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All rights reserved.

The Antioxidant Action of Sulfur Dioxide
John Danilewicz, Ph.D., Barnsole Vineyard,
Canterbury, United Kingdom
Sulfur dioxide (SO2) has become virtually indispensable in
winemaking. It is remarkable that this apparently simple
substance can combine three important beneficial proper-
ties: antimicrobial and antioxidant activity as well as the
ability to add to substances such as acetaldehyde to form
nonvolatile derivatives, so preventing their undesirable
sensory properties. After long use and extensive study,
SO2 is accepted as having low toxicity. However, more re-
cently it has become apparent that it can induce allergic
reactions, primarily in asthmatics. For this reason and the
general public’s increasing suspicion of any food or drink
additive, the trend is to minimize its use in wine. A full
understanding of its various mechanisms of action is
therefore essential for its appropriate use. The purpose of
this article is to examine the manner by which SO2 exerts
its antioxidant action in wine.

The way in which SO2 reacts with oxygen has been
studied thoroughly over the last 100 years because the
reaction occurs in flue-gases on burning fossil fuels and
also in the atmosphere to produce acid rain. Sulfur dioxide
is very soluble in water, with which it reacts reversibly to
form bisulfite, the predominant form that exits in wine.

The reaction with oxygen can be simply written as
shown above where two bisulfites combine with an oxy-
gen molecule to form two sulfates. The reaction looks

very simple, but unfortunately bisulfite is incapable of re-
acting directly with oxygen and the reaction occurs in a
much more complex manner, which has important conse-
quences in wine.

Bisulfite first reacts with iron or copper, which are al-
ways present in small amounts in wine, to produce a reac-
tive intermediate substance known as a free radical. This
substance is able to react with oxygen to generate even
more reactive free radicals, which through a chain of reac-
tions eventually results in the formation of sulfate. How-
ever, the reaction is relatively slow and wine contains
substances called polyphenols, which can intercept free
radicals. This ability to scavenge reactive radicals that
could harm us is thought to be the way polyphenols exert
their beneficial action on health. Consequently, in wine,
polyphenols break the chain reaction and so prevent the
reaction of oxygen with bisulfite. Many textbooks tell us
that the ability of SO2 to react with oxygen is the manner
by which it protects other wine constituents. This is a
simple concept to understand, but unfortunately it is not
what actually happens.

The most readily oxidized substances in wine are the
polyphenols, which are much more abundant in red than
white wines. These substances can interact with oxygen
through the catalytic assistance of iron and copper to pro-
duce hydrogen peroxide and oxidation products known as
quinones.

Hydrogen peroxide itself is relatively unreactive, but in
the presence of even traces of metals it is transformed
into powerful oxidizing radicals that quickly convert etha-
nol to acetaldehyde, one of the substances that give wine
that characteristic oxidized aroma.
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The principal action of SO2 (often just called sulfite) is
to react with the hydrogen peroxide before it can react
with ethanol and other wine constituents.

Sulfur dioxide, therefore, does not protect polyphenols
from oxidation but competes with ethanol for the hydro-
gen peroxide they produce. However, the protection is not
complete and some ethanol is always oxidized to acetalde-
hyde even when high concentrations of sulfite are present.
Acetaldehyde binds sulfite strongly, and as a conse-
quence bound sulfite increases to some extent when wine
is exposed to air. A further action of sulfite is to interact
with the quinones that are formed on polyphenol oxida-
tion. These substances can give yellow pigments that
may cause yellowing and browning of wine on oxidation.
However, the manner of this interaction with quinones is
not understood. One proposal is that sulfite reduces them
back to the original polyphenol and so prevents wine yel-
lowing. The action of SO2 is therefore far more profound
than just its simple interaction with oxygen.

