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SUMMARY

The potentialities of both multi-element composition and the ratio ¥Sr/*Sr as tracers of wine
provenance were evaluated, by studying the relative influence of the provenance soil and
vinification process on these two’ parameters. With this purpose, two wines were selected: one
red table wine and one red fortified wine, both from the Douro wine-district, Portugal. The
values of the ¥Sr/%Sr ratio were also determined in ten wines of different regions of origin.

Both vinification processes changed the multi-element composition of the wines. Nevertheless,
significant and linear correlations were obtained between the patterns of the wines and that of
the respective musts prepared in the laboratory (without contact with the vinification system),
as well as between those of the wine and of the provenance soil. Regarding ¥Sr/*Sr, statistically
identical values were found in the wines, respective musts and provenance soil. In addition,
significant differences in the ¥’Sr/*Sr ratios were found in wines from different regions of origin.

Therefore, the multi-element composition together with the ¥Sr/*Sr ratio showed to be suitable
to act as fingerprints of the origin of a wine. A database of these parameters in different wines
will be very useful for discriminating wines by regions in order to detect/prevent wine fraud.
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INTRODUCTION

Prestige wines are among the most imitated and falsified items. It is important
to study in detail such wines in order to identify specific characterisations,
which can be used as proper fingerprints of the wine origin for preventing
adulterations.

Some previous studies (Greenough et al., 1997, Baxter et al., 1997) have
indicated that the multi-element composition of a wine can be used to obtained
information about its origin, making up a way for laying down a wine fingerprint
that is able to secure the authenticity of the wine.

The ability for discriminating wines by regions through their elemental patterns
suggests that elements are mainly regulated by their movement from rock to
soil and from soil to grape. However, several factors, like environmental
contamination, agricultural practices, climatic changes and winemaking
processes, may change markedly the multi-element composition of the wine
and may endanger the relationship between wine and soil compositions.

As concerns winemaking processing, there is already some information in the
literature indicating that it has some influence on the multi-elemental pattern
of a wine (Eschnauer er al., 1989; Teissedre ef al., 1993: Angelova ef al.,
1999; Jakubowski et al., 1999; Kristl et al., 2002; Almeida and Vasconcelos,
2003a). As the vinification process can influence the concentration of several
elements in the wine, and different winemaking processes have been used,
element fingerprints of the wines should be relic of soil signatures that survived
metabolic and winery processing. Otherwise, the utilization of the multi-element
pattern as fingerprint of wine origin has to be confined to high quality wines,
which are produced from specific vine varieties and whose influence of the
vinification processes on the wine patterns had been previously studied and
permanently controlled.

Another potential fingerprint of wine provenance, that only recently was
explored (Horn ef al., 1998), is the strontium isotope ratio ’Sr/*Sr. The alkali-
earth metal strontium is one of the few elements that show variable isotopic
composition in the nature. This element has four stable naturally occurring
isotopes: *Sr, ¥Sr, ¥Sr and #Sr. Only ¥Sr is radiogenic, and gradually increases
in minerals due to the radioactive decay of *Rb isotope. Differences in the
absolute proportion of Sr vary with geological ages and consequently with
geographical locations. This variation may be explored in order to determine
the origin of'a wine, since elements are taken up by the roots of plants, passing
to the grapes with the same isotopic proportions in which they occur in the
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soil. Thus, the ¥Sr/*Sr ratio can be used as a tracer of wine origin if a
significant correlation between this ratio in the soil and in the wine is observed.
The results published by Horn ef al. (1998) for German wines are promissory
but the ratio *Sr/*Sr has to be determined in much more wines to consolidate
the use of this parameter as a suitable tool for establishing wine provenance,

This paper summarises the results obtained recently in a project whose major
aim was the evaluation of the potentialities of both multi-element composition
and ¥Sr/*Sr isotope ratio to be used as fingerprints of wine provenance
(Almeida and Vasconcelos, 2001 and 2003b; Almeida, 2003). We were
prompted to follow, from the vineyard to the final product, the production of
two different wines, in order to investigate the relative influence of the soil
composition and the vinification process on both the multi-elemental pattern
and the ¥St/*Sr ratio of the wine. Both selected wines were from the Douro
wine-district — Northeast of Portugal. However, the grapes used to produce
those wines (a monovarietal red table wine and a polyvarietal red fortified
wine) were from two distinct vineyards (an old one with sixty to seventy years
and a young one with less than ten years raised in a forest-soil) and the wines
were produced in different wineries accordingly to very distinct procedures.

