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Abstract

This study was conducted to investigate tiamulin (TML) residues in the edible tis-
sues of orally dosed broiler chickens and to re-establish the withdrawal time (WT).
Thirty-six healthy Ross broiler chickens were administered 0.5 (TML-1) and 2.5 kg
(TML-2) per ton feed, respectively, of the drug containing TML 78 g/kg for 10 days.
Twenty-four tissue samples were collected from 6 chickens in each of the TML-1
and TML-2 groups on 0, 1, 3, and 5 days after drug administration, respectively.
The residual concentrations of TML were measured using liquid chromatogra-
phy-tandem mass spectrometry (LC-MS/MS). The correlation coefficient of the
calibration curves was 0.9978 to 0.9998, and the limits of detection and the limits of
quantification (LOQ) were in the range of 0.03 to 0.06, and 0.1 to 0.2 pg/kg, respec-
tively. Recoveries ranged between 89.0% to 116.7%, and the coefficients of variation
were less than 13.9%. After the drug administration, TML in the TML-1 and TML-
2 groups was detected above the LOQ in 1 and 6 samples of liver, respectively, at day
0, and in 1 liver sample from both groups on day one. At 3 days after administra-
tion, TML was detected below the LOQ in all samples of TML-1 and TML-2. The
calculated WT of TML in both TML-1 and TML-2 using the WT calculation pro-
gram WT 1.4 was 0 days. In conclusion, the developed analytical method is suitable
for detection, and the calculated WT of TML in poultry edible tissues is shorter
than the current recommended WT of 7 days for TML in broiler chickens.

Keywords: tiamulin; liquid chromatography-mass spectrometer; broiler chicken;
withdrawal time
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AR 7 AARE Y] 38 TAATE H AL 2L

dvtd o g2 FPA= 759 S Eola, A st
A5 X0 AMGE I QUTH3,4]. sHAITE o] A AME-EH FYE
A2 A% 5ol digh 27 EA41e A W+ 28 A= ¢
all, A% (European Union)2 20069158 $-Fuzh= 20114
58 A AR H7HE AH SAHA 5] $EuEre] 3
<, AR W A H7F AE FA] o] Fof|, 1=l gk A
ARgo] FAastg ot 2016WFE A AR 5] AL
& Y H7t SA o|F Kt} F7IsI L. M, 7h5ol AMgE= A
Z 2R AAE2 ASE2E FEA sl K180l oA, A5
9 SR 2R F9ol AHE B9l A Wl 228 A8
daflels Zlog I#A drHe,7]. B FEE9oREo] AHdI=
A& 1, AR, B 52 AHT B9, ANk, g o
A, AW % wgt 5ol I 4= ATHal.

Tiamulin (TML)2 pleuromutilin A2 k= ¥y T4
2 valnemulin@} GARE L2 E 2131 9JoH, Al 50S ribosomal
subunit®] 23rRNA] 28510 peptide 2T wafotal A EH g
8E AT =N FAAES el Ao dEA UrHs-101
TML2 Mycoplasma spp. 2 1% ¥l tigt F=+&/gdo] Hoj
u, =iRAe gollA E42, #d, vlo]Z &=y 59 o ¢ A
Fof| AHSE T QltH10]. 38, TMLL ionophoreAl FFAIEAIQL
LA, AEjeutol4l, vbil 53t 2ol AMGSHA HH HARE 2
et A5 ZRgo] WAsH] wiEol TML #gsfiA] AMS-5HA Hd
TH11l. TMLZ QIAlo] ARGEA] a1 SlojA], 7159 A8 2329
ZhRe Aol JAA ) et e 28 deE 2] v
I 4= QdoH12]. wEhA QIAIY PHS BASH] YA 5 E
SYdES AXT & 7 A8 AFA A 5 s=8AY
F9 75 WAk o] FoltHi13]. FHAYY Commit-
tee for Veterinary Medicinal Product= ¥ %, T%/A, 7]
A TML9] 2| H773]-87]F(maximum residue limit, MRL)S Z+
7} 0.1, 0.1, 1.0 mg/kgC & AAstar glom[14], =2 AE34d
o4& TMLY MRLZ 7H &5, A%, AgellA= 0.1 mg/kge
2, 7 M= 0.2 mg/kg o2 A3t QrHI5].

u)= 5 AR5 AE9 M-S A3t flsl MRLo| A4
o] JA F2 FEGE s dE 7122(0.01 mg/kgE
AE Y 275 TSk positive list system (PLS)S E45HL 9
tHi6l.

