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B S b ik HMEBE G M B ik o B SEA0.2

MBS ER 45 35K 3 A A P-H] 2) 4B BXER 3 B K AF 0 48 18] 48 25 3R [ (solid phase extraction,
SPE) ¥ IR B iF A% + AR 5 2R A48 % A7 & W H SR ¥ Ao B dk T € B 7% (UPLC-
ESI'-MS/MS) 47 40 # » £ vA 1878 Fl 4% & WAREATALIE o 4 A C18 7 AL AT H: L B

Hro AB0.1% T B 4G Ko T EEAE & By AR o & REAT

WL ) B PR 8 R PR o 7] & 1

PpbAS ppb * EIHCFE 5B AFATLY - 120.6% (4 F A7 522 - 18.5%) & 77.7 - 116.8% (%
F AR 0.6 - 9.0%) ° AT FAE AV FhS BT ARSI PRI LA LR K 0 B
EMAF AT FEH RGEXER @A REARK B AAFREN AL
B F B ik A RT RN A B AZ T2 RABRARH MR %

Ao

RIS - CEIZRE  BRER  RAENTRHELSE

[l

Al

%2 B8 3R (B-agonists) » IBTRE AN @ B
NTLERRHIZR LEEHZFE (phenylethanolamine)E
Yy — i ER S RE T N~ KB R E AR
HRZEY) - BFEEEYIWIREIN NI S E R
DIsghnE a B & ~ REEREER - KDl
FHHERE J BV EHEAE - (B ASEE HAN & E 2 1)
B Al BRSO MUE P B R AR RS R
R EY - R BR $ B8 Y6
FHEE bRl -

BT 1996 F M Z F (European
Community) 5 " BA TR #0128 <7 e R EE
VI AREARFEZRER - SHENSFER
B o BB B # ¥iractopamine

WES  FERKHERETNBEATEER
—) ' HREREE B UEE RER - KEH
REEEBYHMFBEAFEANEMER - B
FiT L 5 1 2018 B 22 25 1F 2 B <2 45 3R it FH iR
gAY SR AE B R R FE R 6 R R O
PR G # A - ERBI9IFEE1004MH > &5
EAR T ERERRAHABEEEIHERES
4+ 1A B HY A 5 26 [ % (ractopamine)
TEIH R 4 (zilpaterol) f 1T FZ I (salbutamol)
CHIZ R R - R0 EEE SRR
## (colterol » AT /IR HIFEEETRIY > 106
2 B BRZEE R E i R R R ey
(t-butylnorsynephrine) 754

TR SRR R 2 B2 B E R i 1k E
I 3 0% 534715 (enzyme-linked immunosorbent
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x—  BERRERFHEE S REREEractopaminefiE 2 IREE AT S1Z#

MRLs of ractopamine set by Codex Alimentarius

MRLs of ractopamine in

Species Commission (png/kg) USA (ppm)
Muscle Fat Liver Kidney Muscle Fat Liver Kidney
Cattle 10 10 40 90 0.03 = 0.09 =
Swine 10 10 40 90 0.05 - 0.15 A
Turkeys - - = = 0.10 2 0.45 -
* ] FEMRL

assay, ELISA)® + & &0 AH & #7 7% (high
performance liquid chromatography, HPLC)
O\ AR AT % (gas chromatography-
mass spectrometry, GC-MS)" K & HH & #ft
& %% (liquid chromatography-tandem mass
spectrometry, LC-MS/MS)™ « FfiA Z 57 §8
FREEY)AEREM - B EEE
R PR REER S ERE M A E K
£ & ERNEE - DIHPLC 1T 58 G TER) 3
4 HLAGC-MS TR ST T A AL SO HE -
BEHNT 53 M@ AR A BE R T BN E 1 - BRIt
T2 DALC-MS/MSHEC & 2% B 7 Jie (e I i =X
(multiple reaction monitoring, MRM)t{T Z %
ZRGFRAY AT - M AR E VLR e E AR R[]
(R IEIZIE  HEE iR R E R 2
EEER TR LREE - HER R
TRUE FOEEN - Btk E#EAERNE A S
27 M ERE T EY - ARERALC-MS/
MS:#{Tcimaterol  clenbuterol » ractopamine
salbutamol ~ terbutaline * tulobuterol&dzilpaterol
FITHZMZERZFEL 5 REEER101
TR 22 R TR IR
LC-MS/MSHETT /34 » Al fmER202H L7 52 g
F o HE TGRSR USRS L
RS - XHREYIREESER - TR
RZ B SR B LR NN FAEE] - R R
B TR S B L 6THN AR » MR 2050 H 2
BRI Z RGN [EIEE (B A ) Z A TR oK By
PRI e it A2 22 2 7 K BB BRI AR RE TR Y)

