,227–232]. In almost all scientific articles, moderate, light, or
low alcohol consumption is suggested, but the actual amount corresponding to the above
definitions cannot be clearly stated considering the numerous variables depending, on the
one hand, on consumer features and, on the other hand, on the beverage ingested. Aspects
like age, gender, ethnicity, genetics, health status, type of alcoholic beverage, frequency
of consumption, diet, and other factors determine individual variability in the effects
of alcohol intake on health. According to the WHO and the US National Institute on
Alcohol Abuse and Alcoholism, the measure most frequently used is a “standard drink”,
corresponding to the amount of alcohol an average adult can metabolise in 1 h [233]. In the
UK, a standard drink is defined as an alcoholic beverage that contains 8 g of pure alcohol
(10 mL). In other countries, a standard drink corresponds to 10 g of pure alcohol (12.5 mL),
and, in the United States, this amount increases to 14 g of pure alcohol (17.5 mL) [234].

Considering wine’s features, the alcohol content can vary considerably from 8% to
over 15%, and the total polyphenolic content can vary significantly from approx. 0.2 to
5 g/L, as well [235]. Furthermore, the amount, types, properties, and effects of each
phenolic compound are strongly influenced by a myriad of factors, such as grape variety,
climatic conditions, winemaking process, ageing, yeasts and bacteria, additives, etc. Finally,
it is now clear that intestinal microorganisms play an essential role in the metabolism and
absorption of certain phenols due to the production of new metabolites, some with greater
and others with lesser health benefits than the original compounds [127]. For all of these
reasons, the most frequent conclusion of past and present research is the need for further
investigation to address all issues concerning wine and health.

5. Low-Alcohol and Dealcoholised Wine
As it is now well-known, the EU regulation 2021/2117 recently introduced the pos-

sibility to produce low-alcohol and alcohol-free wines. The directive defines “partially
dealcoholized” wine as wines with actual alcoholic strength above 0.5% by volume and
below the minimum actual alcoholic strength of the category before dealcoholisation, and
“dealcoholized” wines include wines where the actual alcoholic strength is no more than
0.5% by volume. In other countries, the alcohol content of no- or low-alcoholic wines could
be different. For instance, in the United States the label “low-alcohol wine” is used for prod-
ucts with alcohol content less than 8.5% by volume, and “alcohol free”, “non-alcoholic”,
or “dealcoholized” are applied to wines with alcohol content below 0.5%. In Australia,
the category “low-alcohol wine” indicates wines with alcohol ranging between 1.15 and
0.5% by volume, while alcohol content below 0.5% by volume is generally adopted for
“alcohol-free”, “non-alcoholic”, or “dealcoholized wines”. The UK classifies as “low-alcohol
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wine” those wines with alcohol below 1.2% by volume and “alcohol-free” as wines with
alcohol below 0.05% by volume [7].

In the following section, we will briefly discuss the possible health implications of these
new types of wine. The dealcoholisation processes, which have already been examined
by other authors [236–239], are also briefly reported, considering their impact on both
consumer health and the sensory quality of wines.

5.1. Low-Alcohol and Dealcoholised Wine Market

Changing consumer preferences are accounted for as the main factors influencing the
emergence of new wine products with low or no alcohol content [240]. However, other
reasons have to be considered, which are mainly related to inflation and the economic
downturn, which have progressively led to a reduction in wine consumption, as indicated
by market data [241]. The decline in the world wine trade in recent years is due to a
mix of factors. For instance, geopolitical tensions, such as the Russian–Ukrainian conflict
or the most recent tariff war announced by the United States, create an uncertain global
context and are eroding purchasing power. These conditions, together with slow economic
growth, contribute to the decline in overall purchasing power and the consequent change in
consumer preferences. As for wine and, in general, alcoholic beverages, different initiatives
have been undertaken to reduce the harmful use of alcohol and to make consumers aware
of the deleterious effects of alcohol intake [242,243], strongly conditioning the wine market.
In this context, wine is at a competitive disadvantage, and wine companies need to adapt
their investments to better align with new consumer choices (in economic and health terms).
Trends clearly show that innovative alcoholic beverages, such as high-quality beers and
low- and no-alcohol wines, are able to attract young consumers, together with lighter and
less expensive wines, such as some white and sparkling wines [241,244].

