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T, EBCE R 68.5%~91.3%, AHMTHRAEM 2 H 2.4% ~12.8%, 10 Ff H LAWK R 0.05~0.7 pgke, &
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R R Tl ekl 58 0 . 8830 2O IR R | P, REUE R, SRR, B —E R,
A SR PR R R L SRR B 1 H R MR SR A S O | PR A i SR

KB Ykl B RO - FR I BT R , ARE

Determination of 10 industrial dyes in cooked meat products by ultra
performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish an analytical method for determination of 10 industrial dyes residues in cooked
meat products by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods
After homogenization, cooked samples were extracted with acetonitrile and acetonitrile-water (1:1, V:V), and then the oil
and natural macromolecular pigment in the extraction solution were removed by freezing and centrifuging. The
separation was performed on ACQUITY UPLC BEH Cig column, then the 10 industrial dyes were detected by
UPLC-MS/MS with ESI positive ion scan (ESI+) in mode of multiple reaction monitoring (MRM) and quantified by
matrix standard curve combined with stable isotope internal standard method for quantification. Results At the spiked
level of 2, 5 and 10 pg/kg, the recoveries of each compound were in the range of 68.5%-91.3% with the relative

standard deviation of 2.4%—12.8%. The limits of detection were 0.05-0.7 pg/kg and the limits of quantitative were
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0.15-2.0 pg/kg for the 10 targets compounds. This method was used to detect the target compounds in 30 samples of

cooked beef, cooked pig liver, baked sausage and sausage so on, and no industrial dye residue was detected.

Conclusion The proposed method is simple, fast, sensitive and accurate, with a wide variety and a certain

development. It can provide a more convenient and fast detection method for daily monitoring of industrial dye

residues in cooked meat products.

KEY WORDS: industrial dye; ultra performance liquid chromatography-tandem mass spectrometry; cooked meat

products; residues
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WARZ, XA A A AR TR T B 0T DL A A
7 VAT WOR € 3 O R AR £33 H B SRS, LK
JiEHEGE 493 1< (enzyme linked immunosorbent assay, ELISA)
Rt ELISA Rt x k22, AR, £olm e
TR AITHFER K, XTI AAT, I B AAAAE— & R
P, BEEPL2 RN K, higotigE A AR T &M
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2.1 {5
Waters ACQUITY ™ 8 25 2l i Ml 4354% . Waters Xevo

il

TQ-S FTit (3 E Waters 2\ r]); T25 Basic B i (3¢
Sigma 24 F); Milli-Q B 2l/K il 45 2 48.(32 [ Millipore A F)o

g, O, SR (tilal, Juatl DRHEA ).

FrEdh: % FF8 B(rhodamine B). £I 2G(RED 2G). 7
FHT 1-1V(Sudan 1. SudanIl, Sudan I, Sudan IV). Bt
2(chrysoidine G). BHERE 21(orange 21). Hd P4 22(orange
22) ., FRMAE 1 (orange 2) . AR FR: D5-#5FH4T 1 (D5-Sudan
). D6-FF+4 IV (D6-Sudan IV)(ZHEE KT 95%, f&
Dr.Ehretorfer GmbH 23 F]).

2.2 HMmKIR

SR AR AU 7 b DX 3 3 DI R T | R SR T A K A
FEGL 30 £F, A4 10 2R L 10 RV AT . S 1FAE A
5.
2.3 EWHE
231 BRELA

10 ATl ek fig 27 (1.0 mg/mL): 25k 2
FREUE FFH B, 41 2G . FRJH4L 11V, BdbEds 2 mdibds 21,
BRERG 22 FRMEAE 1145 0.010 g, B 10 mL &b, MM
BRI mBREZE, B, FE RS E R
(1.0 mg/mL)F-20 “CUKFAIRAF . 5 LR 45 UM A 0.1 mL
BT 10 mL gFEaERT, FONERRE 100 55, Bl
10 mg/L WRAE IR o A58 FH K A V8 2 0 FR B il
A1 mg/L IRAARHER . PIARE &I K% PRI D5-75 71
LI 1. D6-FHFFEL IV & 0.010 g, ‘B 10 mL B, HIb
a1 R = N A e B (B 7 R  T R (
(1.0 mg/mL) T—20 °CVKFEIRTE . T ZERT & B £ 0.1 mL
BT 10 mL FBERHS, FHZEREE 100 755, Bk
10 mg/L IR -G B
232 HREraE

