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HEE < B 5 RO AR 98- 70 AR AT K AT R E] B 3% ( UPLC-Q-TOF MS) # R# 7 Tk 7= b 28 R ER % & A &5 2 Y
PRI . KPR R R AR K- K-ZB(2:17, v/v/v) BRI B E B LG B R A s s EA
UPLC-Q-TOF MS il %€ . H#5#)% Eclipse Plus-C #4081 0. 1% (v/v) B f2-5 mmol/L Z i 5 /K VAR 1 Z 5
MDA T HERE RAEBEAE TFERT & EE BB REARBER TR . SREEH. K5k 28 M
HEERERERER(LOQ, S/N=10)% 20~ 100 pg/kg; HEE H NS HEENL S L ER T (HXEH r) =
0.991, e T PRI AT bR HEMR 22 (n=6) #5/NF 5. 61% ;76 3 P AT K T F AY T2 {4 2 % 70. 24% ~ 106. 47% . Xt 47
M2 77 5.62%~9.65% (n=6). ZHEREME REED BEBHF KRS 28 @ EatEms.
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Rapld screenmg of 28 ac1d1c artlﬁcml dyes in ﬁshery products
by ultra performance llquld chromatography coupled Wlth
quadrupole-tlme of ﬂlght mass spectrometry

’WANG ngya ZHOU Yong, DAI Ylfel HUANG Li, ZHAO Qlaolmg : -
{Zhoushan Instztute for Food and Drug Cont’rol Zhoushan Instztute of Calzbmtwn and .

Testmg fo'r Qua,hty and Technology Supewzszon Zhoushan 316021, Chma)

Abstract: An analytical method was established for the simultaneous determination of 28 acidic
artificial dyes in fishery products by ultra performance liquid chromatography coupled with qua-
drupole-time of flight mass spectrometry ( UPLC-Q-TOF MS). The analytes in fishlery products
were extracted with ethyl alcohol containing 20% (v/v) ammonia water and 10% (v/v) water.
Then the extract solution was purified according to amination adsorbent matrix dispersion
method. The compounds were separated by an Eclipse Plus-C; column 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 negative mode. As a result, the
limits of quantification (LOQs, S/N = 10) of the target compounds were 20100 pg/kg in
fishery products. The 28 analytes behaved linearly in wide-range with the correlation coeffi-
cients more than 0. 991 as well as the relative standard deviations ( RSDs) of the peak areas less
than 5.61% (n =6). The average recoveries of the 28 analytes spiked at three levels were
ranged from 70.24% to 106.47% with RSDs of 5.62%-9.65% (n =6). This method can be
applied to the analysis of the 28 acidic artificial dyes in fishery products due to its fastness. sim-
plicity and relatively high sensitivity.

Key words: ultra performance liquid chromatography coupled with quadrupole-time of flight

mass spectrometry (UPLC-Q-TOF MS) : acidic artificial dyes; fishery products; rapid screening
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VUt AF K AT B [E] R 5% ( Q-TOF MS) 1 h & 7 #
%, RE N A2 15 20K 0 B 2 5, O ELE o BodE T —
R CFREBHICEME R SEHITIEY L
E L FER 2 ST HERE W BEAR L & T 4 %, B B AT
LA R 2 B FR M BAr ) #E 1T E & . (3 B RrX R A
BMERMTHERE RFRE D, R ILK=HHER
HIS I 65 3% 4 I ) A S HR 3K -

B, 2R LK = oA DF ST R &2, X E AP 28 F
HERRBRESREZHFITHN, B2 T UPLC-Q-
TOF MS ifi#s Jr ik . X #E S Ay 40 P2 77 36 IR HE (6 5
M RIEAHHTT REMI, MK PBRES
WEEEEENHEMFIERME T TITH TS,

1 XWaEls

1.1 XES5EKF

Agilent UHPLC F1 Agilent 6540-Q-TOF MS
(Agilent, £ H ) ; JE 5#EBHEE L.
Talboys i& g i & #5 . N-EVAP™-112 & 0% {¥ | ¥ &
ERE;FE B FRACES, M E LiEEE
LB BN B RS KBRS 2B N .
ECkE ZEME K (FEE 5 25% ~28%) N o H7
4f;C18 HEHk (40~63 wm) EBELZ# (100~200 H)
¥E EERELREEROAERAT ;LK
S Milli-Q #8 46 7Kk .

