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A R ATHRAL - S A0 - NG

B RS 1B 6 ARG K 10 37 4F o vAR ARG AT B T 3% %4 (liquid chromatography/
tandem mass spectrometry, LC/MS/MS) i 41clenbuterol * terbutaline * salbutamol Zractopamine
442 LA 2B KA (B-agonists) 7% W oA A o A5 IR TR A A IR & 14 4 5 A H salbutamol 0.47

7.45 ppb * SLHLE G5 H5.4%
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Z 2 HE R HE (B-agonists) (R 5B LiREE 25
2 B3 1E R (B-adrenergic agonist) » EL A A Eift
RIEEZ GRS T BRAEBEIGEEUE -
BRZERIEE LIRRZ R LERENEY - B
ractopamine (B1)#H - zilpaterol (B2)%H » cimaterol
(B2)%H - clenbuterol (B2)%H Fzsalbutamol (B2)%H%
o fRIAZRIR PEVREE 2 2R - A 2R
FA(B-agonists )i 1 43 By i P i 50 2 K3 7 (phenol
type) * Allsalbutamol 5z i 4 #5255 .2 A% 2 (aniline
type) * Allclenbuterol @ o 7757 #8432 4H (B-agonists)
— ARG A #Y) 2 L RE EW - fla
clenbuterol * terbutaline ;2 salbutamolfF % B & R %
HERY A FHZE S, © HractopaminefE B A YN A A
A MEECRERNICEER ~ e~ BAER
FBIFRUER) - RECTEIYIIE IR o IR RGAH A
R L LA A% - R R F5 0 B %/ (repartitioning
effects) » (S #E A Z HE I 73 f A 55 - AIEE N
HEGK @ EEREERE - GRE AR Y E
O MOURZEAREY -

19804F ARHEALAZR » =l &2 B-agonists i FF

ARBERCH AR B AE -
BMAE EEER  REENRHERLE

EHEHRERAEE  MMEERSFERRAEM
B B R H AN B 52 E B clenbuterol Z H E
fn® » AIPGIE A 7138 A ] £ F 7€ ¥ clenbuterol 2 4
FFm S R EY R E L Z A7 - 19984 DA% »
BN HE TN EEG ©  M20065F
HRER YT % AR 25 BT R Rl & 78 B clenbuterol
58 NI S FE A SR 3 o FAB-agonists ¥ A B
& R B~ A S SR I R i e A B i
Mg R RZEREA - AR 8
TR NS HERES AR
Paylean® 5 Optafless”.Z ractopamine 43 31 F fA 54"
D 2o A% - CHEFTEHEREERZA
& (tolerance) " o Ty BRI R B A A/ 1 L@ AE A
ki & B s Y B 2 2 B & (Joint FAO/WHO
Expert Committee on Food Additives, JECFA)H
#5575 & Hractopamine iy AV IR & (Maximum
Residue Limits, MRLs).Z B %" [J S £ ik Bl
FE ¥ (Codex Alimentarius Commission)HI5]H
% i Hclenbuterol Z MRLs"” o H AR IE [ 2251 H
¥ (Positive List System for Agricultural Chemical
Residues in Foods)7]Hractopamine 52 clenbuterol,Z
MRLs "« {TE PR EE 2006510 A8 T2
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#5832 0 fE Salbutamol  Terbutaline » Clenbuterol
Ractopamine.. % f 25 R 8IS ~ A - A
g H o~ HE B RV ZE R B (Food-producing
animals)(f .2 FELEN , " - (TEREHEEZA S
Z TEhY s e | Y PR S R
[B-agonists °

