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Summary: Wines of the three most interesting Galician white grape varieties have been deeply analyzed for three aroma
categories: the volatile compounds, except for monoterpenols, the monoterpenols and the bound forms. Many compounds showed
significant differences between the wine groups, as proved by Tukey’s test, e.g. for methanol, trans and cis 3-hexen-1-ols and re-
levant ratio, benzaldehyde and 4-vinylguaiacol in the first category, and for the most part of compounds of the other two categories.

Loureira and most Albarifio wines contain linalool and ho-trienol at a level of sensorial contribution. The relevant average
terpene profiles show many similarites, especially for Albarifio and particularly if considering the contents and relevant ratios of
furan and pyran linalool oxide isomers, of ho-diendiols I and II and of geraniol. On the other hand differences could be stated for
some compounds, mostly under the bound forms. Godello wines, with the poorest content of monoterpenols under both forms, are
principally characterized by a marked level of bound benzaldehyde, with contemporary presence of a considerable average level of
the free form.

PCA data treatments on both monoterpenols and aglycons from the bound forms, showed a good separation among the groups
as well a good homogeneity and varietal correspondence of the wines.

Key words: aroma compounds, monoterpenols, bound forms, Galician wines, classification.

Introduction to the Portuguese border - and 1 Godello) obtained with
the same technology in the experimental cellar of the
Particular attention has been devoted in the last years  Oenological Institute of Leiro, Spain, were analyzed in
to the analytical characterization and to the quality im-  July and August 1993.
provement, especially through the skin-contact technique, All samples, added with 250 pg/1 of 2-octanol as inter-
of the varietal aroma of certain white wines from the north-  nal standard, were submitted to a 10 h liquid-liquid aroma
west region of Spain, mainly of Albarifio and Loureira  extraction with pentane-dichloromethane, 2:1, v/v, (quan-
cultivars, both typical for a floral note (ORTEGA HERNAN- tification of most volatiles, in particular more polar fer-
DEZ-AGERO et al. 1991; OrrioLs and MoreNo CamacHo 1992;  mentation products; 350 ml wine with 50 ml organic sol-
PerEZ FERNANDEZ et al. 1992; GArcia JARES et al. 1993). vent - DrawerT and Rarp 1968) and to a fractionation
An interesting presence of linalool in a concentration (100 ml wine) on XAD-2 resin of the free and bound aro-
of 20-50 pg/l for Albarifio musts and approximately 5-8 ma parts (according to GuNara et al. 1985) modified by
times more for Loureira musts was found. This compound  percoling the free forms with pentane/dichloromethane,
contributes to the sensorial difference between the two  2:1, v/v (90 ml), and the bound with ethyl acetate/methan-
products; the content of other monoterpenols like a-terpi- ol 9:1, v/v (80 ml), (Versint et al. 1993 a). Among the free
neol, geraniol, nerol and citronellol resulted not higher than ~ forms from XAD-2 enrichment, only the monoterpenols
10-20 ug/l. Godello and other monovarietal Galician wines ~ were quantified. The bound fraction, concentrated to dry-
seem not to show any marked monoterpenic content and ness, reacted for 12 h at 40 °C with Rohapect C enzyme
character (ORrrioLs et al. 1993). (Rohm, Darmstadt) in 3 ml citrate buffer at pH 5, then
In this research on the aroma components of wines of  added with the same internal standard and extracted three
the mentioned varieties, we focused the attention princi- times with 3 ml pentane/dichloromethane.
pally to compounds possibly linked to varietal peculiari- All compounds from XAD-2 fractionations were quan-
ties, extending in particular the investigation to other tified as 2-octanol, except for the diols evaluated as 2,6-
monoterpenols and to the bound forms, with the aim to  dimethyl-3,7-octadiene-2,6-diol (ho-diendiol I).
improve the characterization and classification of the wines. Gas chromatographic analyses:
Methanol, higher alcohols, acetaldehyde and ethyl acetate
were determined with a packed column by injection of the
Materials and methods 1:1 distillate of the wine at pH 7 (SarLvaciotTo et al. 1981).
Detailed GC and GC-MS analytical conditions for aro-
11 Albarifo and 6 Godello wines of 1992 vintage, avail-  ma extractes were reported previously (VERSINI ef al. 1988).
able on the market, and varietal products (3 Albarifio, 2 Some monoterpenols, above all those present in very small
Loureira - representative of a small production area close  quantities or those for which the relevant peaks are not
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all’Adige (Trento-Italy).
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well resolved from others as often happens for frans and
cis furan and cis pyran linalool oxides, nerol, 2,6-dime-
thyl-1,7-octadiene-3,6-diol (ho-diendiol II) and trans and
cis 2,6-dimethyl-2,7-octadiene-1,6-diols (8-hydroxylina-
lool) under free forms, were quantified by happens GC-
SIM/MS analysis, integrating specific ions and relating the
values to those corresponding to other compounds found
also by FID-GC.

