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Abstract: Since ancient times, in various cultures and religions, there has been a strong belief that alcohol offers
important health benefits. In recent years, the idea that regular alcohol consumption protects against cardiovascular
disease has gained momentum. Individuals who drink moderately reduce their risk of dying from heart disease by
approximately 40%. Wine has been part of human culture for 6,000 years, serving dietary and socio religious functions.
Its production takes place on every continent, and its chemical composition is profoundly influenced by ecological
techniques, the grape cultivar from which it originates, and climatic factors. In addition to ethanol, which in moderate
consumption can reduce mortality from coronary heart disease by increasing high-density lipoprotein cholesterol and
inhibiting platelet aggregation, wine (especially red wine) contains a range of polyphenols that have desirable
biological properties. The antioxidant effects of red wine and of its major polyphenols have been demonstrated in many
experimental systems spanning the range from in vitro studies (human low-density lipoprotein, liposomes,
macrophages, cultured cells) to investigations in healthy human subjects. Wine is like any other food it should be
consumed sensibly and in amounts that are beneficial to health. Overindulgence of any kind does not promote good
health.
Keywords: Wine, polyphenols, bacteria, ROS.
I. INTRODUCTION
The important role of wine and their production have had
in ancient times as well as in more modern periods of
history, particularly in relation to science and technology,
deserve wider appreciation. Molecular archaeologists have
found evidence of winemaking in northern Iran dating
back to 5400 BC. In ancient Egypt, wine that originated in
Jordan was buried with King Scorpion in his tomb around
3125 BC. Winemaking and grape growing was certainly
well developed by 3000 BC in ancient Egypt,
Mesopotamia, and the other areas considered the cradle of
Western civilization. At the beginning of recorded history,
wines were described, their production portrayed, and their
properties critically examined.
By 2500 BC, the Egyptians had evolved hieroglyphics
describing various types of wine. As part of the funerary
goods in King Tutankhamen‟s 1339 BC burial, included
were wine amphorae stamped with the region of growth,
the estate, the vintage and the winemaker‟s name.
Pharaohs and members of the ruling class drank wine
regularly, while common people consumed it only during
religious festivals and special events.
A. Biblical Times
Alcohol had its initiation under the most auspicious
circumstances. Life on earth had just been eliminated by
the Great Flood so graphically described in Genesis,
Chapter VII, all life except Noah and his binary
companions, safe in the Ark constructed according to
divine prescription. Following his reprieve, when the flood
waters receded and the Ark came safely to rest on dry
land, human agriculture commenced with Noah‟s
establishment of a vineyard, according to Genesis, Chapter
IX, Verse 20. This was the first documented planting of
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any crop by human hand on earth. Unfortunately, Noah
did not have the advantage of advice from the Bureau of
Alcohol, Drugs, and Firearms and Noah lived after the
flood three hundred and fifty years.
Many subsequent passages refer to wine in contexts of
varying moral propriety. It was employed by Lot‟s
daughters to intoxicate their father prior to his incestuous
seduction during the destruction of Sodom (Genesis
Chapter XIX, Verse 33). Jacob, impersonating his older
brother Esau in order to secure the “Blessing of the FirstBorn” from his blind father, offered Isaac wine along with
venison prior to the performance of the act (Genesis
Chapter XXVII, Verse 25). As for the blessing itself two
verses later, it was loaded with metaphysical symbolism
and contained the promise of material advantage in only
one brief passage: So God give thee . . . plenty of corn and
wine. Apparently, no greater possessions had any man in
those venerable times. A millennium or so later, Solomon,
the wisest of kings, commenced that greatest of love
poems, the Song of Songs, with the opening refrain: Let
him kiss me with the kisses of his lips, for thy love is
sweeter than wine: proof enough that wine is mankind‟s
second-greatest pleasure. Finally, the miracle wrought by
Christ during the Wedding Feast at Cana in converting
water to wine is all that is needed to sanction its
consumption by devout Christians.
II. POST-BIBLICAL TIMES
Wine has an unequivocally recorded history stretching
back nearly 6,000 years, with the earliest evidence dating
between 5400 and 5000 BC (McGovern et al., 1996).
