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Abstract 14 

Macromolecules including condensed tannins and polysaccharides impact wine taste and especially 15 

astringency. Asymmetrical Flow-Field-Flow-Fractionation (AF4) coupled to UV detection (UV), 16 

multi-angle light scattering (MALS) and refractive index detection (dRI) has been proposed to 17 

separate red wine colloids.  18 

The present work aimed at relating AF4-mutidetection profiles with red wine astringency. Fifty 19 

commercial red wines characterized by a trained sensory panel were analysed by AF4-UV-MALS-dRI 20 

and UV-visible spectroscopy. The analytical data set was built by selecting the three variables most 21 

predictive of the astringency score from each table (UV, dRI, MALS, Mw distribution, and UV-visible 22 

spectra of whole wine, permeate and retentate A4F fractions) and analysed by principal component 23 

analysis. Red wine astringency was more related to variables extracted from the AF4 data than to UV- 24 

absorbance of the wine or permeate, confirming the relevance of AF4-multidetection for analysis of 25 

the colloidal fraction involved in this perception. 26 
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1. Introduction 30 

Astringency is one of the major sensory attributes of red wines. It is defined as dryness, tightening, 31 

and puckering sensations perceived in the oral cavity during the intake of astringent compounds 32 

(Soares et al., 2020). Polyphenolic compounds and especially tannins are known to be involved in red 33 

wine astringency (Gawel, 1998). This perception is generally attributed to the capacity of tannins to 34 

bind salivary proteins, leading to the formation of precipitates which reduce the lubrication in the 35 

mouth (Bate-Smith, 1973; Baxter, Lilley, Haslam, & Williamson, 1997; McRae & Kennedy, 2011).  36 

Perceived astringency increases with tannin molecular weight (degree of polymerization) (Peleg, 37 

Gacon, Schlich, & Noble, 1999; Vidal et al., 2003), their number of galloyl substituents (galloylation 38 

degree) (Vidal et al., 2003) and their concentration (Vidal, Courcoux, et al., 2004). Red wine 39 

astringency was reported to be primarily associated with a fraction containing higher molecular weight 40 

phenolics (> 5 kDa) (Hufnagel & Hofmann, 2008a, b) although some lower molecular weight 41 

phenolics (e.g. phenolic acids and their ethyl esters, flavan-3-ol monomers and oligomers, flavonol 42 

and dihydroflavonol glycosides) also exhibited astringency (Ferrer-Gallego, Hernández-Hierro, Rivas-43 

Gonzalo, & Escribano-Bailón, 2014; Hufnagel & Hofmann, 2008b; Peleg et al., 1999; Vidal et al., 44 

2018).  45 

Polysaccharides constitute another important group of wine macromolecules (Pellerin, Vidal, Williams 46 

& Brillouet, 1995). They comprise polysaccharides rich in arabinose and galactose (PRAGs),  and  47 

rhamnogalacturonan II (RGII) originating from grape cell walls (Pellerin, Vidal, Williams, & 48 

Brillouet, 1995), and mannoproteins (MPs) from yeast cell walls. These compounds are known to 49 

interact with tannin perception, reducing astringency both in model solutions (Le Bourvellec & 50 

Renard, 2012; Vidal et al., 2004), and in red wines (Boulet et al., 2016; Quijada-Morín, Williams, 51 

Rivas-Gonzalo, Doco, & Escribano-Bailón, 2014).  52 

Astringency perception results from a complex system involving multiple factors. Some works based 53 

on chemometrics approach modelled analytical data to explain the sensory impact of chemical 54 

compounds, considering many factors. Several authors used multivariate analysis (Quijada-Morín et 55 



al., 2014) such as multiple linear regression (MLR) (Boulet et al., 2016; Quijada-Morín et al., 2014), 56 

or partial least squares regression (PLSR) (Preys et al., 2006), to cross instrumental and sensory data 57 

for describing the relationships between several groups of variables. For example, the smoothing 58 

capacity of wine polysaccharides was confirmed using chemometrics tools (principal component 59 

analysis, PCA and multiple linear regression, MLR) (Boulet et al., 2016; Quijada-Morín et al., 2014).  60 

Additionally, it was shown that the absorbance values at λ = 230  nm efficiently predict the perceived 61 

astringency in wine (Boulet et al., 2016). However, these studies did not consider the apparent molar 62 

mass of compounds. Other works assessed the impact of individual phenolic compounds quantified by 63 

