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Simultaneous analysis of 7 fluoroquinolone residues in chicken
muscle by ultra performance liquid chromatography-
electrospray ionization tandem mass spectrometry
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Abstract A confirmative method of ultra performance liquid chromatography coupled with
electrospray ionization tandem mass spectrometry UPLC-ESI-MS/MS for the simultaneous
determination of 7 fluoroquinolone residues norfloxacin NOR  ciprofloxacin CIP  dano-
floxacin DAN enrofloxacin ENR ofloxacin OFL sarafloxacin SAR and marbofloxa-
cin MAR in chicken muscle was developed. The sample was extracted with acidified aceto-
nitrile defatted with n-hexane and purified by an HLB solid phase extraction cartridge. The
UPLC separation was performed on an ACQUITY UPLC™ BEH C,; column 50 mm x2. 1 mm

1.7 pm utilizing a gradient elution program of acetonitrile and water containing 0. 1% formic
acid as the mobile phase. The identification and quantification were achieved by using ESI-
MS/MS in positive ion mode and multiple reaction monitoring MRM . The linear ranges were
from 5 to 100 pg/kg with the correlation coefficients above 0. 99 for all the 7 fluoroquinolones.
The average recoveries spiked at the 3 concentration levels of 5 25 50 pg/kg ranged from
79.2% to 108. 6% with the relative standard deviations of 4. 2% - 8. 9%. The limits of detection
were 0.2 - 1.4 ng/kg. The method was proved to be good reproducibility high sensitivity rap-
id reliable and suitable for the simultaneous determination of multi-residues of fluoroquinolo-
nes in chicken muscle.
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fluoroquinolones FQs 20 floxacin SAR 97.2% Dr. Eh-
80 renstorfer
' FQs HPLC Fisher 25%
FQs
10 mg
FQs 0. 02 mol/L 100 mL
100
100 pg/kg mg/L -20 C
FQs 10 pg/'kg “ 5 mL
" 100 mL
FQs -0. 1%
FQs 10:90 7
HPLC *°° - 5 mg/L -20 C
LC-MS *° LC-MS/MS * ™"
HPLC LC-MS/MS FQs
1.7 pm UPLC 100 50 25 10 5 pg/L
HPLC 4 C
1.2 UPLC-ESI-MS/MS
- 1.2.1
UPLC-ESI-MS/MS Waters ACQUITY UPLC™ BEH C,,
7 FQs 50 mm x2.1 mm 1.7 pm
30 C 30 C 5 uL
1 A B 0.1%
1.1 0.3 min 10% A 15% A
ACQUITY Ultra Performance LC™ 2.2 min 0.3 min 15% A
Quattro Premier XE 95% A 0.4 min 0.4 min 95% A
Masslynx 4. 1 Waters Oasis 10% A 0.9 min
HLB SPE 60 mg 3 mL Wa- 0.250 mL/min 4.5 min
ters Milli-Q® Gradient 1.2.2
norfloxacin NOR ESI
98. 5% danofloxacin DAN ESI* MRM
96% enrofloxacin ENR 98% 3.0 kV 110 T 35
ciprofloxacin CIP 98% T 550 L/h
marbofloxacin MAR 99% 50 L/h 0. 18 mL/min
ofloxacin OFL 99% sara- 650 V 1
1 7 FQs
Table 1 UPLC-ESI-MS/MS parameters for 7 FQs
FQ  Retention time/min  Parent ion m/2 cve /v Qualitative ion pairs m/z CE® /eV Ion abundance ratio®
MAR 1.60 363.3 30 363.3/320.3 " 363.3/345.2 15 20 7.2:1
OFL 1.81 362.3 31 362.3/318.2° 362.3/261.3 18 25 1.5:1
ENR 2.56 360.3 35 360.3/316.2°  360.3/245.2 26 20 2.0:1
SAR 3.40 386.5 38 386.5/342.4%  386.5/368. 4 18 22 2.4:1
DAN 2.26 358.2 35 358.2/340.2* 358.2/314.2 23 17 1.5:1
CIP 1.98 332.4 35 332.4/288.3% 332.4/245.3 25 18 1.8:1
NOR 1.82 320.3 35 320.3/276.2° 320.3/302.2 15 20 2.7:1

% quantitative ion a cone voltage b collision energy c¢ the abundance ratio of quantitative ion to another qualitative ion.
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1.3 2002/657/EC
1.3.1
2
5.00 g 50 mL
5.00 g 20 mL 2.1
50% - 1:50 10 000
r/min 2 min 3500 r/min 7 FQs 5 mg/L
5 min 20 FQs
mL cone voltage CV
20 mL
50 C collision ener-
5 mL 0.05 gy CE FQs
mol/L pH=7.4 M+H-HO * M+ H-
1.3.2 co, °
HLB 3 mL 3 mL C,H,NR M + H- CO, -
4 mL C,HNR * ° 3 2
30 s -
25:75 3 mL 2002/657/
50 C 1 mL EC
0.22 pm UPLC-ESI- identification points =4
MS/MS 1
1.4 7 FQs
1
7 FQs 1
100 [- 100 [
320.27/276.18 NOR [ 386.5/342.4 SAR
o[ 50 f
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Fig. 1

