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Abstract

This study was carried out to investigate the residue level of fluoroquinolones in hen's general eggs
and specific eggs by microbiological assay method and high performance liquid chromatography (HPLC)
method. HPLC separation was carried out by reversed phase chromatography on a Symmetry Cia (250
x 46 mm, 5 um particle size) with a phase composed of distilled water (containing 0.4% triethylamine
and phosphoric acid) : Methanol (780 © 220, v/v), pumped isocratically at a flow rate of 1.0 m/min. A
fluorescence detector was utilized with an excitation wavelength of 278 nm and an emission wavelength
of 456 mm. The calibration curves were linear (x°=0999) over a concentration range of 0.0%5~04 ug/mf.
Average recoveries of the five fluoroquinolones in whole eggs at fortified levels of 0.06~02 pg/g were
ranged mean 78.1~91.7% and low coefficient of variation was less than 10% for all analysed samples.
The lmits of detection and limits of quantification for whole eggs were 1.2~6.0 ng/g and 23~91
ng/g, respectively. Only one hen’s general eggfrom chicken farm in Incheon was detected with the
residual fluoroquinolones (Microbiological assay method ; 1 of 47 general eggs) ; the range of residual
concentration enrofloxacin was 0.12 ppm. Those in food stores were detected with the residual
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fluoroquinolones  (Microbiclogical assay method ; 4 of 8 general eggs) ; the ranges of residual
concentration enroffoxacin were 0.15~22 ppm, ciprofloxacin 001 ~0.06 ppm, and hen's specific eggs
40 in food stores were not detected. For the microbiological assay method of fluoroquinolones in
hen's eggs, as the results of comparative analysis, the disc diffusion method with £ coli may be a

little highly detected for the residual fluoroquinolones.

Key words : fluorcquinolones, general egg, specific egg, Microbiological assay, HPLC.
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Table 1. Sample size for the experiment

Chicken farms

Departiment stores & discount stores  (##n = 128)

Item (*n = 47) Total
General egg General egg Specific egg

No of tested 47 83 40 175

% 26.8 50.3 229 100.0

*n = number of chicken farms,

l Whole egg 10 g J
i
02 M Citric acid @ 05 M Potassium
hydroxide. : Acetone : D.W.
{175 : 175 : 35 1 30) 10 m¢ and mix
|
l Water bath at 85T for 15 min. J
l
l Cooling I
|
L Centrifuge at 4,000 rpm for 10 min. l
|

Wet filter paper disc in the supernatant
and put on test agar plate

)
l Incubation at 30C for 16718 hour I

!
l Result reading J

Fig 1. The sample preparation scheme for
the analysis of fluoroquinolones

(Microbiological assay method)
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HAAE717F B¢ HPLCE o] &3hd AHzh M2
Table 29] 271 we} A5t
Aed 1.0 g& HHF3ste] 50 M A FH
=] 5 . 1 E~WN| 3
Table 2. HPLC condition for the determination oui‘ ﬂTAFlg;Zoﬂf Hol whek Aestel AHS
of fluoroquinolones oz ARl
Items Conditions I Whole egg 1.0 g J
J
DW (0476 Triethylamine & [ Add 10% oxalic acid 1 n¢ and mix |
Mohile phase Phosphoric acid) © Methanol l
= 70:220, v/v) Add acetonitrile/ethyl acetate
(2/1) 5 m¢ and mix
Detector Exd 278nm, Emi. 456nm !
r Centrifuge at 3,700 rpm for 10 min.
Flow rate 1.0 m¢/min. )
Colume Symmetry Cis (250 x 4.6mm, Sgm) Supter?atani lt)ransfer to 15 me
centrifuge tube
Injection vol 2000 !
Remaining matter add acetonitrile/ethyl
acetate (2/1) 5 mf and mix
EESY A ]
[ Recentrifuge at 3,700 rpm for 10 min. l
22022 E&F 10 mes 747 #H& )
o] 100m¢ 24 &% Febsziol Loiil v gk &l Supernatant transfer to 15 mf
AA3] = e 100 pg/ml FEE YHEY X centrifuge tube
U M(stock solution)o.x vt B EF=Y |
ol.g o];/\ol- g gMsle] 10 pg/ml FER Supernatapt centrifuge at 4,500 rpm
WEo] EEglom AMgEh EEEYE for 15 min. L
2 BEke] 1497 AREEFS T
43 3t He-ahs Supernatant dryness under stream of
Exoa AA air at 50C .
_ ) o [ Dissolve with 1.0 mé mobile phase |
ERZAEEA HFEHA0  pg/mO)E T
POl g ak @ - o
100m¢ 2™ 8 fza}_/:rloﬂ 4,2, 1, 05, 0.25 | Filter with 0.45 um syringe filter I
W Hsa olgaon EAM AA A4 7
04, 0.2, 0.1, 005, 0.025 pg/ml o2 3435