5.2. Dealcoholisation Techniques: Impact on Consumer Health and Sensory Quality of Wines

A partial or total reduction in alcohol content can be obtained throughout the various
stages of wine production (pre-fermentative, fermentative, and post-fermentation phases)
using different approaches. Viticultural practices, such as decreasing the ratio between leaf
area and fruit weight, irrigation procedures, and early harvesting, are pre-fermentative
practices that have been shown to reduce the concentration of sugar in the berries [7]. Other
pre-fermentative approaches include the dilution or membrane filtration of juice and the
addition of glucose oxidase in must. Microbiological strategies, such as selecting and using
yeasts that have low efficiency in converting sugars to alcohol, represent fermentation
approaches that lead to the production of low-alcohol wines [241]. Post-fermentation
technologies, which involve the physical dealcoholisation (the removal or reduction of
ethanol) of wine, include membrane-based technologies (nanofiltration, reverse osmo-
sis, pervaporation, osmotic distillation, and multi-stage membrane systems) and vacuum
distillation procedures (vacuum distillation, spinning cone column). Other techniques
comprise supercritical liquid extraction, stripping, and freeze concentration [245]. All of
the above dealcoholisation techniques do not have a direct impact on consumer health, as
none of them involve the use of chemicals added to the grapes, must, or wine at various
stages. However, post-fermentative techniques modify to various degrees the chemical
composition of dealcoholised wines, with possible health implications. For instance, par-
tial or complete alcohol removal may facilitate the oxidisation of phenols, organic acids,
and other volatile compounds, leading to the formation of reactive compounds, such as
acetaldehyde [246], the amount of which must be evaluated in relation to possible health
implications. On the other hand, the reduction in alcohol volume leads to an increase in



Foods 2025, 14, 1854 19 of 31

key bioactive compounds by 2.5 to 3 times, such as anthocyanins and resveratrol, with
positive effects on the health of consumers [237].

Changing the chemical composition of wines with no or low alcohol content leads to
another key problem: the potential imbalance in flavour and aroma. In fact, the various
dealcoholisation techniques alter, with different degrees of intensity, the composition in
phenolic and volatile organic compounds, affecting the overall chemical and sensory profile
of the wine. Specifically, the greater the degree of dealcoholisation, the greater the loss
of sensory attributes of the wine. Kumar et al. [7] reported that a substantial amount of
phenolics, volatile compounds, and sensory attributes were retained in wines after removal
of ethanol content between 1 and 4% v/v. Furthermore, dealcoholised wine with ethanol
content below 3% v/v ethanol showed more than 90% loss in volatile compounds and was
poor in terms of sensory quality.

5.3. Health Benefits of the Consumption of Low- and No-Alcohol Wines

Alcoholic beverages, including wine, are consumed by different world populations,
with considerable variations between countries. The large body of research reported here,
covering about five decades, has shown that moderate alcohol consumption can have a
cardioprotective effect and beneficial activity in other heart diseases, ischaemic stroke,
diabetes mellitus, and, in general, death from all causes. Additional health benefits derive
from the phenolic compounds contained in wine, particularly red wine, and studies on reg-
ular, moderate consumption of wine with food have shown both short-term and long-term
positive effects, especially in individuals consuming a well-balanced diet [247]. Moderate
wine consumption can have other positive effects, such as socialising and creating an opti-
mistic or stress-free state of mind [248]. On the other hand, other authors argue that even
moderate alcohol consumption can lead to harmful health consequences [249,250], and the
report from the World Health Organization [251] highlights that 2.6 million deaths in 2019
were attributable to alcohol consumption, including deaths from cardiovascular diseases,
cancer, injuries, such as those from traffic crashes, self-harm, interpersonal violence, and
deaths linked to increased risk of sexually transmitted diseases. As expected, the overall as-
sociation of wine consumption with health is complex, and the health risks associated with
moderate alcohol consumption continue to be a controversial and complicated issue [252].

