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Chemometric study of the contents of minerals and risk elements
in some European hard cheeses

MARIA KORENOVSKA — MILAN SUHAJ

Summary

Emmental and Edam cheeses originating from ten European countries were analysed regarding the contents of some
minerals (Ca, Cu, K, Mg, Na) and risk elements (Cr, Hg, Mn, Mo, Ni, V) by atomic absorption spectrometry during
two years of the production. The highest contents from the minerals were found for Ca (10 750 mg.kg1) and for Cu
(8.96 mg.kg!) in Italian hard cheese samples, for K in Austrian hard cheese samples (2 588 mg.kg-1), for Mg in German
hard cheese samples (715 mg.kg!) and for Na in Czech hard cheese samples (10 225 mg.kg!). The highest contents of
inorganic trace elements Ba, Cr and Mn were observed in Slovakian hard cheeses, Hg in German hard cheeses, Mo in
Austrian hard cheeses, Ni in Dutch hard cheeses and V in French hard cheeses. The highest correlations were found
between the following elements: Ca — Mg (r = 0.822), Cu — Ni (r = 0.787) and K — Mo (r = 0.753). Similarities in the
mineral composition of cheeses produced in European countries were visualised by principal component analysis. The
Ca contents in the examined cheeses that were lower than some archived data confirmed the trend of the depletion of
some minerals observed recently in some food commodities.
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Inorganic or aggregated forms of chemical sub-
stances in food represent a severe risk for their
long-term toxicological effects. Appreciation of
qualified national products, together with a guar-
anteed reference for consumers, has become
necessary in the field of dairy products such as
cheeses. Cheeses are a good source of several min-
erals, although the amounts of specific minerals in
different cheese types vary according to manufac-
turing procedures, environmental conditions, and
the possible contamination during several steps of
their production. Generally, cheeses that are high
in Ca contain other minerals, such as Mg, in ap-
preciable amounts.

Trace elements in cheese have been deter-
mined mainly for descriptive purposes [1-3].
Minerals Na, K, Mg, Ca and trace elements Co,
Cr, Fe, Rb, Se, Zn were determined in some dairy
products in order to evaluate the contribution of
this food group to the quality of the Italian diet.
The results obtained confirmed the importance
of cheese in the Italian diet to satisfy the recom-
mended daily intake of Ca, while suggesting that
special attention should be exerted in the choice of

cheeses with low contents of Na in order to mini-
mize the possible negative effects on blood pres-
sure [2].

Samples of milk, curd, whey, cheese after
moulding, cheese after salting, commercial cheese
(Pecorino), ricotta, scotta and brine were analysed
for contents of Al, Ba, Cd, Co, Cr, Cu, Fe, Mg,
Mn, Ni, Pb, Pt, Sr and Zn for seven complete cy-
cles of cheese production. Samples of curd, whey,
brine and waste product (i.e. scotta) were collected
and analysed in addition to the cheese and milk to
assess the distribution of each element in the main
product, by-products and waste products during
cheesemaking. The results indicated no toxicologi-
cal risk and showed that, on the contrary, Pecorino
may be a good source of several essential elements
[4].

Pb, Cd, Fe, Cu and Zn contents of Kasar cheese
sold in the markets of Ankara, Turkey, were de-
termined over 12 months. A total of 240 samples
comprising 10 different brands were analysed. The
mean (range) of Pb, Cd, Fe, Cu and Zn contents
were 86 (10-421) wgkgl, 1.8 (0.3-8.3) ugkgl,
4.2 (1.0-14.1) mg.kgl, 0.7 (0.3-1.6) mg.kg! and
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37.7 (26.5-63.0) mg.kg'l, respectively. It was con-
cluded that Kasar cheese is not a significant con-
tributor to the intake of investigated heavy metals
[5].

The results obtained from the assessment of
the contents of selected trace elements such as
Al, Ba, Cd, Co, Cr, Cu, Fe, Mg, Mn, Ni, Pb, Pt,
Sr and Zn in raw cow’s milk and cheese showed
considerable differences among the levels of trace
elements in raw milk samples collected during dif-
ferent periods of the same year. Furthermore, dif-
ferences occurred also among the trace element
contents of raw milk and related products. All this
provided evidence that animal feeding, year period
of sample collection, environmental conditions
and manufacturing process all played a role in the
distribution of trace elements [6, 7].

The results for Pb, Cd and Cr in Danish milk
and milk products were in the parts per billion or
parts per trillion range and compared well with
literature data. The intake of Pb, Cd and Cr from
milk and milk products was less than 4% of the
total Danish dietary intake of these elements. It
was concluded that the contribution from milk and
milk products to the total intake of Pb and Cd was
toxicologically insignificant and that milk and milk
products were only a minor source of the essential
element Cr [8].

