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Feasibility of monitoring of fluoroquinolones residual
through feather analysis in broilers

Jae-Ho Kim, Mi-Hee Kim, Gil-Ho Ahn*
Gyeonggi Province Northern Animal Hygiene Laboratory Office, Yangju 11459, Korea
(Received 3 June 2020; revised 15 June 2020; accepted 24 June 2020)

This study was conducted to analyze feasibility of monitoring of fluoroquinolnes residual through feath-
er analysis in broilers. The calibration curve showed good linearity (r*>0.99) within the concentration
range of 1~100 pg/kg. The limit of detection (LOD) and limit of quantification (LOQ) were validated
at <0.66 and <1.99 pg/kg in broiler feather, respectively. The recoveries in feather samples ranged
from 94.6 to 114.4% (5.1-15.8% RSD) at the 5 to 20 pg/kg spiking levels. The proposed new analytical
method proved to be suitable and effective for fluoroquinolnes determination. We also monitored fluo-
roquinolones residue in 36 samples (broiler that were slaughtered in Gyonggi-do) using this method.
Among tested feather samples, enrofloxacin and ciprofloxacin were detected in all samples. In muscle
samples, enrofloxacin was detected in 20 (55.6%) samples and ciprofloxacin was not detected.

Key words : Fluoroquinolnes, Enrofloxacin, Feather, Monitoring, LC-MS/MS

M = 3 FHAR BERELY JloH A4S fY EFLE

2 YWado g Qs A A7l of
Ql8-0] X 11EAtH(Engberg 5, 2004; Nelson
2007). BEAME ZAA AGS 75 2o
, HFolA = 7haolA ARESAHIY ARE 52

AR BEANL B2O2AREA YA 1
ST, TFPIE D mycoplasmac] ZT F2Y
AU glo] At 459 Az L oyl el A
= 9FA|o|th(Gigosos 5, 2000; Seo 5, 2002). T 200541 0] A 3]|5FETHFDA, 2005).

ARBEALL FU HF5] A48 A7tE B2 eI E 7o ER02AEEA | A-go]
A2 FFEY 5 RES ANGE ofEer  ZvkshuA WAwol dit BAVE Fsl AV =Y

o & ol mu 4L po
i
4>
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I St op mo oft

=Y, 7oA AREEIL QA 25 Foi7t 8ol th(Kim 5, 1997; Lee 5, 2005a; Lee <5, 2005b; Sung
sto] Amdel, Add & A& % 285 HAF AT S 2008 FHSAPAAET 2013). AL o] A
< flot A ¥E ZROHoR ARSSHL ltked @ ofACl dieh AR A7 FE 9ATHAL, 2000). E
SAHEAER, 2017). 2U, HaTlold ERe2 ¥ 20179 SHSAHAERY 2AF AAE B, 4
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ADL FRSE AH F 50°C AZ0)A] g8
Z3to] A A7HH) YR ek

BEZE Y MY

BFE2 A|Z10FALS] analytical standard grade (Sigma-
aldrich, St. Luis, USA)E AFE3}3iCoH, of7]o= <l
2ESA, AZZBIA, TLRESAM, 29SS
RPAL AFRFEZALAL CheB A, GESAA, 98
2ALY, REESAL, NESAL] BET 2530
EXof AREH A]9F n-hexane (Merck, Germany), aceto-
nitrile (Merck, Germany), methanol (Merck, Germany),
water (Burdick & Jackson, USAY= LCH oA AR
5} 9™, trichloroacetid acid (Sigma, USA) 2 formic
acid (Thermo Fisher Scientific ,USA)S &+ A]9FS A}
B39,

BE28Y Az
E20oLEA BEES 47 10 meH Y
1

o] 100 pg/mL7} H=E REFAHS T
Zhzte] BEAAS ol 5A §AHOE 1 pgmLr} 5]
5% 8)4ste] BEEA0E Agstact EEAUN
HEGNE mE ZAo] gol —30°Co] Hste]
Ago] A8t

ANz 22 U Al

2847 A 489 A& U 779wl
w2} AA| 9] trichloroacetic acid M-S 715t & ofA]
EUEYR ti 4Ee 25K e Aesielt
(Al F2JFEA A, 2020). AA| 1 g2 50 mL M=
o] Fs}o] 2.5% trichloroacetic acid 1 mLe} oA
EYEH 15 mLE 7o) 1027 FE3KE 3 4,400 ¢
oA 20&7t AHEYSIAT. FSAS 7Y A4
Ea T £711 oM EYEZDZISHAL 15 mLE 7}
sfol 13 Al AL T WEL wich obA)
EUEHSZE 50°C o|stof|A] AATMAR EUjiE

