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ABSTRACT: Objective To study the residue elimination rule of enrofloxacin soluble powder in various tissues of
Yugan black-bone fowl. Methods Eighty-eight 110-day-old healthy Yugan black-bone fowls were randomly divided
into 11 groups and given 0.75 g/L drinking water continuously for 5 days. Samples of muscle, liver, kidney and
sebum were collected at 0.16, 1, 3, 5, 7, 9, 20, 30 and 40 d after drug withdrawal. The residues of enrofloxacin and
ciprofloxacin in tissues were determined by liquid chromatography-tandem mass spectrometry. The half-life of drug
metabolism was calculated, and the drug withdrawal period of enrofloxacin in Yugan black-bone fowl was calculated

by WT1.4 software. Results The half-life and withdrawal period of enrofloxacin in Yugan black-bone fowl were
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longer than those in common broilers. The withdrawal period of enrofloxacin soluble powder in muscle, liver, kidney

and sebum of Yugan black-bone fowl was 110, 64, 67 and 208 d respectively. Conclusion

It is recommended that

the drug withdrawal period of enrofloxacin soluble powder in Yugan black-bone fowl should be greater than 210 days

to ensure the quality and safety of black-bone chicken products and the health of consumers.
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B b B (enrofloxacin, Enr)JE T 5 35 i 25 25 47,
T AT &R, FTFI6Y7 304 1 18 R 8
Yell2) SR el A o SR U0 B fi PR B A s R AN 24 25 )
TR b R B R AR IR N VD AR R, B 2
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31650—2019 (il 24 E 5 bR £ il B 2 o5k B IR
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B R R R fom ik RN BOR T B SRRV B Z A,
FEIA . BERE + BT A0S b 5% B8 R 43 51
100. 100, 200 1 300 pg/kg.

L8R B A R AT 2 58 | iR &
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AR G2 5R B AU R ANSS, 038 M sl A B
7R, LR b kv B RR MR 2, 2019 4L 54
v N R BN G, Forb 44 HEUCH 53828, 2020 4F
I 66 HtE RN BEFEY BAAGHE, b 49 HERoy S8,
2021 4F 24 13 HERE IS A AR 2 o 09287, 13
P B BT, A4 R R AT REZ LA LA (D)IRFE
IR BB E (208, BRI, QYIRIHIENE
L, FREAOM AN 278 S AN s iR 2 1 A
RGP B RZE AT TR, (AR EGEECTF R RS
FAE P S B XS A g, R M R R AT
22 S F YRR IR, SR R R IR A YD R A
TP A G e AR 2 R 5, 45 R R IR T T 2K
NTE S8 R R 2T F DL RS i R 2 3. 25
AT B R X R R E A ORI R, XL AR
i 2 05 57 i o e A Y BESR, Xo ns T R 2 25 W7 2 X AR T Y
KRR I BE— 2L HIIFAl . T X RFRIEFEIR I X b
B, Zan R4 B GRS N GBS H AR R ER, T
flME AR 2 W EA ] G SR A DL 25 5%, AR
SR RSP 5 B XS T 08 g B HTAS B v AR X840
LU AL, RS B B AR T S8R N R 25 1A,
hy 0 R FEAH DA 1 Tt A 1 e B XU PP 4 R 2= Ak 3,
HE T L R SREE S Ry, LU R B i TR 2

1 #MRERFE
1.1 #R5E&
5%V BRI PER R (7 A IR R KA sl P PR e

B0y A R Ay, B v 2R A W) B 1 & (enrofloxacin
-deuterium 5, Enr-DS)(ZlJE 99.8%) . FRINVD L7 e i (2l
98.0%) . IRV BIRACMIFRUE b (cyclopropoxicle-deuterium
8, Cip-D8)(4lif¥ 98%)(F[H Stanford Chemicals Al); Z
fiE . R (G, Jeatil DRMHA RA R, /b Skt be
Cis (octadecylsilane Cg, ODS Co)(KHHH L A/RBHE A
B, 2. SR SALBN(Or e, Jbat 45 PG 4k
i A R HD

QTRAP 5500 ¥ AH 233 H3 R B 151 (36 6] AB SCIEX
wil); Avanti J-E v R B O HIL(SE [ DL 5 2 )2 AR AT B
A]); Milli-Q 4t/ (3£ E Millipore 23 F)o
1.2 REFFE
12,1 REET

