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ABSTRACT: Objective To establish a method for the determination of 6 kinds of quinolone residues (ofloxacin,
norfloxacin, lomefloxacin, pefloxacin, enrofloxacin and ciprofloxacin) in eggs by solid-phase extraction combined
with liquid chromatography-tandem triple quadrupole mass spectrometry. Methods Egg samples were extracted
with 0.1 mol/L ethylenediaminetetraacetic acid-Mcllvaine (EDTA-Mcllvaine) buffer, purified by HLB solid-phase
extraction cartridges and separated on an Acquity BEH Cjg column (100 mmx2.1 mm, 1.7 um) using a gradient
elution with methanol-acetonitrile (4:6, V:V) and 0.2% formic acid aqueous solution as the mobile phase. The
analytes were detected in positive electrospray ionization (ESI+) mode with multiple reaction monitoring (MRM),
quantified using a matrix-matched calibration curve. Results The 6 kinds of quinolones exhibited good linearity in
the range of 1.0-100.0 pg/kg with correlation coefficients (r*) more than 0.999. The limits of detection and limits of
quantitation were 0.13-0.25 pg/kg and 0.43-0.83 pg/kg, respectively. The average recoveries ranged from 94.6% to
108.0%, with relative standard deviations of 2.48%—6.34% (n=3). Conclusion The developed method is simple,
sensitive and robust, suitable for the rapid detection of quinolone residues in eggs, providing technical support for
food safety monitoring.
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MRS (quinolones, QNs)ZiHE N 1A B k4T e
2, HAMMARAR . AT )58 IC 88 X 245 5 0t i, 1M
NI F S GBI 10 2503 s ) e SR AR X
TFRRIRALRE KUK R, T QNs b A L AR A 2 B Ak
AIEM 83554 7% B QNs A & 8 1 B (ofloxacin, OFL),
W W 70 & (norfloxacin, NOR) ., % 3% 7» & (lomefloxacin,
LOM). B59 b & (pefloxacin, PEF) ., B> & (enrofloxacin,
ENR). AV 5 (ciprofloxacin, CIP)%:, %5 i fapkb s im
7 A T 20, (8 P s 22 B S 1 45 2 ) L I S R
B QNs BRI EELFE, I nlEad R AR T,
QNs A5 [ A A P A BRI 25 PR 5, S BOpl 2 ALO 14 R
Gepeai A B i, R GB 31650.1—2022 (X 5k 4
EZ bR Eahh 41 FHE 2R KRR R ) MEXgH T
OFL .NOR ,LOM I PEF Hi K 5% B PR i (maximum residue
limit, MRL)#J 4 2 pg/kg, ENR Fl CIP () MRL ¥ 10 pg/kg,
DRI R R TR XS v QN's AGHIN 5 v ) D e A i
FREXREL,

XENGHEAR. I8, SRE T RORFEIN
g3, AL GE Ak BT X DL AR A . R AR Ok,
QuEChERS . WAL J5 1%, TEB 2558 B 43 b iz i
PN A A R RS R, b UR 2 B — e R
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(matrix effect, ME)[B]O Kk, WFEE s —Fhaeag A 3
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H T, QNs Kzl 5 i A See s ik . Ao |
BN HLUK T | VBORA 3 1 FNBOR €833 - FR IR S5 1% 2% (liquid
chromatography-tandem mass spectrometry, LC-MS/MS)%