HPLC-DAD (Kallithraka, Kim, Tsakiris, Paraskevopoulos, & Soleas, 2011) and HPLC-DAD-MS 64 

(Vidal et al., 2018). Nevertheless, neither higher molecular weight polyphenols nor polysaccharides 65 

were considered in their models. Tannin composition is classically determined by HPLC after 66 

depolymerisation in the presence of a nucleophilic reagent (e.g. thiolysis, phloroglucinolysis). 67 

However, when applied to wine, these methods do not predict astringency unlike more global methods 68 

such as BSA precipitation (Boulet et al., 2016; Harbertson & Kennedy, 2002), or spectrophotometric 69 

measurements (Boulet et al., 2016).  70 

A method based on Asymmetrical – Flow – Field – Flow – Fractionation (AF4), coupled to a multi-71 

detection system consisting of UV detection (UV), multi-angle light scattering (MALS), and 72 

differential refractometer index (dRI) (AF4-UV-MALS-dRI), using a wine like solution as the mobile 73 

phase has been recently developed (Pascotto, Cheynier, Williams, Geffroy, & Violleau, 2020). This 74 

method allowed separation of wine macromolecules into four fractions. The first three were assigned 75 

to higher Mw tannins coeluted with lower Mw polysaccharides such as rhamnogalacturonan II (F1), to 76 

intermediate Mw polysaccharides such as polysaccharides rich in arabinan and galactan (PRAGs) (F2), 77 

and to higher Mw mannoproteins (F3) whereas the last fraction (F4) was not identified (Pascotto et al., 78 

2020). Moreover, Marassi and coworkers reported the presence of residual proteins in the low 79 

retention time fractions (Marassi et al., 2021).  80 

The hypothesis of the present study was that the AF4 multi-detection profiles obtained with the 81 

method developed in our earlier paper (Pascotto et al., 2020) are related to red wine astringency. To 82 



evaluate whether the method is relevant to analyse the wine colloids contributing astringency (i.e. 83 

tannins) or mitigating it (e.g. polysaccharides), AF4 analysis was performed on a series of red wines 84 

from Languedoc region (France) which were tasted by a sensory panel using QDA procedure. The two 85 

data sets (analytical and sensory) were then processed using multiway analysis to assess the potential 86 

of A4F profiles for prediction of wine astringency and determine the contribution of the different A4F 87 

fractions. 88 

2. Materials and methods 89 

2.1. Wine collection 90 

In this work, fifty red wines produced in 2016 in several Protected Denominations of Origin (PDOs) 91 

from the French Languedoc area (Corbières-Boutenac, la Clape, Faugères, Minervois-Terrasses de 92 

l’Argent Double, Languedoc-Montpeyroux and Pic-Saint-Loup) were used. Most of the samples were 93 

blended wines mainly made from Grenache, Syrah and Carignan and are sold between 5 and 20 euros. 94 

Wines from the PDO Corbières-Boutenac were barrel aged. Wines were coded 1 to 50 as summarized 95 

in Table S1. Fifteen bottles of each wines were used for the sensory analysis, one bottle for the 96 

chemical analysis. 97 

2.2. Sensory analysis 98 

The wines were evaluated using Quantitative Descriptive Analysis (Stone & Sidel, 2004) QDA® in 99 

2019 by a trained panel from the Sensory Laboratory of UMR SPO, INRAE (Montpellier, France). 100 

This panel was composed of 18 judges unrelated to the wine industry (genders: 12 women, 6 men; 101 

average age: 55 years old; seniority on the panel: 5 years in average - 3 months minimum - 13 years 102 

maximum). The selection of these judges was based on their sensory performances and their ability to 103 

communicate in group (Depledt, 2009; Nicod, 1998). After three sessions for vocabulary generation 104 

on the 50 wines, the panel considered 16 independent and discriminating descriptors, including 105 

astringency (Depledt, 2009). Judges were trained during a one-hour session on the perception of 106 

astringency. A grape seed and stalk tannin extract was added to wine sample as a training standard for 107 

astringency assessment. A range of concentrations was presented to the panel: 0 – 0.6 and 0.8 g.L-1, 108 



and the judges were asked to classify these samples according to the astringency intensity. As a final 109 

training step, a Feedback Calibration Method was used in order to check if the panel performances 110 

were strong enough to characterize the wines efficiently  (Findlay, Castura, Schlich, & Lesschaeve, 111 

