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The inorganic chemical pattern of wine is a re-
flection of regional soil geochemistry, climate and 
processing. Elements can be considered as good 
markers of the geographical origin of wine since 
they are neither metabolized nor modified during 
the wine making process [1]. Wine elements con-
centration depends on several factors such as: 
grape variety, area of production, soil characteris-
tics, environmental conditions and climate. Their 
determination facilitates establishment of a “fin-
gerprint” for each element [2], giving an oppor-
tunity to develop a link between wines and their 
geographical origin [3]. If properly developed, 
a chemically-based independent system of classi-
fication would support the “wine origin” identifi-
cation that is used in all wine-producing countries 
with a main goal to prevent fraudulent practices in 
the wine industry [4].

Recently, several studies dealt with determina-

tion of geographical affiliation of wines based on 
their elements composition. It is assumed that the 
chemical composition of wine reflects the compo-
sition of the provenance soil, at least for certain 
elements [5]. Studies in different wine-producing 
European countries, such as Portugal [6], Italy 
[7, 8], Croatia [9–11], Czech Republic [12, 13], 
Spain [14, 15], Slovakia [16, 17], Romania [18–20], 
Macedonia [21], Cyprus [22], Slovenia [23, 24], 
Ukraine [25] or Turkey [26], provided data de-
monstrating the potential of fingerprinting tech-
niques to identify the geographical origin of wines. 
On the basis of multivariate analysis of elements 
concentration in wines produced in countries of 
South America (Argentina, Brazil, Chile and Uru-
guay) it was stated that wines could be discriminat-
ed according to the country of origin, regardless 
of the type of grapes [27–31]. Multielement tech-
niques applied in wine analysis are usually the first 
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Zn (99 mg·l-1), and stock solutions of Sn, K, Ca, 
Mg and Na at a concentration of 1 g·l-1 were ob-
tained from Merck (Darmstadt, Germany). HNO3 
(60%) was obtained also from Merck. Ultrapure 
water from Easy pure RF (Barnstead, Dubuque, 
Iowa, USA) with conductivity of 18 M·cm-1 was 
used throughout the study. Working standard solu-
tions were prepared by suitable dilution using 2% 
HNO3 to cover the natural concentration range of 
each element in the wines. Solution of 2% HNO3 
was used as blank. 

Wine samples
A total of 140 wines (71 white and 69 red) were 

analysed, 70 wines of them originated from conti-
nental and 70 wines from coastal wine-producing 
region of Croatia. This study was performed on 
wines that were undergoing the procedure of 
placing on the market. The wine samples repre-
sented 12 white and 8 red wine grape varieties. 
Details about origin of wines, including regions 
and sub-regions are given in Tab. 1.

Sample preparation for ICP-OES
Wine samples were prepared by adding of 4 ml 

of 60% HNO3 to 50 ml of wine. This solution was 
evaporated in a water bath at 90–95 °C to reduce 
the volume to approximately 30 ml by removing 
ethanol, in order to minimize matrix interference 
during analysis and to diminish plasma instability 
caused by introduction of organics into the plas-
ma. The sample residue was than quantitatively 
transferred to a volumetric flask and the volume 
was set to 50 ml with 2% HNO3. Each sample was 
analysed in triplicate.

Instrumentation
Multielement determinations were carried 

out by PerkinElmer Optima 2000 DV inductively 
coupled plasma optical emission spectro meter 
(PerkinElmer, Shelton, Conncecticut, USA), 
equipped with a Meinhard spray chamber (Mein-
hard, Golden, Colorado, USA), nebulizer and 
a peristaltic sample delivery system. The instru-
ment was controlled by ICP WinLab 1.35 soft-
ware (PerkinElmer). The flow conditions for 
plasma gas, auxiliary gas and nebulizer gas were 
15.0 l·min-1, 0.2 l·min-1 and 0.8 l·min-1, respective-
ly. Power was set at 1 300 W. Wines were analysed 
by the direct calibration curve method. Operating 
conditions were as published previously [35].

Statistical analysis
Analysis of variance (ANOVA) was used to 

find significant differences between concentra-
tions of selected elements in wine samples from 

step in accessing problems associated with con-
tamination, potential toxicity or quality control. 
RAŽIĆ and ONJIA [32] showed that concentrations 
of individual elements seem to be suitable descrip-
tors for classification of wines, since their concen-
tration can be attributed to the site of grape grow-
ing and wine making, comprising both natural and 
other sources of influence. Today, there is an in-
creasing volume of research exploring food trace-
ability/authenticity, including wines, which uses 
chemometric techniques to establish relationships 
between products composition and geographic 
origin [33]. ROBINSON et al. [34] used discriminant 
analysis techniques to identify the underlying sen-
sory and composition attributes of Cabernet Sau-
vignon wines from 19 geographic indications in 
Australia.