TEREH Y 110 d MOfdRE . 6k T4 R (1.0£0.2) kg
RT3 88 Pk sb fl, 432k 1L A, BHI/N—F, A
Bk, A 8 1, WML 258, a5 %
SRS ]
122 #HHEHARE

TR0 HHE A T 5 X BE AL 43 Ay 4 BRI 2, 4399
i . BRE. iost. XRRALIERYOK, I e B SRR
AR PR EETIK 0.75 g BT 2 Al PR R Ef T
W, ABOK, EEKOKWRZ S do S AIES TR IR
0.16. 1. 3. 5. 7.9, 20, 30, 40 d, B A 5B 8
H, AL, RERENA . L. IS g, H
LA . B RE VIR IR 203K B F-20 °CAMF PR & H, JTPIE
IS UE VA VR 05 F B UK K 28 BHA VR A, 3 it MR iy
JEiA AR
1.2.3 Honara e

F Ak 3o 8 2 2 X 2 L2 2 b T D R P ik BR )
Bk, BB BRI RRBUILA . FERRRES 5 g, FFIEFIE
MEZHEH 0.2 g(KE 6 22 0.01 g), BT 50 mL B0, 4331n
A 100 uL100 ng/mL Enr-D5 #i Cip-D8 NARER, I 10 mL
1%L BR O IE VAR, R F2EL 40 min, fME kAN 3 g,
RS 30 s )5 4000 r/min 8.0 5 min, B EWE® 1 mL, T
GH 0.1 g Cis KRR 15 mL B.O0%, BIEES 30 s,
4000 r/min .0 5 min, FIFRE 0.22 pm AHLIEE, HHBAH
£ i - 53 B 5T 3% 3¢ (liquid  chromatography-tandem mass
spectrometry, LC-MS/MS)illiE . R F NARIEXAN R ZH 4L
RTHETD B R LA R VD R R T
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Z£[# Phenomene Kinetex F5 (50 mmx3.0 mm, 2.6 um){%,
JEFE; W 0.4 mL/min; FEiR: 35 °C; #FFEE: 2 pL; Wah
F: AR 0.1%H KA, B A CNE; BREEVEIARL T W3 1.
R1 REEIEBERRER
Table 1 Liquid chromatography gradient elution programs

B} [] /min Al% B/% 3 /(mL/min)

0 97 3 0.4
0.10 97 3 0.4
4.00 75 25 0.4
4.01 5 95 0.4
5.00 5 95 0.4
5.01 97 3 0.4
6.00 97 3 0.4

1.2.5 Jigin
B RIS B IR IR A WS
5500 V; BT IRIREE: 600 °C; RIS AR, KAER: 35
psi; Z1ka: 50 psi; HEIINFAR: 50 psi; STAHE: 10 V;
R E S H R 10 v, 3 o ll, SRR
WEMNRE S T IR A LK 2.
T2 RERNEENEH

Table 2 Select reaction monitoring conditions

ey #AET EN 3 flf 4

ahEs (m/z) (m/z) MRV BER/V
A
saens 00 WL %)
w220 WL e
NV E-D8 340.2 322.2° 200 47

R3 KTFEBARLER

1.3 HIESH

JH SAS 9.2 X255k B B AT ) 2243 #, P<0.05 Ry
2, SRR E 22708 . SR WT1.4
A 95% B s X I A BV AL . JFEAE . B
B g B AR 2

2 HER5HH

21 BRIEVEERTESBARBALATZREEFRAE

FEYOK RN 0.75 g/L BT BRI, #4823 koK
5d, (P R RIEER T SN . KRR . JHEIEFNE IE
PR B S AR T AL 5 R LR 3. AT XS5 2 R A
R B S RSN, 1552h 0.16 h 5 KR TS A
BRI IRF](3579.94427.4) ng/kg, AFLHL R BIETD B A%
Bk 1 R BN/ IMR IR A K B> > LR A B, L v LA
SR LR B il s, EE R AR, 0.16 h IR AR
BAET RER AR UA P 1.8 5. 1525 40 d 5, KAEH
AT A5 B v ViR BB 1 L VD AR R, W T A
(P<0.05), LA . B BEIEDERBRFESARE
(P>0.05), JHFHEHhER BA 5 i 2 A T LD B BV BT
ZRRNEAR, b i B AR A 2k 2 AR AR
IRV R DR SR A5 2R U SR D R i
FRRATZS 40 d IR RIS B A AL AL AL &
ZEZEEEPID) (B X SRS, 75 mg/L(LLEGEYD BT
ZEZY 5 d, 15245 9 d 5, Berh RO RS R iR ik E)
(4513.94+ 676.28) pg/kg, HAEH & EHEALCH 18.81 pg/ke,
AR 45 R A

