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Astringency is an important sensory attribute of red wine. It is usually estimated by tasting and is
subject to a certain subjectivity. It can also be estimated by using the gelatin index. This procedure
is not very reproducible because there are many gelatins on the market with a heterogeneous
composition. Furthermore, the gelatin index determines procyanidin concentration by acid hydrolysis
that gives only an approximate result. This paper proposes a new and reproducible method that
determines astringency by using ovalbumin as the precipitation agent and tannic acid solutions as
standards. Statistical analysis of the results indicates that this method is more reproducible (RSD )
5%) than the gelatin index (RSD ) 12%) and correlates better with sensorial analysis.
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INTRODUCTION

The color of red wine is due to the phenolic compounds
fraction and, in particular, to anthocyanins. However, procy-
anidins, also known as condensed tannins, contribute to color
stability by combining with anthocyanins (1). These combina-
tions of anthocyanins and procyanidins seem to be responsible
for the red color of aged wines (2). In fact, winemakers usually
say that only tannic wines can age. Besides, tannins are also
associated with such texture sensations as body and astringency
(3).

Astringency is probably one of the most important sensory
attributes of red wines, and it is caused by the capacity of some
phenolic compounds to bind salivary proteins, producing drying
and puckering sensations in the mouth (4). Naturally occurring
procyanidins are mainly responsible for astringency (5, 6).
However, aging wine in oak barrels and using enological tannins
can provide a certain amount of gallotannins and ellagitannins,
which can also contribute to wine astringency (7, 8).

The interactions between tannin and salivary proteins depend
on the pH and the characteristics of the protein and the
procyanidins (9,10). Salivary proteins with a high proline and
hydroxyproline proportion (PRP) seem to be the major target
for the procyanidin reaction (11,12). On the other hand, the
size of the procyanidin molecule size seems to be related to the
sensation of astringency. The greater the degree of polymeri-
zation, the greater is the sensation of astringency (13). Never-
theless, combination between anthocyanins and procyanidins
might reduce the capacity of tannins to react with salivary
proteins and, therefore, decrease astringency (14).

Nowadays, deeply colored and full-bodied wines are highly
valued by the market, which is why winemakers try to make

these wines, which are necessarily very tannic. However,
excessive phenolic compound extraction may sometimes take
place during winemaking, making the wine more astringent and
affecting its quality (15).

The astringency of red wine is usually estimated by tasting.
This method, however, needs a group of expert wine tasters
and is always subject to a certain subjectivity (16). Because
astringency is a major factor in wine quality, winemakers are
interested in an analytical and objective method to evaluate it.

In the literature there are many studies about protein-tannin
interactions that use different strategies (17-24). Recently, a
predictive model for astringency estimation was published that
is based on phenolic compounds and color analysis (25).
However, to our knowledge, the gelatin index is still the only
analytical method for estimating astringency in red wine (26).
Nevertheless, this procedure requires procyanidin concentration
be determined before and after precipitation with an excess of
gelatin. Because total procyanidin estimation in wines by means
of acid hydrolysis (27) gives only an approximate result (28),
this analytical method also does. Besides, gelatin is a hetero-
geneous mixture of proteins, and its composition may change
among the different commercial products. This may also be an
important source of variability and imprecision.

Evidently, the most suitable proteins for evaluating astrin-
gency are the salivary proline-rich proteins (PRP). However, it
is very difficult to obtain enough PRP as their purification is
highly complicated (29). A possible alternative is the use of
ovalbumin as a precipitation agent. Ovalbumin is one of the
most used proteins for fining red wine because of its ability to
bind and precipitate tannins. Besides, ovalbumin is a single
protein and not a heterogeneous mixture of proteins like gelatin.

This paper proposes a new and reproducible method using
ovalbumin as a precipitation agent that makes it possible to
determine astringency alternatively.
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MATERIALS AND METHODS

Reagents.All of the products were of high purity. Gelatin (type B,
Sigma) and hydrochloric acid (Panreac, Barcelona, Spain) were used
for gelatin index estimation. Tannic acid and ovalbumin solutions were
prepared in a synthetic solution similar to wine: 4 g/L of tartaric acid
(Panreacn), 95 g/L of ethanol (Panreac), adjusted to a pH of 3.5 with
sodium hydroxide (Panreac). Solutions of tannic acid (ACS reagent,
Sigma) at concentrations of 0, 0.2, 0.4, 0.6, and 0.8 g/L were used as
standards. Ovalbumin solutions (grade V, Sigma) at concentrations of
0.0, 0.4, 0.8, 1,6, 2,4, 3,2, and 4.0 g/L were used as the protein to
precipitate astringent tannins.