In addition, the ¥Sr/*Sr ratio was determined in ten wines, eight from five
different Portuguese regions and two from a French region. The results were
compared in order to determine whether ¥’Sr/*Sr would be significantly different
in wines of different origins.

METHODS

The multi-element compositions (Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cs, Cu,
Fe, Ga, Hf, Li, Mn, Mo, Nb, Ni, Pb, Rb, Sb, Sc, Sr, Ti, Th, T, U, V, W, Y,
Zn, Zr and the REEs La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb
and Lu) of soil, musts (prepared in the laboratory by smashing grape berries),
samples collected in the different steps of each winemaking process and final
wine products were measured, using inductively coupled plasma mass
spectrometry (ICP-MS), after suitable pre-treatment of the samples (by UV-
irradiation for liquid samples and high-pressure microwave digestion for soil)
(Almeida and Vasconcelos, 2002 and 2003b).

The ratio *Sr/*Sr was determined in wines, musts (prepared in the laboratory)
and provenance soil also using ICP-MS, after elimination of the interferent
rubidium from the samples by a cation-exchange chromatographic separation
procedure (Almeida and Vasconcelos, 2001).
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RESULTS AND DISCUSSION

Relative Influence of the Soil Multi-Elemental Pattern and Vinification
Process on the Wine Multi-Element Composition

In this work it were determined the multi-element compositions of the two
selected Portuguese wines of the Douro wine-district and their precursors:
respective musts prepared in the laboratory; samples collected throughout the
vinification processes (see Fig. 1, A - fortified and B - table wines); and
respective provenance soil.

Traditional harvesting, transportation in plastic baskets and Traditional harvesting to plastic baskets and transportation
pouring to wood with metallic bracelets container in stainless-steel containers

J Initial prossing < Sample Wel

Stainless-steel worm serew input and addition of sodium
bisulphite

ﬂ < Sample Wyl
[ Desterning and puraping through staeless-stee tube

[ Addiion of 20 % grape brandy to stop fecmentation | < sempew>
<« SampleWr2
“ SemploW [ Pilling of strinless-steel vat (wine, pomace and seeds) ]
Filling of stainless-stecl vat using plastic baskets (wine,
potacc and seeds) L Addition of dry yoast and tartaric acid, and fermentation ]
«— Sample Wid ﬂ <« Samiple Wr3
L Ageing in oak barrels (just wine) [ Separation of liquid from partictes (pomace and seeds) ]
- - § ‘Pumping of pomace and seeds and LDrz\inmg the liquid through  stainloss-steef tube
I Collecting to glass bottle after one year rest —[ 44— Sample WeF transporation through plastic tubes
Sample Wrs g U < Sample Wed
Flg' 1 A Pressing the solids and transportation ﬂ
through plastic tubes
soopewis - [Ls | Filling of new stafniess-steel vat ]

I« semplowsr
Storage stainless-steel vat
Sumple Wis Ly 5 L 4 :,
2 I
< Sample W10

Sample W9

[ ‘Ageing (6-12 months) fn ook barcls |

7

Sample WF 3 | Filtration through cellulose and slab of petrified
diatomaceas and bottling

Fig. 1B

Fig. 1 - Schematics of the vinification processes with indication of the points were
samples were collected: (A) red fortified wine produced from grapes of an old vineyard
(W1 to W4 and W_F); (B) red table wine produced from grapes (named “Touriga
Nacional”) of a young vineyard (W1 to W, 10 and W F) (Almeida and Vasconcelos, 2003b).

Esquema dos processos de vinificacfio com indicagdo dos pomtos onde Joram recolhidas as
amostras: (4) vinho tinto licoroso produzido com uvas de uma vinha antiga ( W.l até WA e
WiE); (B) vinho de mesa tinto produzido com uvas (casta Touriga Nacional) de uma vinha

nova (W1 até W10 e W,F) (dlmeida e Vasconcelos, 2003b).
In Table I are presented the concentration values of the elements determined

in the two produced wines. The concentrations of most of the measured elements
fell within the range of those found in other wines of different characteristics
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TABLE I

Total concentrations® of the multiple elements measured in two wines: a red fortified: wine
produced with grapes from an old vineyard and a red table wine produced with grapes from
an young vineyard (Almeida and Vasconcelos, 2003b).

