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Abstract: A fast and easy method for the quantification of 8 basic dyes in food (bread, orange juice and stewed bean curd) was
investigated by ultra performance liquid chromatography-quadrupole/electrostatic field obitrap high-resolution mass spectrometry. The sample
was extracted by ethyl acetate, Cig (3.0 mm>100 mm, 1.8 um) was used as chromatography column to separate the basic dyes with a gradient
elution of acetonitrile and 10mmol/L. ammonium acetate aqueous solution as the mobile phase. The 8 basic dyes were analyzed in positive and
negative mode. The retention time, accurate mass of parent ion and relative isotope abundance were used for fast screening in full scan mode,
while accurate mass of fragment ions was used for confirmation in two-stage threshold-triggered full mass scan mode. Under the optimal
conditions, good linearities (R*>0.99) were obtained in their respective linear ranges. The recoveries were in the range of 82.2%~105.3% and the
relative standard deviation was 6.0%~9.9%. The method was simple, sensitive, accurate and suitable for the rapid screening and confirmation of
8 basic dyes in food.
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Table 1 The information of 8 Basic dyes

5 B A7) LA 2T CAS
1 %9 B Rhodamine B CysH;3,CIN,O4 81-88-9
2 FRIERE 2 Basic Orange 2 CpH5CIN, 532-82-1
3 FRIARE 21 Basic Orange 21 Cy,H,;CIN, 3056-93-7
4 FRERE 22 Basic Orange 22 Cy3H,,CIN, 4657-00-5
5 JLERS Basic Green 4 C5,Hs4N,O 15 2437-29-8
6 R Auramine O C17HpN3Cl 2465-27-2
7 AL LT Pigment Red 1 Ci6H1N3O5 6410-10-2
8 A4 2R Ponceau 2R CisH14N>O;S,Na, 3761-53-3

1 HRSTES

L1 U8 A5 5

R 1o U - DU B AT/ FRL 7 B T P v 20 5
WA (Q-Exactive), 3&[E ThermoFisher A F]; s
OLCCR22G 11D, HALA ] 8 A B FZEY (SB5200),
WREEEAE (B AIRAF.

12 & &1

121 &5t

it ZORBAX Eclipse Plus Cig(3.0 mmx100
mm, 1.8 um); JiE: 0.3 mL/min; FiE: 25 C; #F
FEAARR: 20 uL; JiEhAH: A N2 BN 10 mmol/L
CIRBKE . BEFEVEMAZ T : 0~1 min, 5% A; 1~2
min, 5% A~10%A; 2~3 min, 10%~40%A; 3~5 min,
40% A~95% A; 5~13 min, 95%A; 13.1~15 min, 10%
A; 15.1~17 min, 5%A; ZMHidE: 17 min.
122 Figdtt

Wi IEE PR 3.5 kv, BT 2.8
kV; BFIRIEE: 300 C; fEis e B4lE R
350 °C; #SJESI: 35kPa; FBISIES: 15kPa;
FVERE (m/z): 150 u ~750 u; —ZIGAH (Full
scan) ZpFEF: R=70000; [ 33 a5 15 H kN P
H B T4 (AGC target): 3¢°; B A3 A : 100 ms;
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Fig.2 Extracted ion chromatograms of 8 basic dyes VE N,
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Table 2 Accurate masses, retention time, relative mass deviations and fragment ions of 8 basic dyes

kAR AR rast g
=4/(mlz) F4/(m/z) 1a £%/10°

BFuERA 1% B 18] /min SRR BT

C,sH»05N,(399.17032);

443.23257 -0.79 6.49 CyHyON'(316.13321)

[M+H]" 44323292

CeH,N57(121.06345);
C,HgN,(88.07435);
CeHsN,(105.04472)

[M+H]" 213.11347 213.11330 -0.80 6.39

C21H20N2+(3 00.1621 O),
Cy0H 7N, (285.13863);
C1oH N"(144.08078)

3 BRAERE 21 [M+H]" 315.18558 315.18536 -0.70 6.46

Cy7HN,(376.19340);
C16H1,N'(220.11208);
CaoH N, (284.13080);
C,{H N (158.09643)

4 BRMHERE 22 [M+H]" 391.21688 391.21667 -0.54 12.35

C22H21N2+(3 13. 16993),

Py
5 LR C;sH,N'(208.11208)

[M+H]" 32920123 32920090 -1.00 737

CoH; N, (147.09167);
CgH N (122.09643)
CeH40,N(122.02475);
CeH40;N(138.01967);

CeH,0,(108.02168);
C10405N'(264.06662)

6 AR [M+H]" 268.18082 268.18063 -0.71 6.10

7 popiA s [M-H] 292.07276 292.07288 0.41 7.60

CoHg05S(194.00431);
CH;04NS (218.98431);
C11H,50¢N1,1(271.09356)

8 MAZ 2R [M-2Na+2H-H]  435.03262 435.01712 0.51 4.89
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Fig.3 Secondary mass spectrum of 8 basic dyes
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Table 3 Linear regression equations, correlation coefficients, linear ranges and LODs of 8 Basic dyes