G S DR TR, (L5 52 5 UL T S B
ALAL A RO . EBEPR . AN, (HERTHOR, i
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FRIVHAEAR, (AR 2 o M LA 2 R & 5% B 2 Hr il
SRUSTL o G o . T aE, RS AR AR R B AG
TSR B0 S AR, VAR 335 - R K = DO AR R T i
(liquid chromatography-tandem triple quadrupole mass
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KA PRETT V5, CROBORBZ 1N T 2 25 5 R
e E P, (HASIRI S | B A R LSRR bl T4t
JrIE S ERG AR A R 22 5P AR 2
. TR-72 i /R 4 S8 (ethylenediaminetetraacetic acid-Mcllvaine,
EDTA-Mcllvaine) Z% b ¥ #2& HU 45 & 2% /K - 3% I °F 5
(hydrophilic-lipophilic balance, HLB) & AH#£ B4 4k, @t
ARG BR 5 R G . B oM a0, L AR AE IR
454 LC-QQQ/MS Kl x4+ 6 Fft QNs, LUIREMS I I 52
PrIAERT 2
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UltiMate3000 7 AH 6,1 {% (3% [E Thermo Fisher Scientific
23 +l); AB SCIEX 4500 % =T DU AT R i%{ (3£ E AB
SCIEX /+#l); FS3310 B EAyES B (3EE Sciencetool 2
Al); QC10260 AU 7S HIH VA R H T HESERHEA TR H));
3-18K B A AR B OHL(FEE Sigma A #]); 204E B 432
—H T RK¥(fEFE METTLER TOLEDO /3 w]); PURELAB
Classic #4li/K#5(FE[E ELGA LabWater 23 F]); T25 Digital
ULTRA-TURRAX S5, 4 BURTER A (EE IKA
AFl); OA-SYS ZAMAY(ZEE Organomation 2A+]); Acquity
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BEH Cg ffi54£(100 mmx2.1 mm, 1.7 um, 24 Waters 23)).
1.2 ik 5

OFL. NOR, CIP. ENR., LOM. PEF(Zi K F 97%,
fi5E Sigma AF); HEE. ZME(iS4, Hdl Ocean-PAK
ocdl), WRR(Eagkal, R s TR TABRA ), &
TRV RR AN L FPEEER . TOKBERR S AN (i, K
T 24 Ak 2% 320500 i 3 A BR A W), SE5 A K B ELGA
Purelab #B4E7K 2R G HFH P
1.3 FRAERRELH
1.3.1 Arfft&ik

A3 HIFREL 6 FhME i EAAR A 10.0 mg B+ 10 mL #5#f4
Zemirh, FHHECE Y, BOHi 1.0 mg/mL FRIERE AL, ik
B-20 )CIRIF#
132 #FfEIfER

43T L 6 T v M AR S £ (1.3.1) 100 pL % 10 mL
PR, R EER B2, FH SO A bR,
BRI N 1.0 pg/mL, HCE 4 °CIRAE, 5.
1.4 HEATHIE

VEWCG FERE M 200 g, 585 AT RALIR A . BRI
ke Rh 2.00 g, BT 50 mL BNEE.OEH, FH 20 mL
0.1 mol/L EDTA-Mcllvaine Z& i 425, 1000 r/min JiE i
184 1 min, SR 10 min, WA 5 mL FEIF SRS,
#rE 10 min, 1000 r/min fiLIE 2.0 10 min, B IERIEART
U8, PIUKZE 50 mL, HBERBGR . R 3 mL R 3 mL
4K LA 1 mL/min F#E%fE HLB [FAZEEGE, KR EOR L
2~3 mL/min il 275k HLB BEAHAEEGE, 57208, F2 mL
5% BRI, I BRI, K/ T, FEA 6 mL H
FEPER ISR VEIIR, AR TR, 1 mL 0.1%F Rk
VA, 1000 r/min HERRTRA 1 min, HREE TAESMATINAE .
1.5 BIig-FRiEEHt
1.5.1 &iEius

Acquity BEH C5 f43%41:(100 mm=2.1 mm, 1.7 pm);
PEFERE 10 uL; R 35 °C; Wi 200 pL/min; FENAH A K
TRFREL 4:6 9 HTRE-CIETR GVIG TEhAH B A 0.2% HT K
VAT BREEVRIERE T ILER 1.
152 Figdkht

HA, 155 %5 B3 1 P (electrospray ionization, ESI), iF &1

(ESHREH, BAE HEE 2000 V; 8 TR 110 °C;
TR 350 °C; TR 10 L/ming 2050 )7 ki
(multiple reaction monitoring, MRM), HA B iS4 L3k 2.
1.6 HIEALIE

SEIG KR HE K A Chromeleon 7.2 A1 MultiQuant Software
(Version 3.0.3)8 44T A sh 20 AT b 3, %¥8 R F Microsoft
Excel 2021 #/F#AT 8303444, 251 EFE R A Origin 2024
BAF, FE RS2 S A T AE 3 IR

