5124 5 16 ] B 2 4 T iR o Vol. 12 No. 16
2021 48 A Journal of Food Safety and Quality Aug. , 2021

6

- , mER, BETE, HILE,
AR, Joi 364000)

W OE: BM e SO G - B B RS 7% (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)illl & 8 € A 5 v 6 FbkmkdiiAz 2 (FF AR ImRME | S FR 2R WRmE | F2 3L FR 2Rk | A2
ek | A | RAE T M ER B B AT i TSR RN IR CERIEREEI, MCX AL L5 2R 7 im0k
MO B, IS BB R TR, 27881 I Wil (multiple reaction monitoring, MRM#RZE & . GEHR
6 FhKMEEHTA RAUK R IRE/NT 1 pg/kg; ZITIETE 0~20 pglkg JUHINAIMECR R, MXREY KT
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Simultaneous determination of 6 kinds of imidazoles residues in eel by ultra
performance liquid chromatography-tandem mass spectrometry

ZHANG Yan-Yan', WEN Jian-Rong, SU Xue-Xiang, HAO Yan-Tao, WEI Jing-Jing

(Longyan Customs, Longyan 364000, China)

ABSTRACT: Objective To establish a method for the determination of 6 kinds of imidazoles residues
(mebendazole, aminomebendazole, 5-hydroxymebendazole, levamisole, metronidazole, metronidazole-OH) in eel by
ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The sample was
extracted with ethyl acetate, and separated by UPLC after purified by MCX solid phase extraction, determined by
positive electrospray ionization, and quantified by multiple reaction monitoring (MRM) mode. Results The limits
of detection (LOD) for the 6 kinds of imidazoles residues were less than 1 pg/kg. The calibration curve showed good
linearity within the concentrations of 0-20 pg/kg, all correlation coefficients were greater than 0.999. The recoveries
were ranged from 70.5% to 92.6% for 6 kinds of imidazoles residues with 3 spiked levels of 5, 10 and 15 pg/kg, the
relative standard deviations (RSDs) were less than 14.3% (n=6). Conclusion This method is simple, fast and
sensitive, and suitable for the simultaneous rapid determination of imidazoles residues in eel.
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1858 4F, BRI (imidazoles) i 2, W A kA k!,
WA CAE B R R . PUREE . bR, DR
BT R A keSS 25 A 0y A R T, RAF
IR BT . B E L AR AR A R A=A
S A BRI S A A% A K 2 (benzimidazoles,
BMZs) . fifi 3L Bk Mk 2 (nitroimidazoles, NMZs)%5 . 28 Ff- bk s |
A i K e (Ji i SE K e 28) S R LU S i & R G2 )
(I 2 IR R A e — Rl ok il 50, e R A AR,
WAEMAI(CS. MS), Zli4:J&(Fe. Al, Cu. Zn)FI& 4
JE A 500 o ) B T 5 R st g ) 3 P A e SR AT A A
WA ) R SRR 2 T A AT Y SR A R A,
R B 2%, BA S0 . #i0; DNA SR EXK: . HH
AL JrRck, ZRIFR5E 7 WHE bR, el IR
P B2 A ah R B o HRE, AR BRIl S
DR e 2 2 ) A5 9K 2 68 0 FR A I BB P X 5 . WG E R
A, WKW RE . H A E KA X bR 2 2
YR E FIE AR SCHLE, 0 WP NSRS, A ek s
F 10 pgke, F RN T 60 pgke”. FE GB
31650—2019 (R b2 e E K brifE £ dh 8 25 i sk B
PR ) MUE T PRSI |/ e DK e 5 %) (i FBR A, PR i e
WEARAEF H o

i FE PR Ao B e SIS 245 0 f A T B = B &l
AL SR - FR I TR Rk kO
TR R R - R R A O AR L L RO £ - H B
S R TG I B o 2 2= e 22, DR HL SR v FLfoE
FRERETE), WO # FMA R B B2, HRiH
TASIZ T [ 2 551 0 R s 288 245 W g 4 PR s Ay I, (] A 22
TR [ 2 Bk e A bt A 22 00 5 vk Bk DA o R AR B9 B 7
TR R IR ARE S R AL By vk, T R OB -
5 I T 3% 3¢ (ultra performance liquid chromatography
-tandem mass spectrometry, UPLC-MS/M S5l 15 £ P g
ZRARIBRIRS, DA by 68 £ rh BRI S 2 ) 5% B8 1 W A 4R
HEARHRE