2006). For the rating, wines were presented in a monadic service according to a Latin square of 112 

Williams (Macfie, Bratchell, Greenhoff, & Vallis, 1989), served in black glasses, at room temperature 113 

with a plastic cup over glasses to keep aromas. Judges evaluated the wines in standard tasting cabs and 114 

rated the intensity of each descriptor on linear scales, from low corresponding to absence of perception 115 

to high corresponding to very intense perception, for each wine. The distances on the linear scale are 116 

then converted to scores (from 0 to 10) for statistical analyses. Judges were invited to rinse their mouth 117 

with a solution of pectin (1 g.L-1) then with water between each sample in order to limit the carry over 118 

effect of astringency of red wines (Colonna, Adams & Noble, 2004). Six sessions were dedicated to 119 

the rating: one session for each PDO. At the end, the repeatability of the panel was tested 120 

independently, considering two wines from each PDO, with a repetition in the same session. 121 

Astringency intensities were then extracted from the QDA data. 122 

2.3. AF4 analysis 123 

2.3.1. Chemical 124 

Ultrapure water was obtained from a Merck MilliQ integral 15 system. Ethanol, methanol, formic acid 125 

and HCl (99% purity, HPLC grade) were purchased from Carlo Erba (France). Sodium azide and 126 

sodium nitrate (99.5% purity) were purchased from Sigma Aldrich (St Louis, MO, USA). Potassium 127 

sulphate was obtained from Merck (Darmstadt, Germany) and has a purity at 99%. Bovine serum 128 

albumin (BSA) was purchased from Thermo Scientific (USA) and prepared at 2 mg/ml in a 0.9% 129 

NaCl solution (m/v). 130 

2.3.2. Sample preparation 131 

Wine aliquots (1 mL) were dried with a Genevac EZ-2plus evaporator under reduced pressure at 8 132 

mbars at 40°C and stored at -80 °C until used to limit evolution. Then, dried wine was dissolved in 1 133 

mL of a wine like solution (water/ethanol – 88/12, v/v) with a pH adjusted to 3.5 by adding formic 134 



acid. The resulting mixture was ultrasonically mixed for 5 min, vortexed and then centrifuged at 3000 135 

g for 5 min to remove any precipitate. 136 

2.3.3. Instrumentation, elution conditions and molecular weight calculation 137 

The instrumental set-up and AF4 methods used for this work are the same as described earlier 138 

(Pascotto et al., 2020).  In brief, a Thermo Scientific Ultimate 3000 HPLC System, including degasser, 139 

isocratic pump and autosampler, was used to inject samples and transport the mobile phase through the 140 

system. The pump was coupled with the Eclipse AF4 (Wyatt Technology) to regulates flows in the 141 

AF4 separation channel (long channel, Wyatt Technology Europe, Germany). The height of inserted 142 

spacer of the AF4 channel was 350 µm and the membrane (Consenxus, Germany) was in cellulose 143 

material with a cut-off at 5 kDa. A multi-detection system including a UV-visible (set at λ = 280 and 144 

230 nm), MALS, and a dRI, detectors (Wyatt Technology) was coupled with the AF4 system. 145 

Chromeleon 6.8 software was used to control autosampler, pump and Eclipse flows. Acquisition of 146 

UV, MALS and dRI data was performed using the Astra 6.1 software. Mobile phase used was 147 

composed of 88% water (v/v) and 12% ethanol (v/v). Formic acid was added to adjust pH at 3.5. A 148 

potassium salt was incorporated at 1 g.L-1 (K+ equivalent) and 0.02% of sodium azide (s/v) was also 149 

added to inhibit bacterial development. Wine samples were loaded to 400 µL in the AF4 channel. The 150 

programs used to the wine sample and blank started with two minutes with the inlet flow at 1 mL.min-1 151 

to obtain the baseline. Then, the relaxation step was applied for 8 min, against 6 min in the previous 152 

paper (Pascotto et al., 2020). During this step, both the inlet and outlet channel flows were maintained 153 

constant, at 1 ml.min-1 and 3 mL.min-1, respectively. Then, the elution step was started with a 154 

crossflow (Qc) = 3 mL.min−1, which was decreased exponentially (following equation 1) over time to 155 

