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Highlights

� Sparkling wines from Albarín, Verdejo, Godello and Prieto Picudo were the richest in volatiles.
� These four grape varieties were the most interesting to elaborate sparkling wines.
� Verdejo and Prieto Picudo sparkling wines presented the best foam characteristics.
� Sparkling wines maintain their varietal characteristics even after long aging time.
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a b s t r a c t

The aim of this work was focused on the study of the influence of grape variety and aging time in contact
with lees and without lees, on volatile composition and foamability of white and ros�e sparkling wines.
Seven different grape varieties were used and the sparkling wines were studied until 30 months of aging
on lees and after 12 months of aging in bottle after disgorging.

Sparkling wines from Albarín, Verdejo, Godello and Prieto Picudo grape varieties were the richest in
most of the volatile compounds analyzed, especially those that contribute to the fruity aroma of wines,
and maintained their varietal characteristics even after long aging time (30 months). Verdejo and Prieto
Picudo sparkling wines presented the best foam characteristics, followed by Albarín and Godello wines.

Considering all the results, Albarín, Verdejo, Godello and Prieto Picudo were the most interesting grape
varieties to elaborate sparkling wines, following the traditional or “champenoise” method.

© 2014 Published by Elsevier Ltd.

1. Introduction

Sparkling wines are obtained after a second fermentation of a
base wine that can be carried out in closed bottles or in hermeti-
cally sealed tanks. High quality sparkling wines, such as Cham-
pagne wines in France, Cava wines in Spain or Talento in Italy, are
fermented in closed bottles following the traditional or “cham-
penoise” method, and they remain in contact with the yeast lees in
a bottle for at least 9 months (EC Regulation N� 606/2009). The
greatest differences among sparkling wines are mainly due to the
grape varieties and the aging time on lees (Andres-Lacueva, Gallart,
Lopez-Tamames, & Lamuela-Ravento;s, 1996; Pozo-Bay�on,
Martínez-Rodríguez, Pueyo, & Moreno-Arribas, 2009; Riu-
Aumatell, Bosch-Fust�e, L�opez-Tamames, & Buxaderas, 2006; Tor-
rens, Riu-Aumatell, Vichi, L�opez-Tamames, & Buxaderas, 2010).

During the sparkling wine aging, yeast autolysis leads to sig-
nificant changes in wine composition (Alexandre and Guilloux-
Benatier, 2006), and especially in the volatile compounds that

could have a great effect on the final quality of these wines
(Francioli, Torrens, Riu-Aumatell, L�opez-Tamames, & Buxaderas,
2003; Pozo-Bayo

́

n, Pueyo, Marti

́

n-A

́

lvarez, Marti

́

nez-Rodri

́

guez, &
Polo, 2003; Pozo-Bay�on, Martín-�Alvarez, Moreno-Arribas, Andujar-
Ortiz, & Pueyo, 2010). During this process, different enzymatic and
chemical reactions can lead to the formation or degradation of
some volatile compounds, and others can be released into the wine
(Del Barrio-Gal�an, Ortega-Heras, S�anchez-Iglesias, & P�erez-Mag-
ari~no, 2012; Riu-Aumatell et al., 2006; Torrens et al., 2010), modi-
fying the aroma profile of sparkling wines. On the other hand, some
volatile compounds can be adsorbed on the yeast lees, reducing
their concentration in sparkling aged wines, mainly the most hy-
drophobic ones (Gallardo-Chac�on, Vichi, L�opez-Tamames, &
Buxaderas, 2009, 2010). Gallardo-Chac�on et al. (2009) determined
the volatile compounds retained by lees during the second
fermentation of sparkling wines and found that esters, aldehydes
and terpenes were retained by the lees surface. Sorption depends
not only on the physicochemical characteristics of the volatile
compounds but also on the structure of the yeast cell walls, hence
the retention of volatile compounds by the lees surface can be
reversible and the volatile composition of these wines can change
over long aging time (Gallardo-Chac�on et al., 2010). Therefore, the
final aging time will determine the type and amount of the volatile
compounds present in sparkling wines (Francioli et al., 2003;
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Table 1
Volatile compounds of the sparkling wines at the different aging times: T9, T18, T30: nine, eighteen, thirty months of aging on lees; 12 MB: twelve months in bottle after
disgorging. Data in mg/L except those marked with an asterisk that are expressed in mg/L.

Albarín Verdejo

T9 T18 T30 T9þ12 MB T18 þ 12 MB T9 T18 T30 T9þ12 MB T18 þ 12 MB

Ethyl butyrate 0.187 0.182 0.154 0.173 0.180 0.175 0.134 0.147 0.179 0.150
Ethyl 2-methylbutyrate 0.029 0.057 0.057 0.050 0.046 0.024 0.049 0.047 0.039 0.043
Ethyl isovalerate 0.051 0.070 0.084 0.097 0.074 0.041 0.059 0.070 0.068 0.066
Ethyl hexanoate 0.579 0.548 0.513 0.558 0.423 0.518 0.555 0.460 0.525 0.413
Ethyl lactate 19.7 23.7 22.8 18.3 20.9 17.4 22.4 20.1 14.7 19.1
Ethyl octanoate 0.592 0.501 0.480 0.557 0.380 0.558 0.566 0.443 0.563 0.402
Ethyl decanoate 0.068 0.052 0.036 0.084 0.027 0.059 0.058 0.040 0.077 0.035
Isoamyl acetate 0.273 0.226 0.150 0.175 0.117 0.434 0.367 0.156 0.180 0.127
2-Phenylethyl acetate 0.062 0.026 0.023 0.042 0.022 0.063 0.040 0.022 0.040 0.021
Isovaleric acid 1.247 1.100 1.078 1.468 0.990 1.141 1.186 1.101 1.177 1.059
Hexanoic acid 4.052 4.335 4.313 3.658 3.766 4.124 4.268 4.428 3.346 4.201
Octanoic acid 6.281 6.793 5.469 5.858 5.229 6.757 7.396 5.072 6.396 5.083
Decanoic acid 0.547 0.616 0.508 0.428 0.471 0.571 0.680 0.588 0.478 0.519
1-Hexanol 0.849 1.455 0.969 0.709 0.843 0.852 1.178 0.956 0.604 0.821
trans-3-hexen-1-ol 0.115 0.202 0.141 0.091 0.124 0.080 0.132 0.085 0.052 0.078
cis-3-hexen-1-ol 0.163 0.153 0.128 0.104 0.115 0.130 0.148 0.106 0.082 0.099
Benzyl alcohol 0.106 0.114 0.104 0.120 0.102 0.119 0.136 0.103 0.102 0.106
Linalool* 5.418 1.739 0.808 1.854 0.693 2.746 1.664 0.614 1.414 0.582
a-Terpineol* 9.828 9.303 8.336 10.835 8.133 3.960 4.678 3.108 4.501 3.396
Citronellol* 1.446 1.103 0.577 0.812 0.493 1.577 1.419 0.647 0.821 0.592
g-Butyrolactone 10.30 13.58 9.45 9.57 9.72 14.25 12.29 10.27 11.54 11.03
g-Nonalactone* 2.705 2.111 2.502 3.299 2.626 2.021 1.777 1.907 2.438 2.082
Vanillin* 2.799 nd nd 9.260 17.24 1.949 nd 3.159 18.77 16.14
Methyl vanillate* 14.45 8.10 11.03 12.65 11.62 11.12 5.61 5.33 11.74 7.40
Ethyl vanillate* nd nd nd nd nd nd nd nd nd nd
Acetovanillone* 15.5 10.4 12.8 11.0 14.1 11.7 7.3 9.9 14.4 11.7
2-Phenylethanol 37.7 66.6 49.7 43.9 45.3 32.3 58.2 37.3 29.8 35.5
1-propanol 28.3 23.8 21.0 25.2 26.1 34.4 27.6 25.9 34.5 31.1
Isobutanol 22.3 19.7 19.0 19.8 19.5 24.0 24.0 21.7 26.8 23.4
Isoamyl alcohols 179 175 182 166 187 188 186 193 202 196
4-vinylguaiacol 0.155 0.120 0.178 0.213 0.197 0.433 0.166 0.125 0.219 0.121