Wine was identified by the presence of the calcium salt of
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tartaric acid, which occurs in large amounts only in grapes,
and in the resin from the terebinth tree, which was widely
used in ancient times as an additive to wine to inhibit the
growth of bacteria. Whereas wild grape pips have been
found to originate as far back as the eighth millennium,
this archaeological discovery marks the earliest scientific
record of fermented wine as part of human culture. Some
investigators place the discovery of winemaking, or at
least its development, in the southern Caucasus. It is also
thought that the domestication of the wine grape (Vitis
vinifera) initially occurred within this area. It is there that
the natural distribution of Vitis vinifera most closely
approaches that of Western viticulture, suggesting spread
from the former to the latter (Zohary and Hopf, 1988).
From its postulated origins in the Caucasus, grape growing
and winemaking probably travelled southward to
Palestine, Syria, Egypt, and Mesopotamia. From this base,
wine consumption, and its socio religious connections,
distributed winemaking around the Mediterranean. Wine
was used for sacramental purposes in Egypt no later than
the start of the third millennium BC, although evidence
indicates that it was not produced there for general
consumption for another 2,000 years. Wines began to take
on their modern expressions about the seventeenth
century. The widespread use of sulphur in barrel treatment
would have greatly increased the likelihood of producing
better quality wines and extending their lives.
North Americans are relatively latecomers to viticulture.
Franciscan missionaries planted the first large-scale
vineyards in California only 200 years ago, and these had
to be re-established after the repeal of Prohibition. A byproduct of the Californian vineyards in the nineteenth
century threatened the extinction of European vines. The
plant louse Phylloxera vitifoliae, carried to Europe on
California rootstocks, caused a pandemic devastating some
1 million hectares (2.5 million acres) of vineyards in
France alone. Ultimately, the tide was turned when
Europe‟s vineyards were replanted entirely with
Phylloxera-resistant rootstocks (Vitis labrusca) native to
the eastern United States, onto which vines of the
European wine grapes, Vitis vinifera, were grafted.
A. Wine the most consumed drink
Red wine is a commonly consumed beverage worldwide
which is rich in antioxidants (Jamroz and Beltowski,
2001). Observational and intervention studies suggest a
beneficial association between moderate alcohol
consumption and systemic inflammation (Sierksma et al.,
2002). Epidemiological data indicates that a moderate
intake of red wine is associated with a reduced incidence
of CVD whereas a higher intake is associated with an
increased risk of cancer and CVD (Di Castelnuovo et al.,
2002). The protection that is observed as a result of a
moderate red wine consumption may partly be explained
by the intake of red wine polyphenols. Polyphenols are
efficient antioxidant compounds and is especially
abundant in red wine (Waterhouse, 2002). Red wine
polyphenols (tannins, flavonoids, catechins, anthocyanins
and phenolic acids) have been implicated in several
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biological processes, such as free-radical scavenging and
inflammatory modulation, metal chelating and enzyme
modulation, (Rahman et al., 2006) as well as reduction of
the susceptibility of low-density lipoproteins (LDL) to
oxidation both in vitro (Bertelli et al., 1996) and in vivo
(Nigdikar et al., 1998). Red wine polyphenols may also be
involved in non-antioxidant processes as inhibition of
platelet aggregation, vasorelaxing activity and modulation
of lipid metabolism (Demrow et al., 1995).
Table 1: Consumption of wine in 2011 compared between
2009 and 2010.
Countries
US
Italy
French
Spanish
British
Portuguese
China

Difference in volume of wine between
2009 2010
+0.9 Mhl
-6.3 Mhl
+1.0 Mhl
-0.2 Mhl
-0.4 Mhl
-0.15 Mhl
+1.15 Mhl

B. Chemical composition of grapes and wine
More than 500 compounds have been recognized in wine
thus far, of which 160 are esters. The concentrations of the
majority range between 10-1 and 10-6 mg/L. At these
levels the individual compounds play very little or no role
in the human organoleptic (taste) perception, but
collectively they may be very significant (Amerine and
Roessler, 1982). The taste and mouth-feel sensations are
due primarily to the few compounds that occur
individually at concentrations > 100 mg/L. These include
water, ethanol, organic acids, sugars, and glycerol. Unlike
the taste and mouth-feel sensations, odour has a much
lower olfactory threshold. It is measured as olfactory
potential, which represents the number of molecule-grams
per litre of air at threshold concentration. Chemical
composition of wine is shown in Table 3.
