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BE.ET T r%EL’i S @i%‘?"[’q 4 f'FEfJ"U‘f i) )5t 3% ( UPLC-Q-TOF MS) lehfu'” K= dorp 1S Fk e A A E R Y
7?‘1".7? KPR LA (F 10% (v/V) BB R C, B AR iSRSk, AR RH
s EFEHE 7 EL LLZE R 0. 1% (v/v) B EZ-5 mmol/L 2 R # 7 i /‘] ik 'S}J FE BB R ML DY B R K17 R (] R B R

L"}iﬁT’ BRI R M 15 Fjifi m&-fé%uwi R (L0Qs, S/N=10)H 0. 1~100 ng/kg. I £ & B Y £k
PRGN 2R X R B M R R E(r) =0.993 r’Jz 3 bR KR 7 2 RS R 80. 60% ~ 107, 37% | 7 2
B AH &R 1 (i 25 A 3. 33% ~ 6. 69% (n=6) iyt v# R R GEH T H A ORES A LS FreitE A E R
4 B T A

KBRS (3 - IO BFF AT B A R R 2 C B I R R R s A A 6 3R K s bR
HRESES 0658 X ERFRIZAD A %éﬁ%;loo(—Sﬂo 2015)10-1097-07

Rapid screen of 15 basic artificial dyes in fishery products by
ultra performance liquid chromatography coupled with
quadrupole-time of flight mass spectrometry

HUANG Li, DAI Yifei, WANG Pingya, ZHOU Yong,
ZHAO Qiaoling * , JIANG Lingbo, LUO Haijun
( Zhoushan Institute for Food and Drug Control, Zhoushan Institute of Calibration
and Testing for Quality and Technology Supervision, Zhoushan 316021, China)

Abstract: A new method was established for the simultaneous determination of 15 basic artifi-
cial dyes in fishery products by ultra performance liquid chromatography coupled with quadru-
pole-time of flight mass spectrometry ( UPLC-Q-TOF MS). The analytes in fishery products
were extracted with acetonitrile containing 10% (v/v) acetic acid, then purified by dispersive
solid phase extraction with C ;-silicone adsorbent. The compounds were separated by a C, col-
umn with acetonitrile and 0. 1% (v/v) formic acid-5 mmol/L ammonium acetate solution as the
mobile phases, and measured by UPLC-Q-TOF MS with electrospray ionization in positive
mode. As a result, the limits of quantification (LOQs, S/N=10) of the 15 target compounds
were 0. 1-100 wg/kg in fishery products. The 15 analytes behaved linearly in their respective
ranges with the correlation coefficients no less than 0.993. The average recoveries of the 135
analytes spiked at three levels were ranged from 80. 60% to 107.37% with the RSDs of 3. 33%—
6.69% (n=6). This method is suitable for routine qualitative and quantitative analyses of the 15
basic artificial dyes in fishery products due to its fastness, simplicity and relatively high sensi-
tivity.

Key words: ultra performance liquid chromatography-quadrupole-time of flight mass spectrom-
etry (UPLC-Q-TOF MS) ; C ;-silicone solid phase extraction column; basic artificial dyes; fish-

ery products; rapid screening
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FEHPHER BAHBILAEEMEREH
BT EBCRRZ X EAERERE .
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S ERES HEEEES EATHEKE
BR g EEEERERMATE Y S a)’wﬂaﬁ’a
Wk T R EE-BERIEET S B FAR
EENEERR, SEIE AR 7 7 R e
M@ T AR —ERRRYE.
IO 4% FF K 47 B 18] 5 % ( Q-TOF MS) RE4E fit 45
FREH. TEISTFRERMEELEYiTE
E FRIE, BLTE C FF B T 284 B 58 L 40 473 1 o 2 2 o

SR KB R G R RE ST . (B B ATE
F Q-TOF MS % F & & qﬂ%%ﬂfﬂﬂ%éﬁ”’éﬁ%?{

SEEUED TEENK=RFNEERERE
FMERIRIE . B, ALK SRR & 3 =
F 1S FREE AT RS BRAE & 6 R AT AT R XS R S AT
RRERTTEE RARGIE & RE S G TR, LI
B ALK dh R Z2F B K 1Y UPLC-Q-TOF MS i &
R B9 A I J7 1 .

