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Abstract veterinary drug residues in livestock and fishery products.

BACKGROUND: The [3-agonists known as phenyl etha-

) e . o Key words: Analytical method, LC-MS/MS, Validation,
nolamine derivatives have a conjugated aromatic ring

. . i Veterinary drug, [3-agonists
with amino group. They are used as tocolytic agents and

bronchodilator to human and animal generally, and some

of them are used as growth promoters to livestock. M E

METHODS AND RESULTS: [3-agonists in samples were ) .

extracted by 0.4 N perchloric acid and ethyl acetate. The FARE Fabas OEVL}E] R %Loﬂ ghot whl, 1A

target compounds were analyzed by liquid chromatog- oo AFddn B HE HedS Awshs Tav I
A= T PR mid AR 4] oS A AAR R FE

raphy-electrospray tandem mass spectrometry (LC-ESI- ’
MS/MS). Validation of method was performed according °l ]
to CODEX guidelines (CAC/GL-71). The matrix match- g >
ed calibration gave correlation coefficients>0.98, and the = =8eleREe] ARgol Aol ofel F-4
obtained recoveries were in the range of 62.0-109.8%, AhEe] A ool et FetA] AR A AAH R
with relative standard deviation < 20.1%. In addition, a S7FSIAL Sl S, 2030k FatA] AR 20101
survey was performed to inspect any residual [3-agonist = AR 63,1515 q]u] 67% <7}k 105,596= 0% 578
from 100 samples of livestock and fishery products and AeH3]. 2efet ofefe sEEeiokE 7FSt ool A
ractopamine was detected in one of the 100 samples. of A 7 slem, 5 L]“EJJF kel e gEdoler
CONCLUSION(S): In this study, we established the ana- &€ AFASE AL A5 Qlkte] o] epd g w2
lytical method for (3-agonists through using the expanded TR B SIeH4 5] ool sEgolelro R ]le
target compounds and samples. And we anticipate that the Cﬂ{u A% B S8 24 57 9 ATl e Ak
established method would be used for analysis to determine # ks § e 8ol sl 87]E(maximum residue
levels, MRL)< 27d3lod #elskar Qlok
* Corresponding author: Ji Young Kim B-agonisti= A} B-receptore]l #-g3h= A w=ot
Phone: +82-43-719-4211, Fax: +82-43-719-4200; LA Sk AREe] gl ¥R wejs) o)) &
E-mail: jykim98@korea.kr Froll we} 5-Esh, S =21 norepinephrine¥} epinephrine

5!
Zleha Qi FACIE2). olelR F4hEs} Sbee
B8 o] A 71 ol 2 oy o

135



136

Kim et al.

o] tjzAolt}. ol9el: ¥4 B-agonist?] ractopamine,
zilpaterol, salbutamol, clenbuterol -5©] 912H, o]&|gt B
-agonisti= B-receptor?} AT OZH B-receptors EA
skato] A=A, AEolAl, sy 9 HE o)¢t
28 59 A S vehdck B-receptor* ZGF A
kel AxA] EASHAIRE o<l By-receptor, Br-receptor
3l Byreceptor?] wE HIEE FIb A wl} Agolsith
7}7}o] o}ge]] A-g-s= B-agonistE [(B-agonist, Br-agonist
Bs-agonist &% TEstal AltH6-8]. ©]21gt B-agonist
7o} ZH5elAl 71384 Al W EREAAZA AL
ﬂ Ao 53] 7159 75 B-agonist”} 7 A
P& oAt 259 AFAS FH8hs 20w dEA
A7 B-agonistE A¢] 01-1’ AR Z A 2 A
*}%% A8kl QITHWHO, 2018). 53] ractopamine?]
A%, v= T 4 =Tl E <k /‘é‘% QIgutol AJgR.
AEZA ARES7E7E H S CHWHO, 2011), FAik= Foll &
¥ ractopamine 0% Q15 A ¥ 7|5 Y AEW
A%k fk 52 ofdao] - Eo] ARgo] wAE =7FE Q)
tH12,13]. o] & @A vkt A5 Al Fs871%
o] dA¥o] #T¥il SQli= B-agonists ractopamine,
zilpaterol ¥ clenbuterol©|™, ractopamine % zilpaterol
o MARZAZMA, clenbuterol, salbutamol? 3¢ A%

AEHAAM = ¢ He B4E st dElska ok 1
2lu ARAIFEH Y] A8 oY F50] FAlEel ghel 1AE]
o] glow, EU %ol cimaterol ¥ salbutamolg AR+
AR sl At k.

30 ox OFO Flr NE

TEEYRES FkE ol sE8lokE ARE Yo
4 g 9lom[14,15], 54 Tugoforio] Aqd Spike
= A7 AR A, gEET] wke, ) AlrEe =1
, A W8 S 9 i 5 Al ofdEke v
T otk musw glrhle]. Ed, A% F AFE B
-agonist= AAIFX, &, b Fuh, Wi o Sl A
s, TE Y AYW 59 e 18 e AR B
HAH17]. TE89Ee] egg2 ¥ A g
= T7MAAIthE AT AR FEs] Balsan glom[18], Al
AR TN E F2 t‘éﬂ?oﬂ gk A WA 2184

S Zzskar QluH19]. 1zt HdAel thst &
e A A 5ol glo] A= &7t Akt X5l digk Al
5 YT 71F 5 e Wk ofEl20,21], FH A
A ez Qla 7]1Ee AR A7) HA B 7
uheglote] WA M AAA] FARZ AAHI = A

otH22].