R1 BHEBIEEBERRSY

Table 1 Gradient elution parameters for liquid chromatography

FisJ 8] /min WA A/% s B/%

0 10 90

2 30 70

6 50 50

12 100 0

15 10 90
2 HRESH
2.1 REGTIAIERE

SRR ONE . P ER- IR AW 1:99, V:V) |

EDTA-Mecllvaine IR L% P (pH 7.0) 4 FIgs51 43 HiIXF
6 F QNs HATEEI, SLHZEIR LW, EDTA-Mcllvaine Xf 6
i QNs $e IR i 5, OB AT EREL-HEREL A R, F QNs
BRAKHERGSR, 5 # A HUAHZEI, Wi EDTA A1 HESE
Jip Y Ca’t, M@ BT, W4 R -2 4 A T
W, R THEBGEE , B, #$ EDTA-Mcllvaine /£
RBGR, WE 1.
22 BEEXHFSRK
22.1 AR LE

XF L 2 -0.2% T R K TR . E-0.2% T R K R
F i/ 2, (40:60, V:V)-0.2% 1 TR /KT 3 Fh It shiAHYT QNs
B BEROR . Z5IREW, ZIEMTEREE T fsE, FIbag
TEES, 4Rk TR, (B RS, RN AR
FE5, ENEEA TS BAR 0 i 1k, (HOR B s I
R, R RTE, PECISRAERARLGE T AN,
AT 4y B AR S TR . BRI, 3 R R 2 (40:60,
V:V)-0.2% H R K B VE i slife, LI 2.

F2 6 MEAXAMMEERIESH

Table 2 Key mass spectrometry parameters for 6 kinds of quinolone residues

&Y ERBE T2 EME T () Tl i BE it /e V PR3N AY HESLHL RV
OFL 362.2>318.1 362.2>261.1 26, 38 80 26
NOR 320.0>302.1 320.0>276.2 29,24 96 27
LOM 352.0>265.0 352.0>308.1 33,28 80 22
PEF 334.1>290.1 334.1>233.2 25,34 87 32
ENR 360.1>316.2 360.1>342.1 28,35 94 25
CIP 332.1>314.2 332.1>288.2 31,24 97 28
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Fig.1 Effects of different extraction solvents on the extraction

rates of QNs (n=3)
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Fig.2  Influence of the mobile phase composition on the separation
effect of the target compound
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SRMETI 2 YIRS AR A2 . th B 3 R, B
TRAAHTEHIRD, AT ILE SR b O B IR, TR
S5, B SOR T INERAR H I, FRZBEFE 200 pL/min

a: 400 pL/min
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Fig.3 Influence of mobile phase flow rate on the separation
effect of target substances
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Fig.4 Influence of column temperature on the separation effect of
target substances
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XFEE 5. 100 15 pL ST HARME A P14 B O0R Y
SO, pE S AT, RS pL B, dERR RN, REER
i, AFITF HERR; JEFRER 1S pLad K, i aisi
PEARE R, B BURTERAIH R, 10 uL JEFE R RERS fRIIE
H AR e B AR L3540 e, TR A Al DL faad BoRE S 8
BIAERB AR, Wi o L, ABFE R AR 10 L /E A
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a: 15ul
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b c:5puL
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Fig.5 Influence of injection volume on the separation
effect of the target substance
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WE T2, 7%, RIEESAE3wR 1
BIESTE TG, BT FIeE s, il
RETEREFIHE B R 228, YT RO, REMA T
FH, WHERE RN YENEREE T, £ _mikdy
YEREE . ME 6 5, fEREESRMET, 6 Fh QNs £ 3
BLO&F 9 22 B 0%, (% 9 B) | i ¥ S5 NOR<PEF<CIP
<ENR<OFL<LOM, HIJTE 2~3 min ZIf], Z3H8CR BT,
ZFRIE
B 6 yas XS AN, A m A 6 fl' QNs HEx
Y, MHVR RS 10 pg/kg, % 1.4 SUEFEATHIAC I, Ve
WRSRT, BBI 1.0 mLEMEAY, S5 EVLE,
HFRLE PR E R FRIE R . R 7 AT, 5 s
ok . REJE R, PUOEE TR, REUSHE /R QNs
[F) ARG I B 5 R
2.5 EFRMUN TR SIS