Avanti®

PRUEY) R « 583241 (Amaranth, 4 BF 89% ) | H 7
# (Sunset Yellow FCF, 4f & 90%) . &t # ( Indigo

carmine , ZE ¥ 89% ) 3% 2K &1 ( Allura Red AC, 4 &F

91%)
By B (
Coccine, #fi & 91% )
89% )  n& Fk # (

5CH BN ( Brilliant Black BN, &fi & 91%) 2
Naphthol Yellow, 4fi i 89% ) | fig 4 £I
R M # (Acid Yellow, Jn& i3
( Quinoline Yellow, &fi if 91% ) _fiE M4
21 2G ( Acid Red 1, 4l Ff 89%) . & 4% SF ( Light
Green SF Yellowish, 4fi i 91% ) . {8} & & £T ( Car-
moisine , 4[ i 91% ) iz {441 26 ( Ponceau Xylidine .
4iE 91%) - FE 4 (Wood Green S, 4 91%) &
fa I( Orange 1,4l 91%) f& (o II( Orange II, LiEP'F
91% )  Ir2E2¢t FCF( Fast Green FCF, *%Ft” 91%) .
My % 2 ( Naphthol Blue Black, 4fi ¥ 9 VR HE i3
( Brilliant Blue FCF, 4 ¥ 91%) iz ‘T_‘;E 4T 52 ( Sul-
forhodamine B, 4fi & 91% ) . 9% #% 2] ( Erythrosine,
4B 91%) 9 Y k4L ( Phloxine B, 4 91% ) iz 1
# 36 ( Metanil Yellow, #fi FF 91%) . ; 4 4t 3
( Guinea Green B, #fiFF 91%) 7% ¢ = 4 ( Uranine,
aifE 91%) | 7 /i $7 Bt B8 40 ( Rose Bengal, #fi i
91%) FatE4r 87 (Eosin Y, 4B 91%) (i & 4T SX
(Ponceau SX) ¥y F £ &% S50 B £ A% (i B IR
Vo
1.2 #REBR B

o AAETR PRI 28 PR M & A & R AR & 10
mg T 10mLFEMA, AP EER.BH A1 g/L
RIEBRFRERE R (-20 CIRE) . B o 5% E 1 g/L
A9 28 Ff BAR MERE SR & | mL F 100 mL % &
FORAREERRS 10 mg/L iR ERERR. AW
UL S AR DA T AR R RO AT M TAEIE R, T 4 €
1.3 FmAETALE

PREC 2.0 g #£ i F 50 mL # H R U E L IFE L
B, mA 10 mL K ZBEKIER(2:7:1, v/v/
V), RIER S ETF 80 T/KIAF KL E 4 mL, F 200
g/L Fr B BRI 77 82 B pH {H £ 4.0, Lk 10000
r/min ¥ EED 10 min, i FERER T R4S
BB N SR L (1000 mg JE K B B
£ .50 mg C18 # K .200 mg BB 7 K ) , R % &
JEArEVE 5 min, L 10 000 r/min 2% 2.0 10 min,
ERLEEBR ABEETESMA S mL &K-F B
(30:70, v/v) ¥l , EE VM — K & FF P Rt
BOREMAFEESR 1I0mL, B 1 mL ARSKF, B
0.2 mL FEE-7K(50:50, v/v) & f#,d 0.22 pm
A HLUE IR 5 UPLC-Q-TOF MS 43 #illl % .
14 BE-FRIEEGF
141 @&#&H

Agilent Eclipse Plus-C , (

( New

100 mm x3.0 mm,
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i B

L8 pm ) fEA G # 4 , #1830 T s A 4%
5 mmol/L Z, BR4%-0. 1% (v/v) FERKERK,B MR
LiE. BEVERRF:0~1 min, 5% B~20%B; 1~
10 min, 20% B~100% B ; 100% B,
HEERFR 3 pL;fE 4 0. 2 mL/min.

14.2  Fit &

BTR-BEEEET(ESHEA#K . Az
FTEAM: £ HHEEE . m/2 50~1100; & 414 &
E:3500 Vi FIRBEE IR 1500 V, B T .
130 Vi 85 IRBE: 350 C; TS IEE 325 T;lx
i : 11 L/min; FHRSFE .8 L/min; 48 R &
X2 BB FHH (Allions MS/MS), £ H 35 i o
BEZRLBM(CHF,O, BHBHEMETFRE Y
112.9855)F17N (1H,1H,3H-2 R &%) B A1
=B ILBME B F (CyH, F,,N,O,P; 4 #4871 55
FHEH1033.9881),

HIERES 4 738 13 Agilent Mass Hunter
Workstation Software ( Version B.05.00) R 52
R, B R B F 5048 FBE 2 57 38 5 Agilent Mass Hunter
PCDL Manager (B.04. 00) % {52 5 .