TBLEE - AWTTERRHEA ~ FEA ~ FERT KGR
BIERIAEE - KRR RERTSEYIi AT
HE - AN R BT RSN 1 258 R (23R
MIRLASE R iR E L - AL —H S T2 13H
ZAIZRGTREEY) bR U7k -

MFIERTTE

—  iRBEAIR

A~ FEA - FET RS E R AR a b
B R ERIERES - 2REER - R-20C%
AT - BRERR AT AT 5 Bk i ieTEs
T LA RRRE S BN - e AT 5T
HESLIHZ ZEMIRH - (E R B TR Rl
AT HRE -

~ AEI BRI

Brombuterol hydrochloride (99%) »
cimaterol (99.6%) * cimaterol-d, (99.3%) »
cimbuterol (99.62%) > clenbuterol
hydrochloride (95%) ~ clenbuterol-d, (99.9%) »
clencyclohexerol hydrochloride (98%) »

clenisopenterol hydrochloride (99.9%)

clenpenterol hydrochloride (99.8%) »
clenproperol (98%) ~ fenoterol hydrobromide
(98%) » formoterol fumarate dihydrate
(99.8%) »
mabuterol (98.5%) » mapenterol hydrochloride

isoxsuprine hydrochloride (99%) »
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(99%) » mapenterol-(dimethyl-d,, propyl-ds)
hydrochloride (99.8%)
hydrochloride (95%) ~ salbutamol hemisulfate
(99.4%) »
terbutaline hemisulfate salt (99.8%) ~ tulobuterol
hydrochloride (99%) K zilpaterol hydrochloride
(96.4%) (Sigma-Aldrich, USA) ° Brombuterol-d,
hydrochlorid (99.58%) > cimbuterol-d, (98%) »
clencyclohexerol-d,, (95%)  clenproperol-d,
(98%) ~ fenoterol-d, hydrobromide (95%) »
formoterol-ds (96%) » mabuterol-d, (98%) »
3-o-methyl-colterol (98%) * 3-0-methyl-
colterol-d, (98%) * ractopamine-dg hydrochloride
(98%) ~ salbutamol-d, (98%) * salmeterol-d,
(98%) ~ terbutaline-d, (98%) * tulobuterol-d,
hydrochloride (98%) M zilpaterol-d; (95%)
(Toronto Research Chemicals Inc., Canada) °

*ractopamine

salmeterol xinafoate (98%) »

-Butylnorsynephrine (95%) (Molcan Corporation
Inc., Canada) ° Isoxsuprine-dg hydrochloride
(98%) (CDN Isotopes Inc., Canada) °

RS RO AT A8 ~ BEER (37 %) KL &K
(25%) (Merck Ltd., Germany) ° 5 k7 e B4 #%
(GREEFFH) (Nacalai Tesque Inc., Japan) © pB-#5%]
W8 8 T I 5 8 (B-glucuronidase, type H-2, from
Helix pomatia) (7 glucuronidase 85000 unit/mL)
(Sigma-Aldrich, USA) ° H1[%(90%) (Wako Pure
Chemical Industries Ltd., Japan) °

= (&SR C-MS/MSO &4

AN BT 5 5 FH e OO AH T AT R (ultra
performance LC, UPLC) (Acquity UPLC" I
class, Waters, USA) » FRIHE 3 (Xevo "TQ-S
micro, Waters, USA) » DVEE B 75 1E i 115
#(positive ion electrospray ionization, ESI")fE
75307 > [EIHF FEHC TargetLynx 43 HT il 852 i £
AL o [EHTEFEFEFHZORBAX RRHD Eclipse
Plus C18%#E (1.8 pum, 3.0 x 100 mm) * &R
FE40°C - EIfHARS0.1% R /KIATR - BIfHB Y

