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Determination and survey of fluoroquinolones
in meats and eggs (II)
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Fluoroquinolones in muscle and egg were separated by liquid extraction and determined. The analysis was
carried out using following conditions; C18 column (150 X 4.6mm, Spm), mobile phase composed of D.W.
(containing 0.4% triethylamine and phosphoric acid) : methanol : acetonitrile (780:100:120, v/v/v),
quarternary pump at a flow rate of 0.9ml/min and 20yl of injection volume, fluorescence detector with EX
278nm/Em 456nm. The calibration range of seven fluoroquinolones showed linearity (r?>0.999) at
concentration range of 0.025~ 0.8ug/ml. The recoveries in fortified muscle and egg represented more than
81.3%. The detection limits for ofloxacin, norfloxacin, ciprofloxacin, enrofloxacin, danofloxacin, sara-
loxacin and orbifloxacin were 3.1, 2.5, 3.6, 1.7, 0.9, 2.5 and 2.1ug/kg, respectively. We also monitored
fluoroquinolones residue in the sample (chicken muscle 182, cattle muscle 140, pig muscle 139, egg 212)
using EEC-plate (E. coli ATCC 11303) screening and HPLC confirmation methods. The screening test
results, fluoroquinolones, antibacterial substances were all negative.
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=7t A ER22HA=EA A& Salmonella (Heri-
kstad 5, 1997)2} Campylobacter (Smith %, 1999)7}
AeHe F ARE AT AUl EA7F Hof 1|
=HFDA, 2003), 7jv}chBarry, 1993), -5-H(EMEA/MRL/
820/02-Final, 2002), 4 ¥ (Horie 5, 1994) S| A= F
A7E 7Bk AL QAL -2uetel A = 2003~2004E =
Hdomst ol Axdor =53 4 54
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dets e s A WA 2AET gollA] £
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T AT HEI|E0l EHER AAEH #AIVL 7S
I QITH( A Eof ek EehA A, 2008).

£ FFoll A= 2007 0l(2], 2009) ofof =iffolA] @
o] AbZslE Y= ERLEHEEA 759 & o
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Hexane2- HPLCH 2.2 A3} 2 trichloroacetic
acid, phosphoric acid, triethylamine> E39 2 AF2-3}

At

HHIZMETNHDL EMT2A

£ A™-E Symmetry Cg (150 X 4.6mm, 5um, Waters)
£ |85ttt ojeA &l IL SF<rol triethyla-
mineT} phosphoric acidE 0.4%7} =2 AH7IA7) &
ol methanol 2 acetonitrile-S 780 : 100 : 120(v/v/v)©]
HiE ZUT §, 045um FE R oJatsto] ALgEFS
A HEE $34EE719 o719 278nm, E4 0}
2 455nmo| A 42 0.9ml/minC 8 &A3ch
(Table 1). T H&H 4&29] 2912 913 HPLC-MSMSD
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Table 1. Analytical condition of HPLC-FLD for fluoroquino-
lones

Items Analytical condition
Z I Ol ||ot
gZ8 % MY Instrument Agilent 1200 series
Column Symmetry C,g (4.6 X 150mm, Spm)
ESFL2HEEA FFEL ofloxacin (OF, Sigma), H,0 with 0.4% triethylamine and phosphoric
. . . . Mobile phase  acid (A)
norfloxacin (NF, Sigma), ciprofloxacin (CF, Fluka), Acetonitile (B) Methanol (C) (780:100:120)
enrofloxacin (EF, Fluka), danofloxacin (DF, Riedel), Flow rate 0.9ml/min
sarafloxacin (SF, Sigma), orbifloxacin (OrF, Riedel)-& FLD Ex 278nm, Em 435nm
Table 2. Parameters of HPLC/MS-ESI analysis for fluoroquinolones
Compound Precursorion (m/z)  Production (m/z) Dwell time (s) Cone voltage (V)  Collision energe (eV) Polarity type
. . 231.39 32 38
Ciprofloxacin 332,51 245.36 0.1 3 %6 +
. 96.35 34 26
Danofloxacin 358.55 340.46 0.1 34 2% +
. 245.37 38 26
Enrofloxacin 360.55 316.46 0.1 33 20 +
. 233.41 36 20
Norfloxacin 320.48 276.41 0.1 36 16 +
. 261.40 36 26
Ofloxacin 362.47 318.51 0.1 36 18 +
. . 295.38 40 28
Orbifloxacin 396.53 352.49 0.1 40 18 +
. 233.42 36 28
Pefloxacin 334.48 290.53 0.1 36 18 +
. 299.43 38 26
Sarafloxacin 386.49 342 45 0.1 38 18 +
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91 338t 3 multi-mixer® 1557 £386+31 4,500
pmof| A 1587 Y223t T A45AT 50ml YAF
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SHATHEE T 5 A4, 2007).

