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This study describes an analytical method based on LC-MS/MS for the quantitation of 5 fluoroqui-
nolones (Enrofloxacin, Ciprofloxacin, Marbofloxacin, Norfloxacin and Danofloxacin) in meat, and

was applied to 230 meat samples for validation. Quantitation was performed based on a matrix-

matched calibration to compensate for the matrix effect on the electrospray ionization. Good linear

calibrations (R*>0.998) were obtained for all fluoroquinolones at 6 concentrations of 1~50 ug/kg.

Satisfied recoveries of all fluoroquinolones were demonstrated in spiked meat at three levels from 10

June 23, 2022
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August 29, 2022

to 50 pg/kg. The recoveries ranged between 75.8~99.2% in beef, 80.1~99.6% in pork and 72.2~
99.8% in chicken, respectively. The limits of quantitation (LOQs) for fluoroquinolones ranged from

0.7 to 3.2 ug/kg. We also monitored fluoroquinolones residue in the sample (beef 107, pork 71,
chicken 52) using LC-MS/MS. Residues of fluoroquinolones which exceeded maximum residue lim-
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its (MRL) were not exceed in any of the 230 samples.
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5] Asto] 100 mL &FEetAT ) FHoty HHEE #AA
7HA A9 100 pg/ml sE2 AU 559 TA 24
A3t TFHFEHE HEYNE 0.1% formic acid in 10%
ACNO.& g3t #F 7} 1, 2.5, 5, 10, 25, 50 pg/L =
A ATt E3F matrix matched-calibrations 3l Al& A
Ag] S AZ &, H{A, F L5 34 ARHoE dAE
3|45t 2449 HE &7t 1, 2.5, 5, 10, 25, 50 pg/L7t Q
L& B8NS A xoelh AxE Yy} #2892
T+ YsEaste] Aol ARE-sHTH

#A3HE AA 1 g & 50 mL YAE=] T HEs] Agoto]
Y 2.5% é}%‘&}z*} 1 mLE 7Iete] 1027 A7 &9l
ot fHE2 o] otIEUHER™ 10 mLE 7Isto] oAt &
5,600 x goll A 1587 AE2e. JS5AS 22 2=
ol &71aL A J}Xé < WHESto] ofEYE™ 5 mLE 7t

o
=
l‘ﬂB go
o>

—Ev:‘“/] sto] 2F FESHTh FET AT Yo ot EY

o} g4k 15 rnLg 7¥sto] 181 AEs| g & Ak
t}. oMM EYEZSZ2 50T oJstoA] AA7IARE L)
B 0.1% formic acid in 10% ACN 1 mLE 73t
o & AS5HS Foto] 0.2 um 9 A2 of st
2 skt

e nr m 1B
r_%_%rEH:i
ol
fo

2 40 g rlo |m
o)

>
ek
oo
12
o

A g Al A
7=
27]%= HyperVap™ HV-300 (LaboGene, Denmark)<
ARSI WA AR uE TEul= ACQUITY UPLC I-Class
PLUS (Waters, Massachusetts, USA)ol™, Z&HL Waters
CORTECS® C18+ (2.1x100 mm, 2.7 pm)& A3t} o]
42 0.1% 7MH4iHA)T ot EUEZ(B)S Al Hl&2
z4dsto] 24519, 52 0.4 mL/E, FYFS 2 plojth
(Table 1).

A 2rtETIH o] A4 dFRA7|= AAEF o235}
(BElectrospray, ESD7F £2+8 Xevo TQ-XS (Waters, Mas-

872 SR-2W (TAITEC, Japan)< Ak
Component R6 (Hanil, Kimpo, Korea), 24

H&-oHlaL,

>

]

ot

off o

https://doi.org/10.7853/kjvs.2022.45.3.229



HETIS 98 AlS0 220271227 SMH T3 7

sachusetts, USA)E A&ttt MSMS £4-& $J3t 119
g A7) Yoo zZH2F B4R 0.1% formic acid in 10%
ACNo|| 5|45t ¥Z8H-S MSO| U5t full-mass scane

ol 24 AUEYS RIS v, 2= 5804 ESI nega-
tive mode EE}L positive mode°|A § &2 =S LEHY
o] [M+H]" o] Adsteich B4 A
AT AESAEE FAAZ17] Yste] MRM (multiple reac-
tion monitoring) mode® 4591, MRM mode®lA| 7}
Z =2 7t & HolE= product iong Aol 2(quantitation