2 ZR5iT1R

21 FUEEHHMRL
EROABETHEN, ELA# T THeE T
ME ENERE MEEESESE. §F kb EH
EHERERTEEFEN—TLBESH. X2 K
BEEEWMEGUEYNENREE. MEE Tk
LR F0E 208 P P Y 3 387 48 K, B T O B I 2 0R
WY 5 L WA K B — 7 (BT L S B 0 L S 9 R

10 min~15 min,

130 VAYE Tl E A1 3500 V B B 4145 85 T, B
BB GRS B LR R BN RS TR T
i, LA SCLL 130 V1 Hy B SR RE BS F 4k oy J L AR
ERERRERE. Wb TREE S E . @
iEzﬁES~80VE@M@E&F,*&%:J&%%E@WE@
BARBUB T RARETH RS (ke
BENIOV,ZREENA V. HFEH B FEL R
BN E A G B R T IT B 67 LR
AR RS S R TR, AL E R E e
j%ﬁ%ﬁé RAHET HTBRIEEGREZT TR

AN IR — R R B R B g

fn SEB—TEBANRE AT R
2.2 UILZS?J*EH/JL%
ARSI P EE-0. 1% (v/v) BB KA . Z,

B5-0. 1% (v/v) BB /K W B -4 0. 1% (v/v) H
B2 A9 5 mmol/L ZER#VEW . ZHE-4 0. 1% (v/v) B
MRy 5 mmol/L Z Rk i WK AE M Sh A8, 43 #T 1 B
TEMBUEEREEN D BENE, EREH,. 25k
W9 BRI B R F B, Flet Z i el g 1 |
W LBRE T T ROR T 2R S R R B BT R B
EREREY M FTAKNERERE, HEZR
EEWBAFMA 0.1% (v/v) F iR, BIRTE B F &4
TREERA-FEBRENR K, BL R T EZ
AT 2 B9V B P (R B S TR #0143 S BE S B BB Bl s
B LB T 7E 28R R 9 W P O 0 R R 4K R 43 %
(0% .0.1% .0.2% .0.5% ) {9 §F Bz % €5, 3% i 9 8% 1y
HZERFWEE 0.1% (v/v) BEEY 5 mmol/L 2 B &
B CRE AR RS . i, 8T 1k R
AN H T R X SR T, SRS T it

o ALWERTEFILEE R 100~150 V 1 & VIR R 1715 28 FHEAE & G Z A9 4 TR R
EME R K 3000~5500 V {50, 25 5 3509 1 EREE(LE 1),
1.5 I'Of
) ] Indigo carmine [ ; Amaranth T ) Brilliant Black BN
= 1oi = &
¢
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Fig. 1

Molecular feature of extracted chromatograms of the 28 acidic artificial dyes b‘ UPLC-Q-TOF MS
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Fig.1 (Continued)
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Table 1

