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Rapid screening of banned pigmentsin food by liquid chromatography-
tandem quadrupole time of flight mass spectrometry

LIN Hui, XU Chun-Xiang, LIU Cheng-Zhi, YAN Chun-Rong’
(Jiangsu Institute for Food and Drug Control, Nanjing 210008, China)

ABSTRACT: Objective To establish a method for rapid screening of banned pigments in food by liquid
chromatography-tandem quadrupole time of flight mass spectrometry (LC-QTOF-MS). Methods Information about
102 kinds of pigments was collected with regard to name, CAS number, neutral molecular formula and structure formula.
Following that, the results were entered into the PCDL software. After the corresponding coloring solutions were
prepared, the primary mass spectrum data of the solutions were obtained under the mode of MS. With the primary mass
spectrum data confirmed, the target ions were given collision energy ranging from 10~60 eV under the mode of targeted
MS/MS to acquire the secondary mass spectrum data. Results The primary and secondary mass spectrum spectral
libraries were established for 102 kinds of pigments (including 16 kinds of edible pigments and 86 kinds of banned
industrial dyes). Meanwhile, 8 groups of pigments with similar neutral molecular weights were separated. Conclusion
The proposed method is rapid, accurate and sensitive, which is suitable for screening of the unknown banned pigments
in food and rapid separation and quantitation of the pigments.
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1 51 B , Mass Hunter
ilent
PCDL Agil
); XS-205DU ( -
2 )
’ 102 1
[1]
Fz1 102 HEETXERR
, Tablel Detailsof 102 kinds of pigments
[2]
, (ng/mL)
, >98% TCI 0.1
2 >98% Sigma 0.01
2003 « ” 3 >98% 0.1
4 >98% ChromaDex 0.01
> 5 >98% 0.01
“ ” 6 97.10% Dr.Ehrenstorfer 0.1
B 0.5
7 0.1
B [3] mg/mL
8 99% Dr.Ehrenstorfer 0.1
0.5
) 7 , 9 mg/mL 0.01
10 0.5 0.01
(0] I II mg/mL -
B 4 , 1 99% Dr.Ehrenstorfer 0.1
, 12 80% Dr.Ehrenstorfer 0.1
13 99% Dr.Ehrenstorfer 0.01
’ 0.5
« 2 5
[5] 14 mg/mL 0.1
0.5
2 15 mg/mL 0.01
’ 16 92% Dr.Ehrenstorfer 0.1
En 17 B0 >98% TCI 0.01
18 >70% TCI 0.01
[8“4], 19 R >98% Chem Service 0.1
(13 20 B >98% TCI 0.1
[16]
” (7] 21 O >98% 0.1
- 28 2 >98% 0.1
[18] _ B
23 2 99% Dr.Ehrenstorfer 0.01
4 100 24 FFR 24% Dr.Ehrenstorfer 0.1
’ 25 CR 100% Dr.Ehrenstorfer 0.1
26 >95% 0.1
102 , 27 A% 41% Dr.Ehrenstorfer 0.01
16 86 28 A >98% Aldrich 0.01
) 29 R250 >80% 0.01
2 ey E A3 N
MBSTE 0 >98% 0.01
21 N&E5ERH 31 SR 50% Aldrich 0.01
Agilent 1200 RRLC - 6530 32 GL >98% Tcl 0.1




4 1391
Rl gkl
(ng/mL) (ng/mL)
33 SE  >98% 0.01 69 2R >98% 0.1
Y >0R9 B