Valores das concentragdes totais de multiplos elementos medidos nos dois vinhos: um vinho
tinto licoroso produzido com uvas de uma vinha antiga e um vinho de mesa tinto produzido
com uvas de uma vinha nova (Almeida e Vasconcelos, 2003b).

Fortified wine Table wine
Element Concentration (ug L)
La 0.35 (0.01) 0.19 (0.02)
Ce 0.30 (0.01) 0.31(0.03)
Pr 0.07 (0.01) <LOD”
Nd 0.35 (0.03) 0.20 (0.03)
Sm 0.06 (0.02) ’ <LOD?
Gd 0.06 (0.01) <LOD?
Dy 0.05 (0.01) <LOD?
w 0.13 (0.04) 0.06 (0.02)
cd 0.51(0.09) 0.26 (0.03)
Sh 1.1(0.2) 0.30 (0.05)
Tl <LOD? 0.37 (0.03)
Zr <LOD? 0.65 (0.05)
Mo <LOD? 0.73 (0.03)
Ga 1.0(0.1) 0.78 (0.05)
v 0.47 (0.05) 3.65 (0.03)
Be 3.7(0.7) 2.9(0.2)
Y 6.1(0.6) 3.25(0.08)
Co 9.5(0.1) 5.4(0.2)
Cs 53(0.1) 174 (0.4)
Pb 14.0 (0.4) 10.5(0.2)
Li 13.0 (0.7) 32(1)
Cr 28 (1) 24.6 (0.5)
Ni 22.4(0.7) 33.2(0.6)
Cu 70 (1) 15.7 (0.4)
Al 170 (18) 268 (6)
Ti 247 (62) 244.0 (0.6)
Ba 177 (4) 293 (4)
Se 459 (25) 328 (12)
Zn° 1.03 (0.02) 0.428 (0.003)
Sr¢ 1.56 80.01) 1.45 (0.02)
Fe* 2.11 (0.09) 1.301 (0.001)
Rb* 2.0(0.1) 2.91 (0.08)
B° 5.6(0.4) 2.81(0.04)
Ca® 61(5) 60'(2)

a: Mean and standard deviation (in brackets), n = 3;

b: Below the limit of detection;

¢: Concentration in mg L.
and origins as reported by Greenough ef al. (1997). As concerns the elements
considered of special interest due to either their toxicity in case of excess, like
Cd, Cr, Ni, Pb or even Cu, or the effect they seem to have on the organoleptic
properties of wine, like Al, Fe, Zn and Cu, relatively low concentrations
(much lower than the legal threshold limit values when available) were

found.
The results obtained in the musts, prepared in the laboratory, and in the different

samples collected during and at the end of the vinification processes are
illustrated in Fig. 2 (A - fortified and B - table wines) for Co, La, Al and Fe.
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Fig. 2 - Total concentration of Co, La, Al and Fe (in ug L' and mg L") (mean and
standard deviation, n = 3) observed in the musts (GJ; and GJ for the fortified and table
wine, respectively), in the samples collected throughout the vinification processes (from W1
to W4 for the fortified and from W,1 to W_10 for the table wines) and in the final
products (W.F and W.F). (A) red fortified wine produced with grapes from an old vineyard,
(B) red table wine produced with grapes from an young vineyard (Almeida and Vasconcelos, 2003b).
Concentragdes totais de Co, La, Al e Fe (em g L' e mg L) (média e desvio padrdo, n
=3) observadas nos mostos (GJ, e GJ para o vinho licoroso e de mesa, respectivamente),
nas amostras recolhidas ao longo dos processos de vinificagdo (de W.l a W4 para o
vinho licoroso e de W1 a W10 para o vinho de mesa) e no produto final (W e W.F).
(4) vinho tinto licoroso produzido com uvas de wma vinha antiga ( Wl até WA e W)
(B) vinho de mesa tinto produzido com uvas (casta Touriga Nacional) de uma vinha nova
(W, até W10 e W, F) (Almeida e Vasconcelos, 2003b).
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It was observed that both vinification processes influenced the multi-element
composition of the produced wines. Most of the elements displayed similar or
even lower concentration in the produced wine compared to that observed in
must (in which contact with the winemaking system did not occur), probably
as a result of precipitation or co-precipitation with suspended particles during
fermentation and/or wine ageing. Just for the fortified wine a 20 % dilution
of the wine with grape brandy constitutes a relevant additional factor. Evidence
of effective contamination of intermediary products induced by the vinification
system was only observed for a few elements: Cd, Cr, Cu, Fe, Ni, Pb, V and
Zn in the fortified wine and Al, Cr, Fe, Ni, Pb and V in the table wine. Even
s0, only the levels of Cd, Cr, Fe, Pb and Zn in the fortified wine and of Cr,
Ni, Pb and V in the table wine were higher in the wine than in the must.

