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ABSTRACT: Objective To establish a rapid method for determination of 3 kinds of illegally added industrial dyes

(Congo red, methaniol yellow, red 2G) in meat and aquatic product by ultra performance

chromatography-tandem mass spectrometry (UPLC-MS/MS) with deep euectic solvent (DES). Methods

liquid

The

samples were dissolved by water, dispersion extracted by microscale deep euectic solvent, and dissoluted by
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acetonitrile. Triple quadrupole electrospray ion source ionization-multiple reaction monitoring (MRM)-anion

monitoring mode was used for detection, external standard method was used for quantitative analysis. Results The

linear relationships of Congo red, red 2G in the ranges of 0.2-20.0 pg/kg and metanil yellow in the ranges of

0.02-2.00 pg/kg were good, respectively, and the correlation coefficients were greater than 0.99. The limits of detection

of the method were 0.12, 0.26 and 0.01 pg/kg, respectively. The recovery rates were 93.25%-101.36%, and relative

standard deviations were 1.27%4.06%. Conclusion DES has a good extraction effect of Congo red, red 2G and metanil

yellow, which can solve the problem of complicated tradittional operation steps. This method is rapid, simple and accurate,

and is suitable for determination of 3 kinds of illegally added industrial dyes in meat and aquatic products.

KEY WORDS: deep eutectic solvent; illegally added industrial dyes; green solvent; ultra performance liquid

chromatography-tandem mass spectrometry
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EEam Ak G A M (k. HEiR . e tmdE
F a0, FEZ VRIS AIR AR, RIE TR AE & i A i
AR Talk ek, AP aEE . e B 1,
PETEIOR 25 AR AT [ 56 W el A XU
B, AELE B RIZE (Congo red, CR)E. #5146 15
H, dEashn Uk Juph iy 56 i Bk il s o A AL RLZ
Tl Yt e 5 K B —25(60%~70%)), ik Ykt AN 1A
Ja, FIEERE &AM, WTRER A MAEIENZY, 4 RBUE
TR, I RVE A S K DNA 451 5hRg, 51
AL FNE R EAEY O, CR JB T N BRI 21 (B 4
Jubl, — R T AL, IRKIZWT . YLt
7 B B TS 8 2508 R ICR I CR G PR db A 7 2
o, EAMMUEEY AR, A AR R S
FEATKIR, XSS G2 . BR1E 4 B (metanil yellow, MY)
BT RMAR LTI IE, FEATHL . KHE. 4k, 48
b B KA A gt HAE R T 5B BTA
PRIREHER, hERAARES RO, W HaREEHAS
MR REETCR P G B B .
AT . 212G (red 2G, R2G)JE—FPLT (o B f
AUk, FEMATFEELYNYA, 2007 ERHEZER SR
I R2G AR RIEAE AR K AT REPE, Bl ED A0 HAE R
277 IS PRl P A A Ay i € Al R SR T AR R s
T&W . B BEEaNNE M.

H AR 3 AR s gt i v R AL -
TROR 0 A0 e v U8 | YR R B A (- k™ L
G 00 T - A T 43 O i L1 R R -9 € - R
EU AL A AR IR (R A
fEG i RIIAFAE P R 2, | FERTIG | 55 L IFITEARE R
S PNAR Y L SEEAL IR S

{RILAE VS (deep eutectic solvent, DES)AE Hi & B 372 4
5 &AL — 2 B R IR A, @it S BV TR

RIRG U, T A TR . JRf . Sililes . 88
KU, 23T ORI Z RO, Kt Hir b & Ym
FH B Blin G L INB R FLER A L DES AEHC
FRET A TP A Bm R . BRI T
AAEE-ZSBRG L DES Kokt Beili o g A A
KL GULIRGLA Z B4 i DES ZEBCR PR IH (1 R
PEAE TLBRPERS 21 bR 22%,) SALARAR-DU T S a fhik
ISR A I DES ZEBCROK iy B il & dE R 256 . H Ao
FEATI AR T E R 2K DES MFEAS R 2E Ui K H AR,
I H H AR 0 BE At 1e) T DR Ry, & A o (HEX T
A IR B R K BRI A I AR IR A 2

g5 b, AR I Z R P S JFOR RUR A
R EFEIERBT K DES, 45 HAT o S IR0 T2 A 1l b
AR 3 FpCE AR RR BN Ak Je B CR . MY . R2G)HY
FEHCh, SR R = OO €3 - ER B BT (ultra performance
liquid chromatography-tandem mass spectrometry, UPLC-
MS/MS)HAT 44T, LAIE BV R 4k IR R  SEI AR
B R . B BT RRCR, TR DES /Y
IO FRATER, A it HiT A BRI 5 VR BOF SR BEOR S

1 MR5ERZE

1.1 #MR5iRF

T REE . 1-2F-3-F Rk a3k | 1-2 %-3-
LK mR R (b atl, g AL IR D), RS
(i al, 2E Fisher AIAF); 1IE3R . IEFIR(GY
Hrali), 20 2G4l 98.0%)( b i 223 SE iR A7 B 7);
WISRZLARIE SR (SR 97.0%, FEE CNW BHEAR]); it
HARIE A (L 98.0%, 7&[E Dr.Ehrenstorfer /A ).