ENE) RIS iR E VAN L i g - oy
(B-agonists) &) FH 2.2 fglis /5750 » DALC/MS/MS
[ B fg 1HI 85 5 22 5L P clenbuterol ~ salbutamol
terbutaline 5 tulobuterol PYF#H Z FU 7 #8 3% - H 57k
O TTBEEEF NS L - 93EEFH
W ERNHEE S EmAF - AEREIEA
STIEIT R 2 I8 B e i Hisalbutamol 1.10~11.21
ppb * BLERE R EE18.2% % © 954 EEHITH
BEEM3ORIE R H® o 964 K B 15
A% Hiractopamine * {HEZZEY)IG R IR94GE A 2
T2 - H96E KR 944E R AN 5 T & Bl
27 DALC/MS/M S I+ & 7 it H clenbuterol
ractopamine * salbutamol } terbutaline 2 & & /3
% RN AT EAT E S S E It 1450 -
FESA 3 FE N e 4B A g Hiractopamine » 5543
{EE A% Hisalbutamol » BEE E AR5 E3£6.9% -
97T E T S B E 3T - BT LB
FHH(B-agonists) B V) HEE 2 2 Sl & - DIBR AR
MEEEEMESIIE LHZBEEHYAHESZ
NEHEE -

MRS E

—  REERIR

RE1975:3 H 28 H 7 B (BUR) 5 42 = DA
EETAZHEE ZKEY - #ifhs - 8kl
L RIEAEE EEE RIS e - BN
fF ~ FEAlEOLE ~ 45t ~ IBR6 KIGA 1043
3TME(ER—) - EEEUSHRR-20°CRTF » HESHT
FREECHHBEA -
— LB

Clenbuterol hydrochloride (> 98%) * salbutamol
(99.0%) ~ terbutaline hemisulfate salt (99%) ~
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ractopamine hydrochloride (95.6%) 5 N EEEYE i
(internal standard, 1.S.) clenbuterol hydrochloride-d,
(CLEN-dy) Jzractopamine-ds; (RACT-d;)%3 5l i
E Australian Government National Measurement
Institute (Sydney, Australia) &2 RIVM, European
Community Reference Laboratories (Bilthoven,
Netherland) - ZfE K HFEE BHPLCHL » EH
Labscan Co., Ltd. (Bankok, Thailand) ° BSE&SH
FEER o4 ~ S &ALk S vk EE R FyNacalai Tesque
Inc. (Kyoto, Japan)Z F#lZ it © B-Glucuronidase
(G-0876, type H-2, from helix pomatia)f# H Sigma-
Aldrich Co. (St. Louis, MO, U.S.A.) » EFfHZEFE
Oasis HLB (6 mL, 200 mg)/sWaters Corporation
(Milford, MA, U.S.A.)ZE % » f# FH BT FE L DUR S
mL 52 7K3 mLIEE °

= BRI REARE
DAITE R REB%(ACE homogenizer, Nihonseiki
Kaisha Ltd., Tokyo, Japan) > IE % o8 (T3 F5 1
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& B BRAE]) » B Lo (Labofuge 400, Heraeus
Instruments GmbH, Hanau, Germany) * figifilE &
#5(Vortex mixer, Type 37600 Mixer, Thermolyne
Corporation, Towa, U.S.A.) K [EfHE 2222 B S &
(Supelco, Bellefonte, PA, U.S.A.)F A i 248 -

15 SR AH g AT BB S R R (LC/MS/MS)
fRAlliance 2695V tH & #T # R 4 H 45 Waters
Micromass Quattro Premier™ 3% {7 (Waters
Corporation, Milford, MA, U.S.A.) » BT IFERERE
% (electrospray ionization, ESDEHITEHET > A6 DL
MassLynx i #5 #8122 K T HUR R -

PO - #Be R

R THEEEE NS " RAPEY I ZERE
HEWmE TR — 2R L BRI 5T
@V R96 4 K bt /N 5 ST IR T IME B Y - AT
MRS 2 R FH L TR B - DALC/MS/MSHETT
clenbuterol * salbutamol * terbutaline & ractopamine
VOfE LA Z BRI RR ] - H R R AE AL R —
R o

