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Study on analytical method of fluoroguinolone residues
in eggs by LC/MS/MS
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Abstract

An atmospheric pressure chemical ionization (APcl) LC/MS/MS method was developed
for the simultaneous analysis of fluoroguinolones (norfloxacin, ciprofloxacin, enrofloxacin,
danofloxacin) residues in eggs. The spiked and blank samples were extracted from whole
eggs using 50mM phosphate buffer (pH 7.4). The extract was cleaned up by passage
though Oasis® MAX extraction cartridge for solid-phase extraction followed by elution
with 4% formic acid in methanol. The extract of sample was separated on a Waters
Atlantis™ dCys reversed—phase column (4.6x150m, 5¢m) and analyzed by APcl positive
mode mass spectrometry. The mobile phase consists of agueous 0.2% nonafluoropentanoic

acid (NFPA) and methanol. Multiple reaction monitoring (MRM) using the precursor to

1Corresponding author
Phone @ +82-55-771-6641, Fax @ +82-55-771-6619
E-mail © cyj9144 @hanmail.net

_13_



47

T

2R, RO, LA

[= <]

o
rt

Hl-ooi_?_‘ 2

= =]

o
o

product ion combinations of m/z 320 — 302, 332 > 314, 360 > 342 and m/z 358 > 340 were
used to quantify norfloxacin (NOR), ciprofloxacin (CIP), enrofloxacin (ENR) and danofloxacin

(DAN), respectively.

The limits of quantification (LOQ) were 7.8ppb for NOR, 85ppb for CIP, 89ppb for ENR,
and 4.8ppb for DAN. Average recoveries of fortified sample at levels of 0.025 to 0.1 ppm
were estimated 71.29% for NOR, 75.27% for CIP, 85.51% for ENR and 81.22% for DAN.

These results could be applied for the confirmation and quantification in eggs.
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m/z 320 Aastgoen HA product iono
ZE m/z 3028 Adstgion, CIPY parent
ion®. 2= m/z 3329 product ion2 &+
m/z 314%, ENR®| parent iono.Z+ m/z
360¢} product ion®. BE m/z 342S, DAN
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Table 1. Analytical condition of fluoroquinolone by LC/MS/MS

Column

Mobile phase

Detection

Atlantis™ dCis

4.6x150mm, 5,
(4.6<150mm, 5¢m) Flow rate

0.2% NFPA/MeOH(20/80,v/v)
injection volume : 50u8
* 0.8m4/min

MS/MS
APcl positive mode

LC/MS/MS : Waters® Micromass® Quattro micro™ API triple-quadrupole mass spectrometer(USA)

Table 2. Multiple reaction monitoring(MRM) parameter of fluoroquinolones in LC/MS/MS

Compounds Precursor ion Product ion Dwell Cone Collision
(m/z) (m/z) time(s) voltage(V)  energy(eV)
Norfloxacin 320 302 05 30 32
Ciprfloxacin 332 314 05 30 28
Enrofloxacin 360 342 05 30 33
Danofloxacin 358 340 05 30 22
EEdEad 2 Take 1g whole egg in 50mé centrifuge tube

4%9] fluoroquinoloneAdl EZFEFE (10
pg/ml)E 100m¢ BFEFe2F 0
0.025pe/m .2 &AL 3 FEZ g
AE EFEAS 50 33 98 FYsto
Qe azvtEadds Aze FFEAe
g3 s PYAHAS T X5 T

AR HAHE

7A3E AFANE 1g2 Ao 50md
AAFHE  #3 ¥ 50mM phosphate
buffer (pH7.4) 15mE 713t oF 1087 &%
g ¥ 4,000rpmelA 1027 94&8E F,
FEAE FHA ARAR AFGeAT. v g
methanol, 5N NaOH, DW=Z Z+Z} 1mf A
ZeA 8439 SPEY 39 5me &7
I, 2~3 drop/sec®] HFEoE FEI
5% ammonia 2} methanol 1mZ Z+Z} A3
gk 2 4% formic acid ¥ 3 methanol 3
ME &E39H £33 48 FHE o7
st AJ@gdow AL THFig D).