PRI K7 B (28 T L B L G £ 25 E R T
1.2 UFE5E%

5500QTRAP 8 {5 %0 AH £ 15 - ot 3% 16 A AN (35
AB.SCIEX /A +); RCT #& i J145FE4% . Genius 3 IAHE(Y
(FEE TKA ZAF]); 10 mL BEHE 5 # (B A7 U A YRl
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AR, 10 pL 0 AH B JE AR A (H AR B H A D,
ME403T H T RF(EH 0.001 g, Hi-LHERE-FEH 2108
£ B2\ F]); GenPure UV-TOC/UFxCAD plus #4E7K HL(3E
Thermo Fisher Scientific 2% 7]); thermo Picol7R 5 i3
B OHLEE E PR FD); 0.45 pum LA HLEE R (S HE T i
J# SRR R A R A D
1.3 XWFE
1.3.1  ARBEER 4 B4

(OB

Sy AMERFR LG it CR MY \R2G, FIFBEEZ % 100 mL,
Hrph CR. MY, R2G B HVR 4 1000 pg/mL, 4 °CH#ffE
H.

()IRA Hh E i F

HER 5 I CR |, R2G i £ 1WK 1000 pL, R2G fifi 15 1K
100 uL, HNHEE A E 10 mL, 1EAIR-E Al R, 1hE
W CR. R2G Mt R LA 100 pg/mL, MY FY 51 5 ik BF
4 10 pg/mL,

GRARER R F I

A3 IR B BUR A W] 0. 100, 200, 500,
1000, 2000 uL, FHZIEERZE 10 mL, 1E MR AGPRUER TR
F4 . WHRMEZR S CR. R2G BY B MR BEHR IR A: 0., 1.00,
2.00. 5.00. 10.00. 20.00 ug/mL, MY )5 &4 BEEAR IR : 0,
0.10. 0.20. 0.50, 1.00, 2.00 pg/mL.
1.3.2 DES #%| %

DES Al #5731 7R, 43 BIFREU A SR AL AN U
ZAETF 25 mL FJEFSRH, 7 55 CiliisHmsk, EF| 2 F
TR 58 478 ps BH R WA RO T, o E =R & .

®1 RIEHEBEFERE

Table 1 Deep eutectic solvent synthesis table

G ABZK SR A JEEIR EL
DES-1 T R A R

DES-2 T R R A EXMR

DES-3  1-Z5E-3-FJEpkms 54 IEFIR

DES-4  1-Z.3&-3-HI3nkme Gk IEZEMR '
DES-5  1-C3&-3-FIspkmefdh B

DES-6  1-C%E-3-H L mkms G 2h

133 #Hsara®

PR UL PRI R 43 . K™ RS + R 4, 359 5T
S H.

HERFRIN 2 gORSHA 2 0.001 g)FESL T 25 mL SR B0
. fn 10 mL 7K 10 min, 10000 r/min 2.0 5 min, B E
T o 4 200 pL DES KA LIHHCE A 10 mL BE37E
SPEEh IRHE 3 min, 2 min, FHHRHRBIREER T SHES O,

AR UEREET I BUZ DES F 2 mL 35 0, 2GR
IERE 1.0mL, it 0.45 pm fFLA HLIERE, AR,
134 MBEEMH

(%5

3% Waters ACQUITY UPLC®BEH C,g A3}
(50 mmx*2.1 mm, 1.7 pm); AEE: 40 °C; AT 5.00 pL;
WA A 4 5 mmol ZFREIKIFW, B AN, WA
0.3 mL/min; BEEEFRIT: 20% B ¥ 1 min, 7£ 2 min }ZME
HAN % 80% B, {15 1 min, 7£0.1 min P2 = 20% B,
134 1.9 min,

Q)FiG & IF

B FUE: HLIBEZE B 1 (electron spray ionization, ESI);
B F4LH i (ionspray voltage, IS): -4500 V; 4B &
J1(ion source gas 1, GS1): 55 psi; M%< JE JJ(ion source
gas 2, GS2): 50 psi; %l B SIR EE (temperature, TEM):
550 °C; 22 £ [z i M5 I (multiple reaction monitoring,
MRM)BE; 44 . 3 FARER IR (3 s =
BOEk 2.

