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W
inemakers and wine writers
alike describe tannins in red
wine using qualitative terms,19

(Table 1). It is readily appar-
ent from periodicals devoted to
wine appreciation that tannin qual-
ity is an important attribute in red
wine quality.

It is important therefore to under-
stand the factors affecting tannin qual-
ity so that better wines can be made. It
is recognized that enological practices,
such as extended maceration and age-
ing (cooperage, oxygen exposure, and
time), can influence the tannin quality
in red wine. It is also recognized that
tannin concentration and quality are
initially determined in the vineyard,
with seed number and fruit maturity
playing leading roles.10, 15

While a definitive explanation for
tannin quality does not exist, specula-
tions typically fall into one of the fol-
lowing two categories:

The concentration (i.e. the “quantity
effect”): tannins are described (posi-
tively or negatively) based on their
concentration relative to other wine

components (i.e. acidity, sugars, flavor
components, and alcohol).

The structure (i.e. the “quality effect”):
tannins are described (positively or neg-
atively) based on their structure, which
changes during fruit ripening.

Presented with a problematic wine,
and given these explanations, two very
different approaches would be taken by
a winemaker to improve the tannin qual-
ity. For the wine’s concentration, adjust-
ing the tannin levels in the wine relative
to other wine components would result
in an improvement in quality.

Conversely, for the wine’s structure,
a modification in tannin structure
would be required for the same
improvement in quality. Since defini-
tive studies on grape tannin structure
variability during fruit ripening have
not been done, it is not at all clear
whether tannin structure even changes.

Since grape seed tannins normally
make up a significant proportion of the
tannins found in red wine,23 observed
modifications in their structure during
fruit ripening could lead to a testable
theory for red wine tannin quality.

Initial research efforts toward an
understanding of how tannin structure
could affect the quality of extracted
tannin in red wine have focused on
grape seed tannins. This report is a
summary of the research conducted on
grape seed tannins and subsequent
development of testable hypotheses
that could explain differences in red
wine tannin quality.
Grape seed tannin structure,
changes during fruit ripening

Grape seed tannins are a complex
group of compounds based on the
flavonoid ring system.1 While most
flavonoid compounds have this three-
ring system in common, the complexity
of the tannins arises from their polymeric

nature, composed of different flavan-3-ol
subunits linked together (Figure 1).

Individual tannin molecules can
vary in length from oligomers (con-
taining two subunits) to polymers
(reportedly containing over 19 sub-
units). Based on the most prevalent
linkage between subunits, grape seed
tannins are predicted to adopt a helical
three dimensional structure with the B-
ring radiating around the perimeter of
the central helical core.2, 8, 5, 11

From microscopic and sensory
examinations of developing grape
berries, tannins are synthesized begin-
ning at a very early stage of develop-
ment (essentially from anthesis).9

Based on our knowledge of the devel-
opment of tannins in the peach, it is
likely that tannins increase steadily
during Stage I and the early part of
Stage II of berry development.22

Figure 1

Extractability of seed tannins, from
bloom through harvest, probably
increases to a maximum during, or just
prior to, Stage II of berry development,
and thereafter declines (Figure 2). The
increases in tannin extractability dur-
ing Stage I and II of berry development
would be due to the biosynthesis of
tannins. The decreases in extractability
during Stage III (fruit ripening) how-
ever, suggest that a developmental
change has occurred.

From rigorous examinations of
grape seeds and their tannin structure
during fruit ripening, it is clear that
there are indeed changes that the seed
goes through, and furthermore, that
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Table I 
Descriptive terms given to 

red wine astringency

Terms generally recognized as positive:
ripe1, soft, round, velvety, silky, supple

Terms generally recognized as negative:
unripe1, hard, green, harsh, aggressive

notes: 1 Qualitative terms related directly
to fruit maturity.
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these changes affect the tannin struc-
ture.13 The most obvious visual change
in the seed is a change in the seed coat
color,3 from a bright green to a dark
brown. From the development of other
plant seed coats, these changes are con-
sistent with the final oxidation of the
seed coat.16, 24

The changes in tannin structure are
also consistent with oxidation. These
changes include:
• decreasing extractability, with the

decline in extraction consistent with
an oxidation model,

• apparent increase in the average
tannin length when analyzed intact
and a decrease in length when ana-
lyzed after degradation,12

• upon degradative analysis, there is
a decreasing conversion of tannins
to known degradation products.

In order to understand how these
changes in tannin structure during
fruit ripening could play a role in the
quality of red wine astringency, it is
necessary to review the sensory
properties of the tannins, and the
way in which the tannins elicit their
response.

