Supplementary Materials

Table S1. Producers and nutrition information (per 100 g) of analyzed chocolate samples

Energy value Fat Carbohydrate  Protein

Sample Brand (eal) (2) (2) (2)
S1 Lindt & Spriingl, Switzerland 475 32 60 5
S2 Maxi Premia, Serbia 528 31.8 51.1 49
S3 Roshen, Ukraine 547 36.2 45.1 5.8
S4 Hachez, Germany 578 47 23 8.8
S5 Soko-Stark d.o.0., Serbia 552 40 33 10
Se6 Soko-Stark d.o.0., Serbia 519 34 39 8.3
S7 Soko-Stark d.o.0., Serbia 540 38 35 9.5
S8 Hachez, Germany 565 45 24 8
S9 Hachez, Germany 570 46 25 9
S10 Valor Chocolates S.A., Spain 568 49 19 11
S11 Hachez, Germany 648 58 15 10
S12 Lindt & Spriingl, Switzerland 573 49 10 14

* S1 (40% cocoa with the addition of dried chili pepper), S2 (49% cocoa), S3 (56% cocoa), S4 (73% cocoa), S5 (75% cocoa),
56 (75% cocoa with addition of dried orange), S7 (75% cocoa with addition of dried raspberry), S8 (77% cocoa), S9 (77%
cocoa with addition of orange), S10 (85% cocoa, gluten-free, no sugar added), S11 (88% cocoa), S12 (99% cocoa).

Table S2. Method parameters.

View Direction Radial Axial
UV Exposure time 15 15
UV RF Power 1150 1150
UV Neb Gas Flow 0.5 0.5
VIS Exposure Time 5 5
VIS RF Power 1150 1150
VIS Neb Gas Flow 0.5 0.5
Cool Gas Flow Rate 12 12
Aux Gas Flow Rate 0.5 0.5

Table S3. Method detection limits (MDL) and method quantification limits (MQL) for elements

MOL (mg/kg) MDL (mg/kg)
Sb 0.224 0.067
As 0.580 0.174
Cd 0.032 0.010
Co 0.420 0.126
Ni 0.126 0.038
Se 0.448 0.134
Tl 0.364 0.109
\Y 0.182 0.055
Al 0.559 0.168
Ba 0.014 0.004
B 0.308 0.092
Ca 0.699 0.210
Cr 0.112 0.034
Fe 0.210 0.063
Pb 1.483 0.445

Cu 0.448 0.134
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Table S4. Parameters of descriptive statistics for elemental profile of chocolate with different cocoa content

Sample Al Ba Ca Cd Co Cr Cu Fe K Mg Mn  Ni S Si Sr Ti Zn

Mean 2054 211 49186 003 036 091 773 22485 1153.80 90454 1128 243 124928 317 370 096 13.39

St. Dev. 133 005 267 000 000 001  0.02 1.93 453 211 0.09 0.00 400 005 002 006 035

s1 Min 1931 206 48976 003 036 090 772 22318 114952 90225 11.19 243 124536 311 3.69 090 13.12
Max 2195 214 49487 003 036 092 775 22697 115854 90641 1137 243 125336 322 372 101 13.79

Median 2035 214 49095 003 036 090 773 22440 115333 90495 1128 243 124911 318 370 097 1326

RSD 645 219 054 000 005 156 020 0.86 0.39 023 0.80 0.00 032 164 052 614 263

Mean 1200 1.69 33766 003 019 086 685 11094 69475 66348 758 192 105868  1.62 374 023 1215

St. Dev. 0.65 0.06 126 000 001 001 002 1.00 4.65 207 010 0.01 450 003 003 004 025

S Min 1135 162 33646 003 018 086 68 10995  689.87 66121 751 192 105425 159 371 019 11.95
Max 1265 173 33897 003 020 088 687 11194 69912 66527  7.69 193 106325 165 377 027 1243

Median 1202 173 33756 003 018 086 687 11092 69525 66396 752 192 105855 1.62 373 022 12.08

RSD 541  3.80 037 000 613 114 036 0.90 0.67 031 134 032 043 189 084 1920 2.2

Mean 1138 199 35614 003 020 068 670 16619  769.01 71795 895 190 105435 068 3.82 0.18 13.25

