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For many centuries oak wood has traditionally been used in the
storage of alcoholic beverages because of its mechanical proper-
ties (hardness, pliability and impermeability) and its extractable
compounds, which can produce changes in the composition of
wines and spirits. The oak wood species most commonly used in
barrel-making are Quercus alba (grown mainly in the United
States), Quercus petraea and Quercus robur (grown in Europe
and Eastern Europe). In Portugal, the most commonly used oak
wood species is Quercus pyrenaica, and it is traditionally used in
barrel-making.

During the aging of spirits and wines in barrels, various com-
ponents of the wood diffuse into the liquid, improving the
organoleptic quality. These components include tannins (Peng et
al., 1991; Viriot et al., 1993; Vivas et al., 1996), lignin derivates
(Puech et al., 1996), and volatile constituents (Chatonnet et al.,
1997; Chatonnet & Dubourdieu, 1998; Chatonnet, 1999).

Chen (1970) and Seikel et al. (1971) detected the presence of
ellagic tannins in oak wood. These compounds are present in
numerous species of oak (Quercus sp.). They belong to the group
of hydrolysable tannins (Haslam, 1981) and can represent up to
10% of the dry material (Scalbert et al., 1988). The two most
common ellagic tannins have been isolated and identified as
vescalagin and castalagin by Mayer (1971). Subsequently, six
additional water-soluble ellagic tannins (roburins A-E and gran-

dinin) were also acknowledged (Du Penhoat et al., 1991) as
dimers of vescalagin or castalagin and/or characterised by the
addition of a pentose residue to said molecules. Castalin and
vescalin are further present in oak wood and have been classified
as ellagic tannins by Mayer et al. (1967) even though they do not
liberate ellagic acid on acid hydrolysis.

The above-mentioned ellagic tannins are water soluble and sol-
uble in hydroalcoholic solutions such as wines and spirits
(Moutounet et al., 1989; Viriot et al., 1993). Their taste properties
(Pocock et al., 1994) grant them an important role in the aging
process of red wines (Singleton, 1995; Vivas & Glories, 1996)
and spirits in oak barrels (Puech, 1987; Viriot et al., 1993).

Many authors suggest that ellagic tannins may be involved in
red and white wine oxidation processes (Pontallier et al., 1982;
Moutounet et al., 1989). Moutounet et al. (1993) confirmed this
after studying the behaviour of a dry white wine supplemented
with ellagic tannins, the presence of which increased the oxygen
consumption rate (compared to the control wine). Recently, Vivas
& Glories (1996) showed that ellagic tannins play an important
role in wine oxidation processes, quickly absorbing the dissolved
oxygen and facilitating the hydroperoxidation of wine con-
stituents. Pursuant Vivas & Glories (1993), oak wood ellagic tan-
nins also affect the proanthocyanidins condensation rate, as well
as condensed tannin precipitation and anthocyanidin destruction.
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Combination with wine polysaccharides and proteins during wine
ageing, particularly with batonnage, is another role of the ellagic
tannins (Dubourdieu, 1992). As a consequence of these reactions,
the concentration of ellagic tannins in wines that are cask matured
is low (Quinn & Singleton, 1985; Moutounet et al., 1989).
According to Moutounet et al. (1989), the ellagic tannins are
rapidly extracted from oak chips by a 12% hydroalcholic solu-
tion, with the maximum extraction of 4 g/L chips obtained after
eight hours of contact under agitation. As a consequence of the
lower stability of the majority of these compounds after the ellag-
ic tannin extraction, some authors reported a decline in concen-
tration of these compounds (Moutounet et al., 1993). Some stud-
ies suggest that the disappearance of ellagic tannins coincides
with the addition of ethoxy moieties and leads to the formation of
hemiketal and ketal ellagic tannins (Moutounet et al., 1992;
Puech et al., 1999). On the other hand, Mertz (1996) confirmed
the lower stability of some individual ellagic tannins (vescalagin
and castalagin) in model solutions at different temperatures.