Concentrations of Fe, Mn, Zn, Cu, Pb, Cr, Ni,
Na, K, Ca and Mg in cheese samples were analysed
using flame and graphite furnace atomic absorp-
tion spectrometry after microwave digestion [9].
The order of levels of the elements in the samples
was determined to be Na > Ca > K > Mg > Zn
> Fe > Pb > Mn > Cr > Ni. The concentration
ranges in the samples were found to be 4.1-12.5,
0.28-1.1, 8.8-13.2, 0.10-0.27, 0.14-1.2, 0.02-0.62,
0.18-0.34, 3957-6558, 305-362, 3473-4556 and
28.9-127 mg.kg1 Fe, Mn, Zn, Cu, Pb, Cr, Ni, Na,
K, Ca and Mg, respectively [9].

Some analytical aspects of sample preparation
and mineralization were investigated to deter-
mine the concentration of Ca, Cr, Cu, Fe, K, Mg,
Mn, Na, P and Zn in dairy products by inductively
coupled plasma optical emission spectrometry
(ICP OES) technique. A comparison of the re-
sults obtained from this methodology was carried
out with the other results from dry ashing diges-
tion and instrumental neutron activation analysis
(INAA) technique that do not require pre-treat-
ment procedure [10].

Almost no information is available about the
contents of minerals and risk elements in Europe-
an Emmental or Edam hard cheeses. Twenty Em-
mental cheeses from six European regions (Allgau,
Bretagne, Finland, Savoie, Switzerland and Vorarl-

berg) were analysed for stable isotope ratios, as well
as for contents of major elements (Ca, Mg, Na, K)
and trace elements (Cu, Mn, Mo, I) [11].

Commission Regulation (EC) No 1881/2006 of
19 december 2006 did not yet establish the specific
maximum levels for above mentioned elements
in cheeses [12]. The older FAO/WHO Codex Ali-
mentarius standards recommended the authorized
addition of CaCl; to milk for Emmental and Edam
cheese production at alevel of 200 mg.kg1 [13,
14]. Ca minimal level according to Codex Standard
for Emmental cheese should be 8 000 mg.kg'! and
addition of CuSO4 at a level resulting in maximally
15 mg of Cu per kg of cheese [13]. New maximum
and guideline levels for contaminants in foods
should be developed after the finalization of the
FAO/WHO Codex Alimentarius food category
system.

The present work reports the data on the con-
tents of some minerals (Ca, Cu, K, Mg, Na) and
risk elements (Ba, Cr, Hg, Mn, Mo, Ni and V) in
278 Emmental and Edam hard cheeses originating
from 10 European countries, produced in 2006 and
2007. The data obtained were compared to those
available in the literature and to the archive data
with the aim to confirm the hypothetical trends of
the decrease of some minerals and their depletion
in some food commodities [15, 16]. Results were
obtained in frames of the study on geographical
authentication of European hard cheeses based
upon elemental markers.

MATERIAL AND METHODS

Samples

A number of 192 samples of European Emmen-
tal and Edam hard cheeses (Slovakia — 80, Ger-
many — 20, Italy — 6, Austria — 20, Hungary — 14,
Czech Republic — 8, Poland — 18, United King-
dom - 6, France — 8, and Netherlands — 12) was
obtained from the retail network and analysed in
2006. In 2007, similarly 86 samples (Slovakia — 14,
Germany - 10, Italy — 6, Austria — 10, Hungary — 8,
Czech Republic — 8, Poland — 10, United King-
dom - 6, France — 4, and Netherlands — 10) were
analysed. All samples were analysed for the con-
tents of minerals (Ca, Cu, K, Mg, Na) and risk ele-
ments (Ba, Cr, Hg, Mn, Mo, Ni, V).

Reagents

All chemicals were of analytical grade. Stock
solutions of each metal Ba, Ca, Cr, Cu, Hg, K,
Mg, Mn, Mo, Na, Ni, and V at a concentration of
1.00 g.dm3 were from Merck (Darmstadt, Ger-
many). Working standard solutions were prepared
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by suitable dilution of stock solutions. Nitric acid
of suprapure quality was purchased from Merck.
CsCl 99% as ionic suppressor was obtained from
Serva (Heidelberg, Germany) and LaClz 5% as
ionic suppressor was delivered from Slovak In-
stitute of Metrology (Bratislava, Slovakia). Ul-
tra pure water from Milli-Q system (Analyst HP,
Wolf, United Kingdom) with a conductivity of 18
MQ was used for the preparation of solutions.

Atomic absorption spectrometry

A Perkin Elmer 4100 atomic absorption spec-
trometer (Norwalk, Connecticut, USA) equipped
with adeuterium lamp background-correction

system and HGA 700 graphite tube atomizer with
pyrolytically coated graphite tubes and flame was
used for metal determination involving atomic
absorption spectrometry (AAS). Metals Ca, K,
Mg, Mn, Na were determined by AAS using an
air/acetylene flame. Metals Ba, Cr, Cu, Mo, Ni and
V were measured on graphite tube atomizer. All
results were expressed as the average of triplicate
measurements. The instrumental conditions for
the determination are shown in Tab. 1 and valida-
tion parameters for the determination of elements
in samples are shown in Tab. 2. The accuracy of
the results was verified by the standard addition
method, because certified reference materials for

Tab. 1. Instrumental conditions for determination of some elements by AAS.