Sensory Properties of Tannins
Mouth feel is the tactile perception of

a wine in the mouth and is the sum of all
components that can elicit a tactile per-

ception including polysaccharides,
ethanol, glycerin, as well as the tannins.

Tannins extracted from grapes dur-
ing red wine production have two sen-
sory properties associated with them:
bitterness and astringency.18, 21 In addi-
tion to sweetness, sourness, and salti-
ness, bitterness is a taste perception,
and as such, there are taste receptors
specific for bitterness.19 For bitterness,
these receptors tend to be concentrated
on the back of the tongue. 

Of the tannins extracted from
grapes during red wine production,
the low molecular weight molecules
are predominantly bitter, whereas the
higher molecular weight tannins are
predominantly astringent.

Astringency is the feeling of dryness
and roughness in the mouth.  In red wine,
this perceived dryness is associated with
intensity and duration (Figure 3). The pri-
mary reaction responsible for this dryness
is believed to be the precipitation of lubri-
cating salivary proteins by tannins.1

Because of their complimentary structure,
salivary proteins and tannins are
uniquely suited for complex formation.4, 8,

9, 25 Presumably, the formation of a salivary
protein-tannin complex inactivates the
tannins before ingestion and minimizes
the loss of dietary and digestive proteins.17

The complimentary structural fea-
tures of the salivary proteins and the
tannins are responsible for two effects
which are expected to occur during
their complexation: hydrophobic inter-
actions and hydrogen bonding. Of
these, the hydrophobic interactions are
considered to be the driving force for
complex formation.

Following the initial formation of a
salivary protein-tannin complex from
hydrophobic interactions, the complex
is strengthened considerably by addi-
tional hydrogen bonding. The salivary
protein-tannin complex is still soluble
and requires additional aggregation to

cause precipitation and subsequent
astringency prerception, (Figure 4).7 All
of these processes are reversible and
can have varied stoichiometries.

Tannin structure can influence pro-
tein interaction. Molecular weight,
substitution pattern, and flexibility
have been shown to affect the ability of
tannin to interact with protein.20 Based
on the changes that the grape-based
tannins undergo during fruit ripening,
it is expected that their interactions
with salivary proteins will become
modified.

Concept of Tannin Quality
Given our current understanding of

tannins, what precisely are desirable
and undesirable tannins, and how
could grape maturity affect their levels?
From personal experience, conversa-
tions with winemaking professionals,
current understanding of tannin
changes during fruit ripening, and-
tannin interaction with salivary pro-
teins, three explanations for the change
in tannin quality can now be given. 

Theory I: Balance hypothesis
The first explanation is that changes

in tannin quality have nothing to do
with tannin structure at all, but are
dependent on “balance” (see “concen-
tration” above). If tannins are too high
in concentration relative to other sen-
sory components, then they over-
whelm the perception of the other
components in red wine and therefore
are deemed hard and aggressive. 

MAY/JUNE 20002

W I N E M A K I N G

Anthesis

Anthesis

Veraison

Veraison
Seed Tannin

Skin Tannin

Time

Time

A

B

I II III

I II III

B
er

ry
 W

ei
gh

t
E

xt
ra

ct
ab

le
 T

an
ni

n

A
st

ri
ng

en
cy

 In
te

ns
ity

Time

Intensity

Duration

Tannin + Salivary Protein + H2O

[Tannin]n + [Salivary Protein]m + H2O

[Tannin]a + [Salivary Protein]b + H2O

Soluble Complexes

Precipitated Complexes

Figure 2

Figure 3

Figure 4



It is clear that tannins are more easily
extracted from underripe grapes. More-
over, there are many biochemical
processes that occur during fruit ripen-
ing, most of which lead to a reduction in
perceived astringency, including a
reduction in acidity, increases in sugar,
soluble pectins, and flavor components.

The net effect is that, with fruit
ripening, the possibility of having too
much perceived astringency in wine is
diminished because of the increasing
role that other negating factors play in
wine perception, and the increased
development of flavor and aroma com-
pounds.6 To use winemaker terminol-
ogy, underripe tannins would be consid-
ered to be tannins that are excessively
present, and those that are ripe are in
balance with other components.

Theory II: 
Bitterness/Astringency hypothesis

The second explanation for tannin
quality is based on changes in tannin size.
During fruit ripening, the average size of
the tannin extracted from grape seeds
increases. Therefore, as grapes ripen, the
extracted tannins should elicit less bitter-
ness and more of an astringent response.

