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Determination of illegally added basic industrial dyes in meat products by
ultra performance liquid chromatography-quadrupole tandem ion trap
combined mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of 7 kinds of industrial dyes in meat
products by ultra performance liquid chromatography-quadrupole tandem ion trap combined mass spectrometry.
Methods The samples were extracted with acetonitrile acetate, purified by WCX solid-phase extraction column,
and separated on a C;g chromatographic column. Gradient elution was performed using methanol and 0.1% formic
acid aqueous solution as the mobile phase, followed by electrospray positive ion mode ionization, multiple response
monitoring (MRM)—information dependent acquisition (IDA)—enhanced product ion (EPI) mode detection, and
quantification was conducted by external standard method. Results The linear relationships of the 7 kinds of basic

industrial dyes were good in the range of 0.01-2.00 pg/mL, and the correlation coefficients (r) were greater than
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0.995. The limits of detection were 0.4-3.6 pg/kg, the average recoveries were 68.9%-99.9%, and the relative

standard deviations were 4.8%—8.4%. Conclusion

In the method, the MRM-IDA-EPI scanning mode unique to the

ultra performance liquid chromatography-quadrupole tandem ion trap composite mass spectrum is applied, and

accurate qualitative and quantitative analysis of the compound as well as suspicious peak screening and confirmation

can be realized simultaneously.

KEY WORDS: meat products; basic industrial dyes; ultra performance liquid chromatography-quadrupole tandem

ion trap combined mass spectrometry
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H A, Tl Z sk e il 5 0k 32 AT 1 A0 A 0 1 vk
(high performance liquid chromatography, HPLC) "1 AH
£ 3% - 5 B B 3% 75 (liquid  chromatography-tandem  mass
spectrometry, LC-MS/MS)!"> 1% A (a3 - R X T 4 5
FRORAR G TERA b, RS, (R ERE X B AR
PRI, T (R SAREA A T B, JF HAThR 25
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1 MR5ERZE

1.1 XE5R

ACQUITYTM i = 85V AH (4 75X (32 [E Waters 23 #]);
AB Sciex QTrap 5500 PUMAT HREK B F BT i (35 [E AB
25Hl); AE163 LT RF-(J8E 0.01 g, Hit: Mettler 24
A]); NR-2 #1¥R G (H 4 Taitec A Fl); MG-2200 Z KA
(FE EYELA 2A7)); Z36HK @& E.0HL(ERE Thermo

Fisher Scientific /AT]); SK-1 [E PR 5] 2% R K m i
JbA PR Fl); Millipore 4l /KAL(3E [E Millipore /A F])o

R 4l, £E Dikma AR, PEE(EIGH, £
Merk A rl); 2. B, VKSR . ZUK(Oriral, EZ55ER
2 E A BR A wl); WCX EAHAS (500 mg/6 mL, &
Waters A F))o

PRlh: BRPERS 2. BRPERS 21, BREAE 22, GMEMGE
O. TP B, BHPELT 1. GfiEer 2 (GiE3=98.0%, fi[E
Dr. Ehrenstorfer /A /).

AW FHE 10 RFEPBA I AR 1.
1.2 XWHE
12.1 #HarasE

FESIREL BRI 5.00 ¢ FESHCREHIE] 0.01 o), BT
50 mL EDEH, IIA 15 mL ZHEGH 1%EER)E, PRk
B 15 min, 8000 r/min 5.0> 8 min, WA F3ER T 75— B0
H, A 1S mL RBGREE R, GIF 2 EHGR .

FEabEAL: 0HC1S mL SO WCX AR A HUECHIR
FI'5 mL HIEE . 5 mL Ki&4k), T 5 mL 5%Z/KHE, 6 mL H
BE(E 2% BRI, AWcHkds 21T, A 1.0 mL S
IK(2:8, V-V AR, ARG 0.22 um S8, Frl.
122 BELMH

(g F

a3 Waters BEH C3#1:(100 mmx2.1 mm, 1.8 pm);
HEIR: 40 °C; PERERFR: 10 pL; #i3E: 0.2 mL/min; FEIAH: A
AHA 0.1% P EOKEE, B AHAHIEE, BEEEBIRT: 0 min,
50% A; 1 min, 50% A; 12 min, 10% A; 15 min, 10% A;
15.1 min, 50% A; 18 min, 50% A,

