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Abstract
Introduction Although the assessment of red wine quality re-
lies primarily on a sensory description of tannins, it may be
usefully completed by some knowledge of the physicochem-
ical properties of these tannins. The present study has a double
aim: (1) to gain insight into the sensory properties of subpop-
ulations of proanthocyanidic tannins of different molecular
sizes (obtained through several ultrafiltration steps), as well
as into the kinetics of the haze formed by these fractions when
reacted with polyvinylpyrrolidone (as measured by nephelom-
etry) and (2) to determine whether a correlation exists between
the sensory and the nephelometric data.
Materials and Methods To this end, two wines from different
grape varieties were sequentially ultrafiltered to provide three
tannic fractions which differed by the range of their polymer-
ization degrees. Then, these fractions were added (individual-
ly or in combination) into their native wine matrix (previously
deprived of all its polyphenols via charcoal treatment) accord-
ing to a specific experimental design. These reconstituted
wines were characterized by nephelometry and by a static
(quantitative descriptive analysis) and a dynamic (temporal
dominance of sensations) sensory method.

Results and Discussion Wines containing the largest size tan-
nins (highest range of polymerization degrees) were perceived
as more astringent and cause drying in the mouth and after
spitting. Concerning the temporality of perception, wines con-
taining the fraction with the largest tannins provide long in-
mouth drying, and the astringency and in-mouth drying per-
ceptions were the most persistent features.
Conclusion Finally, a highly positive correlation between neph-
elometric and quantitative descriptive analysis data was shown.

Keywords Sensory evaluation . Temporal Dominance of
Sensations . Astringency . Nephelometry . Tannin .

Ultrafiltration

Introduction

The perception of red wine quality is particularly linked with
the perception of its astringency and the intensity of
astringency perceived in a product reflects its level of
acceptability. For example, Törnwall et al. (2011) have shown
that apple juice with added tannic acid was perceived as less
pleasant and more intense than the pure apple juice. Astrin-
gency is mostly due to interactions between salivary proteins
and wine polyphenols, forming aggregates which precipitate.
These aggregates are characterized by a drying and rough in-
mouth impression (Gawel et al. 2001; Bate-Smith 1954). As-
tringency is considered as a tactile rather than a taste sensation
(Green 1993; Lea 1992). The concentration of the
proanthocyanidic tannin compounds in a wine determines
their mouth-feel properties (Vidal et al. 2004). They are ex-
tracted during alcoholic fermentation and post-fermentation
maceration (Ribéreau-Gayon et al. 1998). Wine sensory per-
ceptions are influenced by vine treatment and vintage (Holt
et al. 2008). Vidal et al. (2004) showed that proanthocyanidic
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tannins are involved in the astringent sensation, defined as a
loss of lubricant properties of the saliva through protein and
glycoprotein precipitations.

Human saliva represents an important element for the per-
ception of astringency and bitterness. It is an aqueous fluid,
composed of 99 % water which contains proteins, sugars, and
hormones together with other components (Wu et al. 1994).
Salivary proteins are mainly mucins and proline-rich proteins
(PRPs). Astringency is primarily due to interactions between
tannins, mucins, and PRPs (Green 1993). These proteins exhibit
a high affinity for tannins due to their multiple proline-rich
sequences (Hagerman and Butler 1981). The influence of the
saliva onmouth-feel sensations is specifically determined by the
saliva flow and its composition (Dinnella et al. 2011; Condelli
et al. 2006; Kauffman and Keller 1979). Quintana et al. (2009)
have shown that saliva patterns were modified after some bitter
stimulus. The amount and the nature of the proteins also take
part in the perception of astringency. Whenever present in small
quantities, proteins bind to the available tannins to form soluble
complexes, though less hydrophilic. An increase of the protein
concentration leads to a binding phenomenon between proteins
due to the polyphenols (McManus et al. 1981). Protein precip-
itation increases and so does also the astringent perception.