ion)C &, TS0 & =2 L& HolE product iond HA

< precursor ion2.& 4

Analytical condition of LC-MS/MS

Conditions UPLC and MS
Column Waters CORTECS® C18+ (2.1x100 mm, 2.7 pm)
Mobile solvent  A: 0.1% formic acid in water
B: Acetonitrile
Gradient Time (min) A (%) B(%)  curve
0.0 90.0 10.0 0
0.5 90.0 10.0 6
3.0 85.0 15.0 6
7.0 10.0 90.0 6
8.0 0.0 100.0 6
10.0 90.0 10.0 1
Flow rate 0.4 mL/min
Injection volume 2 pL
Ionization mode  ESI positive
Capillary voltage 1.0 kV
Temperature Desolvation temp. 450°C
Nebulizer gas Nitrogen
Collision gas Argon
Operation mode  MRM mode

MRM parameter of fluoroquinolones in LC-MS/MS

Compounds Precursor ion (m/z) Product ion (m/z)
Enrofloxacin 360.3 316.3
245.2
Ciprofloxacin 332.25 288.3
245.2
Marbofloxacin 363.25 72.2
320.2
Norfloxacin 320.2 276.2
233.2
Danofloxacin 358.3 314.3
340.3
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H MRM< Fig. 13+ 2t}

IR HS2 ‘CODEX 7Ho|=2HQI(CAC/GL 40)' 3 4%
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Wl avs vt 2440 ERlS flste] Alm AT}
Ho= HAF &4 AN 90% o) ROt E EEENH
< 3]45t= matrix matched WHOE E4510] 1~50 pug/L
9] FLRof thet 42H9] peak HAS o]-&oto] HAFAZ &
5191, AA 9 AFA 4 (coefficient of correlation, r?)
£ ottt ® HE$H(Limit of Detection, LOD)2F &3St

A(Limit of Quantitation, LOQ)= ¥h-3-0] W9} ATFAl
71&710] ZAStE ol wEtth AEA vy 2H o REHAe}
71&71E ol-&sto] AETAB o/s)F okl HETA O 3.34]
£ Foto] HFA(10 6/9)5 B4 Poﬂ‘ﬂr ERF A Y A
FE SeeR Brste] AS0IY. ERLEAEEA

A7F AEEHA o2 449 2317, EHZ]FJ] a7l A= 67h
o #2282 37H] B=7F HES 7tete] TA] Almet 5
oo 39] vhE Aol gA Aot 2EEE L] WA
Z U o] HEE ()= ol B49] U2 AlRE
Eo9S o dojxl B REUAE BHOE e @l
HOlAI(CV, %)= F-5F3H

Dwell time (s) Cone voltage (V) Collision energy (eV)

0.030 30 18
28
0.030 30 17
23
0.030 40 21
15
0.030 40 20
23
0.030 40 16
21
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STD_50
20220202_24 5: MRM of 2 Channels ES+
) 1.15 363 .25 > 320.2 (Marbofloxacin)
1.33e7|
]
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 0.00
20220202_24 5: MRM of 2 Channels ES+
1 363 25 > 72_2 (Marbofloxacin)
D:i 4.12e7
o NGBS Ran T T Ty  BARRARSS B T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
20220202_24 1: MRM of 2 Channels ES+
1 1 320.2 > 276.2 (Norfloxacin)|
":i A 8.31e6|
wr M T ML T L T ML T AL T LA T LA T T ¥ T T L LS B
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 ©.00
20220202_24 1: MRM of 2 Channels ES+
1 1.30 320.2 > 233 2 (Norfloxacin)|
0.79e8
1.00 2.00 2.00 4.00 5.00 6.00 7.00 8.00 2.00
20220202_24 2: MRM of 2 Channels ES+
1 1.56 332 25 > 2883 (Ciprofioxacin))|
":; ]L 1.33e7
[ T Ty T T Ty T T T
1.00 2.00 3.00 4.00 5.00 8.00 7.00 8.00 2.00
20220202_24 2: MRM of 2 Channels ES+
: 155 33225 > 2452 (Ciprofloxacin)
":!3 & 8.98e8
o T T 1 T T T T T T T T T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 2.00
20220202_24 3: MRM of 2 Channels ES+
1 1.80 358.3 > 340_3 (Danofloxacin )|
u:i l 4.76e8|
o T T T T T T T T T T T T T T T T T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
20220202_24 3: MRM of 2 Channels ES+
1 1.80 358.3 > 314.3 (Danofloxacin)|
D:; L 8.10e8
o T iy T e Anans ARAAS naRdsELLL T e
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 5.00
20220202_24 4: MRM of 2 Channels ES+
1 206 380.3 > 316.3 (Enrofloxacin))
3.02e7
1.00 2.00 2.00 4.00 5.00 6.00 7.00 8.00 0.00
20220202_24 4: MRM of 2 Channels ES+
2 208 360.3 > 245.2 (Enrofloxacin)
1.34e7
u;:i l ) Representative MRM chroma-
o T T T T T T T T T T T T T T T T T T Time .
1.00 2.00 3.00 4.00 5.00 .00 7.00 8.00 9.00 tograms of fluoroquinolones.