Table 2 Estimates of Typical Gross Composition (%
weight) of Wines
Component
Water
Ethanol
Other volatiles
Extract
Sugars
Pectins
Glycerol
Acids
Ash
Phenols
Amino acids
Fats, terpenoids
Vitamins, etc.
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Table wines
White Red
87
87
10
10
0.04
0.04
2.6
2.7
0.05
0.05
0.3
0.3
1.1
1.1
0.7
0.6
0.2
0.2
0.01
0.2
0.25
0.25
0.01
0.02
0.01
0.01

Dessert wines
White Red
76
74
14
14
0.05
0.05
10.1
12.2
8
10
0.25
0.25
0.9
0.9
0.5
0.5
0.2
0.2
0.01
0.1
0.2
0.2
0.01
0.02
0.01
0.01
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C. Constituents of wine
Wine phenolic compounds include flavonoids (Fig. 1) and
nonflavonoids (Fig. 2). Flavonoids are polyphenols
consisting of anthocyanins. Nonflavonoids include
hydroxycinnamic acid, benzoic acid, tannins and stilbenes.
Catechin (and derivatives) on its own has also been
reported to demonstrate protective effects against CVD.
These include a protective effect against tamoxifeninduced oxidative damage (Tabassum et al., 2007);
increased alpha-tocopherol concentration in blood plasma,
liver, and lungs (Frank et al., 2003); reduced plasma lipid
peroxides resulting in protection against atherosclerosis
(Miura et al., 2001); prevention of endothelial dysfunction
in Otsuka Long-Evans Tokushima fatty (OLETF) rats at
the prediabetic stage (Ihm et al., 2009); and modulation of
cytokine expression and thus prevention of low-grade
inflammation (Terra et al., 2009).

the most abundant
(Waterhouse, 2002).

anthocyanidin

in

red

wines

Among the wine flavonoids, anthocyanins constitute one
of the higher potent antioxidants correlated to their
capacity to delocalize electrons and form resonating
structures (Rivero-Perez et al., 2008). Anthocyanins
present numerous health benefits such as anticarcinogenic, anti-inflammatory, or anti-diabetic effects
(Toufektsian et al., 2008). Anthocyanins also possess
beneficial neuroprotective abilities. Some of them have the
ability to cross the blood-brain barrier and diffuse through
the central nervous system (Milbury and Kalt, 2010).
Anthocyanins have neuroprotective benefits in reducing
age-associated oxidative stress and improving cognitive
brain function (Shih et al., 2010). They induce significant
neuroprotective effects against oxidative stress, DNA
fragmentation and lipid peroxidation in mouse brain (Di
D. Proanthocyanidins
Giacomo et al., 2007). Thus, it appears that the antioxidant
Proanthocyanidins and condensed tannins are complex and anti-inflammatory effects of anthocyanins contribute
flavonoid polymers naturally present in cereals, legumes, to its neuroprotective effect.
and fruits. They are mainly formed by the condensation of
flavanol units to generate oligomers (proanthocyanidins)
III. NON-FLAVONOIDS
and polymers (condensed tannins). Their levels in wine
depend on pressing techniques and grape varieties. A. Phenolic Acids
Typically they range from 5mg/L in white wines to 1 g/L The benzoic acids are a minor component in wines.
or even higher levels in old red wines (Santos-Buelga and Whereas the hydroxycinnamates are the most important
Scalbert, 2000). They are associated with a change in wine class of non-flavonoid phenols in grape vine and the major
quality such as a modification of the hue and a decrease in class of phenolics in white wine. The three important ones
astringency. Condensed tannins should be degraded in in wine are coumaric acid, caffeic acid, and ferulic acid.
monomeric phenols, absorbed and metabolized. Numerous Amount of total hydroxycinnamates in wine are typically
studies indicate that proanthocyanidins and condensed about 60 mg/L in reds and 130 mg/L in whites
tannins might prevent both cancers and cardiovascular (Waterhouse, 2002). Hydroxycinnamates have an
diseases (Aldini et al., 2003). Some reports demonstrate antioxidant activity by scavenging free radicals (Maurya
that its biological abilities to scavenge the reactive oxygen and Devasagayam, 2010). Their strong antioxidant
species (ROS) are associated to the degree of polyphenol properties help to explain their beneficial role on health
oligomerization. Some of these polyphenols might have and in reducing disease risk.
