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Determination of 10 kinds of quinolones residues in cabbage by QuEChERS
coupled with high performance liquid chromatography-tandem
mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of 10 kinds of quinolones residues in cabbage
by QuUEChERS coupled with high performance liquid chromatography-tandem mass spectrometry. Methods The
cabbage samples were extracted, using the QUEChERS purification method and norfloxacin D5 as internal standard,
and quantitatively determined by high performance liquid chromatography-tandem mass spectrometry. The content of
10 kinds of quinolones residues were quantitatively analyzed by positive ion electrospray and multi-reaction
monitoring mode. Results The 10 kinds of quinolones showed good linearity in the concentration range of 5—
100 ng/mL, the limits of detection were 0.1-0.3 pg/kg, the limits of quantitation were 0.3—1.0 pg/kg, the average
recoveries were 76.0%—-107.0%, and the relative standard deviations were 1.5%-8.1%. Conclusion This method is
accurate, reliable and suitable for the determination of quinolones residues in cabbage.
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EUAT, [ P ARG 0 nds i e 2K % B 1 O vk R R WA
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phUStel e 1714 - QuEChERS 1 T BOR 1Ak, J2
— AT E AT S G R AL B R USSR O AT R
QuEChERS i Fl Fus il b A s vh, 80 % g2t
ST QUECERS-# i 45V A €20 3 - H B o 324 [ B
RIK B FIR AR B 11 s o R 25 B 24 5% BR 19 0BT v o
TR 5 POV ST T — ol S A3 B AR AR, R OB i
- R ST T R 8 S PP s T R S P A ok B A ik
B S P G D A P 3 v e 2 B A R, TR AR R
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1 MR5RE

1.1 E5RF
1.1.1 FHME

TQ-S —H DM AT WA B e F AN (SE 1B Waters 23 H]);
CR2IN %32 e B D HL(H AR H 3724 FD); Milli-Q ##
2l K A B2 S5 1E Millipore 23 +]); XSE204 HLT-/MH7 K
. 8220-K BREETT(Fin LM RR A R A W] ); Turbo Vsp Lv
4 A EAMRIL(GEE Biotage 24 Hl).
1.1.2 K5 5+

HEE, CiE(Eikal, EERTAR), 4 KM%
TN JOKBRIREN . BERR A AN . ATEEIR . A AL B (o bT
afi, [EAEE AR R A ), (TSR, FiERThr
T A2 R H A R F)); SelectCore™ N- N %E 2 — e

(N-propylethylenediamine, PSA) 50 um. SelectCore™ Cig
50 pm (NG HTA BRA RIHOR), BUETD A | BE DA | 3R
WY R EEVAE . mRYAE . BEYAE. BhivA. A
MAvb R AR KD R RS @ 98%, fEE Dr.
Ehrenstorfer A Fl); w1y B -DS(ALET S B YR G
F /S H]); ACQUITTY UPLC BEH Cig f%4E (2.1 mmx
50 mm, 1.8 pm, S5[E Waters 23 wl); KRR K T2
R T

1.2 LT E

12,1 BRms

Fr e 7 WA BC i 2 I K i S VD B2 -DS E i Ak
1 pg/mL AR, 4 CCREGIRAE H 10 FhsTaE S 25 bRl
i FH BV TR | pg/mL RS PRIERE, 4 *CREOGIRAF

ZEVAR(0.1 mol/L): HERGFREL 37.2 ¢ £ &V LR
TN, 109 g BRERE AN 12.9 g HEERR TR, A
900 mL 7K, BEFEMEHEM, 6 1 mol/L BIE LI R
JATT pH % 4.0, A ZE 1000 mL 25, #8257,

FRAL G (5 1% RE SRS, V:V): HER IR
5mL HIiZ T 500 mL 55, MOIEESR, e,
122 &SBCkRAD € 3E- & PR 1k A

(DA

@ 3% §: : ACQUITTY UPLC BEH C;g f4 % 4
(2.1 mmx50 mm, 1.8 pm), FEFEIRFL: 4 uL, i
0.3 mL/min, #13: 35 °C. WRAH G IERE R DRI AR P AR 1.

