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Abstract; In this paper, the research progress of the determination of residues and metabolites of two commonly
used quinolones including enrofloxacin and ciprofloxacin in broilers was reviewed. The research methods mainly
included high - performance liquid chromatography, liquid chromatography — tandem mass spectrometry, colloidal
gold — labeled monoclonal antibody, and competitive inhibition method. The differences and similarities of
enrofloxacin and ciprofloxacin metabolism, distribution and residue elimination in different types of broiler were
explored, and the metabolites of enrofloxacin and ciprofloxacin were summarized. The purpose of this review is to

provide a reference for further study of quinolone residues and metabolites detection in different types of broiler.

Key words: chicken; antibacterial drugs; metabolic distribution; residue elimination

EEWHR: EFARP#H4 (2018YFC16023) . (31871891)
B/ RS, R4 R e E R 5E
EIFAEE: BE W, E - mail; chengang)d1@ caas. cn



- 82 - o B 2 2 5 2022 4F 3 14 56 555 3 0]

Chinese Journal of Veterinary Drug

WETHIR S 25 W) R Eh W e iz Bt A R 2
— EANTTESh Y b i 2 A R R T AN B R | T
B R YL FPE S & I sh W i A e sk ) R
KA 53 ARG SR PR 2 | AN 1% 75 Wy A1 PR A Y
TRIER  FAAE B AR 425 S04 R AT, IRl
T EUR WA AN, T 30K [ A 73 5 v A7 A 4
Kb aiRit  FEahaRph i AyER,
VA RAE S 2 b e RIGIT G , 8038 7 25 0 A HE
W22 A 225 sh , T e S 30X b b = AR
WYRE AT M E N T, AXFEY
AR S B A AR, an i B ) | BE A R DA
AR R R BB 25 NS, S 3Lt 24
PR (0 B0 398 o ot 7= A A TR 24 )R o TR
XL HE T S T i e A R
e B B4 & ( Maximum Residue Limit, MRL) f¥)—
FRAVBCR A L, 45 AR A ) R A b Y
MRL, LA i 6 X6V 2 2 ft B e i XURS: . 4R H
HIHE ) MRL H PRSP A 9 (biE ) sk
BT AR | At R 0 AR R A R g
5 A YY) O EAE T A SACEIE L, A A
FEED b r Y BB V0 B R R TN Vb L R KAk B R
(GB31650 —2019) L, PRI, A7 022X 3k 26K
HCHH Y AL A TR ST, DL T AT e A (g
R 7 A AR DG T P B8 A 3 5 ), 3l ™ A R e
SERDC-O AR BT B 5 H RV B WA
FH e i T 215 245 40 7 PR VS A PN 8% 7 5 AR 4 A
J5 1T (W58 07 ik R A - AR A (i i A £
T — FRIBC BT RS AR G b 1 B e BT A4 B o 41D
W) BB I TR B D B RN T R AE
AR X AR A3 A 5 5k B T BR AL Y S [, Ry
2L AIF 9 v T T 248 245 ) AN [m] it el PR RS v ) 3%
ST IL Y SalllEret e
1 BEDEMARDPEEABFIEMN
3
1.1 St e i (HPLC) % & 80RAH (43 B
AV T O R R AR T ] N R4S H R
A, E SRS SR 40 HS, (KRB N 1.5 +
0.2 kgl HP AR LT 100 mg/L BE TS B KoK %4

=R gl

25, 0RIK T d JE, WL AT A 28 A0 JAG
Ja AR AENLA B REAE 205 7 d A2y
JG 3 d A girh, RO U B AR R KT e
MRL, Jf HRUITEZ ARG I I v i) % P
THUA K T, 25 9 76 JFF E o 3 B o ol 9212
Garcia — Ovando H %" JF & T — Fl 42 BURN 0 AH €2
T E XS L P R VD AR B B BAR . LA A
FH SR GE A Eg O =25 SR L LA v 43 B8 B
TR K BR (LOD) &y 0. 00048 peg/mL, 5& & FR
(LOQ) 4 0.0039 wg/mL, [FICR-144 86. 67%
Hor L0 # ST B9 HPLC W] [) Bst G 00 X8 1f 3 b AL
OB FIIRIN VD B B8R B R ) LOD 5 LOQ
3 R 0. 01 pg/mL 5 0. 05 wg/mL, [0l 4 & 7E
87.26% ~106.36% ,