=

BiEi 2% B 8 (ng/kg, n=8)

Table 3 Residues of enrofloxacin in different tissues of Yugan black-bone fowl (ng/kg, n=8)

f5r2h R i /d LA igil3

Ik BN

0.16

1

12

20

30

40

1979.1+415.8°

1463.9+416.2¢

1098.8+282.2°¢
781.5+329.7°¢
611.7+338.8"
405.1+161.8°
772.7+349.38
497.44257.1°
354.3+181.9°

346.7+347.48

2342.24+480.9°

1484.1+£347.8¢

1222.5+417.85¢

856.8+248.4°
446.5+138.6¢
384.9+168.2°
393.6+204.1¢
526.4+384.0°
166.3+75.8¢

165.1+58.7¢

1928.5+559.0¢
1759.7+597.1%
1532.4+296.8"
970.9+334.2°
675.5+251.0°
519.0+215.3"
646.3+262.9°
607.0+337.6°
306.5+127.8%

302.9+207.1°

3579.9+427.4%
3304.8+444.5"
2428.8+467.0"
2474.3+£953.3"
2263.5+719.4*
1789.5+475.2%
2389.8+704.4%
1860.4+552.3*
1228.5+563.04

1194.2+655.54

T MR K S R 3R B AT RO 0] 22 58 .25 (P>0.05), AT KB FREARIFR R 25 B3, P<0.05,
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22 HADVEERTESBARAELPZREBERME

TEYOK AN 0.75 ¢/L BIETS BRI, %42 A kK
5 d, 1E25)5 BT B A EHEVEC R N Y R IEA T
XOWUAL . B . JF A AN S I b 1 5% B e B s 1] A8 fh 235 5 D,
£ 4, [FRWD ARG U2 R AL NN T R &
BN, 525 0.16 h JFHFAEFR RN E & BN
(726.5£311.5) pg/kg, ANFEHLRIRF VDRI & REIDN
WU R JEE> B k> B BR>WLE, BRIV A P22 gk 22
B, ENA PR, 0.16 h HFIEH IR R EB AR
LAY 20 £, 4572 40 d )5, KRR IRNTD R & fem ol
(54.0+23.4) pg/keg, MAHALTARNIEKRE & BERT
(P<0.05)HABLHLUERAL, 1N K (7.8+4.3) pg/kg, TP, BEH
IRV B AR BE 22 RN B3 (P>0.05), 43 511 (20.548.0)
(22.148.3) pg/kgo RG> BAENFNE I 2298 AR P FR
VDAL, FE45 250030 A Hp (4 B VD B K e e SRR
B, HAarm KT HADA L, (AR =250 R i iE K, 452120
PR RSB TR, (R s iR PRI 7 e R
VR, FHABRZEIIPL 75 mg/L ELEM RS AN 5 d, 1524
Je S L B L LA 2 rp BB AR R IR U 2 1 L)
25} 50%., MORALES-GUTIERREZ Z:11) 10 mg/L BLi#7b
FESEAASSE ARG 4 d, (2R FIE . B, lRdigih
B b AR R U L EL B2 30%~60%. {HESRT
B0 ESE2 5 d 525 0.16 h T IPHE ., BFE . LA BT
A ER N LI U B, AU 5%~10%, BARH L
RNy 4%, GUEARG AR K2 . DUNNETT 451
A Gl R B0 IR RV B S A R 0 T B P i
T REMPFRRY R 13:1, ZSRERRA DT
A2 5 R B SR AU S A 3 U o AT 00 K X
AH AR NSNS & KR B, B A R R