®1 BERRERF

Table 1 Gradient elution program

0.1 %H 7K (A)/ % ZIEBY%
0 90 10
1 90 10
3 10 90
4 10 90
4.5 90 10
6 90 10

QS

B R HL Y 25 A B OF A 3K (positive  electrospray
ionizationm, ESI"), & 4145 L E: 4.00 kV, & F W
150 °C; WA FIAREE: 500 °C; WA A M 950 L/he H
iy =k 22 S W A =X
123 Hmara

BN FEOMIR S, MR, TR T IRIVIGIRD A

FREL 10.0 g CKE# & 0.0001 g) A4 T 50 mL H.2E
AR O H, I 50 uL 1 pg/mLiE | £ -D5, finA
4 mL ZZ AW 10 mL BRIE 20, TRHE 1 min B 48 &
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FEAVEMRIRAT, A 10 g TE/AKBRBR 4N IR BETRS) 1 min,
AR R EL 10 min, 8000 r/min {250 10 min, BEHL L
JZWER— 50 mL #0458, ERETIMA 10 mL BB 1L
N, BERB—W, &§3F 2 R EEHREY, mRBGR
A 50 mg PSA. 100 mg C,g WM, #HE 2 min,
8000 r/min R E.C> 10 min, FIFWEBR TS —B.O0%
i, A ERT, 1 mL Z5-/K10:90, V:V)E %, iR
BE 30 s, 3 0.22 pm MYUEME, EALRGI . [EIAE ik A%
TR Tl AT 75 37 T

2 GER5HH

2.1 FRiERMHMHK

W5 10 Pl i i R v 2-D5 el B 50 ng/mL R4
PRUER W, FEIE R TR, R Z RO R, o
10 Flgs i S s b 22-DS B 7. BB . © R
T BB TTHE ., REEEAER . 10 FhEETRERER &5 T R -DS
J ik A S B R W 2. A B
50 ng/mL 11 F b &P @IS UL 1.

2.2 RENERDIERE

ARG T HE-K ., ZIE-K . ZIE-0.1%H R KAE
SR U S AR B X 45 400 S5 1A T PR SR . SE G & B 2 -0.1%
R K AR by T s A R B AT R 45 0 B 1 5 1A, TR 354,
M I 58 e, WSV S P VRIS, TERRMESR I N A S R
B2 DR I s F 2015 -0.1 % F R K .
2.3 BUFIREE

PSA. Ci5 Mo A7#84LH% (graphitized carbon, GCB)%E Wk [
78T QuEChERS J5i%k, AILAARGE LB s |
HHLERASE A FE2R YR KA haa KEmna
AR . FARERERSTIEY, ARSI LA
Tk, Ebat BRI TR . ABFELL S pg/ke bR
KA, SRR B2 LR BTMARE LA PSA | Cig. PSA+Cs
3 R LIRCR, S2E0 R L PSAHC, g IR I 10 Fhngis
B2 Ab A P 5 B B de i o[RBT PSAL Chg FHERHEAT T
etk, 52BN C s FIFE] 100 mg., PSA ] 50 mg 2
Ji, Bt AN, 10 s i mi By o HAS R, R
AWFFEHERE Crg. PSA BIHEST 5K 100, 50 mg.

Fz2 N MLEMIRIESH

Table 2 Spectral parameters of 11 kinds of compounds

ey BEESF(m/z) FEF(m/z) IF: B I} 8] /ms /v A g ik /V

" 316* 10 5 20
Ratvh AL 360

245 10 5 25

R 326* 10 5 20
RE U A 370

269 10 5 25

) 288%* 10 5 15
BINTR AR 332

245 10 5 20

o 265% 10 5 20
WEVRE 352

308 10 5 15

e 233* 10 5 20
wRY R 320

276 10 5 15

o 290* 10 5 25
S5y TR 334

233 10 5 15

o 299% 10 5 25
Wb R 386

342 10 5 15

) 349% 10 5 20
GRS 393

292 10 5 25

L 261%* 10 5 25
AR R 362

318 10 5 15

" 303* 10 5 20
b A 321

232 10 5 30

W 5L-DS 325 307 10 5 20

s AR T
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Fig.1 Chromatograms of 11 kinds of compounds (50 ng/mL)

24 ERYN

F TR0 (matrix effect, ME) 3 %2 i THE S A B
51T 1 AT AL B AR 5 R il 2% 5T S R A A
B AR A T, RS T 438 90 B4 i oy 588 8 o Af
L FH [ o 40 000 4 BT 400 A o 35k 5 5 0 3 90 o 10 g )3 54
JE F AR SR BT 6 TR (W58 55, B ME=A/B, A s Rl
SINTIAE S FEE TR i N 5 B, B 3 R I 43 BT ) 7E
55 30 B I R XY ME > 1B, 5 B A 5 S G 8RBk
ME < 1 i, D] Ay 3 Jo s 55 20002 1240 A5 A 23 1k 1 3
PRI AN 26 Z 5 R B 50 ng/mL 10 Fhwds i i 251k &
YR br 5 B E R AN, 45 R KW, ME BN
0.565~1.116, H A K9 vb & Ry 3L B sm o, Ak
FE U RO, DR AS AF 5 R 3 S5 R T Bk R 3 J5 2L