0.1% 1%~ FEEAT » Ui F50.3 mL/min » £
SE AR 10 pL o FREEEEEEANEE R o

&= BEDTERE

Time (min) A (%) B (%)
0.0 98 02
1.0 98 02
5.0 90 10
8.0 80 20

10.0 70 30
11.0 60 40
12.0 60 40
15.0 10 90
19.0 10 90
19.1 98 02
23.0 98 02

'E 5 ETAME E R, (capillary voltage) £52.2
kV » BEF IR (source temp. ) FIA TR FH SR &
(desolvation temp.)73 555 120°CHI1400°C » VA1
FEETEAS (desolvation gas)FIVERE $E R HE (cone
gas) B Ry RS » UiiH 53 5 R%850 L/hr F150 L/
hr - EIEE R DIMRMIE A AE(THIEE - JEREE

Lo =

FEJ# (cone voltage) ~ filif#HEE (collision energy)
B FATABIE SRR YE i S FE A PR e L A R =
TR o

00~ SHBRT3A

(e AT Fl
1. FEHEAWR
HUA R UE A5 me » FEHEREE » 531 DA
FRES VARG B R ZE50 mL - R Ue i
T B HITT o B PR ECHE B S A R
RS - LS mMESEES% © FIEZ(9:1, v/
VIBTHEEZE 1000 ng/mL > HEEIEHER
T -
2. NEBIEHEA R
A NS mg - MEHEREE » 43I LA
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mn T Z A2 3R 2% R AR IR TR A HE

= 2R ARBBER HRUEREMEERLUREB TR ME L EIMMTZMRM2 )  ERHERE - filfE

AE 8 K BR R
lon pair Cone  Collision Retention
Molecular .
Compound . Precursor ion(m/z) >  voltage  energy time Internal standard
weight . .
product ion(m/z) V) (eV) (min)

Brombuterol 366.10 367 > 293" 25 18 13.20 Brombuterol-d,
367> 212 27
367> 133 42

-Butylnorsynephrine 209.28 210> 136" 08 13 8.25 Salbutamol-d,

(buctopamine) 210>192 8

Cimaterol 219.29 220 > 160" 15 15 7.16 Cimaterol-d,
220> 202 10
220> 143 20

Cimbuterol 233.31 234 > 160" 16 18 9.00 Cimbuterol-d,
234>216 11

Clenbuterol 277.19 277> 132" 20 30 12.47 Clenbuterol-d,
277> 203 20
277 > 259 10

Clencyclohexerol 319.23 319 > 203" 22 20 10.67 Clencyclohexerol-d,,
319 > 301 13
319> 168 32

Clenisopenterol 291.22 291 > 188" 13 23 14.21 Mapenterol-d,,
291>273 12
291>217 18

Clenpenterol 291.22 291 > 203" 16 21 13.59 Brombuterol-d,
291>132 35
291> 168 39

Clenproperol 263.17 263 > 245" 15 12 11.46 Clenproperol-d,
263 >203 18
263> 132 26

Fenoterol 303.37 304> 107" 25 29 9.72  Fenoterol-d,
304> 135 16

Formoterol 344.40 345> 149° 25 18 12.67 Formoterol-d,
345> 121 35

Isoxsuprine 301.38 302 > 284" 19 14 13.49 Isoxsuprine-d,
302 > 107 28
302> 150 22

Mabuterol 310.75 311>237° 18 20 13.39 Mabuterol-d,
311>217 30
311>202 35

Mapenterol 324.75 325>237" 24 17 14.26 Mapenterol-d,,
325>217 27
325>202 33

3-0-Methyl-colterol 239.31 240 > 166" 18 16 9.11 3-o0-Methyl-colterol-d,
240> 134 28

240> 121 28
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= 2R R BERHRUREREMEERLUREB TR ME L EIM T ZMRM2 )  ERHERE - fiifE
BE 8 Ko BERS ) (78)

lon pair Cone Collision Retention
Molecular .
Compound . Precursor ion(m/z) ~ Vvoltage  energy time Internal standard
weight ) .
>product ion (m/z) V) (eV) (min)

Ractopamine 301.38 302> 121° 20 20 11.94 Ractopamine-d;