9. 57 wmel sM¥ EEEAL 20 WA
Fstel Qe 1
FOoRHAEEA

| Inject into HPLC ]

Fig 2. The sample preparation scheme for
the analysis of
(HPLC method)

fluoroquinolones
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I web g BYe @
e Yedo Ad
+ DNA-gyrase 84& 94 ]0}04 ATEES
Uetdle 39 FAITAZA Myco-
plasma spp, Salmonella spp, Shigella spp,
Camphylobacter spp, Enterobacteriaceae,
Streptococcus pneumoniae, “L8 ¥ AT, 1%
AT Tl A daEs Az 9
At ZhEel Al dE] ARSE G Tt

N
é e

N

R1
R?Y _x N
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Fig 3. Chemical structure and characteristic
fluoroquinolones

xEgd2 2zt 25~400 ng/mle] F=¥HY
ol HPLCell Fste] 3719 278 mn, &7
34 456 mellAl 43 E ul pefloxacin,
norfloxacin, danofloxacin, ciprofloxacin,
enrofloxacin 5% E oA A@AI4 0999 o]
e 2445 YeErAtHFig 4).

HPLC ZZ0tE 1

—4&—PFX —8—NFX —=-DFX —e—CPFX —e—EFX

40000
30000
20000
10000

0
0 50 100 150 200 250 300 350 400 450

Peak Area

Concentration(ng/ml)

Fig 4. The standard calibration curves for
the analysis of fluoroquinolones (¥>>0.999)
(DFX response/10)

" PFX : pefloxacin, NFX : norfloxacin,
DFX : danofloxacin, CPFX : ciprofloxacin,
EFX : enrofloxacin

EFeEHEEA u“ Al 5Fo hE

l

HPLC ZARvEIWE Fig 5914 H+ dle}
Zo] =7} °kio} Atk B3 @A &
FEFEAS 50 ng/gdl TEE H7bste] o
drEgoer dAgste BAEAE W &
AR HIMAE Aleld W]l = glo
FEEYL TLF BHUEE BT peflo-

xacino] AY WA EZFA 0w norfloxacin,
ciproﬂoxacin enrofloxacin, danofloxacin 4]
A2 HEH A

Ll %—23)_’} 1 %) 9]3lH danofloxacin®]

WA W23l enrofloxacine] ®l FHol| #zly
A oJAHL olEF Hul A 2% A

o
oz Almdt}

sl o ol o
dete 3 HEYE 24

EFLEHEEA FaEH IF QX %
2 Al#-S MEse 005~02 peg/gd E

27rg = 35&E ZAT ZA pefloxacin
84.7~88.2%, norfloxacin 75.0~84.2%, cipro-
floxacin  73.3—~80.8%, enrofloxacin 87.0~
97.2%, danofloxacin 80.3~83.0%% e}y,

APAY  WHOARCVIE  24~87%°lAtH
(Table 3).
u 58] enrofloxacin 5 5% 9 FA| 24

Yoz 249 dadldlHe Wi H4ae
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Fig 5.

