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Major, minor, and trace elements in wines from the Republic of Macedonia were determined in this
study. Both inductively coupled plasma—mass spectrometry (ICP-MS) and inductively coupled plasma—
optical emission spectrometry (ICP-OES) were used for accurate determination of the concentration of 42
elements (Ag, Al, Au, B, Ba, Be, Bi, Ca, Cd, Ce, Co, Cu, Dy, Er, Eu, Fe, Ga, Gd, Ge, Ho, La, Lu, Mg, Mn,
Mo, Na, Nd, Ni, P, Pb, Pr, S, Sm, Tb, Ti, Tl, Tm, U, V, Yb, Zn, Zr) in 25 Macedonian white, rose, and red
wines from different wine regions. By means of factor and cluster analyses, the wines were discriminated
according to wine type (white vs. red) and geographical origin. The main discriminant elements were B,
Ba, Ca, Fe, Mg, Mn, P, and S.
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MYJITHUEJEMEHTAPHA AHAJIM3A HA BUHA Ol MAKEJJOHHUJA CO ITIPUMEHA
HA NTHAYKTUBHO CITPETHATA ITJIABSMA-MACEHA CIIEKTPOMETPUJA (ICP-MS) U
NHAYKTUBHO CIIPETHATA ITVIABMA-OIITUYKA EMACHUOHA CIIEKTPOMETPUJA

(ICP-OES) 3A HUBHA KJTIACUO®PUKALINJA

Bo oBa ucTpaxyBame € U3BPIICHO ONPEAEITyBakbEe HA EJIEMEHTUTE BO TPAru MPUCYTHHA BO BHHA OF
PenyGrmika Maxkenonuja. 3a Taa men Oea IpUMEHETH JBE TEXHUKHU, MHIYKTHBHO CIIPErHaTa Iia3Ma-MaceHa
cnekrpomMetpuja (ICP-MS) 1 MHIYKTHBHO CIIperHaTa Ia3Ma-oNnTHYKa eMucHoHa criekrpomerpuja (ICP-
OES). OmnpenenyBana ¢ koHIeHTpanujara Ha 42 enementu (Ag, Al, Au, B, Ba, Be, Bi, Ca, Cd, Ce, Co,
Cu, Dy, Er, Eu, Fe, Ga, Gd, Ge, Ho, La, Lu, Mg, Mn, Mo, Na, Nd, Ni, P, Pb, Pr, S, Sm, Tb, Ti, Tl, Tm, U,
V, Yb, Zn, Zr) Bo 25 makenoHCKH Oesy, po3e ¥ LPBEHH BUHA OJ] Pa3InYHU BUHCKH pernoHu. Co mpumeHa
Ha (aKTOpHA U KJacTep-aHaJM3a € M3BPIICHO Pa3jIMKyBame Ha BHHATa criopel BUAOT (Oesin HaclpoTH
LPBEHH) U CHIOpe/ reorpa)CKoTo MOTEKII0. [1aBHUTE eleMEeHU CIIope]l KOU € U3BPIICHO pa3lInKyBambe Ha
BuHata ce B, Ba, Ca, Fe, Mg, Mn, Pu S.

KityuHu 300poBu: eleMeHTapeH COCTaB; IPBEeHH 1 Oell BUHA; My/ITHBapueTHa ananmm3a; ICP-MS; ICP-OES
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1. INTRODUCTION

Wine is a very complex matrix, consist-
ing mainly of water (80 %), ethanol (12 %), and
other compounds (8 %). The following com-
pounds are present in small quantities and are
considered important for wine quality: poly-
phenols (anthocyanins, flavan-3-ols, flavonols,
phenolic acids, stilbenes), carbohydrates, pro-
teins, organic acids, amino acids, vitamins, as
well as minerals (sodium, calcium, iron, mag-
nesium, phosphorous, potassium, zinc, copper,
manganese, selenium, etc). The knowledge of
the mineral composition and content in wine is
an important factor influencing its quality and
nutritional value. In fact, the determination of
the elemental composition of wines is very im-
portant not only from the toxicological point of
view — since it could contain harmful elements,
such as Pb, As, and Cd - but also from the nu-
tritional point of view, since wine contains es-
sential elements for the human organism, such
as Ca, Cr, Co, K, Se, and Zn [1].