In spite of the elemental concentration variations observed throughout the
vinification of both wines, statistically significant and even linear correlations
were observed between the concentrations of a large number of the elements
(n=31) determined in common in the final product and in the respective must
(see Table II). Therefore, these concentration variations seem not to be a
preventive of the usefulness of wine multi-element composition as fingerprint
of wine origin.

The average concentration values of the elements determined in the schistous
soil (Al, As, Ba, Be, Ca, Cd, Co, Cr, Cs, Cu, Fe, Ga, Hf, Li, Mn, Ni, Pb, Rb,
Sr, Th, T1, U, V, Zn, Zr and the REEs La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy,
Ho, Er, Tm, Yb and Lu) of the two selected Douro wine-district vineyards, fell
within typical contents of uncontaminated soils (Forstner, 1995). This is
compatible with the fact of both studied vineyards being located in an
agricultural area, which is far from industrial and urban areas and heavy traffic
roads.

For the set of elements determined in common, significant correlations (see
Table 1) between their mean concentrations in soil and produced wine were
found when only Al, Fe and Ca (the three more abundant elements in the soil)
were excluded. The median of the multi-element concentrations of the two
vineyards soil was also linearly correlated with that of the median of the two
wines (R = 0.994, n =19, P < 0.01).

It is worth mentioning that when the median of the determined multi-element
composition of the soil of the two vineyards was compared with that of a
previously studied French red table wine, from the region of Bordeaux, no
significant correlation was obtained even when Al, Fe and Ca were not included.
Significant correlation was not observed either between the multi-element
composition of the studied wines and that of the French wine. These results
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TABLE 11

Pearson’s correlations obtained for average multi-element concentrations in the different
types of samples (Almeida and Vasconcelos, 2003b),

Correlacbes de Pearson's obtidas para as concentracSes mulfi-elementares em diferentes
tipos de amostras (Almeida e Vasconcelos, 20035).

Soil Must Wine

Old vineyard / Fortified wine

Soil 1
Must 0.282/0.986%* 1
n=29°
Wine 0.238 /0.994%* 0.997° 1
n=24% n=31°
Young vineyard / Table wine
Soil 1
Must 0.225/0.904%* 1
n=27
Wine 0.193/0.986* 0.979¢ 1
n=20° n=31"

a: Correlation significant at P < 0.01;

b: Al, Ca and Fe excluded;

c: Ba, Be, Co, Cr, Cs, Cu, Ga, Li, Mn, Ni, Pb, Rb, St, Th, U, V, W Zn, Zr and La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy and Er;

d: Ba, Be, Cd, Co, Cr, Cs, Cu, Ga, Li, Mn, Ni, Pb, Rb, Sr, V, W, Zn, and La, Ce, Pr, Nd, Sm, Gd and Dy;

e: Al, B, Ba, Be, Ca, Co, Cr, Cs, Cu, Fe, Ga, Li, Mn, Ni, Pb, Rb, Sb, Sc, Sr, Ti, V, W, Y, Zn and, La, Ce, Pr, Nd, Sm, Gd and Dy;
[ Ba, Be, Cd, Co, Cr, Cs, Cu, Ga, Li, Mn, Ni, Pb, Rb, Sr, Th, U, V, Zn, Zr and La, Ce, Pr, Nd, Sm, Bu, Gd and Dy;

g Ba, Be, Cd, Co, Cr, Cs, Cu, Ga, Li, Mn, Ni, Pb, Rb, Sr, V, Zn, Zr and La, Ce, and Nd;

h: Al, B, Ba, Be, Ca, Cd, Co, Cr, Cs, Cu, Fe, Ga, Li, Mn, Mo, Ni, Pb, Rb, Sb, Sc, Sr, Ti, TL, V, W, Y, Zn, Zr and La, Ce and Nd.

are understandable, as the composition of the wine seems to depend markedly
of the vineyard soil elemental pattern.

