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Abstract A method based on high performance liquid chromatography coupled with tandem

mass spectrometry HPLC-MS/MS was developed for simultaneous determination of five
yellow industrial dyes. The separations were performed with an Agilent ODS C18 column at a
flow rate of 0.3 mL/min. The mobile phase was 5 mmol/L ammonium acetate containing
0.1% formic acid -acetonitrile 3:2 v/v . Under the optimized detection conditions the line-
ar ranges for Chrysoidine G and Basic Yellow 2 were 5.0 - 80. 0 mg/L and for Acid Orange [
Acid orange [ and Acid Yellow 36 were 10.0 - 160.0 wg/L. The limits of quantification for
Chrysoidine G Basic Yellow 2 Acid Orange [ Acid Orange Il and Acid Yellow 36 were 20
20 40 40 and 40 ng/g respectively. The relative standard deviations of reproducibility of this
method for retention time and peak area were no more than 0. 50% and 2. 14% respectively.
The method was applied to determine the recoveries of the above five dyes in chicken bean
products and yellow croaker were between 79.8% —95.2% with satisfactory results.
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Table 1 Characteristic ions of standards of five yellow dyes
Parent Daughter Cone Collision
Dye Mode ion ion voltage/ energy/
m/z m/z v eV
HPLC '3 - GC-MS *° Chrysoidine G + 213 196/121 120 20
HPLC s Basic Yellow 2 + 268 252/147 120 35
) HPLC.MS  © Acid Orange [ - 327 247/171 120 20
; ‘o Acid Orange Il - 327 171/156 120 25
HPLC-MS HPLC Acid Yellow 36 - 352 156 120 30
10
I I 36 1.0 g 50 mL 10
HPLC-MS/MS mL 1% -50 mmol/L 1
I i 36 1 v/v 30 min 10 000
r/min 10 min
10 mL
20 mL
1
5.0 mL
1.1 1% 50 mmol/L
Agilent 6410A / 10 mL WAX
| Fluka 3 mL 3mL 3 mL
Tokyo Tgi | 36 Dr. Eh- 2 mL 2 mL 5 mL
renstorfer WAX Waters 60 5%
mg/3 mL 1.0 mL
Millipore 0.22 pm HPLC-MS/MS
5 2
100 mg/L 2.1
1 mL I
I 36 2 mL 100
50 g 100 mg/L 5
mL 1 mg/L
2 mL 24 h
2 mg/L | I}
1.0 g 10 mL
36
75% 1% -50 mmol/L
1.2 1:1 v/v. 50%
Agilent ODS C18 50 mm x2 mm 30 min
1.8 pm 5 mmol/L 10 000 r/min 10 min
0. 1% ) 3:2 v/v 0.3 mL/min 20 mL 0.22 pm HPLC-MS/MS
| pL 30 C© 3 3
1.3 49% ~ 60% 26% ~ 36%
ESI 66% ~88% 68% ~87% 69% ~ 85%
MRM 1% -50 mmol/L 1:1 v/
350 C 10 L/min 206. 8 kPa v 50% 3
4000V
1
1.4 1% -50 mmol/L

200 g

1:1 v/v



I II 36
10.0 20.0 40.0 80.0 160 ng/L la.. b 5
Waters HLB C18 MCX  WAX 5.0 5.0 10.0 10.0
Waters WAX 10.0 pg/L MRM 5
5 X mg/L Y
2.2 S/N 10
5
2 2

5.0 10.0 20.0 40.0 80.0 ng/L

2 5
Table 2 Regression equations correlation coefficients r linear ranges and limits of quantification of the five yellow dyes
Dye Regression equation r Linear range/ ng/L LOQ/ ng/g
Chrysoidine G Y =464243.01X -377.33 0.9989 5.0-80.0 5
Basic Yellow 2 Y =618022.58X +857.5 0.9989 5.0-80.0 5
Acid Orange | Y =185153.23X +141.25 0.9998 10.0 -160.0 10
Acid Orange Il Y =193995.97X +57.13 0.9998 10.0 -160.0 10
Acid Yellow 36 Y =1093970X -772.96 0.9997 10.0 -160.0 10

Y peak area X mass concentration ug/L.

1500 400
r [ Acid
roa Basic Yellow 2 300 P Yellow 36
1000 [
L Chrvsoidine G " [ Acid
§ i rysoidine g 200 [ Orange 1 Acid
3 r S b Orange 1I
L | | | Il Il Il
0 1 2 3 4 4 6 8 10
t/min t/min
40 15
sof €
£ 2 E
< o
o &)
10 &
O ; | L n n n | L s n n | L n s s s s L L L L L L L L n L L L "
0 1 2 3 4 0 2 4 6 8 10
t/min t/min
r 400 [
1000 |- Basic Yellow 2 Acid
r e f Yellow 36
800 [ 300
2 600 i_ Chrysoidine G 2 i Acid Acid
g [ g 200 Orange | Orange II
5] r 5] r
Q L @] [
0 1 2 3 4
t/min
1 abs cd e f MRM

Fig. 1 Multiple reaction monitoring chromatograms of a b a mixed standard solution of five yellow dyes
¢ d a blank yellow croaker sample and e f the blank sample spiked with five yellow dyes
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2.3 79.80% ~95.20% RSD
3 4. 0%
5 3 100 pg/L
20 40 100 ng/g 200 pg/L
| || 40 80 200 ng/g I I 36
6 le~f 5 RSD 0.07%
MRM ~0.50% 1.40% ~ 2. 14%
3
3 5
Table 3 Recoveries and precisions of the five yellow dyes in different foods
Food Dye Spiked/ ng/g Found/ ng/g Recovery/% RSD n=6 /%

Bean product Chrysoidine G 20.0 18.4 92.00 3.1
Basic Yellow 2 20.0 18.5 92.50 2.6
Acid Orange [ 40.0 35 87.50 2.8
Acid Orange [I 40.0 32 80. 00 3.0
Acid Yellow 36 40.0 36 90. 00 3.3
Yellow croaker Chrysoidine G 40.0 37.5 93.75 2.8
Basic Yellow 2 40.0 38 95.00 1.9
Acid Orange [ 80.0 72 81.30 3.5
Acid Orange [l 80.0 71.2 82.25 3.2
Acid Yellow 36 80.0 73.2 79.80 2.6
Chicken Chrysoidine G 100.0 95.2 95.20 2.5
Basic Yellow 2 100.0 94 94.00 2.3
Acid Orange [ 200.0 162.6 89.95 1.8
Acid Orange Il 200.0 164.5 90.30 2.7
Acid Yellow 36 200.0 159.6 87.38 1.6
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