Aslam B %1 SEH] HPLC 500 A (n =75 ) FIIF
JE(n =75) K i v B VD R AR BR RS U A o
LT VD B B R 34 8 BR U B 43 5 R 208 =
55 we/kghll 527 + 84 wg/kg, ZEWFIT R, 52% Y
PIZSA 78. 7% (1) BT I FE A X S8 v B 22 BH
58.3% RIF 71. 2% JF LA it 5% B2 Wk B = F MRL,
it PSR AZ 75 Y i P S RT R £ 5 RS T 2 4 L
H ELXF 2 L FREAL ORUH . Verma MK 251l
Tk AR B FIEG BT RN RS (AL
A I B IEFIART ) o 2345 2R 7R ,43.58% 1Y)
RNZEREAT B VD B 2 FH 1, 38. 71% R ke A XS
WNVP R B, Horp 45, 17% BORE Sk I S T
BETE B MRL, 50. 28% FORE b ik i i T3R5 b
B MRL, R, AT LA H 2538 760 A Hp (A s st
BB RIS 0] B2t 15 G, S 80N 9% 3 7 AL
2y XA S A BB
1.2 At - BRI (LC - MS/MS) %= N
TARAS TN HE RV B , I AR O 3 5
Tk AL RS 1 S Arslan — Acaroz
D 2 g It LC - MS/MS J7 W B E XS BT RERE &, 7
AR R 1.17 mg/kg (RIEVP ) F1 1. 24 mg/kg
(AT ) . 43 53IHE 39% F1 31% AOFE S A I 3]
RET BRI VD B, 45 5 R BT A XS IR e g g
A= B8 R KT SRR T R 1) e KB B KT



25 AR5 2022 4E 3 A 2R 56 4555 3 1

Chinese Journal of Veterinary Drug - 83 -

Zamoum R 25151 SRH LC - MS/MS 3 K61 1 48 72 X
PR A R s s A S 1 5 B, 151 XS RE ok A
B SR KRG A 38 3 X 17 A3 T Y 30 N B S,
SRR, 2D 439% WRE A TP AATEDUAE 2 T
KW I A B ITS QA 43 TR 26.5% e
Hh EETD AL 19.86%

WAL ST Y HPLC — MS/MS 5 5 ) 7] 78
X AT M2 20 e ) B 27 o S IR 2R 25 (%
B B S5ANE) & i, Martin B S %7 ik
B RA P R AF XS, 647 T 10 me/kg 1Y BIH TS
EWLATE S, 28 HPLC — MS/MS ¥ | 254 5% /8
YIM% T BR B AN H K MRL, #0207 2508 gl 57 iy
HPLC - MS/MS J5 i a] f i B it v B 5N v B 7
X RG] A S sk R, 7Y LOD
5 LOQ 758 1 pe/kg 55 weg/kg, WP 254 i F
YIRCRIEILE 75.5% ~106% 2 1],
1.3 BAEEFLERBREREFME % BRI
S P AR B P U, B E TR, SE A v
il AT BELRSH I 42 55 T 45, DA T S DR 174 35 5
(A I N S 9 W QN S TR ] 2 R N
T I G DN PRI XS v SRR S 24 ) DR 2 T
R v T S (B VD B IR IN T LA 10 B 4T
A= R IR B AR 4 g% AT AC 5%, UL HAR 259
HERVAST il YT A e = VAN QN R L A
SR 15 PSR S 245 K 8 i FHE 2%
U G A 4 DR RS 4 T B T, R B R
AR RS S 5 T S A 2 AR B AT R A R
PERBUE FRUE e, ELERVETR o R | 3 A R
Bk, Ha M S %6258 2 6 Y kbR ic i ok 5
R B L a6 i b i Bk b B 5 ok
& B W) BT 7D B (enroMPs) e 4+ 45600 B L $L
T, 256 B U B AR 23 Hh BB R AG I B T
B TERAERMT, B TD ST mi s 253 Hl vk
FERLHE S 1 ~ 1000 pg/kg, B VA T4 4G 00 R i
R R 5 we/kg F120 pe/kg, B BAK Tk pk
PR, o 7 B 9 SR BT VL B AR AR TR TR RN
XS ARE S IRy 43.4% ~62.3% , H T HR
B RS TR B R DRGH M R AT B A