5.4. Consideration of Health Implications of Low- and No-Alcohol Wine Consumption
5.4.1. Cardioprotective Benefits of Low- and No-Alcohol Wine

The EU Regulation 1308/2013 defined “Wine” as the product obtained exclusively
from the total or partial alcoholic fermentation of fresh grapes, whether or not crushed, or
of grape must. Wine has an actual alcoholic strength of not less than 8.5%. This amount
can slightly vary in other countries, but alcohol content in wine is generally above 7.5%.
Consequently, scientific research on the effects of wine consumption on health has so far
involved wine as a whole. Little is yet known about the consumption of dealcoholised
wine. Considering that more than 50 years later, the effect of whole wine consumption on
health is still an open question, it is possible to speculate that a new field of research is
opening up for dealcoholised wine and that it will take decades to reach reasonable and
shared conclusions.

The first issue concerns the debated role of alcohol. Its negative health effects were
demonstrated in numerous in vitro and animal studies mainly considering the admin-
istration of alcohol in different concentrations. In other cases, epidemiological research
studied mortality or the onset of various diseases associated with alcohol intake, including
wine, arriving at contrasting conclusions. However, the role of alcohol as a component of
wine has been less considered. The results of the study by Sato et al. [253] on male rats
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documented that polyphenolic compounds in red wine provide cardioprotective benefits
through their ability to function as antioxidants, while the alcohol component confers
cardioprotective effects by adapting the heart to oxidative stress. Boban et al. [254] high-
lighted that antimicrobial activity of intact wine was higher with respect to phenol-stripped
wine and ethanol alone, concluding that the antimicrobial activity of complex solutions,
such as intact wine, cannot be attributed to single constituents. More recently, Liberale
et al. [255] reviewed the updated knowledge on the risk of adverse cardiovascular events
underlying the cardioprotective effects of polyphenols and ethanol. This concept has been
taken up several times over the years, with conflicting results between authors who have
claimed that there is a balance between alcohol and wine polyphenols that, in concert,
would be responsible for the cardioprotective benefits and those who have argued that
even low/moderate wine consumption could have a detrimental effect on health [256–258].
Notably, a consensus has not been reached, although there is broad epidemiological support
for low to moderate drinking patterns.

5.4.2. Low- and No-Alcohol Wine Stability

Ethanol is essential for the stability, ageing, and sensory properties of wine [52]. Its
inhibitory activity, combined with the acidity of the wine and the addition of sulphur
dioxide, allows the wine to remain sound for years in the absence of air. Ethanol also
acts as a reagent in the formation of volatile compounds produced during fermentation
and barrel ageing. Together with other alcohols, it reacts slowly with organic acids to
produce esters and influences their stability. Given these premises, the microbial stability of
low-alcohol and alcohol-free wines will be quite different in comparison with whole wines.
In particular, in bottled dealcoholised wine, the lower alcohol content and any added
sugars to improve its sensory attributes may facilitate refermentation processes [259], thus
requiring the addition of further amounts of preservatives, such as sulphur dioxide and
sulfiting agents. The maximum content of these substances in wine is regulated by specific
legislation in different countries because of the risks to human health caused by their
consumption [260,261]. In light of these limits, other preservative or stabilising agents
could be adopted in low- or dealcoholised wine, such as some weak acids or their salts
(sorbic and benzoic acid) and dimethyl dicarbonate [259]. Other strategies may include
the use of non-Saccharomyces yeast strains able to produce antimicrobial compounds [262].
However, the mechanisms of action of these substances are relatively known in wine, while
their possible synergistic effect with other added preservatives or compounds naturally
present in these beverages must be evaluated. In particular, their effects should be carefully
assessed in relation to human health.