302 > 107 20

302 > 284 15
Salbutamol 239.36 240 > 148" 20 15 7.93 Salbutamol-d,

240 > 222 15

240 > 166 20
Salmeterol 415.57 416> 232" 30 20 15.49 Salmeterol-d,

416>91 24

416 > 398 14
Terbutaline 225.29 226 > 152° 27 16 7.67 Terbutaline-d,

226> 107 30

226> 125 25
Tulobuterol 227.73 228 > 154" 20 20 13.12 Tulobuterol-d,

228> 118 20
Zilpaterol 261.15 262 > 185" 26 23 7.87 Zilpaterol-d,

262> 202 20

262> 157 31
Brombuterol-dy’ 375.16 376 > 294 15 17 13.15 -
Cimaterol-d,” 226.33 227> 161 14 19 7.09 -
Cimbuterol-d,’ 242.37 243> 161 8 14 8.90 -
Clenbuterol-d,’ 286.24 286> 204 20 20 12.43 -
Clencyclohexerol-d,,’ 329.29 329 > 311 10 13 10.59 -
Clenproperol-d,° 270.20 270>252 08 10 11.41 -
Fenoterol-d,’ 309.41 310 > 141 27 18 9.67 -
Formoterol-d,’ 350.45 351> 155 20 18 12.63 -
Isoxsuprine-dg’ 307.42 308 >290 12 13 13.44 -
Mabuterol-d,’ 319.80 320 > 238 15 16 13.33 -
Mapenterol-d,,” 335.83 336 > 238 10 16 14.23 -
3-0-Methyl-colterol-d’ 248.37 249> 167 19 15 9.02 -
Ractopamine-d,’ 307.42 308> 168 20 15 11.91 -
Salbutamol-d,” 248.37 249 > 149 20 15 7.84 -
Salmeterol-d, 418.59 419 > 235 25 20 15.47 -
Terbutaline-d,” 234.34 235> 153 26 16 7.58 -
Tulobuterol-d,’ 236.79 237> 154 35 20 13.07 -
Zilpaterol-d,’ 268.37 269 > 185 20 33 7.80 -

“MRM transitions used for quantitation
b
Internal standard
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FEVAfR G EAZE10 mL » {F R A S e
JFR > 1% BRITT o B P REEUE & 5 PR
EERURIRE S - L EEREEE 1000 ng/
mL NI UE AW -
()i o 8
i U B - A2 g @ KETERE
E o BREEOET - A NEEEETR20
pL520.2 MBS FR S/ #E EA TR 15 mL » A0
AP E 1 FH - DA A R e i 2
AT 1000 rpmREZEEL 105388 - 1A
B-A A FERE R FRRIA R 100 uL @ R37°CIK
KR L/NEE » I AEERR2 mL - 10
538 0 FR4°CLL10000 xgBfE 0010578 - UL
£ EERERR4CLA5000 xgBfE (010575 -
B B W e A TR DL 26 mL K 25T
7k6 mLEVE 2 [EAHZEHYF (Bond Elute Plex
PCX, 200 mg, 6 mL, Agilent Technology,
USA) » i - KK LL0.2 NEIER AR
12 mL ~ EEEF7K12 mLEFFEE12 mLiEvE
[ FEAE AR » B - DAFEE © &K
(95:5, vIV)IEWE12 mLIHHE - WERIRERTR
265 CLARRWEZ » B YIS mMES
W7 @ FHEE(9:1, v/V)IATE]1 mL » fEiER
BVEHR » DA5000 xgif (355788 - BY B
WAE B F IR - DAS mMES e84 « FRS
(9:1, v/ AR RE | 5 1% DAEESEE - Al
FILC-MS/MSFT 431

A~ RGN (validation)
e #EE Mz " 'tE2mEES
TR &L | " R B B A SE TR AT R
#£HI[(Commission Decision 2002/657/EC)" 1T
HERGRER - M8 B (identification) A 5 % £
PR IS HE Y B R ) 2 T R R R R MRM
FEETBE T om A BT o e PR R
Bl St g B R TS - i ERR
AR (linearity) #EAG 153 BN AGE &5 mMEE
Fess : FFEE(9:1, v/V)IBW ~ 1 png/mLIEHEE