Q)% %A

BB 7K FE 25 L 5 (electrospray ionization, ESI+);
HLE 25 L : 5000 V; LSRR ST 50 psi; KATRE:
30 psi; BB E ST 50 psi; B FIRIRE: 500 °C; 5%
HUH: 80 V; ATHLR: 10 V; Allf# 2 L H: 11 V; Rl
2 £ 5O W (multiple response monitoring, MRM)— {5 &,
KR4 (information  dependent acquisition, IDA)— 5%
B FH#ffi(enhanced product ion, EPT)FEZCASN 1, BTl &Ry 7
ATl Gtk i) P B B 0] e BT SR LER 1, 7 Fh Tl Yektiy
ST LA 1,
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Table 1 Basic information and mass spectrum parameters of 7 kinds of basic industrial dyes

k&Y A=K b am iy £ B ) 8] /min B8 F-(m/z) FET(m/2) MiERE R/ V
- 94.0%* 39
TR 2 C,H;5CIN, 248.71 3.209 213.1 196.0 21
. 299.0%* 52
Y
WaELr 2 C,H,oCINy 350.84 7.40 315.1 238.0 5
. 147.1% 36
LT O C7H,,CIN; 303.83 5.076 268.1 2501 44
! 285.1% 36
BRERE 21 CpHy;CIN, 350.88 5.463 3152 299.9 20
*
TPERS 22 C,sH,,CIN, 426.98 4351 391.0 3762 26
361.1 50
399.0%* 55
ZFHH B CysH31CIN,O; 479.01 8.218 443.1 3550 77
415.0% 44
BT 1 C,5H3,CIN, 05 479.01 8.408 443.1 341.0 65
W ERE T
160 —
140 L | \
120 L
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o
= 80 |-
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60 |-
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20 L S
00 L . A . A A — |
0 2 4 6 10 12 14 16 18

£ 84 B [A]/min

VE: L BRMERE 2; 2. BRIEZL 25 3. BRMEICGE O; 4. BRMERE 215 5. BMEME 22; 6. B FHE B 7. BEMELL 1.
BT 7 Rt ol ek i 3 15
Fig.1 Chromatogram of 7 kinds of basic industrial dyes
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2 HERE5HH

2.1 EIRIESIEME
2,11 RIUEH ayiktE

AW T I (& 1%BERR) . 20 . HEE(S 1%
BEPR) . NG AK(1:1, V:V) . SR (& 1%BER)(1:1, V:V)
5 PSR ISR, S5 SR B A M Tl 4k
RBOE M A L BEERR, WRERIGE, HOEG
1% ) VE o R B ), T 2 B i vy F Al S B 571,
FALE P USRI 8K T 80%, W H 243k 1 1Y $2
BUARIR G (5 1%EETR ) o A R IBUE 77 45 kA 0 10 i

R 2,
2.1.2 Hfbi Xk

T HLB REIAHZE B . WCX BIAHAEBCH: | ik
AU R TR A5 BURT: 3 AN [ 218 TR [ AH 25 BBORE X 7 A vk
Tl Yokt A AL SR, @ X 7 Flms it 2 5] R 1
W7 SR A 5 S v AR I de A 2 . 25 SRR B, WCX A
HEAEA T HLB [EARZE U BISCR B F, ik AR
AR 28 B A AL BCR R I 2 A b AR RIOR 4T, T
WCX FEXS T 5 G 1 Ak 5 ) (B 475 2 Bl i) FL AT e BE S 6
5B, T 7 Fhesrk gk 2 )8 TRy s, BTl
WCX FE ) SR BT, R 2% WCX (500 mg/6 mL)
FEAE g Ak FH B AR ZE IO o R [ fb 7 20506 Il i
I 2,
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Table 2 Recoveries of compounds under different pretreatment methods (%)
PRI Hfbr =X
=t SW@EE e ZMkaa, REE 1% ZREK(E 1% HLB BRI dERUGE WX A
1% R V:V) 23] FERR)(1:1, V:V) Uk [#5] AH 2K R IR
B A 2 60.7 50.3 12.3 40.6 18.9 53.3 33.1 66.3
LT 2 84.6 54.5 413 523 343 54.9 66.6 82.4
DAL O 95.0 70.4 72.8 69.5 50.6 88.2 92.8 93.4
TR 21 98.7 58.3 42.8 51.7 33.9 73.7 76.4 97.1
LA 22 78.5 60.2 20.5 223 50.6 76.2 63.8 77.0
% F+0] B 80.8 68.7 36.4 68.7 68.9 86.6 75.7 78.9
B tELT 1 77.8 52.1 32.8 38.7 33.4 52.5 44.2 76.8