1 RS

1.1 XE5RH

AB3500 8 7 R AH L - B B X [ 35 [ AB
SCIEX 72 HGErm)]; Milli-Q directl6 #4fi/K £ 45 (3 [
Millipore 23 Hl); MV5 4 [ 8 FA T4 AL AL 5 M RFH A
A]); MSE 125P-100-DU HLF RV (T HEL2Z—, fEHkEL
FIHH AR R G 7)), PM-600 HL T RKF(H 22—, HilAg
Fr-FEZMI4ER).

il

FH 2K K14t (mebendazole, MBZ) . 24 & F ZE K I (aminom
ebendazole, MBZ-NH,). #23L F 2K bR . (5-hydro xymeben
dazole, MBZ-OH) . #:#& /= HEWK I (levamisole, LMS). F il
I (metronidazole, MNZ) ., %3k H il 1 (metronidazole-OH,
MNZ-OH)(Zi IR TF 99%, #&[E Dr. Ehrenstorfer GmbH
o)) SRR, SEAbE . ZUK . WRERER(TERAl) . 2R
RSB 11V e B A BRA R, FEE . LG
il TEEFRE B P E A ), HIR(CIGAL, il
R B A BR A FD); K (—20K, Milli-Q direct16 £k &
45, 2 Millipore 23 +]); MCX 8 B 85 7 5 4 € HUH: -
Thermo MCX SPE(3E EZEER K /REHE A F]);, ZX MCX
SPE #E(UI R B A BRAFD, 2 F MCX AL RS 50
3mL, 60 mg, ffi ATTKUKAFEL 3 mL Al 0.2 mol/mL L2
I mL &k, (REFRE AR

0.2 mol/L #hFRIAW: B 18 mL #hk, FKEARZE
1000 mL.

FUK-F B (1:9, V:V): 8 50 mL 27K 5 450 mL
R A, #5.

0.1%H RV B 1 mL F R, FI/KEZE 1000 mL,
12 XWHE
1.2.1 AR 6 B

FRUERG AR WERRARIBGE =1 B3R 6 bR, R
T4 I FIECHI R 100.0 pg/mL PIFRMERE &R, A7 T
-18°C,

TRAPRE TR WG 8 200 MR T R VA T, %
L1 VIV VYIRS B I S 8 B R R o
122 HmaraE

FRIC10 g IRA) 68t A BECKE T 2 0.01 @) T 50 mL 1)
BRANBEOE T, IFINA 20 mL 22 2.1 .0.1mL 10 mol/mL
KA 5 g S kN, IRIEIRA 30 s, HARIK
10 min, 4000 r/min &.0> 10 min B _F )2 282 ZBEF R 10 mL,
BIHEF I —1 50 mL BNEELET, FIA 20 mL
0.2 mol/L #: &, #£% 10 min, 2000 r/min &.L» 5 min, B F)Z
EhPRIEWE 10 mL, k.

HFTS R BOR 10 mL finZk 3] MCX /MEE, KR AR
3mL, 0.2 mol/L ;8 | mL FIHEE 3 mL Wik, FAZUK-H
BV (1:9, V:V) 4.0 mL PEME. A 10 mL iR UR BERLIR,
AR TACE IR T, A E-KEBG:17, V:V)
ERZE 1 mL, 1 0.22 pum AEEBECHPLIERY), T
VA €8 33 - B I T (S 2 o
123 MBLEH

(Ot 4

i H:: ACQUITYTM UPLC BEH Cj (2.1 mmx
100 mm, 1.7 pm); FshA: A N 0.1%FB/KIFR, B N L
& MEBEMARF IR 1 P, JW#: 0.4 mL/min; F1EE:
35°C; kL 2.0 uL.
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Table 1 Gradient elution programs
I [l /min Al% B/%
0 90 10
3.0 60 40
4.0 60 40
5.0 10 90
6.0 10 90
6.2 90 10
7.0 90 10
QB AT

MO A WSS B R IE B F (electron spray
ionization, ESI+); i Jral: £ &0 Wil (multiple reaction
monitoring, MRM); HLE%5 HL R 5500 V; A5 <& JT:
0.172 MPa (A K); W FIRIRE: 550 °C; ZFASREI:
0.379 MPa; Hiih’< % J1: 0.379 MPa, HAh iS50 2.

