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Abstract: A fast and sensitive method for the simultaneous determination of 11 industrial dyes (auramine O, basic yellow, basic orange 21,
basic orange 22, basic orange 2, thodamine B, rhodamine 6G, Sudan red I~IV) in condiments was successfully established with QUEChERS
(quick, easy, cheap, effective, rugged, and safe)-based purification and liquid chromatography—tandem mass spectrometry (internal standard
method). The industrial dyes were extracted with acetonitrile and further purified with QUEChERS method using C,g and primary-secondary
amine (PSA) to reduce the matrix interference. Subsequently, the sample was analyzed by liquid chromatography—tandem mass spectrometry
under multiple reaction monitoring (MRM) mode, and the internal standard method was used for quantitative analysis. The results showed that
the method had a good linearity in the range of 0.5~100 pg/L (R*=0.9976), and the limits of detection (LODs) were in the range of 0.01~0.4
ng/kg. The average recoveries of industrial dyes from spiked condiments ranged from 70.7 to 105.0%, and the relative standard deviations were
between 0.1 and 9.3%. This method was applied to analyze 50 batches of condiment samples, and different concentrations of rhodamine B were
found in four of them. The results indicated that the developed method was fast and accurate, and could be applied for the detection of residues
of 11 industrial dyes illegally added in the condiments.
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Table 1 Parameters of the mass spectrometer for the detection of 11 types of industrial dyes

1ebdh #&F (mlz) F&T (miz) AbE L E/V FIHERE/NV

147* 40

Auramine O 268 90
122 36
267* 38

Basic yellow 283 100
252 61
300* 33

Basic orange 21 315 98
285 43
121* 30

Basic orange 2 213 72
77 30
376* 40

Basic orange 22 391 90
361 51
399* 59

Rhodamine B 443 95
355 80
415% 47

Rhodamine 6G 443 95
341 64
93* 33

Sudanred I 249 65
156 22
121* 26

Sudanred I 271 156 23 85
77* 58

Sudan red III 353 100
156 31
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Table 2 Linear range, regression formula, correlation coefficients, and LODs for the detection of 11 types of industrial dyes

25 FEFRIE

1adh KM /(ug/L) KHFAE PP ¥4 A b PR/ (ug/kg)
Auramine O 0.5~10 y=3.45492x10*+8091.82798 0.9989 0.02
Basic yellow 5~100 y=8366.48055%+24149.95400 0.9978 0.40
Basic orange 21 0.5~10 y=3.57371x10*%+3017.21025 0.9989 0.02
Basic orange 2 5~100 y=15337.64337x+13470.29279 1.0000 0.20
Basic orange 22 0.5~10 y=6.19176x10%*+3.24157x10* 0.9976 0.02
Rhodamine B 0.5~10 y=1.13476x10°x+2815.22362 0.9994 0.01
Rhodamine 6G 0.5~10 y=8.83500x10°+3.40916¢5 0.9990 0.01
Sudanred T 5~100 y=5920.44775x+17223.02171 0.9994 0.10
Sudan red I 5~100 y=4383.36074x+8598.01550 0.9995 0.40
Sudan red 11 5~100 y=2767.77340%+4559.93095 0.9993 0.40
Sudan red IV 5~100 y=1625.85755%+1012.76552 0.9997 0.40

= 3 11 F DRI INFRE R R AR ERE (n=6)

Table 3 Recoveries and relative standard deviations (n = 6) of 11 industrial dyes

} FRAREY Pk H
a4 HeATIK-F/(ug/kg) —— ——
R /% s AT AR £/%% R /% ABSF AR AR £/
5 70.7 43 81.1 8.9
Auramine O 10 78.0 3.5 76.5 2.1
20 81.4 3.8 99.2 7.7
50 714 9.0 71.6 0.5
Basic yellow 100 83.0 8.4 77.2 5.1
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#LEW
200 92.0 1.9 88.3 0.8
5 81.7 0.5 77.9 4.7
Basic orange 21 10 87.8 7.7 76.4 0.7
20 87.8 93 86.0 2.6
50 85.1 22 98.4 3.1
Basic orange 2 100 100.6 3.1 79.1 0.8
200 97.7 2.6 98.9 0.7
5 82.6 2.6 83.0 0.1
Basic orange 22 10 78.6 2.2 86.8 29
20 93.8 1.4 99.2 0.5
5 82.1 6.8 94.8 7.6
Rhodamine B 10 832 8.4 95.3 6.6
20 84.2 1.8 95.3 0.4
5 80.6 2.5 75.1 3.9
Rhodamine 6G 10 76.0 6.6 86.6 9.0
20 84.5 0.6 923 22
50 87.5 8.7 943 7.7
Sudanred I 100 90.3 7.3 96.9 3.7
200 90.6 1.9 97.3 6.5
50 77.9 Gl 105.0 1.8
Sudanred II 100 75.3 0.7 90.6 0.4
200 79.2 49 98.3 0.2
50 102.2 39 98.7 1.2
Sudan red III 100 99.7 4.0 97.6 8.8
200 100.7 1.2 104.7 1.8
50 103.5 8.4 922 4.7
Sudanred IV 100 91.8 22 922 5.1
200 97.7 55 89.2 49
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Fig.4 Chromatogram of one typical positive chili powder
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