The aim of this study was to determine the 
concentration of 16 elements (Al, As, Ca, Cd, Co, 
Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, Sn and Zn) by 
inductively coupled plasma optical emission spec-
trometry (ICP-OES) technique, in selected wines 
from two wine-producing regions of the Repub-
lic of Croatia, and to evaluate the data by multi-
variate statistical methods in order to establish the 
relationship between elements and geographical 
origin of the wines.

MATERIALS AND METHODS

Chemicals
All chemicals were of analytical grade. Multi-

element stock solution containing Al (495 mg·l-1), 
As (24.9 mg·l-1), Cd (99 mg·l-1), Co (101 mg·l-1), Cr 
(102 mg·l-1), Cu (100 mg·l-1), Fe (102 mg·l-1), Mn 
(101 mg·l-1), Ni (101 mg·l-1), Pb (101 mg·l-1) and 

Tab. 1. Origin of wine samples.

Origin
Number of samples

White wines Red wines

Subregion of the continental region of Croatia

Podunavlje 9 –

Slavonia 24 8

Prigorje-Bilogora 4 –

Zagorje-Međimurje 6 –

Plešivica – 19

Subregion of the coastal region of Croatia 

Istria 18 1

Croatian Coast 6 –

Central and South Dalmatia 4 35

Northern Dalmatia – 6
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different regions of origin. In this analysis, the dif-
ference was taken as significant at p  0.05 for 95% 
confidence level. The elements concentration was 
evaluated by descriptive statistical analysis. Multi-
variate analysis, comprising cluster analysis (CA) 
and principal component analysis (PCA), was 
employed in wine differentiation and classifica-
tion according to the geographical origin. Statisti-
cal calculations were done using software package 
Statistics (version 8.0; Statsoft, Tulsa, Oklahoma, 
USA).

RESULTS AND DISCUSSION

Concentration of elements in wines was de-
termined and, using these as chemical descrip-
tors, statistical methods were applied to establish 
criteria for wine classification and differentiation 
according to geographical origin. Concentration 
of elements in a set of 140 Croatian wines is pre-
sented in Tab. 2. Elements can be divided into 
macro-elements (c > 10 mg·l-1), micro-elements 
(c > 10 μg·l-1) and trace elements (c < 10 μg·l-1) 
[36]. The most abundant macro-elements were K, 
Mg, Ca and Na, most abundant micro-elements 
were Fe, Mn, Al, Cu, Zn, Sn, Pb, Ni, Cr, and most 
abundant trace elements were Co, As and Cd.

If the wines were observed as red and white, 
then it can be said that red wines contained sig-
nificantly higher concentrations of Cu, Fe, Pb, 
Sn, K and Mg, white wines contained significantly 
higher concentrations of Al, Co, Ni, Zn and Na, 
while the concentrations of As, Cd, Cr, Mn and 
Ca were not significantly different in wines of the 
two colours. These results are in accordance with 
the results of VINKOVIĆ VRČEK et al. [10] with the 
exception of Ni concentration, which was simi-
lar in both groups of wines, while Zn concentra-
tion was significantly higher in red wines. In white 
wines originating from the continental region, sig-
nificantly higher concentrations of As, Cd, Cu, Fe, 
Ni, Zn, Ca and Mg were recorded, while in white 
wines from the coastal region, higher concentra-
tions of Co and Na were recorded. In red wines 
from the continental region, there was a signifi-
cantly higher concentration of Co and K, while in 
red wines from the coastal region, significantly 
higher concentrations of Al, Cd, Cr, Cu, Zn, Mg 
and Na were found. The significantly higher con-
centration of Na occurred in white and red wines 
from coastal region, which was expected and could 
be explained by proximity of sea. Pb concentra-
tions were in all investigated wines lower than 
those allowed by the Interna tional Organization 
of Vine and Wine. Pb concentration for all white 

Tab. 2. Concentration of elements in white and red wines from continental and coastal regions of Croatia.

Element
White wine Red wine

A B C D E F

Al 0.96 ± 0.39 a 0.99 ± 0.39 c 0.94 ± 0.38 c 0.77 ± 0.49 b 0.36 ± 0.16 e 1.04 ± 0.45 f

As 0.004 ± 0.007 a 0.005 ± 0.007 c 0.001 ± 0.002d 0.002 ± 0.004 a 0.001 ± 0.003 e 0.003 ± 0.005 e

Cd 0.0003 ± 0.0007 a 0.0004 ± 0.0009 c 0.0002 ± 0.0004 d 0.0006 ± 0.0011 a 0.0004 ± 0.0005 e 0.0008 ± 0.0013 f