The results of this study are compatible with those of a very recent work of
Taylor et al. (2003). These authors reported the discrimination of wines from
two Canadian regions through their multi-element composition, concluding
that their composition was strongly influence by the soil chemistry.

Suitability of ¥St/Sr as Tracer of Wine Provenance
1 — Does the vinification process influence ¥Sr/%Sr of the wines?

For the two Douro wine-district wines selected (a fortified and a red table
wines), the mean and the standard deviation of ¥S1/%Sr determined in the final
products, musts prepared in the laboratory and provenance soil are presented
in Fig. 3. The values of ¥’Sr/*Sr were similar in the wines and respective
musts. Therefore, the two winemaking systems tested did not significantly
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Fig. 3 - ©8/%Sr (mean and standard deviation, n = 3) obtained in the wines, musts

prepared in the laboratory and provenance soil (Almeida, 2003).

YSr/Sr (media e desvio padrdo, n =3) obtida nos vinhos, nos mostos preparados no
laboratdrio e no solo de proveniéncia (Almeida, 2003).

change the value of the ¥’St/*Sr ratio, which is compatible with no significant
strontium anthropogenic contamination.

In addition, a statistical comparison through t-paired test between ¥’Sr/%Sr in
wines and soil indicated that they did not differ significantly. Therefore, it
seems that the element is being taken up by the roots of plants, passing to the
grapes with the same isotopic proportions present in the soil and that the St/
%Sr ratio of the wine reflects that of the soil in which the vine is grown.

These results indicate that ¥Sr/*Sr can be used as a tracer of the provenance
of the studied wines

2 - ¥Sr/*Sr in wines of different regions

The *Sr/*Sr ratio was determined in ten samples of different table (T-T,) and
fortified (F-F,) wines. Eight samples were from five different Portuguese
regions, Douro (R ), D4o (R,), Bairrada (R,), Borba (R,) and Madeira (R,),
and two were from one French region, Bordeaux (Ry). Results are presented
in Fig. 4.

Some statistically significant differences were found between wines of different
regions. For example, the T.R; and TR, wines, both from the Bordeaux
region, displayed the lowest *’Sr/*Sr, which were significantly different from
those observed for all the Portuguese wines. In addition, wines from northeast
of Portugal (Douro and Dao regions) displayed statistically higher ¥Sr/*Sr
than all the other Portuguese wines tested (from the centre/southern of Portugal
and from Madeira Island). These results demonstrated that it was possible to
distinguish some wines of different regions through their strontium isotopic
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different table (T -T,) and fortified (F,-F,) wines, from five Portuguese regions, Douro (R)),
D#o (R,), Bairrada (R,), Borba (R,) and Madeira (R,), and one French region, Bordeaux
(R,) (Almeida and Vasconcelos, 2001).

SS¥/5Sr (media e desvio padrdo, n =3) obtida em dez amostras de diferentes vinhos de
mesa (T-T,) e de vinhos licorosos (F-F ), de cinco regibes Portuguesas, Douro (R ), Dao
(R,), Bairrada (R,), Borba (R) e Madeira (Ry), e de uma regido Francesa, Bordéus (R )
(Almeida e Vasconcelos, 2001).
composition, pointing out to the usefulness of the ratio ¥Sr/*Sr for wine
provenance determination. Nevertheless, it was not possible to differentiate all
the wines regions only through this strontium ratio, indicating that it should

be used together with other discriminating parameters.

Very recently, Barbaste ef al. (2002) studied eleven wines of different origins
and found clear difference among wines produced on basaltic, mixed and
granitic soil areas, which corroborates the suitability of #’Sr/**Sr as fingerprint
of wine origin.

