adata, citation and similar papers at core.ac.uk

4 ACTA

ELSEVIER

Analytica Chimica Acta 563 (2006) 300-309

www.elsevier.com/locate/aca

Ce-alcohols as varietal markers for assessment of wine origin

José M. Oliveira™®, Marta Faria, Filomena S4, Filipa Barros, Isabel M. Araujo

Centro de Engenharia Biologica, Universidade do Minho, Campus de Gualtar, 4710-057 Braga, Portugal

Received 10 August 2005; received in revised form 9 December 2005; accepted 12 December 2005
Available online 19 January 2006

Abstract

A significant part of the compounds present in wines having six carbon atoms, the C¢-compounds, derive from grape polyunsaturated fatty acids
(primarily originated from membrane lipids), namely linoleic and a-linolenic acids, through a cascade of enzymatic reactions. This biochemical
pathway yield Cg-aldehydes, which are subsequently reduced to Cg-alcohols, which can, in turn, be esterified to produce esters. As the Cg-
compounds derive from varietal precursors, they could hypothetically contribute to judge wine origin and affiliation. In this way, two Ce-alcohols,
(E)-3-hexenol and (Z)-3-hexenol, have been referred as the most important because its ratio can act as an indicator of the variety of origin.

This study presents the results, concerning the concentration of the three main Cg-alcohols, 1-hexanol, (E)-3-hexenol and (Z)-3-hexenol, as well
as ratios between them, for 43 monovarietal wines from Vinhos Verdes demarcated region, belonging to six white — Alvarinho (8), Arinto (1),
Avesso (9), Azal (1), Loureiro (17) and Trajadura (4) — and three red — Amaral (1), Borragal (1) and Vinhdo (1) — grape varieties. Wines were
produced at experimental scale using slightly different winemaking practices and representing various ferroirs and vintages, being analyzed after
different conservation periods.

The results showed that (E)-3-hexenol/(Z)-3-hexenol ratio clearly discriminates Loureiro wines from those of Alvarinho, Avesso and Trajadura.
Moreover, 1-hexanol/(E)-3-hexenol and 1-hexanol/(Z)-3-hexenol ratios may also be able to discriminate Vinhos Verdes monovarietal wines, and
can act on a second level differentiation. The remaining monovarietal wines produced results which may be observed as indicative, since only one

sample of each was analysed.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Wines with Appellation of Origin Vinhos Verdes are pro-
duced in a large area in Portugal composed by nine sub-regions
(Amarante, Ave, Baido, Basto, Cavado, Lima, Monc¢do, Paiva
and Sousa). There are seven recommended white grape vari-
eties (Alvarinho, Arinto, Avesso, Azal, Batoca, Loureiro and
Trajadura) and eight red grape varieties (Amaral, Borragal,
Brancelho, Espadeiro, Padeiro-de-Basto, Pedral, Rabo-de-
Ovelha and Vinhdo) to produce these wines. Monovarietal wines
play an important role in the economy of Vinhos Verdes region,
since it is frequent to find it from the white varieties Alvarinho,
Arinto, Azal, Loureiro and Trajadura as well as from the red
cultivars, Espadeiro and Vinhdo.

* Corresponding author. Tel.: +351 253 604411; fax: +351 253 678986.
E-mail address: jmoliveira@deb.uminho.pt (J.M. Oliveira).

0003-2670/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.aca.2005.12.029

During last decades, several studies were conducted in order
to distinguish grape varieties. Monoterpenic compounds both
in free or in glycosidically bound form [1-4], amino acids and
anthocyanin profiles [5—7] and DNA markers [8—11] were used
to achieve this purpose. The evaluation of wine origin in terms
of grape variety remains a difficult challenge, although Siret et
al. [10] have referred the possibility to analyse residual DNA
using microsatellite markers.

On the other hand, Rapp et al. [12] have referred that the
content of (E)-3-hexenol and its isomer (Z)-3-hexenol are the
most important analytical parameters to discriminate monova-
rietal wines of Riesling, Miiller-Thurgau, Kerner, Scheurebe,
Ehrenfelser and Bacchus. These two compounds seem to be suf-
ficiently stable and remain unaffected by the metabolic activity
of yeasts [13,14]. Also, Moret et al. [15], refer these two com-
pounds among the significant parameters discriminating Vene-
tian white wines. However, slight differences in the amounts of
these two Cg-alcohols, either absolute or relative, according to
terroir and winemaking procedures including must protection


https://core.ac.uk/display/55606019?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

J.M. Oliveira et al. / Analytica Chimica Acta 563 (2006) 300-309 301

with N», skin and enzymatic maceration, type of preservative
used and moment of its application, were referred by several
authors [16-19]. The scale of fermentation, experimental or
industrial, can also influence the results, although vaguely [16].

They belong to the so-called Cg-compounds, which are
formed during pre-fermentative steps including harvesting,
transport, crushing and pressing, as well as during eventual
must heating or grape maceration [20,21]. This group com-
prises alcohols and aldehydes, which derive from membrane
lipids via the lipoxygenase pathway. Firstly, linoleic and o-
linolenic acids are produced by the action of an acyl-hydrolase,
and then the corresponding 13-hydroperoxides are formed by
the lipoxygenase activity, which require the presence of oxygen.
Then, a hydroperoxide-lyase leads to the formation of hex-
anal, from hydroperoxide of linoleic acid, and (Z)-3-hexenal and
(E)-2-hexenal from hydroperoxide of a-linolenic acid; an iso-
merase can inter-convert the two hexenals. Finally, an alcohol-
dehydrogenase reduces the aldehydes to the corresponding alco-
hols, i.e., 1-hexanol, (Z)-3-hexenol and (E)-2-hexenol [22-25].
Contrary to (Z)-3-hexenol, references about the mechanism lead-
ing to (E)-3-hexenol in wines, were not found. Nevertheless, this
alcohol may be formed from (E)-3-hexenal which derived from
(Z)-3-hexenal as referred by Hatanaka [25] for various fruits.