Co 0.004 ± 0.002 a 0.003 ± 0.002 c 0.004 ± 0.002 d 0.002 ± 0.002 b 0.003 ± 0.002 e 0.002 ± 0.002 f

Cr 0.015 ± 0.006 a 0.015 ± 0.005 c 0.015 ± 0.006 c 0.016 ± 0.007 a 0.012 ±0.006 e 0.018 ± 0.006 f

Cu 0.14 ± 0.15 a 0.18 ± 0.12 c 0.09 ± 0.18 d 0.24 ± 0.27 b 0.14 ± 0.18 e 0.31 ± 0.30 f

Fe 2.31 ± 1.75 a 2.68 ± 1.95 c 1.76 ± 1.23 d 3.76 ± 2.33 b 3.24 ± 2.47 e 4.09 ± 2.20 e 

Mn 1.1  ± 0.56 a 1.25 ± 0.65 c 1.08 ± 0.37 c 1.03 ± 0.61 a 1.15 ± 0.91 e 0.94 ± 0.27 e

Ni 0.04 ± 0.029 a 0.05 ± 0.031 c 0.03 ± 0.022 d 0.02 ± 0.026 b 0.02 ± 0.025 e 0.02 ± 0.026 e

Pb 0.049 ± 0.03 a 0.046 ± 0.03 c 0.054 ± 0.02 c 0.078 ± 0.07 b 0.079 ± 0.11 e 0.080 ± 0.03 e

Sn 0.08 ± 0.07 a 0.07 ± 0.09 c 0.09 ± 0.04 c 0.17 ± 0.19 b 0.21 ± 0.17 e 0.14 ± 0.19 e

Zn 0.67 ± 0.55 a 0.77 ± 0.65 c 0.51 ± 0.26 d 0.37 ± 0.26 b 0.26 ± 0.28 e 0.44 ± 0.22 f

K 683 ± 224 a 656 ± 242 c 716 ± 197 c 1160 ± 296 b 1284 ± 313 e 1062 ± 243 f

Ca 83.9 ± 18.7 a 88.8 ± 16.2 c 77.9 ± 19.9 d 80.8 ± 13.5 a 80.8 ± 12.3 e 80.8 ± 14.7 e

Mg 83.9 ± 14.0 a 91.8 ± 10.7 c 74.3 ± 11.3 d 93.5 ± 18.2 b 83.1 ± 17.0 e 101.7 ± 14.6 f

Na 17.4 ± 10.1 a 14.9 ± 8.9 c 20.5 ± 10.9 d 12.3 ± 6.3 b 10.1 ± 7.0 e 14.1 ± 5.2 f

A, D – both regions; B, E – continental Croatia; C, F – coastal Croatia.
Concentration is given in milligrams per litre. All values are average ± standard deviation. Different small letters in a row indicate 
significant differences (p < 0.05); a, b – all wines of both regions; c, d – white wines from continental and coastal regions; e, f – 
red wines from continental and coastal regions.
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wines was 0.049 mg·l-1 ± 0.03 mg·l-1 and for all red 
wines was 0.078 mg·l-1 ± 0.07 mg·l-1, which was be-
low the upper limit value given by the Internation-
al Organization of Vine and Wine of 0.15 mg·l-1 
[37]. ALKIS et al. found that the values of element 
concentrations may be found in a wide variety of 
ranges for different wines even if they were pro-
duced from the same type of grapes because there 
are many variables in wine production, such as re-
gion, vineyard, soil and climate [38]. Results of this 

study on various wines with regard to above men-
tioned influence factors also show differences in 
the element concentration profile.

A study of the data structure by virtue of clus-
ter analysis and principal component analysis was 
carried out to establish whether white and red 
wines, white wines from different wine producing 
regions and red wines from different wine pro-
ducing regions constitute distinctive, well-defined 
groups. Cluster analysis is frequently used as 
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Fig. 1. Dendrogram of cluster analysis of all wines.

Fig. 2. Dendrogram of cluster analysis of white wines.
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an unsupervised classification procedure, which 
involves measurement of either the distance or 
the similarity between objects in a cluster. Cluster 
analysis that includes all of the investigated ele-
ments (16 variables) in form of columns, describes 
the overall nearness of the wines (140, 71 and 69, 
respectively) in the form of rows. 

Euclidean distance was used as the similarity 
measure. The results obtained are shown in Fig. 1, 
Fig. 2 and Fig. 3 in the form of dendrograms. 

The dendrogram (Fig. 1) sets out the results 
obtained for all wines. Six main clusters can be 
recognized (from left to right): red wines are ag-
gregated in one cluster (on the left), at a linkage 
distance of around 340 a cluster of white wines 
is positioned, at a linkage distance of approx. 
180–240 are two clusters of red wines, two small 
clusters at approx. 150 combine at 250 linkage dis-
tance giving one cluster of white wine and, finally, 
at approx. 250 (on the right) a cluster of red wines 
can be observed. The cluster composition indicates 
that pertinent data of wine elements can confer 
the information that might aid to distinguish the 
white and red wines. 