Wines. Ten red wines from different origins were used to validate
the method. These wines were selected in a previous sensorial session
in order to cover the entire scale of astringencies. The concentration
of phenolic compounds was determined by measuring the absorbance
value at 280 nm (28).

Tannin Assay. Tannin concentration was measured according to
the method of Ribéreau-Gayon and Stonestreet (27). Two tubes with 4
mL of previously diluted (1:50) wine, 2 mL of distilled water, and 6
mL of HCl (12 N) were prepared and hermetically sealed. One of them
was heated to 100°C in a water bath, and the other was maintained at
room temperature. After 30 min, 1 mL of ethanol (95%) was added to
both tubes. After stirring, absorbance at 550 nm was measured. The
tannin concentration was obtained by multiplying 19.33 by the
difference between absorbances.

Gelatin Index. The gelatin index of the different wines was
measured using the methodology described by Glories (26). To two
Erlenmeyer flasks with 50 mL of wine was added 5 mL of distilled
water or 5 mL of gelatin solution (70 g/L). After 3 days, the samples
were centrifuged at 11700g for 10 min (Sorval RC5C). The supernatants
were assayed to determine the tannin concentration (27). The results
were expressed as astringency intensity and as a percentage. Astringency
intensity was calculated as the difference between the total wine tannin
concentration and the concentration after gelatin precipitation. The
percentage was calculated by referring this astringency intensity to the
total tannin concentration.

New Astringency Estimation Method.All of the experiments were
carried out at room temperature (20( 2 °C). For each tannic acid
concentration or wine astringency analysis, 12 tubes were prepared that
contained 1 mL of solutions with increasing concentrations of oval-
bumin (0.0-4.0 g/L). To each tube was added 1 mL of corresponding
tannic acid solution or wine. The tubes were stirred, and 10 min after,
the samples were centrifuged at 11700gfor 10 min (Sorval RC5C).

The supernatants were diluted 1/50 with distilled water. Absorbances
were measured immediately at 280 nm (Ultrospec 5100 pro, Amersham
Pharmacia Biotech) in a quartz bucket with an optical path of 10 mm.

Sensory Analysis.All of the wines were tasted by a panel of 10
expert enologists from the Rovira i Virgili University. Each expert
evaluated the astringency of each wine on a scale from 1 to 100. Two
previous training sessions of tasting were carried out to standardize
criteria among the panelists. During these training sessions, panelists
were required to agree by consensus on the score of three previously
selected wines. Wine 1 was selected because it was very soft and was
qualified with 30 points. Wine 2 was a medium-bodied wine with an
agreeable sensation of astringency and was qualified with 50 points.
Finally, wine 3 was a very astringent press wine and was qualified
with 85 points.

Statistics.All of the data are expressed as the arithmetic average(
standard deviation from five replicates. Linear and logarithmic regres-
sions as well as Fisher’s correlation analysis were carried out using
Statview (software for Macintosh). Relative standard deviation (RSD)
was calculated as the quotient between the standard deviation and its
corresponding mean value expressed as a percentage.

RESULTS AND DISCUSSION

Figure 1 shows the graph of the absorbance at 280 nm versus
the amount of ovalbumin added for the different tannic acid
solutions. As expected, adding ovalbumin precipitated tannic
acid and clearly decreased the supernatant absorbance at

280 nm. This decrease inA280nm depends on the amount of
ovalbumin added, and the behavior is clearly logarithmic. In
fact, the curves fitted reasonably well to logarithmic equations.
This behavior was probably due to the following reasons. When
a small amount of ovalbumin was added to a tannic acid
solution, a protein-tannic acid complex was formed that had
the appearance of a cloudy precipitate. Initially the tannic acid
concentration was higher than that of ovalbumin and so all of
the protein precipitated together with a certain amount of tannic
acid. This is whyA280nm decreased so drastically initially.
However, as more ovalbumin was added, the tannic acid
concentration became increasingly lower until no tannic acid
remained in the solution. At this point,A280nmbegan to increase
because the excess of ovalbumin did not precipitate.