Since it is observed in a previous work [26] that wines from
Loureiro and Alvarinho varieties present significant differences
respecting the ratio between (E)- and (Z)-isomers of 3-hexenol,
this work tries to confirm these observations and to expand
the study to other monovarietal wines from the Vinhos Verdes
region; the possibility to characterize and distinguish monovari-
etal wines from Vinhos Verdes region by the relative abundance
of 1-hexanol and both (Z)- and (E)-isomers of 3-hexenol was
also the challenge. For this purpose, 43 wines ranging several
ages and taking in account different winemaking procedures
— settling conditions, addition of enzymatic preparations, SO»
levels and fermentation in unlike volume containers, different
vintages and different terroirs — were analyzed; the development
of a simple and fast methodology to obtain aromatic extracts for
chromatographic analysis, was intended.

2. Experimental
2.1. Vinifications

All wines were made according to the traditional technology
applied in Vinhos Verdes region, but three different method-
ologies were conducted. So, in order to better explain these
differences, winemaking procedures were divided into three
groups, representing similar characteristics. Group A include
Loureiro and Trajadura varieties, group B comprise Alvarinho
and Loureiro varieties and group C enclose Alvarinho, Amaral,
Arinto, Avesso, Azal, Borragal, Loureiro, Trajadura and Vinhdo
cultivars (Table 1).

2.1.1. Group A

Grapes were crushed and pressed and then 36 mg1~! of SO,
were added. The must was cooled by a heat exchanger before
being submitted to static sedimentation (12 °C, 16 h). Fermen-

Table 1
Codification and general characterization of samples in terms of winemaking
technology, rootstock, sub-region and vintage

Variety Code Group  Rootstock Sub-region ~ Vintage
White wines
ALV1 B 161-49 Lima 1998
ALV2 B 1103-p Mongiao 1998
ALV3 B 196-17 Mong¢do 1998
. ALV4 B 1103-p Mongiao 1998
Alvarinho— z1ys B 1103-P Mongio 1998
ALV6 B 196-17 Mongiao 1998
ALV7 B 196-17 Mong¢io 1998
ALV C 196-17 Sousa 2003
Arinto ARI1 C 196-17 Sousa 2003
AVEl1 C 196-17 Amarante 2001
AVE2 C 110-R Baido 2002
AVE3 C 110-R Amarante 2002
AVE4 C 196-17 Baido 2002
Avesso AVES C 110-R Baido 2003
AVE6 C 110-R Amarante 2003
AVE7 C 196-17 Baido 2003
AVES C 196-17 Amarante 2003
AVE9 C 196-17 Sousa 2003
Azal AZA1 C 196-17 Sousa 2003
LOU1 A 196-17 Lima 1995
LOU2 A 196-17 Lima 1995
LOU3 A 196-17 Lima 1995
LOU4 B 196-17 Cavado 1998
LOUS B SO4 Lima 1998
LOU6 B 196-17 Cavado 1998
LOU7 B SO4 Lima 1998
LOU8 B 196-17 Cavado 1998
Loureiro LOU9 C 196-17 - 2002
LOoUl0 C 196-17 Lima 2002
LOoull C 1103-P - 2002
LOoUI12 C 1103-P Lima 2002
LOU13 C 196-17 - 2003
LOUl4 C 196-17 Lima 2003
LOUl5 C 1103-P - 2003
LOUl6 C 1103-P Lima 2003
LOou1l7 C 196-17 Sousa 2003
TRAI A 196-17 Lima 1995
Trajadura TRA2 A 196-17 L%ma 1995
TRA3 A 196-17 Lima 1995
TRA4 C 196-17 Sousa 2003
Red wines
Amaral AMA1 C 161-49 Amarante 2003
Borragal BORI C 1103-p Lima 2003
Vinhdo VIN1 C 161-69/1103-P  Amarante 2003

—, not applicable.

tations were conducted by Saccharomyces cerevisiae bayanus
QA23 (addition of 200mgl1~") and took place at 18°C, in
5001 vats; air was supplied to must until density was above
1015kg m~3. SO, on the amount of 48 mgl_l, was added to
the produced wines. For each variety, three wines were pro-
duced: a control wine and other two treated with S0mg1~! of
a commercial enzymatic preparation, AR2000 (Gist-Brocades)
and NOVOFERM 12 (Novo Nordisk), during 30 d. The produced
wines were treated with 600 mg1~! of sodium bentonite — Vol-
clay KWK Food Grade, 2070 mesh, 10% in aqueous solution



302 J.M. Oliveira et al. / Analytica Chimica Acta 563 (2006) 300-309

— and submitted to cold stabilization (15 d, —3 °C) before fil-
tration. Then, 78 mgl_1 of SO, were added to wines before
bottling.

2.1.2. Group B

The must, obtained by crushing, pressing (60 mg1~! of SO,
were added after pressing) and static sedimentation (7 °C, 24 h),
was inoculated with the 200 mg 1! of the yeast Saccharomyces
cerevisiae bayanus QA23. Fermentations took place at 18 °C,
in 101 vessels, and were done in duplicate for precaution. The
produced wines were combined and the blend was treated with
400mg1~! of sodium bentonite — Volclay KWK Food Grade,
20-70 mesh, 10% in aqueous solution. Then, the free SO, con-
tent was corrected to 35mg1~!, and finally submitted to cold
stabilization (between 0 °C and 3 °C) before bottling. The con-
servation of the wines occurred at cellar temperature and light
absence. One of the Alvarinho wines was submitted to an enzy-
matic treatment during 20 d, with 25 mg 17! of AR2000 (Gist-
Brocades), before fining procedure with bentonite.