34 S S08% ol 70 98% 0.1
0,
35 pure Acros Organics 0.01 7l >98% 0.1
36 1 >98% 0.01 72 98.5% Dr.Ehrenstorfer 0.1
73 >80% 0.1
37 >98% Acros Organics 0.01
38 G >98% Aldrich 0.01 74 >90% 0.1
39 R >98% TCI 0.01
40 G 98.80% Dr.Ehrenstorfer 0.01 75 98% 0.1
41 I 91.60% AccuStandard 0.01 76 0 86% Sigma 0.01
42 5R 80% Dr.Ehrenstorfer 0.01
43 GR 90% Dr.Ehrenstorfer 0.1 7 GG >98% 0.01
44 SG  91.50% Dr.Ehrenstorfer 0.01
45 B 90% Dr.Ehrenstorfer 0.01 78 >98% 0.01
46 7% 96% DrEhrenstorfer 0.1 79 I 99.70% AccuStandard 0.01
47 REL  91% DrEhrenstorfer 0.01 80 2R 80% DrEhrenstorfer 0.01
48 19 9% Dr Ehrenstorfer 001 81 G >98% AccuStandard 001
49 1I 87% Dr.Ehrenstorfer 0.01
82 99% Dr.Ehrenstorfer 0.01
50 G >98% 0.01 E-3RL
83 >80% 0.1
51 I >98% 0.01
84 >98% 0.01
52 >98% 0.01
85 >98% 0.01
3 >98% 0.1 86 98% Dr.Ehrenstorfer 0.01
“ v 08, 001 87 >98% Sigma 0.01
? : 88 5B 98% TCI 0.01
89 >85% TCI 0.1
0,
55 6G >98% 0.01 90 B ~98% TCI o1
91 >98% TCI 0.1
0,
56 >98% 0.01 0  Ero B >98% Ol ol
57 >98% 0.01 93 FCF >98% TCI 0.1
94 >98% 0.01
58 G >98% 0.01
95 >98% 0.01
59 7B 89% Dr.Ehrenstorfer 0.1
60 il 100% AccuStandard 0.01 96 >98% WALDECK 0.01
61 v 89% AccuStandard 0.1 97 B 92% Dr.Ehrenstorfer 0.01
98 >98% 0.1
0,
62 o 7% 0.01 99 B 100% Dr Ehrenstorfer 0.01
63 B 97.50% Dr.Ehrenstorfer 0.01 100 3G 50.30% Dr.Ehrenstorfer 0.01
0,
64 FF3B 87% Dr.Ehrenstorfer 0.01 101 T ~08% o1
65 pure Acros Organics 0.1
0,
66 68% Dr.Ehrenstorfer 0.01 102 B ~08% 0.01
67 >98% 0.1
s Merck );
68 R >98% 0.1 -
’ ( , ); Milli-Q
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22 W¥HE MS/MS 10
22,1 EREH 2
10 223 HaHlé
R 10 mL 10 mL
s 5 min, s 5000 r/min 5 min;
: 0.01 0.05 0.1 0.5 2mL 25mL ’ ’
1 5pg/mL 12000 r/min 2 min ,
222 RABE - BB WMAT AT ) RS A
(D
3 HRES
: 0 0.1% (A)- (B)
(50:50, V:V), 0 0.1% (A)- (B) 31 RiEBHIEEZIISMK
(50:50, V:V); : 0.3 mL/min; :5uL
()
: Jet stream ESI (electrospray ionization) ;
: 1000 V; 13500 V; 1130 V; CAS
165V, 150 C; : 5 L/min; PCDL
: 45 psi; 1350 C; : 11 L/min
MS , 100~1100 2.2.1 , 222 MS
nvz, 2 spectra/s Target-MS/MS ,
, 100~1100 m/z 2 ,
spectra/s; 10~60 eV MS 200; 2
*x2 12#MEEFIRIESH
Table2 Mass spectrometric parameters of 102 kinds of pigments
(m/z)
(m'2) (eV)
1 CyoHoN2Na,0,3S, 617.9379 - M-4Na+4H 616.9299 10, 20,30 588.9331, 382.9204, 301.9553
2 C7H20N4O¢ 376.1383 + 377.1445 10,20,30 359.1325,243.0865, 172.0861
3 C2H20013 492.0904 491.0843 10, 20,30 447.0828,357.0537,299.0525
4 Cy5H3004 394.2144 + 395.2184  5,10,20 363.1912, 145.1001, 119.0849
5 C21H2006 368.126 369.1333 5,10,20 285.1091, 177.0533, 145.0274
6 CsH9NNa,058S, 432.9926 - M-2Na+2H 431.9849 30,40,50 352.0209, 288.0611, 272.0665