FREC 5.0 gCKimfiZE 0.01 )34 iy 2 1A 1 S ke b T
50 mL #RHEOAE I, SINA 100 pg/L NARITA 10 mL 2,
RIEIRA] 30 s, WA ZEEL 30 min, HEDZ, 0~4 °CTF
12000 t/min B> 10 min, & EER(CER)TFH—
50 mL ZIEEE N, FRIEFHIMA 10 mL ZIEKER(1:1,
VI 1R, &3F 2 R ETEE, BRI 500 pL, A
500 uL 7K, J5F 0~4 °C'F 12000 r/min &.0> 5 min, B b
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UPLC-MS/MS il i . 0.33 Pa, HAWFTIEAMF LK 2.
233 RAEE#E-BBAELT
(1) WAH TS 1 g
O 1 & 5 RS
Slﬁ o3 I
ik ACQUITY UPLC BEH Cig (100 mmx2.1 mm, Table 1 Mobile phase gradient elution conditions
1.7 um), i 40 °C, BESEIRIE 4 °C, PEREARFR S uL. -
' 0 )‘1‘ ﬁ:; C #DD‘E{ME l_#jzlif Wp; Ui T 63 /(mL/min) A% 8%
BIA A MG, WA B N 20 mmol/L ZBREKIFW, #
ik H N e 1 0.0 0.25 5 95
BEVRIL . BB EEGRIB AR I 1,
) F ik %Ak 7.0 0.25 100 0
Mg 2l IS IE & R (ESI); 22 S g W D Ass 10.0 0.25 100 0
3 (multiple reaction monitoring, MRM)>R4E, B HE 10.1 0.25 5 95
3.50 KV, B FURRLE 150 °C, BFIRIE 500 °C, I 20 02 5 o5
AUE 1000 L/, #EFLAW R 150 L/, filf 48 % & )
F2 10 HIWRENNEESZRIESH
Table 2 MS parameters of 10 industrial dyes
B4 F A5 88 15 [a] /min BB F(m/2) HEFLH RV FEF(m2) il 12 fig 2/ V
343.6* 32
RED 2G 2.04 464.0 4
358.7 24
155.6* 30
orange 2 3.21 326.9 12
170.6 24
270.0* 36
orange 21 3.81 315.1 28
300.1 22
76.8* 16
chrysoidine G 4.18 213.0 34
1209 20
355.1% 58
rhodamine B 4.21 443.2 34
399.1 42
360.9* 36
orange 22 4.72 391.2 96
376.1 26
97.9% 22
Sudan 1-D5 6.14 254.0 28
1559 16
92.9%* 20
Sudan 1 6.17 249.0 14
155.9 14
120.8* 18
Sudan 2 7.01 277.0 26
155.9 12
76.8* 22
Sudan 3 7.43 353.0 12
1559 20
90.9%* 24
Sudan 4 8.03 381.1 12
105.9 32
90.9* 28
Sudan 4-D6 8.04 387.1 32
105.8 32

TEOER BT, WARBHE S, (S BTREAETE 25, ME AT RO B S8 e B e f:
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3 ERES AR R A - KR . 0.1%F ER-2.5 . 10 mmol/L Z.f

K- . 10 mmol/L ZRE/K-2ZNE . 20 mmol/L ZFR%ER
3.0 {UEEERHMKL

K-HEE . 20 mmol/L ZRE K-S o AT LM TR

ARSI L W BT 50 pg/L (9 LA 25 -7K K (50150,
Vi) R 5 390 A BEAR AR U (R 36 SRR R 6 B ), [ IF
Jo M 3% 3 B AR R 2 - /K T L (50:50, ViV, i R
250 pL/min, % ESI+FI ESI-BER AT B33, L&y
B A ESIHEX R A RAFman, e HbrkEe 1, X &4
G, HELRE . BRI EE | BV R B A A A T
THitk, BARDLEE R 2% 2.