Element Wa\Eﬁlrzr;gth Lamch:':]rrent Tebc;/hmge Gas Signal type SL:EOpdrﬁis:ror
Ba 553.6 25 GF Argon AA No
Ca 422.7 15 Flame CaH2 - air AA 0.1% LaCls
Cr 357.9 25 GF Argon AA-BG No
Cu 324.8 15 GF Argon AA.-BG No
K 769.9 15 Flame CaH2 - air AA 0.5% CsCl
Mn 2795 20 Flame CoH2 — air AA No
Mg 285.2 15 Flame CaH2 - air AA-BG 0.1% LaCls
Mo 313.3 20 GF Argon AA-BG No
Na 589.0 15 Flame CoH2 — air AA 0.5% CsCl
Ni 232.0 25 GF Argon AA-BG No
\ 318.4 25 GF Argon AA-BG No

GF - graphite furnace, AA - atomic absorption, BG - background correction.

Tab. 2. Validation parameters for the determination of some elements in cheese by GF-AAS and flame.

Element LOD [mg.kg'] | LOQ [mg.kg] R [%] Ua [%] Us [%] Uc [%]
Ba 0.002 0.005 103 8.5 10.2 13.3
Ca 0.030 0.100 99 3.3 6.0 6.8
Cr 0.002 0.005 102 3.2 4.5 55
Cu 0.004 0.010 109 0.8 6.9 6.9
Hg 0.0001 0.0002 100 1.4 12.6 12.7
K 0.020 0.060 101 0.5 10.3 10.3
Mn 0.020 0.080 101 4.3 5.1 6.6
Mo 0.002 0.004 96 4.5 8.4 9.5
Mg 0.005 0.020 85 1.2 3.3 3.5
Na 0.030 0.090 104 3.0 5.6 6.4
Ni 0.010 0.020 103 1.0 144 145
\" 0.004 0.007 102 1.2 6.2 6.3

LOD - limit of detection, LOQ - limit of quantification, Ua - uncertainty of A - type, Us - uncertainty of B -type, Uc - combined

uncertainty, R - recovery.
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Tab. 3. Contents of some mineral elements in European Emmental and Edam cheeses.

Country of origin
Element | Value sk | o | 1 | A | H [ cz | | w ][ F | N
Contents [mg.kg]
2006

Xmean | 124 | 0860 | 423 | 206 | 142 | 143 | 111 | 0717 | 0761 | 0.778
Sx 032 | 0180 | 307 | 044 | 08 | 032 | 053 | 0055 | 0087 | 0.113
cu Xmn | 0.689 | 0626 | 1.21 143 | 0858 | 116 | 0532 | 0677 | 0639 | 0637
Xma | 207 | 118 | 734 | 259 | 340 | 185 | 200 | 0780 | 0844 | 0.949

Xmean | 6877 | 9050 | 9299 | 8798 | 8604 | 8743 | 8325 | 7505 | 8378 | 7465

Sx 1478 | 392 | 1491 744 734 490 696 630 | 1656 | 1109

ca Xmn | 4540 | 8307 | 7771 | 7554 | 7754 | 8310 | 7439 | €827 | 6429 | 6181
Xmax | 9588 | 9634 | 10750 | 9909 | 9617 | 9302 | 9295 | 8073 | 10195 | 9093

Xmean | 1241 | 1091 | 1179 | 1261 | 1129 | 887 | 1082 | 1156 | 978 | 1028

Sx 374 306 306 210 193 107 109 106 83 137

K Xmin 809 827 | 1136 | 969 945 766 881 1038 | 868 828
Xmax | 2386 | 1824 | 1249 | 1597 | 1405 | 1022 | 1233 | 1244 | 1068 | 1193

Xmean | 376 432 507 459 485 375 382 406 427 449

Sx 61 69 11 54 29 29 55 21 30 38

Mg Xmin 238 373 497 395 448 349 327 389 402 415
Xmax 591 582 518 528 518 416 445 429 468 507

Xmean | 6075 | 6538 | 6181 | 2246 | 2844 | 8396 | 7052 | 7154 | 3458 | 5754

Sx 1226 | 1991 571 661 435 | 1372 | 1874 | 1863 | 1442 | 1653

Na Xmn | 4690 | 3883 | 5557 | 1619 | 2071 | 7118 | 5013 | 5002 | 2106 | 4184
Xmax | 10060 | 9291 | 6677 | 3448 | 3181 | 10225 | o745 | 8243 | 5183 | 7155

2007

Xmean | 1.08 | 114 | 766 | 258 | 1.16 | 0925 | 0829 | 0685 | 0.699 | 0.841
Sx 0216 | 0839 | 0926 | 149 | 0180 | 0.131 | 0232 | 0123 | 0121 | 0273
cu Xmn | 0.815 | 0780 | 689 | 164 | 0933 | 0768 | 0.469 | 0549 | 0562 | 0570
X 157 | 268 | 896 | 564 | 154 | 115 | 112 | 0870 | 0846 | 1.38