05125102550 uLF1 pug/mLAHS
FHEIS 10 pLiAZ2 Bty (ERERER 1000
ulL - BE0.5 - 50 ng/mL.Z F'E VCE g &= A7 (DA
O A7 R R i T B T L P B AT ME L U
I T R EL (Y i)+ B L S R (X ) 1R
o fo F IIRE AR I BB 1/ ETT R IE - DR S
R B 2 HERE ) - DAMERATR #(coefTicient
of correlation, r) K f20.99 Ky BIFLHE o [m]f 3K
(recovery) Z HIE R BB ~ RIRE 2R
RN ZEA s - LEB LR ER RS
W ZBIZ 88 3 2R BRI IR E A
PRI o J7EHIRE % (precision) 73 B AR H
R #5 % & (intra-day precision) 5 B H fifi i 2
(inter-day precision)JILAFEAd » [ HalEar
SRS ~ (RIEE 2 E T SE ARG
B BZHBEERTRAEH 73 BT IEENRE 2
AT SEE G - S R DI
FLZ¥ (coefficient of variation, CV)FE /R  FE
2N (matrix effect) < Bl FRRFAEE R B
'H ULt E AR R - AR E UL &=
TRRERAERME - HERZ I EAREREERY
s B RUE - E E MR (limit of quantitation,
LOQ)Z TR IE R IR 2% F e oI ACH &2 fR HE
STCETT 43T - 3 BratliR < SEaH EL (signal/noise
ratio, S/N ratio) Kf210 » ELIEIHCR e 848 AT
BREZEMEEmE TR ERFHEEK
TER E EMIR

SEEME ~ RYE R A S B R AR HEEUE D
Microsoft Excel 20108k g E Bk 15 5 fi {0 i
R TE AR B I FH Target Lynx U5 25 T i RS HE 1T
HEGE -

R

—  EEE T BEANEG

AW 2 s ERE TR IEMRMZ (2 225
BHEZIVFELNEBIEZ LA Z R EHRR
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FEY s BT T S DG N AR =
(=) DIAEEE THERFRER -

R 5 BRCER B2 ) 58 B 43 B 7 vk 2 HE A
(Commission Decision 2002/657/EC)" a2 5]
EL% (identification point, IP)HJHE » AHFFEH
BEP ) b — (W T (1.0 IP) fe (Al ZE P
F(1.5 x 2= 3.0 IP) » AJ{SMEEHIBEL - 775
Bkl B g N E N F Y SR <
FAH o

PALC-MS/MSS3 #2158 2B 2 B8 32 e HL A
EPRRYE h Z MRMJE AT B EG 20 E — Fros » i
FRF [ e 5 2 L TE Rycimaterol (7.1643-88) » il
A F] B 2 P Ry salmeterol (15.49435#) - Itk
TTER23 5 #EANRER W T2 1THZBIZ /83 -
Hrisoxsuprine-d,Ji g A el 3 b HHER {1 7 B
I [ FE T R W+ PR IRIRZ N R Y ot s T
FLIEY)R A Y (mixture of stereoisomers)FTEY
clencyclohexerol-d,tHEHFEIE » AHF5ELA
BRI 58 I R (isoxsuprine-d,, 13.44 min;
clencyclohexerol-d,,, 10.59 min)Fi7 I T E &
G3HT -

=~ AR ERE D TR

SEHEBAEIQ2EAEBIEZ LHZ
MaERE TR BHEE0.1%FBE JEE
W AN ng/mLiZ 2138 2,5 <7 8 2R HE L A
EEFET R - B RER - R
WEE T2 E LA Z 857 ZMRMAGRES B
I > {HHA LS Frbrombuterol 2 & 3L EHHR(H
BRI » S/N ratio/NFA10 » AIRVYFTR © B &
TE B EREME - BUE0.1% R < R IE
HETTHIE - BRI ABREE PR B
fllbrombuterol * clenpenterol » formoterol
isoxsuprine 5 ractopamine 3 AJ HE5H 5 % DL .2
ANGR(E > S/N ratiof AKX 10 » AIELEAE0.1%
FHR Z R A F BB T IR B B 25
fili

=~ BIRRIEEREY

RIEFNI01ENB 2 A Z R HR
B 5 B AR A 1 02E N B IR 2 27
(e R A S I B T Y&
A A5 2A0.2 M BR $I % (BT 1A 25 IR i A\ B 32
TKFRL/INEE T 2R R A B T 3 R A i R
% o WUCAT ZREERUGINZERCR 5 §A%EpH{E
oy o G RIS AL E R pH
EE - EDHLBEHLEMHETEME - TAS
ks BRI AR TE R - L IR
it &L Bond Elute Plex PCXH T2 #A [EFHZE
LTI L - MR R e T - AR
DU B e B A 2 B B b AT S g bk
R ERSAGERE REEEASWE SR
LR BT - OB A SR T E TR
{b - FEAEELERET - B ARES RETE
HEFEWERT  SEkRETbEHEE
HGREERE LA B S LL10000 xgBE (010538
B & - FELA5000 xgffe 00105758 S
SRS 2 BB - DRI ESL -