B8 32 (AXGEEAE N, % 1.4 TR TRTAN IR, Bet
AT, Bebrdi AR R il B SRk 43 30 0.5

24

1.0, 2.0, 5.0, 10.0. 20.0, 50.0, 100.0 ug/L, & F2H 1.0 mL
ARIR A L8 G EALIE o DA UE TRV W R
FRARBR(X, ng/L), LAVETHIAUAARARCY), 23 5 VC FlAR

a: OFL
b: NOR
f
100 a b d e c: PEF
d: CIP
e: LOM
80 f: ENR
§
60
HE
'
ZE 40t
20+
0 Il 1
X 3
fi5f 8] /min

K6 ALA&MT 6 FiinfiE 25 YAn i i MRM (4114
Fig.6.  MRM chromatograms of 6 kinds of quinolones standards
under optimal conditions
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7 RYFEILFRE S POINIER 10 pg/kg A HEERRR & 1 €55 E
Fig.7 Chromatograms of the egg matrix sample with 10 pg/kg of quinolone added as standard
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HEHNZL . AHTFE L ME=(EETURRHE th 28 B3/ 0 b it
LR IR -1)x 100% Y (ER R /R I BTUN I RN, TfERR
A TE A RO, IE B SRR A AE 3R AN, 2 (T

R T vk WO @R - R/ ik, U I 5 A e 52
PR A E S A QNs ALK

~20%~20%FF, 38 F F R FE O AL R iR AT 201

5% 6 Fh QNs 1) MEs. Z5 530, X IL bR IE SRS T PEF

TR bR A ot R B AR AN T R 178 5 0 o A P s394 5 or

BIAE15%-12% 2 1, SRRONAIIR, BILRSESR = Lo &

PRV A BRI M R BEA T2 AR E . LI 8. & R

2.6 FREL%. RERIEER BT

VA FIBRE IR RSy 1.0~100.0 pg/kg, HIEFR KL 20l NOR

(r)7E 0.9993~0.9996, K5t A 0.13~0.25 pg/ke, EHHA ORI

0.43~0.83 pg/kg, WK 3. AIrEA&MCRE, ERRILT 8 6 Flt QNs [i§ Mes (n=3)

GB/T 21312—2007 ZhH e i b 14 s i 254 5% B8 Fig.8 MEs of 6 kinds of QNs (n=3)

3 6 MIEIEERNA AYIRE T
Table 3 Standard curves of 6 kinds of fluoroquinolone residues

HR MG B/ (ng/ke) i B Y () oz H BR/(ng/kg) & B /(ng/kg)
OFL 1.0~100.0 Y=2.9809X-0.4913 0.9993 0.25 0.83
NOR 1.0~100.0 Y=0.9767X-0.0597 0.9996 0.19 0.63
LOM 1.0~100.0 Y=1.9727X+0.0768 0.9995 0.19 0.63
PEF 1.0~100.0 Y=1.0334X-0.1933 0.9994 0.19 0.63
ENR 1.0~100.0 Y=1.9042X-0.2466 0.9994 0.13 0.43
CIP 1.0~100.0 Y=0.9607X-0.0841 0.9995 0.23 0.76

27 EEREFERE

TR 5 B A X R A TS 2 B RO IS e S 5 v
WHFREL 200 g A, A 3 DHEEKFER 6 i
(0.5xMRL, 1xMRL Fl 1.5xMRL), #EHl4 0%, @t
SHT 3 AEE AR EE S, B X BRI IR 22 (relative
standard deviation, RSDYFEMME 2, THEFE FINFR EISCR,
TEMERAEE, TLER 4. BdERE, 6 Fh QNs 7EXG 8 iy [k
HRIE 94.6%~108.0%5 [ A, RSDs A 2.48%~6.34% (n=3).
T B A 53 31 52 M RORG 5 B v, Aon 4 SRR 7T 5, 5
TG EH 6 Fl' QNs AR
2.8 FEXEE