Xmean | 7314 | 8111 | 8ees | 7824 | 7878 | 7512 | 7061 | 6216 | 7869 | 7046

Sx 504 741 661 649 367 351 546 394 421 484

ca Xmn | 6516 | 7132 | 8081 | 7087 | 7456 | €957 | €077 | 5896 | 7486 | 6454
Xmax | 7980 | 9158 | 9800 | 8852 | 8460 | 7991 | 8240 | 6894 | 8268 | 7700

Xmean | 1033 | 1126 | 1297 | 1551 999 | 1177 | 827 858 872 | 1061

Sx 386 271 270 702 159 262 270 151 156 259

K Xmin 669 793 | 1110 | 828 678 961 581 719 734 810
Xmax | 1950 | 1629 | 1797 | 2588 | 1130 | 1615 | 1258 | 1000 | 1082 | 1542

Xmean | 459 576 491 414 487 450 387 297 392 354

Sx 58 101 120 110 73 36 53 119 112 78

Mg Xmin 386 426 369 303 367 417 320 176 297 230
Xmax 578 715 693 626 518 518 469 473 524 452

Xmean | 4968 | 4501 | 5188 | 3239 | 3076 | 4954 | 4502 | 4300 | 3526 | 4123

Sx 159 559 232 839 625 920 557 346 207 471

Na Xmn | 4679 | 3342 | 4864 | 2153 | 2330 | 3398 | 3517 | 3947 | 3350 | 3536
xmax | 5189 | 4988 | 5471 | 4989 | 4173 | 5565 | 5026 | 4757 | 3826 | 4779

SK - Slovakia, D — Germany, | — ltaly, A — Austria, H - Hungary, CZ — Czech Republic, PL — Poland, UK — United Kingdom,
F — France, NL — Netherlands. sx — standard deviation.
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Tab. 4. Contents of some risk elements in European Emmental and Edam cheeses.

Country of origin
Element | Value sk | o | 1 | A | H [ cz | | ]| F | N
Contents [mg.kg1]
2006

Xmean | 348 | 312 | 264 | 28 | 295 | 238 | 38 | 1.8 | 135 | 136

Sx 083 | 073 | 113 | 113 | 069 | 015 | 1.11 044 | 042 | 049

Ba Xrmin 2.41 259 | 1.81 156 | 1.88 | 223 | 249 | 151 1.00 | 1.00
Xmax | 6.01 443 | 393 | 521 390 | 259 | 581 237 | 194 | 234

Xmean | 0228 | 0292 | 0351 | 0348 | 0326 | 0353 | 0320 | 0357 | 0290 | 0.396

Sx 0.067 | 0.096 | 0.033 | 0061 | 0030 | 0013 | 0030 | 0065 | 0.054 | 0.049

cr Xmn | 0.143 | 0.165 | 0.323 | 0279 | 0.286 | 0.334 | 0283 | 0311 | 0257 | 0.341
Xmax | 0460 | 0381 | 0387 | 0487 | 0364 | 0364 | 0377 | 0432 | 0371 | 0.468

Xmean | 0003 | 0010 | 0012 | 0011 | 0013 | 0012 | 0009 | 0012 | 0.005 | 0.017

Sx 0.005 | 0.008 | 0.009 | 0.007 | 0.007 | 0.004 | 0.006 | 0.006 | 0.006 | 0.008

"o Xmn | 0001 | 0002 | 0002 | 0003 | 0001 | 0007 | 0.001 | 0005 | 0.001 | 0.001
Xmax | 0018 | 0026 | 0020 | 0019 | 0021 | 0015 | 0017 | 0016 | 0015 | 0.023

Xmean | 0071 | 0055 | 0099 | 0095 | 0093 | 0052 | 0.049 | 0.033 | 0.061 | 0.041

Sx 0097 | 0021 | 0014 | 0017 | 0016 | 0017 | 0018 | 0021 | 0051 | 0.029

Mo Xmn | 0.024 | 0.045 | 0.086 | 0.060 | 0.075 | 0.031 | 0026 | 0017 | 0013 | 0017
Xmax | 0127 | 0085 | 0114 | 0120 | 0119 | 0069 | 0.066 | 0057 | 0128 | 0.082

Xmean | 0769 | 0551 | 0676 | 0558 | 0525 | 0388 | 0.801 | 0735 | 0569 | 0.616

Sx 0327 | 0.152 | 0215 | 0.138 | 0.126 | 0203 | 0.177 | 0299 | 0.176 | 0.225

Mn Xmn | 0173 | 0.254 | 0438 | 0.387 | 0.330 | 0.187 | 0562 | 0483 | 0418 | 0.351
xma | 152 | 0781 | 0857 | 0825 | 0697 | 0597 | 147 | 107 | 0791 | 0847