BUY3 0.1% formic acid 1 mLo] &9 & 0.2 pm =
o] 7} X| (membrane filter)2 o] 2}51HTh(Fig. 1). AEA|
2 WA A% 71E % 749 AAEE oRE
7335}, 2.5% trichloroacetic acid 2.5 mL& ARES}% O
o, ot EYEZ 25 mLE F& {2 AAEstL &
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2y&AA I 2otE DT AFEA 7| (UHPLC -MS/
MS, Waters Xevo TQ-XS)E ©]-8st] A& AlA|s}
3, Z¥e ACQUITY UPLC® BEH CI8 1.7 pm,
2.1x100 mm (Waters)E ARSI 71719 E4x4A
2 Table 1, 29} 7}, glolg 7 2 242 MassLynx
4.2 software (Waters)S ARE-5}ATY.

| lg of sample with 1ml of 2.5% of trichloroacetic acid ‘

| Add 15mL of ACN |

Vortex for 10 mins, Centrifuge at 4,400 g for 20 mins.
Transfer supernatant to 50ml centrifuge tube.

| Add 15mL of saturated n—hexane in ACN

Shake virgorously 1 min. Discard the hexane layer
and dry under stream of N, at 50T

| Dissolve residue with 1ml of 0.1% formic acid. ‘

Filter with 0.2 #m membrane syringe filter.

NN NN O N

[ HPLC-MS/MS analysis |

Fig. 1. Flow chart of muscle samples preparation method.

Table 1. Analytical condition of LC/MS/M

2

Method validation

31@—4 BT EFREASEA FdEdol HEH
Al & AFA| ZI€ (Blank sampley= 1 g¥ =8|350,
0, 1, 10, 30, 50, 70, 100 pg/kgo] QEE FEgoS

A71eE 3 AA sk RAE ‘](Tlssue standard
curveyZ A/JSIAT. TH2 blank A=e] FEA

Hof| FFENS #7}5}o](matrix matched) ZET} =
cd- %EE SH'—‘E"L —]g }G-}ﬂ O}Oﬂq l-:_El:H —']iz‘]—T
Aekelol 7 HEY WANE 79 T, 872

R I'U
mlo

I lg of sample with 2ml of 2.5% of trichloroacetic acid |

Add 25mL of ACN |

Transfer supernatant to 50ml centrifuge tube.

Add 15mL of saturated n—hexane in ACN

Shake virgorously 1 min. Discard the hexane layer
and dry under stream of N, at 50T

( Vortex for 30 mins, Centrifuge at 4,400 g for 20 mins.

Dissolve residue with 1ml of 0.1% formic acid. |

Filter with 0.2 #m membrane syringe filter.

| HPLC—MS/MS analysis |

Fig. 2. Flow chart of feather samples preparation method.

Model Waters ACOUITY UPLC
Detector Waters Xevo TQ-XS LC/MS/MS
Column
Mobile phase A: 0.1% formic acid in water
B: 0.1% formic acid in acetonitrile
Time (min)

0.00

0.50

3.00

5.00

8.00

10.00

Flow rate 0.4 mL/min
Ionization mode ESI (Positive mode)
Capillary voltage 0.7kV
Nebulizer Gas N2
Collision gas Ar

ACQUITY UPLC®BEH C18 (1.7 pm, 2.1x100 mm, Waters)

A (%) B (%)
90 10
90 10
65 35

5 95
5 95
90 10
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Table 2. Multiple reaction monitoring analysis of two quinoloneses