Godello Viura
T9 T18 T30 T9þ12 MB T18 þ 12 MB T9 T18 T30 T9þ12 MB T18 þ 12 MB

Ethyl butyrate 0.143 0.159 0.180 0.127 0.200 0.160 0.154 0.154 0.178 0.161
Ethyl 2-methylbutyrate 0.046 0.073 0.084 0.063 0.081 0.031 0.048 0.063 0.049 0.076
Ethyl isovalerate 0.066 0.080 0.109 0.098 0.109 0.048 0.056 0.085 0.083 0.104
Ethyl hexanoate 0.536 0.492 0.462 0.487 0.431 0.358 0.389 0.353 0.379 0.374
Ethyl lactate 16.9 21.1 19.2 14.3 17.5 18.4 25.8 23.6 16.6 30.0
Ethyl octanoate 0.566 0.520 0.468 0.511 0.408 0.312 0.353 0.302 0.359 0.310
Ethyl decanoate 0.080 0.066 0.050 0.087 0.040 0.049 0.044 0.034 0.070 0.031
Isoamyl acetate 0.258 0.203 0.136 0.138 0.128 0.183 0.163 0.093 0.095 0.109
2-Phenylethyl acetate 0.048 0.018 0.017 0.027 0.017 0.043 0.027 0.016 0.026 0.016
Isovaleric acid 1.315 1.459 1.271 1.349 1.121 1.251 1.094 1.198 1.211 2.312
Hexanoic acid 3.712 5.694 3.952 3.059 3.378 2.716 3.123 3.470 2.268 3.014
Octanoic acid 6.290 6.111 5.629 4.837 4.676 4.485 4.259 3.958 4.721 4.015
Decanoic acid 0.657 0.466 0.577 0.474 0.530 0.478 0.538 0.524 0.428 0.597
1-Hexanol 0.778 1.126 0.866 0.575 0.730 0.518 0.722 0.673 0.401 0.642
trans-3-hexen-1-ol 0.113 0.187 0.127 0.078 0.114 0.028 0.059 0.033 0.019 0.043
cis-3-hexen-1-ol 0.089 0.102 0.062 0.049 0.058 0.187 0.275 0.174 0.129 0.257
Benzyl alcohol 0.079 0.104 0.077 0.077 0.072 0.069 0.091 0.065 0.075 0.111
Linalool* 3.329 1.040 0.000 0.886 0.327 4.923 1.965 0.617 1.379 0.829
a-Terpineol* 4.497 3.294 3.382 4.802 3.616 4.716 4.572 4.048 5.863 6.048
Citronellol* 1.368 0.696 0.625 0.522 0.402 1.772 1.343 0.678 0.878 1.272
g-Butyrolactone 15.56 15.62 11.42 11.37 11.92 13.12 15.13 10.82 7.83 18.68
g-Nonalactone* 1.659 1.336 1.544 1.865 1.672 1.847 1.644 1.798 2.193 1.996
Vanillin* 1.441 nd 3.953 23.41 14.95 1.630 nd 3.055 23.27 31.83
Methyl vanillate* 5.61 1.92 2.53 5.91 3.26 5.80 1.38 2.35 6.42 6.95
Ethyl vanillate* nd nd nd nd nd nd nd nd nd nd
Acetovanillone* 5.1 3.2 3.9 4.6 4.7 14.4 9.6 12.3 16.9 18.3
2-Phenylethanol 36.4 65.0 44.8 32.0 41.5 30.8 52.1 41.0 27.9 52.1
1-propanol 20.5 18.3 13.9 19.5 17.8 24.3 20.6 19.8 23.3 22.9
Isobutanol 21.6 20.8 18.1 23.3 19.8 20.9 21.7 18.7 23.0 21.2
Isoamyl alcohols 203 205 202 218 211 170 174 183 182 187
4-vinylguaiacol 0.190 0.053 0.075 0.119 0.076 0.287 0.097 0.100 0.166 0.170

Malvasía Garnacha-A
T9 T18 T30 T9þ12 MB T18 þ 12 MB T9 T18 T30 T9þ12 MB T18 þ 12 MB

Ethyl butyrate 0.117 0.137 0.113 0.154 0.142 0.165 0.183 0.151 0.180 0.149
Ethyl 2-methylbutyrate 0.033 0.065 0.064 0.055 0.066 0.032 0.063 0.061 0.049 0.056
Ethyl isovalerate 0.040 0.056 0.067 0.071 0.071 0.046 0.064 0.073 0.073 0.076
Ethyl hexanoate 0.247 0.258 0.227 0.258 0.217 0.404 0.546 0.361 0.408 0.334
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Gallardo-Chac�on et al., 2010; Riu-Aumatell et al., 2006), and it can
last from a minimum of 9 months to years.