SEuElE 20249 1€ 1978, SUENA A% 54
3P| oA AF6EEE ESHYAZ(PLY)E AT AY
tH17]. PLS A= =] ¥AA, SHSAEIER = 274
=7t 4% 5EE&AEES At ARFA7ITE
She AFYS 2020958 Z3ska His).

2 A= FYuEelA A4 AR R 98% TML Aled
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2 A7) Ao, $AS o Sastant.
T2 U

A2 A Tz

TML &7 AF A1 kg 3, TML 78 gh= @4 Y(South Korea)
o 2R AFston, TML EEE(E, 98%), 4-dimethylami-
noantipyrine (DAP) EFE(£E, 97%), acetonitrile (ACN), for-
mic acid (&%, 95%)= Merck KGaA (Germany)25-E J5}o]
A1 @ol ARg-stATt.

BdE AF AT FAKZ 5%, South Korea)oll A ARS-5t
I Y= 273 RossAl 57 48utE](Bt AlF, 959.4+98.4 9
TFYhste] A=At o)t ARl ARSSIGITh 52
AL Adaadsta FEAIL YRR 52U Woks
QIS GNU-220121-C00008) A-+&2| A Z o] wtz}t MYt

AIH £ I A=A
BEAYSEZ 102 % 0] ASAIZ Fofl Alde] S5

Aot SA= AFFAY ) BF-E0.5 kg/ton feed) T
(TML-1, n = 24)7} o] BF-872] 54 -§3(2.5 kg/ton feed) F
O](TML-2, n = 240 o] AfZ &2 AIRAIE AR
EAsq 102 5% A+ Folstitt. §A419 24 ANREES, 7,
AR, IF/ADE ARHA Fo] FRAA, B TR F 1, 3,5¢
Aol Z+z} 100 g2 A Fskod, b5 Aol ARESHATT.

ARgsEe] AR #EAAS 3]4319 0.025, 0.05, 0.1, 0.2, 0.25,
0.5, 1.0, 2.5, 5.0, 10, 50, 100 pg/kg®] &HE FHlsto], Y44
@C)o RA3PAA AHE3IATE DAP EEE 1.0 mge AFSeta
(1,000 mL)oll Y3, W22 1.0 mg/Lo] HE= ZA5H, ¥
A4T)ol HASHAA ARE-SHATE

3 & 2 gofl TML¥} DAP #E-80S H7fsto] AdA A=t
QC A&E &Hlstye. 71, A1, 259 Z+ A=) 0.05, 0.1,
0.2, 0.5, 1.0, 5.0, 10, 100 pg/kg =7t H=F TML EEEHS
718t a, Al FAIR e 0.025, 0.05, 0.1, 0.25, 0.5, 2.5,
5.0, 50 pg/kg HE7F HEE TML B84 F7Iet ofg, =E
A&l DAP €9 20 pLA - H7ketct.