J5 AN A AU 2 b ) RV AR A
1.4 H At ¥ %  Panzenhagen P H N %5220 fiff
LA T BV R ELISA #llik i &5 LC - MS/
MS AH LRSI PR S 20 21 R VD L A% B R0 . A
6 ™AIF Y B 2R 72 SRR IR XS 4,
ELISA 1 HPLC # FH ok % 5 F i AL AR X L v
BiE Y, B3k 2% B HRE S A B A
ELISA #6:0 E (4 5% B8 W 22. 2% 5% B P19k LC -
MS/MS il ), Frf st LC — MS/MS i I £ 19
R VD BAR BR B A S Gl o ELISA W 2 M, X
SERHRIESE T ELISA MK AR0R , 280k H 1
FEMLh BT AR R R0 vk, R B 2
PR NS AR LS MR

Barrén D 252 3 T —Fh DL Dk Vb BN N R
SRS LA H R U BRIV B TR . RE A
) A N e 4 38 Ao [ AR A2 G T, IF (6 A —
AR A R 1) s T 25 3 3 B A0 A L UK A T s, R VD
RPN B R MM L AE 10 ~ 300 wg/kg 10 Hl
PR, BT BLRIER T VD B 1 5 12 IR 433l
H74% F 54% , X W Fh GG P A TR A T
25 wg/kg, X FOVFAEIT R 00 55 Kk B PR A0 BH
AILAIRESL . Rasheed C M 4EP4 JF & T —Fhogh @i L A
B PR N TTIZ BTSRRI A R T
W BB B, — B 806 B e B v
BRI ENE N 0.3 ~31. 0 pg/kg, IR ALE
93.01% ~103.67% B Bl , %77 2% FH Tl € A
()X AL PA) | JHF R AR A o v A X S A 3R
2 BiEDEMRADEERSELAENHAR

PRELR S R ER ARG B 5, 2
PIFEARIN T2 0 A, 25 25 5k B mT e 15% ~
50% W I 2590 5 I E S v BEAR TN bR 1 i 42, &
BRI PRI B R o R T B AR
Y 5 HE R IRE G, AN ETE 1.8 ~2.0
kg XSGR 2B L BN E S
SEIEIRYD A, Slana M %7 R HPLC 858 T
PRIRGESE 5 d FIRE T B AT AHER 5
IFIESE T EIEY B RN R O R
WP EL(DES - EF) fl & O AN Vb & (DES - CF)



- 84 - 2l 2R 2022 4F 3 H 5 56 55 3 11 Chinese Journal of Veterinary Drug

AT, BB EIOKAZE 1 ~13 d, BiFD A
S 1 RENE 13 R =2 UIRHA LA P e X
He o 7E55 1 RES 6 K AHEM Yy bkl 2] 348 79
bR /PRy 2 DES - EF 52 DES - CF {434
FERS 1 REEE T KA 1 RES 6 KR, Morales —
Gutierrez F J 227 g LC - MS $ AR % E T A LA

o O

I/\:@f:])‘orq

>

jr—

~oN A >

B
Chemical Formula: CygH; FN;0;
Exact Mass: 359.16

TR VD B S R TN VD B BT IR S R e
(TPs) , &5FAGI T 21 Rl EIEVS B TPs, 6 FER
VDR TPs, UK 14 MR8, IR M -
W A 2 i . Y TP, A B R A I ) HL b AR g
7/ UL STEAS (ST S RIS RS 7S )
RGRIEAL)G 1774

o ©

F ] OH KA E
(\ N N Chemical Formula: Cy7H|gFN3;0;

Exact Mass: 331.13
SO

o O

F
|/\ N N Chemical Formula: CysHagFN;O;

Exact Mass: 333.15
A

F
(\N N Chenncal Formula: CgH;gFN;04

Exact Mass: 319.13
HN \

/I | OH fRigvb e
Chemucal Formula: CysH;FN,O;

N
Exact Mass: 320.13
HN \

F P
‘ OH WP
Chenucal Formula: CygHFN3Oy
(\N N Exact Mass: 361.14

F ot B
| OH i 2
H N Chemical Formula: Cy1gHyFN303

Exact Mass: 357.15

o O
F
| on ey it
L
N N Chemical Formula: Cy¢H FN;Oy
H Exact Mass: 305.12
S

E1 BiEdbEFEREHE~Y

Fig1 Main metabolites of Enrofloxacin
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Fig 2 The main metabolites of Ciprofloxacin