RS bt KAE A A2 AR AHEE(ugke)  AErR/(ugke)
1 ¥ 91 B Y=3005580X+3065500 0.9991 1.0~200 03
2 AR 2 Y=714084X+2233470 0.9992 5.0~200 1.7
3 BPEAE 21 Y=2528000X+4286760 0.9986 5.0~200 1.7
4 BPEAE 22 Y=8305800X-6786020 0.9991 5.0~200 1.7
5 LEL% Y=650991X-290424 0.9997 2.0~100 0.7
6 BRERE Y=2586400X+4820870 0.9990 2.0~100 0.7
7 FHAELT Y=9789820+119316 X 0.9999 50~1000 16.7
8 AL 2R Y=6736.16X-375776 0.9981 500~5000 167

* 4 R 8 MWt & R PRI RFARRERE

Table 4 Average recovery and relative standard deviation of 8 basic dyes(n=6)

e hnE/(ug/ke) he
R /% RSD/%
Z#9 B 1.0. 2.0. 10.0 88.1. 84.4. 92.6 9.0. 8.0. 8.1
BRPEAE 2 5.0. 10.0. 50.0 83.5. 94.0. 91.1 8.1. 72. 73
BRIEFE 21 5.0. 10.0. 50.0 82.3. 85.5. 90.6 8.1. 82. 6.0
BRPEFE 22 5.0. 10.0. 50.0 82.2. 843, 956 99. 7.8. 6.0
LEBGE 2.0. 4.0. 20.0 89.0. 89.4. 98.8 8.7. 6.6. 6.6
B 2.0. 4.0. 20.0 89.2. 90.4. 90.8 8.5. 85. 83
xH 4T 50. 100, 500 84.2. 86.4. 924 72. 82. 7.0
AL 2R 500, 1000. 5000 85.9. 88.6. 90.2 8.9. 6.8. 6.7
g aF

& e &S : RSD/% B E /% " RSD/%

¥ 79 B 80.8. 88.5. 95.6 83. 82. 69 85.5. 88.4. 922 9.8. 7.5. 74
BRHEAE 2 84.2. 88.4. 90.4 9.3. 7.0. 6.0 105.1. 1053, 1005  9.2. 9.0. 7.5
BRPEAE 21 85.0. 81.4. 955 83. 62. 6.1 83.2. 81.4. 90.9 9.3. 82. 8.1
BRPEAR 22 85.2. 88.4. 98.9 83. 82. 8.1 84.2. 88.4. 90.9 8.3. 88. 73
FLEB 88.2. 85.4. 99.9 7.3, 82, 7.1 83.2. 81.4. 90.9 9.3. 82. 8.1
B 82.3. 81.9. 922 83. 62. 62 88.5. 90.4. 95.6 8.8 7.6. 72
FH 4T 89.0. 90.4. 95.9 83. 72. 6.1 80.8. 88.5. 95.6 83. 82. 69
AL 2R 88.6. 88.1. 923 6.9. 88. 8.7 85.6. 87.6. 95.1 79. 7.8, 1.7

U b NABPL ) 2 85 145 2., Trace finder 3R] LAF)

27 BT FFTH A TR S TR R 2y B AR b
M, BEFEREOLSNER, WA WRESER. W% S B

SR TR RERRI S S, FR
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Table 5 Screening database of Basic dyes

Index Compound Name Elemental Composition Polarity Expected RT  Intensity Threshold
1 Rhodamine B CysH31CIN,O; + 6.49 5000
2 Basic Orange 2 Ci,H;3 CINy + 6.39 5000
3 Basic Orange 21 CxH,; CIN, + 6.46 5000
4 Basic Orange 22 Cy3H,,CIN, + 12.35 5000
5 Basic Green 4 Cs,Hsy N4Oy + 7.37 5000
6 Auramine O C7HxN;Cl + 6.10 5000
7 Pigment Red 1 C6H N3 O3 - 7.60 5000
8 Ponceau 2R CsH4N>,O5S, Na, - 4.89 5000

Index Adduct 1 Adduct 2 Adduct 3 Fragment 1 Fragment 2 Fragment 3
1 1 1 1 399.17032 316.13321
2 1 1 1 121.06345 88.07435 105.04472
3 1 1 1 300.16210 285.13863 144.08078
4 1 1 1 376.19340 220.11208 284.13080
5 1 1 1 313.16993 208.11208
6 1 1 1 147.09167 122.09643
7 1 1 1 122.02475 138.01967 108.02168
8 1 1 1 194.00431 218.98431 271.09356
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8(5): 2448-2456
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HUANG Li-ying, ZHANG Xiao-bo, CHEN Xiao-Zhen, et al.
Determination of 9 acidic dyes in condiment by liquid
chromatography-ion trap-time of flight mass spectrometry [J].
Journal of Instrumental Analysis, 2013, 32(6): 687-692

0 M, f DR, PV AN, 55 WL it PP LA 1 L O T

291



MK EmBHL

Modern Food Science and Technology

2019, Vol .35, No.11

(10]