In Fig. 2, results obtained for white wines ac-
cording to wine producing regions are presented. 
Several small clusters were observed and two were 
especially noticeable on the left side: one for white 
wines from continental Croatia and the second for 
white wines from the coastal region. Sub-clusters 
that follow are constituted of wines from both re-
gions. 

The results obtained for red wines according 
to wine producing regions are presented in Fig. 3. 
On the left side of the dendrogram at a linkage 
distance of approx. 470, there is the first cluster of 
red wines from coastal Croatia. On the right side 
of the dendrogram at a linkage distance of approx. 
500, there is a cluster of red wines from continen-
tal Croatia. Between them, at a linkage distance of 
approx. 600, there is a cluster made of wines from 
both regions, for which interpretation was not pos-
sible. However, the results of the cluster analy-
sis revealed that wine elements concentrations 
(variables) had sufficient explanatory power to dis-
tinguish white from red wines, and wine producing 
regions for both white and red wines. 

Cluster analysis of wines element composition 
was employed in several studies to achieve classi-
fication of wines from different regions. SEN and 
TOKATLI [38] found that hierarchical cluster analy-
sis was successful in showing differences between 
some Turkish red and white wines. GONZÁLVEZ 
et al. [15] found cluster analysis as a good tool 
for discrimination between Spanish wines from 
Utiel-Requena, and Jumilla (PDO, protected de-
signation of origin), while wines from Valencia and 
Yecla (PDO) were not differentiated, which was 
explained by heterogenity of Valencia PDO.

Principal component analysis (PCA) is com-
monly used to aid interpretation of the experimen-
tal data and modelling of relationships established 
between the data sets. PCA was performed for 
all wines and variables (elements) to determine 
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whether different wines (white and red) and dif-
ferent regions of origin (continental and coastal) 
influenced the elements profile. In this context, 
16 elements posed as the investigated variables, 
while wines posed as the cases under investiga-
tion. The results of PCA came out in the form of 
6 graphs (projections of variables, loading plots 
and cases, score plots), but the interpretation com-
prised also the eigenvalues of the correlation ma-
trix, factor-variable correlations (factor loadings) 
and case contributions, which are only briefly dis-
cussed herein. 

The first two factors (PC1 and PC2) repre-
sented 41.5% of the initial data variability (Fig. 4). 
This was a satisfactory result, even though some 
information might be hidden behind the next four 
factors (the third factor, PC3, 11.6%; the fourth 
factor, PC4, 9.8%; the fifth factor 8.0% and the 
sixth factor 7.0%), despite of the fact that the 
eigen values of the first six factors were greater 
than 1. 

In Fig. 5 the difference between white and 
red wines can be seen. Most of wines were posi-
tioned on the positive side of PC1. Difference was 
obtained on PC3 vs PC4, where white wines still 
remained on the negative side of PC3, while red 
wines were positioned on the positive side of PC3. 

Element Cd strongly positively correlated with 
PC1, but it could characterize both white and red 
wines. Elements such as Mg, Ca, K, Co and Na 
showed a strong negative correlation with PC1. 
Elements K and Sn positively correlated with PC2, 
while all others were in a negative correlation in 

particular with Zn, Ni, As, Mn and Al. The other 
factors were not shown in the figures, although 
they accounted cumulatively for 75.8% of the 
initial data variability. Elements Fe, Cr, Sn, Cu, 
Al and Pb revealed a strong positive correlation 
with PC3, and could be linked to red wines. Ele-
ments Ni, Co, Zn and Na had negative correlation 
with PC3 and, together with Mg and Ca, could be 
linked to white wines.

In order to determine which elements showed 
the best characterization of white wines with 
regard to producing regions (continental and 
coastal), another PCA was done. The first two 
factors, PC1 and PC2 (Fig. 6 and Fig. 7), repre-
sented 47.4% of the initial data variability. Most 
of elements had strong negative correlation with 
PC1, while only Cd had strong positive correla-
tion. Elements Na, Co and Sn revealed a posi-
tive correlation with PC2, while elements Ni, Cu, 
Zn, Cr, As and Fe had strong negative correla-
tion (Fig. 6). Other factors (the third factor, PC3, 
10.7%; the fourth factor, PC4, 7.9% and the fifth 
factor, 6.8%) are not shown in the figures, but 
were responsible cumulatively for 72.8% of the 
initial data variability. Elements Al, Fe, Cr, Cd and 
Sn negatively correlated with PC3, while Cu and 
Ni had a weak positive correlation. Thus, elements 
such as Cd, Fe, Cr, K, Mg, Ca, Pb and Co could be 
clearly linked to white wines originating from con-
tinental Croatia (Fig. 7). Likewise, elements Na, 
Sn, Ni, Al, Cu and Zn could be attributed to white 
wines originating from coastal Croatia. 