In particular, all oxides were related to the trans pyran
linalool oxide, the nerol to the geraniol and the ho-diendi-
ol II, as well as the §-hydroxylinalool isomers to ho-
diendiol I

Statistical evaluation of the data was carried out by
using SAS package.

Results and discussion
Volatile compounds, except monoterpenols. In

Tab. 1, the concentration variability of the compounds,
which ranges generally within an interval typical for tech-

G. VERSINI I. OrrioLs and A. DALLA SERRA

nologically well elaborated young fruity products, is con-
sidered in relation to the variety denomination category of
wines. The significance of the discrimination level on the
basis of the Tukey test, is also reported, taking into ac-
count for such comparison, in few cases, a more homoge-
neous subgroup of values purged from some outliers.
Among the discriminating compounds and particularly
those having values depending to a lower extent on fer-
mentation conditions and that are almost unchanged dur-
ing ageing, we would like to give prominence to the dif-
ferences in trans and cis 3-hexen-1-ol and methanol con-
tents.

The Albarifio products prove to be characterized by a
higher level of cis than of trans 3-hexen-1-ol. This fact
has also been verified in 5 commercial Albarifio wines from
1987, *88 and ’89 vintages, but only at times in the litera-
ture (OrrioLs and MoreNo CamacHo 1991, 1992). At vari-
ance, the Loureira and, except for one case, the Godello
wines, present a more marked trans isomer, a tendency
already found for Italian Soave wines obtained from the
Garganega variety (Morer et al. 1987), for Traminer

Table 1

Volatile compounds, except for monoterpenols, in Galician wines. For each variety the number of samples, the mean content (x) and

the standard deviation (o) for each compound are reported; in few cases outliers or minority subgroups are evidenced. Possibly, the

cases of significant (> 95 %) differences between the groups on the basis of the Tukey test, are indicated by using different letters in
the right columns, each one referred to the cited varieties: A = Albarifio, G = Godello, L = Loureira