Analyte RT (min) Precursor ion (m/z)  Quantification ion (m/z)* Identification ion (m/z)* Cone (V)
Enrofloxacin 3.5 360.2 316.2 (19) 203.05 (35) 50
245.1 (26)
Ciprofloxacin 2.9 3322 288.1(17) 245.1 (22) 45
314.1 (18)
Norfloxacin 2.7 320.2 276.2 (16) 233.1(23) 40
Pefloxacin 2.8 3342 290.2 (16) 233.1(22) 50
Danofloxacin 32 358.2 96.1 (23) 314.15 (15) 50
340.1 (19)
Ofloxacin 2.7 362.2 318.2(17) 261.1(25) 50
Marbofloxacin 24 363.2 72.1(22) 320.1 (14) 45
Sarafloxacin 3.6 386.2 299.1 (24) 322.1(21) 50
Orbifloxacin 3.5 396.2 352.1(16) 295.1(23) 50
Difloxacin 3.6 400.2 356.1 (18) 299.1 (27) 50
*Collision energy (eV) is given in parentheses.
Table 3. Linearity evaluation and sensitivity data for the FQs detected in this study
Feather Muscle
Analyte 3 5
R LOD (ng/kg) LOQ (ng/kg) R LOD (ng/kg) LOQ (ng/kg)
Enrofloxacin 0.9960 0.26 0.78 0.9964 0.33 0.99
Ciprofloxacin 0.9906 0.49 1.51 0.9959 0.41 1.25
Danofloxacin 0.9954 0.26 0.78 0.9934 0.14 0.43
Difloxacin 0.9959 0.41 1.24 0.9971 0.36 1.09
Marbofloxacin 0.9963 0.11 0.35 0.9905 0.25 0.76
Norfloxacin 0.9955 0.49 1.50 0.9952 0.29 0.90
Ofloxacin 0.9907 0.66 1.99 0.9931 0.23 0.73
Orbifloxacin 0.9923 0.10 0.31 0.9991 0.47 1.42
Pefloxacin 0.9923 0.31 0.96 0.9886 0.52 1.58
Sarafloxacin 0.9964 0.34 1.02 0.9977 0.50 1.52

= 31

U] A}

sto] BETAS Akl HETA (LoDt FF
HALOQE 7 FEE Al 94 FUsto] et &

TFAE o&stlon, 33 o] F5kitt. LOD=
33xyHAHEZHA 77| B, LOQ=10xyZdHEZH
ZH71€71"H . o]H Ad9] AAS correlation co-
efficient (R%)2} LODs, LOQs:= Table 33} 2t} A€ 9]
Bt IEE2 94.70% (UEFAM) oA 114.44% (o
LEEAMKDS HAFH. ZE Y Intra-day?} Inter-day
precision Z+Z} 9.27%, 15.82% ©O|5l2 &2 HiEAJ 7}
ANAdS HEFTH(Table 4). Z59] Hat 34
97.67% (FH=EFAMDRIA 116.76% (IHEEFAM])
9] HAFY. 259 Intra-day?} Inter-day precision™=
217k 3.49%, 9.19% o|stE £ WHEAT} AL
LEFATH(Table 5).

o
=
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371 W =AY =59A SACNA AFSE A
29 52 HeR EREFAEEA Tt=Z

g AAE APsPoH, AZEZAIT A

AZZEZ2A A2E it 1 ZA3= Table 67}
2.
ZEo] AL AAE AYst 127] BF 3658 RE

Az oA ﬂi%%*w# ARAQl Al Z 2 EE AP 0]
AEEAT T8 A2 EZAKIC] 2] 548 5 10
N 57, 2050004 HE(55.6%) EoH, *liigé
AL HEEA oodth E8olA HEH M B2
2 164 ngkeelom, o= 7 Z8olA A=E
EAH1S] HF5-87]12(100 ngkg)E e W2 Ftolql
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Table 4. FQs recovery and precision intra-day and inter-day from feather samples spiked with FQs

Al Recovery (%) Intra day precision (RSD%)* Inter day precision (RSD%)f
alyte

g 5 (ngkg) 20 (ugrkg) 5 (ngkg) 20 (ng/kg) 5 (ngkg) 20 (ug/kg)
Enrofloxacin 102.65 107.38 7.60 1.90 11.19 7.24
Ciprofloxacin 97.15 100.41 7.53 1.53 8.50 9.33
Danofloxacin 102.23 114.44 1.55 4.92 6.84 12.18
Difloxacin 94.70 98.62 1.06 7.37 15.82 13.69
Marbofloxacin 98.82 101.86 8.40 1.35 8.95 10.33
Norfloxacin 95.10 102.66 1.56 3.99 7.29 6.49
Ofloxacin 99.98 98.57 2.09 1.65 8.88 7.92
Orbifloxacin 94.68 98.94 9.06 8.90 9.87 10.76
Pefloxacin 105.54 101.08 1.21 2.34 9.90 5.09
Sarafloxacin 98.73 93.63 9.27 1.73 8.77 14.45

*Number of replicates=3. "Number of replicates=9.