A

l
Add 15m¢ of 50mM phosphate buffer(pH7.4)

l

Centrifuge at 4,000rpm for 10min
Filter upper layer with filter paper in syringe

Take 5mé filtered fluid for SPE
!
Load the test solution to the SPE
preconditioned column
(Im¢ MeOH, 1m¢ 5N NaOH, 1m{ D.W.)
{
Wash with 1mé of 5% ammonia in water
l
Wash with 1m methanol
|

Elute with 3mf of 4% formic acid in methanol

Fig 1. The sample preparation scheme of
fluoroquinolones in chicken egg

=AM 45
2AHY HSE g SA4Adx AR
A8 E o83 ZAF H7AE(spiking

=
sample)oll W3t A xe} HALE U3}
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Signal (S)/Noise(N)>3¢ FLE®, LOQx™ MS MRM =ZgnE18E Fig 3o vehdt
S/N=109 w22 HAHsA) upel go] zbzh gt AE Holol &g &<l
3 AU 4F TFEFE NS 0.05u8/g
9 F= Al Hrbstel  50mM
Z 3} gl JE phosphate buffer® HdFES AlgPst T
solid phase extraction (Waters Oasis® MAX,
EZ3M EHA 6ce, 150mg)o-2 AATE thg LC/MS/MS=E
159 EFEEEAL 5-100ng/m = AT AF oJdd FIAHA glo) 2E 8
2 z2A% 5 o] £ 50u0M S LC/MS/MS 7 U Byes UuEHs AT+ 4
2 BA%%< W NOR, CIP, DAN, ENR St (Fig 4)
oA 2 = 0999 o]Ate] mjo ok e A ol LC/MS/MSE ol&3te &, #HA, &
AR S BE A THEFig 2. THolA 4% ZFLZAEEA ITEH
— i} & 9143 Yamada 59 A<} Johnston
5100 ) Fo) A CIP, ENR, DANS <&
aR Az} Fole BEUEE Yoy, #8A
T Ao ol ATASY ARwT wE 3P
. ol BB glo] A&EHA FAT 5 9
o At
Concentration(ng/n)
Fig 2. The Standard calibration curves
of fluoroguinolones (%) 0.999)
standard 50ppb
1003 //2/9\:7{\\\ FEO 08 =
j} /207
Fig 3. LC/MS/MS chromatogram of fluoroquinolones standard at 50ppb
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Fig 4. LC/MS/MS chromatogram of fluoroquinolones in fortified egg at 50ppb

MEgr ¥ yug Lolo $%& HPLCE ol &3t ATAR

Aegx 2 FAUAEE #3517 Y&t 5 ¢] ENR3} CIPol tidt 3|¢&o] d3aA
QEAEEA FEo] FRHA e Aoz 50-85%, ol A 36-49%E Hug ul gl
gdd AFS o8t 0.025-01ug/gd F o1} ®WolA e UslAE dAFe] e,

SA% A3 A
o A1 norfloxacin 70.62-72.16% (71.29), cipr-
ofloxacin 74.14-76.26% (75.27), enrofloxacin
84.12-87.18% (85.51), danofloxacin 79.24-

Schneider®t Donoghue'®=  sarafloxacin
(SAR) 5 6%l dal 3+ 66-110%, W
ol Al 1.8—16.0%*2— B st LC/MS/
MS £4 3t 04% A2 A Johnston 57

82.82% (81.22)¢ UEMAATE g @A & RN AL IFLL 41-80%, oA
U o Wl AL(CV)E 1.11-947% HYE = 3-10%2 _uim}gagua, Yamada 5%
1B 9 tH(Table 3). o CIP 5 4% A 00lug/g o2 A71e &

Table 3. Recovery rate and coefficient variation of fluoroquinolones in spiked egg

Recovery rate (%, n=5)

Compounds 0.025 (ug/g) 0.05 (ug/g) 0.1 (ug/g) Mean
Norfloxacin 70.62+4.47°  71.10£3.94  72.16£4.90  71.29%+4.43
cv” 6.35 5.55 6.82 6.24
Ciprofloxacin  74.14+6.45  76.26+5.25  75.42+1.90  75.27+4.53
cv 8.72 6.91 2.52 6.05
Enrofloxacin  84.12+2.57  85.24+154  87.1820.97  85.51+1.69
cv 3.05 1.80 1.11 1.98
Danofloxacin ~ 81.60£7.28  79.24+7.44  82.82+3.11 81.22+5.94
cv 8.99 9.47 3.76 7.40

" Mean * standard deviation
** Coefficient variation

_18_



o
o

LC/MS/MSE 0l

a71E HET A KA g
99.7%, WolASF 36-15%=
CODEXolH ¥+ 0.01-01 ug/g
FE&LE 70-110%, A
20% ©lW, 0.1 pg/g 27 5
80-110%, WolA4+ 15%°] )
Atk o9} L oy
Al B o
A=A AR
T2 FaE Ao

83.

i

27
O
L

ol {y o 3B

o

= s

o) o

=2
=]
=
RUS

b ¥o i ol A rlf Ho

norfloxacin  3.2ppb,
7.8ppb, ciprofloxacin 4.5ppb, 8.5ppb, enro-
floxacin 4.8ppb, 8.9ppb, danofloxacin 0.9
ppb, 4.8ppb°] A HH(Table 4).