®2 IMIERTMERRIESY
Table 2 Chromatography and mass spectrometer parameters of
3 kinds of Illegally added industrial dyes

TR Ry BRI TEY  HRERE

/min (m/z) A% (m/z) A%
R2G 1.06 231.8 -70 178.9°,157.9 —15,-25
CR 2.75 325.0 -120 152.0°,416.0 -30,-21
MY 3.07 352.1 -100 155.8°,80.0 —37,-70

T OERE T

1.4 BUEAIE

B BIETE AB Sciex MultiQuantTM B {4: #4745
PRALF, DL B AR 0 U8 B8 B AR S i 2 A s, LA i
BELGAE B UEARHE, HEA T Pk, [ B 22 i b o
LXTHE S A B i TE i

2 FER5HH

2.1 REBEFIFNIEAIESE

SRR 1A U 6 MR i 76 3 FhAR LA I 1
v YRl AT R S 208 . DES-4 X B ARSI A A B
ROR H DES #1H1 3£ T UT; DES-2 %F CR ., MY A4 BH 5 (3%
F, X R2G WHSCR A &, DES #ritiJf FiF; DES-3 %t
MY W& RSO &, % CR. R2G TG4 DES-1. 5.
6 XTI BFRP A B R, EL3 SR I K L, AT
P25 AT I
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DES-1. 5. 6 FZEBHURILIE 1, HIE 1 #34H, DES-5
XFF 3 FlH AR ZEHRCR A HAERE AL TR BT, DES-6
HEBBARIRZ, DES-1 ZE USSR A A% 7T R 14 i BRI e 1Y)
K EEYE T DES MMk, fiess kA< sl o a2 Rl s e
AR . 25 |, BE DES-5 (1-C 3e-3-F JEpR A Eh-+22 1R)
YA R R AT e T SRR AR i ) 3 IR v S Tl ket
BATIR SN 5

100000 -
90000 |-
80000 |-
70000 |-
60000 |-

m 50000 |-

40000 -
30000
20000
10000

0

P /cps

ZDES-1
DES-5
EDES-6

LCIA

CR My T RG
JEEEES I Toll et

Fl 1 R[E DES X 3 Rl ik dsin Lol U BUSCR (4 706 (n=3)
Fig.l1 Effects of different deep eutectic solvents on the extraction of
3 kinds of illegally added industrial dyes (n=3)

22 RIWBFIHEZTE

75 JE B AL B B RS RN T E RS B A R
JEA BRI, AR SCE RS R B R AT B, R
AT DES-5 B4Ex) 3 ARSI Lol Gkt A2 g
1o o3 BIR B — bR BRI A AR B RO TN, R
BURA PR ME R R AP AE SE P AU LR, iR AR AL
TR T ) — 0 B AN [) F AR B0 A U A S 5 DU
1, O S B A TR A TR A A BOCR . HAARKE &
2, W% DES FIEAIIEM, 2% H AR A0 N5 AR IR I,
4 DES B4 200 pL B, HARYY e 58 B2 T AR E,
IR 200 pL AR AR 50 9 e A 4

100000
90000
80000 50 uL
g 70000 100 uL
& 60000
= 50000 B 150t
2 40000 @200 kL.
= 30000 (250 uL
20000 300 uL
10000
o[l ‘ 400 L
CR MY R2G
AEvEE N ol ekt

€12 DES iy 3 AR ok G bl ZEBOUSCR 1 820 (n=3)
Fig.2 Effects of deep eutectic solvent on the extraction
of 3 kinds of illegally added industrial dyes (n=3)

2.3 REERTERIEZ M

ARG DES 3 3 i e 78 15 780 Hh 43 H50R0 4 /)N 14 Y
MR K R AR, 32 B AR A BUCRPY . A szt
TP THE R ] Ry i 5 R 3R EA 725458 o R 200 pL DES X [f] —
TRAARAE R IEA T, W HER ] 436 T 1,00 1.5, 2.0
2.5, 3.0, 3.5, 4. 4.5, 5.0 min, %< H AR 000
B 3). YR HERT R 2.0 min Bf, CR. MY BYZERUIE
E TR, W E A0 F 0 B AR K, iR et
(8] 3 min B, R2G MOAEBCRW S TR, B RIgkaiig i,
3 Fh E AR A w8 R IR OC I R AR Ak £ 1, 2 3 min fE
AR SZG 1 S R IR TR]