1 REEs

1.1 E5iH
Agilent UHPLC # Agilent 6540-QTOF ( Agilent
NFE L EE); Avanti® J-E B #1850 ¥ Tal-
boys iR IE IR & 7% N-EVAP™-112 ZIK Y 4 % B
BB O HR. 2Ry ek 9 g g
fi 52 ’J"ﬂ T AR A ®] KB B LR 7% 7
FrafsC JHRH(40~63 pm) FENTH (40~63 pm) 1y
Wy )b i 2 S B B % 0 A PR 2 A < PR S F Ag
| ( Oasis MCX) | 55 fH & F 22 #i& /) £ ( Oasis
WOX) ¥y 5 Waters 23 7 C, /DE B I i 22 i
5 R IRy AR A R L5 K oA Milli-Q #

Friife 5. 4 B ( Auramine O 4l FF 89% ) &4 7L
ALE A
F}#1 1I( Sudan

# {1 % ( Leucomalachite Green. i Jif 90% )
#f ( Malachite Green. & 89% ) 4
A 91%) FrFF£1 IV ( Sudan IV 4 B 91% ) 35

P} ( Butter Yellow . #fi i 89% ) 45 I}

M B ( Sudan

Black B, 4 & 91% ) . fif {4 & II ( Chrysoidine G, 4f
FE 89% ) % F} 85 B(Rhodamine B, 4fi & 91%) % 7
% (Sudan Orange G, 4l & 89%) . % F+ 4L 7B ( Su-
dan Red 7B, 4l & 91%) .71 FF 4L G(Sudan Red G,
%E%%\%ﬁﬁH&MmLﬁ§9%\%ﬂﬁH
(Sudan II. ZHEE 91%) #& 4L 2 5 ( Citrus Red 2., 4
BEO1%) . F LT gL BRI E RAF.
1.2 fRERKRES

o BIMERAREL 15 Fosi & A & F AR R & 10
mg T 1I0mLAEEMY, FREEHR, M 1 g/L
HYBRARMERE &R (-20 CIRTE) . FB 7 BIMEL 1 g/L
HY 1S MBS AR /EfE F & 1 mL F 100 mL & B
FOHREZEER 10 mg/L fIREMERK. £k
oA {5 R ) 4 U 3 R Y VRO LA R AR I A A o T AR
B, T 4 CTHRE.
1.3 FmETAE

FREX 2.0 g BE T 50 mL 7 35 B R 24 & 0
EF.MAI0mL ZE(&HF 1% (v/v) LR ER,
JABE 1 min, # 7 5 min, I 10 000 r/min 4 % 5 .0
10 min B S mL B REB ZERrEUE S . 8N
%A CE B M (500 mg JE 7K 5 B2 5 100
mg C #37R 40 mg BER A K ) IR G E R #UE 5
min, ) 10 000 r/min %% 5.0 10 min, BUE O 5 BY
EE® 3 mL, 2RSSR T, F B EE-7K(50:50, v/v)
BRI EZRS 1 mL, 3T 0. 22 pm F HLIE K E it UP-
LC-Q-TOF MS 73 #r il & .
1.4 ®&if-RiEEG
141 g% &%

Agilent Eclipse Plus-C, ( 100 mm x 3.0 mm,
1.8 um) fEN 3 #r ik AR N 30 C i sh A i h
5 mmol/L Z fR#%-0. 1% (v/v) HERKiE W . B # K
ZNE BB AR 2.0~ 1 min, 5% B~20%B; 1~10
min, 20% B~ 100% B: 10~ 100% B . it #E
(AF1 % 3 pL. % 0. 2 mL/min -
1.4.2