In general, studies have emphasised the composition of
extractable ellagic tannins from different oak wood species using
model wine solutions or different organic solvents. The roles of
the wine maturation environment, and the physical and chemical
composition of hydroalcoholic solutions used for ellagic tannin
extraction have rarely been considered in enology studies.
Consideration of this is very important because there are many
factors present during wine aging in oak wood casks that could
perhaps affect the extraction of individual ellagic tannins from
oak wood or their evolution during the aging process. On the
other hand, the composition of ellagic tannins of oak species
grown in Portugal (Quercus pyrenaica), and traditionally used in
Portuguese cooperage, has not yet been investigated. Recently,
Canas et al. (2000) only studied the ellagic acid content. They
found that Portuguese oak has a higher content of ellagic acid
than the French and American oak species used.

Therefore, the aim of this study was to examine the variation in
concentration of some individual ellagic tannins and ellagic acid
extracted from a much less studied oak wood species (Quercus
pyrenaica L.) using wood chips in model wine solutions, and to
determine the relative influence of temperature, alcoholic con-
tent, pH and time on their contents. The conditions/values used in
this study were generally similar to those used in enology. This
aspect is of considerable interest for coopers and especially for
winemakers to enable them to choose wisely the best wine aging
conditions for the best wine characteristics.

MATERIALS AND METHODS

Samples

The samples used in this study were oak wood chips (0.5 to 5
mm) from Quercus pyrenaica L. (Gerês forest, North of
Portugal), with medium toasting intensity (35 min) and grain
(growth rings, 3.5 mm), which were supplied by J.M. Gonçalves
Lda company (Palaçoulo, North of Portugal).

Extraction under model wine conditions

In order to study the effect of pH, temperature, alcoholic content
and time on the extraction/evolution of the quantitatively most
important individual ellagic tannins (vescalagin, castalagin,
roburin D, roburin E and grandinin) and ellagic acid from oak
wood chips, the wood chips samples (3 g/L) were placed in 250

mL of the different model wine solutions for 104 days (280 mL
was the total volume of the bottles containing the model wine
solutions). The samples, prepared in duplicate, were subjected to
different extraction conditions (similar to conditions that usually
occur during wine aging) in the dark and were agitated daily
(under magnetic stirring for 5 min each day). 

Thus the different extraction conditions studied for model wine
solutions were: pH assay – pH 3.1 and 3.7, both for an alcoholic
degree of 12% (v/v) and at a temperature of 20°C; alcoholic
degree assay – alcoholic degree of 10 and 13% (v/v), both at pH
3.1 and a temperature of 20°C; temperature assay – temperature
of 12 and 20°C, both at pH 3.1 and an alcoholic degree of 12%
(v/v). All extraction assays were done in duplicate.

For each analysis of individual ellagic tannins extracted from
oak wood chips, 2 mL of the maceration liquid from each wine
model solution was filtered through a Millipore filtration mem-
brane (pore diameter, 0.45 µm). The resulting filtrate was con-
centrated under a nitrogen stream so as to eliminate water and
oxygen, and its volume made up to 3 mL with water. Afterwards,
10 µl aliquots were analysed by high-pressure liquid chromatog-
raphy (HPLC), in duplicate, using the method described by Viriot
et al. (1994). Ellagic acid was directly evaluated from the filtrate
and injected, in duplicate, into the HPLC column.

Ellagic tannins and ellagic acid analysis

The equipment used for analytical HPLC was a Konic 500B sys-
tem (Konik Instruments, Spain) with a 7161-LC Rheodyne valve.
Detection was made at 280 nm, for ellagic tannins, and at 370 nm
for ellagic acid with a Konik UV-Vis detector model 206 PHD,
coupled to a Konikron data treatment system. The column (250 ×
4.6 mm, with a particle size 5 µm) was a reverse-phase C
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LiChrospher® 100 (Merck, Darmstadt) protected by a guard col-
umn of the same material.

As regards the ellagic tannins’ determination, a linear gradient
was used with the following elution conditions: solvent A
(water/phosphoric acid 990:1, v:v) and solvent B (methanol); gra-
dient, 0 to 10% B in 30 minutes, and flow rate, 1 mL/minute.
Another linear gradient was used for the ellagic acid determina-
tion, with the following elution conditions, and using the same
solvents: gradient, 0 to 90% B in 30 min, and flow rate, 1
mL/min. The column was washed between injections with
methanol/water (500:500, v/v) for 15 min. All analyses were done
in duplicate. The chromatographic peaks of ellagic tannins were
identified according to reference data previously described
(Viriot et al., 1994), and for ellagic acid the identification of a
chromatographic peak was made by comparison of its retention
time with that of an external standard. The results of individual
ellagic tannins are expressed in mg/L ellagic acid (Fluka) equiv-
alents. The compounds corresponding to the five ellagic tannins
and ellagic acid observed by reversed-phase HPLC are shown in
Fig. 1. Roburins A, B and C were not individually identified and
quantified in this work, but it was possible to detect them as a
broad peak in the HPLC chromatogram.