2.1.3. Group C

The must, obtained by crushing (60mgl~! of SO, were
added after crushing), pressing and static sedimentation (12 °C,
24 h). The white and red musts were inoculated with 250 mg1~!
of the yeast S. cerevisiae “bouquet” (FERMOL, AEB GROUP)
and S. cerevisiae “clarifiant” (FERMOL, AEB GROUP), respec-
tively. Fermentations took place at a temperature around 18 °C
to 20°C, in 101 vessels; when it starts, 600 mg 1! of bentonite
(BENTOGRAN®, AEB GROUP) were added. Next, SO, was
corrected to 30mgl~!. Finally wines were stabilized at cel-
lar temperature during 2 months and then free SO, was set to
35mg 1! before bottling.

2.2. General analysis

Titratable and volatile acidity, pH, free and total SO, and
ethanol were determined using standard procedures [27].

2.3. Extraction of volatiles

In a 10 ml culture tube (Pyrex, ref. 1636/26MP), 8 ml of wine,
clarified by centrifugation if necessary, 1.068 p.g of internal stan-
dard (4-nonanol, Merck ref. 818773) and a magnetic stir bar
(22.2 mm x 4.8 mm) were added. Extraction was done by stir-
ring wine with 400 wl of dichloromethane (Merck, ref. 1.06050)
during 15 min, over a magnetic stirrer. After cooling at 0 °C dur-
ing 10 min, the magnetic stir bar was removed and the organic
phase was detached by centrifugation (RCF=5118, 5min, 4 °C)
being the extract recovered into a vial, using a Pasteur pipette.
Then, the aromatic extract was dried with anhydrous sodium
sulphate (Merck, ref. 1.06649) and picked up again into a new
vial. Each wine was extracted in triplicate.

2.4. Chromatographic analysis

Gas chromatographic analysis of volatile compounds was
performed using a GC-MS constituted by a Varian 3400 Chro-

matograph and an ion-trap mass spectrometer Varian Saturn II.
A 1 pl injection was made in a capillary column, coated with
CP-Wax 52 CB (50m x 0.25mm i.d., 0.2 pm film thickness,
Chrompack). The temperature of the injector (SPI, septum-
equipped programmable temperature) was programmed from
20°C to 250°C, at 180°Cmin~!. The oven temperature was
held at 40 °C, for 5 min, then programmed to rise from 40 °C
t0 250 °C, at 3°C min~—!, then held 20 min at 250 °C and finally
programmed to go from 250°C to 255°C at 1°Cmin~!. The
carrier gas was helium N60 (Air Liquide) at 103 kPa, which cor-
responds to a linear speed of 15.5cms™! at 150 °C. The detector
was set to electronic impact mode (70eV), with an acquisi-
tion range from 29 m/z to 360 m/z, and an acquisition rate of
610 ms. Some other analysis were performed on a Chrompack
GC-FID, by injecting 3 pl of the sample on a splitter injector,
under the same conditions referred above; split vent was set to

16 mlmin~!.

2.5. Identification and quantification of 1-hexanol and
3-hexenol isomers

Identification of Cg-alcohols was preformed using the soft-
ware Saturn version 5.2 (Varian), by comparing mass spectra
and retention times with those of pure standard compounds, 1-
hexanol (Fluka, ref. 73117), (E)-3-hexenol (Aldrich, ref. 22,471 -
5) and (Z)-3-hexenol (Fluka, ref. 53056). The three compounds
were quantified as 4-nonanol equivalents.

2.6. Statistical treatment of data

Homogeneity of variances was checked with the Levene test
and normality of the variables was checked by the paramet-
ric Kolgomorov—Smirnov test with Lilliefors correction, both
assuming a significance level of 5%. Whenever one of these
two conditions fails, the non-parametric Kruskall-Wallis test
was applied. Then, statistical differences between monovari-
etal wines were checked by parametric analysis of variance
(ANOVA) or by the non-parametric Mann—Whitney test, for
each pair of wines, two by two.

Standard deviation, confidence limits and coefficients of vari-
ation (C.V.) were determined with 95% of confidence level.
Software SPSS 14.0 for Windows was used.

3. Results and discussion

There were analysed 40 white wines and 3 red wines avail-
able in our laboratory, belonging to Alvarinho (8), Arinto (1),
Avesso (9), Azal (1), Loureiro (17), Trajadura (4), Amaral (1),
Borracgal (1) and Vinhdo (1) varieties (Tables 1 and 2). Alvar-
inho’s match to three sub-regions, two vintages, three root-
stocks and two different winemaking procedures; additionally
for group B technology, one wine was submitted to enzymatic
treatment being analysed at three different stages, 0 months,
8 months and 20 months old. Avesso’s accounts for one tech-
nology and two rootstocks only, but were considered three
sub-regions and three vintages. Loureiro wines are the most
abundant group and represent four vintages, three sub-regions,
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Table 2
Age and general physico-chemical parameters of the analysed wines
Variety Code Age pH Titratable Volatile Free Total Ethanol/(%, v/v)
(months) acidity®/(g171) acidity®/(g1~1) SO /(mgl~1)  SO,/(mgl1)
White wines
ALV1 0 - - - - - -
ALV2 0 - - - - - -
ALV3 0 - - - - - -
. ALV4 8 3.05 7.7 0.40 25 132 13.5
Alvarinho ALV5 8 3.03 7.6 0.40 25 130 13.5
ALV6 8 3.06 6.9 0.40 29 131 13.9
ALV7 20 - - - - - -
ALV 17 2.80 9.61 0.62 22 92 12.5
Arinto ARI1 17 2.99 7.97 0.37 22 101 12.0
AVE] 8 2.90 8.2 0.38 32 146 9.7
AVE2 7 2.81 10.65 0.65 11 68 12.4
AVE3 7 3.07 8.21 0.62 14 108 11.8
AVE4 7 2.74 10.66 041 15 78 9.5
Avesso AVES 7 3.08 6,60 0.58 20 77 11.4
AVE6 7 2.70 11.4 0.55 33 108 9.3
AVE7 7 2.81 7.60 0.49 17 95 11.3
AVES 7 3.04 9.70 0.56 22 70 10.8
AVE9 17 2.74 9.45 0.53 29 100 12.8
Azal AZA1 17 2.82 10.78 0.49 20 84 10.6
LOU1 1.5 3.00 8.25 0.29 4 26 10.8
LOU2 1.5 - - - - - -
LOU3 1.5 - - - - - -
LOU4 0 - - - - - -
LOU5 0 - - - - - -
LOU6 8 2.87 9.3 0.39 31 134 11.3
LOU7 8 2.81 10.6 0.33 26 120 10.2
LOU8 20 - - - - - -
Loureiro LOU9 7 2.70 11.12 0.81 12 51 9.0
LOU10 7 2.85 10.24 0.40 15 85 104
LOUI11 7 2.74 9.94 0.57 15 33 10.3
LOU12 7 2.94 10.5 0.50 14 140 11.6
LOU13 7 2.75 9.70 0.54 25 113 10.1
LOU14 7 2.82 9.05 0.26 28 100 9.7
LOU15 7 2.78 10.6 0.38 20 33 8.9
LOU16 7 2.94 9.27 0.31 27 105 9.4
LOU17 17 2.81 8.64 0.38 20 87 11.9
TRA1 1.5 3.35 7.61 0.24 4 33 9.5
. TRA2 1.5 - - - - - -
Trajadura TRA3 15 _ _ _ _ _ B
TRA4 17 3.24 6.57 0.38 22 95 10.8
Red wines
Amaral AMAL1 17 2.81 14.0 0.32 28 103 7.3
Borragal BORI1 17 341 11.43 0.55 10 41 9.2
Vinhdo VIN1 17 3.28 8.91 0.49 20 64 9.0