Foam is the characteristic that differentiates sparkling wines
from still wines, being the first sensory attribute that tasters and
consumers perceive and that determines the final quality of spar-
kling wines (Buxaderas & L�opez-Tamames, 2012). The foaming
properties mainly depend on the chemical composition of wines
(Gallart, Lopez-Tamames, Suberbiola, & Buxaderas, 2002; L�opez-

Barajas, L�opez-Tamames, Buxaderas, Tom�as, & De La Torre, 1999;
Moreno-Arribas, Pueyo, Nieto, Martín-�Alvarez, & Polo, 2000), and
different factors involved in wine composition will have an effect
on foam quality, among them the grape variety used (Andr�es-
Lacueva et al., 1996; Cilindre, Liger-Belair, Villaume, Jeandet, &
Marchal, 2010; Girbau-Sol�a, L�opez-Barajas, L�opez-Tamames, &
Buxaderas, 2002; L�opez-Barajas, L�opez-Tamames, Buxaderas, & De
La Torre, 1998). In addition, the foamability of sparkling wines can

Table 1 (continued )

Albarín Verdejo

T9 T18 T30 T9þ12 MB T18 þ 12 MB T9 T18 T30 T9þ12 MB T18 þ 12 MB

Ethyl lactate 11.2 16.3 14.6 10.7 22.2 17.3 18.9 19.8 14.2 16.2
Ethyl octanoate 0.199 0.222 0.173 0.205 0.144 0.386 0.495 0.317 0.387 0.308
Ethyl decanoate 0.033 0.027 0.019 0.042 0.017 0.067 0.058 0.032 0.079 0.033
Isoamyl acetate 0.198 0.186 0.098 0.121 0.096 0.192 0.154 0.097 0.107 0.087
2-Phenylethyl acetate 0.043 0.034 0.021 0.036 0.021 0.041 0.021 0.015 0.026 0.015
Isovaleric acid 1.186 1.294 1.142 1.349 1.671 0.863 1.014 0.952 1.198 0.833
Hexanoic acid 1.711 2.942 1.984 1.563 2.637 2.919 4.536 3.146 2.329 2.525
Octanoic acid 2.402 3.454 1.428 1.974 2.743 4.081 3.903 3.508 4.255 2.053
Decanoic acid 0.326 0.316 0.370 0.288 0.469 0.469 0.450 0.455 0.388 0.436
1-Hexanol 0.601 0.872 0.716 0.450 0.713 0.738 0.996 0.826 0.504 0.592
trans-3-hexen-1-ol 0.038 0.054 0.047 0.027 0.062 0.036 0.063 0.040 0.023 0.034
cis-3-hexen-1-ol 0.100 0.123 0.072 0.061 0.109 0.127 0.121 0.088 0.068 0.074
Benzyl alcohol 0.082 0.101 0.081 0.085 0.144 0.095 0.112 0.087 0.094 0.082
Linalool* 6.894 4.182 1.774 3.679 1.830 4.834 1.533 0.516 1.255 0.524
a-Terpineol* 7.584 8.489 6.412 10.466 9.896 5.241 5.606 3.992 6.564 4.483
Citronellol* 2.089 1.516 0.891 1.418 1.596 1.840 1.079 0.535 0.735 0.621
g-Butyrolactone 13.65 12.39 10.71 12.44 17.72 11.57 12.96 9.81 7.37 9.85
g-Nonalactone* 1.896 1.450 1.782 2.448 1.953 2.418 2.073 2.227 2.869 2.495
Vanillin* 1.276 nd 3.516 24.43 19.14 0.867 nd 4.983 22.81 20.00
Methyl vanillate* 10.99 5.76 6.09 12.40 13.62 19.39 8.49 11.18 27.63 14.79
Ethyl vanillate* nd nd nd nd nd 3.44 1.48 2.79 6.01 3.87
Acetovanillone* 17.0 9.7 12.9 17.5 19.9 35.8 20.0 27.4 40.4 30.3
2-Phenylethanol 42.4 73.0 52.9 38.4 69.6 36.1 55.6 46.2 32.3 39.6
1-propanol 11.9 9.4 7.1 11.5 10.7 22.5 19.1 19.3 20.3 21.0
Isobutanol 15.1 14.5 11.7 17.2 14.5 19.6 18.5 17.8 19.2 18.7
Isoamyl alcohols 130 137 130 146 150 165 171 182 157 175
4-vinylguaiacol 0.202 0.077 0.103 0.195 0.169 0.078 0.051 0.078 0.122 0.090

Garnacha-B Prieto Picudo
T9 T18 T30 T9þ12 MB T18 þ 12 MB T9 T18 T30 T9þ12 MB T18 þ 12 MB

Ethyl butyrate 0.142 0.103 0.134 0.161 0.153 0.184 0.178 0.170 0.189 0.173
Ethyl 2-methylbutyrate 0.023 0.026 0.046 0.038 0.049 0.026 0.051 0.050 0.041 0.052
Ethyl isovalerate 0.034 0.028 0.058 0.059 0.064 0.039 0.054 0.065 0.067 0.072
Ethyl hexanoate 0.344 0.299 0.315 0.375 0.306 0.399 0.603 0.369 0.411 0.363
Ethyl lactate 13.4 16.0 17.7 12.3 15.4 23.6 27.1 27.7 20.5 24.3
Ethyl octanoate 0.326 0.240 0.298 0.370 0.293 0.390 0.579 0.349 0.403 0.344
Ethyl decanoate 0.054 0.034 0.031 0.064 0.031 0.054 0.051 0.032 0.068 0.032
Isoamyl acetate 0.170 0.081 0.081 0.096 0.082 0.596 0.537 0.202 0.268 0.188
2-Phenylethyl acetate 0.039 0.020 0.015 0.026 0.015 0.136 0.083 0.048 0.088 0.046
Isovaleric acid 0.905 1.229 0.873 1.304 0.771 1.283 1.600 1.154 1.581 1.050
Hexanoic acid 2.456 3.643 2.910 2.016 2.517 3.251 4.398 3.381 2.565 2.937
Octanoic acid 4.276 4.461 3.578 3.699 2.345 4.451 4.430 3.694 4.109 2.114
Decanoic acid 0.458 0.684 0.456 0.376 0.433 0.449 0.575 0.457 0.387 0.421
1-Hexanol 0.673 0.846 0.758 0.459 0.599 0.475 0.854 0.519 0.365 0.428
trans-3-hexen-1-ol 0.034 0.048 0.041 0.020 0.035 0.055 0.098 0.057 0.037 0.049
cis-3-hexen-1-ol 0.115 0.112 0.085 0.059 0.076 0.109 0.116 0.078 0.066 0.068
Benzyl alcohol 0.094 0.116 0.092 0.082 0.086 0.099 0.114 0.089 0.095 0.080
Linalool* 4.948 1.596 0.783 1.571 0.746 6.675 3.381 1.797 3.531 1.786
a-Terpineol* 5.051 5.209 4.610 5.912 4.633 5.618 6.248 5.632 7.257 5.912
Citronellol* 2.028 1.217 0.700 0.814 0.756 2.510 2.265 1.300 1.806 1.212
g-Butyrolactone 11.10 12.63 10.21 9.91 10.73 14.99 16.49 10.67 14.67 10.97
g-Nonalactone* 2.287 1.876 2.141 2.746 2.361 1.990 1.727 1.839 2.496 2.016
Vanillin* 1.711 nd 3.690 25.71 27.27 2.409 nd 2.366 23.07 20.33
Methyl vanillate* 23.13 13.65 12.82 24.09 14.83 14.03 5.33 7.68 11.00 8.61
Ethyl vanillate* 3.24 1.70 2.91 5.49 3.77 16.53 7.83 11.03 16.15 14.45
Acetovanillone* 35.3 19.7 28.0 38.4 31.5 16.7 9.7 12.5 11.2 14.1
2-Phenylethanol 33.7 67.7 47.5 34.6 42.6 42.5 68.1 50.5 41.1 44.5
1-propanol 20.7 15.7 18.1 19.4 19.1 33.5 33.9 30.2 34.1 34.4
Isobutanol 18.3 15.8 18.4 19.4 18.7 29.2 30.3 26.1 27.8 28.3
Isoamyl alcohols 155 144 179 173 172 204 217 215 188 211
4-vinylguaiacol 0.089 0.068 0.095 0.115 0.101 0.036 0.099 0.120 0.182 0.149