Ascorbic acid is sometimes used as an “antioxidant,”
particularly at bottling. However, it interacts with oxygen
in exactly the same way as polyphenols, although rather
more quickly. Hydrogen peroxide is formed and the ascor-
bic acid is oxidized to unstable products that react, possi-
bly with polyphenols, to cause browning. Ascorbic acid
can therefore do more harm than good unless SO2 is also
present in adequate concentration: that is, to remove the
hydrogen peroxide that is quickly produced and to bind to
the ascorbic acid oxidation products in order to prevent
them from reacting further.

Red wines benefit from some oxygen exposure to soften
them by removing some tannins. These are large polyphe-
nols, which nevertheless are oxidized in the same manner as
described above. Oxygen is introduced slowly in barrels or
by microoxygenation, but SO2 levels have to be maintained
during the process. White wines, on the other hand, are not
thought to benefit from oxygen contact and are even dam-
aged by it. Maintaining adequate SO2 concentrations to
counteract any oxygen exposure during processing and dur-
ing bottling is therefore most important.
Danilewicz, J.C. 2003. Review of the reaction mechanisms of oxygen

and proposed intermediate reduction products in wine: Central
role of iron and copper. Am. J. Enol. Vitic. 54:73-85.

Danilewicz, J.C. 2007. Interaction of sulfur dioxide, polyphenols,
and oxygen in a wine model system: Central role of iron and cop-
per. Am. J. Enol. Vitic. 58:53-60.

Research Highlight
Reactive oxygen species have a causal role in multiple
forms of insulin resistance. N. Houstis, E.D. Tosen, and
E.S. Lander. 2006. Nature 440:944-948. This landmark
paper presents convincing evidence that insulin resis-
tance, which is a metabolic phenomenon that is the pre-
cursor of virtually all of the major diseases of developed
societies, is largely due to the accumulation of reactive
oxygen species. Insulin is a hormone that tells tissues to

consume glucose that is present in the bloodstream. If the
cells do not receive the insulin message, then the glucose
is left to circulate in the bloodstream, which leads to a
series of disorders for the individual. Insulin resistance
means that the cells do not take up glucose even when
the insulin signal is present. This phenomenon is also re-
ferred to as glucose intolerance. Reactive oxygen species
(ROS) are generated from the metabolism of carbon com-
pounds for energy. Since this is an unavoidable occur-
rence of metabolism, all organisms have evolved mecha-
nisms to detoxify these reactive species to prevent cellular
damage. A problem arises when the generation of the ROS
exceeds the capacity of the cells to detoxify, which is why
high caloric intake or excessive consumption of any en-
ergy source is detrimental to health. These compounds are
toxic to cells, which explains why cells opt to ignore the
insulin signal until they reduce these compounds below
toxic levels. In this study the authors used cell culture
model systems to show that treatments designed to de-
crease ROS levels within cells reduced insulin resistance to
varying extents. They observed that high ROS levels lead
to the reduction in a cellular protein that mediates the re-
sponse to insulin but that the reduction did not occur if
antioxidants were also administered. They then examined
these effects in an obese mouse model. The treatment with
antioxidants did not alter the appearance of obesity, but it
did increase the response to insulin. More research is
needed to understand the mechanisms of these effects, but
this research offers another possible explanation for the
health benefits of antioxidant consumption and explains
the epidemiological studies that have shown the benefits
of wine consumption in forestalling the ROS diseases.

—reviewed by Linda F. Bisson

Highlights from the 2006 Aroma and Flavor
Symposium and Aroma Research Forum
Susan Ebeler, University of California, Davis

Recent advances and future challenges in our under-
standing of grape and wine flavor were highlighted during
the June 2006 ASEV Annual Meeting. At the day-long
Aroma and Flavor Symposium, over 200 attendees heard
from internationally recognized speakers with expertise in
neurobiology and physiology, sensory analysis, analytical
chemistry, and wine flavor chemistry and microbiology.