M2 75 25 O IR 9 e B JBLA U B JRR Y
PRSP AR A e, AR, 0 P U0 2 1 JRR S B P
PN AR L AL ABEAR , b BT v 2 22 TPs 15 LA
VR RL, A B B R 2 K
VRS B T IR AR T P S A 1
KA S R v B B A 0 b R A DU o R
NP EE T R U B ARG v i 32 A ™ ) i
FEAERAN [ D AT BB phy T 5295 % ) AN [7) i o g
Al IS T RIS RN B A BR R AN ], AT
AE AN TRIASE I FRF 5] A5RS04 f) AT 5 B AT R 22
S, B BRI C AR BLSR

Turnipseed S B % #E57 T VUM ©ATHTA] (Q —
TOF ) WA A3 — i (LC — MS) 43 Hr 224 5% B 4 4k,
75, RIUE YD B 2R R RN A, O —
b5 BT BN ] B G o TR 2 24 W, 3 o AE 2R 8
T PP 2 EL A R TR) o 1) S B T £ 5 4, e ¢
TEW SR B4R — CO, Fil — C,H, NO, AR Xt
AR BT B M0 S - ANADON A %501 25 A B
UK S A IRV B (8 mg/kg) , g FRTH
B AR Y B 25030 0 2 ek . bk T S5 N
ARG 25 G, KRB — i [E] ph 48 B — 2 FF o
RIRHIE, RNV EERAL N ANV B A 2



- 86 - o B 2 2 5 2022 4F 3 14 56 555 3 0]

Chinese Journal of Veterinary Drug

IR R, O IRV B (%L 3 d 8 mg/kg)
I, 22 BUAH 24 22 (0 B J0E R IE L JUL IR R B JER A I 20 21
S AT B IR IS IRV BRI 2
IRV, Haag G %R THFFE ARG P B
WD R/ RN T BRI 258 012 ST RO
P — Dtk e I e PO XS P16 rh sk B 1 TR
VRN VD AL TR X e 25 76 AN 2B A 4
TR ie], AF 98 45 SRR WIAE 9 d PN7ER T ARG 215X
PIFMEEY) . XFI AT AR R APk | ik
M, HERA B RORS 2% 8 W A 5T B B b R
B/ RN T B 5% B 7 LA R H
3B E

2 RBESE S H AT HE 09 B BN
PR MRL H BRI T 28 20k 32 200 2 R4
PR, B v B E AR RN A KL
IRV B BB T 2 Ak B AR
WA RN B F 2R A R B R A |
W vD B R R LI B A R
U T A W 5 35 /0 DRG0 3 X6 3
AN R ) £ ST A S B BIFSE i | DA SE 3%
FUARXS LA A, R BAE 2020 fi( b
PZH LY 5 GB31650 — 2019 F R #2 K 3R R Vb AL
(8 P I R A, A DGR A TR DG S B0 A 5 8 382 A L (1)
FORMNES . BT, R ILBUDH 25 W0 1E S B XS A PN ) B
B T 3% Ao ) 2 3 7 A 2SR A 2 i R
F T S0 T I 25 245 oo v R S S B g R
PSR 2 BRI T T 28 25 ) 78 50 iz i
R VLD PN B e B s W T PR ke T AT
L 90 P (2, 28 B DR TG 1) A O S 3 A 5 afE — 25 4y
BT AR B A 02 i EAR S A

SR

[1] Blasco C, Torres C M, Picé Y. Progress in analysis of residual
antibacterials in food [ J]. Trends in Analytical Chemistry,
2007, 26 895 - 913.

[2] Stolker A M, Brunkman U A. Analytical strategies for residue

analysis of veterinary drugs and growth — promoting agents in

(3]

(5]

Le]

(7]

(8]

[9]

[11]

food — producing animals—a review [ J]. Journal of Chromatogra-
phy A, 2005, 1067 15 - 53.

BRoRAR, 25 05, MR, 2020 ST P RG 7l ] 55 5
H[J]. hEFRKIE, 2021, 57(5) ; 253 -258.

Chen L H, Li J, Wang Y H. Review and Prospect of China’s
White Feather Broiler Industry in 2020 [ J]. China Journal of
Animal Husbandry, 2021, 57(5) . 253 -258.

Fabrega A, Sanchez — Céspedes J, Soto S, et al. Quinolone
resistance in the food chain [ J]. International Journal of Antimi-
crobial Agents, 2008, 31, 307 - 315.

IR, 200, TRLT, . R v 2R g g e
[J]. bRl S S A5 iE, 2015, 5(02) : 65 -74.