5.4.3. What Is Admitted in the Production of Low- and No-Alcohol Wine?

As reported before, dealcoholisation processes can variably influence the phenolic
composition of wine, with a negative impact on its sensory quality and potential health
benefits. In particular, the development of certain technologies to reduce alcohol content
can lead, in some case, to the production of high-quality dealcoholised wines [238], but, in
other cases, it may not. This mostly depends on the type of wine, the percent of ethanol
removed, the type of dealcoholisation technique, and the operating conditions, which
dramatically impact the total polyphenol content, the volatile profile, and the composition
of the original wines [7]. Given this connection, it is quite obvious that global health
policies will have to protect the consumer with clear rules on the quality of wines that
can undergo dealcoholisation, the admission of additives to improve the taste and health
impact of dealcoholised wine, and clear labelling to inform the consumer about what they
are drinking and the origin of possible added ingredients.
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6. Conclusions
In this review, we examined the scientific literature concerning the pros and cons of

wine consumption in relation to human health. Dividing our search into two different
periods, we found topics predominantly covered in the period from 1970 to 2000 and after
2000 to the present. Much of the research until 1990 comprised epidemiological studies
focusing on alcohol abuse from various alcoholic beverages (wine, beer, spirits) and the
health effect in relation to age, gender, and socio-economic conditions. However, several
authors also reported observations on the inverse relationship between coronary heart
disease and regular consumption of alcoholic beverages. Around the late 1980s to the
early 1990s, it was clear that many of wine’s polyphenols had positive effects not only on
wine’s quality but also on health. Wine, particularly red wine, has gradually become the
protagonist in scientific research, and phenolic compounds were recognised for their potent
antioxidant and anti-inflammatory effects. Since 2000, only a few new phenols have been
reported, which are mainly derived from previously documented ones. Furthermore, it was
shown that the compounds responsible for health effects are not only those ingested but
also their metabolites, which are formed after absorption or after the action of the intestinal
microbiota. The importance of wine consumption during meals and as part of a balanced
diet was also emphasised. The attention of scientists over the years has remained high
in relation to the alcohol content of wine and its possible negative effects on health. The
controversies regarding the U-shaped (J-shaped) curve between alcohol consumption and
mortality have continued, and the debate among scientists is still open. In this scenario,
the market has recently proposed a new product line consisting of wines with low and no
alcohol content, whose production technology is still under consideration.

Through the analysis of the literature over half a century of research, we could not find
clear scientific evidence on the harmful role of low/moderate wine consumption in health.
On the other hand, we did not find a clear position on the health benefits of low/moderate
wine consumption. The same consideration can be made for low-alcohol and dealcoholised
wines, which we considered in the last part of our work and for which several health
concerns have been raised.

In light of the above considerations, we believe that the only conclusion we can draw
is that moderate consumption of alcoholic wine, as well low-alcohol and dealcoholised
wines, can all provide benefits for human health. In our opinion, information campaigns
on the risks of alcohol consumption mainly refer to its abuse, and this is a correct and
sustainable approach. However, the “alcohol zero” policy proposed by part of the scientific
community cannot be supported, as much scientific evidence does not confirm this view.
At long last, a new chapter of research on low-alcohol and dealcoholised wines has opened,
giving rise to new and exciting studies that will keep winemakers and scientists involved
for decades to come.
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110. Buljeta, I.; Pichler, A.; Šimunović, J.; Kopjar, M. Beneficial Effects of Red Wine Polyphenols on Human Health: Comprehensive

Review. Curr. Issues Mol. Biol. 2023, 45, 782–798. [CrossRef]
111. Santos-Buelga, C.; González-Manzano, S.; González-Paramás, A.M. Wine, Polyphenols, and Mediterranean Diets. What Else Is

There to Say? Molecules 2021, 26, 5537. [CrossRef]
112. Hrelia, S.; Di Renzo, L.; Bavaresco, L.; Bernardi, E.; Malaguti, M.; Giacosa, A. Moderate Wine Consumption and Health: A

Narrative Review. Nutrients 2022, 15, 175. [CrossRef]
113. Dobroslavska, P.; Silva, M.L.; Vicente, F.; Pereira, P. Mediterranean Dietary Pattern for Healthy and Active Aging: A Narrative

Review of an Integrative and Sustainable Approach. Nutrients 2024, 16, 1725. [CrossRef]
114. Kao, W.L.; Puddey, I.B.; Boland, L.L.; Watson, R.L.; Brancati, F.L. Alcohol Consumption and the Risk of Type 2 Diabetes Mellitus:

Atherosclerosis Risk in Communities Study. Am. J. Epidemiol. 2001, 154, 748–757. [CrossRef] [PubMed]

https://doi.org/10.1021/jf970486b
https://doi.org/10.1108/00070709710165197
https://doi.org/10.1016/0278-6915(94)90011-6
https://doi.org/10.1021/jf9601628
https://doi.org/10.1016/S0006-2952(98)00340-2
https://doi.org/10.1042/cs0910449
https://www.ncbi.nlm.nih.gov/pubmed/8983870
https://doi.org/10.1002/(SICI)1097-0010(199601)70:1%3C55::AID-JSFA471%3E3.0.CO;2-X
https://doi.org/10.1002/(SICI)1097-0010(19990301)79:3%3C373::AID-JSFA257%3E3.0.CO;2-6
https://doi.org/10.5344/ajev.1992.43.1.49
https://doi.org/10.1021/jf00055a013
https://doi.org/10.1021/jf9900884
https://doi.org/10.1093/clinchem/43.6.1092
https://doi.org/10.1093/jn/129.7.1269
https://doi.org/10.1185/030079903125002324
https://doi.org/10.4067/S0716-97602004000200003
https://www.ncbi.nlm.nih.gov/pubmed/15455646
https://doi.org/10.3389/fnut.2016.00031
https://www.ncbi.nlm.nih.gov/pubmed/27570766
https://doi.org/10.2174/138161208786264098
https://www.ncbi.nlm.nih.gov/pubmed/18991692
https://doi.org/10.5344/ajev.2011.11013
https://doi.org/10.1016/j.maturitas.2014.09.007
https://doi.org/10.3390/molecules23071684
https://doi.org/10.3390/cimb45020052
https://doi.org/10.3390/molecules26185537
https://doi.org/10.3390/nu15010175
https://doi.org/10.3390/nu16111725
https://doi.org/10.1093/aje/154.8.748
https://www.ncbi.nlm.nih.gov/pubmed/11590088


Foods 2025, 14, 1854 26 of 31

115. Pelletier, S.; Vaucher, E.; Aider, R.; Martin, S.; Perney, P.; Balmès, J.L.; Nalpas, B. Wine Consumption Is Not Associated with a
Decreased Risk of Alcoholic Cirrhosis in Heavy Drinkers. Alcohol Alcohol. 2002, 37, 618–621. [CrossRef]

116. Altieri, A.; Bosetti, C.; Gallus, S.; Franceschi, S.; Dal Maso, L.; Talamini, R.; Levi, F.; Negri, E.; Rodriguez, T.; La Vecchia, C. Wine,
Beer and Spirits and Risk of Oral and Pharyngeal Cancer: A Case–Control Study from Italy and Switzerland. Oral Oncol. 2004, 40,
904–909. [CrossRef] [PubMed]

117. Dumitrescu, R.G.; Shields, P.G. The Etiology of Alcohol-Induced Breast Cancer. Alcohol 2005, 35, 213–225. [CrossRef]
118. Baer-Dubowska, W.; Bartoszek, A.; Malejka-Giganti, D. Carcinogenic and Anticarcinogenic Food Components; CRC Press: Boca Raton,

FL, USA, 2005; ISBN 0-429-12041-9.
119. Vasilopoulou, E.; Georga, K.; Joergensen, M.B.; Naska, A.; Trichopoulou, A. The Antioxidant Properties of Greek Foods and the

Flavonoid Content of the Mediterranean Menu. Curr. Med. Chem.-Immunol. Endocr. Metab. Agents 2005, 5, 33–45. [CrossRef]
120. Li, H.; Liang, X.; Guo, A.; Huang, D. Arginine Metabolism in Wine Malolactic Bacteria. Wei Sheng Wu Xue Bao = Acta Microbiol.