1, 7 WA 60% o)dol TERYE fE
o] HAel aE A4 FES] WA= ¥ 2o o
S v = gleWry, Ao Q% /1F9] AEE A
of W Ak AR olojd 4 glvkal Basa Qv
[23]. o]l F-aHEe] ik Fojel sEEFE] A9 7
e 0:ﬂ‘ﬂw— 91t % FoJoREo] ARg-E Fg=Holgt ALRE A

Lo o FEgolokE ARY A&ARD Helg) 1A B

:rLOﬂ/ﬂ /\]%L??l ractopamine hydrochloride (94%),
salbutamol (99.64%), clenbuterol (98.81%) X cimaterol
(98.65%)<- Dr. Ehrenstorfer (Germany), zilpaterol (96%)
2 Toronto Research Chemicals (Canada)°ll T-uf3}$]
om, YiEFEAE A3t cenbuterol-dy hydrochloride
(99.9%)+= HPC Standards GmbH (Germany), ractopamine-ds
hydrochloride (98.8%)% CDN Isotopes (Canada),
zilpaterol-d;<- (99%) TLC Pharmaceutical Standards
(Canada) =] 242} Fusioict 71e} Aol ARgsh 29
2L b 95 MO ABIER &l B Sigma
Aldrich (USA)Z5-E a3l om, Teknokroma (Spain)
5 gk 0.2 um polytetrafluoroethylene (PTFE) &
| wlolote A zlol AHgaIc

FEed 9 WiEEEde 47 Jds] got HgkEe

=21 —
0] 100 pg/mL FE FEOE EFUNS Axson,
=2 3z A

o mksto] AHgaksich

A2 =H|
B Aol T FAEQ & S, o, A 2 9
5% ﬂlﬁ 6H$°1 Goeo] 9 7h2HRel WX, Aol 9 A)
W‘Oi Almd 74%—;— %Jﬁé‘é}?iﬂ}. 7
BE %oﬂ 4% 3
Zhol= E4 wl AR Hqﬁ_g_ ﬂii]—‘&]—ﬂ o))
A ZgelT, Ak 2938 WA §15
2 APLELSASI, 719 AR S FiEe) o

o ot

N

N

1o Olﬂ
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fm o
o &
r«E
m jwf

24

99 BANARIE o, &
AR AR 2 A, e 2 209 2 AR
o) 129] AN sk} Ao DA
Y2 ek 5 QRS stk AR A8 AL HET

= N3
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lo,

l-

A Al 8 AR, 8. AE T AFsEodeEAlEy,
8.1 Uil el AR AR T S7(%, HA, B), oF
(94, Aol) % (AP A% Ade A% A F
W12 elfelel FAsNT, W3 e AYFe A
T uA7Z vhfete] sk & 47 ARR ARSI

A3 AR BAE QY] W7 20T WEAoIA
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uPEST, B Bl AR el 245 o B4o) el
=] o

Aol WA SR Al 5 g2 50 mL 4
Hol| Fzlo] UPF-E7=4 E89%(10 ng/mL) 500 uLgk 7
S 9 A whel W EFEF S8 200 uLE
A7rek thy 157 AA18I8Itk ©o]F- 0.4 N #1344k 20 mL
< 4C, 4,800 GeIA 1527+ 4
welsto] T ds Hlth Ast 4SS 5 M RASE
'

E

F
b
¢
o
F

S ARl pHE 122 243 U, @cldolAEle]
mLE ¥ 10i7F X% E38k 5 4°C, 4,800 GeollA
15 AEste] AEds Haitt @AE FUKE 2
3] HHgsto] of[HobElo]| ES-S Fgt H, 40°C olsfell] A
FFehl S 001 N 94F 1 mLell 35291 $ 0.2 um
PTFE HE] vpo|UR ofujst 718 A|ggA o ARG3IGiT.

MY REY 43
= QoA FiadE AJERE: ARRloREqkdA AEeloks

ehdsgrlele] A% 5 AP vk Bl #E ol =l
(MFDS, 2016) ¥ CODEX 7}o]=8}RI(CAC/GL- 71-2009)°]
w2t gy e JgEIsint AeVd(selectivity) A2 Als
(blank sample), ¥=8(standard solution) 3! 784 3
7} Als(standard spiked sample)®] ZZrHE TS H|wa}
o] gRIsISItt. A4 (linearity) "1 A (matrix effect)E
2slo] U EEE (internal standard, 1S)< ©]4-3 matrix-

matchedH& o]83I0ltE A sk AFsIE71E0] e
ractopamine ¥ zilpaterol®] 739- 025,05,1,2,4,8 2 16 ug/kg,
AMEEAEZQ] salbutamol, cimaterol ¥ clenbuterol®] 73-%-
0.025,0.05,0.1,0.2,0.4,08 4 1.6 L,Lg/kgO] HES ZFgAS
Algel 7kt AAE] s FaE 2 AFEH UirETE
2 ool ot AtV lEA Aole] WAH|E s
2gate] AAE 71sISith Salbutamol ¥ dmaterol®] 789
Zilpaterol-d;, ractopamine-ds, ¥ denbuterol-do 5 W32
3% 27l digk HFds 2dstal 35 nluste] 79
UrEs=ds IRl itk AEEA(limit  of
quantitation; LOQ)9 79 ZAE AP HEFA
(standard error)E 71¥7|(slope)® Yhe #t2 10815 st
AR siolcy B 9 WS AR 3l sEE AIY
W A5E Agsiglon, HAEsEe] 74 MRLo] A€ =4
W EEo] A9 0.5xMRL, 1xMRL ¥ 2xMRL ¥& 570
MRL- §lov AREEAE4o] ohd Z--olli= Positive List
System (PLS) £4J¢l tinlslo] MRLE 0.01 mg/kgO® A
Z3lal 0.5xMRL, 1xMRL % 2xMRL 5% 5507 7A5S
AePsigiet. =g, AREEAEHS AE LOQE VIR
1xLOQ, 2xLOQ % 10xLOQ k& T2 % Hoa A3
oh A Wk 542 sREE 53] HiEsie] Al Al
A AL A Eef ka9 A4 INinter-
laboratory) WAHITS E3ll AlEW e AdYS AFsth