Terry Acree, Cornell University, opened with an over-
view of wine flavor chemistry. While several thousand
chemical compounds have been identified in grapes and
wines, fewer than 1000 of them are aroma active, directly
contributing to grape and wine flavor. Advances in analyti-
cal methodologies, such as gas chromatography-olfactom-
etry (GC-O), have enhanced our understanding of grape
and wine flavor. Individual flavor compounds can be iden-
tified through GC-O and, by using a human nose as the
detector, their aroma qualities and relative impact on
aroma can be determined.

Jeannine Delwiche, Ohio State University, discussed
the physiology of taste perception and methods for mea-
suring wine flavor. She emphasized that flavor is a com-
bined sensation of taste, odor, color, and mouthfeel/texture
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(chemesthesis) properties, all of which impact our overall
perception of wine attributes. In one study, the color of
wine was changed (by adding coloring to a white base
wine), and tasters identified the darker red samples as
having flavors consistent with red wines, illustrating the
impact that visual clues give to flavor perception.

Stuart Firestein, Columbia University, discussed the
mechanisms by which odorants are perceived. Approxi-
mately 1000 olfactory receptors have been identified in
rodents and ~350 have been identified in humans. When
odorants bind to the receptors, a cascade of biochemical
responses is triggered that sends a signal to the brain ol-
factory regions. The patterns of neurons firing in the
brain are decoded to give us the recognition of specific
odor qualities (such as vanilla and violets).

Donald Wilson, University of Oklahoma, reported that
by using multiple tools, including functional magnetic
resonance imaging (fMRI), scientists can obtain informa-
tion about which regions of the brain are activated when
individuals smell single odorants and mixtures of com-
pounds. The patterns in the brain that are activated when
individuals smell complex mixtures of odorants appear to
correspond to the sum of the patterns associated with ac-
tivation by single odorants. Memory and learning also
play fundamental roles in our ability to perceive and dis-
criminate odorants.

Susan Ebeler, UC Davis, presented some of the chal-
lenges still remaining in understanding how individuals
perceive complex mixtures of odorants. For example,
knowledge of odorant concentration alone is not enough
to predict odor intensity in a wine sample because other
matrix components, such as ethanol and polyphenols, can
interact with the odorants to alter their volatility and
aroma intensity. Increased knowledge of odor masking
and enhancement is also necessary to understand how
we perceive complex mixtures of odorants, such as when
vegetal and fruity aromas are both present in wines.

Andrew Waterhouse, UC Davis, summarized recent re-
search that has identified specific chemical compounds
that may be responsible for the characteristic varietal fla-
vor of many winegrapes. In most cases the unique vari-
etal flavor of a wine can be obtained from a limited num-
ber of chemical compounds (usually 10 to 20). However,
full characterization of the impact of individual com-
pounds and comparisons among the same variety with
slightly different sensory properties are still needed.

Michael Qian, Oregon State University, described his
recent research using a new analytical technique, twister
stir bar-GC-MS, to study the impact of grape maturity and
irrigation practices on wine aroma composition. A group
of flavor compounds could be identified in Pinot noir
wines made from less mature grapes that were different
from those in more mature grapes, and these different
compounds appeared to be closely linked to the sensory
descriptions of wine from the grapes at the different ma-
turity levels. The aroma composition in the wine is well
correlated with the aroma precursors in the grapes.

Thomas Henick-Kling, Cornell University, discussed his
research that has shown that the timing of yeast inocula-
tion can have an impact on flavor properties of the result-

ing wine. Recent studies with Brettanomyces bruxellenis
show that some strains can contribute distinct fruity or
citrus characters to model fermentations. These odorants
were identified by GC-O and have not been previously
characterized.

Ramón Mira de Orduña, University of Guelph, gave an
overview of wine tastants beyond the contributions of
sugars, acids, and tannins which contribute to sweetness,
sourness, and bitterness. For example, salty perception in
some wines has been observed when sodium concentra-
tions are elevated due to vineyard management practices.