(—)ZEHY

i E R - FRHERIUREES ¢ - BENITER

RS - IA0.2 MPATR Sk AR (pH 5.2)

15 mL - HHHEEE23 8818 - B AS50 mLEE

HELE - IR & NEEEE AR (100.0 ng/

mL) 100 uL 5 B-glucuronidase 100 pL » fA37°C

IR FRZKER1/INEE © 44,000 rpmEE (210538

W B - B OE T Z BRI IA0.2

MEEE A S5 @ (pH 5.2) 15 mL » IREFEEL10

73 > 24,000 rpmBE 10738 © GHF EETE

W A NESALshA TR #pH{E R 7.0 - H

24,000 rpmfe (210738 - HUEEH R T L

H -

EhFE

B VS WOE ATRAS FHER3 mLF27K3 mL

ik BERER A EEMEZNEE . ZOasis

® HLBZEHU[H - DL HEF 7k4 mLiE PEAEHY

[ - SO 22 R ) B AR R - SER R

H - DAFEZ4 mLIPFE2E S - SR P2

265 CLAR AW E - BRI ZAE © 7 mM
BEMRE4(8 © 2, v/V)IEWR1.0 mL » DR G
IR IARE - #20.2 umJEFE (Nylon, Micron
Separatcns Inc., West Borough, MA, U.S.A.)it
Bt (BRI - LAELCMS/MS 3 -
h o~ R EREEEEEATE
IR AT R R
[ HT7& FE BPolaris Si-A (3 um, 50 mm X 2.0
mm; Varian MetaChem Products, Torrance, CA,
U.S.A.) » BEHIE T LIRNEE K 85% LBV
W53 BIGREE1/NRE(0.2 mL/min) » B EHFE R 2,
& : 7 mMEGEESZ(8S : 15, vIVIETE » TEAE
10 uL » i3 %0.2 mL/min (£ ) °
()R E A R R IE
Bt 5 PR BE R R B (L R - R
MRME IR ZCEITEE - BiHEZ T2
FMRMAE I Bt TRl = fe 5k -

AR Vill i

A7 it B A R R AR E IR 10 pl > 73 BITEA
ARG AT B ERL AT R - IR AT R T
TIAT - s R AT Y VA YA P 5 TR e T R PR e e
ZH B HIFR S B TR OE R AR T
at H RIS 1 B-agonists & B (ppb)

T % 1 B-agonists.Z & & (ppb) = %

C © EMR AR R (BT B-agonists 2 I (ng/
mL)

V R E A B (L)

M : U Hiae 2 ()

SEAE

& RHEETED TR

LC column Varian Polaris Si-A (2.0 X 50 mm, 3 pm)
Mob-e phase CH;CN : 7mM NH,OAC (85 : 15, v/v)
Flow rate 0.2 mL/min

Inject¢n volume 10 puL

Analysis time 10 min
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Sample (muscle, liver, kidney) 5 g

Homogenize with 15 mL of 0.2 M acetate buffer (pH 5.2)
Add 100 pL of I.S. (100.0 ng/mL)

Add 100 pL of B-glucuronidase

Incubate at 37°C for 1 h

Centrifuge (4000 rpm, 10 min)

' }

Supernatant Precipitate

Add 15 mL of 0.2 M acetate buffer (pH 5.2)

Shake 10 min
Centrifuge (4000 rpm, 10 min)

Combine

v
Supernatant

Adjust the pH to 7.0
Centrifuge (4000 rpm, 10 min)

v

Supernatant

l

Oasis® HLB cartridge column (6 mL, 200 mg)

‘Wash with 4 mL of deionized water
Elute with 4 mL of MeOH

Eluate
l Evaporate to dryness at 65°C

Residue

l Dissolve in 1.0 mL of CH3CN : 7 mM NH 4OAC (8 : 2, v/v)