M7(7]
B ofoA ALgE 7]7]%= Shimadzu Nexera X2 UHPLC

HI

Table 1. MRM condition of target compounds for analysis using LC-MS/MS

Compounds Ionization Retention time (min) Precursor ion (m/z) Product ion (m/z) Collision energy (eV)
164.1 16
Ractopamine [M+H]" 4.95 302.2 284.1 12
107.0 33
148.1 18
Salbutamol [M+H]" 4.19 240.2 222.2 10
166.2 13
202.1 10
Cimaterol [M+H]" 4.25 220.0 160.1 16
143.1 21
244.1 12
Zilpaterol [M+H]" 414 262.2 185.1 23
202.1 18
203.0 16
Clenbuterol [M+H]" 5.31 277.1 259.0 11
132.0 27
Ractopamine-d; (IS)  [M+H]" 4.96 305.2 167.1 16
Zilpaterol-d; (IS) [M+H]" 4.14 269.2 251.1 14
Clenbuterol-dy (IS) [M+H]" 5.31 286.1 204.0 17

" The bold expressed a quantitation ion.
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system¥} LCMS-8060 (Shimadzu, Osaka, Japan)o|H, Al
HgH2] o]25h= electron spray ionization (ESI) W=
48 st Table 1). 4 7F ARSE A#2 Waters
Xselect™ HSS Cjs (21 mm Ld. x 150 mm, 3.5 um, Waters,
Massachusetts, USA)°|212™, 0.1% formic acidE 3t

o EUEZY} B8 olsAto R slo] BA31tHTable 2).
TR AEfEAL
M A A8 AE 9 U /5 52 F7A4E
% B-agonist?] HFE7EE S8l FakE 871 wES ol
07 AFAYRARE sty JFFAHIAL AR FAE
28] Al AS AR AF S TS o R Gt
FFAEEA AlEe 2ERICE & W, o, f, |X|, g

Table 2. LC analysis conditions

2 X9 Z47F 1073 HA) 3070 R F 1007 Ak

’é"

]
K

2t

H=
oo
I PARSR
o=

51018

=1 1=

AEE 7=

HA At 24 Q1 salbutamol ¥} cimaterol®f] 2%}
st HErTEE 112} zilpaterol-d;, ractopamine-ds
4 clenbuterol-do°ll thet &5 9 AJtjEFEAE v wsh
Stk 1 A, salbutamol> zilpaterol-d;, cimaterol:-
ractopamine-ds& WH-EFE4AE o] &sie o 87 &5
of gt 3]7& U AUEFHAPL 7lolE gRle] W=
& RISt Table 3). w2bA, zilpaterol-d; m/z 251 A
’Jol ol tigt zilpaterol m/z 244 "YJo]L-7} salbutamol

1o
==

Parameter Conditions
Instrument LC: Shimadzu, Nexera X2/LC-30AD (Shimadzu, Osaka, Japan)
MS/MS: LCMS-8060 (Shimadzu, Osaka, Japan)
Column Waters Xselect® HSS (2.1 mm id. x 150 mm, 3.5 um)

Mobile phase A: 0.1% formic acid in water
Mobile phase B: 0.1% formic acid in acetonitrile

Time Mobile phase A Mobile phase B
(min) (%) (%)
Mobile phase 0 %8 2
conditions Gradient 1 98 2
8 95
11 95
12 98
15 98
Column temperature 40C
Flow rate 0.3 mL/min
Injection volume 10 uL
Capillary temperature 300C
Collision gas Ar
Table 3. Comparison of recovery rate by internal standards
Sample Compound Internal standard Spi(l;ig}gkgvel Averag((e%r )e covery RSD (%)
0.2 86.58 16.29
Ractopamine-ds 0.4 96.77 20.58
2 85.70 16.94
0.2* 100.08 5.61
Beef Salbutamol Zilpaterol-dy 0.4 86.44 15.20
2 91.58 16.35
0.2° 93.01 14.59
Clenbuterol-dy 0.4 80.87 19.80
2 96.25 20.37




Development and Validation of an Analytical Method for 3-Agonists in Livestock and Fishery Products Using LC-MS/MS 139

Table 3. (Continued)

Spiking level Average recovery

Sample Compound Internal standard (ug/kg) %) RSD (%)
0.2° 72.88 26.99
Ractopamine-ds 0.4 93.97 31.27
2 75.07 28.15
0.2° 83.55 7.30
Beef Cimaterol Zilpaterol-d; 0.4 81.73 4.23
2 78.13 10.04
0.27 77.15 6.30
Clenbuterol-dy 0.4 76.26 7.72
2 81.52 6.30
0.2° 114.90 4.72
Ractopamine-ds 0.4 96.74 4.74
2 89.39 5.43
0.2° 103.69 8.55
Salbutamol Zilpaterol-d; 0.4 101.83 4.76
2 105.70 4.06
0.2° 118.88 10.89
Clenbuterol-dy 0.4 114.70 9.59
2 106.05 9.48
Pork
0.2* 96.96 2.31
Ractopamine-d; 0.4 78.64 8.15
2 75.92 7.52
0.2° 83.51 14.07
Cimaterol Zilpaterol-d; 0.4 79.96 8.68
2 89.16 6.60
0.2° 97.10 6.81
Clenbuterol-dg 0.4 91.51 16.19
2 89.59 11.06
0.2° 103.42 6.13
Ractopamine-d; 0.4 89.39 8.99
2 77.29 5.06
0.2° 94.37 6.25
Salbutamol Zilpaterol-d; 0.4 90.30 6.83
2 92.30 9.06
0.2° 106.75 14.25
Clenbuterol-do 0.4 98.15 27.29
. 2 86.45 13.16
Chicken
0.2° 75.97 18.05
Ractopamine-ds 0.4 74.71 2.79
2 75.41 3.10
0.2° 144.64 31.48
Cimaterol Zilpaterol-d; 0.4 136.00 15.32
2 209.97 17.73
0.27 74.32 11.57
Clenbuterol-dy 0.4 80.13 17.82