P FORG B 56 U v ne U T 2AS 2 ) I, VAR VR 2 BSORI TR A
AEURE F BRI B PP SRR AL B, B AR X
SRR R P TR B AL R R BOECR, (AR S
PR B s R JIEL T o2 2L AL ST, 2 o3 B AR, SR ImTe
Wesho RABEAHZERET, BREIRIBOR LR, M
PR B B RS S T YL R K AH U e, P22 bk A e ot S R
afifl S e ds, SR LR T B A I R AR AR . AT
587 B4 il EDTA-Mcllvaine 28 whi #E U & HLB [ A1 AE
Bogefb i, B BR B P T PR 07 SRR e 1, IF
HRIR B> T A VUSRS, B, B0 F
AN SCHR, T XS A s TR S 2 I TR, LAk S

F 4 FEBEEMMAREYZERSLIE (n=3)

Table 4 Method precision and spike recovery rates (n=3)

e Bk g/ bRt/ W/ RSDs/  [lE/
(ngkg)  (ngkg)  (pghkg % %

1 1.06 326 106.0

OFL ND 2 1.88 289 946
3 2.9 451 100.0

1 1.03 387 103.0

NOR ND 2 2.08 412 1040
3 2.82 471 9438

1 0.95 543 952

LOM ND 2 2.13 482 107.0
3 2.85 379 954

1 0.97 437 978

PEF ND 2 2.16 465  108.0
3 2.88 498 964

5 5.05 549 1010

ENR ND 10 9.81 634 982
15 14.8 3.2 994

5 490 248 982

CIp ND 10 9.82 417 988
15 14.6 336 994

TH: ND FoRAR ki
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Table 5 Results of method comparison
W R 2 25 4 i A F 9 K i/ (ng/kg)  EmBR/(ng/ke) [m] 1 4 /% ik
ENR. CIP [ VR 2 0.1~2.0 0.2~4.0 98.0~120.0 [26]
LOM, NOR Rk 2 N H 1 2 70.3~88.1 271
OFL., NORC‘H}:EF‘ ENR. QUECHERS 0.5 2.0 87.3~109.1 [28]
OFL. NOR, LOM, PEF, _ s
AT, Cig/PSA 43 HLEAHZEBUAAL 0.5~0.9 1.7~2.3 81.1~103.0 [29]
ENR, CIP
OH“MmdfMJmK [ FH A L 1.5~6.7 / 86.8~103.1 [30]
OFL. NOR, LOM. PEF., EDTA-Mcllvaine ¥2H¢. HLB [#FH#EH 0.13-0.25 0.43-0.83 04.6-108.0 T
ENR. CIP Mk T T o

TE: /AR R P AR KB

2.9 SRR

SRAERATTH 38 (A EEREAL, XHREAL 6 Fl' QNs ZE1 74>
Hr, #H1 2 i OFL (<2 pg/kg), 2 13 PEF (<2 pg/kg), 1 4 CIP
(<10 pg/kg), 1 14 ENR W 15.5 pg/kg(GB 31650.1—2022 F3R
<10 pg/kg), 6 Fl QNs Kith4H 15.8%, NEMEN 2.63%.
LR, 6 F QNs 1 MR FR5E T 254, 787 EW
FJERIEIAZE, BHABIAELE ENR 382 EE, 285 A
A e s R A XSS

3 & i

AWFFE Rl EDTA-Mcllvaine % g $2 BUFI HLB #:i5+
A B AH A BCPE BRAS B P s i I 2E 25, 254 LC-QQQ/MS
ik, RS TS 6 Fh QNs Bk B 04 = R S RGN 4
Ao ZHEFERIMFR FCE R 94.6%~108.0%, i iR
0.13~0.25 pg/ke, W52 GB/T 21312—2007 B3R, SZPRkE S
50 2% BLA XS 26 Hh ENR ZR BB AR(15.5 pg/ke), #RRFF5H
W T nsR LI . 2O RS . L, EH
TG QNs (W=l g, N E s eI AL T
AISEREEAR SR . AR — 29 8 A Sh v & &
HIZERE T, DB S kR,

RPN
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