HPLC chromatogram of a) fluoroquindlone standards (50 ng/ml), b) fluoroquinolone fortified egg at
50 ng/g, and ¢) blank

Table 3. Accuracy and repeatability of fluoroquinolones in spiked eggs (n=6)

Recovery rate (%)£SD", (CV™, %)

Compounds 0.05 ue/g 0.1 pe/e 02 ug/a Mean

Pefloxacin 817:39 (46) 8250 57  880+31 (36)  87.0:40 (46)
Norfloxacin 750465 (87)  842:46 (54) 83838 (45)  810+50 (62)
Ciprofloxacin 733447 (64)  802:66 (82)  808+26 (33) 78146 (60)
Enrofloxacin 870+21 (24) 97240 (41) 90827 (30) 91729 (32)
Danofloxacin 80323 (29) 83049 (60) 82325 (30)  8L9+32 (40)

"SD : Standard deviation,

Table 4. Limit of detection (LOD) and limit of
quantification (LOQ) of fluoroquinolones in eggs
(n=20)

Compounds LOD (ug/kg) LOQ (ug/kg)
Pefloxacin 35 53
Norfloxacin 5.1 75
Ciprofloxacin 6.0 9.1
Enrofloxacin 3.0 44
Danofloxacin 1.2 2.3

% LOD=Blank determination + 3*SD
LOQ=Blank determination + 6*SD

82.1~88.9%, &AW WHolA = 2.3~84%,
g 8o H 35S 832~96.0%, ¥
ol A= 0.7~55%A %*0o]  enro-
floxacin % 759 FAIEAHoE AT A
Fo Aol Hit 5L 60~94%, HFAY
P wWolAlFi 50~10.0%% 27 Schneider
9} Donoghue™'+= sarafloxacin % 6% 3}

o)
3
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""CV @ Coefficient of variation

B4 66~110%, HolA+E 1.8~16.0%%
g1 2astect. CODEXelA+ 0.01~0.1 ug
/g BEY A4S IFEEE 70~110%, WA
= 20% oW, 0.1 wg/g 23 F=Y AF
5| 582 80~110%, WolAl4+ 15% olul&E
Agsta Jded B A9 A9 3Faa&H

Fe A #AF 7F ol %5
2 gotEo

4 ol

~

il
€

gaEd 55
AETALOD)S A =gt
ALON+ Z+2Z} pefloxacin 3.5 ppb, 5.3 ppb,
norfloxacin 5.1 ppb, 7.5 ppb, ciprofloxacin
6.0 ppb, 9.1 ppb, enrofloxacin 3.0 ppb, 4.4
ppb, danofloxacin 1.2 ppb, 2.3 ppb °Jth
(Table 4).
ub 5P aFga 5% tiste] Ao
LOD 1.0~49 ppb, LOQ 42~93 ppb, ¥

=
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7194 LOD 0.3~2.2 ppb, LOQ 1.0~7.2 ppb
2 pastgn & 57 AgdAd Azss
AbA & 7Ee] diEl LOD 02~219 ppb,
LOQ 0.3~336 ppbR 2t E3d Lim
=% Sehneider®t Donoghue™, Gigosos 5V
] AP AME 1~5 ppbR B AP FAFSH
Ang Bt

{&

Al 2toll A ZhFAL el

NARAG FAZAA ALk Lurd 477
& EEC 4-plated3} E. colif 22 7 AIsto]
WA e Zzh 1701 o HPLC AdAH HAL
A3} enrofloxacin 0.12 ppm AZ&H At £
Ay sbg " vl e A
12874 (gt 887, 5% 404) ¥ EEC
4-plate¥] FAL dwted 3H, E coli ¥4
2 dukel 4710t} o2 HPLCE AHEA
2 7AAl A3 enrofloxacin 0.15~2.2 ppm,
ciprofloxacin  0.01~0.06 ppm HEFo] 44
RFoN ZR2FEEA e HE
Hgoy EF@dME 4070 EF ST
{(Table 5. 6).

54

29%9 Hls=g A3E Hov ciprofloxacin
S AEHA Fsrh Eg oyl FAtoA
enrofloxacin t& #d&¥ ¥ ciprofloxacin
2 ERE oAV &% HEHSwH ol '
Ao A enrofloxacin®! ciprofloxacine. = <
2 ogla} Holzxl Ao ® Garcia 573 Intorre
5% zAL Asbel At

A FvfAol A Fdek A” F THo|A
A ZAAH Blalo] A oA J%O EEC 4-plate™
©7Z 3H, E colifeR 440192 E coli o