3} A 4L R ATH o] §E o] 4

bl &

st} of= B9 AOE A e 37 €o]=d ol&
matrix effectg} 3l (Xie et al, 2015), E3] fEZY AV} EFF

o 25, T AE T ABA A=A EsHA EASEL Al Tl

Eeast B4 B0 te chofshA e Ao UeA
9ItHShao et al, 2007). o] B4 20| Fakghat Aol Al
Frg Yookt 92 F71 WEol(Parinya et al, 2016)
Rt BAY a4 452 AsidE Alm AAEE s 4
At &4 sldo g EFEEE FA5H] matrix-matched
standard curve® ZAsHAL, AR 4 & A7)t

matrix fortified standard curve& 2Hdsto] e g7}
AtHLim 5, 2010).

E A M E matrix effectE &RI5H7| J5to] 559 &3
EFEHE 0.1% formic acid in 10% ACNL.Z ZA|gt sol-
vent standard®} Alm A2 IS A 4, A, H £59
24 AEHOZ AT matrix-matched standardE 1, 2.5,
5, 10, 25, 50 pg/L& ¥r&0] 247} LC-MS/MS& #4511 &
TH 13 Eo|& H|wskedt. olo] tiet matrix effect= A
Al 71&71& o]83t ofef Aof oJsto] AktetHtHCappiello et
al, 2010).

% ME=(slope of matrix-matched standard curve/

slope of solvent standard curve)x 100
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13F A3}, matrix effect (ME)7}F 46.2~116.6% HY=Z

el thTable 3). A% Aol W= ME kel 50% ©lst &
2 150% o4l A-%-oll= A8 matrix effectZb 9L, 50~
80% E+= 120~150%%1 Aol 7t ZE9] matrix effect7P
4o, 80~120%%! HF-oll= matrix effect7} = AL=R
Tt Kmellar et al, 2008). o]of wha} 24 %’f:loﬂ o=
SHEH HolA A Z2EFAM], F A A
dotA, mtEESAMIS S AER,

matrix effectS B]al
LE2EEAMIS HIE

AZEZZAMA], TheZEZARLE matrix effect?} #9] g2 &
ALt Lim 52010y FEEA &9 HA] 25419 ion

suppression©] UtEZEAM I} e 2ES AL A ZF5HA UL

YohT B3k 8l Qo B A7 AL 1] 2804 rEEs

AFA19] ion suppression©] 71 ZsHA UEFSGT o2 wj Ao
Matrix effect(ME) in raw meat
Matrix effect (ME, %)
Compounds
Beef Pork Chicken
Enrofloxacin 107.4 104.0 97.4
Ciprofloxacin 55.2 75.6 47.9
Marbofloxacin 87.4 79.6 72.3
Norfloxacin 72.8 46.2 75.0
Danofloxacin 116.6 99.2 96.9

AEsIE e ZF AlR9] 7HdEH] a7 o
Z} matrix effect7} &&= 4 AHKim, 2020).
o AtoAE 22 EFUAZE S5 ME gto] Aol7t
4 UAcKTable 3). o] A¥=
curveE o-&3 FFEol= B2 L7 S A==

solvent standard
S oju]st
. matrix effect® | AS}olal AFGE A5 &
o]7] _,40]—01 =382 matrix-matched standard curve® At

Z3to] Hasioint.