Nephelometry was adapted for the study of particular en-
vironments in which quick formation and disappearance of
scattering particles occurred (Carvalho et al. 2006; Freitas
and Mateus 2002; Chapon 1993). Mateus et al. (2004) ana-
lyzed the interactions between salivary proteins and tannins by
measuring the light scattered by colloidal solutions and sus-
pensions. The influence of several factors such as the type of
protein and reactant concentrations was determined to get an
insight into the in-mouth tannin-salivary protein interactions.
The first reaction occurs between a protein and a tannin mol-
ecule and is followed by the association of several of these 1:1
complexes. When sufficiently sized, these associations, called
Bbricks^, become able to scatter visible light. Further aggre-
gation of bricks leads to the formation of larger particles
(Saucier et al. 1997). Once the highest haze value is reached,
further addition of a binder like polyvinylpyrrolidone (PVP)
results in a redistribution of the tannin molecules over PVP
chains, and the haze progressively vanishes. In the present
study, we used a tannin-polyvinylpyrrolidone reaction, which
is based on the formation of hydrogen bridges between hy-
droxyl and carbonyl groups, thus mimicking the in-mouth
tannin-protein association (Guinard et al. 1986). The kinetics
and dependence of haze formation and disappearance as a
function of the PVP amount added to the wine sample offers
useful information on the affinity between the tannin subpop-
ulations and PVP. Measuring the evolution of the turbidity
level proved to be a quick and sensitive method to monitor
the reversible formation of the tannin-protein complexes and
to characterize the types of tannins (Monteleone et al. 2004;
Chapon 1993).

The objectives of the present study are: (1) gaining insight
into the sensory properties (studied by Quantitative Descrip-
tive Analysis and Temporal Dominance of Sensations) of sub-
populations of proanthocyanidic tannins of different molecu-
lar sizes (obtained via ultrafiltration), as well as into the kinet-
ics of the haze (studied by nephelometry) formed by these
fractions when brought into contact with PVP and (2) to de-
termine whether a correlation exists between sensory and
nephelometric data. Ultrafiltration preserves most physico-
chemical properties of the wine matrix such as pH, total acid-
ity, volatile acidity, alcohol content, and small polyphenols
(e.g., anthocyanins, flavanols, etc.). The tannin structural pa-
rameter considered here is the molecular size (or mass) which
was operationally determined by the molecular mass cutoff
value of the ultrafiltration membranes, which can be consid-
ered equivalent to the degree of polymerization (DP). Each
tannic fraction bracketed between two membranes differing in
their cutoff value is therefore characterized by a DP range. It is
worth emphasizing that DP range described here should not be
confused with the more commonly used mean DP (mDP).
This study was organized in three different steps, as follows:
(1) to prepare several wine fractions differing only by the DP
range of their tannin subpopulations, (2) to characterize these
different tannin fractions by the nephelometric method, and
(3) to investigate the sensory impact of these fractions using
quantitative descriptive analysis (QDA) and temporal domi-
nance of sensations (TDS). Finally, the relationship between
the data provided by these three approaches was studied.

Materials and Methods

Wine Samples

Initially, we attempted to increase the concentration of a par-
ticular wine fraction by 25 % in the original wine, but the
panelists failed to observe any sensory difference between
samples before and after enrichment at this concentration.
There are several reasons for that. Given the native tannin
concentration of the original wines, a 25 % concentration in-
crement in a particular tannin subpopulation might have
brought the wine close to saturation level. Alternatively, the
discriminability between both wines has been masked by the
high tannin background of the original wines (2.4 to 2.7 g/l),
as determined by acidic butanolysis (Porter et al. 1985).
Therefore, we decided to remove the original wine tannin
background by diluting the wine fractions in a polyphenol-
deprived wine matrix, expecting that the organoleptic charac-
teristics of our wine fractions could be enhanced.

Two Swiss wines differing in tannin content (Gamay and
Merlot, from the SchenkWinery SA, Rolle, Switzerland) were
selected. Both wines (100 l each) were stored at 15 °C in
stainless steel tanks until used. Part of each wine was
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ultrafiltered into four fractions of different DP range. The oth-
er part, deprived of all its polyphenols by charcoal treatment
(charcoal from Granucol FA, Erbslöh, Geisenheim, Germa-
ny), served as a Bclose-to-natural matrix^ instead of using a
standard model wine. New Bwine^ samples were then
reconstituted by mixing appropriate volumes of the various
fractions and of the wine matrix.

Ultrafiltration of Wines

Original wines were submitted to four successive ultrafiltra-
tion steps on regenerated cellulose membranes of decreasing
porosity. An Amicon 8400 stirred ultrafiltration cell of 400 ml
(Millipore, Billerica, USA) coupled to a reservoir of 800 ml
capacitywas used under amaximal nitrogen pressure of 5 bars.
All operating guidelines of the fabricant were strictly follow-
ed. Four tannic fractions were obtained, noted B for big (tan-
nins of DP range >30), M1 for medium 1 (tannins of DP range
between 15 and 30), M2 for medium 2 (tannins of DP range
between 10 and 15), and S for small (tannins of DP range
between 4 and 10). They were operationally defined by their
different DP ranges, which were determined by the cutoff
thresholds of two successive membrane filters. The theoretical
DP range was then calculated by dividing the molecular mass
range bracketed by two successive membranes by the average
value of 300 dalton (Da) for each monomeric tannin unit. At
the end of the ultrafiltration process, each fraction was con-
centrated 20–25 times.