BHBREERERNRIEAMGEE B2

Retention times and MS information of the

%33 %

o 6 1 3 F A7

B I S5 A B S A0 R #ﬂ%ﬁ FIER 1 AR,
R1 kFRDSHEEAAERNREN INREES

28 acidic artificial dyes in fishery products

Compound Molecular formula Retention time/min Parent ion (m/z) CAS No.
New Coccine CyH, N,Na, 0165, 6.072 5317.4752 2611-82-7
Brilliant Black BN CxH;NsNa,0,,S, 5.994 537.4752 2519-30-4
Amaranth C,H, N,Na,0,,S, 5572 421.4820 915-67-3
Quinoline Yellow CJSHQNNaQOSL: 6.083 778.4909 8004-92-0
Indigo carmine CsHyN,Na,O,S, 5.761 432.4868 860-22-0
Allura Red AC G,sH /N, Na,O,S, 6.617 407.5012 25956-17-6
Naphthol Yellow CoH,N,NaO,S 6.705 451.5290 846-70-8
Acid Red 1 CISHI_:N;Na;OSS: 6.894 504.9452 3734-67-6
Sunset Yellow FCF CisH,,N,Na, 0,8, 6.350 312.9772 2783-94-0
Acid Yellow CsH,(CLN, Na, 0,8, 6.705 464.5242 6359-98-4
Carmoisine C,H,N,Na,0,8, 7:250 503.4405 3567-69-9
Light Green SF Yellowish C;;H;,N,Na, 0,8, 7.205 293.0238 5141-20-8
Brilliant Blue FCF Cy;Hy,Na, N, 0,8, 7.361 763.6475 3844-45-9
Fast Green FCF Cy;H;, N, Na,0,,S, 7.272 747.6526 2353-45-9
Wood Green S C.,H,5N,Na0, S, 7.616 435.5341 3087-16-9
Orange I C¢H, N,Na0,$s 7.905 553.6124 523-44-4
Ponceau Xylidine CsH\;N,0,8,Na, 7.383 327.0445 3761-53-3
Ponceau SX C;3H,,N,Na, 0,8, 7.383 327.0445 4548-53-2
Naphthol Blue Black CEHHN(,NaquS: 8.061 571.5389 1064-48-8
Eosin Y Cg(,H(‘BIgNazog; 8.139 323.5964 95917-83-2
Phloxine B CH,Br,Cl, Na, O, 8:372 557.6437 18472-87-2
Orange II C¢H;,N,NaO, s 8.594 392.2661 633-96-5
Guinea Green B C;;H;3N,NaO, S, 8.528 667.6958 4680-78-8
Sulforhodamine B CHHZQNZNaO7S2 8.383 327.0445 74874-35-5
Rose Bengal C5H,CL,1, Na, O, 8.794 970.4919 632-69-9
Uranine CyHj Na,O, 9.605 834.6478 518-47-8
Metanil Yellow C;H,,N,;Na0,s 9.183 352.0761 587-98-4
Erythrosine CoHgl, O 8.983 331.0612 568-63-8

23 AERFEWIE
231 EHE B

HIREHFE

ALl 20~10 000 wg/L £ R FUAT eV I . LI T

Y) % # i
ﬁ@ﬁém@

Table 2

v BY R e
RAUbRAER 2, 5

Linear ranges, correlation coefficients (r)

(X, wg/L) 5 5 4 # 28
200 pg/L B &7

R2 BHEBEMESHEENSEESE HERY(r)

ET IR A 6 R, 3 385 06k T 750 1O 4 A o f 2

(RSD) .

0.991) .

#0200 pg/L B UEEFIH RSD

HRFEH,
EREA e E S E’JH‘(?'

EMEARAENAHNEE HEEL
(r) FUEEFAY RSD L% 2
ERERES &Y

28 MR M

and RSDs of the peak areas of the 28 acidie artificial dyes at 200 pg/L

Compound Linear range/ RSD/% } o Linear range/ RSD/%

(png/L) (n=6) (png/L) (n=6)

New Coccine 20-5000 0.995 2:76 Wood Green S 20-5000 0.996 3,82
Brilliant Black BN 100-2000 0.995 5.61 Orange | 20-10000 0.999 3.86
Amaranth 20-2000 0.998 1.27 Ponceau Xylidine 100~-10000 0.997 1.83
Quinoline Yellow 50-5000 0.995 125 Ponceau SX 20-2000 0.999 216
Indigo carmine 100-2000 0.995 2.41 Naphthol Blue Black 50-2000 (.997 2.13
Allura Red AC 50-2000 0.999 4.19 Eosin Y 50-10000 0.999 4.74
Naphthol Yellow 100-5000 0.991 1.43 Phloxine B 50-10000 0.998 1.56
Acid Red 1 50-10000 0.999 3.64 Orange 1[I 20-5000 0.999 1.38
Sunset Yellow FCF 50-2000 0.997 0.97 Guinea Green B 20-5000 0.995 3.32
Acid Yellow 100- 10000 0.998 5.42 ) Sulforhodamine B 20-10000 0.997 1.29
Carmoisine 50-2000 0.997 219 I‘ Rose Bengal 50-10000 0.998 2.57
Light Green SF Yellowish 50-5000 0.994 4.96 #’ Uranine 20-10000 0.999 1282
Brilliant Blue FCF 20-5000 0.999 3.10 I Metanil Yellow 20-5000 0.999 0.90
Fast Green FCF 50-10000 0.999 2.59 H‘ Erythrosine 20-2000 0.995 2.48




F 8 EVRE RO E G- O R TT IR R s e 0 K P e 28 B AR M A ik (o 2 - 827 -
232 EHRE RERSFEER (W 3). 28 F HF#AY LOD 3k 5~50 pg/kg.