The presence of metals (e.g. Al, Zn, Cu,
Fe, Pb) in wine is important for efficient alco-
holic fermentation and for its sensorial charac-
teristics (flavor, aroma, freshness), and there-
fore, their concentrations in wine must be moni-
tored. The element composition of wines may
be influenced by many factors — such as elemen-
tal levels in the soil, fertilization practices, as
well as processing conditions. The multielement
composition of the soil is influenced, not only by
the solubility of inorganic compounds present in
the soil [2], but also by other factors, such as
environmental contamination of the vineyards,
agricultural practices, climate changes, vine va-
riety, etc. Pesticides are commonly used in viti-
culture for vine plant protection from diseases,
and its application to the vines could influence
the level of some elements in wines, such as Cd,
Cu, Pb, and Zn [3]. During vinification, element
content changes as a result of wine making pro-
cesses and conditions, including the addition of
yeasts, maceration, content of proteins, using
fining agents (i.e., bentonite). The concentration
of some elements — such as Al, Cd, Co, Cr, Cu,

Fe, Mn, Pb, V, and Zn — decreases during the
fermentation, stabilization, and fining of wines
[4] as a result of precipitation or coprecipitation
with organic complexing agents, such as poly-
phenols and tannins [5], while the content of
rare earth elements could increase from young
to finished wines due to the use of bentonite [6].
Atomic absorption spectroscopy (AAS) is
atechnique of choice for food authentication, and
for wine analysis too, suitable for direct deter-
mination of trace elements in wine [7]. AAS in-
struments can analyze only one or few elements
simultaneously. Although the electrothermal
atomic absorption spectroscopy (ETAAS) tech-
nique is not suitable for multielement analysis,
this technique offers high sensitivity and selec-
tivity for determination of low levels of metals.
The most versatile techniques for wine multiele-
ment analysis are inductively coupled plasma—
optical emission spectrometry (ICP-OES) and
inductively coupled plasma—mass spectrometry
(ICP-MS), providing high detection power, high
selectivity, and high sensitivity. Due to the high
temperature of the plasma, less matrix interfer-
ences are observed [8]. However, wine is a com-
plex matrix, containing high ethanol content and
other organic compounds. Therefore, sample
pretreatments, such as dilution [9, 10, 11], ex-
traction, including conventional microextraction
techniques with solvents for extraction [12], sin-
gle-drop microextraction (SDME) [13], and dis-
persive liquid-liquid microextraction (DLLME)
[14] have been used, in order to extract the metal
ions bound in stable complexes [7]. Heating the
samples with HNO,, HCIO,, and H,SO, or mix-
tures of these acids are commonly used diges-
tion methods [9, 11, 15]. A newer technique uses
microwave heating for sample digestion in high-
pressure digestion vessels using the following
reagents: HNO,, HCI, H,SO,, and H,0O, [16].
Recently, the interest in certification of
the geographic origin of wines significantly
increased. Analytical support of the certifica-
tion system could assist to prove and prevent
the deliberate adulteration of wine. Therefore,
characterization and classification of wines us-
ing trace element data can be practical and suit-
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able, and wine can be classified by means of
multivariate data analysis. Controlled Denomi-
nation of Origin (DOC) has been established in
some European countries (France, Italy, Spain)
[17] as well as in some Balkan countries (Croa-
tia) [18]. Classification of wines as table, re-
gional, controlled denomination of origin, and
controlled and guaranteed denomination of ori-
gin has also been established in the Republic
of Macedonia in order to guarantee the wine
quality and prevent frauds [19]. But informa-
tion on the trace elements profile of Macedo-
nian wines is rather scarce.

Macedonian wines produced with differ-
ent vinification procedures have been studied
mainly for their phenolic and aromatic content,
applying spectrophotometry, HPLC, MALDI,
and GC techniques [20-26], and only a few re-
search papers are dealing with individual met-
als in wines (cadmium, thallium, lead, mercury,
arsenic, iron), applying atomic absorption spec-
trometry [27-37]. Only one publication is deal-
ing with the application of the neutron activation
analysis of about 30 elements for several wines
from Macedonia [38]. To the best of our knowl-
edge, there is no systematic study performed
and published on the elemental composition of
Macedonian wines and its applicability in distin-
guishing white and red and the determination of
their geographical origin. Therefore, the aim of
this work was to analyze the elemental composi-
tion of different wines (red, rose, and white from
different regions) and to study the relationship
between elemental concentrations and two vari-
ables: wine type (white vs. red) and geographical
indication, applying two techniques, ICP-OES
and ICP-MS, for analyses.