22 UBFEHFBHAL
221 EEEMHaRA

SHRIRHZIE-K . HESKAR IR, HRELE
Y ETETT R, K CIE-/KAE GRSl AH I i) £7 B I 8] 4 T,
LA A PR P R R T, DRI 43R KA SRy T s A,
T AL AR TR, RSN AE A [k B
FIFR R . PR AR T B R 1 & 143510 0.05% . 0.1% . 0.2%,
LA 7 Rk et e R . DFRRES SRR KA R
B 0.1%Hf, Frfb A B TR om, Rl R e
oo, OO E TR SIAHR R AR R F RS 0.1% 1 Y /K I
222 JRiEEHe I

14 1.0 pg/mL MIPRHER R S H R, HRE&
EWMEE . FET, LB ES RSS2, &
7. MRM J7ik; 1403 EPLAER, 7EARRRERERE R T, RE&E
AW R A R W IDA, g 7
MRM-IDA-EPI J7 %,

2.3 FEMSMEE R LR

N T BREE SO R, ASBIE SR TR S DL S B
MERRZR Tk i o FH 2 1 B A R I 0 Jo Tk 32 20910 A

0.01, 0.02, 0.05, 0.10, 0.50, 2.00 pg/mL f¥ 7 F Tl Hetet
TRAIRHEER, DA B A b, DT FR LA AR R4
HbRIERTZE . S50, 7 Fh T GRAE 0.01~2.00 pg/mL 1
BN BR B R AP ERME R, HERE(NIBIKRT 0.995, W
3. IRARIEME L S/N=3 THE ik A B, 7 Fhas 50
it BRH 0.4~3.6 pg/kg, T3 3.
24 [EIERKIEEEXE

M HEAG I 2s ARG R A BIEn 7 R L YRR A
FRUEEWE, HIRR S50 0.2, 0.4, 2.0 mg/kg BN
FRFEd, REIFRACE AT 6 WK, IR LR seg ik
W, 5 2% A & Wy 19 1 2 181050 38 R A X A o e 2
(relative standard deviation, RSD). Z5HF0H, 38 HFA: M
o7 A Gk DR 68.9%~99.9%, AH X AR E i
ZH 4.8%~8.4%, FHIZ IR EHER, EIleRLy, Bk
RN 3,
2.5 KPRt

N A58 BT g7 AT i, T ES AU AT | B S
10 A0 PR Sl A TR I, JHE v o7 KR gy oS 31 2 P4 B,
N 5.6 pg/kg.

R3I FEFUIERE
Table 3 Methodology validation data

ok . N e FEE S S % kS AR AR v
o K H B/ bR 12 23 0 e P 1 R hnoK-F S [ R ! Z
(ng/kg) /(ng/mL) /(mg/kg) /% (N=6) W2 /% (n=6)
0.2 89.6 5.4
B 1 O 0.4 Y=7.52x10°X +3.41x10° 0.9990 0.01~2.00 0.4 94.7 4.8
2.0 99.8 73
0.2 78.5 6.4
k4L 2 0.5 Y=1.52x10°X +4.33x10* 0.9956 0.01~2.00 0.4 84.3 8.4

2.0 90.1 6.7
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=35
oy e B/ T 2 R R N e JEE Y 1Rl IR -2 iR HIX AR
(ng/kg) /(ng/mL) /(mg/kg) /% (N=6) IR 2/% (n=6)
0.2 80.7 7.6
B 22 0.7 Y=5.66x10°X +2.34x10° 0.9996 0.01~2.00 0.4 78.3 8.2
2.0 75.9 52
0.2 773 6.3
Z I B 0.5 Y=3.19x10°X +4.37x10° 0.9980 0.01~2.00 0.4 80.6 6.7
2.0 83.9 8.1
0.2 70.1 5.6
B LT 1 0.5 Y=1.19x10°X +3.45x10* 0.9981 0.01~2.00 0.4 72.4 8.3
2.0 74.7 4.9
0.2 72.0 7.1
R 2 3.6 Y=1.38x10*X-2.59x10* 0.9977 0.02~2.00 0.4 68.9 5.7
2.0 75.1 6.4
0.2 96.9 4.8
BT 21 0.5 Y=5.5x10°X +7.39x10° 0.9985 0.01~2.00 0.4 99.9 73
2.0 98.4 6.1
3 ég ﬁ,_\' colorants in processed meat products by ultra performance liquid