1 7 FQs
Quantitative ion current chromatograms of 7 FQs
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2.2 2.2.2
2.2.1 FQs pH
FQs UPLC pH FQs
1.7 pum ACQUITY UPLC™
BEH C, C,, 3 7 FQs FQs
3
FQs FQs
C,q 7 FQs 7 FQs
ACQUITY UPLC™ BEH 0.1%
c, 7 FQs 7 FQs
2.3
¢ HPLC-MS/MS 7 2.3.1
31 min FQs
! HPLC-MS/MS 5
20 min 7 ‘ 1% _
FQs 4.5 min 2 1:20 1:50 1:100 50%
50000 B 50% B
. 1:50
40000 7 ’
-§ L
g
£ 20000 [
i 2.3.2
10000 - '
i . 12
T T U VT . T SPE Johnston
[T A o P il A AV MR okl N e W, Rt LRI A A AT
0 | 5 s . 2 SPE SPE
1500000 SPE van Vyncht "
b W C, SPE 2
SPE
-§ 2 6 Waters Oasis HLB
5 1 i
3 Il i
NI -
INF | 25:75
A I
0 VAT e e 4 mL
[ 1 2./.M:m 3 4 3 mL
2 a b MRM 1.3.2
Fig. 2 MRM chromatograms of a a blank chicken 2.4
muscle sample and b the chicken muscle 2.4.1
sample spiked with 7 FQs U
Peak identifications 1. marbofloxacin 2. ofloxacin 3. nor- 7 1.3
floxacin 4. ciprofloxacin 5. danofloxacin 6. enrofloxacin 7 FQS
7. sarafloxacin.
510 25 50 100 pg/kg
ACQUITY UPLC™ BEH C,, 5
100 mm 50 mm Y xr wng/kg
Masslynx 4. 1
50 mm 7 FQs 2
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2 7 FQs r n=5
Table 2 Linear regression equations and correlation coefficients r> of7 FQs n =5
FQ Standard calibration curve Matrix-matched calibration curve *
linear regression equation 7’ linear regression equation 7

NOR y=52.7x-84.7 0.9992 y=41.4x-92.5 0.9996
CIP y=71.920 -194.7 0.9994 Yy =56.2x-129.8 0.9994
DAN Yy =135.72 -403.9 0.9988 y=128.52x-369.9 0.9991
ENR y=384.50-1185.0 0.9991 y =338.6a -1096.0 0.9995
OFL y =400.6x -1104.7 0.9989 Yy =266.8x -645.1 0.9997
MAR Yy =290.42 -54.0 0.9992 y =248.92 -509.3 0.9994
SAR y=116.220-237.7 0.9997 y =86.6x -137.9 0.9995

+ Matrix-matched calibration curve was constructed by spiking 7 FQs into the extracts of blank chicken muscle. y mean peak area
of quantitative ion n =5 x concentration of FQ png/kg .

2.4.2 MS
7 3.68 ~22.85 ng/kg
525 50 pg/kg3 7 FQs ’  HPLC-MS/MS 16
10 pg/kg
n = 2.4.3
79.2% ~ 108. 6% RSD
4.2% ~8.9% 3
3 7 FQs LOD n=5 5
Table 3 Spiked recoveries precision and limits
of detection LOD for7 FQs n =5 7 FQs
FQ Spiked/ pg/kg Recovery/% RSD/% LOD*/ pg/kg 2
NOR 5 92.4 8.2 0.9
25 87.3 5.7
50 92.6 6.2 0
CIP 5 104.3 7.1 0.3
25 93.2 4.2
50 94.1 4.8
DAN 5 98.6 7.3 1.4 FQs
25 88.4 4.7 2.4.4
50 90.2 4.3 13
ENR 5 79.2 8.9 1.0
25 85.4 6.4 1
50 86.3 6.3
OFL 5 108. 6 4.9 0.2 6.8 pg/kg FQs
25 93.4 5.2
50 92.1 4.5 3
MAR 5 101.3 5.5 1.2
2 90-5 6.2 UPLC-ESI-MS/MS
50 89.4 5.9
SAR 5 92.1 6.1 0.3 FQs FQs
25 95.4 5.8 FQs
50 94.9 4.7
% S/N=3. FQs
5 ng/kg FQs S/N 10
FQs
FQs
FQs
5 ng/kg 3 S/N 7 FQs
LOD 3
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