2. EXPERIMENTAL
2.1. Reagents and materials
Purified water (18 MQ cm™!, Barnstead

Nanopure, Thermo Fisher Scientific, USA) and
high purity acid (HNO,, Suprapur, Merck, Ger-
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many) were used throughout. Standards were
prepared from 1 000 mg/l single-element solu-
tions (Alfa Aesar, Germany) in 1 % HNO, (v/v).
For ICP-OES analysis, a multielement stock so-
lution (28 elements Roti Star, 100 mg/l, Roth,
Germany) was used.

2.2. Wine samples

A total of 25 wine samples (10 white
wines, 14 red wines, and 1 rose wine) were
analyzed in this work. All wines used in this
study were from the 2011 vintage and were
collected directly from the wineries in the Re-
public of Macedonia in 500 mL glass bottles.
Wineries were located in three different areas:
Skopje, Negotino, and Demir Kapija. The wine
varieties under this study and the production
areas are presented in Table 1. Samples were
kept in a cooling room at 4 °C before analysis.

2.3. Instrumentation

For analyte quantification, a simultane-
ous, axially viewed ICP-OES (CIROS VISION
EOP, SPECTRO, Germany) and an ICP-MS
(Elan DRC II, PerkinElmer, USA) were used.
All relevant instrumental conditions are given
in Table 2. The following emission lines were
used in ICP-OES: Al 394.401 nm, B 249.773
nm, Ca 396.847 nm, Fe 238.204 nm, Mg
285.213 nm, Mn 257.611 nm, Na 589.592 nm,
Ni 231.604 nm, P 177.495 nm, S 180.731 nm,
Ti 336.121 nm, Zn 213.856 nm. For the ICP-
MS analysis, the following mass-to-charge ra-
tios (m/z) were recorded: 107 Ag, 197 Au, 137
Ba, 9 Be, 209 Bi, 111 Cd, 140 Ce, 59 Co, 65
Cu, 163 Dy, 166 Er, 151 Eu, 69 Ga, 157 Gd, 74
Ge, 165 Ho, 139 La, 175 Lu, 98 Mo, 146 Nd,
208 Pb, 141 Pr, 147 Sm, 159 Tb, 205 TI, 169
Tm, 238 U, 51 V, 174 Yb, 90 Zr. Instrument
drifts were corrected by using internal stand-
ards (ICP-OES: 1 mg 1"'Sc; ICP-MS: 1 ug 1''In
and Re).
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Table 1 Table 2
Wine varieties and production area ICP-OES and ICP-MS operating conditions
Areaof ‘bbreviation Parameter ICP-OES  ICP-MS
No  Type Variety . of wines with
production . RF Power 1350 W 1350 W
wine arca
Demir Cooling gas flow 12.5 I min' 14 [ min’!
I White  Temjanika o b WIDK Auxiliary gas flow 0.6 1 min" 1.3 I min’
2 White Filavka Derrll.ir W2DK Nebulizer gas flow  0.83 I min! 0.91 | min’!
Kapija Nebulizer Cross flow  Meinhard Type A
3 White Riesling I?:n?; W3-DK Spray chamber Scott type  Cyclonic
. P J. Integration time 24's 1000 ms for each
4 White SauV1gn0n D en?}r W4-DK m/z, 50 ms dwell
Blanc Kapija time, peak hopping
5  White Smederevka Den.l.lr W5-DK Replicates S 4
Kapija
6  Rose StanuSina Derr}}r Rose-DK
Rose Kapija .
. _ 2.4. Sample preparation
7 Red StanuSina Den}}r R1-DK
Red Kapija .
Demi For the sample preparation procedure, 5
8  Red Vranec KZE; R2-DK ml wine and 2 ml nitric acid were digested at
o Whit Temianik Negot WEN 240 °C in a commercial microwave-assisted
? ¢ %@am : °80 ?no ) sample digestion system (Multiwave 3000, An-
10 White Zilavka  Negotino W7-N ton Paar, Austria). The microwave power was
11~ White  Riesling  Negotino W8-N ramped to 1400 W within 17 min and main-
12 White Sagllignon Negotino WON tainqd for an a(.ldi'tional 15 min, limited by a
anc maximum permissible pressure of 40 bar. After
13 White ~ Chardonnay ~ Negotino ~ WI0-N cooling to room temperature, the samples were
14  Red Vranec Negotino R3-N reduced to a final volume of 50 ml.
15 Red Merlot Negotino R4-N
2.5. Validation
16  Red Cab(.arnet Negotino R5-N
Sauvignon
17 Red Syrah Negotino R6-N One wine sample was spiked with a 10
18 Red Tempranillo Negotino R7-N ng/l multielement solution consisting of Ag,
19 Red Pinot Noir ~ Negotino R8-N Au, Be, Bi, Cd, Ce, Co, Cu, Dy, Er, Eu, Ga,
20 Red  Petit Verdot Negotino R9-N Gd, Ge, Ho, La, Lu, Mo, Nd, Pb, Pr, Sm, Tb’
51 Red  Sanei Neot RION Tl, Tm, U, V, Yb, Zr for the ICP-MS analysis.
© anglovese  Rego l.no ) Spike recoveries between 93 and 109 % were
20 Red Vranec Skopje RII-S considered adequate for the purpose of this
21 Red Merlot Skopje R12-S study. Spike recoveries for the ICP-OES analy-
22 Red SCab?met Skopje RI13-S sis were'determined form a 1 mg/l spike in the
auvignon same wine that was spiked for the ICP-MS
23 Red Syrah Skopje R14-S analysis. For Al, B, Ca, Fe, Mg, Mn, Na, Ni, P,