Az Fxe
AFZAN9e) w2, #435}H AR] AR 2 g& AAHET (50 mL)
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o Y31, DAP €9 20 pL¥} ACN 10 mLE 7}5t0] 158 52t vor-
tex@t Th, 200141 4,700 x g2 108 B YAE et LA
£2 F, 4S9 50 mLE 94E o] Y1 ACN Z3}34F 10 mL
< 71t T, 102 S vortexdhal 4200141 4,700 x g2 10& &
ot AAETSHAT. BHET F, 55HE 40T AE= 54
20 ohZ 0.1% 7HuAt ST vehe-2 242 2 mLA S 7hoto] AR
AAIZ]AL, 108 5t 253 ARt F 4ToA 4,700 x g2 102
S AT YRR F, JSAE 715k polytetrafluo-
roethylene membrane filter (0.2 um; Merck KGaA, Korea)&2
FAR Zg A8z st

7171248 =4

AlE5A1919] BAHS AEste, Al F TML £4< 35t
Aot 4 A= liquid chromatography-tandem mass spec-
trometry (LC-MS/MS, API4000; AB SCIEX, Canada)2} LC sys-
tem (Agilent 1260 series; Agilent Technologies, Germany) At
45190, £48 column Xbridge C18 (2.1 x 100 mm, 3.0
um; Waters, USA)S AH-5F% L, column 2%+ 40CE st
TS o5 A= 0.1% ZuAt 8-S, ol B 0.1% ZHmlAt
e+ ACN €92 747 ARSI §4-2 0.2 mL/min2 2 St
1, AZUEIHEA F running time 10822 51Tt Mass
spectrometer= Triple Quad 4500 System (SCIEX, USA)Y& A&
sttt TLM9| o] 3k= A7]&5-0]-23H (electro-spray ioniza-
tion)9] positive-ion modeZ MS 24-& F&3}sl o, TMLI
DAP?9| multiple reaction monitoring transition (m/z)= 22+
494.3 — 192.49} 232.0 — 113.25 AM851Ach

ZE
o

A
ol

of oM

)

o] #5-8%(0.025-100 ng/mL)< -85t 243t A
FRAY] S ERIsH| P8l BAGcoefficient of correla-
tion, R)Z 3ttt A& (limit of detection, LOD)2} A3t
Al(limit of quantitation, LOQ)E, ¥4 A-H2019] W] ul}, &
Al&e] Z A1&9] 0.5 x MRL (%, A%, 417 0.05 ng/mL, 7+
0.1 ng/mL) =7} E=E TML #&-8HZ 71sto] HAgsto] £
A%t chromatogram©|A] signal to noise ratio (S/N ratio)2| 22}
3t 108] S== STt 3g S 25, 7 AR AR
ol TMLE 75t 22} 0.1, 10, 100 ng/mL H=2 THE1, Ao
I == TMLE 371ste] 212F 0.2, 20, 200 ng/mL =2 Tt
Eo], 3 9tEoz AA sttt TML EFE] tigt chromato-
gram® peak HZAo]| thet FE3F ZF A 54 9] peak HAB| 2
E] TMLY 3|58 %) otk 3 3 ¥ 38R RE Ho
A% (coefficient of variation, CV)E ottt S4€ LOQ, 3|4
& 193 OV A3V sHSAHgET Y s 82dES

54 AFARLOQ, 0.5 x MRL °Jsk 348, 60-120%; CV,
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30% olsh [21]°] wHict.

e

TMLE HRFA712t 2F

7ha9 2%, 7F, A, AelA TMLO MRL (2%, A%, A%
0.1 mg/kg, 7+ 0.2 mg/kg)e 71ELE, WT 1.4 Program2 ©|&
5tod 95% A= 99% S1-8HA A 285t AR FL
7he AXtstETHR22). LOQ mIRte 2 AEE AlRE 0.5 x LOQ g
& ARFeE st

21t

TMLe 2 20tEH

Fig. 1 ZAI&9] TMLZ LOQ S%(Z%, 7t A% 0.1 pg/kg,
A9 0.2 pg/kg)7t E=E H7lsto] AA 3 o3, LC-MS/MSE
o]-g5to] £43t chromatograme YEHd Zolc}h. TMLO] HEE
AZHE 45658, 4.573)0]191.2 1, total run time2 10%0] %t}
Positive-ion mode°ll4 7]0](base ion)2 & HEH [M+HI'Q
m/z 494.3& A0 (precursor ion)2.& 3t% .21, product ion
scane 019 54020 % Uehd m/z 192.45 40l 22= 5t
et