In order to determine which elements showed 
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the best characterization of red wines with regard 
to viticulture regions, a separate PCA was done 
as well. On Fig. 8 and Fig. 9, the first two factors 
(PC1 and PC2) accounted for as much as 46.7% 
of the initial data variability. Elements K, Ca, Mg, 
Na, Co and Sn revealed a strong negative correla-
tion with PC1, while elements Cd, Ni, Cr, Zn and 
Al revealed a strong positive correlation with PC1. 
The elements Cr, As, Zn, Cu, Al and Mg strongly 
negatively correlated with PC2 (Fig. 8). Elements 
K, Ca, Mg, Na and Co turned out to be charac-
teristic for red wines originating from the conti-
nental region of Croatia, while Cd, Ni, Cr, Zn, 
Al and As turned out to be representative of the 
red wines originating from the coastal region of 
Croatia (Fig. 9). The eigenvalues attributable to 
the first five factors should also be deemed impor-
tant for further discussion, although not shown in 
the figures, as they were cumulatively responsible 
for 75.2% of the initial data variability. The high 
negative correlation with PC3 had Fe, Sn and Al, 
while Mn and Ni positively correlated with PC3. 
They could be linked to red wines from the coastal 
region except for Fe and Mn, which could be re-
lated to red wines from continental Croatia. The 
results of other studies showed that the first three 
principal components explained around 40% and 
first six PC values explained around 80% of the 
total variability, which was similar to results ob-
tained by this research [31, 39]. 

The other studies also indicated that elements 
in wine are suitable parameters for wine differenti-
ation and classification according to the geograph-

ical origin. PANEQUE et al. [40] using PCA (the 
first two principal components, that accounted 
for 74.8% of the total variance) and CA method-
ology showed that wine samples originating from 
Andalusian province of Córdoba (southern Spain) 
could be roughly grouped in accordance with their 
geographical origin. The recently used fingerprint-
ing methodology based on multi-element data and 
multivariate statistical analysis provided promising 
modus operandi for classification of South Afri-
can wines at estate level in a single wine district in 
South Africa [4].

It should be emphasized that the studied wines 
were produced under different conditions. The 
expected variability of macro- and micro-element 
composition was due to the different vineyards, 
harvest year, or grape varieties, and might also be 
affected by the different production practices. De-
spite these various sources of variations, wines of 
different geographical origins could be separated.

CONCLUSIONS

Chemometric analysis of data on elemen-
tal composition was undertaken with the aims of 
classification and discrimination between red and 
white wines from two wine-producing regions in 
Croatia. The results of the cluster analysis and 
principal component analysis revealed that con-
centrations of elements in wines were sufficient 
to facilitate discrimination of white wines from 
red wines, and white and red wines from two 
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wine-producing regions. The best characteriza-
tion of wine-producing regions of white wines was 
achieved by elements Cd, Fe, Cr, K, Mg, Ca, Pb 
and Co, and it could be clearly linked to white 
wines originating from continental Croatia. Like-
wise, elements Na, Sn, Ni, Al, Cu and Zn could 
be linked to white wines originating from coastal 
Croatia. On the other side, elements such as K, 
Ca, Mg, Na and Co turned out to be characteris-
tic for red wines originating from the continental 
region of Croatia, while Cd, Ni, Cr, Zn, Al and 
As turned out to be representative of red wines 
originating from the coastal region of Croatia. The 
relationship between concentrations of different 
elements could be also a good tool to differenti-
ate these wines from those produced in different 
geographical areas, and in establishing criteria of 
genuineness to assure the origin of the wines pro-
duced in Croatian regions.

Acknowledgements
The authors would like to thank to the wine produc-

ers for the support of this study.

REFERENCES

 1. Fabani, M. P. – Toro, M. E. – Vázquez, F. – Díaz, M. P. – 
Wunderlin, D. A.: Differential absorption of metals 
from soil to diverse vine varieties from the valley 
of Tulum (Argentina): Consequences to evaluate 
wine provenance. Journal of Agricultural and Food 
Chemistry, 57, 2009, pp. 7409–7416. DOI: 10.1021/
jf901572k.

 2. Iglesias, M. – Besalum E. – Antico, E.: Internal 
standardization atomic spectrometry and geographi-
cal pattern recognition techniques for the multiele-
ment analysis and classification of Catalonian red 
wines. Journal of Agricultural and Food Chemistry, 
55, 2007, pp. 219–225. DOI: 10.1021/jf0629585.