nd: no detected.
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be influenced by the aging time on lees (Andre

́

s-Lacueva, Lamuela-
Ravento

́

;s, Buxaderas, & De La Torre-Boronat, 1997; Girbau-Sola
et al., 2002; Moreno-Arribas et al., 2000).

However, few studies have been found in relation to the volatile
composition of sparkling wines after aging times longer than 9
months (Francioli et al., 2003; Riu-Aumatell et al., 2006; Torrens
et al., 2010), as well as the changes in their foamability (Andr�es-
Lacueva et al., 1996; Girbau-Sola et al., 2002), and no one has
been found in relation to the changes that can occur in sparkling
wines after disgorging, i.e. without lees.

Therefore, the aim of this work was focused on the study of the
influence of grape variety and aging time in contact with lees and
without lees, on volatile composition and foamability of white and
ros�e sparkling wines. Seven different grape varieties were used and
the sparkling wines were studied until 30 months of aging on lees.
In addition, the sparkling wines were also analyzed after 12months
in bottle after disgorging.

2. Material and methods

2.1. Winemaking process

The grape varieties used in this study were: Verdejo and Viura
from the Designation of Origin (D.O.) Rueda,Malvasía from the D.O.
Toro, Albarín from the D.O. Tierra de Le�on and Godello from the D.O.
Bierzo, for the elaboration of white sparkling wines, and Prieto
Picudo from the D.O. Tierra de Le�on and Garnacha from the D.O.
Cigales for ros�e sparkling wines. Two different vineyards of

Garnacha grape variety were used. Only Verdejo and Godello grape
varieties have been used to elaborate sparkling wines, but all of
them produced high quality still wines in these D.O.s.

The base wines were elaborated in the experimental winery of
the Enological Station sited in Rueda (Valladolid), following the
traditional white or ros�e winemaking process in stainless steel
tanks of 150 L. The same commercial Saccharomyces cerevisiae
yeasts (IOC 18-2007, Lallemand, Spain) were used.

The sparkling wines were elaborated following the traditional or
“champenoise” method, therefore the base wines, after cold-
stabilization (at �5 �C) and clarification (with PVPP and bentonite),
were bottled and the tirage liquor was added. The tirage liquor were
formed by yeast S. cerevisiae var. bayanus (0.30 g/L, IOC 18-2007
Lallemand, Spain), sucrose (23 g/L) and bentonite (0.10 g/L) (Laffort,
France). After that, the bottles were kept in a cellar at a temperature
of 11e13 �C and at a relative humidity of 75e85% controlled for 30
months. The pressure and residual sugars were measured periodi-
cally to control the second fermentation.

Sparkling wines were analyzed after 9, 18 and 30 months of
aging on lees. These sampling points were selected according to
representative aging periods of sparkling wine categories: spar-
kling wine (�9 months), Reserve (�15 months) and Great Reserve
(�30 months). In addition, the sparkling wines aged on lees for 9
and 18 months were also analyzed after 12 months in bottle after
disgorging. Before the analyses, the wines were riddled and dis-
gorged. Brut Nature sparkling wines were obtained, i.e. no expe-
dition liqueur was added.

Therefore, eight sparkling wines were elaborated and were
analyzed in five aging times.

2.2. Chemical reagents

The volatile compound standards were purchased from Fluka
(Buchs, Switzerland) (ethyl butyrate, ethyl isovalerate, ethyl hex-
anoate, ethyl octanoate, ethyl lactate, 2-phenylethyl acetate, iso-
butanol, benzyl alcohol, 2-methyl-1-butanol, 3-methyl-1-butanol,
1-propanol, 2-phenylethanol, 1-hexanol, cis-3-hexenol, hexanoic
acid, octanoic acid, decanoic acid, isovaleric acid, g-butyrolactone,
citronellol, a-terpineol, vanillin); SigmaeAldrich (Steinheim, Ger-
many) (ethyl 2-methylbutyrate, ethyl decanoate, isoamyl acetate,
trans-3-hexenol, g-nonalactone, acetovanillone, linalool, methyl
octanoate); and Lancaster (Strasbourg, France) (methyl vanillate,
ethyl vanillate, 4-vinylguaiacol, 3,4-dimethylphenol).

The remaining reagents were supplied by Panreac (Madrid,
Spain). Water Milli-Q was obtained via a Millipore system (Bedford,
MA).

2.3. Analysis of the volatile compounds

Volatile compounds were extracted by liquideliquid extraction
following the method developed by Rodríguez-Bencomo, Ortega-
Heras, & P�erez-Magari~no (2010). Two hundred and 50 mL of
wine, 5 mL of dichloromethane, and 75 mL of a mixture of two in-
ternal IS standards (550 mg/L of methyl octanoate, and 450 mg/L of
3,4-dimethylphenol) were added to a flask. The extraction was
carried out for 3 h with continuous stirring (150 rpm) in an orbital
shaker. Chromatographic analyses were performed with a HP-
6890N GC coupled to a HP-5973 inert MS detector equipped with
a Quadrex 007CWBTR capillary column (60 m length, 0.25 mm i.d.,
and 0.25 mm film thickness), following the chromatographic con-
ditions established by Rodríguez-Bencomo et al. (2010).

Quantification was carried out following the internal standard
quantification method. Quantitative data of the relative areas (ab-
solute areas/internal standard area) were subsequently interpo-
lated in the calibration graphs built from results of pure reference

Table 2
Multifactor analysis of variance carried out considering all the data of all the spar-
kling wines studied.