2 HEREHHR

2.1 REUATIADIERE

DRI A R — R F A LIRS ER R, N2 hg .
LR HE . WEESE . ABRIE T Bk 3 g dliEs, 4
WERW, 2B ARSZIRN 6 Fifb &P HRIOs R 5 4,
PEEEICR T, ME K. BICR ] R LRI EL
e IR AR
e T EOK-FREE(1:3, V2V), ZUK-FEE(L:6, V:V), &
K-HEEL:9, V:V), S5HRFHZK-FEE(L:9, V:V)PERERL

2.2

e S5 MEIE S5
2.3 7[5 SPE #ERbEE

AR T 2 FAFEA MCX SPE /ME(Thermo
MCX SPE #:#1 ZX MCX SPE #). 2 Ff SPE #:#f 1] LL5
FIF A AL BOR, {H Thermo MCX SPE ¥ fit) 2 B e B
T o 72 BH 08 fa 4F b FP AR 0 5.0 ng/kg 20 THE K IR fY 3] i 52
16 (n=6), &M Thermo MCX SPE #F: ¥k fy [a] it & fy
90.5%, EE N 5.6%; KA ZX MCX SPE ¥ fk i1 =]
WAy 88.9%, KEHEEN 8.7%, ik Thermo MCX
SPE #1.
AR
AR T 3 FRSAE, 2hE-K. ZHE-0.1%H
BRI . ZI5-0.1%H BR/K+5 mmol ZIRERIAT, 455RFM,
AW ZIE- AR s, B2, AR,
Hi BV A A WAE 2 -0.1% F R /K I TR A T Sl A v g
AT, A EYIHEZIE-0.1% P #RK+5 mmol Z %L AT SRR,
WA 22 . PRIIERE L 1E-0.1% FF BRI A T B A
25 ZMXARSKRUER

PAZS [ 8 0 PR BEAE (i 104 S TBUVR hy B MV TR ) AR
W, HIREGIER B RERBARERA TER, &
UPLC-MS/MS 43#r, 6 FiDRIsARE Sh 75 68 0 BEAF 25 1A B
ISR LE 1o LAEALE A 53 i T FR(Y)X BT ik
FE(X, pe/kg) 22 TlbrEd 2k o 45 5 0, 6 Fhkmkib &Hr e
0~20 pg/kg JEFEBTERPECRLF, MHEREIIKT 0.999, i
Tt B Al S AR ME S B A R AR S BR(S/N=3), 45 R
TR | ST IRk | FRF IR | A BERKE RN
M FRIL T RS BRI /NT 1 pg/ke, AN3E 3 R,
A 7 vk ] LA R SR R T AR AR 75 22