specific structures that exhibit neuroprotective effects by
interacting with putative neuron specific receptors (Narita Hydroxycinnamates and other phenolic acids have
et al., 2011). Takahashi et al. have shown that procyanidin received less attention. It has been shown that p-coumaric
oligomers from grape seed exhibit higher growth acid, hydroxycinnamates caffeic acid, and a Champagne
promoting activity than the monomers toward mouse hair wine extract rich in these compounds have neuroprotective
epithelial cells in vitro and in vivo, these results indicating effects against injury induced by 5- S-cysteinyl-dopamine
that the specific effect might be correlated with their in vitro. Caffeic acid has been reported to have
structure (Takahashi et al., 1999). Other research on rat neuroprotective effects against Aβ-induced neurotoxicity
brain suggests that grape seed extract enriched in in vitro and to inhibit peroxynitrite-induced neuronal
proanthocyanidins might protect against pathology age- injury (Vauzour et al., 2010). Ferulic acid has been
related oxidative brain damage (Deshane et al., 2004).
showed to protect primary neuronal cell cultures against
hydroxyl- and peroxyl-radical-mediated oxidative damage
E. Anthocyanins
(Sultana, 2012).
Anthocyanins act as guard systems in plants and protect
them from UV damage. They form complex molecules Caffeic and ferulic acids may play a role in the body‟s
with other phenolic molecules and strongly contribute to defense against carcinogenesis by inhibiting the formation
the colour and the aging of wine (De Freitas et al., 2004). of N-nitroso compounds. Caffeic and ferulic acids were
The aglycone ring of these flavonoids is called reported to react with nitrite in vitro and to inhibit
anthocyanidin. However, no conjugated anthocyanidins nitrosamine formation in vivo. In simulated gastric fluid,
are ever found in grapes or wine, except in trace caffeic acid and ferulic acid reacted rapidly and
quantities. In wine there are five anthocyanidins: malvidin, completely with an equimolar quantity of sodium nitrite.
cyanidin, delphinidin, peonidin, and petunidin. Malvidin is Caffeic acid was more effective than ferulic acid in both
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the in vitro (reaction with nitrite) and in vivo (inhibition of each glass of wine consumed. Partly due to international
hepatotoxicity) systems (Kuenzig et al., 1984).
enological practices agreements, there is no general
difference between global wine-producing regions and the
Gentisic acid, due to its antioxidant activity and its ability sulfite (or other additive) levels found in wines. Optional
to inactivate hydroxyl free radicals, might also prevent, as wine fining agents such as egg white protein are only
has been suggested for aspirin, the development of some minimally retained in wine after the treatment but residues
forms of cancer (Betts et al., 1985). Gallic acid, caffeic could trigger allergic reactions in some of the most
acid, and other phenolic compounds inhibited aflatoxin B1 sensitive individuals.
(AFB1)-induced
mutagenesis
in
a
Salmonella
typhimurium strain TA 98 in a suspension assay in the However, alcohol is not totally benign, especially at higher
presence of rat liver microsomes (San and Chan, 1987). doses (Gronbaek 2009). It has been reported to elevate
The inhibitory effect was observed only when the phenolic heart rate and blood pressure 8 to 10 h after drinking red
compound and the mutagen were administered wine (375 mL; 39 grams of alcohol) and beer (1125 mL;
concurrently and in a dose dependent manner.
41 grams alcohol) (Mukamal and Rimm 2008). A
consumption of high doses of alcohol has also been linked
B. Hydrolyzable Tannins
to the cause of some cancers (Petti 2009). Lachenmeier et
Tannins are water-soluble polyphenols. One of the major al. (2009) reported that acetaldehyde may be a
properties of these molecules is their capacity to contributing factor in the carcinogenicity of alcohol.
precipitate proteins such as gelatin from solution (Adrian However, as acetaldehyde is found in an enormous range
et al., 1996). In wine, hydrolyzable tannins arise during of foods, including fresh fruits and vegetables and
maturation and ageing of wines in oak barrels. Castalagin practically every food subjected to fermentation, this
and vescalagine are the main representative compounds of report awaits further scrutiny as to the true risks associated
ellagic tannins. Their levels are about 100 mg/L in aged with acetaldehyde consumption.