FUI &S DR, 2010,31(4):392-394

NIE Xue-mei, CHU Xiao-gang, SUN Hui-jie, et al. Study on
the use of dyes in EU food [J]. Science and Technology of
Food Industry, 2010, 31(4): 392-394

B U T, R R RSO € S - A IR DY BT R 1
PRI A i R 45 Fh oLk Gk A R1,2012,32(6):
176-180

LU Yong, QU Yan, FENG Nan, et al. Rapid Screening of 45
industrial dyes in foods by ultra performance liquid
chromatography-tandem quadrupole mass spectrometry [J].
Food Science, 2012, 32(6): 176-180

A B, L, o0 T g, Al it R AR I AR B T A
T AREGER[I). o E AR 243847,2012,28(9):222-228

ZHENG Yue-ming, GUO Wei, NIE Xue-mei, et al. Research
on detection methods of inedible pigment illegally added to
food [J]. Chinese Agricultural Science Bulletin, 2012, 28(9):
222-228

BRBEER, T E 75 AT —F RP-HPLC %5 Ye 35 f P KR
TP & )], AR IR 2% 75,2004, 14(1): 59-60

TIE Xiao-wei, HUANG Bai-fen, REN Yi-ping.
Determination of alkaline orange in yellow croaker by
RP-HPLC [J].
Technology, 2004, 14(1): 59-60

SRR, DR, B O, A5 T A e AR i I
FREE D E R E 32 s DAL GURHI. 2 2 1,
2012,31(6):658-663

GUO Xin-dong, XIAN Yan-ping, LUO Hai-ying, et al.

Chinese Journal of Health Laboratory

Determination of 32 industrial dyes in seasoning paste by gel
permeation chromatography and ultra performance liquid
chromatography-tandem mass spectrometry [J]. Journal of
Instrumental Analysis, 2012, 31(6): 658-663

G TR, 2 L, 5, A AR £ O - o
TR T vk (RIS AL & i Y 6 A MV R [I]. 204 fk 2,
2011,39(11),1670-1675

CAO Peng, QIAO Xu-guang, LOU Xi-shan, et al.

[12]

[13]

[14]

Simultaneous determination of 6 industrial dyes in foods by

solid phase  extraction-ultra  performance  liquid

chromatography-tandem mass spectrometry [J]. Chinese
Journal of Analytical Chemistry, 2011, 39(11): 1670-1675

W 5 A, 8 M) 5 v A € - FEL B 25 8 R
(RIS IR YR i S AR 6 b MV SR A [ R
11,2014,39(4):124-127

CHEN Yong, HUA Jin, PAN Ya-li, et al. Simultaneous
determination of 6 industrial dyes in condiments and cooked
meat products by super

high performance liquid

chromatography ionization tandem mass
spectrometry [J]. China Condiment, 2014, 39(4): 124-127

B He AR, TR, A5 R R RO € - v 7 B VPR
TG A K it AR R IR AN B SIS MR (1], £
A R 2A41,2017,8(6):2171-2179

JU Ling-yan, LI Zhao-jie, WANG Jun, et al. Rapid screening

electrospray

of phathalates and phenolic environmental estrogens in

aquatic products by ultra-performance
field
high-resolution mass spectrometry [J]. Food Safety and
Quality Detection Technology, 2017, 8(6): 2171-2179

TR S WS, VIR, S5 AT T 26 FAS AR mosiAe
- R T R L] B4, 2015,36(2):148-155

GUI Qian-wen, LIU Han, XU Wei, et al. Screening of 26

liquid

chromatography-quadrupole/electrostatic obitrap

kinds of additives in wines by high performance liquid
chromatography-high resolution mass spectrometry [J].
Journal of Chinese Mass Spectrometry Society, 2015, 36(2):
148-155

A4 50 B, F RS, 2%, UPLC-LTQ/Orbitrap MS Hus i 25
At 89 FAEFIPI[I]. 5 74, 2016,3(37):201-
210

NIU Zeng-yuan, LUO Xin, WANG Feng-mei, et al. Fast
screening and confirmation of 89 prohibited compounds in
cosmetics using UPLC-LTQ/Orbitrap MS [J]. Journal of
Chinese Mass Spectrometry Society, 2016, 3(37): 201-210

(#8270

[15]

[16]

292

F R N RN [ [ 5 i 24 it M B B8y L o AR A o
KA B2 5143,GB 4789.35-2016 A1 2 4 H ARk £ fh
A AR AR R AR [S]. + H,2016

State Health and Family Planning Commission of the State
Food and Drug Administration of the People's Republic of
China, GB4789.35- 2016, National Food Safety National
Standard Food Microbiological Test [S]. China, 2016

MR, FLER 2, 05 8. B A AE D A BOR M AB 5T A FE A,

[17]

R R 2016:184

HAO Lin, KONG Qing-xue, FANG Xiang. Food
Microbiology [M]. Beijing: China Agricultural University
Press. 2016: 184

P i A2 IR M. AL A2 Tl ik, 2004:222.
YANG Wen-bo. Microbiology Experiment [M]. Beijing:
Chemical Industry Press, 2004: 222