(-) Not determined. ALV2, ALV4 (8 months old) and ALVS5 (8 months old, treated with AR2000) correspond to the same base wine; this is also valid for ALV3,
ALV6 (8 months old) and ALV7 (20 months old). LOU1, LOU2 (treated with AR2000) and LOU3 (treated with NOVOFERM 12) correspond to the same must;
LOU4, LOUG6 (8 months old) and LOU8 (20 months old) correspond to the same base wine; this is also valid for LOUS and LOU7 (8 months old). TRA1, TRA2
(treated with AR2000) and TRA3 (treated with NOVOFERM 12) correspond to the same must.

2 As tartaric acid.
b As acetic acid.

three rootstocks, and three winemaking procedures; addition-
ally, like for Avarinho’s, there were considered wines submitted
to enzymatic treatment and the same wine with distinct bottle
conservation periods. Finally, Trajadura wines were obtained
from grapes harvested in two distinct years representing two
sub-regions but accounting for the same rootstock; for the

first year, the wine was treated with two different enzymatic
preparations.

Considering the 43 samples, the age varies from 0 months to
20 months, corresponding to wines analysed immediately after
alcoholic fermentation and with 20 months of bottle conserva-
tion, respectively. Taking in account fermentation scale, group
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A wines were produced using 5001 vats while groups B and
C ones were fermented in 101 vessels. Respecting the amount
and moment of SO; added, the three groups were treated differ-
ently, being 36 mg1~! after pressing for group A and 60 mg1~!
for groups B and C, this last after crushing. Settling conditions
also differ slightly: 12 °C during 16 h for group A, 7 °C during
24 h for group B and 12 °C during 24 h for group C. Moreover,
contrary to groups A and B wines, bentonite was added to fer-
menting must during production of group C ones.

It must be noted that only one wine of Arinto, Azal, Amaral,
Borragal and Vinhdo varieties was analyzed, due to unavailabil-
ity of samples. So, the obtained results must be look as indicative
only. However, in the absence of a great number of analyses for
these monovarietal wines, their inclusion could be justified as
the results are able to be a start point for future work and indi-
cate their tendency respecting the amounts and ratios between
Ce-alcohols. On the other hand, in spite of Avesso wines are
not often commercially available, this variety has a great poten-
tial to produce monovarietal quality white wines, justifying the
number of analysis performed.

None of the wines were submitted to aging processes because
Vinhos Verdes wines are characterized by their freshness and
their floral and fruity flavours and, in this way, generally con-
sumed young.

3.1. Wines general characterization

Since the Portuguese legislation for the Appellation of Ori-
gin Vinhos Verdes imposes ethanol contents between 8.0% and
11.5%, except for Alvarinho wines which must be comprised
between 11.5% and 13.0%, and fix acidity, expressed as tartaric
acid, to be at least 6.0 g 11 “45¢g 17! for Alvarinho), the wines
ALV4, ALVS5, ALV6 and AMA1 disrespect the rules (Table 2).
It must be referred that two wines, LOU1 and TRAI, present
low levels of free SO,.

As can be seen in Table 2, some wines were not characterised
in terms of titratable and volatile acidity, free and total SO,, pH
and ethanol content. Nevertheless, as they only differ in age or
by the application of slightly winemaking practices, as indicated
at the baseboard of the Table 2, they may have similar character-
istics of the related base wines (e.g., the uncharacterised ALV3
and ALV7 wines may be analogous to ALV6 wine, as they only
correspond to a different conservation stage).