2 84.10 7.29




140 Kim et al.
Table 3. (Continued)
Sample Compound Internal standard Sp](l;lg}gkgvel Averag((e%r)ecovery RSD (%)
0.2 102.04 4.15
Ractopamine-ds 0.4 84.77 5.63
2 72.87 3.84
0.2 94.78 3.13
Salbutamol Zilpaterol-d; 0.4 96.05 8.28
2 98.54 2.74
0.27 42.20 13.83
Clenbuterol-dy 0.4 68.70 18.66
Eeg 2 78.56 5.90
0.2° 109.57 515
Ractopamine-ds 0.4 93.56 30.70
2 70.69 8.66
0.2 102.88 10.17
Cimaterol Zilpaterol-d; 0.4 107.64 40.20
2 95.57 5.83
0.2 62.53 16.76
Clenbuterol-dy 0.4 84.72 40.20
2 79.11 8.80
0.2* 99.45 3.35
Ractopamine-ds 0.4 93.22 5.00
2 86.76 2.84
0.2° 92.02 2.70
Salbutamol Zilpaterol-d; 0.4 95.17 1.84
2 95.37 4.07
0.2 84.47 17.13
Clenbuterol-dg 0.4 89.05 7.95
Milk 2 86.64 8.47
0.2 83.95 7.27
Ractopamine-d; 0.4 75.35 5.56
2 67.76 1.20
0.2% 72.88 9.11
Cimaterol Zilpaterol-d; 0.4 73.67 515
2 73.74 3.90
0.2° 64.56 21.71
Clenbuterol-do 0.4 67.66 7.04
2 66.69 8.09
0.2 102.63 7.40
Ractopamine-ds 0.4 87.90 0.73
2 78.22 2.59
0.2 83.67 4.55
Flat fish Salbutamol Zilpaterol-d; 04 86.14 2.56
2 83.54 2.45
0.27 114.44 20.95
Clenbuterol-dy 0.4 97.53 7.21
2 93.54 2.63
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Table 3. (Continued)

Spiking level Average recovery

Sample Compound Internal standard (ug/ke) %) RSD (%)
0.2° 80.70 7.79
Ractopamine-ds 0.4 80.00 4.79
2 68.16 2.66
0.2° 58.09 14.78
Flat fish Cimaterol Zilpaterol-d; 0.4 76.65 6.76
2 72.32 3.87
0.2° 86.74 24.81
Clenbuterol-do 0.4 87.83 3.71
2 81.33 2.72
0.27 102.83 11.35
Ractopamine-d; 0.4 94.41 6.43
2 73.56 7.61
0.2° 85.68 8.97
Salbutamol Zilpaterol-d; 0.4 92.51 9.82
2 96.88 8.51
0.2° 115.04 12.91
Clenbuterol-dy 0.4 103.06 7.52
2 89.78 19.58
Eel
0.2° 86.98 15.19
Ractopamine-ds 0.4 87.61 11.05
2 83.77 13.01
0.2° 66.35 23.23
Cimaterol Zilpaterol-d; 0.4 84.07 15.68
2 111.35 11.30
0.2° 103.28 20.94
Clenbuterol-do 0.4 98.04 7.23
2 102.54 13.76
0.2° 88.31 12.72
Ractopamine-d; 0.4 99.00 11.78
2 87.21 7.58
0.2° 83.53 10.85
Salbutamol Zilpaterol-d; 0.4 101.13 7.06
2 97.13 4.36
0.2° 48.86 25.89
Clenbuterol-dy 0.4 106.21 24.23
) 2 100.33 5.02
Shrimp
0.2° 87.79 18.38
Ractopamine-ds 0.4 103.78 36.62
2 85.33 12.00
0.2° 82.42 19.58
Cimaterol Zilpaterol-d; 0.4 105.19 29.28
2 95.26 9.29
0.2° 41.87 45.55
Clenbuterol-do 0.4 114.95 57.66
2 98.08 9.30

aLOQ
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m/z 148 A34J°], ractopamine-d; m/z 167 AJ’Jo]ol
3t ractopamine m/z 164 “§’3°]&3} cimaterol m/z
202 4]0 9l clenbuterol-dy m/z 204 AAJo] Lol thst
clenbuterol m/z 203 A3/dol2 AN 2 24z} S %)
dato] AAEE FrreRdch

Aol A9, AR A=A WiEsE
s EFe s 240 via Aol Wl peak 7t #HEE
2] 3k}, A ARAF)E 423171014 0.9991~0.9995,
HA 70 0.9992~0.9999, Ha7]olA 0.9990~0.9999,
ool 0.9992~0.9999, frolAl 0.9991~0.9999, FAx|elA] 0.9991~
0.9999, “olollA 0.9992~0.9999 4 Af-$-oll4 0.9990~0.9996
TR, 870 F5el 571 E4C] AAS B CODEX 7}
ol Rl 7)ol Wek-s ERIsItHFig. 1).