COMPOUND (mg/) ALBARINO (14} GODELLO (7} LOUREIRA (2) A G L
X o X o X o
METHANOL 34.5 4.86 21.3° 5.60 19.5 279 a b b
62.52 11.81 43.47 7.32
1-PROPANOL 22.6 9.43 17.9 3.48 32.1 8.58
2-METHYL-1-PROPANOL 28.1 11.41 27.4 5.73 32.9 14,57
1-BUTANOL 1.72 0.50t 1.78 0.331 1.7 0.354
2-METHYL-1-BUTANOL 23.7 5.38 27.3 3.83 19.1 1.27
3-METHYL-1-BUTANOL 148.7 28.88 149.2 19.30 78.9 304 a a b
1-HEXANOL 114 0.672 1.57 0512  0.867 0.1732
trans 3-HEXEN-1-OL 0.044 0.0169  0.124 0.0531 0.039 00021 a b a
cis 3-HEXEN-1-OL 0.130 0.0298  0.094 0.0237  0.016 0.0021 a b ¢
trans / cis 3-HEXEN-1-OL 0.344 0.1302 1.56° 0.438 2.52 0481 a b ¢
0.361"
BENZYL ALCOHOL 0.050 0.0256  0.079 0.0327 0.090 0.0000 ab & b
2-PHENYLETHANOL 17.7 4.42 20.2 8.59 1. 2.93
3-METHYL-1-PENTANOL 0.040 0.0232 0,033 0.0151 0.010 0.0000
3-ETHOXY-1-PROPANOL 0.29" 0.193 0.34 0.291 3.7 143 a a b
554 1.42
3-METHYLTHIO-1-PROPANOL 1.35 0.723 1.64 1.125 1.83 0.287
ACETALDEHYDE 50.8 2454 52.9 26.48 13.0 2.05
BENZALDEHYDE 0.005'* 00037 0.024° 0.0079  0.008 00040 8 b a
0.0532 0.0329  0.260'
ETHYL ACETATE 56.5 30.78 35,7 11.85 41.3 177
1,3-PROPANEDIOL MONOACETATE 0.70" 0.182 1.24 0.554 2.5 033 a b o
274 1.64
ISOBUTYL ACETATE 0.014  0.0041 0.017 00057  0.019 0.0099
ISOAMYL ACETATE 1.91 1.935 1.33 0.571 1.40 0.001
HEXYL ACETATYE 0.165 0.1852  0.136 0.0587  0.196 0.0092
2-PHENYLETHYL ACETATE 0.191 0.1083  0.102 0.0665  0.267 0.0219
ETHYL BUTYRATE 0.136 0.0332  0.117 00350 0.110 0.0000
ETHYL HEXANOATE 0.844 0.1475  0.777 0.1359  0.515 0.0071 a ab b
ETHYL OCTANOATE 0913 0.1687  0.999 0.1568  0.550 00283 a a b
ETHYL DECANOATE 0.191 0.0579  0.289 0.0743 0.175 0.0212 & ab &
ACETOIN 5.8 6.34 7.2 12.09 0.54 0.233
ETHYL PYRUVATE 0.25 0.171 0.096 0.0755 0.25 0.184
ETHYL LACTATE 6.4° 257 16.0 9.49 8.1 3.22
96.9° 19.93
DIETHYL SUCCINATE 1.09 0.900 1.23 0525  0.360 0.0283
DIETHYL MALATE 6.90 4.945 2.03 1.517 2.78 0.651
y-BUTYROLACTONE 45 1.2t 4.1 0.84 3.4 112
ETHYL 4-HYDROXYBUTYRATE 0.83 0.322 1.72 0.706 0.49 0000 a b ¢
N-(3-METHYLBUTYL)ACETAMIDE 0.20" 0.208 4.3 3.30 0.92 0017 a b ab
4.3 24.72 9.23
4-VINYLGUAIACOL 0.028" 0.0099  0.070 0.0184  0.004 00007 a b a
0.0847 0.0163
4-VINYLPHENOL 0.109 0.0719  0.169 0.1235  0.004 0.0014
ISOBUTYRIC ACID 0.68 0.398 0.58 0.212 0.58 0.177
BUTYRIC ACIO 1.21 0.382 1.15 0.409 1.23 0.297
ISOVALERIC ACID 0.59 0.168 0.65 0.174 0.28 0042 a ab b
HEXANOIC ACID 4.67 0811 4.83 0.675 3.34 0.028
OCTANOIC ACID 6.95 1.271 7.67 1.360 5.31 0.177
DECANOIC ACID 2,09 0.564 2.29 0.555 1.67 0.071
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(VERSIMI et al. 1991) and Miiller-Thurgau (VERSINI et al.
1994) wines as well as for those from other Rhine Riesling
crossings (VOLKMANN 1989). A highet content of trans 3-
hexen-1-ol and a lower content of fatty acid ethyl esters -
this last aspect also coming out from our research - was
found by Guepes pe Pinto (1993) as typical of Loureira
wines of the Vinho Verde region in Portugal, by compar-
ing the products of this variety with others of that area. In
our case, however, the average contents of the sum of the
3-hexen-1-ol isomers in Godello and Albarifio wines are
3-4 fold higher than that in the less numerous samples of
Loureira.