All of the tannic acid concentrations were found to behave
in a similar way. Nevertheless, a relationship between tannic
acid concentration and the initial slope of the curves was
detected: the slope was greater when the tannic acid solution
was higher.Figure 2 shows the relationship between the fitted
logarithmic equation slope and the initial tannic acid concentra-
tion. The slopes of the logarithmic equations obtained fitted
perfectly to the tannic acid concentration of the different
solutions.

Tannic acid is very reactive with proteins and may therefore
reproduce the behavior of the astringent phenolic compounds
in wine. Our results indicate that there is a close relationship
between tannic acid concentration and the corresponding slopes
of logarithmic equations. For this reason, we have considered
applying this methodology to estimate the astringency of red
wines.

Table 1compares the gelatin index, expressed as a percentage
and as astringency intensity, with the proposed method for 10
different wines. Both analytical methodologies are compared
with astringency sensorial analysis. The table also shows the
absorbance of the 10 wines at 280 nm as an indicator of their
phenolic concentration. These wines were chosen because of

Figure 1. Influence of ovalbumin additions on A280nm from different tannic
acid solutions.
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their different phenolic compositions and sensorial astringency
levels so that the real performances of both methods could be
verified.

In general terms, the gelatin index and the proposed method
seem to have the same tendency as sensorial astringency, which
shows that it can be useful for analytical astringency estimation.
However, if the wines were tested in order of increasing
astringency, some important divergences between the different
methodologies were detected (seeFigure 3). The gelatin index
gave a classification that depends on the unit of expression,
which points out the necessity of comparing astringency
estimation systems of expression to obtain the best optimized
system closed to sensorial perception.

When the gelatin index was expressed as a percentage,
considerable differences were found in sensorial estimation. In
particular, the gelatin index considered wine 6 to be the least
astringent, whereas sensorial analysis placed it in sixth position.
On the other hand, sensorial analysis considered wine 2 to be
the second least astringent, whereas the gelatin index put it in
fourth position.

When the gelatin index was expressed as astringency
intensity, the order of the wines seemed to be better than when
it was expressed as a percentage. However, wines 6 and 10 were
still a long way from their sensorial locations.

The proposed method seemed to be closer to the sensorial
astringency estimation. Wines 5-10 were arranged in nearly
the same order by the two methods. Only wines 8 and 9 changed
their positions. However, the proposed method placed wine 10
relatively further away than sensorial analysis. On the other
hand, the proposed method indicated that wines 1-4 had very
similar astringencies, whereas sensorial analysis found certain
differences.

Figure 4 compares sensorial astringency and the various
analytical methods for the 10 wines. The graphs confirm the
clear relationship between both analytical methodologies and
sensorial analysis. However, some points should be made.
Sensorial astringency estimation (horizontal lines) gave very
high standard deviations. In general terms, the standard devia-
tions (vertical lines) of all analytical astringency methods were
lower than those of sensorial analysis. However, the standard
deviations of the gelatin index were higher than those of the
proposed method.

Sensorial astringency estimation has an average relative
standard deviation of 25.8%. This value may be high because
wine sensorial analysis is always subject to a certain subjectivity.
Even well-trained wine tasters can confuse bitterness and
astringency or have difficulty distinguishing between them (30).
Furthermore, differences between the experts’ salivary flow and

Figure 2. Relationship between logarithmic equation slope versus initial
tannic acid concentration.

Table 1. Comparison of the Astringency of the Different Wines
Estimated by Sensorial Analysis, the Gelatin Index, and the Proposed
Method

sensorial gelatin index proposed method

wine astringency A280nm % AIa (g/L) TAb (g/L)

1 27.3 ± 10.1 37.3 ± 0.4 38.6 ± 9.4 0.41 ± 0.15 0.132 ± 0.016
2 38.8 ± 13.6 39.3 ± 0.2 54.3 ± 7.4 0.79 ± 0.14 0.150 ± 0.008
3 47.7 ±16.7 46.2 ± 0.1 50.2 ± 5.4 0.66 ± 0.08 0.125 ± 0.011
4 48.5 ± 10.8 40.8 ± 0.3 56.3 ± 5.5 0.84 ± 0.09 0.112 ± 0.007
5 51.4 ± 9.7 54.9 ± 0.3 62.8 ± 3.6 1.02 ± 0.04 0.190 ± 0.015
6 53.2 ± 15.8 57.1 ± 0.6 33.3 ± 5.4 0.67 ± 0.12 0.291 ± 0.011
7 58.3 ± 13.2 65.1 ± 0.5 58.1 ± 4.1 1.74 ± 0.19 0.322 ± 0.011
8 64.6 ± 14.1 65.8 ± 0.3 65.7 ± 3.9 1.75 ± 0.18 0.371 ± 0.012
9 67.8 ± 13.8 58.1 ± 0.2 78.9 ± 2.7 2.12 ± 0.13 0.332 ± 0.002
10 78.8 ± 12.1 80.5 ± 0.4 69.4 ± 2.7 1.71 ± 0.05 0.566 ± 0.003

a Astringency intensity. b Tannic acid.