M) 3% T S X A L i VD LA S RN U B R,
he M T — A RAIE
23 ARALHRELCERENE

AR T, B B 4T 2394 A
PG — B 1 TTHE InCy/Co=-kt, i C FKARMa] N
t BFEHR R, Co B REIRWRE, k I—Z sl 124 S 0k R
Bt REtiE], MRS FG & mE 1 R, BA1RE]
R RAER TSGR . IR BB R i v i A 2
TIPS, AR THBR R E R . A ) R 5 PR .
RV RAENUPY . JFFIE B ORI EZ A 114 905 o3k i 24 3G
7 0.182~0.278, RTE V> ELAEFTIE rh A QR b, G
T BB T HABZH 2L (P<0.05), LAY . I rh it 2 2 109 24
SN2 (P>0.05), [AURTE Rz g vh L vb B 4 o 3 0 i 2
=T HANAL(P<0.05), FRHFTPEENA . FEIE. BRI
F T B R BT BN 0.201~0.375, [RLEGE VD 2410
IR UD R AR S A A S B A e, P A B I T I A
Z1(P<0.05), AILPY . BFIWE A 920 3 10 22 5 OR BB 2 (P>0.05),
H R 7E J NG R R U R 3 1 3 v T 3 4l 2
(P<0.05). 7£ 1338 1z Jig vh B VD A ER N v AL ) 22 5
BR, RV RACHEE, P B2 B B 2 %
24 A[EILAAHRiETERIRAH]

FE GB 31650—2019 ¥, BiFH AR EYH
B MRV R Z M, ZENA . NG b ik ok R
R 100 pg/kg . FE AL PR KT B BR 50 200 pg/kg,
B B KA R 300 pg/kg, SR WT1.4 #fF
(95% B A5 X ), XF B vb B T M e A T 5 39 4 4 p
REGIA T . B B AR T 508K 21 20 it 5% 7 0
BRI 1EOLILIE 2.

R4 FTEBFEEADFADEZREE R (ng/kg, n=8)
Table 4 Residues of ciprofloxacin in different tissues of Yugan black-bone fowl (pg/kg, n=8)

{525 )5 st el /d LA {=g/li3 g

0.16 42.7+11.0° 726.5£311.5% 176.5+28.9% 90.9+29.7¢
1 25.5+6.8° 319.6+£126.9* 161.1+103.9% 115.5+30.9¢

3 24.4+5.5¢ 229.6+85.74 95.7+38.6° 83.8+16.0%
5 18.0+8.7¢ 107.0£32.5% 77.1451.18 81.6+26.3%
7 11.2+4.6° 82.3+40.7* 38.6+10.3% 80.9+23.6"

9 9.3+3.6° 54.3+25.0% 42.7+17.5° 65.4+25.4"8

12 10.3+4.0¢ 48.1433.0° 44.4+14 .38 102.6+50.0%
20 6.6+2.8¢ 36.0£15.38 31.9£14.78 67.3+17.6"
30 6.6+4.2¢ 25.6+12.6° 28.2+16.7° 64.3+43.74
40 7.8+4.3€ 20.5+8.0° 22.148.3% 54.0423.44

H: AHFR S RN B T AR 1) 22 5 A8 12 (P>0.05), [MfT KRG FEEARRRZ R B3, P<0.05,
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N 67d, WIAALMRZHI N 110 d, FMEHLURIRZ
64 d, JZRRMIRZIIA N 208 d, & TIRE L LA 278
SN HUE RS AR ARG AR 2 A 8 d AR
S P USSR B P P S S S AT 4 . et 000 )2
BEAEROS RIS R HEAY  AA PIRY . LB AR g BIFSE )
G, RIS 1 ARG R 5 0 G R A B R L SN AR
2y A5 RS RO A AT FRHEAE MR 2 WA A, (R ARG
FFE s e Bon B U B AE AT X8 412N 19 5% B4 B ) KT
HA 58 PIRS , AAZEZESEPIL 10 B4 AP S B XS S BT
%, ¥R 75 mg/L(LA RV B iRk G B v A, 2
W/d, HELZE S d, BiEY R TR TE S E SR N B K
250 117 d; ARIEFFEEDOLL 2 HIS T 28 H R 15 8 R BIF 5