dg=4, LoD & Loa

£ AQoA, TML EE8AS 28, 71 A9 FA ==
0.05-100 pg/kg® =7t HE=E Aok, AFol= 0.025-50
ug/kgd =7} EH =& A5t AA 23t thZ, LC-MS/MSE #
AMsto] AFAY RS ERlstAch 21, 74, A, Aol o A
FA9l R 242 0.9978, 0.9990, 0.9998, 0.9984ATHFig. 2). T
qh, 25, 71, Aol tigk LoD LOQ= 22} 0.03 0.1 ng/mL
Fom, o] tigk LODS} LOQE 22} 0.063} 0.2 ng/mLF .

g1 g2y

Table 12 &4 22 ARA 549 TMLY 3¢&3 U4
23S Yepd Aol 28, 7H AR, AgoA 9 g8 Hele 7t
7} 84.4-95.1, 102-120, 98.0-119, 83.0-103%%F.2H, CV2] M=
Z+7} 1.42-3.89, 2.59-3.90, 5.32-9.67, 1.49-7.09%% LEFSTE,

XX FTML TR 24

Table 2+= |79 TMLE 399} 195 mg/kg SEE 713 AlR
£ 217 109 B¢ Tl &, AAEE 4% 23 AR F TML
ST vEhd Aot

TML-19] A%, 94 B0 38 U3 T2 &, 19A2E 5¢
R7A] 7F 22 A Qe BE ZZ oA TMLO] LOQ ultez 4
EH%oH, 7F RAqA = Fo] T8 FLH TR F 194 =F
170 AlZo|A TMLO] 242t 2.0 0.5 pg/kg =2 A&, U
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Fig. 1. Liquid chromatography-tandem mass spectrometry (LC-MS/MS) chromatogram of blank and poultry tissues spiked with tiamulin
at the concentration of 0.1 (muscle, liver, and kidney) and 0.2 ug/kg (fat). (A) Muscle, (B) liver, (C) kidney, and (D) fat. B-IS, internal stan-
dard (dimethylaminoantipyrine, [DAP]) peak in blank tissue; B-TML, tiamulin peak in blank tissues; S-IS, DAP peak in poultry tissue spiked
with tiamulin; S-TML, tiamulin standard peak in poultry tissue spiked with tiamulin.

w2 S AR F TML 55+ 25 LOQ B vitez A%
Fglon, Fo] T8 F 3949 594 9= TML 5&=7F 2% LOQ
ugte 2 A&t TML-29] B, A B 1 gdol| 25,
7 A A& 5 2422, 6, 271004 TMLO] LOQ °oVd2& HEE]
Fou, TML 5%+ 25 MRL %25, 4%, A 0.1 mg/kg,
7+ 0.2 mg/kg) "IEHRI Ao 2 eyt 3 £l 5 T 1494
=8, A%, A 204 TML2 25 LOQ "|fre 2 A&E<9lo
o, 7t 2F A& 67 AR F 17] AZIA TMLO] LOQ °lF2
2 AEHAL

ZE Mg 3 TML ZRR712 24

Fig. 32 7t A& F TMLY] {717k AXtslr] f1sf WT
1.4 Program= ©|-§5t9] AHEE 275 vehd Zojch TML-13%
TML-200A4] 25, A, A 2242 oA o] $5 F 1945F

4/9

RE A2ES TML %7t LOQ v[¥te 2 HAE&F o] ARFH|7t

T 092 H71E Ak ot TML-13 TML-29] 7F 2 & o)A 2
F717H& WT 1.4 Program O & AXRE A3}, B5F 0Y R A& E]
, TML-13} TML-29] A F7|7H 25 042 F71= ik

flo

92 oX

=}
=

]

£

2 Aol TMLE AR kg B 39 mgt 195 mgs 3
A9 109€ B¢ FoIgt o, A E& 22 AR § TML &
L5 LC-MS/MSE #A3t &, &4 24 3§ TMLY A7t
< Y7kstgiet