100000 -
80000
B
4y 00000 -
= —e—CR
= 40000 - MY
20000 | —&— R2G
0 1 L J
0 2 4 6

A TES 7l /min
P30 E S i) X 25 USRS (n=3)

Fig.3 Effects of vortex time on extraction rate (n=3)

2.4 RHERECAYRIE

FE 5 5 FNE G B AR L 2s L HE R i 2] B AR 1Y
PSR, AR RHR LA B SR R T H R . R
200 pL DES X [6]— 1R & b ME VW 43 37 36 A [6)RHA L
(1:22.0, 1:3.5, 1:5.0, 1:6.5, 1:8.0, 1:10.0)(g/mL, T [a])i
Rk, 88 3 PR Tk ek f i h 5 BE A8 Ak (]
4y, MERR I 1:2.0 B, S SEFIESE 28R, ~E
TR Sl E; WA AR LR =, 3 E AR (0 7 58 B
Wiar K, HARRNR N 1:5.0 i, 3 Fh B AR R 58
ERTRE, et 1:6.5, 1:8.0, 1:10.0, 3 fl
s 0 1 W) 7 5 B 5 G B S B, AR S 6 R R E
1:5.0 VE AW SR AR L o

100000 -
90000 |
80000 |-
g, 70000 - m1:2.0
i 60000
1 40000 m1:5.0
£ 30000 -
50000 - o165
10000 - B1:3.0
= @ 1:10.0
JEvRE i Tk Gkt

4 BB A BUSCR B R IE (n=3)

Fig.4 Effects of solid-liquid ratio on extraction rate (n=3)
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Z:7% BIS201807 { A ity v MR LA E ) AR 3C
KU RSB TR I, AR 3 AR L
WG RHREE, X @GS BUES BT BT R

5.0e6 R2G

4.6¢6
4.2¢6
3.8¢6

L, 34e6
53.0e6
# 2.6e6
M 2 2e6
B 1.8¢6
= 1.4e6
1.0¢6
6.0e5
2.0¢:

0.

T
>

CR
MY

e

l
00 05 1.0 15 20 25 30 35 40 45 50 55
£ B8 B [ /min

3 A HARYI N 0 R OR A, TSR N L iR B T
DU FARYI A & T, I BT AT LU H AR i
WEEFE HOINARBE(1ET 5) 0 ARSEHR A 5 mmol ZFRE K AN
SR S AR A 76 EE e

5.0e6 R2G

4.6e6
4.2e6
3.8¢6
3.4e6
3.0e6
2.6e6
2.2e6
1.8e6
1.4e6
1.0e6
6.0e5

2.0e5

0.00.

w

CR

I

0.5 1.0 1.5 20 2.5 3.0 35 40 45 50 5.5
A B 5} [E] /min

i 7 328 B /cps

ST T T TTT1

A HEE-5 mmol ZFREZ/KIEW; B: ZNE-5 mmol ZFRE K -
5 URBNARRT 3 FhAREE IO Tolk et e B s e
Fig.5 Effects of mobile phase on the peak shape of 3 kinds of illegally added industrial dyes

R AT 25 XoF 00 7 ey L ) AR A5 (Rl 8 P, S A X A1) 1 D
W, #3882 ANESFRME e R EME T, L CR M,
M EFEHE M 0~-200 V AS{LET, 1555 CR 195 R T 57 77
SRR L B T BEE R ISR M >, CR NG &+
B 2R A R, Y R — (R, SRR 2R,
AT T2 = 74 o i 25 B S R AT o 3 M il T B A R 1
P A YRR E N 0~-100 V ZE{bAT, 755% CR 2k
FHER IR MRS, FRIET B F X pm R a8, e
M —EZ )G, FHEFE TSl RIS T, 3L
RRAIE B R 55 o KR TR B B S R R
JEo ZE b, #E#5-120 V /EH CR MR EFERIE, -30 V 5E
BT 325.0/152.0 BURACREE U, -21 V @ 4T
325.0/416.0 MELRLIEHL T o PEANEHE ISR 2.

26 EFEYNER

TSRO AE ST S0 M Hp AN AT ) o B RN 1 AR
ST bR 0 W [ P 532 W 73 Sy 2 J5 39 s 550 07 0 e o 440 o) 8k
I3 o ARSI G 2275 SCHR (3019 7 175 R R BN, 1B 25 FA A
s (R SRR 1.3.3 FEATHRE A B AL IS 21 25 P 5
VW, IFREAT RE TR v 2T, [ kA 46 O Sl AR 7R

IR EIIZE . 3 FhARES I Dol R L B > 0, Bl
Y RBU BRI o 25 F, SRR bR h 2k A T
FEHE, PREANEOE W 3.