7 C37H34N;Na,0,S; 748.1583 - M-2Na+2H 747.1510 40, 50,60 561.1119, 260.0498, 170.0032
8 C6HsN,Na,05S, 421.9879 - M-2Na+2H 420.9802 20,30,40 341.1022,261.0660,217.0763
9 CyoH;1N2Na;0,0S; 537.9811 - M-3Na+3H 536.9739 10, 20,30 508.9657,429.0090, 301.9551
10 CyoH;1N,2Na;0,0S; 537.9811 - M-3Na+3H 536.9728 20, 30,40 457.0148,316.9657,237.0091
11 CyoHgl4sNa,Os 835.655 - M-2Na+2H 834.6487  30,40,50 662.7434,536.8475, 126.9042
12 CsH14N>2Na,O5S, 452.0348 - M-2Na+2H 451.0258 20,30,40 371.0685,234.9936, 206.9985
13 Cy0H12N>Na,05S, 458.0242 - M-2Na+2H 457.0160 10,20,30 377.0588,221.0144, 170.0240
14 C6HoN4Na3;0,S, 468.0046 - M-3Na+3H 466.9971 5,10,20 423.0061, 197.9862, 172.0069
15 Ci6H10N2Na,05S, 408.0086 - M-2Na+2H 407.0010 20, 30,40 327.0429,206.9988, 155.9878
16 CsH2N3Na;0,,S; 544.9869 - M-3Na+3H 543.9792  20,30,40 358.9761,316.9660, 295.0142
17 BO C33H4CIN; 477.3144 + M-HCI 478.3230 30, 40,50 434.2587,390.1961, 285.1378
18 Ci6H;sCIN3S 283.1143 + M-HCI 284.1214  30,40,50 268.0904,252.0589, 225.0473
19 R Cy9H;3,CIN; 421.2518 + M-HCI 4222595 30,40,50 393.2187,301.1695,272.1304
20 B CyoH,CIN;O 317.1528 M-HC1 318.1601 30,40,50 275.0968,260.0942, 246.0746
21 (6] C5HcCIN;S 269.0987 M-HC1 270.1066 30, 40,50 254.0747,227.0627,212.0397
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gk 2

(m/2)
(m'2) (eV)

22 B C33H3,CIN; 469.2518 + M-HCI 4702598 30, 40,50 454.2273,349.1692, 334.1524
23 2 C2HN,0, 350.1994  + 351.2073  10,20,30 307.1439,294.1363, 251.0819
24 FFR C7H 6N, 0;5 296.1161 + 297.1238  10,20,30 265.0962, 252.0883, 235.0829
25 CR C14H7N505S 335.1052 + 336.1131  5,10,20  206.1281, 178.1220, 147.1035
26 CyH3 NoNaOgS,  544.1702 - M-Na+H 543.1649  30,40,50  463.2034, 419.1410, 79.9574
27 V. CpH3N,0;8,.1/2Ca 560.1651 - M-1/2Ca+H 559.1573  30,40,50 479.1995, 435.1364, 79.9575
28 A CyH3sNoNaOgS,  668.2015 - M-Na+H 667.1937  30,40,50 561.1157, 481.1562, 375.0796
29 R250 C4sHiN3NaO,S;,  803.2699 - M-Na+H 802.2627  40,50,60 602.2101, 260.0504, 170.0037
30 G250 C,7HiN3NaO,S,  831.3012 - M-Na+H 830.2944 40,50, 60 644.2586, 260.0510, 170.0037
31 5R CypHyNsNa,0eS;  637.109 - M-2Na+2H 636.0982  30,40,50 451.0959, 325.0499, 297.0441
32 GL C3,H;4CuNgNa,06S;  734.993 - M-2Na+2H 733.9862  40,50,60  670.0073, 266.7974, 92.9278
33 SE  CisHsCIN;Na,0,8, 473.9595 - M-2Na+2H 4729522 10,20,30 317.9505, 253.9891, 174.0319
34 S CyH5CLNa;06S  537.9892 M-3Na+3H 536.9846  10,20,30 518.9727, 502.9712, 474.9800
35 CyHsNoNa,01,S;  484.0399 - M-2Na+2H-H2S04 483.0347 30,40,50 419.0715, 392.0475, 328.0855
36 1 C14H14CIN;S 255.083 + M-HCI 256.0904  20,30,40 246.0579, 230.0262, 214.0542