Also the average methanol content, but not that of
1-hexanol, is tendentially higher in Albarifio wines than in
the other types: this fact, together with the generally very
low level of N(3-methylbutyl)acetamide, seems not to sup-
port a possible use of the skin contact technology (Rapp
et al. 1985; BAUMEs ef al. 1989) only for Albarifio wine-
making.

We emphasize also the possible tendency to a higher
level of 4-vinylphenol and 4-vinylguaiacol in Godello and
Albariiio wines than in Loureira, the relevant maximum
values being in correspondence of those of methanol. Also
the highest average level of benzaldehyde of ca. 25 pug/l in
Godello wines - except one case with 260 pg/l at a possi-
ble sensorial relevance (our threshold evaluation is at 0.5-
0.7 mgfl) - is to be stressed - in contemporary and very
original remarkable presence of its bound form at about
70 pgfl (see below). The mentioned unusual presence of
benzaldehyde in one Godello wine, as well as in one of the
Albarifios (75 pug/l), could be reasonably justified by the
benzyl alcohol metabolism of some yeasts (DELFINI et al.
1991), or by the action of oxidase enzymes of Botrytis
cinerea (GOETGHEBEUR ef al. 1992), working at a more fa-
vourable pH than that of wines, like these, with progressed
malolactic fermentation. Even if not evident in the final
content in wines, these wines could probably have had a
higher starting benzyl content than the others, as it is typ-
ical for products obtained with the skin contact technique
(BAUMEs et al. 1988), which can be inferred by the con-
temporary highest contents of methanol and N-(3-methyl-
butyl)acetamide in their groups.

The splitting of the Albarifio wines in two groups as
for the low and high levels of 3-ethoxy-1-propanol and
1,3-propanediol monoacetate suggests the prevailing of
different yeasts in wine making, the high content being
typical, e.g., for certain commercial Saccharomyces baya-
nus strains (unpublished results).

The highest average levels of diethyl malate and of
ethyl lactate in Albarifio products, can be linked to the
typical high acidity and malic acid level (PErez FERNANDEZ
et al. 1992), and therefore to the tendency to favour the
malolactic fermentation during the wine-making process.

Free monoterpenols and enzymatically released
aglycons. Considerations on the varietal
flavour contributors Asdeducible from the
values in Tab. 2, only Albarifio and even more markedly
Loureira wines, can be confirmed as floral-type products.
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According to Meilgaard’s suggestion of the sensorial
contribution of a substance when its concentration is at
least 20 % of the threshold unit (MEILGAARD 1975), lina-
lool is verified as possible marker for the varietal charac-
ter (TERRIER et al. 1972), because of an average value of
about 40 ug/l - ranging, in fact, from 5 to 108 pg/l - for
Albarifio wines compared to about 130 ug/1 for the Loureira.
It is likely that these contents are inclusive of the contri-
bution of the bound forms, which are easily hydrolyzable
glycosides (Gunarta et al. 1986) being present, at the time
of the analysis, only as residual traces (see aglycon part of
Tab. 2). o-Terpineol, showing a generally higher content
in correspondence to a higher level of linalool, should be
mostly chemically derived from linalool itself and there-
fore implying its sensorial decrease. Ho-trienol, a lime
scenting compound at about 60 pg/l in Albarifio and about
60 % lower in Loureira group, and ho-diendiol I, produc-
ing ho-trienol and neroloxide during ageing (WILLIAMS ef al.
1980) and, respectively, at a level of about 600 and 850 ug/l,
are to be regarded respectively as further present and po-
tential aroma contributors. In fact, according to SMpsoN
(1979), the threshold level of ho-trienol is estimated at about
100 pg/l, like that of linalool.