Xmean | 0213 | 0316 | 0547 | 0289 | 0313 | 0309 | 0242 | 0290 | 0.181 | 0.387

_ Sx 0117 | 0.179 | 0258 | 0.098 | 0.098 | 0.165 | 0.049 | 0.118 | 0.051 | 0.238
NI Xmn | 0070 | 0.148 | 0307 | 0.194 | 0203 | 0216 | 0.181 | 0210 | 0.112 | 0.149
Xmax | 0552 | 0.609 | 0819 | 0457 | 0481 | 0556 | 0325 | 0426 | 0235 | 0.839

Xmean | 0124 | 0098 | 0130 | 0.140 | 0.176 | 0.180 | 0.134 | 0.255 | 0.257 | 0.131

Sx 0075 | 0032 | 0092 | 0061 | 0071 | 0049 | 0064 | 0.105 | 0.125 | 0.033

v Xmn | 0.023 | 0.059 | 0059 | 0051 | 0.117 | 0.143 | 0019 | 0137 | 0.134 | 0.093
Xma | 0273 | 0146 | 0234 | 0283 | 0317 | 0249 | 0224 | 0341 | 0379 | 0.185

2007

Xmean | 214 | 298 | 263 | 328 | 210 | 313 | 326 | 225 | 1.91 253

Sx 0211 | 0654 | 0266 | 0717 | 0413 | 0605 | 0566 | 0.464 | 0.106 | 0.396

Ba Xmin 189 | 222 | 231 218 | 157 | 233 | 246 | 181 1.76 | 2.00
Xmax | 246 | 413 | 3.01 452 | 270 | 425 | 424 | 306 | 201 3.12

Xmean | 0503 | 0315 | 0277 | 0392 | 0441 | 0178 | 0270 | 0353 | 0.245 | 0.287

Sx 0.044 | 0.178 | 0.064 | 0.097 | 0.089 | 0.104 | 0.049 | 0.093 | 0.044 | 0.030

o Xmn | 0.410 | 0.095 | 0.189 | 0274 | 0279 | 0.080 | 0.163 | 0.209 | 0.205 | 0.248
Xmax | 0578 | 0520 | 0356 | 0540 | 0536 | 0340 | 0317 | 0449 | 0286 | 0.345
Xmean | 0.0011 | 0.0047 | 0.0103 | 0.0098 | 0.0091 | 0.0036 | 0.0087 | 0.0066 | 0.0087 | 0.0099
Sx | 0.0009 | 0.0045 | 0.0069 | 0.0072 | 0.0074 | 0.0032 | 0.0076 | 0.0047 | 0.0072 | 0.0056
Hg Xmn | 0.0001 | 0.0014 | 0.0011 | 0.0008 | 0.0015 | 0.0004 | 0.0008 | 0.0030 | 0.0019 | 0.0013
Xmax | 0.0038 | 0.0132 | 0.0170 | 0.0180 | 0.0177 | 0.0103 | 0.0210 | 0.0115 | 0.0162 | 0.0183
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Tab. 4. continued

Country of origin
Element | Value sk | o | 1 | A H | cz | o | uk | F | N
Contents [mg.kg]
Xmean | 0.016 | 0.059 | 0.071 | 0.090 | 0076 | 0.034 | 0032 | 0.049 | 0.040 | 0.069
Sx 0009 | 0027 | 0030 | 0042 | 0040 | 0.026 | 0019 | 0.024 | 0019 | 0.030
Mo Xmn | 0.007 | 0026 | 0042 | 0030 | 0026 | 0010 | 0012 | 0014 | 0016 | 0.041
Xmax | 0.034 | 0098 | 0118 | 0.156 | 0.41 | 0079 | 0054 | 0.077 | 0060 | 0.114
Xmean | 0314 | 0305 | 0298 | 0.350 | 0394 | 0211 | 0462 | 0.347 | 0.186 | 0.189
Sx 0129 | 0070 | 0068 | 0.090 | 0140 | 0.053 | 0.82 | 0.152 | 0.046 | 0.083
Mn Xmn | 0.226 | 0.188 | 0204 | 0193 | 0274 | 0141 | 0299 | 0208 | 0.141 | o0.121
Xma | 0497 | 0429 | 0396 | 0482 | 0682 | 0305 | 0614 | 0577 | 0.248 | 0.339
Xmean | 0.309 | 0.231 | 0256 | 0291 | 0316 | 0231 | 0263 | 0.098 | 0.101 | 0.137
. Sx 0.081 | 0096 | 0091 | 0070 | 0059 | 0.085 | 0085 | 0044 | 0026 | 0.088
NI Xmn | 0.201 | 0118 | 0177 | 0139 | 0259 | 0123 | 0.174 | 0051 | 0070 | 0.048
Xma | 0444 | 0375 | 0422 | 0.383 | 0427 | 0345 | 0458 | 0.174 | 0.132 | 0.337
Xmean | 0.235 | 0.166 | 0.151 | 0.046 | 009 | 0.191 | 0421 | 0.039 | 0.065 | 0.087
Sx 0.066 | 0.063 | 0082 | 0027 | 0026 | 0.065 | 0087 | 0014 | 0017 | 0.056
v Xmn | 0169 | 0078 | 0073 | 0032 | 0060 | 0124 | 0039 | 0025 | 0053 | 0.038
Xma | 0314 | 0290 | 0286 | 0.101 | 0144 | 0275 | 0282 | 0.061 | 0.089 | 0.194