FE ol g% W oﬂ ﬂ EFoEAEEA YA
Al AEEe] ta BA UEg 2 509
AA Aol Zokoh FulelA AR F R
71&-& enrofloxacini} ciprofloxacin®] ™3k 3
|71F0] EHFECl Ty o AR F<l
o] AlES %X}E}“f Aol E coli #FE ©l
23 v ESHA Wyo] By F&A AL
2 g

2001 o] o] Aol 2sld ET)\%E}’
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Table 5. Detection rate of fluoroguinolones in hen’s eggs collected from farms & food
stores in Incheon metropolitan city (Microbiological assay method)

Farms (n = 47)"

Food stores (n = 128)"

Total
ltems General egg  General egg  Specific egg (n31a75)
(n=47) (n=288) (n =40) ‘
No of positive by .
EEC 4-plate method (%) LD 32 0o ey
No of positive by 1 (21) 4 (3.1 0O 5 (2.9

E coli ATCC 11303 method (%)

*n = number of chicken farms,

FA Gl A AstE dvtd Il sty 9
Zelofagol Al £Slg dutdolA EFQEH
w2 eI A2 Aol d&l XAF
A BAGHoZ {FoF Aol THHA
%k p value=0.658).

20039 = e Aol ostd Al ghel A

enrofloxacin AE&< 22%2 B AF FAL9

%1 = number of brands

B Aoz ZAHAL ot EFuel B4
APE e W AEsRE AKHY 59 9
gor Awo Ad 9@l Re sl Ugle
2 AREY w4549 F7b 247t de
3o,
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Table 6. Residue level of fluoroquinolones
using HPLC in general hen’'s eggs sus-
pected by microbiological assay method

C(I))nig}(iﬁgs (Avelr?fagsg,ltﬂé’/ g) Origin
Enroffoxacin 012 Farms
Clirofloxadn 003 Fout stores

Choflovacin 001 Food stoes

Cirofloxacin 005 Food stores

e G4 Food stores

z =

o] YR AlgEe] 4]

]
R
A48 ol FaEed de BAY

VR dxge s HHY bR o
A siel alelM AR wAZE 2
& 4 odvh 5o $rendned dued
< EelM dnde 2rgS, vheolsitksv)
29% Az % oA oo HHoR de A}
B3 o] AN it Thedel uig %
ohompEbM el M el g eR 1
Az zAbs dAsty dadgyier o
Aazvte )y & olgsted 2007 A ¥
o, b g @Rl el A e At

A, BRLEABEA 5% pefloxacin, nor -
n, emrofloxacin, dano-

floxacin, ciprofloxaci

floxacin®l w8l HPLC BMx#Ho=n
Symmetry Cis AH&8FRL ol &3 &

0.4% Triethylamine,

Phosphoric  acid

& 43} Methanol& 780 : 220 & 33}e]

8% Rl Lq e /]
3 456 nmoll A B2

stol ArdbAlS 0.999 °l of AadE EM

0% 7] k% 278 m,
1O m/min. &8 =

e%o

o=

N2 b
L.
oo N

o oX

f
b

ww

3]
1~91.7% ol AIAW Ha W
(CV)= 2% 10% U}K&O]?\iq. @%‘}74} gl
qdFsAe 7z
ol
AR, oldxd 5 Ao gk 7ho]HA}
W} agol A EEC 4-plate®] Bt} E coli
= I of] A *éeoi-:rqi‘r- g
’3‘%01 b A YER Y. SFAF
Aabd b 47 % HPLC &} 2
1} enrofloxacin 0.12 ppm A& %Y wWal4
g geluf oA FRlgh Ak 884
HPLC A A3t 4494 enrofloxacin 0.1
~2.2 ppm, ciprofloxacin 0.01~0.06 ppm 7
5o E4ah2 400 27 4%
ol¢} 7 A AyE e H o dx
AEY JlE 2 AFE E A8de vAdE ¢
dREd G ArhaEHdA HABE  EEC

d-platefell E coli ¥& F7hslal 48 2@
A& ghol zHEFAYEe] U FF2AEEA
gEd AEFES Y F U= wWylew

FOAEHE wAY "ol Yt EI 2
£t HA o) AAE A9 AR )
Mete] A8 AAE Aestn =9 a7
AAE orAT FAE HFE M AR,
2449 BE7E w¥stojop & Aot}
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