For Godello wines, no aroma contribution can be found
under the monoterpenols in both forms.

Analytical profile peculiarities - Free
Sforms: If considering free monoterpenol profile similari-
ties, Albarifio and Loureira wines can be considered very
close to the Rhine Riesling typology (Rapp et al. 1981;
VERSINI et al. 1993 b). We recall the peculiarity of a small
content of geraniol, nerol and citronellol with respect to
the linalool, which is typical for all these products, but,
principally, the very notable content of ho-diendiol I, clearly
prevailing over ho-diendiol II expecially in Albarifio and
Rhine Riesling, and the dominance of trans pyran linalool
oxide on the cis form as well as the similarity or the dom-
inance of the trans pyran linalool oxide on the cis and trans
furan linalool oxides, this last aspect being more remarka-
ble in Loureira wines.

Focusing the attention on the variables more usually
considered in literature (trans and cis furan and pyran li-
nalool oxides, linalool + o-terpineol, ho-trienol, geraniol
and ho-diendiol I and II), the Principal Component Analy-
sis (PCA) was used to see the differences among the vari-
ous samples and to determine which variables were prin-
cipally involved. The projection on the plane of eigenvec-
tors 1 and 2 (68.6 and 19.0 % of the total variance, respec-
tively) shows a good separation among the varietal groups
(Fig. 1). In particular eigenvector 1 is similarly charged
by all the variables, while eigenvector 2 mostly by trans
furan linalool oxide, ho-diendiol I and ho-trienol, oppo-
site to trans and cis pyran linalool oxides, ho-diendiol II
and geraniol.

Bound forms: As for the bound compounds profile
(Tab. 2),Albarifio and Loureira varieties present some in-
teresting differences with respect to the Rhine Riesling type.
Most Albarifio wines, differently from Loureira and Rhine
Riesling products, contain only traces of bound o-terpine-
ol, p-menth-1-ene-7,8-diol and 2-exo-hydroxy-1,8-cineol.
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Table 2

Free monoterpenols and aglycons of Galician wines: mean content (x) and standard deviation (o) for each compound and variety
group. Compounds with significant (> 95 %) differences between groups on the basis of Tukey's test are evidenced, as in Tab. 1