Sin. 2006, 46, 663–667.
121. Hague, T.; Petroczi, A.; Andrews, P.L.; Barker, J.; Naughton, D.P. Determination of Metal Ion Content of Beverages and Estimation

of Target Hazard Quotients: A Comparative Study. Chem. Cent. J. 2008, 2, 1–9. [CrossRef]
122. Ortiz-Villeda, B.; Lobos, O.; Aguilar-Zuniga, K.; Carrasco-Sánchez, V. Ochratoxins in Wines: A Review of Their Occurrence in the

Last Decade, Toxicity, and Exposure Risk in Humans. Toxins 2021, 13, 478. [CrossRef] [PubMed]
123. Maggiolini, M.; Recchia, A.; Bonofiglio, D.; Catalano, S.; Vivacqua, A.; Carpino, A.; Rago, V.; Rossi, R.; Andò, S. The Red Wine

Phenolics Piceatannol and Myricetin Act as Agonists for Estrogen Receptor α in Human Breast Cancer Cells. J. Mol. Endocrinol.
2005, 35, 269–281. [CrossRef]

124. Mazza, G. Anthocyanins and Heart Health. Ann.-Ist. Super. Di Sanita 2007, 43, 369.
125. Rivero-Pérez, M.; Muniz, P.; González-Sanjosé, M. Contribution of Anthocyanin Fraction to the Antioxidant Properties of Wine.

Food Chem. Toxicol. 2008, 46, 2815–2822. [CrossRef] [PubMed]
126. Pojer, E.; Mattivi, F.; Johnson, D.; Stockley, C.S. The Case for Anthocyanin Consumption to Promote Human Health: A Review.

Compr. Rev. Food Sci. Food Saf. 2013, 12, 483–508. [CrossRef] [PubMed]
127. Fernandes, I.; Pérez-Gregorio, R.; Soares, S.; Mateus, N.; De Freitas, V. Wine Flavonoids in Health and Disease Prevention.

Molecules 2017, 22, 292. [CrossRef]
128. Mattioli, R.; Francioso, A.; Mosca, L.; Silva, P. Anthocyanins: A Comprehensive Review of Their Chemical Properties and Health

Effects on Cardiovascular and Neurodegenerative Diseases. Molecules 2020, 25, 3809. [CrossRef]
129. Setford, P.C.; Jeffery, D.W.; Grbin, P.R.; Muhlack, R.A. A New Approach to Predicting the Extraction of Malvidin-3-Glucoside

during Red Wine Fermentation at Industrial-Scale. Food Bioprod. Process. 2022, 131, 217–223. [CrossRef]
130. Leopoldini, M.; Rondinelli, F.; Russo, N.; Toscano, M. Pyranoanthocyanins: A Theoretical Investigation on Their Antioxidant

Activity. J. Agric. Food Chem. 2010, 58, 8862–8871. [CrossRef]
131. Azevedo, J.; Oliveira, J.; Cruz, L.; Teixeira, N.; Brás, N.F.; De Freitas, V.; Mateus, N. Antioxidant Features of Red Wine

Pyranoanthocyanins: Experimental and Theoretical Approaches. J. Agric. Food Chem. 2014, 62, 7002–7009. [CrossRef]
132. Wallace, T.C.; Giusti, M.M. Anthocyanins. Adv. Nutr. 2015, 6, 620–622. [CrossRef] [PubMed]
133. Morais, L.H.; Schreiber IV, H.L.; Mazmanian, S.K. The Gut Microbiota–Brain Axis in Behaviour and Brain Disorders. Nat. Rev.

Microbiol. 2021, 19, 241–255. [CrossRef]
134. Zamora-Ros, R.; Knaze, V.; Lujan-Barroso, L.; Slimani, N.; Romieu, I.; Touillaud, M.; Kaaks, R.; Teucher, B.; Mattiello, A.; Grioni, S.