SCRRFRTE 5 Tl et £ 241 4343 A7 AR 2 5 FH G 3

20190528-7

WEAE R B TR BIAE ST 0 8, ST -KIER . 0.1%H R-
ZJE . 10 mmol/L ZER%EI/K-HEE, 10 mmol/L ZFREK-4
JiE. 20 mmol/L ZfRE/K-HEEP4L 2G 47 BEH Cig i I
ARER, A4 AU, W 1, L 20 mmol/L 1R
BOK-CIER B, il imsisERAR, 40 2G 33
WP R AR, WERI AT, B, 2R 20 mmol/L &
TR K- G R shAE, DL 2.

3: MRM of 6 Channels ES-

100 2.04 464.032 > 358.664 (RED 2G)
1.99¢4
g w 0.62
0 | - I.KJ;..I.. 1 1 4 il I | FESTIES R ST S S ST SR A DS A SR R AT
0.50 1.00 1.50 2.00 2.50 3.00
5] /min
Bl 1 212G bRl 2 B 11 MRM E5(10 pg/L)
Fig.1 Quantitative ion MRM spectra of red 2G Standard(10 pg/L)
20190930-6 3: MRM of 6 Channels ES-
2.04 464.032 > 358.664 (RED 2G
100
E % 1.16¢4
E o
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
20190930-6 3: MRM of 6 Channels ES-
i 100 3.21 326.904 > 170.568 (Orange 2)
=% E J\u 6.01e5
s S IRV FETTE PR SOV Y L ETTT FEETY SUTEE PRI SYTEE FEETI SVl NN S
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
20190930-6 1: MRM of 8 Channels ES+
& 100 3.81 315.1 > 270 (Orange 21)
S o 1.75¢7
= %
E o
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
20190930-6 1: MRM of 8 Channels ES+
= 100 4.18 213 > 76.8 (Chrysoidine G)
;1 % 5.95e6
2
E oBotvnvitvinitientv bbb bl b v b e s e s bee i L
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
20190930-6 1: MRM of 8 Channels ES+
o 100 421 443.2>399.1 (Rhodamine B)
= oo E L 1.30¢8
E  oBEoulbi bbb b b b b o b b b b b b b
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
it [E] /min
B2 JEFRICHEARAER MRM 5E 8 5 FHEEUE LK (20 pg/kg)

Fig.2 Quantitative ion MRM spectra of matrix-matched standard (20 ng/kg)
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20190930-6 1: MRM of 8 Channels ES+
m 100 4.72 391.2>376.1 (Orange 22)
5 %E 9.14¢7
E 0 I FEEEE N R EEEEE RS S S S Il NN EEEEE FEEEE SR EEE FEEEE R
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
20190930-6 2: MRM of 12 Channels ES+
4 100 6.17 249 >92.9 (Sudan 1)
= %E J\ 2.59%6
= 0 v e b b b by Do v bovna bwnon Do o Dk Lo a o Do g g Lo g a Loy
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
20190930-6 2: MRM of 12 Channels ES+
= 100 6.14 254 >97.9 (Sudan 1-D5)
= %E 7\L 2.92¢e6
= 0 v b b s bowaa b bowna bowna bowwn bownn Do b BN by vy o Do n g Loy g a Loy
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
20190930-6 2: MRM of 12 Channels ES+
277 > 120.8 (Sudan 2)
:El 100 1.32¢7
1= Y P FETY FPRTY PRI FETTY FETT FETT SEUT STUT FEVTE P PSR A PO P
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
20190930-6 2: MRM of 12 Channels ES+
353 >76.8 (Sudan 3)
o 100 9.67¢6
= %E ﬂ
g 9
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
2: MRM of 12 Channels ES+
20190930-6 381.1>90.9 (Sudan 4)
Fo 100 7.37e6
= 0 coa b b by b bvvna b bvvna b b b b Do bynn o Ly s Ly BGg 0y
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
20190930-6 2: MRM of 12 Channels ES+
387.1>90.9 (Sudan 4-D6)
am 100 5.74e6
O T T P T DR DU U P P BN U P T T BURR TN | VN