Data analysis

In order to study the influence of the various factors on the extrac-
tion of individual ellagic tannins and ellagic acid from oak wood,
an analysis of variance and comparison of treatment means
(ANOVA, one-way) was performed using the SPSS software pro-
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gram version 11.0 (SPSS Inc. Headquarters, Chicago, Illinois,
USA) for total and each individual ellagic tannins and ellagic acid.

RESULTS AND DISCUSSION

Kinetics of ellagic tannins and ellagic acid extraction as func-
tion of time

The evolution of the concentration of the total and individual
ellagic tannins in the studied model wine solutions is shown in
Figs 2 to 5. Assessment of the latter figure led us to conclude that
there were two distinct stages during the extraction process
(under all extraction conditions). An initial period (in general,
between 16 and 40 extraction days), during which supply of
ellagic tannins and ellagic acid to the oak wood chips/model wine
solutions contact layer was high, due to the solubility of the com-
pounds, and a second period during which there was a clear, con-
tinuous decrease in their values.

The proportion of ellagic tannins extracted from the oak wood
chips varied significantly amongst individual tannins. In general,
the results indicated that, under all extraction conditions, after
one extraction day, ellagic tannins and ellagic acid were already
present in the model wine solutions. It should be noted that in the
assay where the influence of temperature on the extraction
process was studied, after only one day we registered a total value
of approximately 50 mg/L (expressed in ellagic acid equivalent)
in all compounds studied (see Fig. 2).

In respect of roburin D, only after 8 and 16 extraction days was
it possible to observe this compound in the model wine solutions
(see Figs 3 to 5). These results suggest that both molecules of
roburin are less accessible or extractable than other ellagic tan-
nins when an aqueous ethanol solution is used. This compound
may be more closely associated with the cell wall components
and therefore less easily extracted into solution. On the other
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FIGURE 1

Reverse-phase HPLC chromatogram of ellagic tannins from oak wood chip extract.
Peak assignments: 1, roburins A, B and C; 2, grandinin; 3, roburin D; 4, vescalagin; 5, roburin E; 6, castalagin. G, gallic acid.

FIGURE 2

Evolution of total ellagic tannins quantified during 104 extraction days in model
wine solutions under different extraction conditions (for extraction conditions see

material and methods).
A – Influence of temperature: -�- temperature 20º C; -��- temperature 12ºC

B – Influence of pH conditions: -�- pH = 3.7; -��- pH = 3.1
C – Influence of alcoholic degree: -�- alcoholic degree 13 % (v/v);

-��- alcoholic degree 10 % (v/v)
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FIGURE 3

Evolution of individual ellagic tannins and ellagic acid quantified during
104 extraction days in model wine solutions under different pH conditions 

(-�-, -�- pH = 3.7;  -��-, -��- pH = 3.1).
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hand, roburin D is usually the minor ellagic tannin quantified in
oak wood. However, a recent study on the extraction of ellagic
tannins from oak wood (Quercus robur) of model casks showed
that castalagin and vescalagin are less accessible or extractable
than other ellagic tannins (Puech et al., 1996). Masson et al.
(1994) found that while the concentration of ellagic tannins var-
ied between different wood tissues, the composition remained rel-
atively constant.