LC/MS/MS
[B— ~ B-Agonists 288 Z tGER 77752

.\ B EHAT B+ SPBIMEZEEIAMHT © VRO & B R 2 AR
| PR AAT R B HLSHT -
FEH R DT 1S TSI ST B-agonists
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= EREMTEE

ESI mode Positive
Cap-lary voltage 3.2kV
Extractor 3.0
Source temperature 120°C
Desolvat¢n temperature 450°C
Desolvaten gas flow rate 600 L/hr
Cone gas flow rate 50 L/hr
LM 1 Resolutcn 15

HM 1 Resolut¢n 15

Ion energy 1 1.0
Entrance 10

Exit 10

LM 2 Resolut¢n 15

HM 2 Resolut¢n 15

Ion energy 2 1.0
Multiplier (V) 650

FER BT AR
— mEEFIN

Bt E S ELCD R ISER MR L %2
RN ZOFE-RZEE2H > EED
B R IOk fa A - AT 222 B T (EIF1E

=M~ DEREEAZIEREE BT RE R HLER

5 4 PR & (method detection limit, MDL) 0.3
ppb A (& =) » ARG LAIE A fa #2 VR I05.0 ppb
Z salbutamol Sz ractopaminetE 7 B 1 53 H1 S sl
BRdt o A ISR i ECR 2 & 6] {E (upper
control limit, UCL) X% #| ~{H (lower control
limit, LCL)5> B E] 5 120% 52.60% - Frifg .2 vsin
B i Z salbutamol fzractopamine [5] 3R 43 Hl By
98.3~118.2% }86.0~114.0% » ¥J{EEH| L TEZ
WN(E =) 5 SRR E S ES FEETR30% » K
A 15 Z salbutamol Sz ractopamine# S A E 5 43
FE53 A E50.6~18.0% 52 1.2~7.9% » P{EAAE ] L (E
(V) o ARHRI BAR i A8/ T 5748 4 AH A% (Food
and Agriculture Organization of The United Nations/
World Health Organization, FAO/W HO) 2 BifE & i
i E# (Codex Alimentarius Commission)"' 2
FUE - B ENY SRR EE TR 1~10 ppb
[E R IES TR 60~120% » % 524 (coefficient of
variation, CV)[E/NR30% » A2 S 5
Mt B Al fF & Codex 2 Z23K ©

- mEEEERTENYAEER-agonistsE

Bz sl

974 B R EI T EFE A 104 ~ FEAN et ~ 4
W5~ BBA6rE KIEA 104F3E371F - R (EF)

Cone voltage  Collis¢n energy

B-Agonists Precursor ¢n (m/z) Product ¢ns (m/z) Relative intensity (%) ) V)
Clenbuterol 277 203" 100 20 20
259" 29 (0.99)° 20 10
Terbutaline 226 152° 100 20 20
125° 13 (5.59) 20 25
Salbutamol 240 222° 100 20 15
148° 49 (3.29) 20 15
Ractopamine 302 164* 100 20 25
107° 23 (1.47) 20 20
Clenbuterol -d, 286 204 20 20
Ractopamine -d; 307 167 20 15

a: MRM transit¢n used for quantificatgn
b: MRM transit¢n used for confirmatgn
c: Value in parenthesis is the coefficient of variatcn (CV, %), N=3
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& o T MDL
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& 020
040
0.60
20.80
-1.00
0 1 2 3 4 5 6
R #
0.60 [
0.40
o [ MDL
'é 0.00 F ° ° ° ° °
o |
S 060 |
20.80
-1.00
0 1 2 3 4 5 6
R #

B ZBSRERAZZTEAMIEFIE
MDL: Method detection limit; SALB: salbutamol
RACT: ractopamine

120 L4 (2 UCL

Salbutamol recovery (%)
Ne)
o

120 ° ucL

60 LCL

Ractopamine recovery (%)
O
(=]
—
[ ]
[ ]

=« CESBERZAIERSEFE
UCL : Upper control limit; LCL: Lower control limit
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35

30 | UcL
25t
20 | .