Polyphenol Deprivation of Wines and Enological Analyses

The two original wines were treated with charcoal at 26.7 g/l.
The wine bottles were capped and horizontally incubated
overnight at ambient temperature on a reciprocal shaker to
keep the charcoal in suspension, and the wines were filtered
the next day on filter paper (Schleicher & Schuell BioScience
GmbH, Dassel, Germany). The filtered wines were success-
fully deprived of all polyphenols (tannins, anthocyans,
flavanols, and acidic phenols), as shown by spectral and
high-performance liquid chromatography (HPLC) analysis
and were therefore used as Bwine matrix^ (bare wine of
Table 1) for the various fractions.

Experimental Design

Four parameters were included in the model: grape variety and
the three fractions B, M1, and S. Due to its low tannin content,
fraction M2 was not used. Each fraction was added, alone or
in combination, to the corresponding wine matrix, to an extent
of 25 % of its amount in the original wine. For instance, to
prepare 1 l of new sample containing fractions B and M1, a
volume of each concentrated fraction corresponding to 250 ml
of the original wine was added to a sufficient volume of wine

matrix to make 1 l. In view of the significant number of sam-
ples for a complete design (16 samples), we firstly used an
incomplete experimental design (type 24-1) (Table 2). Two
supplementary samples were added to obtain a series of 10
samples of different tannic nature (design A) including the
two extreme samples for Gamay and Merlot, one with all
fractions and another one without any fraction. After having
analyzed results from design A, which took 4 months, we
decided to complete the first partial design by a second series
(design B) to increase the number of data and the quality of
results. At the end, we obtained all samples included in the
completed design type 24 by merging designs A and B. Two
samples (extreme ones) were replicated to ensure the stability
of products after these 4 months.

Nephelometric Analysis

Nephelometry experiments were performed as follows: A typ-
ical glass cuvette (2×1 cm) contained 0.8 ml of saturated

Table 1 Analytic values: alcohol level, pH, and total acidity corrected
as tartaric acid equivalents, degree of polymerization of the original and
bare wines

Sample Alcohol
level
(% v/v)

pH Total acidity
corrected as tartaric
acid equivalent

Degree of
polymerization

Merlot 12.99 3.8 4.39 14

Merlot bare 12.42 3.66 4.5 11

Gamay 13.19 3.63 4.55 15

Gamay bare 13.05 3.53 4.72 9

Table 2 Experimental design of type 24. Samples 1 to 10 are included
in design A, samples 9 to 16 in design B

Sample Design Tannins>30
subunits=B

30>Tannins>15
subunits=M1

10>Tannins>4
subunits=S

Grape
variety

1 A No No No Gamay

2 A Yes No No Merlot

3 A No Yes No Merlot

4 A Yes Yes No Gamay

5 A No No Yes Merlot

6 A Yes No Yes Gamay

7 A No Yes Yes Gamay

8 A Yes Yes Yes Merlot

9 A and B Yes Yes Yes Gamay

10 A and B No No No Merlot

11 B Yes No No Gamay

12 B No Yes No Gamay

13 B No No Yes Gamay

14 B Yes Yes No Merlot

15 B Yes No Yes Merlot

16 B No Yes Yes Merlot
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ammonium sulfate, a sample (0.1 or 0.3 ml) and degased
water (previously adjusted to pH 4 with a trace amount of
tartaric acid) up to an initial volume of 4 ml. The cuvette
was magnetically stirred and thermostated at 25 °C. A solution
of soluble PVP (Fluka, Buchs, Switzerland) at 0.04 % (w/v),
used as a stable protein substitute to mimic salivary proteins,
was injected at a constant rate of 1.8 ml/h by an infusion
pump. Turbidity was measured as the amount of scattered
light at 90° with a Pfeuffer nephelometer (Pfeuffer GmbH,
Kitzingen, Germany) and expressed in nephelometric turbid-
ity units (NTU). The nephelometer, controlled by a software
(Tannolab 2.03 software, Pfeuffer GmbH, Kitzingen, Germa-
ny), was able to measure the haze caused by the progressive
PVP injection in European Brewery Convention (EBC) units.
Each sample was measured successively with a small (100 μl)
and a large (300 μl) volume.