3.2. Determination of Cs-alcohols

Due to the higher number of samples to be analysed, a simple
and fast methodology for extraction of the volatile compounds
was developed. To optimize it, several conditions were tested:
wine volume 8 ml and 9 ml; CH,Cl; volume 300 .1, 400 1 and
500 wl; extraction time 15 min, 30 min and 45 min; salting-out
addition of 1g and 2g of NaCl or (NH4)2SO4 and 3 g of
NaCl. Considering quality of GC—MS chromatograms in terms
resolution and peak area respecting 1-hexanol, (E)-3-hexenol
and (Z)-3-hexenol, the best results were obtained using 8 ml of
wine — without salting-out — 400 w1 of CH,Cl, and an extraction
time of 15min. Then, accuracy was determined making six

extractions of the same Alvarinho wine, being obtained the
following results: 1-hexanol=419.24+52.1 pgl™!, C.V.=
11.8%; (E)-3-hexenol=13.1 + 1.4 pgl~!, C.V.=10.4%; (2)-3-
hexenol=22.3 +£3.0 pg 171, C.V.=13.0%; (E)-3-hexenol/(Z)-
3-hexenol=0.6 £ 0.1, C.V.=12.8%; 1-hexanol/(E)-3-hexenol =
324+£5.0, C.V.=14.8%; 1-hexanol/(Z)-3-hexenol=18.9 +
1.3, C.V.=6.5%. An example of a GC-MS chromatogram
section can be observed in Fig. 1.

Since the main scope of this work is to compare monovarietal
wines respecting relative amounts of Cg-alcohols, the quantifica-
tion of compounds as 4-nonanol equivalents may be reasonable.
Moreover, confidence limits and C.V. are small enough to con-
sider the proposed methodology a suitable way to compare
wines.

3.3. Discrimination of wines using Cs-alcohols

In order to assess the possibility to discriminate Vinhos Verdes
monovarietal wines, the concentration of (E)- and (Z)-isomers
of 3-hexenol were determined and the ratio between them calcu-
lated (Table 3). A third Cg-compound, 1-hexanol, in spite of its
double origin, pre-fermentative and fermentative, was also deter-
mined as it can be useful in a second level discrimination through
the calculation of 1-hexanol/(E)-3-hexenol and 1-hexanol/(Z)-
3-hexenol ratios. Quantitatively, these three C¢-compounds are
the most relevant ones.

From Table 3, it can be seen that Alvarinho and Loureiro
wines were analysed by GC-MS while C¢-compounds from
Trajadura, Azal, Arinto, Amaral, Borracal and Vinhdo wines
were determined by GC-FID. Wines from Avesso variety were
analysed by the two methodologies. In all the cases, Cg-alcohols
were determined in a semi-quantitative approach, as 4-nonanol
equivalents. It must be referred that GC-FID done concentra-
tions slightly higher than GC-MS for the three compounds, as
can be observed for sample AVE7; however, because the ratio
between them remains almost constant, the results obtained with
different detectors can be compared. Additionally, the low val-
ues obtained for confidence limits respecting the three replicates
of the same sample indicate little fluctuations in concentrations
regarding the three compounds studied, as already mentioned
above.

Application of Kolgomorov—Smirnov test showed that vari-
ables do not follow a normal distribution, for white wines.
In this way, the existence of significant differences between
wines was confirmed by means of Kruskall-Wallis test; then,
Mann—Whitney test was used to compare medians, permitting
direct comparison between wines, two by two. Respecting red
wines, variables behave as normal but homogeneity of vari-
ances fails, except for 1-hexanol/(Z)-3-hexenol. For each vari-
able — 1-hexanol/(E)-3-hexenol, 1-hexanol/(Z)-3-hexenol and
(E)-3-hexenol/(Z)-3-hexenol — different letters were assigned in
Table 3 to indicate significant differences between wines. Since
the intention of the proposed methodology is to discriminate
monovarietal wines, white wines and red wines were compared
independently.

Respecting white wines, (E)-3-hexenol/(Z)-3-hexenol ratio
permits the discrimination between all the wines except for the
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Fig. 1. Example of a GC-MS chromatogram section obtained from a Loureiro wine. (1) 2-Methyl-1-butanol + 3-methyl-1-butanol, (2) ethyl hexanoate, (3) ethyl
pyruvate, (4) unknown, (5) hexyl acetate + acetoin, (6) (Z)-3-hexenyl acetate, (7) 4-methyl-1-pentanol, (8) 3-methyl-1-pentanol, (9) unknown, (10) ethyl lactate, (11)
1-hexanol, (12) (E)-3-hexenol, (13) 3-ethoxy-1-propanol, (14) (Z)-3-hexenol, (15) 2-nonanone, (16) unknown, (17) unknown, (18) ethyl octanoate, (19) acetic acid,
(20) 1-heptanol, (21) furan linalool oxide + neroloxide, (22) unknown, (23) 4-nonanol, (24) ethyl 3-hydroxybutanoate.

pair Avesso/Azal. Considering 1-hexanol/(E)-3-hexenol ratio,
the differentiation was also possible but there are three excep-
tions, Alvarinho/Avesso, Avessol/Azal and TrajaduralAzal. For
the third ratio, 1-hexanol/(Z)-3-hexenol, the exceptions are
AvessolArinto, TrajaduralArinto and Avesso/Azal. Due to the
small number of wines evaluated (only one), the mentioned sta-
tistical methodology was not able to discriminate Azal wines
from Arinto ones. This difficulty is also valid for Amaral,
Borragal and Vinhdo varieties, although results may suggest the
possibility of using these three ratios to discriminate respective
monovarietal wines.

As previously reported [12—15,18], the (E)-3-hexenol/(Z)-3-
hexenol ratio seems also to be a varietal marker for Alvarinho,
Loureiro, Avesso and Trajadura wines, as the obtained val-
ues are quite constant with low standard deviations (Table 3);
results obtained for Azal, Arinto, Amaral, Borragal and Vinhdo
varieties must be confirmed by analysing a great number of
wines. Analysis were carry out in wines from different vintages
and diverse terroirs as well as in wines having different ages
(Tables 1 and 2); additionally, diverse winemaking procedures
including SO, amount and moment of application to the must,
different settling conditions (time and temperature) and different
fermentation volumes, were used.