LC-MS/MSE ©o|&% EFEFEEA 535 e 535
¥ matrix-matched standard curved] ABAF()E B5F
0.998 o|Fo 2 vt ot A44S EAHTable 4~06).
o] J—}— Codex©llA] #Adh= r20.989} H|woto] = qh&53t
WFeE &0l Qlth B3 559 EREFEEA AFHHe 4
%*?_ﬂ](LOQ)~ 0.7~3.2 ug/kg M= L}E}‘*‘:}

A AEdE glstr] flst FREFAEEA T
=57 ok Aoz sloly 2EW 19 AR o
&sto 10, 20, 50 pg/kgdl == H7sto] &S 5745t
Atk 55 e & 75.8~99.2%, HA 80.1~99.6%,
o 72.2~99.8%F UEUIL, EEE J5E&2 ARESAL

E(

r:Ll

?Uo] Z}-

X

Recovery, coefficient of variation, and LOQ of 5 fluoroquinolones in spiked Beef (n=6)

Matrix Recovery (%)
Compounds 2
curve (') 10 ugkg 20 pg/kg
Enrofloxacin 0.999 87.2 88.4
Ciprofloxacin 0.999 89.9 91.2
Marbofloxacin 0.999 76.9 75.8
Norfloxacin 0.998 76.6 79.4
Danofloxacin 0.999 81.9 93.6
*Within Repeatability.

Coefticient of variation (CV, %)*

Recovery, coefficient of variation, and LOQ of 5 fluoroquinolones in spiked Pork (n=6)

Matrix Recovery (%)
Compounds 2
curve (") 10 ugkg 20 pg/kg

Enrofloxacin 0.999 97.3 97.9
Ciprofloxacin 0.999 80.1 94.5
Marbofloxacin 0.999 88.5 90.2
Norfloxacin 0.998 92.2 99.6
Danofloxacin 0.999 81.2 86.2
*Within Repeatability.

www.kojvs.org

LOQ
50 pg/kg 10 ugkg 20 pghkg  SOugkg  (neke)
84.4 7.0 49 1.9 0.9
99.2 2.8 42 5.1 1.4
80.4 2.4 43 1.1 1.4
88.1 3.5 1.6 47 0.8
86.9 23 5.9 32 1.6

Coefficient of variation (CV, %)* LOQ
50 pg/kg 10 ugkg 20 pghkg  Sopgkg — (neke)
89.0 1.9 72 5.7 1.2
92.8 5.9 2.5 7.1 0.7
80.4 22 2.7 1.4 1.7
96.9 2.5 2.3 6.2 2.3
88.2 4.6 3.1 6.4 1.0
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Recovery, coefficient of variation, and LOQ of 5 fluoroquinolones in spiked Chicken (n=6)

Matrix Recovery (%)
Compounds )
curve (1) 10 ugkg 20 pg/kg
Enrofloxacin 0.999 73.6 79.3
Ciprofloxacin 0.999 77.5 88.6
Marbofloxacin 0.998 72.2 73.9
Norfloxacin 0.999 80.2 83.8
Danofloxacin 0.998 83.6 80.2

*Within Repeatability.

Detection rate (%) of 5 fluoroquinolones in samples used in this study

Number of sample

Sample
Tested Detected Enrofloxacin
Beef 107 2 0.9
Pork 71 1 ND
Chicken 52 3 1.9
Total 230 6 0.9

ND, Not detected.

A1 73.6~97.9%, AZZEZEAL] 77.5~99.8%, TtEEEA}
41 73.9~90.2%, 2EEEAM] 76.6~99.6%, THeZEAHA
80.2~93.6%% UrEHHO*E} 74«1 Ho| Al S BE 10% °lY
2 YEPFTHTable 4~6). © A5 validation®] &3t Co-
dex guidelinesollA] A|A| }% 10~100 pg/kgollAl 3l14=& 70~
120%, HEAIST 20% A= AR o] 22het Al A gl
Skt