0.04 mL.min−1 and then maintained constant for 25 min.  156 

�������� = ��
�� + �������� − ��
����
�����
�       (1) 157 

where, ������� is the crossflow rate at the beginning of the elution step (3 mL.min−1), and ��
�� is the 158 

final crossflow rate targeted (0.04 mL.min−1). Each wine sample was preceded by a blank injection 159 

and was followed by a cleaning program, injecting 100 µL of a solution of water/methanol (50:50) 160 

before the next injection.  161 



The weight average molecular weight (Mw) was calculated as described earlier (Pascotto et al., 2020). 162 

Briefly, the Mw of compounds eluted in the F1 fractions was calculated using the dn/dc value reported 163 

for tannins: 0.247 (Vernhet et al., 2011). Those of compounds eluted in fractions F2 and F3 were 164 

calculated using the dn/dc value reported for polysaccharides, PRAGs and MPs: 0.146 (Redgwell, 165 

Schmitt, Beaulieu, & Curti, 2005). 166 

2.4. Calculation of the polyphenol recovery rate by spectrophotometry 167 

The permeate fraction was recovered at the outlet of the crossflow during the relaxation step, using a 168 

fraction collector AFC – 3000 (Thermo Scientific). Additionally, the retentate fraction was also 169 

recovered during the elution step at the outlet-flow using a fraction collector Frac920, GE-Healthcare, 170 

Sweden), positioned after the AF4 detectors. The permeate and retentate fractions were taken to 171 

dryness with a Genevac EZ-2plus evaporator under reduced pressure at 8 mbars at 40 °C and freeze 172 

dried. Then, both permeate and retentate dry powders were solubilized in 50 mL and 1 mL 173 

respectively while the whole wine was diluted 200-fold in HCl (2%). Obtained sample solutions were 174 

distributed in 96 wells (UV plate, Corning Life Sciences) and wells were filled with 170 µL of the 175 

sample. UV-visible absorbance was measured using a Nanoquant Infinite® 200 Pro spectrophotometer 176 

(Tecan, Switzerland). Then, UV-visible spectra were acquired with 1 nm step, over the range 230 – 177 

600 nm for each fraction and for the whole wine. Absorbance values at λ = 280 nm (A280) and at λ = 178 

230 nm (A230) were extracted from the retentate and permeate fractions and the whole wine spectra. 179 

The percentage of both A280 and A230 of the retentate and permeate fractions were calculated from 180 

the absorbance values of the whole wine, representing 100% of the sample. Thus, the percentage of 181 

recovery of the UV absorbing material was estimated for each analysis at 280 and 230 nm. 182 

2.5. Data processing 183 

2.5.1. Sensory data 184 

The performances of the panel and of each judge were first evaluated. A three-way ANOVA with 185 

interactions (Y = Wine + Judge + Repetition + Wine x Judge + Wine x Repetiton + Judge x Repetition 186 

+ ɛ with α=5%) and a Generalized Products Analysis (GPA) were performed to assess the repeatability 187 



of the judgements and to check the three main performances of a trained panel: discrimination, 188 

consensus, and repeatability (Depledt, 2009). Both statistical treatments confirmed that the panel 189 

fulfilled these requirements. Then, the data were treated to create groups of wines according to their 190 

astringency intensity. First, a two-way ANOVA (Y = Wine + Judge + ɛ with α=5%) and a difference 191 

test (Fisher, LSD with α=5%) were performed to discriminate wines. Wines were separated into three 192 

groups according to their mean score of astringency and the significant differences shown by the 193 

Fisher-LSD test. First, thanks to the Fisher-LSD test, extreme samples, showing the lowest and the 194 

highest astringency intensity were identified. Then, groups were created from this first observation, the 195 

high intensity group was composed of wines non significantly different from the highest intensity 196 

sample but significantly different from the lowest intensity one, and vice versa for the low intensity 197 

group. Samples belonging to none of these groups were gathered in an intermediate intensity group. 198 

2.5.2. Cross-tabulation of the sensory and analytical data 199 

The analytical data obtained from the above-described methods were gathered in eight X tables, while 200 

astringency scores were collected in the Y matrix (Table 1). The first eight minutes corresponding to 201 

the elution step of the AF4 profiles were truncated to remove the unnecessary variables. Then, each 202 

table was smoothed using a second-degree polynomial, 0-order. Due to the large number of variables 203 

contained in the eight tables forming the X matrix, three variables were selected step by step from each 204 