Sensory Analysis

Quantitative Descriptive Analysis

The first sensory analysis consisted of a QDA. Twenty-three
and 18 panelists participated respectively to the first (design
A) and second (design B) sessions of QDA. All panelists were
trained weekly for 18 months on different sensory research
projects before taking part to this study. A specific tasting
vocabulary was developed for this study with all of them
based on the mouth-feel wheel developed by Gawel et al.
(2000). Each attribute was defined (Table 3) and the final list
included seven attributes: acidity, bitterness, astringency, vol-
ume, roughness, in-mouth drying, and drying after spitting.

Three specific training sessions focused on the oral percep-
tions described above. Several sand papers were used to illus-
trate the scale of roughness. Standard solutions of aluminum
sulfate (0.5 to 2 g/l), tartaric acid (0.25 to 1.5 g/l), quinine
sulfate (0.007 to 0.020 g/l), tannic acid (0.25 to 0.5 g/l), and
carboxymethylcellulose (CMC) (0.5 to 1 g/l) were used as
references in a blended or a pure solution at different concen-
trations. The first training period contained ten different solu-
tions. The second and third ones included six solutions and
four wines. The panel evaluated the perception intensity of the
solutions for each attribute on a linear scale starting at 0 (not
perceived) at the left end to 10 at the right end (highest
intensity).

The final tasting (of designs A and B) was performed in
sensory booths under white light. The panel evaluated the
intensity of the seven attributes on a 10-cm linear scale from
0 (weak) to 10 (strong) for each sample served. The samples
were coded and served at ambient temperature around 22 °C.
The presentation of the samples was balanced according to the
William Latin-square. Wines were served in black INAO
glasses (40 ml) covered with plastic petri dishes. Breaks of
90 s were taken between each sample. These breaks served to

rinse the palate and to eliminate in-mouth sensations with
mineral water and bread as advice by Colonna et al. (2004).
The version 2.46B of the FIZZ software (Biosystemes,
Couternon, France) was used to collect the sensory data.
QDAwas performed in duplicate.

Temporal Dominance of Sensations

The second sensory evaluation was TDS which was per-
formed only on the ten samples of design A. For this test, 26
panelists evaluated the ten samples using two replications.
This sensory method consists in selecting for each specific
time the attribute which is dominant until the sensation ends
(Pineau et al. 2009; Labbe et al. 2009). Previously, two other
training sessions focused on TDS. The panel assessed the
TDS for different solutions with the seven attributes from
the above list. The first training session included a red wine
enriched with either 4 g/l fructose, or 0.002 g/l quinine sulfate,
or 1 g/l tartaric acid, or 0.5 g/l tara tannins. Then seven red
Swiss wines were evaluated, followed by a discussion. The
second training session included the ten samples of this study.
Wines (15 ml) were presented in black INAO glasses.

The same attributes were used as for the QDA, except for
the attribute roughness which was removed from the TDS
sessions, because no temporal roughness information was ex-
pected. On the other hand, the attribute saliva returns was
introduced to account for the drying time after spitting. Pan-
elists had to select this attribute when they perceived their

Table 3 Definition of attributes used for sensory evaluation

Attribute Definition

Acidity Describes the acid taste caused by aqueous dilute solutions
of acid compounds such as citric acid or tartaric acid
(ISO 5492:1992).

Bitterness Describes the bitter taste caused by aqueous dilute solutions
of bitter compounds such as quinine (quinine sulfate) or
cafeine (ISO 5492:1992).

Astringency Describes the complex sensation coming from contraction of
mucosae, done by substance such as tannin (aluminum
sulfate) or sloe berry (ISO 5492:1992).

Volume Feeling of the occupation of mouth cavity by a standard
volume of wine (10 ml) (Granès, Pic-Blateyron, Negrel,
and Bonnefond 2009). Carboxymethylcellulose is used in
this study.

Roughness Evaluation of the size of molecular complexes arising from
interaction between salivary protein and wine tannin.
Roughness is evaluated by scrubbing the tongue with the
palate and compared with the sensations of different
sandpaper (tannic acid).

In-mouth
drying

Sensation of lack of lubrication, lack of saliva between gums
and cheek. Impression that gums are pasted with cheek
but can be taken apart with light pressure.

Drying after
spitting

Drying perception evaluated 5 s after spitting out the wine.