COMPOUND  {(zgh} ALBARINO {14) GODELLO (7) LOUREIRA (2) A G L
X a X a X a
FREE. MONOTERPENOLS
trans FURAN LINALOOL OXIDE 6.8 3.20 2.0 1.16 1.3 057 a b a
cis FURAN LINALOOL OXIDE 2.1 1.00 0.9 0.58 5.6 088 a b ¢
LINALOOL 23.3" 10.65 5.9 2.35 133.8 1591 a b ¢
82.0° 23.30
a -TERPINEOL 28.2 17.06 2.5 1.09 95.6 431 a b ¢
trans PYRAN LINALOOL OXIDE 12.5 6.34 1.0 0.59 815 212 a b ¢
cis PYRAN LINALOOL OXIDE 1.6 112 0.8 0.46 19.2 081 a a b
HO-TRIENOL 57.8 14.14 0.5 0.30 28.8 742 a b ¢
CITRONELLOL 1.5 1.14 1.7 1.14 0.4 0.14
NEROL 4.4 3.68 2.4 0.94 21.2 523 a a b
GERANIOL 6.8 4.89 7.0 2.37 23.2 092 a a b
2,6-DIMETHYL -3,7-OCTADIENE-2,6-DIOL 581.3 180.39 9.4 6.10 8620 79.20 a b ¢
2,6-DIMETHYL-7-OCTENE-2,6-DIOL 24.9 9.89 4.8 2.26 67.9 537 a b ¢
2,6-DIMETHYL-1,7-OCTADIENE-3,6-DIOL 6.2 8.60 0.5 0.20 51.7 2712 a a b
trans 2,6-DIMETHYL-2,7-OCTADIENE-1,6-DIOL 4.6 2.16 1.6 0.86 10.8 389 a b ¢
cis 2,6-DIMETHYL-2,7-OCTADIENE-1,6-DIOL 23.3 16.27 4.0 2.98 9.5 495 a bab
AGLYCONS
trans FURAN LINALOOL OXIDE 52.1 12.29 6.7 3.90 548 1662 a b a
cis FURAN LINALOOL OXIDE 13.0 3.52 16.7 7.87 2.8 148 a a b
LINALOOL 3.1 4.50 0.3 0.17 4.3 0.49
a -TERPINEOL 2.1 2.60 0.3 0.18 10.7 332 a a b
HO-TRIENOL 3.8 1.44 0.3 0.25 1.4 071 a b b
trans PYRAN LINALOOL OXIDE 243 6.33 2.9 1.38 8.6 368 a b b
cis PYRAN LINALOOL OXIDE 2.0 1.38 1.5 0.84 0.6 0.49
CITRONELLOL 0.5 1.00 0.2 o1 0.2 0.00
NEROL 3.3 1.63 1.9 0.80 1.3 0.07
GERANIOL 26.1 7.14 17.6 4.83 8.0 537 a b b
trans GERANIC ACID 25,2 8.36 10.0 2.42 4.9 247 a b b
2-exo-HYDROXY-1,8-CINEOL 0.7 0.47 0.4 0.20 2.4 1.20 a a b
2,6-DIMETHYL -3,7-OCTADIENE-2,6-DIOL 52.2 18.49 1.5 0.87 790 1414 a b a
2,6-DIMETHYL-7-OCTENE-2,6-DIOL 4.2 1.70 1.5 0.64 5.6 6.156 a bab
2,6-DIMETHYL-1,7-OCTADIENE-3,6-DIOL 7.0 4.23 0.9 1.12 33.0 636 a b ¢
2,7-DIMETHYL-7-OCTENE-1,7-DIOL 7.8 4.29 3.8 1.33 3.6 2.78
trans 2,6-DIMETHYL-2,7-OCTADIENE-1,6-DIOL 107.3  40.60 40.8 5.14 885 10.61 a bab
cis 2,6-DIMETHYL-2,7-OCTADIENE-1,6-DIOL 310.8 94.92 394 17.81 56.0 000 a b b
3,7-DIMETHYL-2-OCTENE-1,7-DIOL 23.6 8.47 10.9 4.20 2.8 219 a b b
p- MENTH-1-ENE-7,8-DIOL 9.5 7.77 2.0 1.96 42.2 117 a b ¢
3-0X0-a-IONOL 191.7 65.30 1264 46.96 88.8 2157
BENZALDEHYDE 1.4 2.14 68.0 14.52 1.2 007 a b a
BENZYL ALCOHOL 108.9 16.77 105.6 22.00 83.3 1.77
2-PHENYLETHANOL 2129 66.92 193.8 40.92 161.3 10.96
1-HEXANOL 427 12.00 43.1 10.59 30.3 1.84
trans 3-HEXEN-1-OL 0.3 0.20 1.0 0.46 0.8 0.18 a bab
cis 3-HEXEN-1-OL 5.7 0.99 9.5 4.40 3.2 1.06 a b a
trans 2-HEXEN-1-OL 9.6 7.29 9.6 4.25 15.2 1.56

Moreover, both aromatic Galician varieties, differently
from Rhine Riesling, have more trans than cis furan lina-
lool oxide, but only the Albarifio products, more similarly
to those of Rhine Riesling and differently from those of
Loureira, show less bound ho-diendiol II and a remarkable
content of cis 8-hydroxylinalool higher than the trans iso-
mer. Such characteristics were confirmed by analyzing must
samples.