Wines from Loureiro grape variety accounts for the large
number of analysis belonging to group A wines (LOU1-LOU3),

group B (LOU4-LOUS) and group C (LOU9-LOU17); the first
group represents one sub-region, one rootstock and one vintage
having the three wines identical age; the second group repre-
sents the same vintage, but accounts for two rootstocks and two
sub-regions and three different ages; the third group accounts
for two vintages, two sub-regions and two rootstocks having
wines two distinct stages of conservation. Results show that
later addition of SO (after pressing for groups A and B) seem
to originate higher amounts of 1-hexanol, and the two isomers
of 3-hexenol for group B wines, influencing both 1-hexanol/(E)-
3-hexenol and 1-hexanol/(Z)-3-hexenol ratios; however, (E)-3-
hexenol/(Z)-hexenol ratio remains almost unchangeable. These
facts may be also correlated with fermentation volume (5001
for group A and 101 for groups B and C) as well as with
amount of SO, added, 36 mg1~! for group A and 60mgl~!
for groups B and C. These observations agree with Nicolini
et al. [16,18]. On the other hand, the three ratios may not be
significantly influenced either by the adopted settling condi-
tions or by bentonite addition during fermentation (group C),
although levels of the three alcohols may be smaller for the last
feature. Different conservation periods present similar results,
e.g., for LOU4 (0 months), LOU6 (8 months) and LOUS (20
months) as well as for LOUS (0 months) and LOU7 (8 months).
It is known that Cg-alcohols may be present in a glycosidically
bound form, susceptible of being liberated by means of specific
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Table 3
Mean levels (C) with 95% confidence limits for 1-hexanol, (E)-3-hexenol and (Z)-3-hexenol, and mean values for 1-hexanol/(E)-3-hexenol, 1-hexanol/(Z)-3-hexenol
and (E)-3-hexenol/(Z)-3-hexenol ratios

Variety Code Clugl™ Mean value
1-Hexanol (E)-3-Hexenol (Z)-3-Hexenol 1-Hexanol/ 1-Hexanol/ (E)-3-Hexenol/
(E)-3-hexenol (Z2)-3-hexenol (Z)-3-hexenol
White wines
ALVI? 446.4 + 68.5 16.5 + 3.0 28.3 + 6.6 27.1+£2.2 15.8+1.6 0.6+0.0
ALV2? 410.7 £ 49.2 15.8 £ 3.2 22.7 £ 2.3 26.1+2.1 18.1+£0.8 0.7+0.1
ALV3? 326.0 & 41.6 14.6 + 3.6 18.1 £ 4.0 224429 18.1£1.9 0.8+0.0
. ALV42 452.0 £ 41.9 17.7 £+ 3.8 25.6 + 4.1 25.6+3.3 17.7+£1.3 0.7+0.1

Abvarinho ALV5? 437.9 + 40.7 17.8 £ 3.7 23.5 4+ 52 247433 187429 0.840.0
ALV6? 396.9 + 9.5 159 £ 1.4 19.9 + 3.5 25.0+2.3 20.0+3.3 0.84+0.2
ALV7* 4437 + 44.2 16.8 £ 2.3 197 £ 13 264+1.3 225+1.0 09+0.1
ALV8? 216.2 + 159 11.8 £ 0.6 17.5 + 3.1 18.3+£2.0 124+1.8 0.74+0.2
Mean 24.5a 17.9a 0.7a
S.D. 2.9 2.9 0.1

Arinto ARIIP 305.9 + 229 194 +£2.6 21.6 + 3.0 15.8+1.0 142+1.3 0.9+0.1
Mean 15.8b 14.2b,d 0.9b
S.D. 0.4 0.5 0.0
AVE1?* 154.5 + 24.7 45+ 09 353+ 5.6 342+2.1 44+0.1 0.1+0.0
AVE2? 228.3 + 389 6.7 + 3.9 23.0 +£4.2 349+12.8 9.9+0.3 0.3+0.1
AVE3?* 117.8 + 15.0 54+02 13.6 = 1.0 21.8+2.2 8.6+0.7 0.440.0
AVE4? 171.4 £+ 32.0 42 + 2.1 31.3+£54 41.5+16.5 55+1.9 0.1+0.1
AVES5?* 169.2 + 5.6 5.6 £0.2 135+ 1.2 30.0+1.3 125+1.0 0.440.0

Avesso AVE6? 238.0 + 423 104 + 2.4 17.0 + 3.4 23.0£3.0 14.040.7 0.6£0.1
AVET7* 204.1 + 58.3 8.6 £0.7 174 £ 1.7 23.8+8.8 11.7£2.2 0.5+0.1
AVE7® 294.8 + 73.9 143+ 04 28.8 + 8.9 20.6 +4.7 10.2+£0.6 0.5+0.1
AVESP 278.4 £+ 30.5 57+ 0.8 126 £ 0.5 49.0+2.0 22.0£3.0 0.5+0.1
AVE9P 144.1 £ 59 11.1 £ 1.2 172 £ 3.5 13.0+£1.0 84+1.6 0.61+0.2
Mean 29.8a 10.6b 0.4c
S.D. 11.1 5.1 0.2

Azal AZAI1P 408.3 + 36.3 16.6 + 1.5 432 £ 5.0 24.6+0.1 9.5+04 0.4+0.0
Mean 24.6a,b,d 9.5b 0.4b,c
S.D. 0.0 0.2 0.0
Loul1? 747.0 £ 30.5 477+ 29 47+ 1.3 15.7+0.8 160.3 +44.8 10.3+34
Lou2¢ 772.6 £ 184.6 523+ 6.6 50+ 1.2 14.8+23 155.1£27.5 105+1.2
LOuU3? 719.2 £ 96.5 51.1 £ 9.1 5.1 £0.8 142+42 141.2+27.1 10.0+1.5
LOU4* 450.1 £ 18.3 76.8 + 4.1 7.4+ 0.9 59+0.2 60.8+5.0 104+0.8
LOU5? 615.2 + 105.8 85.8 + 18.0 94 £+ 2.7 7.2+03 65.9+38.5 9.2+ 1.1
LOU6* 445.7 £+ 64.1 729 £ 2.0 6.7 + 1.1 6.1 1.0 66.8 +15.2 109+2.2
LOU7? 624.3 + 131.3 69.4 +29.4 77 + 4.6 9.1+1.8 82.7+30.9 9.1+1.8
Lous? 484.1 £ 13.9 777 £ 4.1 6.8 £ 0.7 6.21+0.2 71.5+£8.9 11.5+1.5