Compounds used as references in our study are highlighted in italics
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mouth was lubricated again, by clicking on a corresponding
button. However, a 2-min break was introduced between sam-
ples for rinsing and cleaning the palate with mineral water and
bread. An adapted tasting protocol (Meillon et al. 2009) was
applied in order to provide homogeneous tasting conditions.
The protocol used three successive well-defined time periods:
(a) panelists had to take the entire sample (15 ml) into the
mouth and start scoring at 0 s, (b) air had to be drawn through
the sample at 12 s, and (c) the sample had to be moved around
with the tongue before being spat out at 20 s. The first click on
the button attribute drying after spittingwas done immediately
after spitting. As soon as the drying perception vanished, the
attribute saliva returns was clicked. Finally, the stop button
was clicked when no more sensations were felt.

Data Analysis

Quantitative Descriptive Analysis

An analysis of variance (ANOVA) with the main factors, sam-
ple and panelist, for each sensory attribute was carried out
using the FactoMineR and SensoMineR packages of the R-
software (R Development Core Team 2007). The objective of
the test was to verify the existence of significant differences
between the various samples within each series. Session ef-
fects were analyzed using a mixed ANOVA model with five
main factors (session, wine variety, and three tannin fractions).
For each attribute, the means of the samples of the second
session were corrected by subtracting session effects, estimat-
ed by using the regression underlying the ANOVA. For the
two replicate samples, the means of the evaluations of the two
sessions were taken. A nested ANOVA (model 1) was carried
out with the means of the 16 samples to analyze the effects of
tannin fractions; these effects were then included in the grape
variety effects.

Y i j ¼ μþ αi þ β j

�
�
i
þ εi j ð1Þ

where αi is grape variety effect, βj│i is fraction effect included
into grape variety, and εij is the model error.

The descriptive data were analyzed by principal component
analysis (PCA) on correlationmatrix. This helped determining
the axes which best explained the scattering of samples. The
correlation circle is used to highlight the relationships between
attributes. Individual representations of the samples were an-
alyzed in order to visualize the positioning of the samples.

Analysis of Nephelometric Curves

Each wine fraction gave a specific response depicting turbid-
ity versus PVP dose nephelometric curve. All curves present
very similar shape and differ only by their scale. After curve
smoothing as performed by the mgcv package of the R

software proposed by Wood (2006) and normalization, we
selected four parameters in order to characterize the 16 sam-
ples. These parameters are the x-value at the beginning of the
hump (StartX), the x-value at the highest point (HighestX), the
highest y-value (HighestY), and the slope on the left-hand side
of the hump (Slope). A smoothed line within the graph was
used to determine the value of these parameters. HighestX and
HighestY were the coordinates of the curve maximum. StartX
was found by determining the x-value of the point with the
highest gap before reaching the HighestX point. The gap was
calculated by running a moving quadratic regression with a
span of 30. When the quadratic coefficient was recorded, the
window was moved to the right. StartX was the x-value cor-
responding to the highest quadratic coefficient. A simple lin-
ear regression was run on the curve to the left of StartX, which
yielded the parameter Slope as the slope of this regression.
The samemixed ANOVAmodel with fourmain factors (grape
variety and three fractions) than QDA analysis was applied
(model 1), except that average are used instead of triplicates.

Relationship Between QDA and Nephelometric Analysis

A hierarchical multiple factor analysis (HMFA) was done
using the FactoMineR package to evaluate the multidimen-
sional similarity between the sensory evaluation and the neph-
elometric data. The structure of the nephelometric data (Fig. 1)
was conserved by HMFA (Le Dien and Pagès 2003). The
relationship between the two sets of variables (Nephelometer

Nephelometric

analysis

Quantitative Descriptive

Analysis

Nephelometer Nephelometer

Fig. 1 Sensory and nephelometric data diagram. A multiple factor
analysis (MFA) was first carried out on the nephelometric measurements
made at low (100 μl) and large (300 μl) wine volume. A secondMFAwas
then done with the sensory and the global nephelometric data

Table 4 Sample effects of two-way ANOVA respectively in design A
and design B

Design A Design B

F p value F p value

Acidity 1.96 0.05 0.31 NS

Bitterness 0.64 NS 0.76 NS

Astringency 4.63 <0.001 0.81 0.01

Volume 1.88 0.06 0.77 NS

Roughness 4.74 <0.001 3.36 0.003

In-mouth drying 3.38 0.001 2.56 0.02

Drying after spitting 3.45 0.001 2.67 0.01
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and QDA) was evaluated by the RV coefficient and signifi-
cance according to Josse et al. (2008).