15 min,

e
BT o
e £ EUJHML :m/z 50~ 1 IOO-%—”H HHL
He 04 000 V52 5 W8 25 i e 250 Vo & 7 fh L % .
130 Vi <UL BE 350 C; T4 R 325 T

.

i 11 L/min T4 500 8 L/min s 57418 5 £ 45

s (ESD) 4 =20 iE g
|

R 2 BB TFHH (Al ions MS/MS) . S H.iE
&SR L (CHF, O, H K 6t A1 X 25 IR 4 K
112. 985 >3 ) fidE Zom




510 B B 8,58 UM - I R TR A R P R AR R R 1S Rl A e - 1099 -
3 922.009 8) . B2 5 45 & 0 A UPLC Rk 1T @1 77 5 .Q-TOF

s R £ 5 A
Workstation Software ( Version B.05.00) %t {4 5¢
BB S M PR S e
PCDL Manager (B.04. 00) 4 {5

2 #R53R

Agilent Mass Hunter

Agilent Mass Hunter

£ A, -

21 giE-FRiEaw
AR EFL A A & R I SRR

15 R K= A AE R B B & B R R B i
Py #EAT RN, K98 7 BY AR X 73 R A A EE 1 R

PEFIMERR L BOR B4 {15

MS JE‘TTFJ:'A'IVB fFERRE. B1EI15FmiEs R
A o TR E SR U @5 R JF |y All ions MS/MS # 5

W IS FERYNEE T REENESEERE (L
Fx1). BLERENRIEREE L S Agilent

Mass Hunter % {4 % H #5 #7 #F 17 BT i B2 XTI, DA £
BHEtE BE TS TEmEENR RN EEE
MAEGHTE S IE, U EFHTZE& 9. BT
FEFRERICERET Z®%e 8 FEEITE, fr
DIICEE — AR FE T AN RSN E
i 2 1Y VR R R O
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o
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Fig. 1 Extracted chromatograms of the 15 basic artificial dyes by UPLC-Q-TOF MS
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K1 AFRFISHELEEAREENRENEMRERES
Table 1 Retention times and MS information for the 15 basic artificial dyes in fishery products
Compound Molecular formula CAS No. Retention time/min Parent ion (m/z)
Auramine O C,,H,,CIN; 2465-27-2 9.693 235.0954
Leucomalachite Green OnH, 6N, 129-73-7 14.449 299.1155
Malachite Green C,;H,;CIN, 569-64-2 11.082 237.0634
Sudan III C..H(N,0 85-86-9 16.260 375.1216
Sudan IV C.yHyyN,O 85-83-6 18.430 403.1529
Butter Yellow C H ;N 60-11-7 13.593 271.0842
Sudan Black B CoH,u Ny 4197-25-5 17.782 479.6970
Chrysoidine G C,H;;N,Cl 532-82-1 11.226 290.1628
Rhodamine B C,;H;, CIN,O 81-88-9 11.293 351.1832
Sudan Orange G C:HipgN5O5 2051-85-6 11.793 465.7165
Sudan Red 7B C. H, N, 6368-72-5 17.616 402.1689
Sudan Red G C,,H N, O, 1229-55-6 13.938 316.0693
Sudan I C¢H\,N,O 842-07-9 14.127 331.1053
Sudan II CisHisN,O 6358-53-8 15.471 353.1988
Citrus Red 2 CisHxsN.O; 18472-87-2 14.771 301.0947
22 HIRAEZERMRL A 1% (v/v) ZERRBI Z BRI AT B R AR, 45
221 REBEFEHEEF RERIMA CRE RPN R FR T 54T 69 B Y =

FRHUA T A9 1E 16 75 (R i 25 22 B 5 1k & ¥ R RE &
EROHE. FENRBAN AT TE BN S &
FR 2% 0, DT 38 o X B & A B A AR R R
AL T 4 EIEN—ZF CRIE .
SR B ANER B 5 o T = 2B & & 1 k=
ﬂy*fﬁ‘%‘*ﬁié%éﬂ%ﬁzfﬂl.H’Iiﬁ%%.ﬁ%u
90% . ZARE MR, B AU T X E 5 i