white wines, while red wine levels are about 250 mg/L
after aging in oak barrels for two or more years (Quinn A considerable body of evidence supports the hypothesis
and Singleton, 1985). They are mainly ellagic acid and that habitual consumption of large amounts of alcohol has
gallic acid ester derivatives with glucose or other sugars. a variety of deleterious effects on the kidney (Cecchin and
Due to the presence of the ester linkage, they are described Marchi, 1996). Thus, consumption of more than two
as being hydrolyzable. Hydrolyzable tannins are not standard drinks per day (24 g ethanol/day) was associated
present in Vitis vinifera but are present in other fruits such with an increased risk of kidney failure in the general
as muscadine grapes and raspberries (Landete, 2011). population (Parekh and Klag, 2001).
These polyphenols are excellent antioxidants and natural
preservatives, also helping give the wine structure and D. Beneficial role of wine
texture. However, recent research on tannins has focused Wine was considered somewhat less dangerous because it
on their potential to impact positively on human health. was fairly dilute and consumed with meals, but most
Tannins have demonstrated a host of potent biological public health specialists did not credit wine or any other
activities, anti-peroxidation properties, inhibition of such beverage with desirable effects. Ethanol is readily
mutagenicity of carcinogens and tumor promotion, metabolized by the body, providing about 435 kJ (104
specific anti-tumor abilities in relation with tannin kcal) of energy from a glass of dry table wine, and any
structures, anti-bacterial activity, and anti-viral activity alcoholic beverage can have favorable effects on Type II
(Okuda, 2005). In vivo, ellagitannins are mainly diabetes, when properly consumed.
transformed into ellagic acid and its metabolites. In fact,
they could be the agent responsible for the effects of Only recently have the government and other health
dietary ellagitannins observed in vivo (Quideau et al., agencies bowed to the preponderance of clinical,
2011).
experimental, epidemiological, and historical evidence that
moderate consumption of wine is not only not detrimental,
C. Deleterious role of wine
but is beneficial. The proven benefit is in lowered
Wine bottle labels contain a warning about their content of incidence of cardiovascular complications in wine
sulfites (sulfur dioxide in its various stages of dissociation consumers (Cooper et al., 2004). A flurry of recent studies
and binding) because about 5% of people with asthma can further suggests that wine, particularly red table wine, has
suffer from a severe potentially deadly adverse reaction. an additional favorable effect over other alcoholic
This translates into about 1 in 600 people affected by beverages. This is attributed to the antioxidant, free-radical
sulfites. There is no evidence however, that sulfites chain-breaking effect of the wine‟s natural phenolic
contribute to a „„wine headache,‟‟ which is likely due to compounds (Jamroz and Beltowski, 2001). The ability of
dehydration or other allergens. The aforementioned effect phytochemicals in wine to reduce platelet aggregation and
on blood vessel dilation due to phenolic materials may prevent oxidation of blood cholesterol and its subsequent
explain the more common complaints about headaches deposit on artery walls seem to be the major effects. In
from red wines which on average also contain more combination with their ability to moderate the dilation of
alcohol. It is a good idea to drink a glass of water with blood vessels, their presence in both red and white (though
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to a lesser degree based on their limited extraction during reporting at least 1 drink (assumed average 12 g of
the white wine making process) wines may explain the so- alcohol) daily compared with nondrinkers. The overall
called French Paradox.
death rates were lowest among men and women reporting
approximately 1 drink daily (Thun et al., 1997). Criqui and
This epidemiological phenomenon shows that the Ringel (1994) reached comparable conclusions, but further
population of France and other Mediterranean countries noted that wine was more strongly correlated with lower
have a higher life expectancy and much lower rate of heart rates of coronary heart disease (CHD) than either beer or
attack and stroke than the U.S. population despite a higher spirits.Red wine can increase high-density lipoproteins
intake of foods rich in cholesterol and saturated fats such (HDL), popularly known as “good cholesterol.” HDL is
as whole-milk cheeses or liver. The 1995 Dietary required for transport of cholesterol from the arteries and
Guidelines for Americans acknowledges that moderate various other parts of the body back to the liver for
drinking of alcoholic beverages with meals is associated metabolism and/or excretion.