10 1 .

Salbutamol C.V.(%)

35
30 | UCL
25
20 |
15 |
10 | ®

Ractopamine C.V. (%)

R

BV - CERRERE EEANEFIE
UCL - Upper control limit

W& A S BB A1 25 1 7 43 Bl At Hi salbutamol 0.47 527.45
ppb * BLHERFF - N EEES 4% - WEAR L
salbutamolz%ﬁﬁﬁ@‘(aﬂTﬁ.éﬁﬁﬁﬁﬂ o INFF
FEZERREE M ANEGRELEN » 1
T RS EREEA E - NFEBREHE
FEEEMH A ZERE - GREATEINSRE
B EM R - RIS ERES TS E S ET
G -

ZENR

1.ﬁﬁ%%$% 2007 - FEEAFBHTRIE < HEH
Al B T H ¥ - 55—H12007.08.03

2. Polettini, A. 1996. Bioanalysis of ,-agonists

by hyphenated chromatographic and mass

spectrometric techniques. J. Chromatogr. B 687:

Category No. of non-compliant samples Ratc of non-compliant samples (%) B-Agonist (ppb)
Duck muscle 16" 16.7 SALB" 0.47
Goose muscle 1(10) 10.0 SALB 7.45

Pork 0 (10) 0 N.D.

Swine liver 0(6) 0 N.D.
Beef 0(5) 0 N.D.
Total 2 (37) 54

a: Total number of samples; b: SALB: salbutamol; c: N.D.: not detected
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(A) (B)