I X 0 A 45 SR A R 0 o
2.5 FHERFREMLZ. RERMEEIR

FAAE 10 PR 0 R I SEVE A s (R i
W, Fa AL FA R BCHIAS R BE R 10 Rt B 2E 259
RAWUER R, HEEWEYN 5. 10, 20, 30, 50,
100 ng/mL, VP E-DS LW IEY N 50 ng/mL. RN
PRIEHAT R, 10 FhEia b G 97E 5~100 ng/mL £k
KRB R, BARGERILE 3,

XF 25 R FASESE TR AN 10 Fhwds iR 225 iR A bn i
i, FHAS R BOROE RARRE, EHLIIE, DL 3 f5 (5
FL(SIN=3)FIT 10 545 1 H (S/N=10)3 B4 > 7 12 F A HH BR
(limit of detection, LOD)#IE & fR(limit of quantification,
LOQ), HARZERILE 3,
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Table3 Linear equations, LODs and LOQs of 10 kinds of quinolones
Ew Lt HEZRH(r) ¥ H B/ (ng/kg) SR/ (ngrkg)
Bk R Y=3.1738X-0.40964 0.999 0.1 0.3
BB A Y=3.4933X+1.43503 0.999 0.1 0.3
TN Y=0.9428X+0.69489 0.999 0.2 0.7
R A Y=2.2488X+0.69650 0.999 0.3 1.0
IR A Y=0.8437X+0.17074 0.999 0.2 0.6
Bm R Y=1.2026X+0.54604 0.999 0.1 0.4
[ DR Y=1.1125X-1.43694 0.997 0.3 1.0
Cilz A0 Y=2.6278%X+6.92660 0.996 0.1 0.4
E=8 U Y=3.4813X+1.33591 0.999 0.1 0.4
W A Y=1.4825X+0.63321 0.999 0.2 0.7
26 ERERSHEZRE w4E)
P28 IR ISR R IE REY 10 FhEIEIISIR A feam IO IR AR
PRUERSIR, B IbR BRI 6 A TATRE, THREIT Lo 202 7
W 5K B, 100 Tl e 3 T 2 24 W 1 OF- 1 [l R
76.0%~107.0%, FHXTH5R i 2 (relative standard deviation, AU E 20 103.0 65
RSD)TE 1.5%~8.1%Z [, 525044 534 B A )5 1 A [l i 2% 5.0 95.1 3.5
UF . OREWERE, WL MEVATINE 25k B A . HARSE LI 1.0 85.0 5.0
* 4. (UE AU 2.0 77.9 7.4
5.0 76.4 5.5
F4 10 FHEETEER 2 4 B Y EE AN A XS AR R 22 (n=6)
Table 4 Recoveries and RSDs of 10 kinds of quinolones (n=6) 1.0 78.5 23
o TIAR i i S 2 AET 7 1 0R HMAY A 2.0 88.3 33
/ng/ke) /% =% 5.0 83.1 3.9
10 93.0 6.3 1.0 89.1 6.4
SN2 U 2.0 107.0 4.7 SR 20 94.8 72
5.0 91.3 6.0 5.0 96.9 8.1
1.0 87.9 6.5 10 36.5 47
RO R 2.0 982 40 Reitub 2.0 107.0 5.1
3.0 944 31 5.0 100.0 46
1.0 87.5 5.5
WNTb R 2.0 84.7 6.7
>0 - 7 3 gEig5ie
1.0 95.9 4.0
ey 20 107.0 30 AWFFE LIRS FE-D5 AR, SR H] QUEChERS 1k
S0 103.0 e J7 35 O AR s - BRI BT A A S, BT T KK
10 RS0 P sk B BRI i, 25 AR AT
Ho 700 3 B ERTT . EIUMER . RGO, ARV R
HRUE 20 83.6 15 SR, IR R K 13 s R 24 2 5% B 1y —
5.0 89.3 4.7 ATy, LAREXT KA B RE G R .
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