1.00 2.00 3.00

4.00 5.00 6.00 7.00 8.00

H5f[a]/min

2P 2 SLFRVCECARHER) MRM ZE B FHEEE TS K (20 pg/ke)
Fig.2 Quantitative ion MRM spectra of matrix-matched standard (20 pg/kg)
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WBUKIE WG 5 ik, (Rl L UE I 2 535 B br g
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0~4 °CF 12000 r/min #.0> 5 min, A, H#
UPLC-MS/MS & ,
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FREL 5.0 gCKEHZEE 0.01 )25 FSLFARS, BAR ML Lk
FEOG AR AR TR, A5 3 0% 3 AR IO o 35 5 D e
AT S i T R S T VR R o MERRIR I 1.0 mg/L TR
AR EAE PR, W0 0R I 3 A 52 Y A 1 3 IO R )
0.2, 0.5, 1.0, 5.0, 10.0, 20.0 pg/L WIARERIIIER . L
FR AR UERE W 53 A 0 v B2 (/L) 55 %68 L A ST AR TR 3R
PR 4 e T R P (22 R T 2k, 4% AR T 3R o T
WYk & B EYITE 0.2~20.0 pg/L TG HIN 2 RiIF4k
PEARDE, AHERB(NRT 0.9995, WIEH 5.0 pg/L HIELHR
RO PR R — R RIEMS2) A E B TR LA 2, Rl
ORI R RS, TR Rk BRI E R, DAE
(SN)H 3 & ot i 07 35 O K H B (limit of detection,
LOD), PMEMELL(SIN)R 10 (93 8 S Jr ik 14 28 1 R (limit

of quantitation, LOQ). 10 F Tk Jesel ks i FR7E 0.05~
0.7 pg/kg Z 8], ERFRLE 0.15~2.0 png/kg 2 18] B )5 2
oz PR EE R LR 3

FENERERIEEE

DB 35 3 4 s [ i S 56 7y e SR 45 SR R R
WUERR R, DAl SR 4, 5L A S v A 25 2R s O TR ARG
W AR EIBOR IR A2 A AR A RBEF. &0
AT HATIRES . B2 P FUINAR S 1 TR BRI AL
JEHRES T, AR R BIENT . BE R IERKE53 5
92,5, 20 pg/kg, MIKERTE 68.5%~91.3% A, ABXIHRIAE
{74 (relative standard deviation, RSD)7E 2.4%~12.8%2 [a],
TEAEIR ISR 3~5, 25 FUINpR IS SR aa 45 SRR A L1
% B A Aff B AR R AT