Grape variety Aging time Grape variety
� aging time

F-ratio P-value F-ratio P-value F-ratio P-value

Ethyl butyrate 49.8 0.000 15.0 0.000 11.8 0.000
Ethyl

2-methylbutyrate
141 0.000 287 0.000 9.1 0.000

Ethyl isovalerate 144 0.000 287 0.000 7.8 0.000
Ethyl hexanoate 243 0.000 71.1 0.000 10.6 0.000
Ethyl lactate 147 0.000 136 0.000 10.3 0.000
Ethyl octanoate 450 0.000 130 0.000 16.7 0.000
Ethyl decanoate 143 0.000 550 0.000 7.3 0.000
Isoamyl acetate 537 0.000 691 0.000 53.7 0.000
2-Phenylethyl

acetate
570 0.000 602 0.000 28.3 0.000

Isovaleric acid 30.8 0.000 15.6 0.000 14.5 0.000
Hexanoic acid 181 0.000 186 0.000 10.8 0.000
Octanoic acid 349 0.000 128 0.000 10.8 0.000
Decanoic acid 7.9 0.000 6.6 0.000 1.4 0.142
1-Hexanol 164 0.000 401 0.000 8.2 0.000
trans-3-hexen-1-ol 623 0.000 315 0.000 15.4 0.000
cis-3-hexen-1-ol 801 0.000 481 0.000 35.2 0.000
Benzyl alcohol 62.3 0.000 65.4 0.000 18.0 0.000
Linalool 420 0.000 2242 0.000 21.7 0.000
a-Terpineol 391 0.000 85.3 0.000 8.2 0.000
Citronellol 357 0.000 870 0.000 20.7 0.000
g-Butyrolactone 55.3 0.000 112 0.000 23.3 0.000
g-Nonalactone 166 0.000 208 0.000 2.4 0.001
Vanillin 29.1 0.000 1397 0.000 17.0 0.000
Methyl vanillate 436 0.000 325 0.000 22.0 0.000
Ethyl vanillate 2215 0.000 108 0.000 39.8 0.000
Acetovanillone 2231 0.000 474 0.000 49.8 0.000
2-Phenylethanol 66.4 0.000 463 0.000 10.6 0.000
1-propanol 881 0.000 107 0.000 5.4 0.000
Isobutanol 547 0.000 71.3 0.000 8.4 0.000
Isoamyl alcohols 490 0.000 35.5 0.000 13.9 0.000
4-vinylguaiacol 440 0.000 513 0.000 138 0.000

Values in bold showed statistically significant differences in each compound and
factor considered (P-values < 0.05).
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compounds (P�erez-Magari~no, Ortega-Heras, Martínez-Lapuente,
Guadalupe, & Ayestar�an, 2013).

Three bottles of each varietal sparkling wine at each sampling
time were analyzed, and one extraction for each bottle was carried
out.

2.4. Measurement of foaming properties by instrumental method

The foammeasurement of sparklingwineswas carried out using
the Mosalux procedure (Maujean, Poinsaut, Dantan, Brissonet, &
Cossiez, 1990). This equipment consists in a glass cylinder with a
glass frit in the bottom. This cylinder was filled with 100mL of wine
and CO2 was injected through the glass frit at a rate of 7 L/h under a
constant pressure of 1 bar for 15 min. Then the gas injection was
stopped.

Three parameters were measured: HM (expressed in mm) was
the maximum height reached by the foam after CO2 injection that
represents the foamability; HS (expressed in mm) was the foam
stability height during CO2 injection that represents the persistence
of the foam collar; and TS (expressed in sec) was the foam stability
time until all bubbles collapse after the CO2 flow has stopped.

Three bottles of each varietal sparkling wine at each sampling
time were analyzed, and three measurements for each bottle were
carried out.

2.5. Statistical analyses

Multifactor analyses of variance were performed. Factor analysis
was applied in order to study the association of volatile compounds
and to determine similarities or differences between wines by

grape variety or by aging time. Varimax rotation criterion was
performed and only factors with eigenvalues greater than 1 were
selected. Foam parameters were treated applying the variance
analysis (ANOVA), and the Least Significant Difference test at sig-
nificant level of p < 0.05. These statistical analyses were carried out
using the Statgraphics Plus 5.0 statistical package.

3. Results and discussion

3.1. Volatile compounds of sparkling wines during aging on lees and
aging in bottle after disgorging

Table 1 shows the data of volatile compounds of sparkling wines
at the different aging times studied. Due to the high number of data,
initially, multifactor analysis was carried out with all the data.
Table 2 shows the effects of grape variety, aging time, and the
interaction of grape variety-aging time for each compound. In
general, it can be observed that there are strong grape variety and
aging time effects on all volatile compounds evaluated.

Therefore, factorial analyses were carried out in order to study
the influence of grape variety and aging time on the volatile profile
of the sparkling wines elaborated. Two different factorial analyses
were carried out, one considering only the sparkling wines aged on
lees and other considering thewines aged on lees and those aged in
bottle after disgorging (without lees).

The factorial analysis carried out with the sparkling wines only
aged on lees selected eight factors with an eigenvalue greater than
1, which explained the 90.0% of the total variance. However, the
first six factors were enough to explain more than 80% of total
variability. Table 3 shows the loadings of each compound in each

Table 3
Factor loadings after varimax rotation of the sparking wines aged on lees.

Compounds Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8

Ethyl butyrate 0.547 0.563 �0.301
Ethyl 2-methylbutyrate ¡0.714 0.447 �0.400
Ethyl isovalerate 0.274 ¡0.793 0.299 �0.281
Ethyl hexanoate 0.887 0.333
Ethyl lactate �0.270 0.809 0.320
Ethyl octanoate 0.907 0.324
Ethyl decanoate 0.841 0.399
Isoamyl acetate 0.318 0.625 0.565
2-Phenylethyl acetate 0.745 0.572
Isovaleric acid 0.807
Hexanoic acid 0.742 �0.291 0.267 0.317
Octanoic acid 0.841 0.290
Decanoic acid 0.435 �0.415
1-Hexanol 0.632 �0.373 0.547
trans-3-hexen-1-ol 0.761 �0.256 0.302 0.281
cis-3-hexen-1-ol 0.954
Benzyl alcohol 0.434 0.800
Linalool 0.892 0.301
a-Terpineol 0.894
Citronellol 0.942
g-Butyrolactone 0.263 0.561 0.585
g-Nonalactone ¡0.866 0.325
Vanillin �0.275 �0.338 �0.556 �0.449
Methyl vanillate 0.453 ¡0.829
Ethyl vanillate 0.396 0.751 �0.312 �0.277
Acetovanillone �0.279 ¡0.857
2-Phenylethanol 0.403 0.733 �0.419
1-propanol 0.378 0.296 0.784 0.287
Isobutanol 0.340 0.321 0.838
Isoamyl alcohols 0.487 0.733
4-vinylguaiacol 0.883
Eigenvalue 8.83 6.53 3.34 3.15 2.17 1.44 1.40 1.05
Cumulative variance (%) 28.5 49.6 60.3 70.5 77.5 82.1 86.6 90.0

Loadings lower than absolute values of 0.250 are not shown.
Values in bold indicate the highest weight of each compound in each factor.
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one of the selected factors, as well as the eigenvalue and the cu-
mulative variance of each factor. The compounds with higher
loading values contribute most significantly to the explanatory
meaning of the factors (marked in bold).