Now the semantics: Some wine-
makers, when describing the tannin
transition from unripe to ripe, describe
the corresponding astringency as mov-
ing from a centralized and intense
response in the back of the mouth for
unripe tannins (bitterness sensed in back
of the mouth), to one that is more general
in location for ripe tannins. Additionally,
unless bitterness is exceedingly high,
winemakers rarely use it as a descriptor;
it is part of the perception of mouth feel.

The bitterness and astringency
responses that sensory scientists con-
sider to be separate are not, in the
opinion of winemakers. Again, to use
winemaker terminology, under-ripe tan-
nins would be considered to be tannins
that have an excess of low molecular-
weight tannins (the bitterness compo-
nent), and those that are ripe have less.

Theory III: 
Intensity/Duration hypothesis

The third explanation for tannin
quality is based on structural modifica-
tions of the tannins leading to modifi-
cations in their interaction with salivary
protein. Tannin-protein complexes are
held together by hydrophobic interac-
tions and hydrogen bonds (see above).

Modifications of the tannin struc-
ture could lead to modifications in the
ability of the tannin molecule to
hydrophobically interact and hydro-
gen bond with salivary protein. If these
changes result in changes in the dura-
tion of astringency relative to intensity
(Figure 5), then this could be perceived
as a qualitative change in astringency.

There is some evidence that seed
tannins are oxidatively modified (see
above), and oxidation would be
expected to modify the tannin struc-
ture in this manner. Oxidation of the
tannin molecule is expected to modify
the A and B-ring portions of the tannin
molecule, and create modifications of
the hydrogen-bond donor sites, as well
as the surfaces responsible for hydro-
phobic interactions, and would also
make the tannin molecule less flexible.

It is predicted that, as a tannin mole-
cule becomes increasingly oxidized, the
corresponding protein-tannin complex
becomes increasingly dependent on
hydrophobic interactions for stability. If
the interaction between tannin and pro-
tein is initiated by hydrophobic interac-
tions, the complex between tannin and
protein would form, but it is expected that
the complex would be weaker because
hydrophobic interactions are weaker than
hydrogen bonding interactions.

It is unclear whether a soluble com-
plex provides as much lubrication in the
oral cavity as the uncomplexed protein
(i.e.: not astringent), or if precipitation is
necessary for lubrication to be lost
(Figure 4). To use winemaker terminol-
ogy, underripe tannins would be consid-
ered to be tannins that form stronger
complexes with salivary proteins (due to

higher proportion of hydrogen bonding
and increased flexibility), and riper tan-
nins would form weaker complexes.

Theories II and III could both be
explained by oxidation and therefore,
based on current predictions, both 
the size distribution and the three-dimen-
sional structure are likely to be affected.

Conclusion
From the above three theories,

improving the quality of perceived
tannins in red wine begins with identify-
ing whether the tannins are out of bal-
ance (Theory I), or whether their struc-
ture needs to be modified (Theories II
and III). For some red wines, tannin
quality could be improved by bringing
the tannins into balance with other wine
components, whereas, for other red
wines, the structure of the tannins them-
selves may need modification.

Changing the structure of the tan-
nins could take place in the vineyard
through cultural practices or careful
site selection. It could also take place in
the winery by modifying maceration
regimes or cellaring practices,
although knowledge in this area is
based on anecdotal evidence.

It is evident that, in addition to
concentration, tannin structure could
explain perceived differences in red
wine tannin quality. 

The task now is to determine the
role that these theories play in red wine
tannin quality. This requires sensory
studies coupled with analytical meth-
ods capable of measuring the contribu-
tion of the three theories described. In
addition, since the skin tannins are also
present in red wine,14 their contribution
to quality also has to be considered. ■

References
1. Bate-Smith, E.C., “Flavonoid compounds

in foods.” Adv. Food Res., 5: 261-300 (1954).
2. Bergmann, W.R., V.N. Viswanadhan, and

W.L. Mattice, “Conformations of polymeric
proanthocyanidins composed of (+)-catechin or
(-)-epicatechin joined by 4_6 interflavan bonds.”
J. Chem. Soc. PII, 45-47 (1988).

3. Cawthorne, D.L., and J.R. Morris,
“Relationship of seed number and maturity to
berry development, fruit maturation, hormonal
changes, and uneven ripening of ‘Concord’
(Vitis lambrusca L.) grapes,” J. Amer. Soc. Hort.
Sci., 107: 1097-1104 (1982).

4. Czochanska, Z., L.Y. Foo, R.H. Newman,
and L.J. Porter, “Polymeric tannins.
Stereochemistry, structural units, and molecular
weight,” J. Chem. Soc. PI, 2278-2286 (1980).