37 C1oH 5CIN, 212.1062 + M-HCI 213.1131 10,20,30  121.0631, 94.0529, 77.0389
38 G Ca3Ha;CIN, 314.1783 + M-HCI 315.1852  10,20,30 300.1615, 285.1380, 144.0802
39 R CasHa,CIN, 3902096  + M-HCI 391.2170  10,20,30 376.1923, 361.1681, 220.1111
40 G C1oH 0N, O, 214.0742 + 215.0815  5,10,20  198.0735, 122.0233, 93.0573
41 I CisHisN,O 276.1263 + 277.1334  5,10,20  260.1280, 156.0438, 121.0882
42 5R CsH14N,O, 318.1117 + 319.1190  20,30,40 181.1075, 168.0875, 122.0231
43 GR C1oH oN,O, 242.0804  + 243.0874 10,20,30  122.0233, 92.0296, 75.0232
44 SG CsH, INO, 237.079 + 238.0862  20,30,40 223.0617, 195.0667, 165.0690
45 B CxH N,O 3521324+ 353.1398  10,20,30  260.0802, 93.0333, 77.0386
46 76 CHisCLNsO,  391.0603 + 392.0675 10,20,30 351.0392, 149.0222, 133.0878
47 REL  C;H;sBrNsO,  478.9593 + 479.9654 40, 50,60 440.9353, 133.0873, 105.0569
48 149 CasHa6N¢O;3 4582066  + 4592148  5,10,20  417.1657,399.1559, 197.0935
49 I CiHN;NaO,S  328.0518 - M-Na+H 327.0443  10,20,30  170.9983, 155.9879, 93.0345
50 G Ci6H oN,Na,0,S,  408.0086 - M-2Na+2H 407.0005  10,20,30  301.8549, 221.9981, 79.9610
51 I CiHN,NaO,S  328.0518 - M-Na+H 327.0447  10,20,30 247.0864, 170.9888, 107.0373
52 CiHiuN;NaOsS  305.0834 - M-Na+H 304.0770  10,20,30  289.0513, 155.9880, 59.0125
53 C3HoNoNa;0 i3S 6721625 - M-3Na+3H 671.1570 5,10, 20 538.1178, 132.0329
54 v CisHiuNaN;OsS  353.0834 - M-Na+H 352.0764 20,30,40  288.1139, 155.9887, 79.9612
55 6G CasH3,CIN,0;5 4422564  + M-HCl 4432332 30,40,50 4152004, 386.1615, 341.1638
56 CysH,,CIN, 252.1375 + M-HCI 253.1449  30,40,50 237.1125,222.0897, 210.1013
57 C1oH 5CIN; 287.1422 + M-HCl 288.1488  30,40,50  195.0905, 168.0796, 151.0534
58 G C7H 14N, 0, 278.1055 + 279.1140  30,40,50 156.0436, 123.0675, 108.0440
59 7B Ca4Hy N5 379.1797  + 380.1872  5,10,20  183.0906, 169.0752, 142.0645
60 il CxH N,O 3521324+ 353.1389  10,20,30  197.0947, 156.0434, 77.0389
61 \Y Ca4HN,O 380.1637  + 381.1709  10,20,30  225.1247, 143.0486, 91.0544
62 0 Ca6H24N,O 408.195 + 4092022 10,20,30  252.1484, 105.0696, 79.0537
63 B C16H1sN,O;3 3141379  + 315.1446  10,20,30 255.0871, 134.0961, 122.0234
64 FF3B C1sH 12N, 05 268.0848 + 269.0920 20, 30,40 254.0676, 226.0723, 169.0751
65 C16H 1 1N;0;5 293.08 + 294.0871  5,10,20  277.0840, 156.0437, 108.0442
66 C7H3N;0;5 307.0957 308.1025  5,10,20  291.0993, 156.0441, 128.0492
67 Cy5H,sN;0, 269.1164 270.1237  10,20,30  252.1125, 181.0864, 153.0692
68 R CyHp;NoNa,0-S,  458.0242 M-2Na+2H 457.0151  5,10,20  377.0589, 301.9551, 194.0048
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k2
(m'z)
(M'2) (eV)