Tang X Z, LiZ X, Xing L H, et al. Research Progress on metab-
olites of enrofloxacin[ J]. Chinese Fishery Quality and Standard,
2015, 5(02) : 65 -74.

Liang J P, Li J, Li J T, et al. Accumulation and elimination of
enrofloxacin and its metabolite ciprofloxacin in the ridgetail white
prawn Exopalaemon carinicauda following medicated feed and
bath administration [ J]. Journal of veterinary pharmacology and
therapeutics, 2014, 37(5) : 508 -514.

A, K AR AT R ORTERS MR P 5% B T LT
FELI]. EHMAON, 2018, (5): 66 -67.

Gao X M, Zhang Z. Study on the residue and elimination rule of
enrofloxacin starch microspheres in chickens [ J ]. Jilin
Agriculture, 2018, (5): 66 —67.

Garcia — Ovando H, Gorla N, Weyers A, et al. Enrofloxacin
Liquid — Liquid Extraction From Chicken Muscle and HPLC
Detection [ J]. Journal of Liquid Chromatography & Related
Technologies, 2000, 23(15) : 2391 —2397.

HE R, B R ERAE 1 H A 32 M & 24 32 i o
[D]. #MK, 2020.

Zheng Y J. Study on the tolerance and pharmacokinetics of
Enrofloxacin injection in 1 — day — old chicks[ D]. Yangzhou
University, 2020.

Aslam B, Kousar N, Javed I, et al. Determination of Enrofloxa-
cin Residues in Commercial Broilers Using High Performance
Liquid Chromatography [ J]. International Journal of Food
Properties, 2016, 19(11) : 2463 -2470.

Verma M K, Ahmad A H, Disha Pant D, et al. Screening of
Enrofloxacin and Ciprofloxacin Residues in Chicken Meat by
High - Performance Liquid Chromatography [J]. Journal of Phar-

maceutical Research International, 2020 64 —69.



R 25 2Rk 2022 4E 3 H 4 56 B4 3 1

Chinese Journal of Veterinary Drug

- 87 -

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

Garcia M A, Solans C, Hernandez E, et al. Simultaneous
determination of enrofloxacin and its primary metabolite, cipro-
floxacin, in chicken tissues [ J]. Chromatographia, 2001, 54
(3-4).191 -19%4.

SR S 14 RhnE TR R 2454 5% BRI O VR MORH (3 -
P/ B k. GB/121312—2007 [S].

Determination of 14 quinolone residues in food of animal origin by
Liquid chromatography — mass spectrometry/mass spectrometry
method. GB/T21312 —2007[S].

Arslan — Acaroz D, Sozbilir N B. Investigation of Enrofloxacin
and Ciprofloxacin Residues By Lc¢ — ms/ms In Chicken Liver
Marketed In Afyonkarahisar [ J]. Veterinary Week, 2020, 67
(2): 137 - 142.

Zamoum R, Chebli A, Djerroud D, er al. Analysis of quinolones
and Sulfonamides in meat by LC — MS/MS [ J]. Toxicologie Ana-
Iytique ET Clinique, 2021, 33(1) : 64 —73.

WRHNTE. X TR P2 20 27 Flnds v 25 25 W) RO AE €6 5% — T 1%
I BRI D). EERILRY:, 2017.

Pan L. H. Study on the detection method of 27 quinolones in
chicken edible tissues by liquid chromatography — mass spectrom-
etry [D]. South China Agricultural University, 2017.

Martin B S, Cornejo J, Iraguen D, et al. Depletion study of enro-
floxacin and its metabolite ciprofloxacin in edible tissues and
feathers of white leghorn hens by liquid chromatography coupled
with tandem mass spectrometry [ J]. Journal of Food Protection,
2007, 70(8) : 1952.

INLYE, AR, T I, 55 R RURAH G R - BRI TS R A
MXGEAGLH A rh B B AN EREHIIRT]. hE
FE, 2020, 42(7) : 54 -58.

Sun HY, Bai Y H, Yin H, et al. Detection of Enrofloxacin and
Ciprofloxacin Residues in Eggs and Chicken Tissues by High Per-
formance Liquid Chromatography — Tandem Mass Spectrometry
[J]. China Poultry, 2020, 42(7): 54 —58.

IMGEUg:, (EATR, B4, S YRGS R TR R 2 hU A
RGN AR SRR ], BRI EF RSB, 2018,
(19) . 208 —213.

