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Simultaneous Determination of Quinolones in Flatfish and Egg Using Liquid
Chromatography with Fluorescence Detection
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ABSTRACT - An analytical method for the simultaneous determination of nine quinolones (QNs) namely, mar-
bofloxacin, norfloxacin(IS), ciprofloxacin, danofloxacin, enrofloxacin, sarafloxacin, difloxacin, oxolinic acid, and
flumequine in flatfish and egg was developed and validated using liquid chromatography with fluorescence detection
(LC-FD). The samples were extracted using a traditional liquid-liquid extraction process; deproteinization was
accomplished by the addition of trichloroacetic acid and acetonitrile (ACN), and defatting was performed with hex-
ane. Chromatographic separation was achieved on a reverse phase C8 column with gradient elution using a mobile
phase of 200 mM ammonium acetate buffer (pH 4.5) and ACN, The proposed method was validated according to the
CODEX guideline. Mean recoveries of QNs from flatfish and egg were 89.6-106.5 % with relative standard devia-
tions (RSDs) below 15 % at three different concentrations of 50, 100 and 500 pg/kg. Linearity was obtained with a
correlation coefficient (r*) of 0.9989-1.0000. The LOD for the investigated QNs was 1-16 pug/kg depending on flatfish
and egg. The present method can be applied simultaneously to determine QNs in muscle of flatfish and egg.
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Table 1. Analytical conditions of quinolones for flatfish and egg
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HPLC 22| X3}

B AgolA QNse| £4& $8] Waters HPLCO 2475
FFAE77F A" 71718 AHsiey, B4 2Ee
Zorbax Eclipse XDB-C8 (150 mmX4.6 mm id, 5pum)ZE,
T3 FUHE 10 plR 3T o] EE (A) 200 mM
ammonium acetate buffer(pH 4.5)%}, (B) ACNE 0.2 um
membrane filter® A3}, &5 A2 7|2 €7]3l A
L3932, 7147 &892 2 ¥JEE0Y o7 9EH
ZA ke thga) 7o) Z2aAglsle] BAISKATH (Table 1).
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correlation, )& 3t TH
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Zorbax Eclipse XDB-C8 (150 mm X 4.6 mm, 5 pm)
Excitation and emission-MAR 297 nm, 515 nm; NOR, CIP, DAN, ENR,
SAR, DIF 280 nm, 450 nm; OXO 260 nm, 365 nm; FLU 325, 365 nm

A: 200 mM ammonium acetate buffer(pH 4.5), B: ACN

Column
Detector
0-8min
Mobile phase 11-13min
17-22min
23-25min

26-32min

Mobile phase A (%) Mobile phase B (%)

90 10
83 17
55 45
10 90
90 10
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Fig. 1. HPLC chromatogram of (A) a standard mixture of the
selected QNs, (B) an unspiked flatfish and (C) a spiked flatfish at
100 pg/kg of QNs. Peaks identifications: (1) marbofloxacin, (2)
norfloxacin (IS); (3) ciprofloxacin, (4) danofloxacin, (5) enroflox-
acin, (6) sarafloxacin, (7) difloxacin, (8) oxolinic acid, (9) flume-
quine.
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Fig. 2, HPLC chromatogram of (A) a standard mixture of the
selected QNs, (B) an unspiked egg and (C) a spiked egg at
100 pg/kg of QNs. Peaks identifications: (1) marbofloxacin, (2)
norfloxacin (IS); (3) ciprofloxacin, (4) danofloxacin, (5) enroflox-
acin, (6) sarafloxacin, (7) difloxacin, (8) oxolinic acid, (9) flume-
quine.
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Table 2. Linearity and sensitivity data of the developed method for the determination of QN in spiked food samples

. LOD LOQ
Analytes Concentration range (ug/kg) (ngke) (ugke)
Flatfish
MAR 30-500 0.9993 1 32
Clp 10-500 0.9996 3 10
DAN 10-500 0.9999 2 4
ENR 10-500 0.9996 4 12
SAR 10-500 0.9992 4 12
DIF 10-500 0.9995 1 3
0Xo 15-500 1.0000 3 10
FLU 15-500 0.9998 5 14
Egg _
MAR 50-500 0.9993 16 47
CIP 10-500 0.9996 2 5
DAN 10-500 0.9990 1 4
ENR 10-500 0.9992 5 16
SAR 30-500 0.9999 12 35
DIF 15-500 0.9998 7 22
(6).(0) 30-500 0.9989 8 23
FLU 30-500 0.9993 5 15
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Table 3. Intra-day (n=3) and inter-day (over a period of three consecutive days) precision and accuracy data for the determination of QNs

in spiked food samples

Added Flatfish Egg
Analytes (ug/ke) Recovery Intra-day Inter-day Recovery Intra-day Inter-day
() (CV%) (CV%) (") (CV%) (CV%)

MAR 50 102.8 6.2 11.7 98.2 15.0 92
100 105.3 2.1 5.7 102.3 10.3 6.8

500 100.1 1.1 1.8 100.4 1.6 1.6

CIP 50 89.6 6.4 109 100.6 6.7 7.1
100 102.8 6.6 7.0 98.6 53 6.8

500 100.0 1.6 1.6 99.8 14 1.0

DAN 50 95.2 3.7 6.7 100.0 93 85
100 100.4 59 5.1 99.0 4.4 4.1

500 99.8 0.8 1.2 99.9 03 05

ENR 50 98.1 10.5 11.1 99.6 5.0 6.3
100 100.0 8.1 5.6 98.6 26 2.7

500 99.7 0.6 1.0 99.8 04 0.5

SAR 50 99.7 72 9.8 103.2 10.2 85
100 103.3 7.2 6.6 97.1 31 4.7

500 100.4 19 1.6 99.9 1.7 1.4

DIF 50 100.1 3.8 8.0 1014 114 72
100 98.8 74 6.9 96.3 8.6 49

500 99.8 14 1.2 99.8 0.6 05

0X0 50 98.8 6.7 9.6 106.5 28 2.7
100 98.3 5.0 5.1 971 23 36

500 99.6 1.6 12 100.3 04 0.7

FLU 50 97.8 6.5 9.1 98.4 7.2 6.9
100 104.1 9.1 4.7 974 5.7 39

500 100.7 1.9 1.5 98.9 0.2 14
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