X table on the basis of their covariance with the astringency score (Y tables), using the CovSel 205 

procedure (Roger, Palagos, Bertrand, & Fernandez-ahumada, 2011), under Chemflow web application 206 

(https://vm-chemflow-francegrille.eu/) and were concatenated under Xsel table (Table 2). In addition, 207 

both values of the percentage of retentate and permeate at 280 and 230 nm (%R280, %R230 and 208 

%P280, %P230, respectively), were added to this table, independently to the CovSel procedure (Table 209 

2). Then, principal component analysis (PCA) was performed under R, version 4.0.2, using factoextra 210 

package, from Xsel table.  211 

3. Results and discussion 212 



3.1. Sensory analysis 213 

Quantitative Descriptive Analysis allowed discrimination of three groups of wines according to their 214 

astringency. The ANOVA highlighted significant differences for the descriptor astringency (p-215 

value<0.001). Moreover, the fisher-LSD test also allowed to discriminate three groups (Fig.1): one 216 

constituted by wines having a mean astringency score below 6.00 (“Low astringency samples” or 217 

LAS); a second group having a score between 6.00 and 7.50 (“Medium astringency samples” or MAS) 218 

and a third group of wines having a score over 7.50 (“High astringency samples” or HAS). 219 

3.2. Chemical data analysis 220 

3.2.1. Polyphenol recovery rate by spectrophotometry 221 

Fig. 2 shows the distribution of recovery calculated over the 50 wine samples, for the permeate (%P), 222 

the retentate (%R) and the sum of these two fractions, at 230 and 280 nm. Most of UV-absorbing 223 

material of samples was removed through the channel membrane and recovered in the permeate (Fig. 224 

2a, d) and the amount recovered in the retentate (%R) corresponded to ~2% for both wavelengths (Fig. 225 

2b, e). Moreover, %P appeared lower at 230 nm (mean ~ 80%) than at 280 nm (~ 88%) whereas the 226 

retained fraction (%R) seems to be slightly higher when measured at 230 nm than at 280 nm. These 227 

two results suggest that the higher molecular mass UV-absorbing material can be distinguished from 228 

the fraction eliminated in the permeate, by a shift of the maximum of absorbance. Furthermore, the 229 

total recovery percentage was higher at 280 nm than at 230 nm, suggesting that the losses after 230 

separation (through absorption on the membrane and/or during sample preparation and injection), 231 

concern more the higher molecular weight compounds. 232 

3.2.2. Description of UV-vis spectra and AF4 fractograms (X tables) 233 

The UV-visible spectra of the whole wines, the permeate and retentate fractions are presented in Fig. 234 

3a to 3c. The LAS, MAS and HAS astringency groups can be distinguished according to their 235 

absorbance spectra showing low, intermediate, and high intensities, respectively, along the entire 236 

spectrum for the retentate fractions and at lower wavelengths only for the entire wines. This suggests 237 

that the retentate contains higher molecular weight phenolics that are astringent. The higher 238 



absorbance values observed in the range 254-600 nm for the wine and permeate spectra reflect the 239 

presence of phenolic compounds such as anthocyanins, flavonols, and phenolic acids which contribute 240 

little to astringency and are recovered mostly in the permeate. Wine absorbance values at 230 nm also 241 

appeared related to the astringency group, confirming earlier findings (Boulet, Ducasse, & Cheynier, 242 

2017; Boulet et al., 2016).  243 

The AF4 profiles of the 50 wines obtained with the three detectors and the molar mass distribution 244 

(Figs. 3d to 3h) show the presence of several fractions as described earlier (Pascotto et al., 2020). The 245 

first one (F1), eluted between two and five minutes, is clearly visible on the UV and dRI fractograms 246 

and to a lesser degree on the MALS fractogram. It corresponds to higher molecular weight tannins 247 

coeluted with RGII. Overall, the abundance of this fraction, especially in the UV profiles recorded at 248 

280 nm (Fig. 3d) and 230 nm (Fig. 3e) increases in relation with the astringency level of wine, 249 

consistent with the known contribution of higher molecular weight tannins to wine astringency. 250 