Fig. 1a shows the distribution of the different sparkling wines
studied in the plane defined by the first two factors, which
explained the 49.6% of the total variance. As it can be seen in this
figure, the variables mainly associated with factor 2 allow differ-
entiating the sparkling wines by the aging time on lees. The spar-
kling wines aged on lees for 9 months were sited in the positive
zone of factor 2, and along the aging (18 and 30 months), the values
of factor 2 decreased. This fact was due to the increase of ethyl
esters of branched-chain fatty acids, and to the decrease of higher
alcohol acetates and terpenes (mainly linalool and citronellol),
compounds associated to factor 2 (Table 3). Rodríguez-Bencomo
et al. (2010) also observed these changes in still red wine aged on
lees, and Hidalgo et al. (2004) also found an increase of some ethyl
esters of Garnacha ros�e sparkling wines during the aging on lees for
9 months. In addition, Francioli et al. (2003) and Riu-Aumatell et al.
(2006) observed lower concentrations of higher alcohol acetates
and higher of TDN (1,1,6-trimethyl-l,2-dihydronaphthalene), vitis-
pirane and diethylsuccinate in Cava wines aged on lees for long
period of time (more than 20 months) than in young ones (9
months of aging). Torrens et al. (2010) also found a decrease of
higher alcohol acetates along the aging of Cava wines (until 24
months of aging on lees). Riu-Aumatell et al. (2006) also asserted
that these compounds could be used as age markers.

In general, wines aged on lees for 9 and 18 months showed
slightly higher values of factor 3 than wines aged for 30 months in
each grape variety (Fig.1b), whichwasmainly due to the increase of

ethyl lactate and isoamyl alcohols. These results agree with those
obtained by Riu-Aumatell et al. (2006) and Torrens et al. (2010) in
white and ros�e Cava wines.

Considering the results obtained by Gallardo-Chac�on et al.
(2009 and 2010), the decrease of terpenes and ethyl esters of
long-chain fatty acids could be due to their adsorption on the yeast
cell walls, since they concluded that the most hydrophobic com-
pounds were more retained by the lees surface.

On the other hand, the plane defined by the factors 1 and 3,
which explained the 39.3% of the data variability, allows differen-
tiating the wines by grape variety (Fig. 1b). Prieto Picudo sparkling
wines showed the highest values of factor 3, which indicates that
these wines had the highest concentrations of volatile compounds
associated with factor 3, ethyl lactate, ethyl vanillate, and higher
alcohols (Table 3). Albarín, Verdejo and Godello sparkling wineswere
the richest in volatile compounds associated with factor 1, ethyl
esters of straight-chain fatty acids, fatty acids, 1-hexanol and trans-
3-hexen-1-ol (Table 3). On the contrary, Malvasía sparkling wines
were the poorest in volatile compounds associated with factors 1
and 3, followed by Viura and Garnacha sparkling wines. Higher
alcohols, mainly 1-propanol and isoamyl alcohols, were also
selected as volatile compounds to differentiate among varietal
wines in different studies carried out in still wines (Pozo-Bay�on,
Pueyo, Martín-�Alvarez, & Polo, 2001; Ortega-Heras, Gonz�alez-
Huerta, Herrera, & Gonz�alez-Sanjos�e, 2004; Tredoux et al., 2008).

Besides, there are other compounds, such as higher alcohol ac-
etates and terpenes that were influenced by aging time, as it has
been previously commented, but also they are influenced by grape
variety (data not shown). In this way, Ferreira, L�opez,& Cacho, 2000
concluded that the volatile compounds derived from yeast amino

Fig. 1. Distribution of the sparkling wines aged on lees in the plane defined by (a) factor 1 and 2, and (b) factor 1 and 3; and of the sparkling wines aged on lees and in bottle after
disgorging in the plane defined by (c) factor 1 and 2, and (d) factor 1 and 3. C nine months of aging on lees,: eighteen months of aging on lees, - thirty months of aging on lees,
B nine months of aging on lees þ twelve months of aging in bottle after disgorging, △ eighteen months of aging on lees þ twelve months of aging in bottle after disgorging.
Albarín Verdejo Godello Viura Malvasía Garnacha-A Garnacha-B Prieto Picudo.
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acid metabolism (higher alcohols, ethyl esters of isoacids and
higher alcohol acetates) are the most important to differentiate
wines by grape variety. Prieto Picudo sparkling wines presented the
highest concentrations of higher alcohol acetates, which agrees
with the higher concentrations in amino acids of this varietal wine
(P�erez-Magari~no et al., 2013), and terpenes, with the exception of
a-terpineol. This fact corroborate the results of the study carried
out by �Alvarez-P�erez et al. (2012), who found that ros�e wines from
Prieto Picudo have a complex aromatic profile with a relatively high
concentrations of ethyl esters and terpenes.

Therefore, the sparkling wines from Albarín, Verdejo, Godello and
Prieto Picudo have in general higher concentrations of most of the
volatile compounds quantified than the rest of the wines studied,
especially of ethyl esters and higher alcohol acetates, compounds
that contribute to the fruity aroma of wines (Ferreira, Fern�andez, &
Cacho, 1996).

The results of factorial analysis carried out with the wines aged
only on lees (for 9 and 18months) and those aged on lees and bottle
(for 9 and 18 months aged on lees and 12 months aged in bottle
after disgorging) are shown in Table 4.

The distribution of the different sparkling wines studied in the
plane defined by the first two factors, which explained the 42.1% of
the total variance, permits to observe that the varietal character-
istics of each wine were maintained both during the aging on lees
and during the latter aging in bottle (without lees), as it is shown in
Fig. 1c. The compounds associated with these factors are the
responsible for the varietal differences of the wines, which were in
general the same that those previously commented in the factorial
analysis carried out with the sparkling wines aged only on lees.