5]

[e)
T 27 68.99~105.95%, 2.56~27.52%, HHA11712]
it 3eE W A aEaabs 7217 69.87~105.70%, 2.31~
9.37%, Ha719 Bt s 9 duusdze 4
70.87~94.37%, 3.14~20.13%, <29 1 358 U Aons
Ax}= 217} 66.93~98.54%, 0.89~14.41%, 2| Hit 348
9 A EFEARRE 27} 68.76~96.81%, 1.21~11.71%% %
Abe 570 el gk 57 B39 3] 2% CODEX 7ol
T Rl 4% 38 HHE WSl olof, |xe 4
- HH3TE 64.40~109.96%, ‘) EFH A} 1.49~18.33%,
o1o] 739 BetElE 62.00~96.88%, AITNEHA} 1.89~12.94%,
-] A HErEE  76.22~109.82%, AhEE=HA
2.61~19.85% o2 ke 37] F5o] Uit 57 E29]

A B u A B A . B
. g
it (o O St concantaon (gl
o " D
L. lr L L
E F E o F
W - o - It
R i T = e e e
i G G H
ol 7
° /" = . o /" - 00012 0.001
T e P o e S e S o e e e
Ractopamine Salbutamol Cimaterol
A B

o e
;‘ o
€ D
L L
pod t gkl
E F
i aal :
Standar ion (mg/kg) )
. G H
e // }
A ///
& ; =
SR e eostonritionsingy
Zilpaterol

Standard concentration (me/kg) Standard concentration (mg/ke)

Clenbuterol

Fig. 1. Calibration curves of target compound in (A) beef, (B) pork, (C) chicken, (D) egg, (E) milk, (F) flat fish, (G) eel

and (H) shrimp by matrix-matched method.
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3% E5 CODEX 7Io|= gjolold AASH 88 M9 Table 4. (Continued)
2 wEsls AL ISkt Table 4). LC-MS/MS #4]

Spiking Average

Al i EE SRlsh]91ste] B=4e] matrix effects Sample Compounds r level recovery RSD

Rl A3} F-ik AlEelA > + 50%9] et vidgiE (ug/kg) (%) %)

5 81.74 327

Table 4. Validation results of B -agonists analysis method Zilpaterol 09999 _ 10° 7692 7.05

about 8 kinds of matrix 20 7220 277
Chicken -

Spiking Average RSD 0.2 88.98 5.31

Sample Compounds r? level recovery @) Clenbuterol 0.9995 0.4 90.36  11.20

(ug/kg) (%) 2 9430 424

5 105.95  2.56 5 83.41 2.92

Ractopamine 0.9995  10° 9498  6.74 Ractopamine 0.9994  10° 8639  4.07

20 85.53 6.46 20 85.13 1.05

02° 9945 565 02° 9478 313

Salbutamol  0.9991 0.4 86.12  15.25 Salbutamol 0.9997 0.4 96.05 8.28

2 9151 16.36 2 98.54 274

02° 8203 2429 02°  89.07 682

Beef Cimaterol  0.9991 0.4 90.63 12.72 Egg Cimaterol  0.9992 0.4 80.06 14.41

2 77.00 2752 2 73.20 9.00

5 71.19 3.94 5 65.02 1.36

Zilpaterol ~ 0.9992 10° 7409 546 Zilpaterol  0.9999 10° 69.09 4.38

20 68.99 4.46 20 66.93 2.76

02° 9109 519 0.2° 79.58 558

Clenbuterol 0.9992 04 89.46  3.03 Clenbuterol 0.9998 0.4 7835  0.89

2 89.84 3.2 2 83.88 1.97

5 89.03 337 5 69.80 11.71

Ractopamine 0.9993 107 9374  6.15 Ractopamine 0.9991 10* 87.62 645

20 94.51 2.37 20 96.81 2.83

02°  103.69 855 02° 9202 270

Salbutamol  0.9996 0.4 101.83 476 Salbutamol 0.9993 0.4 95.17 1.84

2 105.70  4.06 2 9537  4.07

02° 969 231 02° 8218 758

Pork Cimaterol  0.9992 0.4 78.64 8.15 Milk Cimaterol  0.9992 04 75.13 5.69

2 75.92 7.52 2 68.76 1.21

5 69.87 3.79 5 70.38 3.53

Zilpaterol  0.9992 10° 74.96 9.47 Zilpaterol  0.9999 10° 69.04 2.97

20 75.33 4.17 20 70.16 3.81

02° 10271 3.19 02° 8783 653

Clenbuterol 0.9999 0.4 94.60 4.49 Clenbuterol 0.9997 04 84.22 6.42

2 99.01 5.82 2 84.28 5.00

5 87.95 7.22 5 91.22 2.55

Ractopamine 0.9998  10° 8822 715 Ractopamine 0.9998  10° 89.83 298

20 88.15 3.44 20 85.26 1.49

0.2° 94.37 6.25 0.2° 83.67 4.55

Chicken Salbutamol 0.9990 0.4 90.30  6.83 Flat fish Salbutamol 0.9995 04 86.14 256