Furthermore, RG-II has been shown to reduce perception of tannin astringency both in model solution 251 

(Vidal et al, 2004) and in wine (Boulet et al, 2017), However, astringency seems mostly related to the 252 

intensity of the UV signal and thus to the tannin concentration in F1, so that the effect of RGII cannot 253 

be determined. Fractions (F2 and F3) are mostly visible on the MALS and dRI fractograms (Figs. 3f, 254 

3g). These fractions, eluted between five and eight minutes and between eight and fifteen minutes, 255 

respectively, have been attributed to intermediate (F2) and higher (F3) Mw polysaccharides (Pascotto 256 

et al., 2020).  257 

Moreover, the presence of UV absorbing material in these fractions could reflect the presence of 258 

proteins or of polyphenols interacting with the polysaccharidic material. However, no relationship was 259 

observed between the astringency level and their peak intensity or retention time. The fourth fraction 260 

(F4) clearly visible on the MALS fractogram was eluted between fifteen and thirty minutes (Fig. 3f). 261 

A great variability was observed from one sample to another for F4. It can be assumed that this 262 

fraction was present in very small amount because the corresponding dRI or UV signal were close to 263 

the baseline. Therefore, Mw could not be calculated for this fraction. However, the radius of gyration 264 

(Rg) was determined from the MALS data and ranged from ~ 60 to 100 nm (data not shown). In 265 



addition, for some samples, the MALS fractograms exhibited a fifth fraction (F5), eluting between 30 266 

and 50 minutes, with a Rg = ranging from ~ 80 to 120 nm. Finally, the mean Mw calculated for F1, F2 267 

and F3 varied between 7.5 and 23 kDa (F1), between 62 and 135 kDa (F2) and between 160 and 600 268 

kDa (F3), respectively (Fig. 3g). The Mw of F1 increased with the astringency level while no clear 269 

relationship was found for F2 and F3. 270 

3.3. Correlation between sensory and chemical data using multivariate analysis 271 

3.3.1. Variable selection 272 

To avoid biases due to the huge number of variables in each spectrum or profile and high correlations 273 

between them when performing PCA, three variables were independently selected from each X table, 274 

on the basis of their correlation with the wine astringency scores, using the CovSel procedure (Roger 275 

et al., 2011), as summarised in Table 2 and Fig. S1. The 230 nm wavelength was selected in all UV 276 

spectra (retentate, permeate and whole wine), confirming the good potential of this wavelength to 277 

predict the astringency scores (Boulet et al., 2016). However, the other wavelengths selected differed 278 

according to the fraction. Indeed, a wavelength around 280 nm (277 nm) was only selected from the 279 

retentate fraction spectra. It can be attributed to higher molecular weight tannins retained over the A4F 280 

membrane which are known to be major contributors of wine astringency (Boulet et al., 2016; 281 

Hufnagel & Hofmann, 2008a).  282 

Other polyphenols such as anthocyanins, flavonols, and phenolic acids, contribute highly to the wine 283 

absorbance around 280 nm (Boulet et al., 2017) but they were recovered mostly in the permeate. 284 

Absorbances at 317 and 523 nm, reflecting the presence of phenolic acids and of anthocyanins, 285 

respectively, were selected as the most relevant variables for astringency prediction in the permeate 286 

spectra. Anthocyanins have been reported to increase wine astringency (Brossaud, Cheynier, & Noble, 287 

2001) and interact with salivary proteins (Ferrer-Gallego et al., 2015). Phenolic acids have been 288 

reported to contribute to astringency (Ferrer-Gallego et al., 2014; Hufnagel & Hofmann, 2008a; Peleg 289 

et al., 1999; Vidal et al., 2018) and prediction of wine astringency was improved when taking their 290 

concentration into account (Boulet et al., 2016). Absorbance at 313 nm selected in the wine spectra 291 

also corresponds to phenolic acids or to coumaroylated anthocyanins.  292 



These anthocyanins show higher affinity toward PVPP than non-acylated ones (Gil et al., 2017), 293 

suggesting that they may be more astringent. Moreover, the 245 nm wavelength was selected in the 294 

spectra of both whole wines and retentates among the variables most correlated with astringency. In 295 

contrast, it was not selected in the permeate fraction (Table 2). This suggests that compounds 296 

associated with absorbance at 245 nm, whose nature remains to be determined, do not have a major 297 

impact on astringency when present as monomers or oligomeric molecules but contribute more 298 

strongly when they are involved in larger polymers. Two variables selected from the 280 nm-UV 299 

fractogram were localised in F1 and one in F2 (Table 2, Fig. S1), indicating that this data provided 300 

information related to both the presence of tannins and of tannins interacting (or coeluted) with the 301 

medium molecular mass polysaccharides such as PRAGs. However, all three variables selected from 302 

the 230 nm-UV fractogram were in F1 (Table 2, Fig. S1). In contrast, the variables selected from the 303 