Loureiro LOU9* 271.5 £ 2.6 31.5+24 45+ 1.2 8.6+£0.7 61.5+17.1 7.1+2.1
LOu10?* 2755 + 4.8 275+ 1.7 3.7 +0.9 10.0+0.5 75.1+18.4 7.5+2.1
LOU11* 2473 + 7.8 323 £2.0 3.8+0.3 7.7+£0.3 65.8+3.9 8.6+0.5
Lou12? 226.1 = 11.8 146 £ 1.9 2.7 +0.2 155+1.5 839+11.0 54+1.2
LOU13* 283.6 + 17.7 319 £ 1.6 35+05 8.94+0.2 80.9£15.3 9.1£1.6
LOuU14* 249.2 +29.9 354 +99 36+ 14 7.1+13 69.9 +24.6 99435
LOUI15* 272.9 4+ 45.8 32.1 £ 8.1 48 + 1.3 8.5+ 1.1 56.6+8.4 6.6+0.2
LOoul16* 319.2 + 16.1 47.0 £ 4.9 41 +08 6.8+04 78.2+15.5 11.5+2.5
LOUI17* 174.4 + 189 525+23 6.2 + 0.8 33405 28.0£1.8 84+14
Mean 9.1c 82.6c 9.2d
S.D. 3.7 35.7 1.8
TRAI1P 1101.0 £ 7.5 252 + 0.7 356+ 1.3 43.6+1.5 309+1.0 0.7+0.0

Trajadura TRA2Y 987.0 £ 39.9 184 +£ 0.7 357 £ 2.8 53.7+4.3 27.7+14 0.54+0.0
TRA3 947.5 £ 52.5 17.5 £ 0.7 327 +22 543+1.9 29.0+0.7 0.54+0.0
TRA4Y 395.6 + 13.1 215+ 13 39.6 £ 0.8 18.44+0.6 10.0£0.3 0.5+0.0
Mean 42.5d 24.4d 0.6e

S.D. 152 8.8 0.1
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Table 3 (Continued)

Variety Code Cl(ugl™ Mean value
1-Hexanol (E)-3-Hexenol (Z)-3-Hexenol 1-Hexanol/ 1-Hexanol/ (E)-3-Hexenol/
(E)-3-hexenol (Z)-3-hexenol (Z)-3-hexenol
Red wines
Amaral AMAL1® 877.2 £ 21.0 250+ 1.3 102 £ 1.0 350+£1.0 85.8+7.7 24402
Mean 35.0 85.8 24
S.D. 0.4 3.1 0.1
Borragal BORI1 1868.2 £ 124.6 25.7 £ 2.8 87.1 £ 14.0 72.7£3.0 21.5+20 0.3+0.0
Mean 72.7 21.5 0.3
S.D. 1.2 0.8 0.0
Vinhdo VIN1P 1336.6 £ 57.9 20.0 +£ 0.9 13.1 £ 0.9 66.9+£0.5 102.0£2.7 1.5+0.0
Mean 66.9 102.0 1.5
S.D. 0.2 1.1 0.0

For the each variable — 1-hexanol/(E)-3-hexenol, 1-hexanol/(Z)-3-hexenol and (E)-3-hexenol/(Z)-3-hexenol — different letters (a—e) mean significant differences
between monovarietal wines (p <0.05). The mean global levels for the ratios as well as their standard deviations (S.D.) are also presented for each group of

monovarietal wines.
2 Determined by GC-MS.
b Determined by GC—FID.

enzymes [1,26,28]. Nevertheless, enzymatic treatment of wines
applied to LOU2 and LOU3 does not alter significantly either
amounts of Cg-alcohols or the ratios between them, when com-
pared with the control wine LOU1. Respecting Alvarinho wines,
only winemaking procedures B and C could be compared, the
first one accounting for three different stages of conservation,
one vintage and two sub-regions; group C includes one wine
only. The effect of bentonite addition and enzymatic treatment
of wines could also be compared. Results show basically the
same information as for Loureiro ones. In this way, considerable
differences respecting wine age were not found, i.e., between
ALV2 (0 months) and ALV4 (8 months) or between ALV3 (0
months), ALV6 (8 months) and ALV7 (20 months); also ALVS,
treated with enzymatic preparation, was similar to control wine
ALV4. Trajadura wines seem to behave similarly to Loureiro’s
and Alvarinho’s respecting groups A and C procedures (TRA1
and TRA4) and enzymatic treatments (TRA1 against TRA2 and
TRA3). Finally, Avesso wines account for only one winemak-
ing procedure but three different vintages, two rootstocks, three
sub-regions and two different ages for the last vintage. However,
results were not conclusive enough.