Temporal Dominance of Sensations

The TDS data reported by the panel were computed using the
version 2.46B of the FIZZ treatment software (Biosystemes,
Couternon, France). The number of clicks for a specific prod-
uct, time, and attribute was divided by the number of panelists,
in order to obtain a dominance rate, i.e., the proportion of
panelist which evaluated that a specific attribute was dominant
at this specific time for this specific product as described in
Meillon et al. (2009). Since each panelist can only have one
single dominant attribute at a time, the sum of the dominance
rates over attributes is always equal to one. We observed that
the higher the dominant rate of an attribute, the closer the
agreement between panelists. The Bsignificance level^ of
5 % based on a two sided t test is represented by a horizontal

line, which expresses the smallest value that was significantly
higher (p=0.05) than the level obtained by chance (Meillon
et al. 2009). TDS difference curves between samples (Pineau
et al. 2009) were also calculated by subtracting the dominance
rates of a given sample from the rates of another sample. The
different attribute curves were plotted on the same graph only
when they were significantly different from zero. Based on a
classic test used to compare binomial proportions, the signif-
icance level were also determined then plotted on the same
graph.

Results and Discussion

The pH, total acidity corrected as tartaric acid equivalents and
alcohol level values obtained for the winematrix of each grape
variety were close to those of original wines, emphasizing that
the charcoal treatment did not alter these values with respect to

Table 5 Means and results of nested ANOVAwith the three fractions and grape variety effects (fraction effects are included in grape variety effect)

Variety effect B fraction effect M1 fraction effect S fraction effect

Gamay Merlot Gamay Merlot Gamay Merlot

Sign. Gamay Merlot Sign. B No B B No B Sign. M1 No M1 M1 No M1 S No S S No S

Acidity * 5.30a 4.93b 5.35 5.25 5.03 4.83 5.41 5.18 4.97 4.89 5.27 5.33 4.96 4.9

Bitterness 3.86 3.67 4.04 3.68 3.78 3.55 3.86 3.87 3.61 3.73 3.80 3.92 3.44 3.89

Astringency 3.36 3.09 *** 3.88a 2.83b 3.42a 2.76b 3.37 3.35 3.15 3.03 3.29 3.43 3.27 2.91

Volume 3.87 3.92 3.73 4.01 3.93 3.92 3.73 4.01 3.94 3.91 3.80 3.94 3.72 4.13

Roughness * 2.85a 2.53b *** 3.32a 2.38b 3.17a 1.89b 2.96 2.75 2.71 2.34 2.78 2.92 2.58 2.47

In-mouth drying ** 2.94a 2.56b *** 3.24a 2.64b 2.88a 2.23b * 3.02a 2.85b 2.79a 2.32b 2.82 3.05 2.67 2.44

Drying after spitting 2.67 2.45 ** 3.08a 2.27b 2.80a 2.11b 2.64 2.70 2.58 2.33 2.59 2.75 2.58 2.33

Different letters indicate the existence of statistically significant differences. Latin letters (a, b) are used to compare fraction effect

*p<0.05; **p<0.01; ***p<0.002 (stars indicate significant differences among variety or fraction)

Fig. 2 a, b PCA performed on attributes for which a significant difference has been determined by the ANOVA and which are common to the two
sessions and the 16 samples. Correlation of the attributes (a) and scores plot (b). In bold were the samples added from fraction B
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those found in the original wines and that they differed only by
their polyphenol (including tannins) content (Table 1).

Quantitative Descriptive Analysis

The two-wayANOVA (sample and panelist) performed on the
two design are significant at 5 % for the panelist effects (not
shown here). As reported in Table 4, sample effects are sig-
nificant for the attributes acidity (p=0.05), astringency
(p<0.001), roughness (p<0.001), in-mouth drying (p=
0.001), and drying after spitting (p=0.001) for design A. In
design B, the attributes astringency (p=0.01), roughness (p=
0.003), in-mouth drying (p=0.02), and drying after spitting
(p=0.01) were also significant.

The nested ANOVA (Table 5) shows an effect of grape
variety on the attribute acidity (p=0.04), roughness (p=

0.03), and in-mouth drying (p=0.01). The values of these
three attributes are significantly higher for Gamay than for
Merlot. This result could be explained by slightly higher total
acidity of Gamay that could affect acidity and astringency
perception. The values of the attributes astringency (p=
0.002), roughness (p≤0.001), in-mouth drying (p=0.002),
and drying after spitting (p=0.01) are significantly higher
for samples containing fraction B (tannins of DP range >30)
than for those without fraction B, and this is the case for both
grape varieties. The values of the attribute in-mouth drying
(p=0.04) are significantly higher for samples containing frac-
tion M1 (tannins of DP range between 15 and 30) than those
without fraction M1.