MAY/JUNE 2000 3

W I N E M A K I N G

In
te

ns
ity

In
te

ns
ity

Time

Time

astringency

A

B

astringency
unbalanced with other

sensory components

astringency
balanced with other
sensory components

other sensory
components

Figure 5



5. Fletcher, A.C., L.J. Porter, and E. Haslam,
“Hindered rotation and helical structures in nat-
ural procyanidins,” J.C.S. Chem. Comm., 627-629
(1976).

6. Gawel, R., “Red wine astringency: A review,”
Austr. J. Grape Wine Res., 4: 74-95 (1998).

7. Haslam, E., in Practical polyphenolics: From
structure to molecular recognition and physiological
action, Cambridge University Press, New York,
(1998).

8. Haslam, E., “Symmetry and promiscuity
in procyanidin biochemistry,” Phytochemistry,
16: 1625-1640 (1977).

9. Hawker, J.S., M.S. Buttrose, A. Soeffky,
and J.V. Possingham, “A simple method for
demonstrating macroscopically the location of
polyphenolic compounds in grape berries,”
Vitis, 11: 189-192 (1972).

10. Heald, E. and R., “Cabernet Sauvignon:
production for approachability,” Pract. Winery &
Vineyard, May/June: 11-17 (1994).

11. Helfer, C.A., and W.L. Mattice,
“Conformation and dynamics of condensed tan-
nins,” Trends Polym. Sci., 3: 117-122 (1995).

12. Kennedy, J.A. and A.L. Waterhouse,
“Analysis of pigmented high molecular mass
grape phenolics using ion-pair, normal-phase
high performance liquid chromatography,” J.
Chrom. A, 866: 25-34 (2000).

13. Kennedy, J.A., M.A. Matthews, and A.L.
Waterhouse, “Changes in grape seed polyphe-
nols during fruit ripening,” submitted to
Phytochemistry for review.

14. Kennedy, J.A., M.A. Matthews, and A.L.
Waterhouse, “The effect of maturity and vine
water status on grape skin flavonoids,” submitted
to Am. J. Enol. Vitic. For review.

15. Long, Z., “Developing wine flavor in the
vineyard,” Pract. Winery & Vineyard,
July/August: 6-9 (1997).

16. Marbach, I., and A.M. Mayer, “Perme-
ability of seed coats to water as related to drying
conditions and metabolism of phenolics,” Plant
Phys., 54: 817-820 (1974).

17. McArthur, C., G.D. Sanson, and A.M.
Beal, “Salivary proline-rich proteins in mam-
mals: Roles in oral homeostasis and counteract-
ing dietary tannin,” J. Chem. Ecol., 21: 663-691
(1995).

18. Noble, A.C., “Bitterness and astrin-
gency in wine,” In: Developments in Food Science
25: Bitterness in Foods and Beverages, R.L. Rouseff
(Editor), Elsevier, New York, Ch. 8, p. 145
(1990).

19. Peynaud, E., in The Taste of wine 
2nd ed. The Art and Science of Wine Appreciation,
John Wiley and sons, New York, (1996).

20. Porter, L.J., and J. Woodruffe,
“Haemanalysis: the relative stringency of
proanthocyanidin polymers,” Phytochemistry,
23: 1255-1256 (1984).

21. Robichaud, J.L., A.C. Noble,
“Astringency and bitterness of selected pheno-
lics in wine,” J. Sci. Food Agric., 53: 343-353
(1990).

22. Senter, S.D., and A. Callahan,
“Variability in the quantities of condensed tan-
nins and other major phenols in peach fruit dur-
ing maturation,” J. Food Sci., 55: 1585-1587
(1990).

23. Sun, B.S., T. Pinto, M.C. Leandro, J.M.
Ricardo da Silva, and M.I. Spranger, “Transfer of
catechins and proanthocyanidins from solid
parts of the grape cluster into wine,” Am. J. Enol.
Vitic., 50: 179-184 (1999).

24. Werker, E., I. Marbach, and A.M. Mayer,
“Relation between the anatomy of the testa,
water permeability and the presence of pheno-
lics in the genus Pisum,” Ann. Bot., 43: 765-771
(1979).

25. Williamson, M.P., “The structure and
function of proline-rich regions in proteins,”
Biochem. J., 297: 249-260 (1994).

MAY/JUNE 20004

W I N E M A K I N G

Reprinted from:

58 Paul Drive, Ste. D, San Rafael, CA 94903 • 415-479-5819

Visit our website:
www.practicalwinery.com
to learn more about PWV.