MALS fractogram, were rather located in fractions F2/F3 and F4 (Table. 2, Fig. S1). This indicates 304 

that this table brought variables related both to polysaccharidic compounds (F2/F3), and to unknow 305 

compounds contained in F4, to explain the astringency scores.  306 

Further, the variables selected from both dRI and Mw tables concern both fractions of tannins/RGII 307 

and fractions containing polysaccharidic compounds (Table. 2, Fig. S1). Two variables relating to F1 308 

and one to F3 were selected from the dRI table and one variable relating to the mass of F1 and two 309 

relating to the masses of polysaccharides from the Mw table. 310 

3.3.2. Principal component analysis (PCA) 311 

Fig. 4 shows the distribution of individuals, coloured according to the astringency groups (a), and of 312 

the quantitative variable groups (correlation circle, b) on the first plane of the PCA performed using 313 

the variables selected from all tables. HAS wines were well separated from LAS wines along PC1 314 

which was the component most influenced by the astringency groups (Fig 4a), Moreover, LAS 315 

appeared better grouped compared to HAS or MAS, suggesting that these samples had more similarity 316 

regarding analytical characteristics compared to other groups. Projection of variables on the 317 

correlation circle (Fig 4b), shows that HAS were characterized with higher values of UV absorbance 318 

of the retentate, variables associated to F1 in the AF4 fractograms (Mw at 3.7 min, dRI at 2.8 and 3.4 319 



min, UV-280 and 230 nm at 3.2, 3.5, 3.8 min and 3.3, 3.8 respectively) and by the higher values of 320 

recovery (%R at 280 and 230 nm).  321 

These observations suggest that the abundance of F1 and the Mw of this fraction (compounds > 5 kDa) 322 

increased substantially the perceived astringency in wine, as proposed earlier (Boulet et al., 2016). 323 

Furthermore, the UV-280 nm variable selected at 7 min of retention time (corresponding to F2), was 324 

also positively correlated to PC1, indicating that F2 from HAS absorbs highly in UV. F2 was already 325 

identified to correspond to polysaccharidic fractions (Pascotto et al., 2020). This suggests that F2 in 326 

HAS also contains very high molecular weight tannins. In contrast, LAS showed higher values of 327 

variables related to F2/F3 (LS-9.2 min, Mw-9.6, and Mw- 13.0 min, dRI-8.2 min) and F4 (LS-21.7 328 

and LS 26.9). This indicates that perceived astringency is counteracted by the polysaccharidic 329 

material, as shown earlier (Boulet et al., 2016; Quijada-Morín et al., 2014),  but also by the 330 

compounds eluted in F4 which are not yet identified. In addition, it is interesting to note that the 331 

impact of polysaccharides seems to increase with their Mw (Fig. 4b). Moreover, LAS were also the 332 

samples having the highest absorbance values of permeate at 230 and 280 nm (%P230 and %P280). 333 

This observation is consistent with the above discussed results showing that the most astringent wines 334 

had the highest percentage of recovery (R%). MAS were highly dispersed and overlapped with both 335 

HAS and LAS categories.  336 

Two ways were envisaged. (i): This variability can be explained as the mean astringency scores, 337 

determined by ANOVA were not significantly different from the other two groups. (ii): the presence 338 

of proteins in the earlier retention time fractions, corresponding to F1 in this work, has been recently 339 

shown (Marassi et al., 2020) and may contribute to the high intensity of F1 in UV absorbance. On the 340 

other hand, PC2, was positively associated with absorbance values of the permeate fraction at 317 and 341 

523 nm and of the wine, especially at 313 nm, but also to variables associated to the F4 fraction (LS-342 