2.4

®2 o MILAYIMEMBRIESY

Table 2 Other mass spectrum parameters of 6 kinds of compounds

&Y BEE - (m/z) FET(m/z) LRV A FH RV Tll 3 L R/ V il 2 3 3R S L RV
. 296.2 264.2 31
FH 2R s 100 10 14
296.2 105.0 45
L . 238.0 105.0 35
e PRI 150 10 14
238.0 133.1 48
) o 298.0 266.1 32
F2 L 2R 105 10 14
298.0 160.0 45
) 205.0 92.0 45
ZEJRERK 83 10 14
205.0 179.0 30
. 172.0 81.7 33
F ik e 63 10 14
172.0 127.8 20
) 188.1 1233 18
F2 I A s 56 10 14
188.1 126.2 23
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Table 3 Regression equations, correlation coefficients and limits of detection for each compound
EY Frifi th £y 72 LIPS 6 H R/ (ng/kg)
FH R D e Y=80125.013X+6182.592 0.9994 0.06
S L FR 2R Y=64453.649X+3853.804 0.9990 0.10
P I F e Y=65677.156X+2395.696 0.9998 0.07
SRR A e mk Y=51236.659X+1984.562 0.9991 0.12
FH T e Y=46288.368X+6326.989 0.9991 0.30
2 5 H i s Y=33529.885X+9 951.741 0.9992 0.25
10000 - 8000 2.90
3.94
8000 | . HEpkm
FH ks 6000 |- R
§ 6000 | §
@ B 4000 -
B 4000 L b
2000
2000 | L
0 1 1 1 1 1 1 1 1 1 1 1 1 1 ] 0 1 1 1 L 1 1 1 L L 1 1 1 1 ]
0.51.01.52.02.53.03.54.0455.0556.06.57.0 0.51.01.52.02.53.03.54.0 4.5 5.0 5.5 6.0 6.5 7.0
Fis} 1] /min i} 18] /min
6000 ~ 2.50
10000 -
5000 |
8000 | 2,98 Fe ek
53 P S D 0oy
2, 6000 | 5y
& 3000 -
i bl
4000 | 2000 L
2000 - 1000 | L
0 1|1|1|L|||||||| 0 ko sl doalsnands ) Wb bl b VU ORI R PV |
0.51.01.52.02.53.03.54.04.55.05.56.06.57.0 0510152.0253.03540455.0556.06.57.0
Fif 8] /min Fi+f []/min
6000 2.49 6000 |
224
5000 5000
ERLL F5 R
4000 4000
#3000 g 3000
bl ]
2000 2000 |
1000 J 1000 |
0 A1 1 1 1 1 a L 1 1 1 1 1 I P— 0 1 1 1 1 1 1 1 1 1 1 1 L 1

0510152.0253.03.54.04550556.06.57.0
Fif /] /min

051.0152.02.53.03.54.0455.0556.06.57.0
Fif ] /min

TE: bRk dsin >y 2.0 pg/kgo

1
Fig.1

6 Tl DR SRR o 51 6 1 DA B 2 1R i 1 9 MRML (0 1]

MRM chromatograms of eel muscle spiked samples of 6 kinds of imidazoles
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2.6 EIERSHEE
FHZS 8840 R BERE S EA T AR el e S, it Jy ik )
WCRFIE S . UShiASE R 5. 10, 15 pgrkg 5208, BN
TAEAR 6 ASFATIEEE, 255035 4 s, (&I TFyE
WCEFEREI R 70.5%~92.6%, AHXTHRIHEMR 2 (relative  standard
deviation, RSD)I4 < 14.3% (n=6), i R IER

2.7 SERREE SRS

A TTEN A X IR 36 4768t RF i 2E A TS
W, A KBV . 2 AT I SR 6837 T 1%,

FIBRE X 19 7 SR8 8 R BUEADFE P EIH) 6
LLELLY/ S

ZiL5Te

A5 R R 5 R £ 1% - B IR T T v Ll O e A
5 5 41 v 6 ARBKIBIS 254, S [R] I X6 A R e 2 i ik
WAL SR . 2k A B R . RIBUE L K
FRARSE S, 16 5~15 pg/keg BRI, IR 70.5%~92.6%,
AR AR AN 2235 < 14.3%, FFG T B 5R A IETHZE, FTLUY
i rp 6 Rk 251 0 R RGN R(ES2%

3

4 6 FRORMEAL AN IN B R FIHE 2 E (n=6)

Table 4 Spike recoveries and determination accuracies of imidazoles (n=6)

BN/ (ng/ke)

5 10 15
latgy]
ISR/ % RSD/% ISR % RSD/% [l /% RSD/%
FH 2R Dk 80.5 11.8 81.7 10.4 82.3 8.6
S 5L H R kg 85.6 12.6 82.6 11.5 87.6 8.4
P2 5L H R mkmk 88.3 10.8 84.4 8.8 89.6 8.2
R TR A THE WK e 90.5 5.6 88.7 7.2 92.6 6.5
FH i e 70.5 14.3 72.6 13.8 75.8 11.2
FREL g 72.8 11.7 74.8 10.9 76.6 13.5
| Log.Asp [2021-04-02].
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