Figure 3. Wines in increasing order of astringency (relative comparison
among the different methodologies).

Figure 4. Comparison of sensorial astringency with the different analytical
methods. Horizontal lines indicate the standard deviation for sensorial
astringency estimation. Vertical lines indicate the standard deviation for
the corresponding analytical method.
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composition, as well as between oral gustatory and tactile
sensitivities, may produce certain divergences (31). It has been
reported that the intensity and duration of an astringent sensation
increases with repeated ingestion (32). This may be of particular
importance in our case, inasmuch as experts had to taste 10
wines consecutively.

The gelatin index had an average relative standard deviation
of 11.3% when it was expressed as a percentage and 12.9%
when it was expressed as astringency intensity. These values
were lower than those for sensorial analysis, which indicate that
this method was more reproducible. Nevertheless, the major
analytical problem of the gelatin index is that it requires
procyanidin concentration to be analyzed before and after
precipitation with an excess of gelatin. Procyanidins are usually
analyzed according to the method described by Ribéreau-Gayon
and Stonestreet (27). Although this method is highly reproduc-
ible, it gives only an approximate result because it does not
take into account the effect of the various structures present in
wine or their degrees of polymerization or the other components
in wine that interfere with the assay (28).

Furthermore, the gelatin index obviously needs to use gelatin.
As gelatin is produced by the hydrolysis of collagen from
different animal species, there are many gelatins on the market
with a heterogeneous composition (33,34). It has been reported
that the reactivity of procyanidins depends on the composition
of the gelatin (34). In our case, all of the analyses were made
with exactly the same gelatin from the same solution. It is logical
to imagine that the variability among the compositions of
commercial gelatins is also a source of variability and impreci-
sion.

The proposed method presents an average relative standard
deviation of 5.2%. This value is low and indicates the high
reproducibility of the method, which is probably due to the fact
that ovalbumin is a single protein and not a heterogeneous
mixture of proteins, making the conditions of this assay more
reproducible.

In general terms, the reproducibility of both of the analytical
methods for estimating astringency seems to be higher than that
of sensorial analysis. However, sensorial analysis must be used
as the control reference for astringency estimation and any
analytical method must be compared with it.Table 2 shows
the linear regression coefficient, Fisher’s correlation coefficient,
and the statistical significance (p value) between sensorial
analysis and the analytical methods.

In all cases, there is a statistically significant correlation
between the sensorial and analytical methods. However, Fisher’s
correlation coefficient was high and thep value was low for
the proposed method. The gelatin index gives better results when
it is expressed in terms of astringency intensity.

Although the linear regression coefficients indicate that the
linear behavior of the analytical methods is not close to that of
sensorial analysis, the proposed method does show the highest
value.

As stated in the Introduction, astringency perception is
associated with the ability of tannins to bind salivary proteins
in the buccal cavity (11, 12). However, current knowledge does
not allow us to establish which proteins, tannins, and/or tannin
combination are responsible for this phenomenon (35). Evi-
dently, no method can substitute completely for sensorial
analysis, but the proposed method is a reproducible index that
correlates quite well with it.

CONCLUSIONS

All of the analytical astringency estimation methods studied
in this paper present a statistically significant correlation with
sensorial astringency. The proposed method, which uses oval-
bumin as precipitation agent and tannic acid solutions as
standards, has the lowest relative errors, the highest linear
regression coefficient, the highest Fisher correlation coefficient,
and the lowestp value. These results indicate that this method
is more reproducible than the gelatin index and correlates better
with sensorial analysis.
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Cientı́ficos y Prácticos; A. Madrid Vicente Ediciones: Madrid,
Spain, 2003.

(8) Fernández de Simon, B.; Hernández, T.; Cadahı́a, E.; Dueñas,
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