 3. Moreno, I. M. – Gonzalez-Weller, D. – Gutierrez, V. – 
Marino, M. – Camean, A. M. – Gonzalez, A. G. – 
Hardisson, A.: Differentiation of two Canary DO 
red wines according to their metal content from 
inductively coupled plasma optical emission spec-
troscopy and graphite furnace atomic absorption 
spectrometry by using probabilistic neural network. 
Talanta, 72, 2007, pp. 263–268. DOI: 10.1016/j.
talanta.2006.10.029.

 4. van der Linde, G. – Fischer, J. L. – Coetzee, P. P.: 
Multi-element analysis of South African wines and 
their provenance soils by ICP-MS and their clas-
sification according to geographical origin using 
multivariate statistics. South African Journal of 
Enology and Viticulture, 31, 2010, pp. 143–153. 
<http://journals.sun.ac.za/index.php/sajev/article/
download/129/127>

 5. Coetzee, P. P. – van Jaarsveld, F. P. – Vanhaecke, F.: 

Intraregional classification of wine via ICP-MS ele-
mental fingerprinting. Food Chemistry, 164, 2014, 
pp. 485–492. DOI: 10.1016/j.foodchem.2014.05.027.

 6. Almeida, M. C. – Vasconcelos, S. D.: Multielement 
composition of wines and their precursors including 
provenance soil and their potentialities as fingerprint 
of wine origin. Journal of Agricultural and Food 
Chemistry, 51, 2003, pp. 4788–4798. DOI: 10.1021/
jf034145b.

 7. di Martino, M. – Domenico, C. – di Giacomo, F. – 
Civitarese, C. – Cichelli, A.: ICP-MS analysis for the 
characterization of the origins of wines. Agro Food 
Industry Hi TeCH, 24, 2013, pp. 30–34. <http://
www.teknoscienze.com/articles/agro-food-industry-
hi-tech-icp-ms-analysis-for-the-characterization-of-
the-origins-of-wines.aspx#.VUFsvdLtlBc>

 8. Galgano, F. – Favatia, F. – Carusoa, M. – Scarpaa, T. – 
Palmab, A.: Analysis of trace elements in southern 
Italian wines and their classification according to 
provenance. LWT – Food Science and Technology, 41, 
2008, pp. 1808–1815. DOI: 10.1016/j.lwt.2008.01.015.

 9. Kruzlicova, D. – Fiket, Ž. – Kniewald, G.: 
Classification of Croatian wine varieties using mul-
tivariate analysis of data obtained by high resolu-
tion ICP-MS analysis. International Food Research 
Journal, 54, 2013, pp. 621–626. DOI: 10.1016/j.
foodres.2013.07.053.

 10. Vinković Vrček I. – Bojić, M. – Žuntar, I. – 
Mendaš, G. – Medić-Šarić, M.: Phenol content, anti-
oxidant activity and metal composition of Croatian 
wines deriving from organically and convention-
ally grown grapes. Food Chemistry, 124, 2011, 
pp. 354–361. DOI: 10.1016/j.foodchem.2010.05.118.

 11. Fiket, Z. – Mikac, N. – Kniewald, G.: Arsenic 
and other trace elements in wines of eastern 
Croatia. Food Chemistry, 126, 2011, pp. 941–947. 
DOI: 10.1016/j.foodchem.2010.11.091.

 12. Šperková, J. – Suchánek, M.: Multivariate classifi-
cation of wines from different Bohemian regions 
(Czech Republic). Food Chemistry, 93, 2005, 
pp. 659–663. DOI: 10.1016/j.foodchem.2004.10.044.

 13. Kment, P. – Mihaljevič, M. – Ettler, V. – Šebek, O. – 
Strnad, L. – Rohlová, L.: Differentiation of Czech 
wines using multielement composition – A com-
parison with vineyard soil. Food Chemistry, 91, 2005, 
pp. 157–165. DOI: 10.1016/j.foodchem.2004.06.010.

 14. García-Rodríguez, G. – Hernández-Moreno, D. – 
Soler, F. – Pérez-López, M.: Characterization of 
“Ribera del Guadiana” and “Mentrida” Spanish red 
wines by chemometric techniques based on their 
mineral contents. Journal of Food and Nutrition 
Research, 50, 2011, pp. 41–49. <http://www.vup.sk/
download.php?bulID=388>

 15. Gonzálvez, A. – Lorens, A. – Cervera, M. L. – 
Armenta, S. – de la Guardia, M.: Elemental finger-
print of wines from the protected designation of ori-
gin Valencia. Food Chemistry, 112, 2009, pp. 26–34. 
DOI: 10.1016/j.foodchem.2008.05.043.