®3 ERBEEER

Table 3 Matrix effects review table

SRR /% CR MY R2G
< 2 A 0.52 0.41 0.45
AR 0.50 0.42 0.44

2.7 HAEFWIE
271 “LMXARE5EER

ARTRTAR 1) 3 AN ARV g i e 1o 5i B AN ], R4k 3
R LRGN BR, 10 RHEME LR E SRR, T AR
MR TR AR SC R B, R 4 WIS, KIRLT. 212G 1Y
M o 5P, MUY P 458 7, MY ISR 0.02~2.00 pg/ke,
CR. R2G HYLRMEFEH 0.2~20.0 pg/kg, KRR T
0.9944, MFxEER A 2.0 g B, KR4 0.01~0.26 pg/kg,
FERFR M 0.02~0.88 pg/kg.

R4 IMIEETMARMEMEFE. XA KR, BRURSESR

Table 4 Linear equations, correlation coefficients, linear ranges, limits of detection and limits of quantification of 3 kinds of illegal dyes

Hir4 A R LIPS 3o AAEE T (ng/kg) PR/ (ng/kg) E R (ng/kg)
CR Y=1.24e3X+3.49¢5 0.9944 0.2~20.0 0.12 0.40
MY Y=8.57e4X+3.64c4 0.9995 0.02~2.0 0.01 0.02
R2G ¥=1.78¢3X+3.29¢5 0.9991 0.2~20.0 0.26 0.88
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ARSI R 4R N . AR TR TR N SE g, ) &S
RS RIS [FEACE 89 3 #h BArY), o CR.R2G B
KK 1#1.00 pg/kg . 2#5.00 pg/kg. 3#10.00 pg/kg, MY 7%

JI/KEH 1#0.10 pg/kg . 2#0.5 mg/kg . 3#1.00 mg/kg, 3 Fhlk
PRI GRE Y EDRCRTE 93.25%~101.36%305 [ N, AHXTHR
A 7% (relative standard deviations, RSDs)TE 1.27%~4.06%
WA, BAREEILE S,

RSO3 MIEETMAERETERMAE TH BRI R ERE (%, n=5)

Table 5 Recoveries and relative standard deviations of different spiked levels of insecticide of 3 kinds of illegally added industrial dyes

(%, n=5)
FEbh IR R MY R2G

e RSDs [EL & RSDs [EL & RSDs

1# 93.51 3.57 94.93 2.63 93.25 4.06

N 24 95.12 2.39 97.61 1.27 95.22 2.16

3# 101.36 2.16 96.52 3.16 98.51 2.83

1# 95.27 3.36 97.22 2.59 9438 3.51

Lyl 24 96.03 2.59 98.37 1.59 95.83 3.82

3# 98.64 3.46 99.28 3.42 95.32 3.71

2.7.3  FEFRAf AR PRS2 K AR LI s 70U 8 S K 1 BAR I Sk i 7 L, e

FRRARTEX TG AR Befa . TS 50
HEVEE S AT RN, FErP il IR 1 ik, i
4K CR, &4k 0.38 mg/kg( 6). i@k, Hrgit
A 1 7000 S B i R A 3 R R B Tl et =L
AR AR EAVER, o AN R F PR S 3 ARk
TN Tl Jek ki T A

1.3e5 |
1.2¢5 |
1.1e5 |
9.5¢4 +
w 8.5¢4 -
57.5e4 |
# 6.5¢4 -
B 5.5¢4 -
B 4.5e4 +
E3504}
2.5e4
1.5¢4 |

5 0()98 L 1 L 1 1 1

00 05 1.0 1.5 2.0 25 3.0 3.5 40 45 50 55
PR B SR /min

Flo  BHYEREM SR TR K

Fig.6 Quantitative ion extract chromatograms of positive sample

ABFFERA 1-C3E-3-FF SERRmE S ER F1IE 5 R Oy [ Ak
B BT R B KPR IE A ), K LR SR 7y A 3 R ol
ih KRR 3 R AR I I T YR R BCE IR, KA
UPLC-MS/MS 431, BEFTAMRikeE . 520 RUHZ 5 BT
WAL BR R . FERTAE . AR . B e etk ES, ST
A S A7 PRI BetE4 . 20 2G ke, K
BL oo e ST oAl RISV E LT AN S SE ) € 2 (10
WV FIAE BT KV B RS 40023 0, A RIS B 5 G

P SRAR LA 70 B L PR R, SR Bt T — o it i Ak HELUE
N EE ity B AR AR AT T R H AR S R R
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