Itis interesting to note that (E)-3-hexenol/(Z)-3-hexenol ratio
is greater than unity for Loureiro (ranging from 6.6. to 11.5,
n=17) and lower than unity for Alvarinho (0.6 to 0.9, n=38),
Trajadura (0.5 to 0.7, n=4) and Avesso (0.1 to 0.6, n=9).
These results are in agreement with those found for Loureiro
and Alvarinho wines using another extraction procedure, i.e.,
desorbing volatile compounds from a XAD-2 resin with an
azeotropic mixture of pentane-dichloromethane [26]. Versini et
al. [29] also found mean values of 2.5 and 0.3 for the con-
geners Loureira and Albariiio wines (Galicia, Spain), respec-
tively; additionally, Lema et al. [30] presented values of 0.3
and 0.6 for Albarifio wines produced from two sub-zonas, Con-
dado and Rosal, respectively. Other varieties like Garganega
[15], Miiller-Thurgau [12,16,31], Gewiirztraminer [32], Bac-

chus [12] and Muscat of Alexandrie [33] originate wines with
predominance of the (E)-isomer. Contrarily, Riesling, Kerner,
Scheurebe and Ehrenfelser [12] as well as Godello [29], Tannat
[34], Airén [35] and Emir [17] varieties seem to produce wines
with (E)-3-hexenol/(Z)-3-hexenol ratio lower than the unity. In
spite of the diminutive number of analysis carried out, Arinto
and Avesso wines give the impression to behave like Alvarinho
but the red varieties Amaral and Vinhdo seem to be similar to
Loureiro, respecting abundance of 3-hexenol isomers.

From these results, it becomes clear that (E)-3-hexenol/(Z)-3-
hexenol ratio may be an interesting tool for white Vinhos Verdes
discrimination. Additionally, 1-hexanol/(E)-3-hexenol and 1-
hexanol/(Z)-hexenol ratios permitted the differentiation of some
wines and can act as a second level variable for this purpose.

In the case of Avesso and Azal wines, the three mentioned
ratios are unable to discriminate wines; however, concentra-
tions of 1-hexanol, (E)-3-hexenol or (Z)-3-hexenol seem to be
able for the required differentiation. Therefore, it seems to be
evident that the level of Cg-alcohols may be useful whenever
it was not possible the discrimination using the ratios between
them. Other compounds with varietal origin, like monoterpenols
(including oxides and diols), may be useful for this propose as it
was proved that they can differentiate Vinhos Verdes grape vari-
eties [1]; however, these compounds must be taken with care
since their concentration may undergo more or less significant
changes during fermentation, the conservation period and aging
[26,36-39], contrary to Cg-compounds.

The fact that Amaral, Vinhdo and Loureiro wines presented
higher levels of (E)-3-hexenol than the (Z)-isomer, may be
attributed to the specificity of enzymes involved in the sequence
of Cg-alcohols formation. In this way Rowan et al. [40] referred
the inter-conversion between Cg-aldehydes — (E)-3-hexenal, (Z)-
3-hexenal and (E)-2-hexenal — which then originate the cor-
responding alcohols, in apples. Previously, Hatanaka [25] also
indicated the possible formation of (E)-3-hexenol from (E)-3-
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hexenal for various fruits. Therefore, if the same mechanism
occurs in grapes, the found values in this work can be hypothet-
ically attributed to the activity or the inhibition of the involved
enzymes.

In spite of the interesting results obtained, this study must be
complemented in the future by analysing much more samples
of each monovarietal wines in order to make possible the con-
firmation of the presented results. Moreover, the technological
choices adopted during winemaking may influence the relative
abundance of 1-hexanol and isomers of 3-hexenol. In this way,
for Miiller-Thurgau wines, Nicolini et al. refer changes in iso-
mers ratio if SO, is added immediately after grape pressing
instead of after static sedimentation (4.8 to 2.6) or when ascor-
bic acid was used before sedimentation instead of SO, (4.3 to
5.2) [18]. Also, the alternative use of standard vinification, cold
skin maceration (9 °Cto 14 °C, 21 h), hot skin maceration (18 °C
to 24°C, 3.5h) or enzymatic maceration conducts to different
values, 4.8, 3.7, 4.3 and 2.1, respectively (2.6, 2.9, 3.3 and 1.4
for a different ferroir); experimental and industrial procedures
also produce different results, 3.4 and 1.9, respectively [16].
Cabaroglu et al. [17] found values of 0.8 and 1.0 when control
wines were compared with those obtained after skin contact.
The use of pesticides can also influence the referred ratio [33].
Moio et al. [19] refer, however, that must protection with N»
produces less levels of (E)-3-hexenol but similar values for the
isomers ratio, when compared to a control wine. Furthermore,
the 1-hexanol/(E)-3-hexenol and 1-hexanol/(Z)-3-hexenol ratios
can be strongly affected by the referred winemaking alternatives.
Mauricio et al. [41] refer a depletion of 1-hexanol, (E)-3-hexenol
and (Z)-3-hexenol during the first days of fermentation conclud-
ing that semi-anaerobic conditions results in lesser contents of
the compounds when compared with anaerobic conditions.

So, future work must be focused in industrial wines produced
with a large range of winemaking practices in order to confirm
these preliminary results; type of environment, oxidant or not,
skin contact, enzymatic maceration, carbonic maceration, kind
of must and wine clarification and type and amount of preserva-
tive added, are some of the variables to be studied. Furthermore,
it must be considered the moment of preservative application and
the temperatures adopted during grapes and musts handling.

4. Conclusions

The present study showed that Cg-alcohols, namely the ratio
between (E)-3-hexenol and (Z)-3-hexenol, may be a useful tool
to assess wine origin concerning the Vinhos Verdes monovarietal
wines from Alvarinho, Avesso, Loureiro and Trajadura grape
varieties. This ratio discriminate evidently Loureiro wines from
those of Alvarinho, Avesso and Trajadura; the former presents
values substantially higher than the unity while for the other
three, the isomer (Z) prevails. Another two ratios, 1-hexanol/(E)-
3-hexenol and 1-hexanol/(Z)-3-hexenol, may be helpful in dis-
tinguish monovarietal wines whenever the former ratio is unable
to do it alone. Additionally, when the three mentioned ratios are
unsuccessful, concentrations of individual Cg-alcohols possibly
may be used for this purpose.

Since the number of analysed wines is reduced and the wine-
making options were not fully explored, the obtained results may
be considered as a start point for future work. Furthermore, the
validation of the proposed method will be crucial when concen-
tration of Cg-alcohols have to be measured.
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