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Screening method for 29 forbidden or limited synthetic pigm ents
in cheese by liquid chrom atography/quadrupole
tin e-of fligh tm ass spectram etry
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Abstract A screeningmethod for 29 forbidden or lim ited synthetic pignents in cheese samples
was established by liquid chram atography/quadrupole tine-of flightm ass spectrametry (LC/Q-
TOF MS). The pigments were extracted byn -hexane/water (3. 1, v/v). After extraction the
n -hexane extract water extract and residue were obtahed The n-hexane extract was then
cleaned-up by gel pemm eation chranatography (GPC). The water extract was extracted by ace
tonitrile and the residue by anmonia w ater /methanol (1: 99, v/v). The results showed that
the 29 synthetic pgments w ith a wide range of polarites were extracted effectively with the
recoveries between 7% and 936, and matched well by Q-TOFM S precision mass searching to
the m ass spectral library w ith matching scores between 59. 66 and 99.47 The quantitatve analt
ysis of the 29 pigments was carried out by TargetMSM S The limits ofdetection (LODs) for 8
Sudan dyeswere 0.4— 2.5 Hg/kg while for 21 w ater-soluble synthetic pigments were 20— 80
B g/kg The screening method is suitable for a w ide range of synthetic pgments and can be
applied to food samples w ith proteins and fat nmatrix

Keywords liquid chranatography/quadrupok tine-of flight mass spectranetry (LC /Q-TOF
MS); synthetic pigment cheese screening
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Table 1 Precursor ions and collision energies of 8 Sudan dyes
No Analyte Molculhr fomubh (M) M, [M+H]* @ /z) Collision energy/eV CAS Na
1 Sudan Orange G ( G) C,HN,0, 214 0742 215. 0815 15 842-07-9
2 Sudan Yellow ( ) CuH;N, 225 1266 226. 1339 20 60-11-7
3 SudanRed G ( G) C,H,N,0, 278 1055 279. 1128 10 1229-55-6
4 Sudan Red III ( 18] CpHN,O 352 1324 353. 1397 25 85-86-9
5 Sudan Red I ( D CxH,N,0 248 0950 249, 1022 15 842-07-9
6 SudanRed WV ( V) CyHyN,O 380 1637 381. 1710 25 85-83-6
7 Sudan Red 1I ( 10 CgHN,O 276 1263 277. 1335 15 3118-97-6
8 Sudan Bhck B ( B) Gy Hy Ny 456 2062 457. 2135 30 4197-25-5
M ; relativem olecularm ass

r
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Table2 Precursor ions and collision energies of 21 colorants and dyes
M olkcular foomula [M-nNa+nH-H]- Collision
M -nNa+nH
No Analyte M) ot " m /z) energy/eV CAS Na
1 Tartrazine ( ) C,sHyN,Na; 0,5, 463 0046 466 9973 10 1934-21-0
2 Amaranth ( ) CyxH; N,Na,;0,,S; 537. 9820 536 9738 30 915-67-3
3 Acid Fuchsine 6B ( 6B) CyH¢N,Na,O,8, 522. 0529 521 0042 25 4321-0M-1
4 Allura Red AC ( ) CgH,N,Na,O;S, 452 0337 451 0275 25 25956-17-6
5 SunsetYelow FCF ( ) CeH,N,Na OS5, 408 0093 407 0013 30 2783-H-0
6 Ponceau 3R ( 3R) CyHN,Na 0,5, 450. 0558 449 04383 35 3564-09-8
7 Reactive Blue 19 ( KN-3RL) CrHEN,)Na, O S; 582 0071 581 0000 10 2580-78-1
8 Acid Black 1 ( 1) Cy,HN¢Na 0,5, 572 0423 571 0347 30 1064-48-8
9 Ponceau 2R ( 2R) CgH,N,Na 0,5, 436. 0403 435 0326 35 3761-53-3
10 Acid Camosine B ( B) CyH,N,Na 0,5, 458 0250 457 017 30 3567-69-9
11 DirectYellow 12 ( 4R) CyHyNyNa, O S, 636. 1356 635 1276 45 2870-32-8
12 PatentBle V ( V) C5Hy CaN,O, S, 360. 1668 559 1578 35 3536-49-0
13 Orange II ( 1)) CyHN,Na 0,5, 328 0528 327 0445 30 633-%-5
14 Acid Blue 113 ( P-2RB) CyHy NsNa, O S, 637. 1077 636 1017 25 3351-05-1