SK - Slovakia, D — Germany, | — ltaly, A — Austria, H - Hungary,

F — France, NL — Netherlands. sx — standard deviation.

the determination of elements in cheese were not
available. The recovery of the method was assessed
in the matrix by the analysis of fortified samples.
Fortification of samples was performed before
microwave digestion using solutions of selected
elements. Mean recoveries of the elements are
presented in Tab. 2. The accuracy of the method
was tested by the determination of Ba, Ca, Cr, Cu,
Hg, K, Mg, Mn, Mo, Na, Ni, and V concentration
in the reference material NCS ZC 73008 (rice)
with the recovery ranging from 96% to 107% and
in NCS ZC 73013 (spinach; both from National
Analysis Center for Iron and Steel, Beijeng, Chi-
na) with the recovery ranging from 98% to 114%.
For the determination of Hg in cheeses, atomic
absorption spectrometer AMA 254 (Altec, Prague,
Czech Republic) was used.

Digestion of cheese

Samples of Emmental and Edam cheeses
(0.5 g) were digested by the microwave digestion
system Milestone MLS 1200 MEGA (Sorisole,
Italy) with 4 ml of 65 % HNO3 and 0.5 ml H2O».
The microwave digestion programme was applied
as follows: 250 W (1 min), 0 W (1 min), 250 W
(5§ min), 400 W (5 min) and 650 W (5 min). The di-
gested samples were adjusted to volumes of 10 ml

CZ - Czech Republic, PL — Poland, UK — United Kingdom,

with ultra pure water and used for further analy-
ses. All samples were tested in triplicate.

Statistics

Principal component analysis (PCA) was car-
ried out using a statistical programme Unistat
(Unistat, London, United Kingdom) Basic de-
scriptive statistics was carried out by Office Excel
2003 (Microsoft, Redmond, Washington, USA).

RESULTS AND DISCUSSION

Minimal, maximal and mean concentrations
of some mineral elements (Ca, Cu K, Mg and
Na) determined in 192 cheese samples originat-
ing from 10 European countries in 2006 and 86
cheese samples in 2007 are shown in Tab. 3. Simi-
larly, results from the determination of some
trace anorganic elements (Ba, Cr, Hg, Mo, Mn,
Ni and V) from these two production periods
are listed in Tab. 4. The concentrations of the
minerals and trace elements in all cheeses ex-
amined in this work varied considerably among
the European countries and years of produc-
tion as can be seen from the following ranges in
mg.kgl: Cu (0.47-8.96), Ca (4540-10750), K
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(581-2 588), Mg (176-715), Na (1 619-10 225), Ba
(1-6.01), Cr (0.08-0.58), Hg (0.0001-0.026), Mo
(0.007-0.156), Mn (0.121-1.52), Ni (0.048-0.839)
and V (0.019-0.379).

All elements showed significant concentra-
tion differences according to the country of origin
of the cheese. The highest Ca contents of Em-
mental and Edam cheeses from the ten Europe-
an countries were found in Italian hard cheeses
(10 750 mg.kg1), and the lowest contents of this
essential element were determined in Slovakian
cheeses (4 540 mg.kg'!) in 2006 (Tab. 3). The high
contents of Ca related to the fact that no curd
washing could be applied in the cheese-making
technology [11]. In most cases, the cheese samples
did not meet the older recommendation of the
Codex standard on the minimal contents of Ca in
cheeses (8 000 mg.kg!) [13] with the only excep-
tion of German and Czech cheeses in 2006 and the
Italian ones in 2007.

Cheese products normally contain detectable
Cu levels, as a consequence of the contents of this
element in milk, which was in contact with metallic
materials. Some hard cheeses are manufactured in
stainless-steel vats instead of the traditional cop-
per vats encountered in most European regions
[11]. The highest Cu contents were found in Ital-
ian samples (8.96 mg.kg-1) in both years of cheese
production and the lowest contents in the Polish
cheeses (0.469 mg.kg1). All hard cheese samples
met the limitation of Codex Standard [13] on max-
imally 15 mg of Cu per kg of cheese.

In 2007, the highest contents of K were ob-
served in Austrian hard cheeses (2 588 mg.kg1), so
far the lowest contents were determined in Polish
cheeses (581 mg.kg'1). Mg contents were the high-
est in German hard cheeses (715 mg.kg1), and the
lowest concentrations were found in British sam-
ples (176 mg.kg1). Contents of Na, which origi-
nates mainly from the cheese salt bath, was found
the highest in a Czech sample (10 225 mg.kg!) and
the lowest value of 1619 mg.kg1 was determined
in an Austrian cheese of 2006.