5 4 4 Bk, 4 BIAT BAAERT DX RAH L 5k B TH BRI 1331
3000 1 1200 -
- B 3000 60
i 2500 HHEIE | 1000 % 2500 50
ﬁg 2000 | 1800 2 2000} & 1 40
E 1500 | 600 % 1500} 30
g 1000 | 400 % 1000 | 1 20
o500 b LRGN 200 = 500} 10
0 - 0 1 | 1 Il 1 Il | Il I 1 0
016 1 3 5 7 9 12 20 30 40 016 1 3 5 7 9 12 20 30 40
&2 1A /d -500 * 2t A)/d - -10
3000 L300 PO —o—Eirpg ] 180
~ —— B R o 4000 %T’@‘L’E‘ 160
2500 | - | & —— WA |
< —e— HHWE 250 gﬁ 3500 1 P 140
< 2000 1200 = 3000F ... 120
1 Eﬁ 2500 F [l N Np 100
gg 1500 1150 % 2000} 80
g; 1000 T NG e - 1100 & 1500 F 1 60
“ee. o | .
=500 :ﬂﬁn_l | E o "
I T —arng 500 + 420
0 1 1 1 1 1 1 1 1 I ¥ 0 | 1 1 1 1 1 1 1 1 1 0
016 1 3 5 7 9 12 20 30 40 016 1 3 5 7 9 12 20 30 40
25t R /d & 2hmstal/d
B 1 AT S0 R 2 B v B R N V AR LG B 26 51 (n=8)
Fig.1 Metabolic fitting curves of enrofloxacin and ciprofloxacin in different tissues of Yugan black-bone fowl (n=8)
#x5 RIBVEASTSBIARELFHREENNZESHN=3)
Table 5 Metabolic kinetic parameters of enrofloxacin in different tissues of Yugan black-bone fowl (n=8)
F5 ZH LA L7} %y 31 12477 2 (InC/Co=-kt) T4 5% 13 0 B (k) FaEi/d AR
B2 Y=0.182X 0.182 3.818 0.8424
1 WA ,
WA Y=-0.201X 0.201 3.45° 0.8913
- Rk R Y=-0.278X 0.278 2.49¢ 0.9024
2 iRl .
WHYE Y=-0.375X 0.375 1.85° 0.9566
Bafvb B Y=-0.212X 0.212 3.328 0.9214
3 (=ilid )
WHE Y=-0.230X 0.230 3.01° 0.9201
Bk Y=-0.209X 0.209 6.194 0.9183
4 K g .
WAV A Y=-0.222X 0.222 12.16 0.9058
W RKEFREAFFERARAL P RIED REE 225 B, NEFRERFFRRARHL RN T 22 5 B2, P<0.05.

X4, #1100 mg/L FIBIR PRI BIRIR, 2 IR/d E L5 2)
5 d S AR T RIRZG R 70 do AR R SR
FEREFVMRIMG T3 LA 2P B X0 SR 0 5 X 5 o W s i il 2 2
Yite R N AR 2RISR S5 e A R 22 57, b R I8 52
e TR s Bk 125 RAGKE R H %R 110 d 193k
¥5hw), shiikokE k., APBIREE L, ElshPikn
25 AR A

3 wgSiie

558 XS AE L, SR HA RRRRAE, LML L
B A N EREZA S E T EEARRENREAER,
FEFE 2R I X R PR R i 38 2.057%, FE k2
0.596%, LA F 25 0.230%, PAE S & &8 MK, XA
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i PR IR AT R 1 G 1 A 7 R S A 2 25 ) € R R AR
B, R I G MR AT RS v B0 2R 5 i 5 s s T 2 24 4 ok
FRIE H, PR ER Bk T B 5 RO s 2 2 )
HREMEOZTEM 2 52 E. MARTA &4 %
BTSRRI R R B, TR B & B v R R AT
PR U0 B A S B TR B & . DUNNETT 26 Cf
REWRODEP RSB ESTREREDERN 40 14, H
B ARSI S R R RO S REY RN AR KT
96%. ONO Z:5IF ] Langmuir W& FF45E 28 FF R 25 M 25 45
AR RTIRIF Y, 25 SR 2 W s T S 24 49 15 SR 6 38 A AR LA
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Fig.2 Fitting of the withdrawal period of enrofloxacin in different tissues
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