St. Dev. 079  0.04 070 000 000 001  0.02 1.07 8.16 199 003 0.00 346 007 007 002 026

o3 Min 1075 194 35550 0.03 020 067 668 16516 76125 71599 891 190 105166 060 3.79 016 13.03
Max 1225 201 35689 003 020 069 673 16730 77752 71997 898 190 105826 075 3.87 020 1353

Median 1112 201 35605 003 020 068 671 16613 76825 71790 895 190 1053.14 068 381 018 13.20

RSD 690 2.03 020 000 017 167 032 0.64 1.06 028 036 0.3 033 1061 188 1181 195

Mean 1551 263 43746 013 030 029 741 15555 136200  906.90 848 197 1407.68 028 517 124 1876

St. Dev. 053  0.02 096 000 000 001 003 1.06 7.43 304 006 0.03 349 000 006 004 016

sa Min 1495 261 43645 013 030 028 738 15460 135511  903.84 841 195 140425 028 512 120 18.62
Max 1600 265 43836 013 030 030 744 15670 1369.88  909.92 852 200 141123 028 524 127 1893

Median 1557 262 43758 013 030 030 742 15536 1361.02 90693 849 195 140756 028 517 124 1873

RSD 339 0.66 022 157 008 344 034 0.68 0.55 034 068 132 025 000 115 285  0.84




Table S4. - Continued

Sample Al Ba Ca Cd Co Cr Cu Fe K Mg Mn Ni S Si St Ti Zn

Mean 3619 304 67306 024 043 190 1192 37190 170301 130112 1615 376 212148 123 655 152 2503

St. Dev. 071 006 130 000 000 002 130 107 5.76 2.67 025  0.00 303 007 004 007 032

o Min 3546 298 67159 024 043 188 1188 37082 169833 129825 1588 376 211815 117 651 145 2471
Max 36.88 311 67407 024 043 192 1194 37295 170944 130353 1638 377 212406 130 660 159 2536

Median 3623 304 67353 024 043 191 1192 37194 170125 130156 1619 377 212224 123 655 152 2502

RSD 197 210 019 025 004 093 1094 029 0.34 0.20 157 012 014 556 069 450 128

Mean 2510 372 90806 004 035 119 1082 15705 129668 110520 1616 337 177789 212 867 008 2038

St. Dev. 034 001 142 000 000 001 003 127 5.03 248 036  0.01 404 009 005 000 044

Se Min 2477 370 90646 004 035 119 1078 15599 129155 110245 1579 336 177355 202 862 007 19.95
Max 2546 372 909.17 004 035 120 1085 15846 130161 110726 1651 338 178155 219 872 008 20.83

Median 2505 372 90855 004 372 120 1082 15670 129688 110590 1617 338 177858 217 868 008 2035

RSD 137 034 016 579 027 062 029 081 0.39 0.22 223 037 023 444 060 588 216

Mean 2557 405 80192 004 043 101 1219 21201 163588 122933 2152 374 215000 058 839 116 2217

St. Dev. 037 006 165 000 000 002 005 101 5.79 1.77 007  0.02 660 008 009 005 016

S Min 2531 399 80096 004 043 099 1213 21099 163025 122776 2145 373 214555 049 833 111 2201
Max 2600 410 80383 004 043 103 1224 21300 1641.82 123125 2159 377 215758 066 849 121 2232

Median 2539 407 80097 004 043 100 1220 21205 163558 122900 2153 373 214687 059 835 115 2217

RSD 146 153 021 255 014 202 044 047 0.35 0.14 033 0.62 031 1445 109 435 0.0

Mean 1705 378 60165 025 034 086 1044 18385 115497 108583 1052 213 183338 251 768 074 2461

St. Dev. 017 003 106 000 000 002 003 091 4.87 2.61 007  0.02 387 008 010 005 022

o Min 1689 374 60065 025 034 084 1040 18289 115122 108288 1047 210 182948 243 761 069 2439
Max 1724 380 60277 025 034 088 1047 18471 116047 1087.81 1060 214 183721 260 780 079 24.83

Median ~ 17.03 380 60155 025 034 085 1045 18395 115321 108680 1050 214 183344 251 7.64 074 2460