2 92.30 9.06 2 83.54 245

0.2° 70.87 20.13 0.2° 71.36 9.15

Cimaterol  0.9993 0.4 73.64 2.95 Cimaterol  0.9991 0.4 76.87 5.18

2 7764  3.14 2 69.56  2.70
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Table 4. (Continued) Table 5. Matrix effect of compounds by sample
Spiking Average Sample Compound Matrix effect® (%)
Sample C d 2 level RSD -
ample Compounds T (ue\/zi ) rec(o(;)ery %) Ractopamine 95.45
0
8.6 Salbutamol -58.93
5 72.69  8.60 -
. Beef Cimaterol -24.36
Zilpaterol ~ 0.9999 107 68.84 5.62 -
Zilpaterol -55.56
) 20 6440 296
Flat fish - Clenbuterol -40.62
0.2 109.06 18.33 -
Ractopamine -90.12
Clenbuterol 0.9992 04 99.53 7.35
Salbutamol -49.03
2 100.11  4.05 -
Pork Cimaterol -43.49
5 95.51 2.72 -
. Zilpaterol -88.61
Ractopamine 0.9997 10° 89.45 1.89
Clenbuterol -50.59
20 8399 331 -
- Ractopamine -88.17
0.2 87.73  7.39
Salbutamol 09994 04 9251  9.82 Salbutamol o
albutamo . . . .
Chicken Cimaterol -59.46
2 96.88 8.51 -
- Zilpaterol -86.08
0.2 95.63 11.90
) Clenbuterol -71.93
Eel Cimaterol  0.9992 0.4 9053 10.77 -
Ractopamine -88.17
2 84.79  12.94
Salbutamol -46.78
5 73.05 873 -
) Egg Cimaterol -68.70
Zilpaterol  0.9999  10° 6795 204 -
Zilpaterol -86.24
20 62.00 3.84
- Clenbuterol -63.10
0.2 86.31 6.23 -
Ractopamine -95.35
Clenbuterol 0.9999 0.4 88.99 3.60
Salbutamol -92.20
2 8776  5.67 . -
Milk Cimaterol -88.49
5 100.05  2.61 -
Zilpaterol -96.98
Ractopamine 0.9995  10° 9428 597
Clenbuterol -96.64
20 92.65  3.97 -
; Ractopamine -96.03
0.2 90.83 9.98
Salbutamol -80.97
Salbutamol 09994 04 10479 6.81 . -
Flat fish Cimaterol -72.40
2 97.86  4.33 ;
0ob 9546 1628 Zilpaterol -92.19
Clenbuterol -54.56
Shrimp  Cimaterol 0.9990 0.4 101.00 19.85 -
Ractopamine -91.74
2 8329 11.85
Salbutamol -82.14
5 90.58  4.60 -
) Eel Cimaterol -65.57
Zilpaterol  0.9996  10° 7622  8.09 -
Zilpaterol -88.90
20 7813 397
- Clenbuterol -50.63
0.2 9750 13.86 -
Ractopamine -96.76
Clenbuterol 0.9993 0.4 103.06  9.91
Salbutamol -92.18
2 109.82 5.18 . -
- Shrimp Cimaterol -85.38
¢ MRL; ®* LOQ -
Zilpaterol -96.89
Clenbuterol -95.13
Hepflomz I AgHolx ARG¥ kel o] B-agonist @ Matrix effect (%)={(Peak area of standard in matrix-
9} 7S EEgoJokEl o] Aol mjaS AlgEte] HA peak area of standard in solvent)/peak area of standard
&= 7lo] @32 o]t Table 5). in slovent}x100
AdZt 43 & AP HASS stk e AIEHE B A8
Qe AP ARl e fEES AT 9 o] Sl AFE T B4 S5E 2 AEEAAE 1)
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J

3|&3 At
% CODEX 7}OIEE¥°l°ﬂ TSRS gl
oA S 7S, wabES 2ol 92 270

_u_o}-o% g]_o]o}.oﬂr/]. }\hﬂﬂ 7F wx 74Z Q‘L]. /\164}\1

7 B
FHHrelative standard deviation; RSD)

3}t Table 6).
o HestA & &

W 459 S Aol WrEelsl 1 ol
2 ARz AEs,

w2 o =

=49 #
2 o] Akt

A5 7P 2 s HF AR siolch webA, & AW
o] #F A== ractopamine ¥ zilpaterol 0.5 pg/kg,

Table 6. Inter-laboratory validation results of B -agonists analysis method about 8 kinds of matrix

Spiking level

Sample Compound

Recovery (%)

RSD (%)