CONCLUSIONS

Regarding multi-element composition it was found, for both studied wines,
that the elemental concentration variations observed throughout the vinification
processes should not be a preventive of the usefulness of wine multi-element
composition for its provenance determination. The multi-element composition
of the provenance soil (Ba, Be, Cd, Co, Cr, Cs, Cu, Ga, Li, Mn, Ni, Pb, Rb,
Sr, V, Zn and La, Ce, and Nd) was significantly correlated with that of the
wines. Therefore, multi-elemental patterns of wines and their precursors,
including provenance soil, seem to have potentialities as tools for establishing
the origin of the wines.

As concerns the strontium isotope ratio, for the two studied wines from the
Douro wine-district, the winemaking processes did not change this parameter,
as it was statistically identical in the wine and provenance soil. On the other
hand, statistically significant differences were observed among ¥Sr/®*Sr of
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wines of different regions. Therefore, 'Sr/*Sr is very promissory as fingerprint
of the wine origin.

A representative number of wines from different Portuguese regions, as well
as from other countries, deserves to be studied in terms of multi-elemental
composition and strontium isotope ratio in order to establish regional patterns
and enable the discrimination of wines by regions for detecting/preventing
wine frauds,
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RESUMO

Composi¢io multi-elementar e razio isotépica de estréncio como marcadores da regido
de proveniéncia de vinhos

Com o objectivo de investigar as potencialidades da composicdo multi-elementar e da razdo 8Sr/
%Sr como marcadores da regido de proveniéncia de um vinho, seleccionaram-se duas vinhas da
regifio vinicola do Douro e determinou-se ambos os paréimetros no solo, no mosto e nos vinhos
produzidos. Seguidamente avaliou-se a influéncia relativa do solo de proveniéncia e do processo
de vinificagio na composi¢do multi-elementar e na razio “St/*Sr dos vinhos (um vinho de mesa
¢ um vinho licoroso, ambos tintos). Determinou-se também a razio ¥St/®Sr em dez vinhos
provenientes de diferentes regiSes.

Constatou-se que apesar dos processos de vinificagio alterarem (aumentando ou diminuindo) as
concentragles de diversos elementos nos vinhos, existiam correlagSes significativas e lineares
entre as composigdes multi-elementares do vinho e do respectivo mosto preparado no laboratério
(sem contacto com o sistema de vinificagdo), bem como entre a composi¢lio das matrizes do
vinho ¢ do solo de proveniéncia. Os valores de ’Sr/*Sr foram estatisticamente idénticos nos
vinhos, nos respectivos mostos e no solo de proveniéncia. Por outro lado, encontraram-se diferengas
significativas entre os valores da razdo ¥’Sr/*Sr em vinhos de diferentes regides de origens.

Estes resultados indicam que a composi¢io multi-elementar conjuntamente com o valor da razdo
¥8r/%8r poderdo funcionar como impressdes digitais da regido de proveniéncia de um vinho. E,
portanto, de esperar, que uma base de dados com estes pardmetros para diferentes vinhos seja
muito til para discriminar vinhos por regides de origem no sentido de detectar/prevenir fraudes
vinicolas.

RESUME

Potentialités de la composition multi-élémentaire et du rapport ¥Sr/%Sr des vins comme
empreintes digitales de sa provenance

Dans ce travail on a évalué les potentialités de la composition multi-éléments et du rapport *Sr/
¥St comme outils pour la détermination de la provenance du vin. Dan ce but, en avons recherché
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Iinfluence relative du sol et du procédé de vinification pour deux vins de la région du Douro,
Portugal. Le rapport *Sr/*Sr a également été¢ déterminé dans dix vins provenant de régions
d’origine différents.

Les procédés de vinification influencent la composition en minéraux des vins, toutefois on a
obtenu des corrélations significatives et linéaires entre la composition en multi-éléments du vin
et celle du mofit correspondant (préparés dans le laboratoire donc sans aucun contact avec le
systeme de vinification), il en est de méme entre celles du vin et du sol de provenance. Le rapport
8Sr/%Sr est statistiquement identique dans les vins, les moits correspondants et le sol de
provenance. En plus, des différences significatives dans le rapport ¥Se/*Sr existent entre des
vins de différentes régions d’origine. Donc, la composition en multi-éléments et le rapport ¥St/
%Sr semblent étre utilisable comme une empreinte de Porigine d’un vin.

On suppose qu’une base de données de ces paramétres serait tres utile pour caractériser les vins
selon leur région d’origine ceci il va permettre la détection/prévention des fraudes vinicoles.
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