Estimation of the Intake of Anthocyanidins and Their Food Sources in the European Prospective Investigation into Cancer and
Nutrition (EPIC) Study. Br. J. Nutr. 2011, 106, 1090–1099. [CrossRef]

135. Wang, H.; Race, E.J.; Shrikhande, A.J. Anthocyanin Transformation in Cabernet Sauvignon Wine during Aging. J. Agric. Food
Chem. 2003, 51, 7989–7994. [CrossRef] [PubMed]

136. Castillo-Muñoz, N.; Gómez-Alonso, S.; García-Romero, E.; Hermosín-Gutiérrez, I. Flavonol Profiles of Vitis Vinifera Red Grapes
and Their Single-Cultivar Wines. J. Agric. Food Chem. 2007, 55, 992–1002. [CrossRef] [PubMed]
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148. Jandera, P.; Škeříková, V.; Řehová, L.; Hájek, T.; Baldriánová, L.; Škopová, G.; Kellner, V.; Horna, A. RP-HPLC Analysis of
Phenolic Compounds and Flavonoids in Beverages and Plant Extracts Using a CoulArray Detector. J. Sep. Sci. 2005, 28, 1005–1022.
[CrossRef]

149. Erlund, I. Review of the Flavonoids Quercetin, Hesperetin, and Naringenin. Dietary Sources, Bioactivities, Bioavailability, and
Epidemiology. Nutr. Res. 2004, 24, 851–874. [CrossRef]

150. Mandalari, G.; Bennett, R.; Bisignano, G.; Trombetta, D.; Saija, A.; Faulds, C.; Gasson, M.; Narbad, A. Antimicrobial Activity of
Flavonoids Extracted from Bergamot (Citrus Bergamia Risso) Peel, a Byproduct of the Essential Oil Industry. J. Appl. Microbiol.
2007, 103, 2056–2064. [CrossRef]

151. Lombardi, S.J.; Pannella, G.; Coppola, F.; Vergalito, F.; Maiuro, L.; Succi, M.; Sorrentino, E.; Tremonte, P.; Coppola, R. Plant-Based
Ingredients Utilized as Fat Replacers and Natural Antimicrobial Agents in Beef Burgers. Foods 2024, 13, 3229. [CrossRef]

152. Felgines, C.; Texier, O.; Morand, C.; Manach, C.; Scalbert, A.; Régerat, F.; Rémésy, C. Bioavailability of the Flavanone Naringenin
and Its Glycosides in Rats. Am. J. Physiol. -Gastrointest. Liver Physiol. 2000, 279, G1148–G1154. [CrossRef]

153. Kim, D.-O.; Lee, C.Y. Comprehensive Study on Vitamin C Equivalent Antioxidant Capacity (VCEAC) of Various Polyphenolics in
Scavenging a Free Radical and Its Structural Relationship. Crit. Rev. Food Sci. Nutr. 2004, 44, 253–273. [CrossRef]

154. Caccetta, R.A.-A.; Croft, K.D.; Beilin, L.J.; Puddey, I.B. Ingestion of Red Wine Significantly Increases Plasma Phenolic Acid
Concentrations but Does Not Acutely Affect Ex Vivo Lipoprotein Oxidizability. Am. J. Clin. Nutr. 2000, 71, 67–74. [CrossRef]

155. Jagan, S.; Ramakrishnan, G.; Anandakumar, P.; Kamaraj, S.; Devaki, T. Antiproliferative Potential of Gallic Acid against
Diethylnitrosamine-Induced Rat Hepatocellular Carcinoma. Mol. Cell. Biochem. 2008, 319, 51–59. [CrossRef] [PubMed]

156. Jung, J.E.; Kim, H.S.; Lee, C.S.; Park, D.-H.; Kim, Y.-N.; Lee, M.-J.; Lee, J.W.; Park, J.-W.; Kim, M.-S.; Ye, S.K. Caffeic Acid and Its
Synthetic Derivative CADPE Suppress Tumor Angiogenesis by Blocking STAT3-Mediated VEGF Expression in Human Renal
Carcinoma Cells. Carcinogenesis 2007, 28, 1780–1787. [CrossRef] [PubMed]

157. Nazzaro, F.; Ombra, M.N.; Coppola, F.; De Giulio, B.; d’Acierno, A.; Coppola, R.; Fratianni, F. Antibacterial Activity and Prebiotic
Properties of Six Types of Lamiaceae Honey. Antibiotics 2024, 13, 868. [CrossRef] [PubMed]

158. Forester, S.C.; Waterhouse, A.L. Metabolites Are Key to Understanding Health Effects of Wine Polyphenolics. J. Nutr. 2009, 139,
1824S–1831S. [CrossRef]