with a lower risk for coronary heart disease, the leading
cause of death in this country. Moderation is defined very F. Neuroprotective effect
conservatively as one drink per day with a meal for a Wine related phenolic compounds exhibit a positive effect
woman and two for a man (150 mL or 5 oz of table wine on nerve cells (Assuncao et al., 2007). The mechanism
per drink). Wine consumption has been proven beneficial proposed as explaining the effect on wine polyphenolic
to a number of vision problems, such as macular compounds on health can be principally summarized as
degeneration, cataract and glaucoma. Grape phenols‟ role scavenging intracellular ROS and inhibition of LDL
as an anticancer agent appears relevant in regard to oxidation (Jang and Surh, 2003). In recent years, studies
prostate cancer in men. Much of the epidemiological wine on the activity of wine polyphenols have been extended to
and health research however is inconclusive, as much as animal models of CNS disorders and injury (Chan et al.,
Cogan commented in his 1584 Haven of Health, „„Drink 2008). These effects are principally associated to their
wine and have the gout, drink none and have it, too!‟‟
strong antioxidant capacities, since they can act as freeradical scavengers and hydrogen or electron, to preventing
E. Cardioprotective effect
DNA damage and lipid peroxidation (Giovannelli et al.,
Coronary heart disease (CHD) is one of the major causes 2000). Antioxidant polyphenols protect cell constituents
of death worldwide. Epidemiologic and human from oxidative alteration and thus limit the risk of
intervention studies have shown the inverse relationship developing degenerative disorders induced by oxidative
between the consumption of plant-based diets and deaths stress, such as in ischemia, Parkinson‟s disease or
attributed to heart disease. Most dietitians and nutritionists Alzheimer‟s disease. For example, an increasing number
around the world are recommending an increase in the of reports have shown that acute chronic treatment of
consumption of plant foods for the prevention of CHD. resveratrol exhibits neuroprotective effects against
Certain foods are well known for their ability to protect colchicine and nitropropionic acid (Kumar et al., 2007) or
human health from CHD. Grape is the most well known motor impairment as well as hippocampal neuron loss
among them and has been used in medicinal science from (Zhang et al., 2008). These properties are mainly
the time immemorial. Ayurveda, one of the ancient associated to the antioxidant activity of resveratrol.
medicinal books of Hindus, described “darakchasava” Resveratrol decreases the oxidative damages, in reducing
(fermented juice of red grapes) as a cardio tonic (Paul et the levels of malondialdehyde, lipid peroxidation, xanthine
al., 1999). Grape juice or red wine was also described as a oxidase, and nitric oxide, and in increasing the depleted
“gift of god” in The Bible.
glutathione levels and succinate dehydrogenase activity in
rat brain (Ates et al., 2007).
There is now almost universal acceptance among the
scientific community that alcohol, when consumed in G. Nephroprotective effect
moderation, is associated with a lower incidence of ROS play a key role in the pathophysiologic processes of
cardiovascular disease and generally better health renal diseases. The cellular damage is mediated by an
outcomes (Lang and Melzer, 2009). Some controversy still alteration in the antioxidant status, which increases the
exists over whether red wine has superior protective concentration of ROS in the stationary state (oxidative
effects than other alcoholic beverages (Cordova et al., stress). The abundance of polyunsaturated fatty acids
2005).
(PUFA) makes the kidney an organ particularly vulnerable
to ROS attack (Kubo et al., 1997). The involvement of
Numerous epidemiological studies have demonstrated an ROS is supported by two lines of experimental evidence;
association between moderate alcohol consumption and namely, (i) detection of products of oxidant injury in renal
reduced risk of cardiovascular disease. Thun et al. (1997) tissue or urine, and (ii) experimental demonstration of a
examined the effect of alcohol consumption on mortality protective effect of metabolic inhibitors of ROS (Ishikawa
among U.S. adults. Of 4,90,000 men and women WHO et al., 1994).
reported their alcohol and tobacco use, 46000 died during
9 years of follow-up. The death rates from cardiovascular Oxidative stress mediates a wide range of renal
disease were 30% to 40% lower among men and women impairments, from acute renal failure, rhabdomyolysis,
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obstructive nephropathy, hyperlipidemia, and glomerular that are virtually absent from commonly consumed fruit
damage to chronic renal failure and hemodialysis (Ramon and vegetables. Therefore moderate consumption of wine
and Gonzalo, 2002). Therefore, interventions favoring the is beneficial to health.
scavenging and/or depuration of ROS (dietary and
pharmacological antioxidants), should attenuate or prevent
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