HEH@?@%@.EWE?&%%EE{ VB 2D 2% BOX 8 R RY

(5% 96%), e EA & F1b, AT —H B
BB RS T T RIFERM. FIL, 4 30
ERMRIUEFIES 1% (v/v) LB ZIEER .
222 HRhFTEHMAL

AL A 3 FhE A AT E A ZEBUHE (C B | Oa-
sis WCX #% Oasis MCX %) f1 C,, & & rE I L R %8
BUE XK 7= 5 B R A 4R B 4 B R R A AT A Ay
TroBERPEREREERLE2. BE2

T, —RFREFEFNEER BIRTHFIRE. PLC\y B & Bk 5 BT 28 BUE i (L 8RBT, #E &
R AR MERE . B SR 82% ;L Ah, LITR ER 71 2 B2 BROEWRES ., HTEETREE LTI A E:
R AR, ECRMm K, 2978 60% LIT . #  OC,EAEERU/NE A 38 B K, 5 0g K555,
7 T LR EBGH AY Gl b A SCiE— 25 87 T FECS FhEAE G AL R E B AR (FF 60% ~75%
R2 TEAERHEMAFSZP HREAREENMNGEEERENITEABENEN (n=6)
Table 2 Influence on the spiked recoveries and RSDs of the 15 target compounds
in fishery products by different SPE cartridges (n=6)
Recovery/% RSD/% (n=6)
Compound — - = : o
Cis Oasis WCX Oasis MCX  C -silicone Cis Oasis WCX Oasis MCX C y-silicone
Auramine O 78.40 80.57 78.44 86.44 8.54 6.12 7.81 6.14
Leucomalachite Green 74.14 85.22 79.47 88.12 913 6.14 7.31 6.10
Malachite Green 71.44 105.10 89.14 107.37 8.12 6.57 7.41 6.05
Sudan III 61.14 81.01 75.47 98.53 8.07 7.01 7.43 5.84
Sudan IV 75.40 85.21 80.11 95.74 7.04 6.27 8.14 5.40
Butter Yellow 80.14 82.14 76.14 96.84 7.52 6.45 7.04 520
Sudan Black B 70.44 88.14 72.01 101.28 6.01 6.87 7.16 4.54
Chrysoidine G 60.48 78.45 68.14 95.40 135 6.87 7.54 5.14
Rhodamine B 71.05 84.04 67.14 95.81 6.45 6:25 7.25 6.14
Sudan Orange G 57.10 82.14 6177 98.54 6.17 5.47 7.60 6.25
Sudan Red 7B 59.40 84.41 71.04 97.24 5.78 5.40 7.18 5.10
Sudan Red G 62.04 80.47 F215 093:95 6.05 35.67 6.84 4.84
Sudan I 65.10 92 .41 75.47 100.80 6.72 5.84 7.05 5.01
Sudan II 67.04 75.44 65.47 90.36 Fols 6.01 7.10 4.01
Citrus Red 2 70.58 92.14 79.44 10231 7,25 Sl 7.15 4.05
Average recovery/% 68.26 85.13 74.09 96.58
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ZIA]) 5 (2055 PH B T 22 M FE A FH B T [ A 2E B B
S a2 (A 0 2 85, 13% FI 74, 09% . {H % 4~ 5 H