34

*3 BAPERMRERESFEEHR. EER0N=6)
Table 3 Recoveries, LODs and LOQs of cooked beef samples (n=6)
o 2 ug/kg 5 ng/kg 20 pg/kg o H B EER
EWe#/%  RSDAH/% WK%  RSD fH/% M #%/%  RSD fH/% /(ng/ke) (ng/ke)
RPERE 2 76.3 45 85.4 7.8 85.4 7.8 0.5 1.5
412G 75.8 5.1 86.7 7.2 86.7 7.2 0.7 2.0
AR 2 77.2 9.8 85.2 9.1 85.2 9.1 0.5 1.5
BAPERS 21 75.3 2.4 87.6 10.3 87.6 10.3 0.5 1.5
A 22 74.3 9.7 85.6 6.4 85.6 6.4 0.5 1.5
ZFH B 75.6 8.1 89.2 6.4 89.2 6.4 0.05 0.15
LT 88.3 8.2 87.6 7.9 87.6 7.9 0.5 1.5
piSaEAni| 82.3 5.9 83.6 10.6 83.6 10.6 0.5 1.5
piSREANI| 79.3 8.9 91.3 5.2 91.3 5.2 0.5 1.5
IPH IV 85.2 12.0 90.1 9.9 90.1 9.9 0.5 1.5
F4 BBEHHERMRERESHEEHR. EEMR0N=6)
Table 4 Recoveries, LODs and LOQs of baked sausage samples(n=6)
o 2 ug/kg 5 pg/kg 20 pg/kg s L BR EER
ml /%  RSD fEH/% m#/%  RSDAE/% [/ %  RSD{l/% (ng/ke) [ng/ke)
PR 2 71.9 4.8 80.7 8.2 80.7 8.2 0.6 1.8
412G 71.4 55 82.0 7.6 82.0 7.6 0.7 2.0
AR 2 72.8 10.3 80.5 9.6 80.5 9.6 0.6 1.8
BRPERS 21 70.9 2.7 82.9 10.8 82.9 10.8 0.6 1.8
BRPERS 22 70.0 10.2 80.9 6.8 80.9 6.8 0.6 1.8
ZFH B 71.2 8.6 84.4 6.8 84.4 6.8 0.07 0.20
TP T 83.6 8.7 82.9 8.3 82.9 8.3 0.6 1.8
piSaEAni| 77.7 6.3 79.0 11.1 79.0 11.1 0.6 1.8
piSazaniil 74.8 9.4 86.5 5.6 86.5 5.6 0.6 1.8
HFHL IV 80.5 12.6 85.5 10.4 85.3 10.4 0.6 1.8
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Fz5 PRERHSMIRERERSHERER. EER(N=6)
Table 5 Recoveries, LODs and LOQs of cooked pig liver samples(n=6)
o 2 ug/kg 5 ng/kg 20 pg/kg o R e EL R
E#/%  RSDAH/%  [EWe%/%  RSDA/%  [E#/% RSD /% (nglkg) ug/kg)
e 2 70.4 4.9 79.0 8.4 79.0 8.4 0.6 1.8
412G 69.9 5.6 80.3 7.8 80.3 7.8 0.7 2
R 2 712 10.5 78.8 9.8 78.8 9.8 0.6 1.8
TRPERE 21 69.4 2.7 81.1 11.0 81.1 11.0 0.6 1.8
T PERE 22 68.5 10.4 79.2 6.9 79.2 6.9 0.6 1.8
ZF+H B 69.7 8.7 82.6 6.9 82.6 6.9 0.07 0.20
piSaxaN! 81.8 8.8 81.1 8.5 81.1 8.5 0.6 1.8
piSaran| 76.1 6.4 773 113 773 11.3 0.6 1.8
piyarAniil 73.2 9.6 84.6 5.7 84.6 5.7 0.6 1.8
GiSarANAY 78.8 12.8 83.7 10.6 83.5 10.6 0.6 1.8
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SRAEAC B DA [ DXI L A [R] T 373 04 B P ol e i
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TR A R AL BRI S R, T SR i
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INTEGE A, DRI TR BRI 98 () SRR RR, (/3
g xR b P FN RN . AR T
FEHL, B RO G R BT MRM ARG 0024 P il i
10 Bh P BRI R B I RE T 1k o %07 IR HER AT E, T8
PRI, RTHT T 2R Al b O GORE Z2 5% B AR, A BT
g P B A, Sz L AR R R, AR
TR,
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