RSD 102 084 018 044 014 198 031 050 0.42 0.24 064 092 021 331 129 669  0.90




Table S4. - Continued

Sample Al  Ba Ca Cd Co Cr Cu Fe K Mg Mn  Ni S Si Sr Ti Zn

Mean 1503 252 50000 020 025 007 719 5690 95228  850.18 690 1.62 1300.69 028 549 098 1585

St. Dev. 011 0.1 1.09 000 000 001 003 0.01 6.25 298 006 001 286 000 007 007 015

S Min 1490 251 49890 020 025 007 716 5689 94552 84720 685 1.61 129858 028 541 091 15.69
Max 1510 254 50107 020 025 008 722 5691  957.85 85316 696 1.63 130394 028 556 1.05 1599

Median 1508 252 50005 020 025 008 719 5690 95347  850.19 689 1.61 129954 028 549 098 1587

RSD 074 048 022 028 031 1091 047 0.01 0.66 035 085 083 022 000 135 731 094

Mean 1493 218 50265 005 030 046 982 18114 122270 114414 11.68 3.07 180569 028 593 032 2045

St. Dev. 0.16  0.03 141 000 000 002 003 0.96 4.73 373 008 0.2 504 000 006 004 025

510 Min 1476 215 50115 005 030 045 980 18025 121823 114022 1159 3.06 180155 028 588 028 20.20
Max 1506 220 50395 005 030 048 985 18215 1227.65 1147.66 11.76 3.09 181131 028 599 037 20.70

Median 1496 220 50285 005 030 045 982 181.02 122222 114453 11.68 3.06 180422 028 592 033 2045

RSD 104 116 028 000 042 353 029 0.53 0.39 033 070 0.64 028 000 1.00 1272 122

Mean 2460 394 58413 030 056 043 1127 188.64 185509 120081 1234 378 196526 437 7.63 141 2207

St. Dev. 037  0.01 101 001 000 001 027 0.76 5.81 313 002 001 742 008 007 005 025

s11 Min 2426 392 58315 029 056 042 11.03 187.92 184958 119816 1232 377 195886 429 757 137 21.87
Max 2499 395 5816 030 056 043 1156 189.43 1861.15 120426 1236 378 197339 444 771 146 2235

Median 2455 393 58407 030 056 043 1121 18856 185453  1200.00 1235 3.77 1963.54 438 7.63 142  22.00

RSD 150 035 017 192 013 119 240 0.40 0.31 026 019 0.15 038 1.80 090 329 114

Mean 2364 436 75113 012 053 263 1714 47895 296235 1564.86 20.18 493 301016 571 876  1.64 3457

St. Dev. 039  0.05 105 000 000 002 019 0.76 478 459 005 0.0 521 009 006 007 034

12 Min 2322 430 75006 012 052 261 1695 47796 295809  1560.54 20.14 493 300466 562 870 159 34.23
Max 2400 440 75215 012 053 265 17.33 480.03 296752 1569.68 2024 493 301502 580 882 172 3491

Median 2370 438 75116 012 053 263 1714 47886 296143  1564.36 20.17 493 301081 572 876 163 3456

RSD 167 122 014 052 064 071 111 0.16 0.16 029 027 007 017 157 072 402  1.00




Table S5. Present study Vs. literature data for elemental composition of dark chocolate
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(¥}

§  Presentstudy [6] [25] 1271 [28] [29] [26+,65%] [30] [31] [32]