AWFTER A LI 1%BHER) R HL, Oasis WCX [#]
FHAEBCRE v, R S8R s - U AR AT ER B g T B A &
BREEAE S T Pl R 7 R b BB E P L E B
Midithe FEPUSAT IS MRM JEfili b, 2568 1B is e
A EPL R, iR R . X IhRE, S @
TP PRI Y T A L S n] BEMERBRIE . %5 RN TS
Bras HORR I, ] R e A I 45 SR 4 R R A I AR, X
BEdl AR N e BT AR AL 1B A S

SE MR

(1] EZM, xR, B, 5 J i IRgmn Tk YORHEF et
D], B L EPURRINAER, 2019, 10(1): 1-7.

WANG HW, LIU SL, ZHAO M, et al. Research progress on hazards of
illegally adding industrial dyes in food [J]. J Food Saf Qual, 2019, 10(1):
1-7.

[2] 7, oy, FREE, S5 RSO G R R E York b Rl e T
G R AHIT]. B TR, 2011, 32(8): 400-403.

GUO P, JIN HH, LI JJ, et al. Simultaneous determination of ten edible
synthetic colorants in beverages by HPLC [J]. Sci Technol Food Ind, 2011,
32(8): 400-403.

[31 XU, poase, S, 45, 8 R ACRo (o pl- B3 Ie DU B - P s
FRHE A USRI TG & 6 Fg g @RI hEESEmn
71,2016, (11): 204-207.

LIU Y, FANG IM, WU MM, et al. Determination of six synthetic

chromatography tandem quadrupole linear accelerated ion trap mass
spectrometry [J]. China Food Addit, 2016, (11): 204-207.

[4] B, BG4I, AR T R R R AR ANy 4 Ap
YRt SPE-UPLC-MS/MS ¥EMF5E[I]. & dh DA 24K, 2009, 21(5):
410-414.

ZHAO R, ZHAO HY, LI B, et al. Establishment of SPE-UPLC-MS/MS
method for simultaneous determination of four illegally added industrial
dyes in condiments [J]. Chin J Food Hyg, 2009, 21(5): 410-414.

[5] SRAOHE, BAHERS, RITEAE, 45, R0BORT G el Bt P (ashl A L
AP ZeRHT]. Bdh 5 & EE Tk, 2020, 46(17): 259-263, 270.

GUO YH, ZHAO LX, KE ZH, et al. Determination of colorants and
industrial dyes in food by HPLC [J]. Food Ferment Ind, 2020, 46(17):
259-263, 270.

[6] WAL, AL, XZL, 45, HPLC Ml doklh 8 R i dshsnlA 3 #
TolkYert]. & Talk, 2019, 40(10): 323-326.

HU B, LI LX, LIU H, et al. Determination of eight food additives and
three industrial dyes in beverages by HPLC [J]. Food Ind, 2019, 40(10):
323-326.

(7] WL, BREE, stk 45 R Gk b OO R £ i
10 B GRHT]. A FRkeE2A, 2017, 33(3): 362-366
HU HS, YAN B, ZHANG YW, et al. Gel chromatography purification
ultra performance liquid chromatography for the determination of 10
industrial dyes in food [J]. J Anal Sci, 2017, 33(3): 362-366.

(8] BRARFY, WEA, FLLP:, 5. FROBAHEIERE S AT 9 b kY
B A E AR, 2017, 27(21): 3077-3079, 3101.

ZHANG CL, PU YL, WANG HB, et al. Determination of nine industrial
dyes in potato chips by HPLC [J]. Chin J Health Lab Technol, 2017,



6348

B dn 2 4 R R I A 4R

12

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

27(21): 3077-3079, 3101.