69 2R C;sHuNaN2,0,8,  436.0399 - M-2Na+2H  435.0325 20,30,40  355.0743, 301.9549, 194.0043
70 Y CxHeBrNa,Os  643.7105 - M-2Na+2H  642.7023  20,30,40  520.7831, 440.8732, 78.9293
71 CpH,CLLN2,Os  971.4992 - M-2Na+2H  970.4900 20,30,40  890.5141, 672.6839, 126.9041
72 CyHpNgNa, 068, 652.1199 - M-2Na+2H  651.1083  40,50,60  221.0147, 158.0372, 80.9659
73 C21H150sS 382.0875  + 383.0948 10,20,30  287.1058, 275.0367, 152.9997
74 C14HsNNaO-S 335.01 . M-Na+H 334.0007 10,20,30  254.0452, 226.0512, 183.0456
75 CioH1405S 354.0562 - 353.0491 30,40,50  195.0412, 93.0348, 79.9579
76 o) C17H5CIN, 267.1735  + M-HCI 268.1812  20,30,40  252.1491, 147.0912, 122.0958
77 GG C;;HsN;NaOs — 287.0542 + M-Na+H 288.0620  5,10,20  270.0504, 228.2320, 122.0233
78 CiHisN; 225.1266  + 226.1347 10,20,30  211.1123, 121.0879, 77.0389
79 I Ci6H2N,0 248.095 + 249.1028  5,10,20  232.0983, 156.0439, 93.0573
80 2R C1,HyN;0;5 2750542+ 276.0608 10,20,30  229.0593, 259.0575, 183.0660
81 G C1sH1sN;0, 269.1164  + 270.1244  5,10,20  150.0781, 122.0596, 107.0601
82 EARL CisH1N,0 3021168  + 303.1249  10,20,30  181.0741, 105.0440, 77.0386
83 Ca6HsNiN2,05S;  580.0723 M-2Na+2H  579.0621 30,40,50  458.0217, 378.0648, 79.9577
84 CaoH 1,05 332.0685  + 333.0760  30,40,50  287.0705,231.0802, 202.0774
85 Co7H3N,S0, 3842565  + M-H2S04 3852641 30,40,50  341.2012,297.1386, 241.1006
86 CosHasN.CoHO,  328.1939  + M-C2H204  329.2016 30,40,50  313.1696, 208.1116, 165.0093
87 CiHCIN,O,S  328.0994  + M-HCl 329.1069  10,20,30  312.1033, 268.0903, 240.0711
88 5B CasHoN;0, 418.1681  + 419.1746  20,30,40  404.1508, 328.1196, 105.0335
89 CisHNas0S;  457.9436 - M-3Na+3H  456.9345 20,30,40  376.9760,297.0201, 233.0590
90 B CyHi;sNoNaOgS,  668.2015 - M-Na+H 667.1916  30,40,50  587.2331,497.1871, 170.0034
91 CyH3y,CIN;NaOgS,  703.1698 - M-Na+H 701.1514  30,40,50  621.1912, 531.1457, 170.0031
92 Erio B C3HiN:NaOgS,  594.1858 - M-Na+H 593.1759  30,40,50  513.2175, 469.1551, 425.0920
93 FCF  CyHyNoNa,O,S;  764.1532 - M-2Na+2H  763.1399  30,40,50  683.1039, 577.1057, 170.0036
94 CyHCIN; 3572205  + M-HCI 3582260 30,40,50  342.1940,237.1351,221.1056
95 CosHyoNsCLOH,0 3712361  + M-9H20-HCl ~ 372.2447 30,40,50  356.2126, 340.1813, 235.1227
96 C31H,CIN, 455.33 + M-HCI 4563391  30,40,50  412.2755, 368.2124, 263.512
97 B CxHyCIN,O; 4422256 + M-HCI 4432354 30,40,50  413.1861, 399.1704, 355.1083
98 CaoHyxCIN;.AH,0  301.1579  + M-4H20-HCl ~ 302.1658 30,40,50  286.1343,209.1071, 195.0912
99 B CH1sNO; 329.1052 330.1125  20,30,40  312.1004, 238.0485, 106.0648
100 3G CHisCLN,O, 4320159  + 433.0234  20,30,40  402.0025, 356.9685, 197.0486
101 T  CpHpN;NaO,S  439.0474 - M-Na+H 438.0445 10,20,30  280.9874, 217.0259, 142.0305