Table 4. Limit of detection(LOD) and
limit of quantification(LOQ)
of fluoroquinolones in egg

Compounds  LOD(ppb) LOQ (ppb)
Norfloxacin 3.2 7.8
Ciprofloxacin 4.5 8.5
Enrofloxacin 4.8 8.9
Danofloxacin 0.9 4.8
LOD, S/N=3 ; LOQ, S/N=10

Schneider?} Donoghue'®: LOQZA] DAN

o] 0.3ppb, ENRe] 1ppb, NOR# CIPo] 2
ppb, SARe°| 3ppbelAthi H o,
Johnston 5”& ENR % 8%o] s8] LOD
= 1-3ppb, LOQE 5-10ppbol At R.a13}
At Yamada 52 CIP 5 4Fo|A w2
71 % v AgoA LODE 0.1-0.4 ppb,
LOQE 04-1.0ppb& H 3 u} gt} B <

-z
00

2t & fluoroquinoloneA =2 e EMtHol| st HF
TAM F AE FEEd 4% Ug LOD
9} LOQE ol&% fA1e Z34E Yeds
gdgt = At
2 E
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Ade EAMxzpHor #AHE&  Waters

Atlantis™ dCus (4.6x150mm, 5m), ©]&7
L= 0.2% NFPA® methanol®] &3
LulZ 20:80 (v/V)H &L xE3e AL

=

g er, 4L 08m/min, AlE £

2 50 FYste FAskTh HA g
MS/MS2 con voltage 30, collision

energy= 24z} 32, 28 33, 22 eV, A
2o 93 HAo) 20 7= NORYQ parent
ion m/z 3209 product ion m/z 302,
CIP9] parent ion m/z 332% product
ion m/z 314, ENR® parent ion m/z
3609} product ion m/z 342, DAN]
parent ion m/z 358¢ product ion m/z
3408  AMEsted multiple  reaction
monitoring (MRM) #4Z7A 02 A3
o}

Ak A 4%

2. ZZ202FEEA Eq
st A5 HAAgE 50mM  phosphate
buffer® YFFEE A& T solid

phase extraction (Waters Oasis® MAX,
6ce, 150mg) o2 AAste] 23 423

SAM RS HMNR Aole] omat
3 93 glol mE g FAd Rl

& tehReTh
. A 0.025-0.1ppmo. 2 #H7tsted g &
£ 9 AUEg A% 49 37 g%
&< NOR 70.62-72.16%, CIP 74.14-
76.26%, ENR 84.12-87.18%, DAN 79.24-

(o)

T

_19_



|

(=]
74,

AT F

AL A,

ol &l

2 AR,

as

Ho

82.82%% e e, Wl AF(CV)=
1H594%VE<EdE¥
O b= :qu
0.9-4.8ppbe] QU:] ,

4
pphE ¥ FELE HAEE = JATh

=
=

I
Ao
o

. Gigosos PG, Revesado PR, Cadahia O,

et al. 2000. Determination of quinol-
ones In animal tissues and eggs by
high-performance liquid chromatogra—
phy with photodiode-array detection. J
Chromatogr A 871(1-2) : 31-36.

. Wright DH, Herman VK, Konstantini~

des FN,
quinolone antibiotics in growth media
by
liquid chromatography. J Chromatogr
B Biomed Sci App! 709(1) : 97-104.

ol A& F. 2002. MSPD
W3} HPLCE o| &% m%m
A=EA FdEZe
=4, @%%%Eﬁﬂﬂﬂ

269-281.

et al. 1998. Determination of

reversed-phase high-performance

. Yorke JC, Froc P. 2000. Quantitation

of nine quinolones in chicken tissues
by high-performance liquid chromato-
graphy with fluorescence detection. J
Chromatogr A 882(1-2) : 63-77.

. Herikstad H, Hayes P, Mokhtar M, et

al. 1997. Emerging quinolone-resistant
Salmonella the United States.
Emerg Infect Dis 3(3):371-372.

in

. Smith KE, Besser JM, Hedberg CW,

et al. 1999. Quinolone-resistant Cam-—

10.

11.

12.