While roburin D was the ellagic tannin extracted from oak
wood chips in lesser quantities, castalagin, vescalagin and gran-
dinin were the dominant ellagic tannins under all extraction con-
ditions assayed. For example, in the assay in which the effect of
alcoholic degree was assessed (Fig. 4), vescalagin and castalagin
showed, a 27.2 and 28.1 mg/L concentration (ellagic acid equiv-
alent), respectively, after 16 days of extraction, while in the same
assay roburin D displayed a value of only 2.0 mg/L (ellagic acid
equivalent). Grandinin was another important ellagic tannin
extracted in all assays. After 104 extraction days the values that
were determined varied from 2.4 to 6.6 mg/L (ellagic acid equiv-
alent). These results confirm the trends found in other studies in
which other extraction methods, oak wood species (include
Quercus pyrenaica specie) or green untoasted and toasted wood,
were used (Viriot et al., 1994; Vivas & Glories, 1996; Puech et
al., 1996; Feuillat et al., 1997; Fernandez de Simon et al., 1998;
Matricardi & Waterhouse, 1999; Cadahía et al., 2001). Feuillat et
al. (1997), using ethanol solutions (12% v/v) in model casks
(Quercus robur and Quercus petraea), reported high values of
vescalagin and castalagin after 200 days of extraction, under cel-
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FIGURE 4

Evolution of individual ellagic tannins and ellagic acid quantified during 104
extraction days in model wine solutions under different alcoholic degree conditions

(-�- , -�-  13% v/v; -��-, -��-  10% v/v).

FIGURE 5

Evolution of individual ellagic tannins and ellagic acid quantified during 104
extraction days in model wine solutions under different temperature conditions

(-�-, -�-; 20º C, -��-, -��- 12º C).
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lar conditions. Thus, vescalagin values ranged from 6.1 to 39.9
mg/L and for castalagin the values varied from 9.7 to 45.6 mg/L.

In general, after between 16 and 40 extraction days, we
observed an evident decrease of the compounds under all extrac-
tion conditions (see Figs 2 to 5). Presumably this decrease is a
consequence of their participation in oxidation reactions (using
the oxygen dissolved in the solutions), causing them to degrade
and consequently leading to a decrease in their values. However,
in all the chromatograms that were recorded it was not possible to
detect new or ‘additional’ chromatographic peaks as a conse-
quence of the degradation of the ellagic tannins. Only a decrease
in the values of each compound studied was observed. It is possi-
ble that other/new products may be detected using another HPLC
method and/or at another wavelength. 

Thus, this possible additional reaction explains the weak con-
centrations of ellagic tannins found after 104 extraction days.
This result is consistent with the observation reported by
Moutounet et al. (1992), according to which after extraction of
ellagic tannins additional reactions may probably occur, that may
result in a transformation/degradation of these compounds and in
a decrease in their values. Moutounet et al. (1992) and Singleton
(1995) suggested that ellagic tannin might be more stable in real
wine than in an ethanol solution, as other wine components may
oxidise more readily than the ellagic tannins. According to Vivas
& Glories (1996), these results may be explained by the fact that
during the wine aging process the ellagic tannins have faster and
easier oxidation ability than other wine constituents. 

Some authors (Vivas & Glories, 1996; Vivas et al., 1996) con-
sidered that the large capacity for ellagic tannins to consume oxy-
gen is due to the presence of several hydroxy functions in the
ortho position, which induce an increase in the reducing power of
the ellagic tannins.

Effect of pH, temperature and alcoholic content on the
extraction/evolution of ellagic tannins and ellagic acid

Figures 2 and 3 show the influence of pH (of similar values to
those found in wines) on the extraction/evolution of ellagic tan-
nins and ellagic acid in model wine solutions. For the total ellag-
ic tannins quantified during 104 extraction days the evaluation of
the values showed that the increase in pH values (from pH 3.1 to
pH 3.7) did not have any effect on the evolution/extraction of the
compounds (see Fig. 2). On the other hand, for the individual
compounds analysed, the results suggest that the increase in pH
values had a slight positive effect on the extraction only for some
ellagic tannins (grandinin and castalagin) and ellagic acid (see
Fig. 3). Thus, for example, in the case of grandinin, after 1 extrac-
tion day, this compound was found in concentrations of 12.2
mg/L and 6.5 mg/L (ellagic acid equivalents) at pH 3.7 and pH
3.1, respectively.