Sun X Z, Ren KT, Hu Y J, et al. Colloidal gold technology for
rapid detection of fluoroquinolone antibiotics in broiler tissues
[J]. Heilongjiang Animal Science and Veterinary Medicine,
2018, (19): 208 -213.

EHE. BiR R GBI AR G PR R AR A B [ D]
RUBHRA:, 2012

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Wang X X. Development of Enrofloxacin Immune Colloidal Gold
Rapid Detection Test Strip [ D]. Tianjin University of Science
and Technology, 2012.

Ha M S, Chung M S, Bae D H. Simple detection of residual
enrofloxacin in meat products using microparticles and biochips
[J]. Food additives & contaminants. Part A, Chemistry, analy-
sis, control, exposure & risk assessment, 2016, 33 (5):
817 -823.

Panzenhagen P H N, Aguiar W S, Gouvéa R, et al. Investigation
of enrofloxacin residues in broiler tissues using ELISA and LC -
MS/MS [J]. Food additives & contaminants. Part A, Chemis-
try, analysis, control, exposure & risk assessment, 2016, 33
(4): 639 -643.

Barrén D, Jiménezl.ozano E,Cano J, et al. Determination of resi-
dues of enrofloxacin and its metabolite ciprofloxacin in biological
materials by capillary electrophoresis [ J]. Journal of chromatog-
raphy. B, Biomedical sciences and applications, 2001, 759(1) .
73 -79

Rasheed C M, Fakhre N A, Ibrahim M. Simultaneous Determina-
tion of Enrofloxacin and Tylosin in Chicken Samples by Derivative
Spectrophotometry [ J]. Arabian Journal for Science and Engi-
neering, 2017, 42(10) ; 4453 —4463.

WRBCHR. P23 25 = (M. i A AL, 2009.
269 -274.

Chen Z L. Veterinary Pharmacology Third Edition [ M]. China
Agriculture Press, 2009. 269 -274.

Slana M, Pahor V, Maricic L. C, et al. Excretion pattern of enro-
floxacin after oral treatment of chicken broilers [ J]. Journal of
Veterinary Pharmacology and Therapeutics, 2014, 37(6) : 611 —
614.

Morales — Gutlerrez F J, Hermo M P, Barbosa J, et al. High -
resolution mass spectrometry applied to the identification of trans-
formation products of quinolones from stability studies and new
metabolites of enrofloxacin in chicken muscle tissues [ J]. Journal
of Pharmaceutical and Biomedical Analysis, 2014, 92. 165
-176.

Wi, x|, B 25, 55, w2 2 M) 2E RS A N 1Ak
FARERLT]. WA, 2016, 28(5) @ 736 -742.
Liu A C, Liu C, Zhao Y, et al. The transformation and distribu-
tion of quinolones in Maji [ J]. Journal of Zhejiang Agricultural

Sciences, 2016, 28(5) : 736 —742.
NEFRT, 2SR, M, 55, B vb RLTE M B I IR I



- 88 - Hh [ B 2k 2022 4 3 4 56 B 3 1

Chinese Journal of Veterinary Drug

JRAS R i 25 Al sh s ()], T E
2002, (1): 3 -6.

ox
&l\#
%
&

Ying X Y, Li D J, Tian HY, et al. Pharmacokinetics of enro-
floxacin in healthy and Pasteurella infected chickens [ J].
Chinese Journal of Veterinary Medicine, 2002, (1): 3 -6.
Turnipseed S B, Storey ] M, Clark S B, et al. Analysis of veteri-
nary drugs and metabolites in milk using quadrupole time — of —
flight liquid chromatography — mass spectrometry [ J]. Journal of
agricultural and food chemistry, 2011, 59(14) . 7569 —7581.
Anadoh A, Martihez — Larranaga M R, Iturbe J, et al. Pharma-

cokinetics and residues of ciprofloxacin and its metabolites in

[32]

broiler chickens [ J]. Research in Veterinary Science, 2001,
71. 101 - 109.

Haag G, Marin G H, Errecalde J, et al. Quantification of residu-
al enrofloxacin and ciprofloxacin in feathers of broiler chickens by
high — performance liquid chromatography — fluorescence after oral
administration of the drugs [ J]. Journal of Advanced Pharmaceu-

tical Technology & Research, 2006, 7(1): 2 -5.

(4 8. EEHE)