 16. Koreňovská, M. – Suhaj, M.: Identification of some 
Slovakian and European wines origin by the use of 
factor analysis of elemental data. European Food 
Research and Technology, 221, 2005, pp. 550–558. 



 Geographical origin of Croatian wines

 237

DOI: 10.1007/s00217-005-1193-5.
 17. Suhaj, M. – Koreňovská, M.: Distribution of selected 

elements as wine origin markers in the wine-making 
products. Czech Journal of Food Sciences, 24, 2006, 
pp. 232–240. <http://www.agriculturejournals.cz/
publicFiles/50297.pdf>

 18. Oroian, M.: Romanian white wine authentication 
based on mineral content. Journal of Agroalimentary 
Processes and Technologies, 21, 2015, pp. 9–13. 
<http://www.journal-of-agroalimentary.ro/admin/
articole/1096L3_Vol_21%281%29_2015_9_13.pdf>

 19. Geana, E. I. – Iordache, A. – Ionete, R. E. – Marinescu, 
A. – Ranca, A. – Cule, M.: Geographical origin iden-
tification of Romanian wines by ICP-MS elemental 
analysis. Food Chemistry, 138, 2013, pp. 1125–1134. 
DOI: 10.1016/j.foodchem.2012.11.104.

 20. Geana, E. I. – Marinescu, A. – Iordache, A. M. – 
Sandru, C. – Ionete, R. E. – Bala, C.:  Differentiation 
of Romanian wines on geographical origin and 
wine variety by elemental composition and phenolic 
components. Food Analytical Methods, 7, 2014, 
pp. 2064–2074. DOI: 10.1007/s12161-014-9846-2.

 21. Ivanova-Petropulos, V. – Wiltsche, H. – Stafi lov, T. – 
Stefova, M. – Motter, H. –  Lankmayr, E.: Multielement 
analysis of Macedonian wines by inductively coupled 
plasma–mass spectrometry (ICP-MS) and induc-
tively coupled plasma–optical emission spectrom-
etry (ICP-OES) for their classification. Macedonian 
Journal of Chemistry and Chemical Engineering, 32, 
2013, pp. 265–281. <http://www.mjcce.org.mk/index.
php/MJCCE/article/view/447/222>

 22. Kokkinofta, R. – Economidou, N. – Tzio-
ni, E. – Damianou, K. – Poulli, K. – Savvi-
dou, C. – Lou ka, C. – Kanari, P.: Studies on the 
authenticity of local wines by spectroscopic and 
chemometric analysis. Journal of Chemistry and 
Chemical Engineering, 8, 2014, pp. 101–107. <http://
www.davidpublishing.com/davidpublishing/Upfi
le/2/10/2014/2014021006858198.pdf>

 23. Šelih, V. S. – Šala, M. – Drgan, V.: Multi-element 
analysis of wines by ICP-MS and ICP-OES and their 
classification according to geographical origin in 
Slovenia. Food Chemistry, 153, 2014, pp. 414–423. 
DOI: 10.1016/j.foodchem.2013.12.081.

 24. Bednárová, A. – Kranvogl, R. – Brodnjak Von-
čina, D. – Jug, T. – Beinrohr, E.: Characterisation of 
Slovenian wines using multidimensional data analy-
sis from simple enological descriptors. Acta Chimica 
Slovenica, 60, 2013, pp. 274–286. <http://acta-arhiv.
chem-soc.si/60/60-2-274.pdf>

 25. Vystavna, Y. – Rushenko, L. – Diadin, D. – 
Klymenko, O. – Klymenko, M.: Trace metals in wine 
and vineyard environment in southern Ukraine. 
Food Chemistry, 146, 2014, pp. 339–344. DOI: 
10.1016/j.foodchem.2013.09.091.

 26. Mert Alkıs, I. – Öz, S. – Atakol, A. – Yılmaz, N. – 
Ertan Anlı, R. – Atako, O.: Investigation of heavy 
metal concentrations in some Turkish wines. Journal 
of Food Composition and Analysis, 33, 2014, 
pp. 105–110. DOI: 10.1016/j.jfca.2013.11.006.

 27. Di Paola-Naranjo, R. D. – Baro ni, M. V. – 
Podio, N. S. – Rubinstein, H. R. – Faba ni, M. P. – 

Badini, R. G. – Inga, M. – Ostera, H. A. – Cagno-
ni, M. – Galle gos, E. – Gautier, E. – Peral–Gar cía, P. – 
Hoogewer, J. – Wunderlin, D. A.: Fingerprints for 
main varieties of Argentinean wines: Terroir dif-
ferentiation by inorganic, organic, and stable iso-
topic analyses coupled to chemometrics. Journal 
of Agricultural and Food Chemistry, 59, 2011, 
pp. 7854–7865. DOI: 10.1021/jf2007419.