On the other hand, the plane defined by the factors 1 and 3 that
explained the 39.9% of the total variance, allows differentiating the

sparkling wines aged on lees from those with additional aging in
bottle (without lees), being the latter sited on the bottom of the
plane (Fig. 1d). This means that the compounds associated posi-
tively with the factor 1 and 3, ethyl esters of straight-chain fatty
acids, higher alcohol acetates, fatty acids, C6 alcohols and terpenes
(mainly linalool and citronellol), decreased during the aging in
bottle, while those associated negatively, ethyl esters of branched-
chain fatty acids and vanillin increased (Table 4). Some of the
changes observed during the aging in bottle of the sparkling wines
agree with those found during the bottle aging of still wines (Díaz-
Maroto, Schneider, & Baumes, 2005; P�erez-Coello, Gonz�alez-Vi~nas,
García-Romero, Díaz-Maroto, & Cabezudo, 2003).

3.2. Foaming properties of sparkling wines during aging on lees and
aging in bottle after disgorging

The mean values of the foam instrumental parameters of the
sparkling wines during the aging on lees are shown in Table 5. After
9 months of aging on lees, Verdejo and Prieto Picudo sparkling wines
presented the highest values of foam maximum height (HM), foam
stability height (HS), and foam stability time (TS), followed by
Albarín wines.

No studies have been reported in the literature focus on the
foamability of sparkling wines elaborated from these grape vari-
eties. Only some works have been found that study the foam
properties of Cava or Champagne wines evaluated by Mosalux
method (Andres-Lacueva et al., 1996, 1997; Girbau-Sol�a et al., 2002;
Vanrell et al., 2007). Andres-Lacueva et al. (1996) and Vanrell et al.
(2007) found that Chardonnay Cava wines showed higher HM
values and lower TS values than Macabeo, Xarel.lo and Parellada
Cava wines. The white sparkling wines aged on lees for 9 months of

Table 4
Factor loadings after varimax rotation of the sparking wines aged on lees and in bottle after disgorging.

Compounds Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8

Ethyl butyrate 0.704 0.355
Ethyl 2-methylbutyrate ¡0.695 �0.416 0.308 �0.324
Ethyl isovalerate ¡0.842
Ethyl hexanoate 0.668 0.487 0.459
Ethyl lactate 0.357 0.514 0.488 �0.489
Ethyl octanoate 0.610 0.498 0.541
Ethyl decanoate 0.871
Isoamyl acetate 0.275 0.534 0.668
2-Phenylethyl acetate 0.574 0.728
Isovaleric acid 0.903
Hexanoic acid 0.855 0.250 �0.257
Octanoic acid 0.736 0.382 0.348
Decanoic acid 0.508 0.281 �0.509
1-Hexanol 0.927
trans-3-hexen-1-ol 0.813 �0.385
cis-3-hexen-1-ol 0.287 0.328 �0.476 0.452
Benzyl alcohol 0.650 0.266 0.463
Linalool 0.899
a-Terpineol 0.876
Citronellol 0.895 0.319
g-Butyrolactone 0.266 �0.390 0.712
g-Nonalactone 0.739 0.422
Vanillin ¡0.592 ¡0.657
Methyl vanillate 0.887
Ethyl vanillate �0.362 0.638 0.323 �0.462
Acetovanillone �0.328 0.832
2-Phenylethanol 0.485 0.392 �0.449 �0.442
1-propanol 0.895
Isobutanol 0.904
Isoamyl alcohols 0.749 �0.253 �0.364 �0.297
4-vinylguaiacol 0.846
Eigenvalue 7.83 5.24 4.56 3.09 2.20 1.77 1.51 1.00
Cumulative variance (%) 25.2 42.1 56.8 66.8 73.9 79.6 84.5 87.7

Loadings lower than absolute values of 0.250 are not shown.
Values in bold indicate the highest weight of each compound in each factor.
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this study showed mean values of HM similar to those of Char-
donnay Cavawines, with the exception ofMalvasía sparkling wines;
and Verdejo sparkling wines showed TS values similar than those
obtained in Chardonnay Cava wines (Andres-Lacueva et al., 1996;
Vanrell et al., 2007).

Andres-Lacueva et al. (1996) did not showed differences in HS
values by grape variety, while Vanrell et al. (2007) found that
sparkling wines from Chardonnay showed the highest HS values.
Taking into account the data obtained in this study, the HS values of
Verdejo sparkling wines were also more similar to those of Char-
donnay sparkling wines (Vanrell et al., 2007).

For red grape varieties, Prieto Picudo sparkling wines showed
similar foam characteristics (HM and HS) than Pinot Noir (Vanrell
et al., 2007) and Trepat (Girbau-Sol�a et al., 2002), red grape vari-
eties traditionally used in sparkling wine elaboration.

Considering the aging time, the HM values of the sparkling
wines increased until the 18 months, keeping constant until the 30
months of aging, with the exception of sparkling wines from
Malvasía that continue increasing until 30 months (Table 5). On
the other hand, HS values maintained constant or slightly
decreased until the 18 months of aging on lees and increased after
30 months of aging. TS values also increased with the aging time,
and some differences among wines were found. Sparkling wines
from Verdejo, Albarín, Prieto Picudo and Garnacha-A presented their
maximum TS values at 18 months after the aging on lees, while
the other wines obtained their maximum values at 30 months.
Although some differences were detected in the evolution of the
foam parameters of the sparkling wines depending on the grape
variety, it can be pointed out that in general, the quality and sta-
bility of the foam of all the sparkling wines increased over the
aging on lees or were maintained stable for 30 months of aging on
lees. However, Andres-Lacueva et al. (1996 and 1997) and Moreno-
Arribas et al. (2000) found that the foaming properties of white
Cavas depended on the aging time. They observed an increase in
foamability and stability of foam at 18 months of aging on lees, but

after this time the sparkling wines showed a decrease in foam-
ability and an increase in foam persistence, and concluded that the
optimum time of aging for the best and most stable foam appears
to be 18 months. On the other hand, these authors suggested that
the increase in foamability could be due to autolysis of the yeast,
in agreement with the results obtained by Maujean et al. (1990).
Yeast autolysis is a slow natural process that is characterized by
the hydrolysis of intracellular polymers by yeast enzymes acti-
vated after cell death, and the release of several compounds from
cytoplasm and from cell wall that gradually occurs over the aging
time (Alexandre and Guilloux-Benatier, 2006). Some of the com-
pounds that stabilize the foamwere released from the yeasts, such
as polysaccharides, although their influence on foamability will
depend on the type and molecular weight of each polysaccharide
(Martínez-Lapuente, Guadalupe, Ayestar�an, Ortega-Heras, &
P�erez-Magari~no, 2013; Moreno-Arribas et al., 2000; Nú~nez, Car-
rascosa, Gonz�alez, Polo, & Martínez-Rodríguez, 2006; Vanrell
et al., 2002).