= [s]
HEg

BITAN A

20081 19~20084 128 ALAYo] SEEE 4
461A(SH 7] 1827, A17] 1407, S| 17] 139
) R Al 21248 AR SFEE ol AL
I FAQ Al mol ] ERLETEEA OFE IF
AE AAIsH T

Ho

By P

Py

22y 1y

BEAgad

7%(OF, NF, CF, DF, EF, SF, OrF)9] 2202
€ el 22 ETENE 0.025~08ug/mle] =
Aol HPLCO| st JFdE7I1R A7|93
278nm, Z4THY 455nmol A} £35S o OF, NF,
CF, DF, EF, SF, OrF Z5of| 4] AFgAl4=7} 0.999 o] 4}
OS2 F33 A4S HATKFg. D).
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Fig. 1. Standard calibration curves of six fluoroquinolones (1* >
0.999).
[OF: Ofloxacin, NF: Norfloxacin, CF: Ciprofloxacin, DF:
Danofloxacin, EF: Enroftoxacin, SF: Sarafloxacin, OF": peak area
x 2, DF?: peak area/10, EF®: peak area/2].

Fig. 2. HPLC chromatogram of fluoroquinolone standards (0.05
ug/ml).
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Fig. 3. LC-MSMS chromatogram of fluoroguinolone standards (0.05ug/ml).

Tabie 3. Recoveries and coefficient variation of seven fluoroquinolones in spiked muscle and eggs

Fluoro- Recovery rate (%, mean £ SD, n=3) Coefficient of variation (%)
quinolones 0.05ug/g 0.1ug/g 0.2ug/g Mean 0.05ug/g 0.1ug/g 0.2uglg Mean
Ofloxacin 100.1£8.6 98.8+10.6 959+17.0 983+12.1 8.6 10.7 17.8 123
Norfloxacin 84.4+44 81.6+1.6 83.0+4.5 83.0£3.5 52 1.9 5.5 4.2
Ciprofloxacin 89.5+8.5 86.9+4.6 85.1+5.1 872+6.1 9.5 53 6.0 69
Danofloxacin 86.9+2.0 84.7+1.9 854+0.9 85.7+1.6 2.3 22 1.1 1.9
Enrofloxacin 90.2+29 87.5+3.2 88.6+1.7 88.8+2.6 33 3.7 1.9 2.9
Sarafloxacin 86.9+0.9 81.3+£20 81.3+30 83.2+1.8 1.0 2.5 3.0 2.2
Orbifloxacin 929+22 90.8+2.5 90.6+2.4 91.4+2.6 24 2.8 33 2.8
Ae 9 AU E 3137 Y3l EF2 2= Table 4. Limit of detection (LOD) and limit of quantification
7%] ot= Oi Pax=! E] 11 o}.0 ] 0“ 0.05~0. 2Mg !g (LOQ) of seven fluoroquineolones in muscles and eggs
A
LOD LOQ
2 Z713 & 3482 X% A3} OF 95.9~100.1%, Fluoroquinolones (nglg) (ng/g)
NF 81.6~84.4%, CF 85.1~ 89.5%, DF 84.7~86.9%, Ofloxacin 31 9.4
EF 87.5~90.2%, SF 81.3~86.9%, OrF 90.6~92.9% %  Norfloxacin 25 7.7
- S sl A o N Ciprofloxacin 36 11.1
veltod 75 B4 dist AFAY HF HolAl4e:  panofloxacin 09 27
(Coefficient of variation, CV)= 1.9~12.3%& i}eiyd Enrofloxacin 1.7 52
Sarafloxacin 25 7.5
TH(Table 3). Orbifloxacin 2.1 6.5
759 FE HE F4580] 80% oL E B4R LOD=3.3(s/S), LOQ=10(o/S)