W — white; R — red; DK — Demir Kapija,
N — Negotino, S — Skopje

S, Ti, and Zn, spike recoveries between 91 and
102 % were obtained by ICP-OES.
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Due to the lack of sufficient certified ref-
erence material on wines, the accuracy of the
procedure was evaluated by analyzing a CRM
(trace elements in water, NIST SRM 1643¢)
as the digested wine samples were considered
comparable. With exception of Mo (8 % devia-
tion), no difference was found between the cer-
tified and the determined values on the 95 %
confidence level.

2.6. Statistical analysis

Statistical treatments — including descrip-
tive analysis, factor analysis, and cluster analy-
sis — were performed using the XLSTAT soft-
ware, version 2012.6.09, Copyright Addinsoft
1995-2012, applied to the data set in order to
extract important information and to represent
the pattern of similarities or differences between
the studied wines in order to make a conclusion
about the possible classification.

3. RESULTS AND DISCUSSION

Direct injection of the wine samples into
the plasma could cause side effects, such as car-
bon deposition on the sample introduction sys-
tem, and alter considerably the plasma stabil-
ity and troublesome spectral interferences due
to the high ethanol content in wines. Therefore
sample pretreatment is necessary to eliminate
these effects. In the present work, microwave
digestion was used for the preparation of the
wine samples, using concentrated nitric acid for
the dilution of the wines.

The limit of quantification for each ele-
ment was calculated using the equation LOQ =
(x,+ 10 SD )*f, (x,the mean of the blank; SD,,
standard deviation of the blank; f, dilution
factor of the sample due to the digestion pro-
cedure). The values for LOQ are presented in
Table 3, together with the analytical technique
used for the analysis of each meal as well as
its concentration.
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Table3

LOQ of the elements and the analytical
technique used

Analytical

Element Unit technique LOQ
Ag pg/l ICP-MS 0.2
Al mg/l ICP-OES 0.7
Au pg/l ICP-MS 0.4

B mg/l ICP-OES 0.5
Ba pg/l ICP-MS 0.5
Be pg/l ICP-MS 0.5
Bi pg/l ICP-MS 0.2
Ca mg/l ICP-OES 0.3
Cd pg/l ICP-MS 0.2
Ce pg/l ICP-MS 0.5
Co pg/l ICP-MS 0.2
Cu pg/l ICP-MS 0.5
Dy pg/l ICP-MS 0.4
Er pg/l ICP-MS 0.4
Eu pg/l ICP-MS 0.4
Fe mg/l ICP-OES 0.3
Ga pg/l ICP-MS 0.5
Gd pg/l ICP-MS 0.2
Ge ng/l ICP-MS 0.6
Ho pg/l ICP-MS 0.2
La ng/l ICP-MS 0.2
Lu ng/l ICP-MS 0.2
Mg mg/l ICP-OES 0.2
Mn mg/l ICP-OES 0.4
Mo ng/l ICP-MS 0.7
Na mg/l ICP-OES 0.2
Nd pe/l ICP-MS 0.4
Ni mg/l ICP-OES 0.2