Table 5. FQs recovery and precision intra-day and inter-day from muscle samples spiked with FQs

Recovery (%) Intra day precision (RSD%)* Inter day precision (RSD%) f
Analyte
5 (ng/kg) 20 (ngkg) 5 (ng/kg) 20 (ngke) 5 (ug/kg) 20 (ngkg)
Enrofloxacin 107.17 101.26 1.10 3.45 5.31 3.69
Ciprofloxacin 106.67 102.30 1.77 1.43 6.35 224
Danofloxacin 97.67 99.90 3.49 1.10 9.19 1.89
Difloxacin 102.60 101.58 1.26 242 4.40 2.47
Marbofloxacin 116.76 104.31 0.83 1.20 7.46 2.82
Norfloxacin 108.90 103.11 3.45 1.63 7.75 3.53
Ofloxacin 111.72 104.97 1.87 2.12 6.40 3.53
Orbifloxacin 102.57 100.47 1.31 1.92 3.19 225
Pefloxacin 111.06 103.78 2.83 1.64 9.43 4.11
Sarafloxacin 101.20 98.79 3.05 1.16 3.33 2.29
*Number of replicates=3. "Number of replicates=9.
i g' 10~100 p.g/kg A9 70~120%)S X% THEo1ic)
olwH AYNRE 08T Z2oEALEA MY
B A3E 7209 AREEA] dFRl IZEZA o] H3kl Aoz FRIF L
Ao U B3 gotel ADARE BF A4 DA ANT AR A4 AR EAH 2
7 AFARIA] s AR, E3F SikEolA H ZEAIR 55.6%14 AREFAMIC] HEEHUAL
EFLEAEEAE AAt TR *—.%%’14 4 AEAEE= 100%2] &2 A A-BARE 5T
AEe 7120w Sto] Zvte] ZH] L MEY WY @ A¥ol 2% MBS BY AP o B2 42EL
ol Btz AR Z-Eo] TFsTAo HME HES} l‘i‘iiﬁ}. Park 52019y HAALHZ o]-&tt =AA
=3B

17 59T Alg & BN AzxE AEE &
3] 7] ot TEAIRE HAleHE WHETH 2.5%
trichloroacetic acid, acetonitrile2 ZFZF 2 mLe} 25 mL
& F%oto] Aldstaith Al A5t 21 0.9
oJA9] &2 A4S HYon, A&ESH = 0.7 ngkg
ols}, AL A= 1.7 ngkg olstz £2 ATE EA
THTable 3). 312~8-2 94.7% o]AK(Table 4)©.8 CODEX
oA At B 3]58(1~10 pgked A 60~120%,

A AFHT A I ARY JARESAH] FE0]
233%2t1 B3 3lEd|, E AFNE 28 HAE
E0| olHT= =T
AZZZAMAIS 10 mgkg FEE 3U7
3} San Martin 5(2007)9] AgoAL &
A7 A= 253 A4 H|5:gh 4
Aoz wystyct 1Y TOk JE‘—O— L5014 A
g Ho ¢ wl=A EE Qo 9
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Table 6. Concentration of FQs (mg/kg) found in slaughterhuose samples

Amount (ug/kg)
Farm Slaughter day Sample Analyte

nl n2 n3
1 32 feather ciprofloxacin 36.1 15.3 27.1
enrofloxacin 117.6 63.4 96.4
muscle ciprofloxacin <LOQ <LOQ <LOQ
enrofloxacin 6.6 2.3 16.4
2 45 feather ciprofloxacin 25.0 244 21.8
enrofloxacin 111.3 139.5 105.2

muscle ciprofloxacin - - -
enrofloxacin 1.1 0.9 1.1
3 30 feather ciprofloxacin 19.3 29.2 232
enrofloxacin 141.5 374.7 187.1
muscle ciprofloxacin <LOQ - <LOQ
enrofloxacin 4.0 1.5 11.7
4 36 feather ciprofloxacin 2.6 24 22
enrofloxacin 56.4 16.4 22.1

muscle ciprofloxacin - - -
enrofloxacin <LOQ 1.3 <LOQ
5 35 feather ciprofloxacin 33 5.0 5.4
enrofloxacin 17.8 37.4 35.8

muscle ciprofloxacin - - -
enrofloxacin <LOQ <LOQ <LOQ
6 34 feather ciprofloxacin 3.5 5.6 5.6
enrofloxacin 80.9 55.5 53.2