 28. Fabani, M. P. – Arrúa, R. C. – Vázquez, .F – 
Diaz, M. P. – Baroni, M. V. – Wunderlin, D. A.: 
Evaluation of elemental profile coupled to che-
mometrics to assess the geographical origin of 
Argentinean wines. Food Chemistry, 119, 2010, 
pp. 372–379. DOI: 10.1016/j.foodchem.2009.05.085.

 29. Laurie, V. F. – Villagra, E. – Tapia, J. – Sarkis, J. E. S. – 
Hortellani, M. A.: Analysis of major metallic elements 
in Chilean wines by atomic absorption spectroscopy. 
Ciencia e Investigacion Agraria, 37, 2010, pp. 77–85. 
DOI: 10.4067/S0718-16202010000200008.

 30. Dutra, S. V. – Adami, L. – Marcon, A. R. – 
Carnieli, G. J. – Roani, C. A. – Spinelli, F. R. – 
Leonardelli, S. – Vanderlinde, R.: Characterization 
of wines according the geographical origin by analy-
sis of isotopes and minerals and the influence of 
harvest on the isotope values. Food Chemistry, 
141, 2013, pp. 2148–2153. DOI: 10.1016/j.food-
chem.2013.04.106.

 31. Bentlin, F. R. S. – Pulgati, F. H. – Dressler, V. L. – 
Pozebon D.: Elemental analysis of wine from South 
America and their classification according to coun-
try. Journal of the Brazilian Chemical Society, 
22, 2011, pp. 327–336. DOI: 10.1590/S0103-
50532011000200019.

 32. Ražić, S. – Onjia, A.: Trace elements analysis and pat-
tern recognition techniques in classification of wine 
from central Balkan countries. American Journal of 
Enology and Viticulture, 61, 2010, pp. 506–511. DOI: 
10.5344/ajev.2010.10002.

 33. Gonzalvez, A. – Armenta, S. – de la Guardi, A. M.: 
Trace-element composition and stable-isotope ratio 
for discrimination of foods with protected designation 
of origin. Trends in Analytical Chemistry, 28, 2009, 
pp. 1295–1311. DOI: 10.1016/j.trac.2009.08.001.

 34. Robinson, L. A. – Adams, D. O. – Boss, P. K. – 
Heymann, H. – Solomon, P. S. – Trengove, R. D.: 
Influence of geographic origin on the sensory char-
acteristics and wine composition of Vitis vinifera cv 
Cabernet Sauvignon wines from Australia. American 
Journal of Enology and Viticulture, 63, 2012, 
pp. 467–476. DOI: 10.5344/ajev.2012.12023.

 35. Aydin, I. – Yuksel, U. – Guzel, R. – Ziyadano-
gullari, B. – Aydin, F.: Deter mination of trace ele-
ments in Turkish wines by ICP-OES and HG-ICP-
OES. Atomic Spectroscopy, 31, 2010, pp. 67–71.

 36. Voica, C. – Dehelean, A. – Pamula, A.: Method 
validation for determination of heavy metals in wine 
and slightly alcoholic beverages by ICP-MS. Journal 
of Physics Conference Series, 182, 2009, pp. 12–36. 
DOI: 10.1088/1742-6596/182/1/012036.

 37. OIV-MA-C1-01:R2011. Maximum acceptable 
limits of various substances contained in wine. In:  
Compendium of international methods of analysis. 



Leder, R. et al. J. Food Nutr. Res., 54, 2015, pp. 229–238

238

Paris : International Organization of Vine and Wine, 
2011. <http://www.oiv.int/oiv/files/OIV-MA-C1-01._
EN.pdf>

 38. Sen, I. – Tokatli, F.: Characterization and clas-
sification of Turkish wines based on elemental 
composition. American Journal of Enology and 
Viticulture, 65, 2014, pp. 134–142. DOI: 10.5344/
ajev.2013.13081.

 39. Cugnettoa, A. – Santagostini, L. – Rollea, L. – 
Guidoni, S. – Gerbi, V. – Novello, V.: Tracing 
the “terroirs” via the elemental composition of 

leaves, grapes and derived wines in cv Nebbiolo 
(Vitis vinifera L.). Scientia Horticulturae, 172, 2014, 
pp. 101–108. DOI: 10.1016/j.scienta.2014.03.055.

 40. Paneque, P. – Álvarez–Sotomayor, M. T. – 
Clavijo, A. – Gómez, I. A.: Metal content in southern 
Spain wines and their classification according to 
origin and ageing. Microchemical Journal, 94, 2010, 
pp. 175–179. DOI: 10.1016/j.microc.2009.10.017.

Received 4 December 2014; revised 11 March 2015; accept-
ed 16 March 2015; published online 4 May 2015.