The highest contents of inorganic trace ele-
ments Ba, Cr and Mn were observed in Slovakian
hard cheeses, Hg in German, Mo in Austrian, Ni in
Dutch and V in French hard cheeses. The ranges
of the elements in European Emmental and Edam
cheeses determined in this study appear to be sim-
ilar to the results quoted by the literature (Tab. 5).

A statistical analysis performed on all the aver-
age data showed the highest correlation between
the following elements: Ca — Mg (0.822), Cu — Ni
(0.787) and K — Mo (0.753). Direct correlation was
found between minerals Cu — Ca (0.625), Cu - K
(0.594) and Cu — Mg (0.542) as well as one inverse
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Tab. 5. References on the contents of minerals
and risk elements in some types of European hard
cheeses.

Element C(orglt’]egn;so [rn:r?eg?l; ! Reference
8 100-12 200 13*
1030
Ca 3 473-4 556
8 929-10 498
2153 14
4 540-10 750 **
0.1-0.27
> 1-13
Cu 0.31-1.23; 0.537
0.22 14
0.469-8.96 **
550
305-349
K 800-980
980 14
581-2 588 **
469-496 13*
300
Mg 28-120
340-390
74.5 14
176-715 *k
1800
3 957-6 558
Na 1316-2 561
283 14
1619-10 225 **
0.01-0.05; 0.028
0.01
Cr 0.04-0.62
0.07 14
0.08-0.578 **
Hg 0.001 4
0.0001-0.026 **
Mo 0.07-0.15 2
0.007-0.086 i
0.178-0.404; 0.26
0.21-0.4
Mn 0.28-1.1
0.35 14
0.121-1.52 **
0.18-0.34
Ni 0.028-0.131; 0.06
0.07-0.839 **

* — archived data from 1940s, ** — our results.
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correlation between Na and Mo (-0.649). Some
positive correlations were found also between the
minerals and trace elements: Cu — Mo (0.625),
Ca — Mo (0.646), Ca — Ni (0.559), K — Ni (0.620),
Mg - Mo (0.677), Mg — Ni (0,695), and Mo — Ni
(0.657). No significant correlations were observed
between the other elements.

PCA is a multivariate analytical statistical tech-
nique widely used to reduce dimensionality of
the data, which retains most of the original vari-
ability in the data set. The method utilizes linear
combinations of original dependent variables to
a smaller set of new uncorrelated variables called
principal components or, in the case of factor
analysis, to a new set of variables called factors,
based on patterns of correlation among the origi-
nal variables. Average values of all measured data
of mineral elements in European Emmental and
Edam cheeses are well visualized on the plot of
PCA (Fig. 1). This plot describes the relationship
among minerals in cheeses (plot A, Fig. 1), as well
as the similarities of some European countries
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Fig. 1. Principal component analysis of mineral ele-
ments in European Emmental and Edam cheeses.
Biplot of loadings (A) and scores (B). Country of ori-
gin: A — Austria, CZ - Czech Republic, F — France,
UK - United Kingdom, D — Germany, H — Hungary, | - Italy,
NL - Netherlands, PL - Poland, and SK - Slovakia.

in mineral composition of the examined cheeses
(plot B, Fig. 1). The first and the second principal
component describe 77% of the total variation in
the cheese mineral element composition. Ca and
Na had the highest impact on the cheese differen-
tiation (plot A, Fig. 1) according to country of ori-
gin (plot B, Fig. 1). PCA pointed out similarities
in mineral composition of Emmental and Edam
cheeses of these European countries: Italy and
Germany, namely in the contents of Ca, Hungary
and Austria in Na and, thanks to the contents of
other minerals, Dutch and French cheeses were
well differentiated from those originating in re-
maining countries.

Recently, information on the depletion and de-
crease of some essential minerals, such as Ca, Mg
and Fe in fruit, vegetable, meat and dairy products
appeared in the literature [15-18]. This was based
on the comparison the current and older data
from the half of the previous century. Published
data demonstrate that there has been a significant
loss of minerals and trace elements in some foods
over that period of time. For example, the loss of
Ca from cheeses averaged over 15%, in Parme-
san cheese the loss was as high as 70%, implying
a considerable dilution or some other significant
shift in the ingredients to account for this change.
Cu and Mg also showed losses in dairy foods [16].
From the comparison of our Ca and Mg data to
the range of the archive data [15] (Tab. 5), a sig-
nificant decrease of Ca contents in cheeses can be
seen. Some trends in the nutrient decline in some
food commodities were noticed in the U.S. De-
partment of Agriculture’s nutrient database [18].
Authors attributed the decline in the nutrient den-
sity to a genetics-driven “dilution effect”. Other
possible explanations include gradual depletion
of soil micronutrients and the organic matter,
changes in pest complexes and levels, and the im-
pact of farming systems. It was hypothesized that
the above mentioned depletion of Ca contents
in cheeses results from modification or changes
of the crude milk composition before the cheese
making process and/or from the cheese production
technology.

CONCLUSION

Obtained results from the determination of
some minerals and trace elements in Emmen-
tal and Edam type hard cheeses originating from
10 European countries showed a wide variability.
This dispersion of element concentrations could
be used for differentiation of cheeses and their
geographical authentication by multivariate proce-

75



Korehovska, M. — Suhaj, M.