A 2AA TML BEZS LC-MS/MSE 243 ¥4 A5
oA, TMLY chromatogram peak?] HE& A|7h 7.26%[23],
9.72%1024], 9.8781210& Yepyith. & AolA, TMLY chro-

https://doi.org/10.14405/kjvr.20230021



Establishment of withdrawal time of tiamulin

Korean Journal of Veterinary Research KJ VR

Muscle
y =0.00442x + 0.00322
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"y =0.00424x + 0.00962
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Kidney
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' R2=0.9984
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Tiamulin concentration/IS concentration

Fig. 2. Calibration curves for tiamulin in poultry tissues. IS, internal standard.

matogram peak®] MFEE A7 4.56-4.572 02 3 A=
[12,23,24]°1 H]5} peak®] M55 Al7to] wi-¢- A Yefigict. of
9} Zo], AZutE 13 peak?] MEF Al7tol| Zpo|7} HAYSH AL
EA71719] A 270 GEbA] A o2 dokEto]. 2 A
FolA &3t 84 24 F TMLE] &5 24 i 2AEZFA(19]
o] A} Bl W N EAA| 70| ThEE o] BAo a84S &
ZIAFH

YA AFLE BEoA[23-25], TMLY| et AFZ Ao R7}
0.999 ol’tS Yetigitt. ¥4 A5} Hlwste, & A-toA
TMLO] that A9 R*E 0.9978-0.9998F tha WAL GALSH
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%21, Codex 715(0.98)= FZ3HtH26l.

A EF3A0 w2R[15], 7 4%, 7 A%, AW F TMLY
MRL2 77} 0.1, 0.2, 0.1, 0.1 mg/kgS & A5t k. £ A4
oA TML 7 EA40] ARgR #AHS 7 A8 24 § TMLZ
0.5 X MRL °Js}Z &4 753 2 2% F7be . 454
B9 528955 A4 AR H=H 1], £471719
LOQ 7I1%2 0.5 x MRL ©J5}= 33l o}, wh2hA] 2 oA g
He TMLY LOQ (&5, 7k, A% 0.1 pg/kg, A% 0.2 pg/kgh=
FEEYFES IR AFAAR1Y 7IES F55HAT. LC-

MS/MSE °]-83t9 TMLY 275 43 A75°l4, Zhang &

5/9



Korean J Vet Res 2023;63(3):e23 ® Woo H. Kim, et al. Korean Journal of Veterinary Research KJVR

Table 1. Recovery and precision of tiamulin spiked into poultry tissues

Tissue Concentration (ug/kg) No 1 Rec?\}/zry; (%) No 3 Mean recovery (mean + SD, %) CV (%)
Muscle 0.1 12 90 87.7 96.6+13.4 13.89
10 90.2 95.1 84.4 89.9+54 5.96
100 93.0 90.8 90.7 91.5+1.3 1.42
Liver 0.1 13 17 120 116.7+£3.5 3.01
10 15 10 110 M1.7+£29 2.59
100 110 102 108 106.7+4.2 39
Kidney 0.1 19 110 98.0 109.0+10.5 9.67
10 101 116 106 107.7£7.6 7.09
100 119 114 107 113.3+6.0 5.32
Fat 0.2 90.0 89.5 87.5 89.0£1.3 1.49
20 95.5 83.0 91.5 90.0+6.4 7.09
200 103 98.0 89.5 96.8+6.8 7.05

CV = (standard deviation/mean) x 100.
SD, standard deviation; CV, coefficient of variation.