4mix 3ng/mL +IS 2 ppb AG9
970430 std ba3 Sm (Mn, 2x3) MRM of 10 Channels ES+ 970430 ba9 Sm (Mn, 2x3) MRM of 10 Channels ES+
100 — 4.12 307 > 167 100+ 4.09 307 > 167
] 45867 1.58e5 ] 23653 7.75e4
] Area ] - Area
- ¥ m 4 RACT-Ds
] 5.23 9.88 ] 1.11 2,14
] 65 24 1 764 30
O T T T 1 o T T T T 1
2.50 5.00 7.50 10.00 2.50 5.00 7.50 10.00
970430 std ba3 Sm (Mn, 2x3) MRM of 10 Channels ES+ 970430 ba9 Sm (Mn, 2x3) MRM of 10 Channels ES+
100 4.03 302 > 164 100 L.70 302 > 164
] 2110 7.25e3 1 1508 2.74e3
] Area q1.11 RACT Area
84 83502 6.79
] ] 29
o- T T T 1 o- T T T 1
2.50 5.00 7.50 10.00 2.50 5.00 7.50 10.00
970430 std ba3 Sm (Mn, 2x3) MRM of 10 Channels ES+ 970430 ba9 Sm (Mn, 2x3) MRM of 10 Channels ES+
100 — 4.03 302 > 107 1004 1.08 302 > 107
1 6216 2.22e4 ] 1080 RACT 4.12e3
] Area 1 Area
N 84 .
0- T T T 1 o- T T T T 1
2.50 5.00 7.50 10.00 2.50 5.00 7.50 10.00
970430 std ba3 Sm (Mn, 2x3) MRM of 10 Channels ES+ 970430 ba9 Sm (Mn, 2x3) MRM of 10 Channels ES+
100+ 4.56 286 > 204 100 4.55 286 > 204
1 56796 1.95e5 ] 27783 8.78e4
< 7: Area 8 7: CLEN_ D 9 Area
] ] 3.15
1 1.02 ] 7858
[ —t ‘ ‘ ‘ ‘ o \ \ \ : )
2.50 5.00 7.50 10.00 2.50 5.00 7.50 10.00
970430 std ba3 Sm (Mn, 2x3) MRM of 10 Channels ES+ 970430 ba9 Sm (Mn, 2x3) MRM of 10 Channels ES+
100 4.49 277 > 259 100~ 1.05 277 > 259
] 15279 5.39¢4 ] 30824 1.19e5
q Area o ] CLEN Area
e ¥4 161 5.21
{ 1.00 ] 1708 10048
0- 189‘ - ; ; . Time o T T T T 1 Time
2.50 5.00 7.50 10.00 2.50 5.00 7.50 10.00
4mix 3ng/mL +IS 2 ppb AGY9
970430 std ba3 Sm (Mn, 2x3) MRM of 10 Channels ES+ 970430 ba9 Sm (Mn, 2x3) MRM of 10 Channels ES+
100+ 4.49 277 > 203 1004 1.08 277 > 203
] 18643 6.33c4 ] 1219 4.78e3
o ] Area o CLEN Area
| Y m X
1 ] 2.17
] 1 38
[¢] T T T | o T T T 1
2.50 5.00 7.50 10.00 2.50 5.00 7.50 10.00
970430 std ba3 Sm (Mn, 2x3) MRM of 10 Channels ES+ 970430 ba9 Sm (Mn, 2x3) Channels ES+
100 6.64 240 > 222 100 — 240 > 222
] 4291 1.25e4 ]
1 Area | Area
¥ =
10.45 ] 1.21
152 1 2423
O T T 7 1 o T
2.50 5.00 7.50 10.00 2.50
970430 std ba3 Sm (Mn, 2x3) MRM of 10 Channels ES+ 970430 ba9 Sm (Mn, 2x3)
1004 6.64 240 > 148 1004
] 24154 6.26e4 1
1 Area 1
¥4 =
] ] 1.09
0- : ‘ ‘ | oL ‘ ‘ : ‘ ‘
2.50 5.00 7.50 10.00 2.50 500 S —=s0 10.00
970430 std ba3 Sm (Mn, 2x3) MRM of 10 Channels ES+ 970430 ba9 Sm (Mn, 2x3) MRM of 10 Channels ES+
100 5.62 226 > 152 100112 226 > 152
] 18069 5.25e4 1312 411 5.17 TERB 1.30e3
N Area s 218 140 Area
0- i T T ] o- ; T T )
2.50 5.00 7.50 10.00 2.50 5.00 7.50 10.00
970430 std ba3 Sm (Mn, 2x3) MRM of 10 Channels ES+ 970430 ba9 Sm (Mn, 2x3) MRM of 10 Channels ES+
100 5.64 226 > 125 100 — 9.52 226 > 125
] 5677 1.75e4 ] 1510 4.80e3
o] Area ] TERB Area
™4 ¥4
0 T 7 7 1 Time o~ ; . | | Time
2.50 5.00 7.50 10.00 2.50 5.00 7.50 10.00

7 -~ $EP9IGREEIRH salbutamol 7.45 ppb Z ZE X FEERIENT
(A) Standards, (B) goose muscle
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WFFEAEH - 25: 255259 - FHH(B-Agonists) BB /715 2 B 52 R F B0 R 3
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Survey on (-Agonists Residues in Marketed Meat and
Poultry

WEI-CHENG LI, CHI-WEN HSIEH, PEI-JU CHOU, YUAN-FENG KU,
SHU-CHU SU AND DANIEL YANG-CHIH SHIH

Food Chemistry Divis¢n

ABSTRACT

A survey of $-agonists residues including clenbuterol, terbutaline, salbutamol and ractopamine in marketed
meat and poultry was conducted in 2008. Thirty-seven samples, including 10 pork, 6 swine liver, 5 beef, 6 duck
muscle and 10 goose samples, were obtained from retailers by local health personnel. Samples were analyzed
by liquid chromatography/tandem mass spectrometry (LC/MS/MS). The salbutamol was detected in one duck
muscle (0.47 ppm) and one goose muscle (7.45 ppm) samples. Ratio of non-compliant samples is 5.4%. The
result of this survey had been released to media.
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