159. Mudnic, I.; Modun, D.; Rastija, V.; Vukovic, J.; Brizic, I.; Katalinic, V.; Kozina, B.; Medic-Saric, M.; Boban, M. Antioxidative and
Vasodilatory Effects of Phenolic Acids in Wine. Food Chem. 2010, 119, 1205–1210. [CrossRef]

160. Hadidi, M.; Liñán-Atero, R.; Tarahi, M.; Christodoulou, M.C.; Aghababaei, F. The Potential Health Benefits of Gallic Acid:
Therapeutic and Food Applications. Antioxidants 2024, 13, 1001. [CrossRef]

161. Khan, F.A.; Maalik, A.; Murtaza, G. Inhibitory Mechanism against Oxidative Stress of Caffeic Acid. J. Food Drug Anal. 2016, 24,
695–702. [CrossRef]

162. Morales, M.; Ros Barcelo, A.; Pedreno, M. Plant Stilbenes: Recent Advances in Their Chemistry and Biology. Adv. Plant Physiol.
2000, 3, 39–70.

163. Wenzel, E.; Somoza, V. Metabolism and Bioavailability of Trans-resveratrol. Mol. Nutr. Food Res. 2005, 49, 472–481. [CrossRef]
164. Szkudelski, T.; Szkudelska, K. Resveratrol and Diabetes: From Animal to Human Studies. Biochim. et Biophys. Acta (BBA)-Mol.

Basis Dis. 2015, 1852, 1145–1154. [CrossRef]
165. Gambini, J.; Inglés, M.; Olaso, G.; Lopez-Grueso, R.; Bonet-Costa, V.; Gimeno-Mallench, L.; Mas-Bargues, C.; Abdelaziz, K.;

Gomez-Cabrera, M.; Vina, J. Properties of Resveratrol: In Vitro and in Vivo Studies about Metabolism, Bioavailability, and
Biological Effects in Animal Models and Humans. Oxidative Med. Cell. Longev. 2015, 2015, 837042. [CrossRef]

166. Bonnefont-Rousselot, D. Resveratrol and Cardiovascular Diseases. Nutrients 2016, 8, 250. [CrossRef]

https://doi.org/10.4103/1673-5374.197141
https://doi.org/10.1002/mnfr.200800483
https://doi.org/10.1038/444566a
https://doi.org/10.1016/j.tet.2014.10.078
https://doi.org/10.1002/biof.1019
https://www.ncbi.nlm.nih.gov/pubmed/22505223
https://doi.org/10.1016/j.phrs.2020.104894
https://www.ncbi.nlm.nih.gov/pubmed/32407960
https://doi.org/10.1002/jssc.200500003
https://doi.org/10.1016/j.nutres.2004.07.005
https://doi.org/10.1111/j.1365-2672.2007.03456.x
https://doi.org/10.3390/foods13203229
https://doi.org/10.1152/ajpgi.2000.279.6.G1148
https://doi.org/10.1080/10408690490464960
https://doi.org/10.1093/ajcn/71.1.67
https://doi.org/10.1007/s11010-008-9876-4
https://www.ncbi.nlm.nih.gov/pubmed/18629614
https://doi.org/10.1093/carcin/bgm130
https://www.ncbi.nlm.nih.gov/pubmed/17557905
https://doi.org/10.3390/antibiotics13090868
https://www.ncbi.nlm.nih.gov/pubmed/39335041
https://doi.org/10.3945/jn.109.107664
https://doi.org/10.1016/j.foodchem.2009.08.038
https://doi.org/10.3390/antiox13081001
https://doi.org/10.1016/j.jfda.2016.05.003
https://doi.org/10.1002/mnfr.200500010
https://doi.org/10.1016/j.bbadis.2014.10.013
https://doi.org/10.1155/2015/837042
https://doi.org/10.3390/nu8050250


Foods 2025, 14, 1854 28 of 31

167. Meng, T.; Xiao, D.; Muhammed, A.; Deng, J.; Chen, L.; He, J. Anti-Inflammatory Action and Mechanisms of Resveratrol. Molecules
2021, 26, 229. [CrossRef] [PubMed]
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