PCA was performed on the samples from the two series,
previously corrected for session effects (Fig. 2a, b). Only the
attributes for which a significant difference has been

Table 6 Means and results of nested ANOVAwith the three fractions and grape variety effects (fraction effects are included in grape variety effect)

Variety effect B fraction effect M1 fraction effect S fraction effect

Gamay Merlot Gamay Merlot Gamay Merlot

Gamay Merlot Sign. B No B B No B Sign. M1 No M1 M1 No M1 Sign. S No S S No S

HighestX 100 18.36 18.83 *** 21.76 14.95 23.03 14.64 19.46 17.25 18.55 19.11 18.54 18.18 18.23 19.44

HighestY 100 3.39 3.59 *** 4.12 2.67 4.36 2.82 3.78 3.01 3.91 3.27 * 3.85 2.93 3.98 3.2

StartX 100 7.06 7.76 *** 9.58 4.55 11.30 4.23 8.05 6.08 8.10 7.43 * 8.23 5.90 8.03 7.5

Slope 100 0.13 0.12 0.14 0.12 0.12 0.13 0.15 0.11 0.12 0.12 0.15 0.11 0.14 0.11

HighestX 300 30.69 31.07 *** 38.80 22.58 40.78 21.36 32.20 29.18 32.85 29.29 32.28 29.10 32.98 29.16

HighestY 300 7.04 7.21 *** 9.59 4.48 9.76 4.66 7.54 6.53 8.00 6.42 * 7.89 6.18 8.07 6.35

StartX 300 18.33 18.60 *** 27.94 8.72 27.08 10.13 * 20.54 16.13 20.75 16.45 20.67 16.00 19.73 17.48

Slope 300 0.17 0.17 * 0.2 0.15 0.2 0.13 0.18 0.17 0.17 0.16 0.19 0.15 0.18 0.16

*p<0.05; **p<0.01; ***p<0.001 (stars indicate significant differences among variety or fraction)

Fig. 3 a, b HMFA graphs—Representation of the sample. B-containing wine samples are indicated in bold (a). Correlation circle of the sensory
attributes and nephelometric parameters (in italics) (b)
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determined by the ANOVA and which are common to the two
series were kept. The first plane accounted for 94.48 % of the
total variation between products. The first principal

component (88.98 % of the total variance) was highly corre-
lated with astringency, roughness, and in-mouth drying. All
these attributes are correlated between themselves. Except for

Fig. 4 a, b TDS plots of GamayM1 & S (a) and Gamay B &M1& S (b) samples with standardized time. The straight line represents the significance
level (5 %) of any attribute
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Merlot containing the fraction B only, all other wines contain-
ing fraction B differed from the other samples in being more
astringent and having more in-mouth drying/drying after
spitting characters. Their tannins were also described as being
rougher.

The ultrafiltration technique selected here offers several
important advantages, particularly with respect to sensory
analysis. Firstly, it is a purely physical technique and no
chemicals (e.g., organic solvent, buffer components) have to
be used. Secondly, since ultrafiltration can preserve even the
delicate structure and function of enzymatic proteins and
nucleic acids, it may be safely assumed that tannin molecules
will not experience any alteration during the fractionation pro-
cess, even more so because this process is carried out in the
absence of oxygen. Thirdly, the concentrated wine fractions B,
M1, and S remain dissolved in their native wine matrix and are
expected to remain in the same environment after being dilut-
ed with the polyphenol-deprived wine matrix prepared by
charcoal treatment. This ensures that panelists would assess
only the perceptions due to the added fraction(s). Lastly, ul-
trafiltration is more easily amenable to the preparative scale
than chromatographic methods, allowing relatively large
volumes of wine fractions to be prepared for the senso-
ry sessions. Our results point out an important role
played by the tannins of the B fraction obtained by
ultrafiltration. In spite of a possible impact of polysac-
charides concerning the B fraction (not addressed here),
these tannins (DP range >30 subunits) were perceived as more
astringent and drying in the mouth and drying after spitting.
The two other fractions do not allow us to discriminate the
sample. We also observed an important correlation between
sensory attributes.

Nephelometric Analysis

The nested ANOVA (same model as for sensory data) shows
an effect of the B fraction (p<0.05) for all parameters except
for the slope 100 μl parameter (Table 6). Values of these
nephelometric parameters are significantly higher for samples

containing the B fraction, whereas the other fractions (M1 and
S) have less impact on these parameters. When present, M1
fraction increases the StartX 300 μl parameter value (p=0.05).
S fraction increases the HighestY parameters for the two vol-
umes 100 μl (p=0.03) and 300 μl (p=0.02) and StartX 100 μl
parameter (p=0.03).