3
* ICP-OES ICP-MS ICP OES and ICP-OES ICP-OES ICP-OES MIP-OES*

ICP-MSS
£-44-90%
o 43-99% 53-85% 50-70% 55-85% 60-90% 70-75% . A 70-85% 40-90% 55-85%
50-100%

Al 11.38-36.19 9.9-30.1 56-13.8 7.2-112 5.4-69
Ba 1.69-4.36 4.25-8.99 5.4-8.0 2.90-6.85 2.03-6.28
Ca  337.69-908.12 449-1421 578-1157 643.3-908.3 118-884 533.3-1027.4  319.9-1318.9 653-903
cd 0.03-0.3 0.043-0.510 0.022-0.178 0.004-3.15¢
Co 0.19-0.56 0.286-0.668 0.33-0.58 0.047-0.457
Cr 0.07-2.63 0.48 -2.91 0.41-2.27 0.23-1.69 0.1-0.2 0.003-2.8
Cu 6.70-17.14 8.5-26.7 7.6-13.65 14.3-20.2 9.5-16.2 5.05-16.5¢ 7.5-8.5 21.5-39.5 7.6-19.5
Fe 56.9-478.95 45.7-162 97.3-112.4 37.8-179 28.9-33.1 99.41-331.7 57-227
K 695.3-2962.1 4613-7006 4655572011  4950-12700 3651.1-4209.9  381.9-1082.7  4885-8574
Mg  663.48-1564.86 1104-2383 1268-1910 1587.8-2522.1 855-1590 1416.7-1993.9  13484-3622  1083-2775
Mn 6.9-21.52 102215 9.7-14.75 16.5-20.5 7.90-16.2 7.7-11.1 145155 9.6-25.2
Ni 1.62-4.93 2.57-7.93 3.6-6.1 2.29-5.90 4592 5.0-9.0
S 1053.6-3009.7 669-1443 417.77-639.52
Si 0.28-5.7 27-100 8.2-219
Sr 3.70-8.76 5.74-7.81 0.04-0.08 4.20-7.90 5.5-6.2
Ti 0.08-1.64 0.002-0.006
Zn 12.15-34.6 18.5-41.5 38.4-64.85 22.4-352 16.3-28.9 17.7-20.5 16.86-39.26 20.4-33

Concentrations are expressed as mg/kg

*Methods; Inductively coupled plasma optical emission spectrometry (ICP-OES); Inductively coupled plasma mass spectrometry (ICP-MS); Microwave-induced plasma optical

emission spectrometry (MIP-OES)

**Cocoa percentage



Table S6. Parameters of post-hoc Fisher test - LSD

Cd S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12
S1 0.0000 0.0000 0.0000 0.0984 0.2052 0.0059 0.0041 0.2148 0.1643 0.0140 0.2681 0.0912
S2 0.0000 0.0000 0.0000 0.0984 0.2052 0.0059 0.0041 0.2148 0.1643 0.0140 0.2681 0.0912
S3 0.0000 0.0000 0.0000 0.0984 0.2052 0.0059 0.0041 0.2148 0.1643 0.0140 0.2681 0.0912
S4 0.0984 0.0984 0.0984 0.0000 0.1067 0.0926 0.0943 0.1163 0.0659 0.0844 0.1696 0.0073
S5 0.2052 0.2052 0.2052 0.1067 0.0000 0.1993 0.2011 0.0096 0.0408 0.1912 0.0629 0.1140
S6 0.0059 0.0059 0.0059 0.0926 0.1993 0.0000 0.0018 0.2089 0.1585 0.0081 0.2622 0.0853
S7 0.0041 0.0041 0.0041 0.0943 0.2011 0.0018 0.0000 0.2107 0.1602 0.0099 0.2640 0.0871
S8 0.2148 0.2148 0.2148 0.1163 0.0096 0.2089 0.2107 0.0000 0.0504 0.2008 0.0533 0.1236
S9 0.1643 0.1643 0.1643 0.0659 0.0408 0.1585 0.1602 0.0504 0.0000 0.1503 0.1037 0.0732
S10 0.0140 0.0140 0.0140 0.0844 0.1912 0.0081 0.0099 0.2008 0.1503 0.0000 0.2541 0.0772
S11 0.2681 0.2681 0.2681 0.1696 0.0629 0.2622 0.2640 0.0533 0.1037 0.2541 0.0000 0.1769
S12 0.0912 0.0912 0.0912 0.0073 0.1140 0.0853 0.0871 0.1236 0.0732 0.0772 0.1769 0.0000
*LSD  0.0033
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Figure S1. Percentage of K, Ca and Mg dietary intake from 100 g of dark chocolate compared with nutritional reference
values (NRV)
(*NRV according to ref. [45])
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Figure S2. Percentage of Fe, Mn, Cu and Zn dietary intake from 100 g of dark chocolate compared with nutritional
reference values (NRV)*
(*NRYV according to ref. [45])
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