BRIy A0 A R I FAT TL S0 R B B RS L ik R

FIRE I 7 e R A B RS SR s B M K 2 Al L
EH.BH C . EErERIEGIEMRETEN 15 Fi

P& R 2 AT 2 B R &k 96. 58% , 1 i A [F]
W BF 700 % H bR 0 1T PR Y OR B LR A0 2 B A
DIl R/ -1 = R e W DR TN AV & S R I
] JELH TR R 2 ORI R R A i T T
82 2B R B O K BRLFR BE 1Y 1 7E 500 mg 2 L) b
b Fit i FLR S A B R RIS TR 2 C fRE
FEHITE H Sk 100 mg 240 mg K L) b B, b F 6] i 38
F (b2 RS A A B R A fie R RO TR L 5 0 B G
A RREE B e B T WM R B9 (T & O 500 mg
TR R EREE 100 mg C #5740 mg rERC AR . [H

I LA SCHf A R C 18 e IERIFERCE E N iE
kM (i 15 Rk & 6L th*wﬁﬁ 2y [a]

Wz, KoK e fbrp B R ARy iR T — PR
A H LT B

2.3 lf = ﬁﬁ 1E

231 FEEs BHRSHEA

2.5.10,
20.50.100,200.500 pwg/L) BYIR & br il iE . UL 4
¥ B T zrrm»/.nwﬁ;gma(x. pg/L) 77
GIES R ﬁ“ﬁrﬂ & R 3 br e il 2k RS 10
ng/L R &#r f%fm{(‘{:m”UIGU\ B0 a7 FR Y AH
WIARfER 22 (RSD) (25 R LR 3. MFE 3 W HIL 15 Ff
(L REREI RN TI%HBJ“)H TEE N EX R FU:H‘
fﬁk Hu =0.993; RSD < 6.49%, 5 A5 { 55 4% 2

RI3 LMHEMEZMNEEEE AEAFEEXRE(r) M 10 pg/L HIEERMBIITERE (RSD)

Table 3 Linear ranges, linear equations, correlation coefficients (r) and relative standard deviations ( RSDs)

of the 15 basic artificial dyes at 10 pg/L

Compound Linear range/( ng/L) Linear equation r RSD/% (n=6)
Auramine O 1=500 Y'=55480.594X+114819.155 0.999 5:83
Leucomalachite Green 0.2-50 Y=69713.750X+8805.081 0.997 5:03
Malachite Green 0.2-50 Y=66374.494X+16584.402 0.997 5.30
Sudan IIT 20-500 Y=326.627X+1784.760 0.993 2.16
Sudan IV 10-500 ¥Y=565.808X-327.592 0.995 6.49
Butter Yellow 1-500 Y'=23147.646X+66562.357 0.999 1555
Sudan Black B 2-200 Y=2524.824X+687.609 0.999 4.22
Chrysoidine G 0.1-50 Y=71975.838X+14994.923 0.998 52l
Rhodamine B 0.2=50 Y=77685.232X+7611.541 0.999 6.01
Sudan Orange G 5-200 Y=3043.572X+21297.215 0.994 0.05
Sudan Red 7B 0.5-100 ¥=7076.810X+11367.598 0.998 2.78
Sudan Red G 1=200 "=20853.274X-413.663 0.999 1.00
Sudan I 1-500 Y=3581.971X+15567.375 0.999 5.10
Sudan II 1-200 Y=4281.334X+11520.951 0.995 2.39
Citrus Red 2 1-500 Y=13109.474X+35976.754 0.998 1.05

Y. peak area; X: mass concentration. pg/L.

232 BHR . EERSERRE

¢\IEPB% tB RE5EERERE 3 FH 10
(EME LAY B SR AT E I B Y. SEfriRiEF . R
fiTHR4E 10. 0 wg/kg A9 &N B Y iR 56 ( 75 FH4r I A0
AP IV By hntr & 47 5 R 100.0 pg/kg F1 50.0
ng/kg) FFE bR & PRI ] AT @& TSRS 1T 3 5 (E
MR E B E R E At R (LOD, S/N=3)
MiZEEEZ 10 FERILLBREBINSENEE
FR(LOQ, S/N=10) . F &8 3 3% F #] & i o #6 3k
R . EREEWRL s HEE 3 F 10 By & & . 1T
RAZ B ERFEERIEIE. Wk 46T
R A5 FEFRY 9 LOD £ 0.05~2.0 wg/kg = 4]
(FFher 10 35 PR IV R f5 HOBR 40 5 8 50. 0
pg/kg A 25.0 pg/kg) FE 15 HERGEER /D