15 Acid Violet48 ( N-FBL) C; HgN,)Na O, S, 720. 2194 719 2103 25 12220-51-8
16 Orange I ( D CyH¢N,Na, 0,8, 328 0531 327 0445 25 523-4-4
17 Acid Blue 7 ( 2G) CyHisN,NaO, S, 668. 2034 667 1942 40 3486-30-4
18 Acid Blue 120 ( P-B) C3HxNNa, O S, 651. 1231 650 1174 25 3529-01-9
19 Erythrosine ( ) CyxHg INa, Os 835. 6550 834 6478 40 568-63-8
20 Acid Black 24 ( P-7BR) CyxHy;NNa, O S, 687. 1270 686 1174 25 3071-73-6
21 Acid Orange 67 ( RXL) CxH, N,NaO, § 582 0901 581 0806 25 12220-06-3
* The value of560. 1668 is calculted by M ,— Ca+ H) /2 n: the amountofNa inmolcular foormula
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Fig 2 Mokcalar feature extractive chromatograms of 8 Sudan dyes by LC/Q-TOF MS i positive ion mode
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Fig 3 Molecular feature extractive chran atograms of 21 water soluble syn thetic pigm ents
by LC /Q-TOF MS i negative ion m ode
3 8 21 Q-TOF MS (n=26)
Table3 Matching results and recoveries of 8§ Sudan dyes and 21 synthetic p gm ents spked
in a cheese sample by Q-TOF MS (n = 6)
N Scan tg/ N Detetmined  Theoretical Deviation/ Matching LOD / Recovery/
° m ode min ame m ass m ass 10 ¢ score (U g/kg) %
1 positive 1 656 Sudan Orange G 214 (0733 214. 0742 4. 20 95 81 25 8L 05
2 positive 3028 Sudan Yellow 225 1262 225. 1266 L 78 94 42 04 89 9%
3 positive 3 405 Sudan Red G 278 1200 278. 1201 0. 36 72 97 20 73 35
4 positive 3473 Sudan Red III 352 1325 352 1324 -0 28 99 47 22 68 58
5 positive 3618 Sudan Red I 248 (046 248. 095 L 61 99 15 22 76 18
6 positive 4 575 Sudan Red IV 380 1643 380. 1637 -1 58 98 73 16 75 55
7 positive 5022 Sudan Red II 276 1259 276. 1263 L. 45 99 39 22 99 14
8 positive 5303 Sudan B hck B 456 2070 456. 2062 -175 98 50 15 9L 17
9 negative 2 857 T artrazine 468 0046 468. 0046 0. 00 90 05 75 70 13
10 negative 2 929 Am aranth 537 9820 537. 9818 -0 37 59 66 65 90 41
11 negative 3183 Acid Fuchsine 6B 522 0529 522. 0529 0. 00 83 92 60 93 64
12 negative 3202 AluraRed AC 452 337 4520348 243 74 72 75 97 47
13 negative 5202 Sunset Yellow FCF 408 0093 408. 0086 -1.72 70 06 80 89 63
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Table3 (Continued)
No Scan tg/ N ame Detemmined Theoretical Deviation/ Matching LOD / Recovery/
m ode min m ass m ass 107 ¢ score (U g/kg) %
14 negative 6 396 Ponceau 3R 450 0558 450. 0558 0. 00 90 13 75 85 87
15 negative 6 413 Reactive B lue 19 582 0071 582 0055 -2175 62 63 30 92 11
16 negative 6 439 Acid Bhck 1 572 (423 572. 042 -0 52 96 81 30 73 76
17 negative 6 451 Ponceau 2R 436 (0403 436. 0399 -092 97 50 30 76 43
18 negative 6 475 Acid Camo sine B 458 250 458. 0247 -0 65 66 30 60 82 74
19 negative 6 582 DirectYellow 12 636 1356 636. 1355 -0 16 94 59 30 75 59
20 negative 6 614 Patent Blue V 560 1668 560. 1662 -1 07 97 07 0 74 45
21 negative 6 729 Orange II 328 (528 328 0518 -305 93 79 25 74 12
22 negative 6 856 Acid Blue 113 637 1077 637. 1076 -0 16 91 80 25 9L 7
23 negative 6 898 AcidViokt4s 720 2194 720. 2189 -0 69 78 33 75 90 41%
24 negative 6 923 Orange I 328 0531 328 0528 -091 89 87 25 87 &
25 negative 7 025 Acid Blue 7 668 2034 668. 2015 -2 84 94 34 20 83 6l
26 negative 7 031 Acid Blue 120 651 1231 651. 1219 -1 84 97 43 30 86 30
27 negative 7 165 Erythrosine 833 6550 835. 6551 0 12 95 47 0 87 12
28 negative 7213 Acid Bhck 24 687 1270 687. 1274 0. 58 64 21 55 83 49
29 negative 8 81 AcidOrange 67 582 901 582 0904 0 52 98 48 75 78 45
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