P ~ RIS BB AR LE F 2 RIERER

DLBEAL Z wir g B T i 50 58 T8 R T ik
F21H B Z G RE B R & & TR 6TH
WA IE R - IRHLIA R 73 {4 fenoterol
| A~ A - HAEFREAE > HF9IHE
(brombuterol » cimbuterol » clencyclohexerol »
clenisopenterol * fenoterol » formoterol »
isoxsuprine  3-o-methyl-colterol &z salmeterol)
EI SN ENER - £S5 o GRS N/ L )
WEID T 125 RO R AR - H R H AT
'E F|t-butylnorsynephrine * clenisopenterol &2
clenpenterol Z [F]{i, 32 R » [A] e FE HAHT HY
PR R NIRERE - BBk SRR - TRn21
H R Z B AR AR LA R AR B
FESRG SR R A RS R LR RO # (R
) -
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100 13.20
g\é /\ Brombuterol m/z 367 > 293
0
700 8.00 9.00 1000 1100 12100 1300 | 1400 | 1500 1600
100 13,59
\% /\ Clenpenterol m/z291 > 203
0
2 8.00 9.00 1000 1100 12100 1300 | 1400 | 1500 16,00
100 1315
=.\°§ k Brombuterol-dg m/z 376> 294
0
700 8.00 9.00 10.00 11100 12,00 1300 | 1400 | 1500 ' 1600
8.25
100 N t-Butylnorsynephrine m/z 210 > 136
0
TTTT700 800 | 900 | 1000 1100 12,00 13.00 14.00 1500 | 1600
7.93
1°§ K Salbutamol m/z 240 > 148
0
TTT700 8.00 900 ' 1000 11100 12,00 13.00 14.00 1500 | 1600
7.84
100 Salbutamol-dg m/z 249 > 149
3
0
TTT700 800 | 900 | 1000 11100 12,00 13.00 14.00 1500 | 1600
7.16 "
100, Cimaterol m/z 220 > 160
0
700 T 800 900 ' 1000 11100 12,00 13.00 14,00 1500 16,00
7.09
1 )
0§ /\ Cimaterol-d; m/z 227 > 161
0
R 800 | 900 ' 10.00 11,00 12100 13.00 14.00 1500 | 1600
9.00 :
100 Cimbuterol m/z 234 > 160
0 JA N
2 8.00 900 ' 1000 ' 1100 12100 13.00 14.00 1500 | 1600
8.90 .
100 I\ Cimbuterol-dg m/z 243 > 161
0
T 700 8.00 900 | 1000 1100 12100 1300 1400 1500 | 1600
12.47
10% Clenbuterol m/z 277 > 132
0
2 8.00 900 1000 1100 1200 | 1300 1400 1500 | 16,00
1243
100
e\°§ \ Clenbuterol-dq m/z 286 > 204
0
2 8.00 9.00 1000 | 1100 1200 1300 | 1400 1500 | 1600
10,67
100
e\é j\ Clencyclohexerol m/z 319 > 203
0
700 8.00 9.00 1000 1100 | 1200 | 1300 | 14.00 1500 | 1600
1oo€ Clencyclohexerol-d;y 1050 e m/z329> 311
=
o4 ‘ ‘ ‘ ; i — : ‘ ‘ ‘ ‘ ‘ ;
7.00 8.00 9.00 10.00 11100 12,00 13.00 14.00 15.00 16.00
100 ) 1421
=\°§ Clenisopenterol A m/z 291> 188
0
700 8.00 9.00 10,00 11100 1200 | 1300 | 14.00 1500 | 1600
1003 Mapenterol 14,26 m/z 325> 237
=
0
700 8.00 9.00 10.00 11100 12,00 1300 | 1400 | 1500 ' 16.00
14.23
me\‘l% Mapenterol-d; K m/z 336 > 238
0
700 8.00 9.00 10.00 11100 1200 | 1300 | 1400 1500 ' 1600
10(% 11,46 Clenporperol m/z 263 > 245
2
0
2 8.00 9.00 10,00 00 | 1200 1300 14100 1500 | 16,00
100% 11.41 Clenproperol-d; m/z 270 > 252
=
c0 T T T T T T T T T T T T T T T 1 Time
7.00 8.00 .00 10,00 1100 12,00 13.00 14.00 15.00 16.00