Harold McGee, author of On Food and Cooking: The
Science and Lore of the Kitchen, discussed “molecular
gastronomy” and chefs who are merging a sophisticated
knowledge of science with culinary techniques, such as
the use of distillation to develop flavor essences which
are added to food ingredients to impart intense, surpris-
ing, or unique flavor qualities. New ingredients combined
with advanced technology to develop gels and uniquely
textured food products, such as foods reminiscent of the
texture of caviar but with citrus or fruity flavors, are also
being explored. These novel culinary science skills offer
new ways of looking at the food and wine experience and
may give winemakers inspiration for combining scientific
advances and technologies to the winemaking process.

A white wine varietal tasting led to further discussion
of varietal characters and the range of flavor attributes
that can comprise individual varieties. A red wine tasting
helped to demonstrate complex masking of flavors and the
importance of standardizing language and training in com-
municating and understanding wine flavors.

In a separate Aroma Research Forum led by Michael
Qian, academic researchers, students, and industry scien-
tists interested in wine aroma and flavor discussed future
directions for research. Several individuals noted the need
to develop a sensory concept or precept for the individual
wine varieties that can then be used to assist in identifica-
tion of chemical compounds that contribute to grape and
wine varietal character. Much discussion focused on how
winemakers can better use analytical flavor chemistry in-
formation. Several participants noted that our knowledge
of flavor precursors and factors in the vineyard that influ-
ence grape and wine composition is lacking and that this
information will be critical for fully optimizing and control-
ling grape quality. Of particular concern is that many viti-
cultural studies on grape quality are limited to evaluation
of Brix and titratable acidity, which are not good indicators
for grape and final wine flavor properties. Also discussed
was the need for analytical tools that can rapidly screen
grapes and wines for flavor compounds at various stages
in the winemaking process. Most participants agreed that
significant limitations in financial resources, both for aca-
demics and industry scientists, are currently restricting the
progress that can be made in our understanding of grape
and wine flavor. However, there was also a consensus that
while challenges remain, many new analytical, sensory,
and biochemical tools and techniques are now available
for studying wine flavor and that the next 10 to 15 years
should be an exciting time for wine flavor scientists and
industry professionals.
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Effects of Processing Must in a Blender
before Fermentation on Wine Tannin and
Anthocyanin Concentration
Stephanie Haas and Scot Bilbro, report of student
research project, University of California, Davis

Tannins and color are critical wine sensory attributes.
The quantities of both classes of compounds are influ-
enced by extraction conditions during winemaking. Antho-
cyanins are water-soluble vacuolar flavonoid pigments
that appear red to blue, according to pH. They have been
observed to occur in all tissues, mainly in grape skins.
Present as glycosides and occurring as single sugar resi-
dues attached to multiple hydroxyls, the grape pigments
are usually bound with acetic, caffeic, or p-coumaric acids
(Zoecklein et al. 1995). The term for the simple parent fla-
vonoid ring system is anthocyanidin. However, antho-
cyanidins are never found in grapes or wine, except in
trace quantities, because they are unstable. The major form
of pigment is the modified or conjugate anthocyanidins,
the anthocyanins or aglycones. There are five basic an-
thocyanins in wine: cyanidin-, peonidin-, delphindin-,
petunidin- and malvidin-, the most abundant in red wines.
The color of these pigments and their stability is a func-
tion of pH, making them completely pH dependent; for a
pH >3.0, less than 50% of the potential red color is vis-
ible. Increased wine storage and temperature results in in-
creased color because of accelerated polymerization; how-
ever, too much polymerization can cause wine instability.