(ng/kg) Institution A® Ave. Institution B® Ave. Ave.
5 105.95 85.74 95.84 11.53
Ractopamine 10° 94.98 82.83 88.91 10.06
20 85.53 79.64 82.58 8.95
0.2¢ 99.45 90.70 95.08 10.62
Salbutamol 0.4 86.12 90.58 88.35 15.26
2 91.51 99.63 95.57 17.05
0.24 82.03 82.31 82.17 18.89
Beef Cimaterol 04 90.63 90.69 90.66 15.61
2 77.00 84.37 80.68 25.19
5 71.19 86.82 79.00 12.20
Zilpaterol 10¢ 74.09 78.53 76.31 6.69
20 68.99 69.94 69.47 5.86
0.24 91.09 89.19 90.14 5.75
Clenbuterol 0.4 89.46 85.74 87.60 6.33
2 89.84 85.52 87.68 4.36
5 89.03 101.70 95.37 7.59
Ractopamine 10° 93.74 88.23 90.99 5.78
20 94.51 78.68 86.60 9.90
0.2¢ 103.69 102.64 103.16 8.99
Salbutamol 0.4 101.83 90.85 96.34 7.36
2 105.70 104.12 104.91 4.10
0.2¢ 96.96 87.41 92.18 11.38
Pork Cimaterol 0.4 78.64 72.19 75.41 11.37
2 75.92 89.50 82.71 12.66
5 69.87 107.84 88.86 24.04
Zilpaterol 10¢ 74.96 87.75 81.35 11.45
20 75.33 77.20 76.27 6.58
0.2¢ 102.71 100.39 101.55 491
Clenbuterol 0.4 94.60 87.81 91.20 6.24
2 99.01 97.34 98.17 5.11
5 87.95 108.85 98.40 12.26
Ractopamine 10¢ 88.22 86.77 87.50 7.05
20 88.15 76.22 82.19 8.86
0.2¢ 94.37 101.39 97.88 10.84
Chicken Salbutamol 0.4 90.30 98.03 94.16 7.33
2 92.30 103.31 97.80 10.44
0.24 70.87 70.75 70.81 19.77
Cimaterol 0.4 73.64 76.87 75.26 6.38
2 77.64 78.99 78.31 4.88
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Table 6. (Continued)
Sample Compound Spiking level — Rec.ove.ry (%) RSD (%)
(ng/kg) Institution A* Ave. Institution B® Ave. Ave.
5 81.74 94.48 88.11 13.14
Zilpaterol 10° 76.92 83.34 80.13 9.80
Chicken 20d 72.20 71.68 71.94 7.10
0.2 88.98 91.31 90.14 5.68
Clenbuterol 0.4 90.36 79.47 84.91 12.43
2 94.30 89.26 91.78 5.41
5 83.41 108.84 96.13 14.10
Ractopamine 10¢ 86.39 85.28 85.83 3.15
20 85.13 71.30 78.21 9.42
0.24 94.78 85.59 90.18 8.49
Salbutamol 04 96.05 92.88 94.46 9.19
2 98.54 103.70 101.12 4.63
0.24 89.07 86.93 88.00 11.44
Egg Cimaterol 0.4 80.06 81.89 80.97 18.06
2 73.20 77.00 75.10 9.95
5 65.02 71.07 68.04 5.06
Zilpaterol 10° 69.09 66.01 67.55 6.20
20 66.93 64.73 65.83 5.42
0.24 79.58 80.11 79.85 5.49
Clenbuterol 0.4 78.35 71.31 74.83 6.30
2 83.88 81.50 82.69 454
5 69.80 86.54 78.17 13.69
Ractopamine 10¢ 87.62 90.29 88.96 5.44
20 96.81 89.63 93.22 5.25
0.24 92.02 80.03 86.03 17.05
Salbutamol 0.4 95.17 80.32 87.74 15.05
2 95.37 85.45 90.41 11.84
0.2¢ 82.18 75.00 78.59 17.79
Milk Cimaterol 0.4 75.13 68.98 72.05 10.82
2 68.76 71.11 69.94 7.92
5 70.38 66.03 68.21 8.38
Zilpaterol 10¢ 69.04 83.27 76.16 12.43
20 70.16 78.47 74.32 7.28
0.24 87.83 76.03 81.93 12.22
Clenbuterol 04 84.22 79.87 82.05 10.33
2 84.28 89.54 86.91 13.50
5 91.22 87.21 89.22 3.18
Ractopamine 10° 89.83 78.88 84.35 7.30
20 85.26 74.35 79.81 7.44
0.2¢ 83.67 82.78 83.22 6.23
Flat fish Salbutamol 0.4 86.14 87.81 86.98 2.67
2 83.54 86.36 84.95 9.71
0.24 71.36 74.33 72.84 10.11
Cimaterol 0.4 76.87 68.84 72.85 11.24
2 69.56 66.90 68.23 3.42
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Table 6. (Continued)

Sample Compound Spiking level — Rec-ove.ry %) RSD (%)
(ug/kg) Institution A® Ave. Institution B® Ave. Ave.
5 72.69 89.41 81.05 13.91
Zilpaterol 10° 68.84 77.15 73.00 7.90
Flat fish 2001 64.40 68.64 66.52 7.92
0.2 109.06 95.61 102.33 18.82
Clenbuterol 0.4 99.53 82.82 91.17 13.99
2 100.11 87.72 93.91 9.29
5 95.51 93.83 94.67 1.39
Ractopamine 10° 89.45 86.72 88.08 3.98
20 83.99 80.56 82.27 341
0.2¢ 87.73 88.92 88.32 10.02
Salbutamol 0.4 92.51 87.80 90.15 14.44
2 96.88 91.51 94.19 10.04
0.2¢ 95.63 92.88 94.26 11.75
Eel Cimaterol 0.4 90.53 92.02 91.27 12.14
2 84.79 82.89 83.84 10.62
5 73.05 96.32 84.69 16.61
Zilpaterol 10° 67.95 74.39 7117 8.70
20 62.00 65.42 63.71 6.69
0.2¢ 86.31 99.74 93.02 9.02
Clenbuterol 0.4 88.99 111.35 100.17 14.03
2 87.76 114.78 101.27 14.54
5 100.05 88.29 94.17 7.27
Ractopamine 10° 94.28 83.28 88.78 8.63
20 92.65 85.35 89.00 5.63
0.2¢ 90.83 97.56 94.20 10.05
Salbutamol 0.4 104.79 95.86 100.32 7.08
2 97.86 97.43 97.64 4.76
0.2¢ 95.46 88.46 91.96 16.33
Shrimp Cimaterol 0.4 101.00 92.34 96.67 17.93
2 83.29 76.68 79.99 10.53
5 90.58 65.10 77.84 18.87
Zilpaterol 10° 76.22 68.95 72.59 7.94
20 78.13 64.15 71.14 11.35
0.2¢ 97.50 89.22 93.36 13.97
Clenbuterol 0.4 103.06 103.58 103.32 12.18
2 109.82 109.28 109.55 5.42
® Ministry of Food and Drug Safety; ® Seoul Regional Food and Drug Administration; ©* MRL; ¢ LOQ
salbutamol, cimaterol %! clenbuterol 0.2 ug/kg®= <l A 100719 AR F HiF] 1.2 25E ractopamine©]
% ¢t Table 7). AEHIk Ty ARFEe] A 5% 5 ractopamine?]
MRL?! 0.01 mg/kg ©I3k! 0.003 mg/kg T 29l
2LHY At wo] QbASH 7l Z o= whdegitiTable 8).