P mg/l ICP-OES 2
Pb ng/l ICP-MS 0.2
Pr ng/l ICP-MS 0.3

S mg/l ICP-OES 2
Sm ng/l ICP-MS 0.4
Tb ng/l ICP-MS 0.2
Ti mg/l ICP-OES 0.3
Tl ng/l ICP-MS 0.2
Tm ng/l ICP-MS 0.2
U ng/l ICP-MS 0.09

\Y% ng/l ICP-MS 2
Yb ng/l ICP-MS 0.3
Zn mg/l ICP-OES 0.2
Zr ug/l ICP-MS 2.3
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In general, the elements in wine are present
due to their extraction during the maceration pe-
riod from the grapes. These elements are present
in grapes as a result of their accumulation in the
vine plant through the root from the soil, or they
could originate from the agents used in spraying
and for protecting the vines from diseases. During
the maceration, extracted elements are absorbed
at the cell membrane of the yeast, and afterward,
their content declines as a result of precipitation
together with the yeast cell or participation in
complexation reactions. The contact of wine with
the equipment, the addition of fining agents, or
the changing of filters during postfermentation
processes could increase the content of elements.

The results related to the determination of
the 42 elements (Ag, Al, Au, B, Ba, Be, Bi, Ca,
Cd, Ce, Co, Cu, Dy, Er, Eu, Fe, Ga, Gd, Ge, Ho,
La, Lu, Mg, Mn, Mo, Na, Nd, Ni, P, Pb, Pr, S, Sm,
Tb, Ti, TI, Tm, U, V, Yb, Zn, Zr) in Macedonian
white, red, and rose wines from different geo-
graphic areas are summarized as mean values and
standard deviations in Tables 4, 5, and 6. All are
the average of duplicate measurements. Elemen-
tal analysis showed that B, Ba, Ca, Fe, Mg, Mn,
P, and S were the most abundant elements in the
studied wines, followed by Cu, V, Pb, and Na. Al
was detected only in four white wines from the
Demir Kapija wine region: Temjanika, Zilavka,
Smederevka, and Sauvignon Blanc. The elements
Ag, Au, Bi, Dy, Er, Eu, Ge, Ho, Lu, Ni, Pr, Sm,
Tb, Ti, Tm, and Yb were detected to have concen-
trations lower than the LOQ, and therefore they
were not included in the statistical treatment of the
data and were also not presented in the tables.

The descriptive statistics of the 26 deter-
mined elements in the wine samples are presented
in Table 7. The five elements that have the high-
est medians in the wines are P, S, Ba, Mg, and
Ca, followed by Cu, Na, and Pb. Factor analysis
(FA) was performed on the basis of the matrix of
correlation coefficients (Table 8), which describes
the linear dependence between two random vari-
ables or sets of random variables [39] to identify
and characterize the element associations offer-
ing reliable classification of the metals. When the
correlation coefficient is >1 between variables,
it reveals that there exists a strong correlation. A

correlation coefficient > 0.7 is interpreted as the
existence of a strong relationship between two
parameters, whereas values between 0.5 and 0.7
represent a moderate relationship. Thus, the con-
centration of every detected element was corre-
lated to the concentration of the other elements
separately, and the values of the correlation coef-
ficients are presented in the matrix. The matrix of
dominant rotated factor loadings is shown in Ta-
ble 9. Six factors were identified. The biggest as-
sociation was composed of Al-B-Be-Ce-Gd-La-
Mg-Mn-Mo-Nd-P-U-V-Zr, interpreted as Factor
1. The other five associations were interpreted as
Factor 2 (Al-Ba-Be-Ga-Pb-TI-Zn), Factor 3 (Ca-
Gd-Nd), Factor 4 (Ba-Cd-Ga-Na), Factor 5 (Al-
Be-S), and Factor 6 (Co-P). The associations of
elements were determined assuming that the ab-
solute value of the linear correlation coefficients
over 0.5 represents a good association between
the elements. With respect to the factor analysis,
two components were obtained that explained
46.36 % of the total variability of the original
data: 30.02 % was assigned to the first factor and
16.34 % to the second factor. Figure 1 shows the
dispersion between factors 1 and 2 and the load-
ing for each variable (chemical element).