nig
B

— 1R BAISRBBR R HRURNEIRERZ S ERERAENE?
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972
100
=2 Fenoterol m/z 304 > 107
0
" 700 8.00 900 | 1000 110 12000 13.00 14.00 1500 | 1600
9.67
100
S Fenoterol-dg m/z 310 > 141
0
700 8.00 9.00 10.00 110 12000 13.00 14.00 15.00 1600
100 12.67
° Formoterol m/z 345 > 149
0
T 700 8.00 9.00 10.00 11100 1200 1300 | 1400 | 15,00 1600
100 12.63
O\% Formoterol-dg m/z 351 > 155
o
700 8.00 9.00 10.00 11100 1200 1300 | 1400 | 1500 1600
100 13.49 )
,\é Isoxsuprine m/z 302 > 284
0
700 8.00 9.00 10,00 1100 1200 13.00 1400 | 1500 1600
1313 1344 )
100, Isoxsuprine-dg m/z 308 > 290
0
T 700 8.00 9.00 10.00 11100 12,00 13.00 1400 | 1500 1600
1339
100, Mabuterol m/z 311> 237
0
T 700 8.00 9.00 10.00 11100 12,00 13.00 1400 | 1500 1600
100 13.33
2 Mabuterol-dgy m/z 320> 238
0
T 700 8.00 9.00 10.00 11100 1200 13.00 1400 | 1500 1600
9.11
10% 3-0-Methyl-colterol m/z 240 > 166
0
700 8.00 9.00 10.00 11100 1200 13.00 14.00 15.00 16.00
9.02
109 3-0-Methyl-colterol-d m/z 249 > 167
B 9
0
700 8.00 9.00 10.00 100 1200 1300 14100 15.00 1600
1194 )
100, Ractopamine m/z 302> 121
0
" 700 8.00 9.00 10.00 11100 12,00 1300 | 1400 15.00 1600
100 1191 )
9 Ractopamine-dg m/z 308 > 168
0
" 700 8.00 9.00 10.00 11100 12,00 1300 | 1400 15.00 1600
100 Salmeterol 1549 m/z416 > 232
2
0
700 8.00 9.00 10.00 11100 1200 13.00 14.00 1500 | 16,00
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RN~ EERTREEBH M EE R AT FM21IB L BIZEERMNT ng/mL T LURABRBHT R E R E T2
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Mobile Phase B
Compound 0.1% FA in ACN 0.1% FA in MeOH
Peak area S/N ratio Peak area S/N ratio
Brombuterol 167 3.1 1549 15.2
t-Butylnorsynephrine (buctopamine) 26621 152.2 33089 116.0
Cimaterol 23264 478.8 25534 134.7
Cimbuterol 17392 212.4 14906 156.6
Clenbuterol 2197 20.0 8170 22.1
Clencyclohexerol 7598 26.1 8639 39.9
Clenisopenterol 5418 148.8 5306 82.2
Clenpenterol 1504 47.2 7079 104.7
Clenproperol 12099 77.2 7962 453
Fenoterol 7358 75.2 9060 75.5
Formoterol 6512 101.1 36552 211.5
Isoxsuprine 1057 18.6 5907 40.8
Mabuterol 2203 36.5 11338 115.1
Mapenterol 11073 130.8 10606 85.7
3-0-Methyl-colterol 7725 63.8 8754 66.9
Ractopamine 3704 335 14525 39.4
Salbutamol 38035 630.2 42053 326.6
Salmeterol 6872 71.1 6704 61.0
Terbutaline 21119 250.3 24857 204.9
Tulobuterol 6654 58.8 29322 280.6
Zilpaterol 5988 143.9 7277 65.4
h ~ FHEER KWFFESHEHEA ~ FEA ~ FEIT RFEE F4
i B 4 T ELET Tl B E 70 R G R B R e R Z TR

)

NI [FEREE 2 2 1HH LB 2 B SRR T
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1. Juan, C., Igualada, C., Moragues, F., Ledn, N.
and et al. 2010. Development and validation
of a liquid chromatography tandem mass spec-
trometry method for the analysis of B-agonists
in animal feed and drinking water. Chro-
matogr. A. 1217: 6061 - 6068.
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Matrix effect (%)
Compound - - -
Pork Chicken Liver Kidney

Brombuterol -13.6 558 346 -143
t-Butylnorsynephrine  -57.1 -47.4  -66.3 -59.9
(buctopamine)