As for bound terpenols in Godello wines and in view
of a possible comparison with those of products from oth-
er neutral white grapes, we underlined for all the products,
including that with cis 3-hexen-1-ol prevailing on the trans
isomer, an interesting average content of cis furan linalool
oxide at the same level of the geraniol and widely prevail-
ing on the trans isomer. Furthermore, while non-signifi-
cant quantities of a-terpineol and of its oxidation products
like 2-exo-hydroxy-1,8-cineol and p-menth-1-ene-7,8-diol
were found, considerable and similar contents of the trans
and cis 8-hydroxylinalool were observed.

But, as a singularity for this variety, we put in evi-
dence the average level of benzaldehyde at about 70 ug/l.
Such peculiarity seems to be shared with another Spanish
variety, not described here, the Maccabeo. The existence

of a P-glucosidic linkage of benzaldehyde with glucose
can be inferred because the bound form is well hydrolyzed
also by using B-glucosidase from almonds (Sigma Chem-
ical Co.).

It is evident that Albarifio and Loureira products can
be well discriminated from each other and from Godello
products, which are poorer in terpenols. This fact is con-

Eigenvector 1 (68.6 %)
- N o %) N [o0] [=x]

: -3 -2 -1 0 1 2
Eigenvector 2 (19.0 %)

Fig. 1: PCA on 9 free monoterpenols (see the test). Data set
“wines: scores on eigenvectors 1 and 2. (®) Albarifio, (A) Godello,
() Loureira.
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firmed by PCA on some of the most discriminating varia-
bles (trans and cis furan and trans pyran linalool oxides,
a-terpineol, geraniol, ho-diendiol I and II, trans and cis
8-hydroxylinalool, p-menth-1-ene-7,8-diol and benzalde-
hyde); the linalool was excluded because referred to a too
small residue of its original content as bound form and
therefore not representative of it.

The projection on the plane of eigenvectors 1 and 2
(50.3 and 27.8 % of the total variance, respectively) shows
a very good separation among the groups as well as a good
homogeneity and varietal correspondence of the wines
(Fig. 2). In particular, eigenvector 1 is similarly charged
by all the variables, but with opposite sign for cis furan
linalool oxide and benzaldehyde, while eigenvector 2 most-
ly by cis furan and trans pyran linalool oxide, geraniol and
cis 8-hydroxylinalool and, with opposite sign, by a-terpi-
neol, ho-diendiol I and p-menth-1-ene-7,8-diol.

37 al . . M
T2
g 1 [ .o *
B [ ) .O.
~ 0 .
S
G-
[
g -2
S
i -3 s
4 L
-5.5 -35 -15 05 25
Eigenvector 2 (27.8 %}

Fig. 2: PCA on 11 bound compounds (see the text). Data set
wines: scores on eigenvectors 1 and 2. () Albarifio, (A) Godello,
(w) Loureira.

Finally, it must be remarked that, differently from what
evidenced for the free forms, the ratio of bound trans and
cis 3-hexen-1-ol is similar for all the varieties and always
with a remarkable prevalence of the cis isomer. The trans
2-hexen-1-0l, at a level similar to that of cis 3-hexen-1-ol,
is also present under the bound forms, as already observed
by BAUMES et al. (1989).

Conclusions

A deep analysis of varietal and prefermentative com-
pounds in wines has given us further indications about the
possible aroma contributors for the considered Galician
products and, at the same time, very useful elements to
evidence singularities and analogies with respect to other
already studied cultivars, as well as to check the varietal
correspondence and homogeneity of the wines on the mar-
ket, which have been widely verified. We would like to
recall the strict analogies, as for the free monoterpenols,
of the Albarifio and Loureira wines with the Rhine Ries-
ling types. There are, on the contrary, some important dif-
fer-ences as regard the bound forms. The remarkable pres-
ence of bound benzaldehyde is the very singular peculiar-
ity of Godello products, which are the poorest in monote-
rpenols under both forms.
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