Tannins are astringent, bitter-tasting grape polyphenols
that bind and precipitate proteins. Tannin is a functional
term that describes substances used to tan hide to leather;
in wine the term refers to any large polyphenolic com-
pound containing sufficient hydroxyls and other suitable
groups, such as carboxyls, to form strong complexes with
proteins and other macromolecules. Tannins have molecu-
lar weights from 500 to >20,000 and are usually divided
into hydrolyzable tannins and condensed tannins. Hydro-
lized tannins are based on the nonflavonoid phenols and
exist as esters which can be degraded or hydrolyzed. Con-
densed tannins, also known as procyanidins, cannot be
decomposed by hydrolysis. Wine tannin is largely com-
posed of polymers of condensed tannins. These tannins
exhibit blue-color complexes upon reactions of Fe+ with
protein and are then described as astringent. Tannins are
found in the seeds (58.5%) and to a lesser extent in stems
(21%) and skins (4%). Skin tannins are of greatest concern
because of the ease of extraction, and therefore wine-
makers take extra care in minimizing undesirable tannins.
Tannins play an important role in preventing oxidation in
aging wine and appear to polymerize and comprise a major
portion of the sediment in wine; therefore the tannin level
must remain <3 g/hL (Zoecklein et al. 1995).

Our experiment was designed to analyze the relative
impact of mechanical disruption of skins alone or of seeds
and skins on the amount of anthocyanins and tannins in
the wine. A standard Osterizer household blender set on
liquefy was used to macerate skins and seeds for 15 sec-
onds, after which extensive skin and seed damage had
occurred. Replicate fermentations were conducted of

musts comprised of 20% macerated skins and seeds and
80% untreated must and of 40% macerated skins and
seeds and 60% must. In a second trial, seeds were re-
moved from the must by hand, and the skins only were
blended using the same settings. The macerated skins and
untouched seeds were then blended back with untreated
must at the same 20% and 40% ratios. A control of un-
treated must was also run in parallel. The Harbertson-
Adams tannin assay was used to measure tannin, with
values expressed in terms of catechin equivalents (CE).
Relative anthocyanin content was measured spectrophoto-
metrically at 520 nm of diluted samples, and expressed as
mg/L of malvidin-3-glucoside equivalents (M3GE).

Mean anthocyanin concentrations ranged from 332 to
385 mg/L M3GE (Table 1). Maceration of skins with or
without the presence of seeds had no significant effect
on wine color. The maceration of skins only had no effect
on the tannin content of the wines. In contrast, the mac-
eration of seeds along with the skins significantly in-
creased tannin levels. However, the increase in tannin
level did not show a linear response with the percentage
of seeds blended, suggesting that other wine components
play an important role in tannin development.

Physically breaking a percentage of the must before fer-
mentation by blending appeared to increase tannin concen-
tration of the resulting wine. The tannin level increased
when either 20% or 40% of the must (skins and seeds) was
blended, but there was no difference between the tannin
concentrations in the treatments. The increase was presum-
ably due to increased seed exposure and seed breakage.
Wines made in the same manner but with the seeds removed
before blending did not show any tannin increase. However,
since there was no difference between the 20% and 40%
treatments, the extraction of tannins from seeds did not
seem proportionate with the percent of must blended.

No effect was seen on the anthocyanin concentration
of the wine by blending the seeded or deseeded must re-
gardless of the percent blended (up to 40%). The extrac-
tion of anthocyanins from the skin did not appear to be
related to the amount of surface area or breakage of the
skin cells. However, a secondary effect of, or compound
released by, blending the must may have inhibited extrac-
tion of anthocyanins past the level of the control. To tai-
lor a program specifically targeting the extraction of an-
thocyanins, variables other than surface area, such as
temperature and matrix chemistry, should be examined.

Zoecklein, B.W., K. Fugelsang, B.H. Gump, and F.S. Nury. 1995.
Wine Analysis and Production. Chapman & Hall, New York.

Table 1  Anthocyanin and tannin content of wines.

Anthocyanins Tannins
Treatment (M3GE) (CE)

Control 381.75 ± 51.26 838.25 ± 34.34

20% blended 385.47 ± 20.79 1164.5 ± 143.80
seeds and skins

40% blended 369.19 ± 43.05 1233.25 ± 154.41
seeds and skins

20% blended skins 332.16 ± 14.76 839.812 ± 122.03

40% blended skins 332.25 ± 31.37 802 ± 178.32