102 B CaoHuNg 4562062  + 4572149 20,30,40  246.1028, 194.0834, 142.0648
s N 102
> 2.2.2 1
» Targeted MS/MS 32 RLBURERALRMES FEUAYNS S
10~60 eV R N
) , ,
PCDL , ’
, 8 s 3
8 ,
s Jet stream ESI 1000 V,
s 3500 V, 130 V, 65 V;
350 C; 5 L/min; 45
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psi; 350 C; 11 L/min; (40:60,V:V); C 10 mmol/L / (70:30, V:V); D
MS , 100~600 m/z 0.1% / (25:75, V:V); E 10 mmol/L /
2 spectra/s (90:10, V:V); F 0.1% , 10 mmol/L /
: Agilent ZORBAX Eclipse (40:60,V:V); G 10 mmol/L / (75:25,V:V); H
XDB-C;g Narrow-Bore (2.1mmx150mm, Spum); 130 C; 10 mmol/L / , 0~5 min, 10%, 5~10
: 0.2 mL/min; 25 uL; A 0.1% / min, 10%~100%, 10~15 min, 100%
(40:60, V:V); B 0.1% , 10 mmol/L / 1

#=3 HEUSTFELAGYERER

Table3 Detailsof compounds of similar molecular mass

CAS
(6] 92-31-9 CsH;,CIN;S 269.0987 270.1066 254.0747, 227.0627, 212.0397
A 493-52-7 CsHsN5;0, 269.1164 + 270.1237 252.1125, 181.0864, 153.0692
G 2832-40-8 CsHsN5;0, 269.1164 270.1244 150.0781, 122.0596, 107.0601
B B 2872-52-8 C6HsN4O; 314.1379 N 315.1446 255.0871, 134.0961, 122.0234
G 3056-93-7 Cy;3H2;CIN, 314.1783 315.1852 300.1615, 285.1380, 144.0802
c 1I 633-96-5 C¢H1N;NaO,S 328.0518 i 327.0443 170.9983, 155.9879, 93.0345
I 523-44-4 C¢H1N;NaO,S 328.0518 327.0447 247.0864, 170.9888, 107.0373
D I 85-86-9 Cy»H ¢N,O 352.1324 N 353.1389 197.0947, 156.0434, 77.0389
B 6253-10-7 Cy»H ¢N,O 352.1324 353.1398 260.0802, 93.0333, 77.0386
E 2783-94-0 C6H10N2Na,0,S, 408.0086 ) 407.0010 327.0429, 206.9988, 155.9878
G 1936-15-8 C6H10N2Na,0-S, 408.0086 407.0005 301.8549, 221.9981, 79.9610
F 6G 989-38-8 CysH3,CIN,O4 442.2564 N 443.2332 415.2004, 386.1615, 341.1638
B 81-88-9 CysH3,CIN,O4 442.2256 443.2354 413.1861, 399.1704, 355.1083
G 3567-69-9 CyoH|2N,Na,0-S, 458.0242 i 457.0160 377.0588,221.0144, 170.0240
R 5858-33-3 CyoH2N,Na,0-S, 458.0242 457.0151 377.0589, 301.9551, 194.0048
2611-82-7 C,H 1N2Na3;040S; 537.9811 536.9739 508.9657, 429.0090, 301.9551
H 915-67-3 C,H 1N2Na3;040S; 537.9811 - 536.9728 457.0148, 316.9657, 237.0091
S 1667-99-8 Cy3H53C1LNa;0sS 537.9892 536.9846 518.9727, 502.9712, 474.9800
’ ' 33 ZLIrHERIFE
e ° 6.32 mg/kg
4 %
o 102 s
8
1 )
Fig. 1 The extract ion chromatograms of each group
O] 0® ® G;B: @ G®@
B;C:® 1® II;D: @ e B;E: @ S ETH
@ G, F: @ B® 6G; G: © ©)
R;H: ® @ ® S 1] ’ : Ul
A: Wtoluidine blue O @methyl red @disperse yellow G; B: » 2011, 27(8): 1259-1261.
(Dastrazon orange G @disperse red B ; C: Worange I @orange I ; D: Zhu HY, Huang WQ. On synthetic pigment problems and countermeasures
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