J. Food Nutr. Res., 47, 2008, pp. 68-76

dures. The found lower range of Ca contents, in
comparison to some archived data, confirms the
trend of the depletion of some minerals in some
food commodities.

Acknowledgements

The authors would like to acknowledge the Ministry
of Agriculture of the Slovak Republic for its financial
support (Project No. 08W0301 “Development of pro-
gressive methods and practices for continuous qual-
ity improvement in the process of food production and
monitoring®).

REFERENCES

1. Favretto, L. G.: Investigation of trace element con-
tent of cheese. Food Additives and Contaminants, 7,
1990, pp. 425-432.

2. Gambelli, L. — Belloni, P.— Ingrao, G. - Pizzo-
ferrato, L.— Santaroni, G. P.: Minerals and trace ecle-
ments in some Italian dairy products. Journal of Food
Composition and Analysis, 12, 1999, pp. 27-35.

3. Karadjova, I. — Girousi, S. — Iliadou, E. — Stratis, I.:
Determination of Cd, Co, Cr, Cu, Fe, Ni and Pb in
milk, cheese and chocolate. Microchimica Acta, 134,
2000, pp. 185-191.

4. Coni, E. — Bocca, B. — Caroli, S.: Minor and trace
element content of two typical Italian sheep dairy
products. Journal of Dairy Research, 66, 1999,
pp. 589-598.

5. Yiizbasi, N. — Sezgin, E. - Yildirim, M. - Yildirim, Z.:
Survey of lead, cadmium, iron, copper and zinc in
Kasar cheese. Food Additives and Contaminants, 20,
2003 , pp. 464-469.

6. Coni, E. — Bocca, A. — Ianni, D. — Caroli, S.:
Preliminary evaluation of the factors influencing the
trace element content of milk and dairy products.
Food Chemistry, 52, 1995, pp. 123-130.

7. Coni, E. — Caroli, S. — Ianni, D. — Bocca, A.:
A methodological approach to the assessment of
trace elements in milk and dairy products. Food
Chemistry, 50, 1994, pp. 203-210.

8. Larsen, E. H. — Rasmussen, L.: Chromium, lead and
cadmium in Danish milk products and cheese deter-
mined by Zeeman graphite furnace atomic absorp-

76

tion spectrometry after direct injection or pressurized
ashing. Zeitschrift fiir Lebensmitteluntersuchung
und —Forschung, 792, 1991, pp. 136-141.

9. Mendil, D.: Mineral and trace metal levels in some
cheese collected from Turkey. Food Chemistry, 96,
2006, pp. 532-537.

10. Kira, C. S. — Maihara, V. A.: Determination of major
and minor elements in dairy products through induc-
tively coupled plasma optical emission spectrometry
after wet partial digestion and neutron activation
analysis. Food Chemistry, 100, 2007, pp. 390-395.

11. Pillonel, L. — Badertscher, R. — Froidevaux, P. -
Haberhauer, G. — Hoélzl, S. — Horn, P. — Jakob, A. —
Pfammatter, E. — Piantini, U. — Rossmann, A.-
Tabacchi,R.—Bosset,J. O.:Stableisotoperatios, major,
trace and radioactive elements in emmental cheeses
of different origins. Lebensmittel-Wissenschaft und
—Technologie, 36, 2003, pp. 615-623.

12. Commission Regulation (EC) No 1881/2006 of
19 December 2006 setting maximum levels for cer-
tain contaminats in foodstuffs. Official Journal of the
European Union, L364, 2006, pp. 5-24.

13. CODEX STAN 269-1967 (Rev. 1 — 2007). Codex
standard for Emmental. (Formerly Codex Stan
C-4-1966. Adopted in 1966. Revision 2007.) Rome :
FAO/WHO Codex Alimentarius Commission, 2007.
5 pp-

14. CODEX STAN 265-1966 (Rev. 1 — 2007). Codex
standard for Edam. (Formerly Codex Stan C-4-1966.
Adopted in 1966. Revision 2007.) Rome : FAO/WHO
Codex Alimentarius Commission, 2007. 5 pp.

15. McCance and Widdowson’s The composition of
foods. 6th Summary Edition. London, Cambridge :
Food Standards Agency, Royal Society of Chemistry,
2002. 489 pp. ISBN 0-85404-428-0.

16. Thomas, D. A: Study on the mineral depletion of the
foods available to us as a nation over the period 1940
to 1991. Nutrition and Health, 17, 2003, pp. 85-115.

17. Meat and dairy: where have the minerals gone? The
Food Magazine, 72, 2006, p. 10.

18. Davis, D. — Epp, M. — Riordan, H.: Changes in
USDA food composition data for 43 garden crops,
1950 to 1999. Journal of the American College of
Nutrition, 23, 2004, pp. 669-682.

Received 18 February 2008; revised 27 March 2008; 2nd
revised 20 May 2008, accepted 20 May 2008.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