Wl MRS 484 RS Sl e AReiaAk A
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Table 7. LOQ of B-agonists analysis method

(mg/kg)
Compound Sample - LoQ
Institution A* Institution B Adjusted LOQ Final LOQ
Beef 0.00033 0.00046 0.0005
Pork 0.00040 0.00046 0.0005
Chicken 0.00023 0.00046 0.0005
Ratopamine Egg 0.00023 0.00046 0.0005 0.0005
Milk 0.00044 0.00037 0.0004
Flat fish 0.00034 0.00023 0.0003
Eel 0.00021 0.00024 0.0002
Shrimp 0.00024 0.00024 0.0002
Beef 0.00019 0.00016 0.0002
Pork 0.00011 0.00019 0.0002
Chicken 0.00019 0.00014 0.0002
Salbutamol Egg 0.00010 0.00017 0.0002 0.0002
Milk 0.00016 0.00017 0.0002
Flat fish 0.00013 0.00019 0.0002
Eel 0.00014 0.00018 0.0002
Shrimp 0.00015 0.00010 0.0002
Beef 0.00018 0.00015 0.0002
Pork 0.00017 0.00003 0.0002
Chicken 0.00016 0.00016 0.0002
o Egg 0.00017 0.00018 0.0002 0.0002
Milk 0.00017 0.00018 0.0002
Flat fish 0.00018 0.00017 0.0002
Eel 0.00017 0.00013 0.0002
Shrimp 0.00019 0.00010 0.0002
Beef 0.00043 0.00049 0.0005
Pork 0.00043 0.00032 0.0004
Chicken 0.00016 0.00045 0.0005
) Egg 0.00014 0.00041 0.0004
Zilpaterol - 0.0005
Milk 0.00013 0.00023 0.0002
Flat fish 0.00030 0.00017 0.0003
Eel 0.00012 0.00015 0.0002
Shrimp 0.00014 0.00041 0.0004
Beef 0.00017 0.00015 0.0002
Pork 0.00006 0.00015 0.0002
Chicken 0.00013 0.00018 0.0002
Egg 0.00007 0.00019 0.0002
Clenbuterol 0.0002
Milk 0.00011 0.00006 0.0001
Flat fish 0.00017 0.00018 0.0002
Eel 0.00005 0.00010 0.0001
Shrimp 0.00015 0.00013 0.0002

* Ministry of Food and Drug Safety; ® Seoul Regional Food and Drug Administration
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Table 8. Results of B-agonist residues monitoring

Detected compounds

Sample Number of samples Number of detected samples (Concentration/MRL, mg/kg)
Beef 10 -
Pork 30 1 Ractopamine (0.003/0.01)
Chicken 10 -
Egg 10 -
Milk 10 -
Flat fish 10 -
Eel 10 -
Shrimp 10 -
na e pEoR W, E APEOR 28 U 4%

=

2 AFE F3l B-agonistAl AFHE 04 N #HHaAt
20 mLe Y, oEoMEllES olfsle] FEShs WACR
LC-MS/MS AldHls -latqlth B-agonist 559 47,
FE AL AE FEUN gaAe FEHC] o8 gl
[24-27]. AF A7) 2] A, At ARl mhE 9137do)
Ao, arAel Wol glo] F= Alzte] #tks gilol A
o) G4F o83 FEHU AG A AHESHA get vla
2] QPdsith= Aol glout, max e HAel o3 F& A
Zro] Al 7HA0] nith= @lo] Qlo] Al 5 o
2]7]3ellA B-agonist AP ALs] AR F EF
AdeM= AF Al FEHE o] &siSith & AW i
ol GRIg g5E2 7]E2] A9} nlas|Egks o
TABIAY 28 25 9 o BEEHg o 2 AY
W HAA AFELrt 71E9] AgA+-H) 24) o)) wWeka
[28,29], 712 AATE= vhEA B F52 FAkE
of thet Al = FAE 9 Ak T A
gh, &, #A, o & A, 9A, Bl A 5 F
Akl BA 280l ThssithE ApEro] Qlof fejnst
Aol oz} wehEt}{24-29]. Ractopamine®] QU433
-§%Hacceptabel daily intake, ADI)<- 0.1 ug/kg bwolH,
o] 24 dUH )15 K theoretical maximum daily intake,
TMDI)=> 50 ug .= 32160 kg) 715 ADIC] °F 84%
o]tKWHO, 2006). Zilpaterol®] ¥4 5431 %accute
reference dose, ARfD)> 0.04 ug/kg bwolil, F454
2lo]:-Z(global estimate of acute dietary exposure,
GEADE) & 4191 71% 1.9 ug/kg 2 AR °F 80%
0] 0 (WHO,2015), clenbuterol®] 739 ADI= 0.004
ug/kg bw, TMDI: 0.235ug 0% 49l 7|3 ADI9 oF
98% 2% W 1ETHWHO,19%). 2 TMDI % GEADE
7b A e s A AR,
AR el AeFsA7E %A Ul B-agonist 4 F 71
Qo] shdst o207 AlEHr) £3), salbutamol % cimaterol
¢ 2, ADI % TMDI 59 #4455 ¥d o+ 2 A=
= olz] HuER| 9kgkoy, ARE-EA] EHl clenbuterol ¥}
SUg o AFIAE Gl AFE Fel Aol

o

s

Kok

<

H

S A Ho] 9l B-agonist?] FAF #He]e] g874d0] F
7 Ao w AlRHM, 53] FAkET A4H W 71E AR
e g AR i E5e] gd A8ela, S

ZQ1 salbutamol ¥ =ujellA 1H78]87]5=0] A Eo|gl%
& cimaterolo] 4] i} Bl FHOEN, & AFE
& AR Alde] Sl -8 SR F-akE Rk ohue,
T8 F-9HE F B-agonist AAAbel o] 8E Zow Ab
¥k

e oo
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