A 3 510 F(EMEEL (S/N) 73 5 i 2 44 IR
(LOD) E# R (LOQ) . 7 BH 4 1Y B8 i £ 5L i vp
@%m 100,200 #1500 pg/kg 3 1KFAYIR & brifEiE
WA L3 BRI, B K FEENE 6
K133 28 MEtE & R E R A N E  LOD 5 LOQ

£3

LOQ % 20~ 100 pg/kg: FL7E 3 1~ K i 5k T F
28 B ER M 4 R B 2 0 (8 0 3R 4 B 70, 24% ~
106. 47% . T L4 i 2 [ 41 507k 7= 8 o Bk 6 2 4 0
HES

SEEN MBERESHEZMNMAZEKE RSD K HRIMERR

Table 3 Recoveries, RSDs, LODs and LOQs of the 28 acidic artificial dyes spiked in Pampus argenteus

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

New Coccine 100 71.54 71.54 6.25 5 20
200 157.84 78.92 6.84
500 432.05 86.41 7.12

Brilliant Black BN 100 TTT q1.77 9.22 50 100
200 149.44 74.72 9.01
. 500 376:23 75.20 0:12

Amaranth 100 72.14 72.14 9.65 10 20
200 155.64 77.82 9:35
500 383.20 76.60 9.61

Quinoline Yellow 100 70.45 70.45 5.67 20 50
200 165.10 82.55 5.98
500 487.32 97.46 6.21

Indigo carmine 100 73.02 73.02 6.97 50 100
200 150.40 75:20 6.84
500 425.52 85.10 6.68

Allura Red AC 100 97.42 97.42 8.10 20 50
200 175.14 87.57 7.68
500 502.50 100.50 7:21

Naphthol Yellow 100 91.05 91.05 6.61 50 100
200 166.08 83.04 5.95
500 500.41 100.08 5:62

Acid Red 1 100 102.45 102.45 7.65 20 50
200 190.64 95.32 7.24
500 532.35 106.47 8.01

Sunset Yellow FCF 100 75.11 75.11 8.35 20 50
200 157.43 78.70 7.95
500 396.74 79.34 7.62

Acid Yellow 100 74.12 74.12 8.24 20 100
200 173.62 86.81 8.11
500 502.21 100.44 8.04

Carmoisine 100 71.30 71:30 6.91 20 50
200 154.41 77.20 58
500 405.71 81.14 6.68

Light Green SF Yellowish 100 77.51 77.51 6.98 20 50
200 150.64 75.32 721
500 412.22 82.44 PT

Brilliant Blue FCF 100 85.14 85.14 8.11 10 20
200 17322 86.61 8.09
500 501.25 100.25 7.65

Fast Green FCF 100 70.24 70.24 8.10 20 50
200 146.44 73.22 796
500 492.75 98.55 6.69

Wood Green S 100 73.42 73.42 6.62 10 20
200 151.04 75.52 6.15
500 39275 78.55 6.08
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Table 3 (Continued)
Compound Spiked/(png/kg) Found/(pg/kg) Recovery/% RSD/% (n=6) LOD/( wg/kg) LOQ/(pg/kg)
Orange I 100 71.54 71.54 6.97 5 20
200 151.62 75.81 6.34
500 432.25 86.45 6.89
Ponceau Xylidine 100 79.62 79.62 6.98 20 100
200 158.42 79:21 6.67
500 502.55 100.51 8.18
Ponceau SX 100 70.55 70.55 712 10 20
200 157.62 78.81 7.05
500 405.52 81.10 7.25
Naphthol Blue Black 100 85.14 85.14 8.21 20 50
200 164.62 82.31 8.05
500 470.64 94.12 8.66
Eosin Y 100 85.11 85.11 6.99 20 50
200 180.72 90.36 6.51
500 502.05 100.40 6.38
Phloxine B 100 7530 75.30 652 20 50
200 153.08 76.54 7.12
500 526.25 105.25 6.68
Orange 1II 100 98.11 98.11 8.00 o 20
200 185.28 92.64 9.12
500 500.85 100.17 9.06
Guinea Green B 100 75.48 75.48 762 10 20
200 153.22 76.61 7.05
500 477.35 95.47 7.03
Sulforhodamine B 100 86.41 86.41 7.65 5 20
200 167.92 83.95 729
500 498.65 99.73 7.33
Rose Bengal 100 100.02 100.02 8.21 20 50
200 169.08 84.54 7.95
500 526.71 105.34 7.99
Uranine 100 80.47 80.47 7.66 5f 20
200 162.84 81.40 7.28
500 495.71 99.14 7.05
Metanil Yellow 100 100.15 100.15 8.23 5 20
200 195.88 97.94 8.12
500 472.94 94.58 7.98
Erythrosine 100 85.48 85.48 9.02 10 20
200 167.24 83.62 9.15
500 492.85 98.57 8.56
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