Cimaterol 0.6 -2.7 11.7 0.0
Cimbuterol -259 128 -174 -249
Clenbuterol -47.0 -40.5 -38.0 -43.1
Clencyclohexerol 172 555 432 208
Clenisopenterol -783 -739 856 -674
Clenpenterol -70.1 -56.4 -72.8 -50.5
Clenproperol -7.9 63 -135 -19.9
Fenoterol 15.0 20.2 20.9 19.5
Formoterol -12.7  -8.6 -1.2 -8.1
Isoxsuprine 147 174 2.1 12.2
Mabuterol 154 37.1 20.1 15.5
Mapenterol 12.5 10.8 4.1 7.7
3-0-Methyl-colterol 3.5 4.7 162 154
Ractopamine 1.0 128 10.3 7.8
Salbutamol 273 11.0 -15.0 -11.2
Salmeterol 2.6 9.6 -6.3 2.2
Terbutaline 10.1 4.9 6.0 -9.0
Tulobuterol 30.6 278 90.5 552
Zilpaterol -1.7 8.8 54 5.1

2. Council of the European Union. 1996. Resi-
dues of veterinary medicinal products. Council

Directive 96/23/EC.

[http://ec.europa.eu/food/food/Chemical-
safety/residues/council directive 96 23ec.
pdf].

. Liu, C,, Ling, W., Xu, W. and Chai, Y. 2011.
Simultaneous determination of 20 beta-
agonists in pig muscle and liver by high-
performance liquid chromatography/tandem
mass spectrometry. J. AOAC Int. 94: 420

10.

11.
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Lei, Y.C., Tsai, Y.F., Tai, Y.T., Lin, C.Y. and
et al. 2008. Development and fast screening
of salbutamol residues in swine serum by
an enzyme-linked immunosorbent assay in
Taiwan. J. Agric. Food Chem. 56: 5494 - 5499.
Lawrence, J.F. and Ménard, C. 1997. Determi-
nation of clenbuterol in beef liver and muscle
tissue using immunoaffinity chromatographic
cleanup and liquid chromatography with ultra-
violet absorbance detection. J. Chromatogr. B
Biomed. Sci. Appl. 696: 291 - 297.

Caban, M., Stepnowski, P., Kwiatkowski, M.,
Migowska, N. and et al. 2011. Determina-
tion of B-blockers and B-agonists using gas
chromatography and gas chromatography-
mass spectrometry-a comparative study of the
derivatization step. J. Chromatogr. A. 1218:
8110 - 8122.
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Council Directive 96/23/EC concerning the interpretation of results. Official J. of the

performance of analytical methods and the European Communities. L221: 08 - 36.

Improvement of a Multi-residue Analysis Method
for the Determination of B-agonists in Poultry and
Livestock Tissues

YU-TING LIN, YUEH TING, YING-RU SHEN, CHIH-NENG HUANG,
GUAN-JHIH PENG, CHIA-DING LIAO, YA-MIN KAO,
DER-YUAN WANG AND HWEI-FANG CHENG

Division of Research and Analysis, TFDA

ABSTRACT

B-agonists residues in poultry and livestock products has been an issue of public concerns. In order
to improve the quality of the official testing method, this study developed a rapid and accurate method for
the simultaneous analysis of 21 B-agonists in chicken, pork, swine liver and swine kidney. Samples were
extracted by 0.2 M sodium acetate with B-glucuronidase for hydrolysis, followed by clean-up using solid
phase extraction (SPE). Detection was carried out by liquid chromatography-tandem mass spectrometry
(LC-MS/MS) with 18 internal standards. Chromatographic separation was performed on a reversed
phase C18 column, using a binary gradient comprised of 0.1% formic acid in water (mobile phase A) and
0.1% formic acid in methanol (mobile phase B). The results showed that the limits of quantification in
muscle and viscera were 1 and 5 ppb, respectively. The recoveries of the 21 B-agonists spiked in muscle
ranged from 71.9 to 120.6% and the coefficients of variation were between 2.2 and 18.5%. In viscera,
the recoveries of the 21 B-agonists ranged from 77.7 to 116.8% and the coefficients of variation were
between 0.6 and 9.0%. The developed method used minimal sample preparation and the 21 f-agonists can
be analyzed in a single run. With the satisfactory validation results, this method can be applied to border

inspection and post-market surveillance.

Key words: 3-agonists, animal product, LC-MS/MS