A similar effect was observed with reference to castalagin and
ellagic acid. After 24 extraction days, castalagin was found in
concentrations of 31.4 mg/L and 23.6 mg/L (ellagic acid equiva-
lents) at pH 3.7 and pH 3.1, respectively. However, it is worth not-
ing that after 104 extraction days the total ellagic tannins extract-
ed under each of the pH conditions assayed did not show a sig-
nificant difference (see Table 1). On the other hand, the analysis
of variance and comparison of means for individual ellagic tan-
nins quantified in pH assays after 104 days showed that only for

TABLE 1 

Influence of the temperature, alcoholic degree and pH conditions
on ellagic tannins (expressed in mg/L ellagic acid equivalents) and
ellagic acid (mg/L) mean values after 104 extraction days from
oak wood chips (Quercus pyrenaica L.) in model wine solutions.

Extraction conditions

Temperature Alcoholic degree pH
assay 1 assay 2 assay 3

Compounds T12 T20 AD10 AD13 pH3.1 pH3.7

Vescalagin 12.0A 6.4B 7.4B 7.2B 6.4B 10.7A

Castalagin 17.9A 8.3B 7.4B 11.2B 8.3B 4.8C

Grandinin 6.6A 2.4B 2.4B 3.6B 2.4D 2.7D

Roburin D 0.7A 0.2A 0.2A 0.3A 0.4D 0.2D

Roburin E 2.4A 2.1A 2.7A 2,4A 2.1D 2.3D

Ellagic acid 1.4A 1.2A 1.3A 1.9A 1.2D 2.2A

Total 41.0A 20.6B 21.4B 26.6B 20.8B 22.9B

1 Temperature assay conditions: T12 = 12º C; T20 = 20º C.
2 Alcoholic degree assay conditions: AD10 = 10% (v/v); AD13 = 13% (v/v).
3 pH assay conditions: pH 3.1 = 3.1; pH 3.7 = 3.7.
4 Analysis of variance and comparison of treatment means (ANOVA). Means fol-

lowed by the same letter are not significantly different (p<0.05).
5 Each value represents the mean from duplicate samples.

vescalagin and castalagin were the values significantly different.
For vescalagin the mean value was higher in solution at pH 3.7
(10.7 mg/L ellagic acid equivalents) than at pH 3.1 (6.4 mg/L
ellagic acid equivalents), and for castalagin the mean value was
8.3 and 4.8 mg/L ellagic acid equivalents at pH 3.1 and 3.7,
respectively.

The results obtained in our study concerning the influence of
pH on castalagin and ellagic acid extraction using model wine
solutions are in accordance with the findings of previous studies
reported by Peng et al. (1991). They found that the extractability
of tannins by water could be significantly improved by increasing
the pH. In addition, as regards roburins D and E, the pH value did
not seem to affect the extraction process.

The influence of the alcoholic degree of model wine solutions on
the total and individual ellagic tannin extractions is presented in
Figs 2 and 4, respectively. In general, results show that the alco-
holic degree did not influence the extraction of the compounds
under study, both individually as well as in terms of total values,
during the 104 days of extraction. Vivas et al. (1996) also found
that the values of ellagic tannins extracted from wood samples,
using a hydroalcoholic solution with a composition similar to that
of the wine, were comparable to values recorded for water extrac-
tions. Thus, these results suggest that the alcoholic degree normal-
ly reached in wines cannot be an important factor for ellagic tannin
extraction/degradation during wine oak aging. Conceivably, in the
case of spirits, where alcoholic degree values are much higher, this
factor can be decisive and, therefore, results can be different.

In relation to the effect of temperature, the total ellagic tannins
extracted from the oak wood chips were quite similar at both tem-



S. Afr. J. Enol. Vitic., Vol. 26, No. 2, 2005

Extraction of Ellagic Tannins and Ellagic Acid88

peratures studied (12 and 20°C), during the first 40 extraction
days, followed by a decrease that was more evident in the model
wine solution at 20°C (see Fig. 2).

Studies of the extraction from oak wood chips using white wine
were carried out at both 13°C and 25°C. At the higher temperature,
2.18 times more vescalagin and castalagin was extracted, compared
with between 1.33 and 1.73 times, as regards other ellagic tannins
(Puech et al., 1994). On the other hand, Peng et al. (1991) report-
ed that the extractability of tannins could be improved significant-
ly by raising the temperature to 100°C. In fact, temperature is an
important factor influencing the extractability of these compounds
from oak wood, although differences may be more noteworthy
when using much higher temperature variations.