Dispersion of the scores of the factor anal-
ysis associated with each wine and grouping of
the wines are presented in Figure 2. Projection of
the wines on the first two factors showed a clear
separation of the samples according to wine type
(white vs. red). White wines were located in the
positive part of F1, and red wines were in the
negative part of F2. As presented in Fig 1, rare
earth elements (REEs) Ce and La prevail in the
first factor together with Mo, Zr, and V, as well
as Be, Al, and Pb. B, P, Mg, and Mn were shown
as dominant elements in the second factor and
were characteristic for the red wines located in
the positive part of F2, richer in these elements.
The discriminant elements allowing separation
of the wines according to wine type were Ba,
Ca, Cu, P, Na, and S, the wines grouped accord-
ing to the region. Thus, a clear separation of the
red and white wines produced in the Negotino
region was observed, as well as a separation of
the red and white wines from the Demir Kapija
region.
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Table 9
Matrix of dominant rotated factor loadings
Element F1 F2 F3 F4 F5 F6

Al 0.563 0.552 —0.028 -0.078 0.588 0.002
B —-0.650 0.096 0.042 0.079 0.130 0.222
Ba -0.019 0.711 -0.179 -0.570 -0.250 0.143
Be 0.591 0.563 -0.064 0.040 0.547 0.060
Ca 0.422 0.007 —-0.553 -0.303 0.070 0.119
Cd -0.104 0.486 0.274 0.516 -0.340 -0.145
Ce 0.828 -0.300 0413 -0.144 -0.102 0.102
Co 0.302 0.239 -0.176 0.280 —0.458 0.721
Cu 0.142 0.461 0.059 -0.224 0.000 -0.234
Fe 0.198 -0.182 —0.454 0.398 -0.299 -0.077
Ga 0.130 0.742 -0.251 -0.505 -0.210 0.086
Gd 0.623 —-0.148 0.603 -0.294 -0.236 0.050
La 0.822 -0.267 0.441 —-0.140 —0.047 0.116
Mg -0.815 0.058 0.310 —-0.146 0.417 —-0.022
Mn -0.725 0.119 0.396 -0.021 —0.098 0.166
Mo 0.704 0.104 —0.463 0.407 -0.120 -0.013
Na 0.187 0.112 0.484 0.578 0.137 0.012
Nd 0.745 -0.231 0.535 -0.269 —-0.091 0.081
P —0.546 0.300 0.041 0.075 0.111 0.714
Pb 0.208 0.836 0.083 0.292 0.021 -0.296
S —0.158 —-0.035 0.055 0.062 0.594 0.234
Tl —0.138 0.705 0.204 -0.107 -0.282 —0.191
U 0.866 0.195 0.174 0.063 0.130 0.244
v 0.754 0.001 -0.149 0.436 0.181 0.075
Zn -0.161 0.642 0.475 0.280 -0.113 —0.032
Zr 0.779 0.090 —0.148 -0.124 0.121 —0.141

F1, F2, F3, F4, F5, and F6 — factor loadings

Figures in bold are factor loading values with the largest squared cosine

The result of the cluster analysis is de-
picted in Figure 3, which highlights the simi-
larity of the wine groupings according to wine
type and observing two main clusters in the
dendrogram, confirming the clear separation
between red and white wines. This observa-
tion was in agreement with the results from the
factor analysis. The cluster analysis was per-
formed taking the Euclidean distance as the
metric and Ward’s method as the amalgama-
tion rule.

The content of rare earth elements (REE)
is presented for the first time in Macedonian
wines (Figure 4). In fact, the concentration of

rare earth elements (REE) was very low for
most of these elements in the wines, observing
that total content ranged from 2.5 to 11.6 pg/l.
In comparison to results reported by other
authors [40, 41], the concentrations of REEs
in our studied wines were lower. In fact, the
presence of REEs is brought mainly by the ap-
plication of bentonites for wine stabilization
[40]. Results from this study were in agree-
ment with this statement since it was observed
that the white wines contained higher amounts
of REEs than in the red ones, probably as a re-
sult of the higher amounts of agents added for
stabilization and finalization in white wines.

Maced. J. Chem. Chem. Eng. 32 (2), 265-281 (2013)
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Fig. 1. Factor loadings with F1 and F2 of the variables based on element concentrations in wines

Observations (axes F1 and F2: 46.36 %)

4
OWIDK e

3 .