Table 2. Tiamulin concentration in poultry tissues of treatment groups on day before treatment and at 1, 3 and 5 days after oral administra-
tion of tiamulin for 10 days (unit: concentration, pg/kg)

Tissues No. o I ¥ 5
TML-1 TML-2 TML-1 TML-2 TML-1 TML-2 TML-1 TML-2
Muscle 1 <L0Q 0.4 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
2 <L0Q 0.5 <L0oQ <L0Q <L0Q <L0Q <L0Q <L0Q
3 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
4 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
5 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
6 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
Mean +SD <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
Liver 1 <L0Q 2.1 0.5 <L0Q <L0Q <L0Q <L0Q <L0Q
2 <L0Q 45 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
3 <L0Q 1.2 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
4 <L0Q 0.8 <L0Q <L0Q <L0Q <L0oQ <L0Q <L0Q
5 <L0Q 0.4 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
6 2 0.5 <L0Q 1.4 <L0Q <L0Q <L0Q <L0Q
Mean +SD <L0Q 1.6+ 1.6 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
Kidney 1 <L0Q 1.3 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
2 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
3 <L0Q <L0Q <L0oQ <L0Q <L0Q <L0Q <L0Q <L0Q
4 <L0Q 0.3 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
5 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
6 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
Mean +SD <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
Fat 1 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
2 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
3 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
4 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
5 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
6 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q
Mean +SD <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q

TML, tiamulin, TML-1, orally administered with TML 39 mg/kg feed for 10 days; TML-2, orally administered with TML 195 mg/kg feed for 10 days; LOQ,
limit of quantitation (muscle, liver, kidney, 0.1 pg/kg; fat, 0.2 pg/kg); SD, standard deviation.
*Time after treatment (day): at the point after termination of test product-administration.
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Fig. 3. Withdrawal period of tiamulin (TML) in liver samples of broiler chickens orally administered with TML 39 (A) and 195 mg/kg feed (B)

for 10 days. MRL, maximum residue limit.

2312 7h 25004 TMLe] thigk LOD® LOQ7} 22} 0.32} 2.0
ug/kgol itk B181¥ 01, Yamada §12512 7 S04l
TMLS] LOD¢ LOQ7t 242} 0.29} 0.5 pg/kgol Atk Birstg o
™, Patyra 52712 715 Al=ol4 TMLY LOD® LOQ7F Z+zt
92.29} 128.0 pg/kgol Atk HusArt B AFo|A TMLE
LOD®}F LOQE Al 750 vls] 257 WA vehdt, TMLO] o
T HASAET 22 20 R YERTh
SHSAHAER Y] FEGUE 5 ARG AFAH | =l
[21], 0.1 pg/kg ©Iste] F=oA, 3)4&3 CV= 22 50-120%2F
35% olso]ofof 3HH, 1-10 pg/kg s=olA, Sle&d CVe 424
60-120%2} 30% ©l5tolofoF 5HH, 10-100 pg/kg EEoA, 3l+&
7} CVE Z4HZF 70-110%2F 20% olsto]ojof ekl Aol 97
< Asta k. 2 A7olA TML (0.1-100 pg/kg)®] 3483+ CV
Y7} 83.0-120.0%%F 1.42-9.67%2 UElY, 5E82JFES Z
AIRFARR1IA AAE A 23S 25 wEs19irt 7}
ML9] 3]5=&3 CVo 9=, Zhang 5123]9] A+
Z+7} 73.3-76.8%%} 6.5-10.0% .2, Yamada 52519 A
A Z7F 81.5%9} 12.7%R.2H, Patyra 512719] AolAE 2t
7} 116.5%9} 6.97-19.53% ATt HsAct £ 9] geg
FA AFETHET FABIE S, CVE Zhang 512319 A2}
9} H]%519 2, Yamada 512513 Patyra 52719 A-+23} X}
+ WA dEbTh
Vinothini 52812 $Ao] TMLE A kg T 40 mge A&l
Egoto] 3Y B Tl T 1, 3, 5UA O 28, 7F, WE/AT A
FE AFste] TMLY 25 =5 B4 A3, 94 £ 3,19
Aol &%, 7k, D7/AF A& F TML sk 2427 0.25, 2.6, 0.03
mg/kgel A om, 38R o= 7t A=A ¥t 0.11 mg/kgoIHoH,