Thus, the temperature used in our experiments did not affect the
ellagic tannins extraction process. In general, the results suggest
that the decrease/degradation observed for the total ellagic tannins
in the last maceration weeks (since 40 extraction days) was less
considerable when hydroalcoholic solutions, containing oak wood
samples, were at a temperature of 12°C (temperature close to the
cellar conditions of wine aging). The values obtained for the total
compounds extracted indicate that differences between tempera-
tures were more substantial from the 56th extraction day until the
104th day (see Fig. 2). Hence, this result demonstrates that tem-
perature may play an important role in the degradation of ellagic
tannins and ellagic acid during that time, given that at a 12°C tem-
perature the decrease in ellagic tannins was less evident. For
vescalagin, castalagin and grandinin the mean values were signif-
icantly different (see Table 1). For example, after 104 extraction
days, 12 mg/L (ellagic acid equivalents) of vescalagin was quanti-
fied at 12°C, whereas after the same extraction time at 20°C the
mean value was 6.4 mg/L (expressed in ellagic acid equivalents).
Significantly different values were recorded for total compounds
extracted after 104 days (20.6 mg/L and 41.0 mg/L at 20°C and
12°C, respectively). The results reported emphasise the influence
of temperature in ellagic tannin stability under model wine condi-
tions. Another study (Mertz, 1996) had in fact confirmed the lower
stability of vescalagin in model solutions at different temperatures,
as a consequence of a higher susceptibility to oxidation in alco-
holic solutions than castalagin is. In another study, Vivas et al.
(1995) confirmed that vescalagin has more polar configuration
than castalagin, as well as a much greater largely hydrophilic zone
and a different electrostatic potential. These factors may explain
why vescalagin is more susceptible to oxidation in alcoholic solu-
tion than castalagin is (Vivas, 1997). However, it is important to
note that the results obtained in our study did not confirm that
vescalagin has a greater susceptibility to oxidation than castalagin
has at different temperatures. Further experiments will be neces-
sary to determine the susceptibility of each of the individual ellag-
ic tannins to oxidation at different temperatures. 

CONCLUSIONS

In all extraction conditions studied, the evolution of ellagic tan-
nins and ellagic acid extracted from oak wood chips (Quercus
pyrenaica L.) in model wine solutions displayed an increase in
the first 40 extraction days, which was followed by a gradual
decrease. This evolution suggests that significant degradation of
ellagic tannins and ellagic acid occurs after their extraction into
solution. The role of oxidation, polymerisation or hydrolysis
reactions may explain the lower levels of ellagic tannins present

in solutions after long periods of extraction. However, in the chro-
matograms no ‘additional’ or new chromatographic peaks (due
polymers) were observed (under the HPLC conditions used in
this study) as a consequence of ellagic tannin degradation. On the
other hand, perhaps the ellagic tannin degradation (namely
hydrolysis) lead to the formation of ellagic acid in the model wine
solutions, but in our work the levels of ellagic acid compound did
not increase during the extraction process. This situation can
rather be explained as a consequence of the oxygen level in the
solutions that determines the total ellagic acid oxidation (ellagic
acid from oak wood chips and from ellagic tannin degradation).
Another possibility is that the ellagic tannins, in their native form,
undergo such rapid transformations that they do not hydrolyse to
form ellagic acid.

On the other hand, our study was carried out with heated wood
and it is therefore essential to account for the effects of the heat-
ing process. This could therefore explain the varying permeabili-
ty of wood in ethanol solutions and maybe the solubility of the
ellagic tannins.

Of the several wine-aging conditions studied, only temperature
had a significant effect on the ellagic tannins content in the model
wine solutions. Thus, in general, the temperature used during
wine aging (close to 12°C) appears to have less of an influence on
ellagic tannins degradation, probably due to the regulation of
oxidative reactions. Vescalagin and castalagin were the most
abundant individual ellagic tannin compounds measured,
followed by grandinin and roburin E, while roburin D was the
ellagic tannin least detected in all extraction processes.

Further experiments will be necessary to determine the influ-
ence of the oxygen level in the model solution, the activity of
micro-organism in oak wood chips and the SO2 levels in the solu-
tion in order to help to establish the best environment conditions
(similar to wine aging) for ellagic tannin extraction and the main-
tenance of their values during the wine aging.
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