o: standard deviation of the response

Aol Aulzo] 9lo] ZAAEFZAYYT|(Codex S: slope of the calibration curve

Alimentarius Commission, CAC)2}] #AH7} 10~

100ppb ¥ % 3]48-0] 70~ 110%, 100ppbolA+ 80~ S\ZOH 2 FZOOY

110%%] A& Zrokst u Codex A o) o5 st

Ao gore gt ERLEFAEEA TF] e FAEA Aol A
Z31A|2 Aok« International Conference on Har-
monization of Technical Requirements for Registration
of Pharmaceuticals for Human Use (ICH) Q2B Metho-
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logy guideline (ICH, 1996) of] wt o Z+z} OF 3.1pg/
kg, 9.4ug/kg, NF 2.5ug/kg, 7.7ug/kg, CF 3.6ug/kg, 11.1
ng/kg, DF 0.9ug/kg, 2.7ug/kg, EF 1.7ug/kg, 5.2ug/kg,
SF 2.5ug/kg, 7.5ug/kg, OrF 2.1ug/kg, 6.5ug/kg 013t
(Table 4). A A-LH(Z], 2009)f w3 ASSHA U A=
FAZE Il ol 717] (A A, fE4

5ol met gekd 5= Qe 2es A AF fgEY g
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RERME Z MR YJ=H
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t} 2008 Ql 148,286 202 H4A
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A &+A 8 Al(ofloxacin, norfloxacin, ciprofloxacin,
enrofloxacin, danoﬂoxacin, sarafloxacin, orbifloxacin)
2 apzzvoz 2280 HPLCFLDS o|83ic]
SA AFEAstgon EH2A0R4 2YL
Symmetry C;5(150 X 4.6mm, 5um), ©] A2 0.4%
triethylamine 2 0.4% phosphoric acid 4>, metha-
nol ¥ acetonitrile E3H8-91(780:100:120, v/iviv)& A}
L3l oH, dFHE7|= 97|54 278nm, Z At
456nm o2 $4-2 0.9ml/min, FYHFL 20ulZ 31
o} BEAMzAO0 R ZA3} ofloxacin, norfloxacin, cipro-
floxacin, enrofloxacin, danofloxacin, sarafloxacin, orbi-
floxacin EFFY TN 25 A3AS
0.9990]4ke] k% st A AAL HEr} 0.05~0.2ug/g
A7t Al BoA B F4E&L ofloxacin 95.9~
100.1%, norfloxacin 81.6 ~84.4%, ciprofloxacin 85.1~
89.5%, danofloxacin 84.7 ~ 86.9%, enrofloxacin 87.5~
90.2%, sarafloxacin 81.3~86.9%, orbifloxacin 90.6 ~
92.99%0 ] :1:1 A= -5}74] =i} x%aks}zﬂ L. 7L7L OF 3.1
ug/kg, 9.4ug/kg, NF 2.5ug/kg, 7.7ug/keg, CF 3.6ug/ks,
11.1ug/kg, DF 0.9ug/kg, 2.7ug/kg, EF 1.7ug/kg, 5.2ug/
kg, SF 2.5ug/kg, 7.5ug/kg, OrF 2.1ug/kg, 6.5ug/kg <
o9ttt
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