21.7 and LS 26.9). Absorbance values at 313, 317, and 523 nm do not contribute to PC1 although they 343 

have been selected on the basis of their correlation with the astringency scores, indicating that their 344 

contribution to wine astringency is actually negligible compared to that of larger molecular weight 345 

phenolic compounds eluted in F1. Furthermore, the whole wine wavelength group is relatively well 346 



represented both on PC1 and PC2, meaning that this group of variables contributed to the separation of 347 

individuals according to their astringency group (relative to PC1) and the dispersion of individuals on 348 

PC2. It confirms that the information contained in the retentate and permeate spectra, which explained 349 

the variability of the individuals with respect to PC1 and PC2 respectively, was averaged in whole 350 

wines spectra. 351 

Conclusion 352 

Our results show that the profiles obtained on 50 red wines from the French Languedoc- Roussillon 353 

region using the AF4-multidetection method described in our previous paper are related to astringency 354 

scores determined by a trained sensory panel. The UV absorbing material in the colloid fraction 355 

retained by the A4F membrane represented only a few percent of the absorbance measured on the 356 

wines. However, red wine astringency was mostly related to retained (> 5kDa) polyphenols and 357 

increased with their molecular weight while polyphenols eluted in the permeate fraction, although 358 

much more abundant, had a negligible contribution. Lower astringency wines showed higher values of 359 

variables related to F2, F3 and F4 in the MALS and Mw profiles, indicating that perceived astringency 360 

was counteracted by the polysaccharidic material, in agreement with literature results, but also by 361 

unknown compounds eluted in F4. Astringency softening also increased with polysaccharide Mw. The 362 

AF4-multidetection method provides the first analysis of the red wine colloids contributing 363 

astringency (i.e. higher molecular weight tannins) or mitigating it (i.e. polysaccharides and other 364 

unknown polymeric material) in a single run. This paves the way for further investigation of the 365 

colloidal material  and mechanisms involved in red wine astringency. 366 
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Table 1: Names, contents and dimensions of the  X and Y tables included in data processing.  

 

 Name Table 
Dimensions 

 (n x p)a 

X 

X1 UV fractogram (λ = 280nm) 50 x 5521 

X2 UV fractogram (λ = 230nm) 50 x 5521 

X3 MALS fractogram (angle 90°) 50 x 2551 

X4 dRI fractogram 50 x 821 

X5 
Log of weight average molecular 

weight distribution (Log(Mw)) 
50 x 592 

X6 UV-vis spectra of retentate fraction 50 x 371 

X7 UV-vis spectra of permeate fraction 50 x 371 

X8 UV-vis spectra of whole wine  50 x 371 

Y   astringency score 50 x 1 
 

a
 n = number of samples,  p = number of variables 



 

Table 2: Identification of the three variables selected from each X table and their corresponding 

fractions.  

 

Type  X table 
Selected 

variablea 

Variable 

name 
Corresponding fraction 

AF4 

fractogram 

UV fractogram (λ = 280nm) 

3.3 UV280-3.3 
F1 

3.8 UV280-3.8 

7.0 UV280-7.0 F2 

UV fractogram (λ = 230nm) 

3.2 UV230-3.2 

F1 3.5 UV230-3.5 

3.8 UV230-3.8 

MALS fractogram (angle 90°) 

9.2 LS-9.2 F3 

21.7 LS-21.7 
F4 

26.9 LS-26.9 

dRI fractogram 

2.8 dRI-2.8 
F1 

3.4 dRI-3.4 

8.2 dRI-8.2 F2 

Log of weight average molecular 

weight distribution (Log(Mw)) 

3.7 Mw-3.7 F1 

9.6 Mw-9.6 
F3 

13 Mw-13 

UV-vis 

spectra 

UV-vis spectra of retentate 

fraction 

230 Ret-230 - 

244 Ret-244 - 

277 Ret-277 - 

230 %R 230 - 

280 %R 280 - 

UV-vis spectra of permeate 

fraction 

230 Per-230 - 

317 Per-317 - 

523 Per-523 - 

230 %P 230 - 

280 %P  280 - 

UV-vis spectra of whole wine  

230 Ww-230 - 

245 Ww-245 - 

313 Ww-313 - 

 

 

aThe dimension of variables is the time (min) and wavelength (nm) for the AF4 fractograms and UV-

vis spectra, respectively.  

 