021:4 J\(

2 x ood ol oo
rlr N
™
ol
—
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53A= BE AlgolA LOQ Hltte 2 HEH Pk Histgin:
Ciuca {1212 591 TMLE AlF kg T 20 mg¥& 7€ ¢ 7
AR AT T 7, 1, 3, 794 2%, 2, FAR/AY 224S A
Fsto] TMLY A5 =5 LC-MS/MSE E43 A3}, 1949
=8, 74 I8/ 23] F TML $5& 247 91.2, 462.8, 121.0
ug/kgolgom, 3940 25, 7F, TR/AY 22 F TML $E+&
77} 37.8, 164.8, 49.0 pg/kgol L, 7440 25, 2t, w7/
22 Z TML 5%+ 247+ 20.1, 100.8, 21.1 pg/kgel Akl B sk
%} Elazab 511312 28] TMLE A% kg B 40 mgS 3¢ &
ot FAZ B Bt T, 1, 3, 5, 7, 94 28, 7h A A=
£ AFHstd, TMLY s=8 &A% A3, 19490 4%, 71 A%
22 % TML 5=+ 22 0.89, 3.62, 0.28 mg/kgo| .01, 324
o 2%, 7 A 24 § TML 5%+ 22 0.31, 1.48, 0.05 mg/kg
o], 54 & 7 & F TML 5%+ 2124 0.049+ 0.73
mg/kgo|3l 0w, kA o] ¥ 7UA o= 7+ 2F oA gk TMLO]
0.17 mg/kgC 2 AEE Ut Byt A AFEL BE &
AT A Foigk TMLY] &334 vl sto] 1-gF9] TMLE Fois}
Fou}, B Ao} o] 7k oA 9 TML &5 B=7} o2
Z2 5o vlsf o =4 o 2AF¢ ASHAT & A7 TML-2
FARE =S Fog Ciuca 51219 AFATqA, A £
1940 7+ 22 9] TML &7 s&& £ A2 vl3) &4
et old Aake o $A9 EF, AF9 Aol, TMLY
TRRA O Aol 2 7[RI 20 g FAHrt

B Ao AR kg T TMLS 399} 195 mgS T35t SA0f
109 & Fofsta, 24 A& AFst] TMLY] R84 2%
£ o g AT FPFY7ITro] BFE 0Yolqit). T SHA

Aol TML-29] 7+ 27 % TML Z 5= TML-19] 8|8 =9k

p

tlo

B

o L
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o Bk 7 F 19490 TML-13} TML-29] 7t ZZ oA
LOQ ooz AEH Aust BF 1 /fHolglen, Tk F5
% 3949 TML-13 TML-29] 2E 259 TML $%7}
LOQ "gte 2 yeht, TML-13 TML-29] &F-/<F7|7to] 54
5t 042 YERTE Vinothini 512812 A TMLE A5 kg
40 mge AkRO| EF61] 39 Bt Foigt A3l 84 9] A8 =
7] F AHFH717He 59 olsteta Bttt Ciucd 511212 &
Al TMLE A% kg T 20 mg&S 79 &< AR A FoIgh
23k, §A9 A8 23 F ZARFY7ITHE 39 olstEta B sl
o} SHAEE SUSAH G E R FELFRHYAIAH-AA29],
TML 3% IS Hd FFEHIML 39 g/kg feed) 22 £

<, 79 Ag RAA ARHFA7HE 79E Aot k.
2 AoA I8FS Tt A%, TMLY &4 23 & 577
OF7|7H2 HA A5} v ste] WA A=

ool AT AT RE, B AoA &4 9] A8 27 F TML
9] ZHFEA ] AREEE AR g, OV, HERE 52 585
A QEE O] FELILE 5 IAFAE AFAHRIY V&S BF
5519t B 2 AFolA AHEE A 23] F TMLY Z5%F
OF7]7H2 A @A ol A= O] e AFFAT|EL FA H7tE
o], §A1° gt TML i 2A19] £ A| E5HA718 S5A1E ¢
%S Aoz gzt
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