Table 6 shows the foam parameters of the sparkling wines aged
on lees and in bottle after disgorging, and some differences were
observed depending on the aging time on lees. In the sparkling
wines aged on lees for 9 months, the HM parameter increased
during the aging in bottle (without lees), although the HS values
remained relatively constant. On the contrary, the sparkling wines
aged on lees for 18 months maintained the HM values during the
aging in bottle but increased their foam stability height (HS). The
aging time in bottle after the aging on lees of the studied sparkling
wines did not have a clear influence on the foam stability time
(Table 6), being the TS values maintained constant or slightly
increased, with the exception of the TS values of Prieto Picudo
sparkling wines that increased between 40 and 70%, in both type of
wines. Therefore, the aging time on lees and in bottle after dis-
gorging did not reduce the foam characteristics of the sparkling
wines in the period of time studied.

Table 6
Foam parameters determined by the Mosalux method and ANOVA results of spar-
kling wines aged on lees and in bottle after disgorging.

Grape variety T9a T18a T9 þ12 MBa T18 þ 12 MBa

HMb

(mm)
Verdejo 97 a D 121 b E 117 b B 119 b B
Godello 77 a BC 113 d DE 90 b A 103 c A
Malvasía 64 a A 85 b A 85 b A 100 c A
Albarín 82 a C 112 bc DE 127 d C 119 cd B
Viura 74 a B 109 b CD 111 b B 105 b A
Prieto Picudo 96 a D 120 bc DE 128 c C 115 b B
Garnacha-A 72 a B 96 b AB 124 d BC 106 c A
Garnacha-B 70 a AB 100 b BC 127 c C 100 b A

HSb

(mm)
Verdejo 39.3 b D 27.1 a D 25.4 a E 37.0 b B
Godello 13.0 a A 12.7 a B 11.9 a AB 15.8 b A
Malvasía 13.0 b A 9.6 a A 10.9 a A 17.3 c A
Albarín 19.8 a B 16.7 a C 18.7 a D 34.0 b B
Viura 13.7 a A 12.1 a B 12.6 a BC 16.5 b A
Prieto Picudo 30.0 a C 30.8 ab E 32.9 b F 42.4 c C
Garnacha-A 14.0 b A 11.6 a B 13.0 ab C 16.0 c A
Garnacha-B 13.6 b A 11.2 a B 13.2 b C 14.7 c A

TSb

(sec)
Verdejo 132 a C 212 b D 137 a B 200 b C
Godello 5.8 a A 6.9 b A 6.1 a A 7.0 b A
Malvasía 5.5 b A 4.7 a A 6.1 b A 7.3 c A
Albarín 8.0 a A 32.8 b B 14.6 a A 33.7 b B
Viura 5.6 a A 6.7 b A 6.6 b A 7.7 c A
Prieto Picudo 101 a B 162 b C 176 b C 227 c D
Garnacha-A 6.3 a A 7.8 b A 7.7 b A 7.7 b A
Garnacha-B 5.9 a A 6.6 ab A 7.3 b A 6.8 b A

Values with different small letters in each grape variety and each parameter or with
different capital letters in each aging time and each parameter indicate statistically
significant differences at p < 0.05.

a T9, T18: nine, eighteen months of aging on lees; 12 MB: twelve months in bottle
after disgorging.

b HM: foam maximum height; HS: foam stability height; TS: foam stability time.

Table 5
Foam parameters determined by the Mosalux method and ANOVA results of spar-
kling wines aged on lees.

Grape variety T9a T18a T30a

HMb (mm) Verdejo 97 a D 121 b E 129 b D
Godello 77 a BC 113 b DE 117 b C
Malvasía 64 a A 85 b A 104 c A
Albarín 82 a C 112 b DE 108 b AB
Viura 74 a B 109 b CD 103 b A
Prieto Picudo 96 a D 120 b DE 119 b C
Garnacha-A 72 a B 96 b A 107 b AB
Garnacha-B 70 a AB 100 b B 113 b BC

HSb (mm) Verdejo 39.3 b D 27.1 a D 47.1 c D
Godello 13.0 a A 12.7 a B 17.8 b A
Malvasía 13.0 b A 9.6 a A 15.3 c A
Albarín 19.8 ab B 16.7 a C 24.1 b B
Viura 13.7 a A 12.1 a B 16.4 b A
Prieto Picudo 30.0 a C 30.8 a E 36.7 b C
Garnacha-A 14.0 b A 11.6 a B 15.3 b A
Garnacha-B 13.6 b A 11.2 a B 15.2 c A

TSb (sec) Verdejo 132 a C 212 b D 205 b C
Godello 5.8 a A 6.9 b A 7.8 c A
Malvasía 5.5 b A 4.7 a A 7.0 c A
Albarín 8.0 a A 32.8 b B 11.3 a A
Viura 5.6 a A 6.7 b A 7.6 c A
Prieto Picudo 101 a B 162 b C 156 b B
Garnacha-A 6.3 a A 7.8 b A 7.3 b A
Garnacha-B 5.9 a A 6.6 ab A 7.2 b A

Values with different small letters in each grape variety and each parameter or with
different capital letters in each aging time and each parameter indicate statistically
significant differences at p < 0.05.

a T9, T18, T30: nine, eighteen, thirty months of aging on lees.
b HM: foam maximum height; HS: foam stability height; TS: foam stability time.
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The varietal differences in the foam characteristics were main-
tained over the aging time on lees and in bottle, being Verdejo and
Prieto Picudo sparkling wines those with the highest values of foam
parameters.

4. Conclusions

In summary, sparkling wines from Albarín, Verdejo, Godello and
Prieto Picudo grape varieties were the richest in most of the volatile
compounds analyzed, especially those that contribute to the fruity
aroma of wines. Although some differences were observed be-
tween the sparkling wines depending on the aging time on lees, the
results obtained indicate that the sparkling wines maintain their
varietal characteristics even after long aging time (at least until 30
months).

Verdejo and Prieto Picudo sparkling wines presented the best
foam characteristics, followed by Albarín and Godello wines. These
differences are maintained over the aging time on lees and in bottle
after disgorging.

The aging time on lees improved the foam instrumental pa-
rameters of sparkling wines at least until 18 or 30 months.

Considering all the results obtained, Albarín, Verdejo, Godello and
Prieto Picudowere the most interesting grape varieties to elaborate
sparkling wines, following the traditional or “champenoise”
method. In addition, taking into account the foam data found in the
bibliography, these wines have similar foam properties than high
quality sparkling wines as Champagne and Cava wines.
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