muscle ciprofloxacin - - -
enrofloxacin 1.6 1.0 1.9
7 32 feather ciprofloxacin 2.7 8.9 9.6
enrofloxacin 18.5 46.7 53.6

muscle ciprofloxacin - - -
enrofloxacin <LOQ 0.9 <LOQ
8 33 feather ciprofloxacin 9.8 5.3 <LOQ
enrofloxacin 382 62.4 454

muscle ciprofloxacin - - -
enrofloxacin <LOQ <LOQ <LOQ
9 36 feather ciprofloxacin 223 22.0 16.0
enrofloxacin 122.9 115.6 100.8

muscle ciprofloxacin - - -
enrofloxacin <LOQ 1.5 44
10 36 feather ciprofloxacin 17.7 16.0 10.1
enrofloxacin 65.4 87.2 52.3

muscle ciprofloxacin - - -
enrofloxacin <LOQ <LOQ 1.8
11 34 feather ciprofloxacin 42 29 49
enrofloxacin 23.1 25.6 244

muscle ciprofloxacin - - -
enrofloxacin <LOQ <LOQ <LOQ
12 31 feather ciprofloxacin 17.6 26.3 28.1
enrofloxacin 80.9 95.8 113.2

muscle ciprofloxacin - - -
enrofloxacin 6.6 14 1.4

oF o] A9 AUHYT ALeIHE 3040 pghe
Fakik. oA A4S wet Aol
%2 529 AZESA TR sl Loper
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AN w2 T2 22T = k= Aot} Eg
ol mA] A (uropygial gland)ollA] Yo+ 7|5 &9
FHES ° &80 Abgshs &4 "] o] <F
A e LHdE = ASS AALeEIT
WD2EFAMIZ 10 mgkg =2 397 25 FA
gk San Martin 5(2007)2] AdofA= 9¢ & ZEo

A A2EZAMI0] 30~40 pgkg +E2 2 A7,
10 mgkg =2 5U7F 4 FoI3F Haag 5(2016),
Maria 5-(2019)2] A olA+= 99 & LA A2E
FAMI0] 95% ol AAEU. SHAIRE = A9
ARSEHE o] ARO|AL HIg S R B $42 A%
o 2ot 29 AFE B3l oFAl 2ol e HL
Zdo] #£Ho] QHE 4= Uk o] wZof AlolA| A
& AR 71 717 5 AolA AR EF AP0
AEE 7ol Aot SA ol 73t A2ES
AALE S0l A W77 240 w127 ~38.1Y
oj, A|ZFZZAFALL 1.2~82Y0|tk(Slana 5 2017).
AAZ AubsAolA AZEZAM] FoF & ZIE o)A

T
2 AR E2Ab4lo] HEH UK Larissa 5 2017). =
2 87 FgolH BE dZIE2AAS 24% H
&

01% Ag

o % 9.

| {27128, A2 A
% BAokze] mUEY
o & Q7o AAEe
Kol AgRTIA THEolAe] ARBEAM AEFA
ARg wrt wel AHA|D aREon BT 4
Sl Foltt. Eat 7Y AAE B HREL A
Z2 02 EEA FE 0|Yof| & tetracyclines, macro-
lides, lincosamides, sulfonamides, tylosin 2F& 5 T}
ot FEE9] HAAlE 48T 4 lth(Berendsen 5,
2013; Cornejo 5, 2017; Larissa 5, 2017; Comejo &,
2018; Pokrant 5, 2018). © Uol7} A8 E3F A
Al 274 AR AEA Y F38A 1S Sl 4
£F & A& Aot o= 7IEY AMI=E
ASHET ¢ AFE =2 15 AAMHCE &
A=

gl Y i

i
ok oft
L

L
-
L

(¢)

2 £

o AYn TEARE ERQEAEEA BAE WY
sttt 54 9 354 AN An 28el4E 107
5% 2054 AZBZA0] 4 H9om, An

EEEAMKIE ASEHA gdth A9 B9 1271
A9 BE AROA ARESAMIT AZZEEA}
Alo] AEHSH. & 549 A=2EFAM] FoF o7
£ ddohet 252 B3 AR AEE ol&gt
AAPE H 84S & 5 ATk ES A2 V&
o] 5o thgt AlE5A 9] AR oNA] 2.5% trichloro-
acetic acid, acetonitrile AT Z8Fsla] =345} 7]
2o @Al AE HARE Z=dst=d of#=ol
A2 Ao7 AR
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