YANG CD, ZHANG H, LI FJ, et al. Research on the determination of 10
industrial dyes in foodstuffs [J]. J Chromatogr Sci, 2017, 55(10):
1021-1025.

KARANIKOLOPOULOS G, GERAKIS A, PAPADO-POULOU K, et al.
Determination of synthetic food colorants in fish products by an
HPLC-DAD method [J]. Food Chem, 2015, 177: 197-203.

PING Q, ZI HL, GUI YC. Fast and simultaneous determination of eleven
synthetic color additives in flour and meat products by liquid
chromatography coupled with diode-array detector and tandem mass
spectrometry [J]. Food Chem, 2015, 181(15): 101-110.

AR, KA, SKZERT, . HPLC-MS/MS 10 7 2 P vh A Wy Fn T
AP HERD). i Toll, 2019, 40(10): 339-343.

HUANG WR, ZHANG PJ, ZHANG XC, et al. Determination of alkaloids
and industrial dyes in cooked meat by HPLC-MS/MS [J]. Food Ind, 2019,
40(10): 339-343.

TRIER, (IR, URER, 5. 8 R RORAH (- HR I BT R s I T
12 B GeRHI]. P E AR A%, 2019, 29(6): 658-661, 668.
ZHANG HJ, HE WN, NI CZ, et al. Determination of 12 industrial dyes in
dried shrimp by ultra performance liquid chromatography tandem mass
spectrometry [J]. Chin J Health Lab Technol, 2019, 29(6): 658-661, 668.
R, IRFIK, %8, %. EMR-lipid FEEARTALFIE R Z5A LC-QQQ [l
o PR AS I BB S b 14 FRARIE IR Tk BeRHC)L P R A 2,
2017.

CHEN L, WEN JX, WU X, et al. Simultaneous and rapid detection of 14
kinds of illegally added industrial dyes in pepper products by EMR lipid
sample pretreatment technology combined with LC-QQQ [C]. Chinese
Chemical Society, 2017.

BRTESE, WHE, BRI, AF. RSB GRS E B P T REIR R 16
FhTARGAHI]. frihFeE, 2021, (2): 119-129.

ZHONG LQ, CAO J, QIAN H, et al. Determination of 16 industrial dyes
in food by HPLC [J]. Food Sci, 2021, (2): 119-129.

JUFE, BA, XU, S OO (- e T T AG N 2 PR o i e
10 Ff ool Yo keh 5% B (0], £ b 20 4 T R I #2020, 11(13):

5&

4177-4184.

FAN S, ZHANG N, LIU P, et al. Determination of 10 industrial dye
residues in cooked meat products by ultra performance liquid
chromatography tandem mass spectrometry [J]. J Food Saf Qual, 2020,
11(13): 4177-4184.

(7] XUk s A 6 00 5 7 v Ay B A S P o ARG o (¥ R T

[D]. #&2: iAol K2, 2018.
LIU M. Establishment of a high throughput method for the determination
of synthetic pigments and its application in cooked meat products [D].

Tai'an: Shandong Agricultural University, 2018.

(18] #:2f, SOk, THAMS, 45 MR RGRAN (R DORR - A T ] BT ik

W5 B ZRES TG @A), ARk, 2020, 36(1): 75-80.

LI W, AI LF, MA YS, et al. Determination of several banned colorants in
pepper by ultra performance liquid chromatography quadrupole time of
flight mass spectrometry [J]. J Anal Sci, 2020, 36(1): 75-80.

[19] BBt & B0R (0 15T 7 b 1) BT 7. £ it P €500 O 25 D7 6 A BF

F[D]. M fEAfbk A2, 2012.
CHEN C. Study on screening method of colorants in food based on liquid
chromatography time of flight mass spectrometry [D]. Fuzhou: Fujian

Agriculture and Forestry University, 2012.

[20] EBE. AT A S AR RN B 2 EBORBESE D] TEFH: ¥

PR KA, 2011,
WANG H. Research on screening and confirmation technology of
unknown additives in processed meat products [D]. Shenyang: Shenyang

Agricultural University, 2011.

(FT1ES 48 TRBEE #RmW)

wh
E 3 X W, BRTRIE, TEMRRSME
L& HEBREBN.

E-mail: liuyu-0117@163.com

o (|