_20_

pylobacter jejuni infections in Minne-
sota, 1992-1998. Investigation Team. N
Engl J Med 340(20) : 1525~1532.

. Barry C. 1993. The analytical testing

followed by laboratory services divisi-
on of agriculture Canada for veterinary
drug residue in eggs, in procee dings
of the euroresidues II conference on
residues of veterinary drugs in food,
Veldhoven, The Netherlands 3-5,

170-175.

. Posyniak A, Zmudzki ], Semeniuk S,

1999.
fluoroquinolone
tissues by liquid chromatography.
Biomed Chromatogr 13(4) : 279-285.

of

animal

et al. Determination

residues in

. Horie M, Saito K, Nose N, et al. 1994.

of

benofloxacin, danofloxacin, enrofloxacin

Simultaneous determination

and ofloxacin in chicken tissue by
high-performance liquid chromatogra-
phy. J Chromatogr B Biomed Appl
653(1) : 69-76.

Yorke JC, Froc P. 2000. Quantitation
of nine quinolones in chicken tissues
by high-performance
chromatography with
detection. J Chromatogr A 882(1-2) :
63-77.

Al FEEE R o E
ojFEF A 2001
Watanabe H, Satake A, Kido Y, et al.
2002. Monoclonal-based enzyme-linked

ligud

fluorescence

88

immunosorbent assay and
immunochromatographic assay for
enrofloxacin in biological matrices.

Analyst 127(1) : 98-103.



13.

14.

15.

16.

17.

18.

19.

LC/MS/MSE o| &8 4]

Juhel GM, Abjeun JP. 1998. Screening
of quinolones residues in pig muscle
by chromatography.
Chromatographia 47(12) : 101-104.
Hussain MS, Chukwumaeze-Obiaj
unwa V, Micetich RG. 1995. Sensitive
high-performance liquid chromatographic

planer

assay for norfloxacin

utilizing
fluorescence detection. J Chromatogr
B Biomed Appl 663(2) : 379-384.

Kung K, Riond JL, Wanner M. 1993.
Pharmacokinetics of enrofloxacin and
its  metabolite  ciprofloxacin  after
intravenous and oral administration of
enrofloxacin in dogs. J Vet Pharmacol
Ther 16(4) : 462-468.

MJ, Donoghue DJ. 2000.
Multiresidue determination of fluoroqu-
inolones in eggs. J AOAC Int 83 (6):
1306-1312.

Johnston L, Mackay L, Croft M. 2002.
of

in fish

Schneider

Determination quinolones  and

fluoroquinolones tissue and

seafood by high—performance liquid

chromatography with electro spray
metric
detection. J Chromatogr A 982(1):
97-109.

Yamada R, Kozono M, Ohmori T, et

al. 2006. Simultaneous determination of

ionization tandem mass spectro

residual veterinary drugs in bovine,

porcine, and chicken muscle using
liquid chromatography coupled with
lonization tandem mass

Biotechnol

electrospray
Biosci
Biochem 70(1) : 54-65.
v, 2WE, 9w F. 2005 HPLC

spectrometry.

2 s

20.

21.

23.

24.

25.

26.

_21_

LR, EAE, olEs

fluoroquinolonel S EXof EAMHo| &t A7
g o&d  wivl 2 Al g
FluoroquinoloneZl Id &2 FA #

AR SaFFRAss] A 29(1) 1 45-55.
Schneider RP, Ericson JF, Lynch M]J,
et al. 1993. Confirmation of danoflox-
acin residues in chicken and cattle
liver by microbore high—performance
liquid chromatography  electrospray
ionization tandem mass spectrometry.
Biol Mass Spectrom 22(10) : 595- 599.
Barron D, Jimenez-Lozano E, Bailac S,
et al. 2002. Determination of difloxacin
in chicken muscle

and sarafloxacin

using  solid-phase extraction and
capillary electrophoresis. J Chromatogr
B 767(2) 1 313-319.

5. 1997. Alm
A A B A matrix solid phase disper-

sion)AA {7} Az EIHRIE

al

ol

0]-8% =43 enrofloxacin @ cipro-
floxacin w4, wg49gg A 37(1):
195-202.

Barker SA. 2000. Matrix solid—phase
dispersion. J Chromatogr A 885(1-2):
115-127.

A FFERAA. 2005 AEF] VE

=

™
+4
FPsel gAY, 2006 TAE E F
Aed 2y A

2005. Study of enrofloxacin depletion
in the eggs of laying hens using
diphasic dialysis extraction/purification
and determinative HPLC-MS analysis.

J Agric Food Chem 53(8) : 2849-2852.