Four different parameters and two different volumes were
extracted from the nephelometric curves. The impact of the B
fraction was clearly underscored. Indeed, all parameters in-
creased when the B fraction was present. However, the other
fractions had less impact on nephelometric parameters. Our
results show that nephelometric analysis is a good instrument
to show the presence of highly polymerized tannins.

Relationship Between Sensory and Nephelometric Data

The relationship between sensory and nephelometric data was
investigated using HMFA (Fig. 3a, b). Since the two nephe-
lometric slope parameters (100 μl and 300 μl) were less (or
not) significant, they were discarded. The axis 1 of the HMFA
represented 79.78 % of the total variation. On this axis, the
fraction B-containing samples (in bold) are opposed to the
other samples without B fraction (Fig. 3a). This opposition
accounts for most of the variability between samples. The B-
containing samples are positively correlated with all sensory
attributes and nephelometric parameters (Fig 3b). The multi-
dimensional correlation between QDA data and nephelomet-
ric data is significantly positive (RV=0.58, p=0.001). The
sensory map of the 16 wine samples is thus highly correlated
with the nephelometric parameter map.

As expected, QDA and nephelometric analysis were highly
correlated. If the first dimension (79.78 % of variability) can
be explained by the presence or absence of B fraction, the
second dimension separated sensory and nephelometric pa-
rameters but cannot be explained by the presence of a partic-
ular fraction. Another analysis was carried out using partial
least squares (PLS) which confirmed the results from HMFA
(data not shown).

Fig. 5 TDS differences between
Merlot-B on the upper part and
Merlot-M1 on the lower part of
the chart with standardized time
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Temporal Sensory Changes Measured Using TDS

Additional information about evolution and dominance of
sensations was provided by TDS analysis after curve stan-
dardization. The TDS curve started when the first attribute
was selected and stopped when the attribute saliva returns
was chosen. For instance, the standardized TDS curves of
two different samples and for significant attributes only are
shown in Fig. 4a, b. In the sample Gamay M1 & S (Fig. 4a),
the first dominant perception is acidity, followed by in-mouth
drying and some bitterness before spitting. The Gamay B, &
M1 & S sample (Fig. 4b) was characterized by an acidity
perception, followed by a short astringency and finally a long
in-mouth drying dominance. Moreover, the astringency and
in-mouth drying perceptions were more persistent in the Ga-
may B, & M1 & S sample (15 % longer for in-mouth drying)
than in the Gamay without B fraction (Fig. 4b). Again, this
emphasizes the key role of fraction B.

New features were unveiled by constructing TDS differ-
ence curves between two samples (Fig. 5). For instance, the
wine sample with Merlot B fraction was significantly higher
than Merlot M1 for the in-mouth drying attribute at the end of
the tasting. For Merlot M1, results show significant volume
and acidity even though these effects are short in time.

TDS was already used to describe the effect of
dealcoholization of red wine (Meillon et al. 2009); to our
knowledge, it has never been used to describe the effect of
the size of tannins on the sensory evolution. Our results show
that fraction B (the biggest tannins) increased the persistence
of astringency and the sensation of in-mouth drying.
Astringency appeared quickly when B fraction was present
and the drying after spitting appeared to be longer for the
samples with B fraction. The TDS confirmed the in-mouth
evolution, already identified by other authors (Lesschaeve
and Noble 2005; Ishikawa and Noble 1995; Robichaud and
Noble 1990) with the time-intensity method, but offers an
easier methodology.

Conclusion

In this study, we analyzed the impact of tannin size by sensory
and nephelometric methods. We used ultrafiltration to obtain
four fractions which differed by the DP range. This method
allowed the physical structure of tannins and their chemical
purity to be fully preserved.We analyzed three different tannin
fractions (isolated from two different grape varieties) which
were added to the polyphenol-depleted wine matrix.
Concerning the QDA, the largest fraction (DP range >30 sub-
units) increased the perception of astringency, in-mouth
drying, drying after spitting, and roughness. The dominance
of astringency, in-mouth drying and drying after spitting per-
ceptions were longer when these largest tannins were present.

Nephelometric curves were summarized by four parameters,
which were all correlated with the presence of the largest
tannins. Further studies are required to better describe the role
of the other fractions and their impact on the nephelometric
curves. Finally, QDA and nephelometric parameters were sig-
nificantly correlated.
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