2 .
=
=4
é 1
o 1
= JW2.DK

0 ,

i "':'3;,:
R11-8 * o WEN sw3 DK
RN * /%
SWION |
A | *Rose-DK* WIN  wypK
\RION* | pene W5.DK
-N - / .
' R13.S e .
2 - i
-4 3 2 = 0 1 2 3 4
F1(30.02 %)

Fig. 2. Observations with F1 and F2 of the variables based on element concentrations in wines
and grouping of the wines according to wine type
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Dendrogram
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Fig. 3. Dendrogram obtained after the agglomerative cluster analysis performed on all elements
quantified in the wine samples (codes as in Table 1)

Ba and P were the dominant elements in
both red and white wines. Ba is naturally pre-
sent in the soil as a macroelement, mainly as a
result of natural phenomena, and its presence is
strongly correlated to the nature of vineyards,
rock weathering, or chemical processes in soil
[39]. Also, P is a naturally present element, also
considered as a macroelement, and is essential
for life. From the results, it was observed that
the wines contained high levels of P, ranging
from 63 to 288 mg/l, confirming the nutritional
value of Macedonian wines. S was detected in
the wines (91 to 206 mg/I for the white wines
and 93 to 163 mg/l for the red wines, except

for wine R9-N, which contained 391 mg/l)
since SO, is usually used in winemaking as
an antioxidant and a protective agent from the
enzymatic and nonenzymatic oxidation of phe-
nolics, sugars, and amino acids, which could
cause browning of the wine (especially evident
for white wines).

The presence of Pb in wine could indicate
anthropogenic influence on the area where the
vines are grown (especially if the vineyard is lo-
cated near roads), or this element could appear
as a contaminant during the winemaking pro-
cess, originating from the materials used in the
production of wine equipment because of large

Maced. J. Chem. Chem. Eng. 32 (2), 265-281 (2013)
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Fig. 4. Content of total rare earth elements in wines (ug/l)
Abbreviations of the wine samples are presented in Table 1.
Error bars represent standard deviations.

Bars with the same superscripts have values that
are not significantly different (p > 0.05).

tactile surfaces and long contact time. The pres-
ence of Cu was confirmed in the wines, ranging
from 21 to 1027 pg/l. The Cu in wines could
have originated from a few sources, such as
agents used for vine protection (i.e. fungicides
that contain Cu or CuSO,) or wine equipment
produced from bronze and brass. Heavy met-
als are toxic for biological systems because of
their capacity to deactivate enzymes. Therefore
their maximum allowed content in food must be
controlled. Thus, the maximum allowed con-
centrations of Cu and Pb according to the Inter-
national Organization of Vine and Wine (OIV)
are 1 mg/l and 0.3 mg/l, respectively. According
to the obtained results, the Cu and Pb content
in the Macedonian wines was lower than the
maximum allowed concentrations. Bi and Cd,
both heavy and harmful elements, were not de-
tected in the studied wines. As a conclusion, the
studied Macedonian wines did not contain haz-
ardous heavy metals. Instead their nutritional
value was confirmed, showing high levels of
macroelements such as P, Na, and Ba.

Maced. J. Chem. Chem. Eng. 32 (2), 265-281 (2013)

4. CONCLUSION

In this study, 25 Macedonian white, red,
and rose wines from three different wine re-
gions — Demir Kapija, Negotino, and Skopje,
were discriminated mainly according to wine
type (white vs. red) and geographical origin,
applying factor and cluster analyses to the el-
ement concentrations. Element analysis was
performed by inductively coupled plasma-—
mass spectrometry (ICP-MS), a methodology
that allowed the determination of the concen-
tration of 42 elements (Ag, Al, Au, B, Ba, Be,
Bi, Ca, Cd, Ce, Co, Cu, Dy, Er, Eu, Fe, Ga, Gd,
Ge, Ho, La, Lu, Mg, Mn, Mo, Na, Nd, Ni, P,
Pb, Pr, S, Sm, Tb, Ti, T, Tm, U, V, Yb, Zn,
Zr) in the wines. The main discriminant ele-
ments allowing separation of the wines were B,
Ba, Ca, Fe, Mg, Mn, Na, P, and S. For the first
time, the concentrations of rare earth elements
were determined in wines from the Republic of
Macedonia, which were observed to be lower
compared to those of other wines from other
parts of the world.
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