215 23040] sl AZZZAM, e E
EAH, R 2EEAM] B8] § 539 EFLEHEE
A FEAY [T AR A FFEA oo R HEH
NEe= & 670 2.6%9 AEES Btk S5EE 4 27
(1.9%), A1 17(1.4%), & 37(5.8%)°1 UAIT K7 2H75]-8
715 olotthTable 7). W 38 EF2H=EA4 FA
A @8KShin Park, 2006)2 AH 2 A7 AR& o] >4
ARESHA>A Q1 A0 & H6k Gl v ol HollAl9] =
2 AEES JStE Ao Algdrh A& EHL dEE
EAM] 274, A Z2EZARI0] 24, vfEESAA] 14, theE
EAHAL 1700190} = A oA = U}E—iﬂw o
o] R AEHJE ol HEEE

7121 150 pg/kg Eek B w]x]A] REPW
7] A9 A &) nEE

A EZZEZZAIA,

U‘l

F

0

==
=

2 b4lo] Hol Hole BAE U

H2F - OlH5 - 015% - A
Coefficient of variation (CV, %)* LOQ
50 pg/kg 10 ng/kg 20 pg/kg 50 pg/kg (ng/ke)
85.8 2.9 3.7 1.2 1.2
99.8 2.5 7.7 6.1 1.0
78.2 3.7 1.4 1.3 32
94.6 33 2.9 32 2.2
87.2 3.0 4.9 34 1.2
Detection rate (%)
Ciprofloxacin  Marbofloxacin ~ Norfloxacin Danofloxacin

ND ND ND 0.9

ND 1.4 ND ND

3.8 ND ND ND

0.9 0.4 ND 0.4

o & 5 itk golAEs AR EZAIT Al 2 EZA440] 4
SHSIth BolA EFR 224 A= Y dt A
g5 5o R de AAEHY, || ARt7]o] AL Fo] & Fobr]
2 A7IA & A5 AT i o= o] ZH7d 7ol =t
(Seo 5, 2002). E3] HollA AZEFAPAIQ] AREF2 A <
2222409 1830 °F 83.8% (Cho, 2000% AFE3}T 3]
of X|&A 9l HYE Y HARRE fA|17F B ] Helrh
A& 0] A= Aste] AlEAY W t@utEAA 1164,
ShaEA FE AANA 041, AAIOlA 50719 AleS 5
Asteh. AAE AEES WIBHE 37(2.6%), st 27
(3.1%), AIAAE 17(2.0%)°1%t. & Aol= gl o st
AR GA A BCA 7P =& AEES Btk AlISAl 58
AR oM = SagA] EF SAEY] A SHE 95t
of 23] AREH BUETY HAE AAISHL Qi) olet HE
of = HAF AAHI L A AL FAHARE Aetsto] HF
A ZALE siE 271 Sl
o|d Kim 5(2009)9] 4# & EFLEFA=EA F4AY
A0 3t AtollA F 38879 AE F AE AEE 12712
2 38%°] AEES HAlet, ol B HolAv 1279 A&
E5AH, 5 A2 ESAM] B 179 =2EFAMIO] 3
S ZEESAMKIT L 2EEAM] BF JAZESAMIYL &Y
AANE v Stk o] § IFILVIEAE 2 AAl= 5L
FAE 34, A 2701 qdeh R Y] S4RES] FEEA
FAYA O] ol et AP Aol st FFollA AR H

IJ
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T4 17% AZBEA ] SlEiglizr] ol HF3E
712 2~34h2 ZTbste] 42 =I9IeHCho, 2006).

ool AuE FEN 2 ) AFAY 45 A% BRoR
AEEA AL BT 7127 ofsk2 G =] vms e
Aoz UehdAe Seuets BRoeqlEEA A8 B
© uhe Rl Ue 0.8 W = ASle FH9 weHs 4
oI,

A AAROE FYA Agel HE T 2 F719t &
A B3 HF AL BE 2y N2 olelee FEN
AgH oz W9 F85H oAXT Ak O'Neill (2016}
2050910 o] 2 FYA WHFOR A Ak AR 57 1

Hu §og ot thE 4 AW IR ARt 52 ol
M Ao dEstart. Seuee 49 % 2 G4 4
AIFE Azk 96001 B0 o]2, §7 59 AH= v 2

WS o I Aol - W2 wolm(FH T, 2021), 11
% AU EFEFAEEA FHA AL o2 A B
3 0] S7F FAlCl LA WAEEE o= Hls] & Holtt
(APQA, 2017).

SHIE SE8OUF A2 1 S840l A AREI e

o, HREAC Pelt o] 1 9o} YonE FF HE
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