F 5.0 wg/kg( FH /4 UL #MFFHL IV B EER
%4 100.0 g/ kg 1 50.0 ng/kg)

TERA MY BB B RE S B R TR iR fm 10,50 #1200
ng/kg 3 MR [RIIR B KFAY 15 FIR & i EIE Il (91
FHET I A 35 FHET IV A9 & IR B 4351 2 100,500,
20000 pg/kg) ¥ 1.3 35 7 sk ik 17 W 4k ¥, SR FH
UPLC-Q-TOF MS i FEf£ BT W B iInfk &9, B
Bk FEFEEMNE 6 R.TEFHE YR RSD.
HRNLF4. HRATH.ERRMTEREREN .,
15 PRI & A E A9 E U2 80.60% ~ 107. 37%,
RSD 35 3.33%~6.69%. B 15 MREESHREEH

R EERMENREWER . AIUELAT
EHEREREKT&HFT IS HEESGEHERDN
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R4 UHBEEEREZMNEKE RSDs HRAMESR
Table 4 Recoveries, RSDs, limits of detection (LODs) and limits of quantification (LOQs) of the 15 basic artificial dyes

Compound Spiked/ ( .g/kg) Found/ ( ng/kg) Recovery/% RSD/% (n=6) LOD/ ( ng/kg) LOQ/( ng/kg)

Auramine O 10 8.06 80.60 5.0 0.5 1.0
50 43.22 86.44 5.12
200 206.50 103.25 6.08

Leucomalachite Green 10 8.22 82.20 4.10 0.1 0:2
50 44.06 88.12 5:56
200 193.70 96.85 6.69

Malachite Green 10 9.68 96.80 6.10 0.1 0.2
50 53.69 107.37 5.58
200 202.14 101.07 4.41

Sudan III 100 91.13 91.10 6:25 50.0 100.0
500 492.75 98.53 4.84
2000 2068.28 103.41 4.12

Sudan IV 100 95.61 95.60 5.65 25.0 50.0
500 478.73 95.74 4.24
2000 1985.06 99.25 4.01

Butter Yellow 10 9.96 99.60 4.98 0.5 1.0
50 48.42 96.84 5.67
200 203.55 101.78 4.18

Sudan Black B 10 8.71 87.10 5.98 2.0 5.0
50 50.64 101.28 4.21
200 205.32 102.66 4.77

Chrysoidine G 10 8.87 88.70 4.66 0.05 0.1
50 47.70 95.40 4.28
200 199.74 99.87 5.05

Rhodamine B 10 BlS 81.50 4.97 0.05 0.1
50 47.91 95.81 5.34
200 192.90 96.45 4.89

Sudan Orange O 10 10.02 100.20 5.21 2.0 5.0
50 49.27 98.54 4.95
200 204.68 102.34 3.99

Sudan Red 7B 10 9.41 94.10 5.24 0.2 0.5
50 48.62 97.24 6.11
200 202.21 101.11 6.04

Sudan Red G 10 10.41 104.10 5.65 0.5 1.0
50 46.98 93.95 4.29
200 199.46 99.73 3.33

Sudan I 10 9.52 95.20 3.97 2.0 5:0
50 50.40 100.80 5.84
200 205.52 102.76 4.68

Sudan II 10 8.51 85.10 3.99 0.5 1.0
50 45.18 90.36 5.51
200 200.80 100.40 4.38

Citrus Red 2 10 9.51 95.10 4.21 0.5 1.0
50 51.16 102.31 4.05
200 196.24 98.12 3.66
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\ B Ak R 35 R L UPLC-Q-TOF MS # AR #
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LT u\\fﬂ]@ql TG 45 FE (5 FE 5, B K Db, REFEWH &3 2B M BRIE & KR
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