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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
METHODS AND RESULTS: [3-agonists in samples were

B

Z A} E gl 2=ALELO. o o] A = o) - I=)
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target compounds were analyzed by liquid chromatog- oo Brdda 9 AFe dehs Avshe T oH

A5 % sz vipd Ak anlge A AAEoR E

raphy-electrospray tandem mass spectrometry (LC-ESI-
MS/MS). Validation of method was performed according .
to CODEX guidelines (CAC/GL-71). The matrix match- v A " °c =
ed calibration gave correlation coefficients>0.98, and the AsE AR FEgleriel _A}%o] Aol ol %5
obtained recoveries were in the range of 62.0-109.8%, T Flel mh @Al AR A AlAIA o E
with relative standard deviation < 20.1%. In addition, a /PSR Sl T, 20306k FatA] AR 20101
survey was performed to inspect any residual [3-agonist = AR 63,1515t 67% Shek 105_'596%33 T
from 100 samples of livestock and fishery products and AeH3]. 2ot ol sEEeiokE 7FE ool A

¢
o I

ractopamine was detected in one of the 100 samples. O_ﬂ Aie %’O—U%_' %A&%Jﬂr kel 5 %_%%8]%
CONCLUSION(S): In this study, we established the ana- &€ AFASE AL A5 Qlkte] o] eyd s w2
lytical method for [(3-agonists through using the expanded TR B AL SIH4 5], o]oﬂ] e eREoR gt
o= 23 o L =L
target compounds and samples. And we anticipate that the A A He s S8 24 =7 B mA| el F4b
T Z~AX)EL == =1 o == = . .
established method would be used for analysis to determine # ke § e 8ol W7l 87]E(maximum residue

levels, MRL)< 27d3tod #elskar Qlok
B-agonisti= AUl B-receptore]l g3k Fdofghgo}
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o] thzAolt}. o]glol P4 B-agonist?] ractopamine,
zilpaterol, salbutamol, clenbuterol -5©] 912, o]&|gt
-agonisti= [-receptor?} AT O EH [-receptors T4
skl AA=AE, A EA, et 9 Jd o|¢
24 7o) A S UERATE B-receptors EA52] Al
kel AxA] EASHAIRE o2l By-receptor, Br-receptor
Bsreceptor?] FE HIES T3 xAof wel Aofsitt
1212 oFgdel #-88H= B-agonistE Bi-agonist, Br-agonist
Bs-agonist & O& T-Estal AltH6-8]. ©]21gt B-agonist
IZteIu Zh5ellAl 7194 A 9 Rkl AlA| =4 A
w3 Qlom 53] 7152 A9 B-agonist7t 7] A
AIE ARt 259 AP S FH8h= 20w 44

O1H9-11], 4% B-agonists: Al&lstal R ZAZH
S w48kl JItHWHO, 2018). 53] ractopamine?
3%, vl= T2 4F w7l E BAdE 1ol AR
ZAZA ARSI HY 2 HWHO, 2011), FAHE ol &
¥ ractopamine ©.% Q15 AEHA 757l B A
A% ik 5o ofdako] - E o] ARgo] TAE =7HE Q)
tH12,13]. o] & @A Fevhet AF5d Al e 87
o] dA¥o] #T¥Il SQli= B-agonist ractopamine,
zilpaterol ¥ clenbuterol©]™, ractopamine % zilpaterol
o MARZAZMA, clenbuterol, salbutamol? 3¢ 2%
T AZHAME & He EAE FEst] FEska ok 1
2lu ARAIFEH Y] A8 oY F50] FAlEel ghel 1AE]
o] glow, EU %SolA cimaterol ¥ salbutamolg AR+
AR sl Ak k.
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cimaterol ¥ #H+ FAEAZ TAIE salbutamolS
A EAR Frska, AlEY A8 5

HEE 2 A

2 A9oA AHE-S ractopamine hydrochloride (94%),
salbutamol (99.64%), clenbuterol (98.81%) % cimaterol
(98.65%)~> Dr. Ehrenstorfer (Germany), zilpaterol (96%)
< Toronto Research Chemicals (Canada)ellAl 71|31}
om, YiEFEAE A3t clenbuterol-dy hydrochloride
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uPEST, B Bl AR el 245 o B4o) el
=] o

M= WA A8k AR 5 g2 50 mL 943
ol Fzto] UF-EF=d £3-89(10 ng/mL) 500 uLgh 7
e B AR ol S Bed S8 200 uLE

A

q718 thg 1587 A3k ©]F 0.4 N 944 20 mL
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[e)
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S Y1 1087 Ag E36k1 4°C, 4,800 Gell 15587 94
Falato] ASas ootk 3t ASAS 5 M FAsE
B 2 2% s, @cldotAE]
E

mLE ¥ 1037F X% £33k 5 4°C, 4,800 GeollA
15 At s Aslsitk. @IEE FUHE 2
3] REESte] of[dobiHo|EF-S gt |, 40T olslellr] i
EFehl S 001 N 94F 1 mLell 591 $ 0.2 um
PTFE ZH Hpo|¥Z oj7st 215 A[FEH 0 ARESISiTh

MY REY 43
= QrelA] FiadE AJEE: ARRloREqkdA AEeloks

HA7I] A T AEH v BEdate] et rle| =kl
(MFDS, 2016) % CODEX 7}o]=2RI(CAC/GL- 71-2009)°]
w2} ] e FEIsint el (selectivity) A2 Als
(blank sample), 8 (standard solution) 2 =g 3
7} AlE(standard spiked sample)®] Z=rHE 1S H]wa}
o] gRlaltt A4 (linearity) "I & matrix effect) &
Eale] WPEEEA(internal standard, 19)& ©]-8-3F matrix-

matched& ©]83I00tE A v AF31871E0] Sl
ractopamine 2 zilpaterol©] 739025, 05, 1, 2, 4, 8 2 16 ug/kg,
AMEA1E4]] salbutamol, cimaterol % clenbuterol®] 7-%-
0.025, 0.05, 0.1, 0.2, 04, 0.8 ¥ 1.6 ug/kgo] HES 358
NE Alge] Hrbeta, AT e S 2 AL
HaEd Agolee] digh FAEA Aol HAn|E
AFdsE sl Adds F7kIsith Salbutamol 2
cimaterol &] 73 zilpaterol-d;, ractopamine-ds, %! clenbuterol-ds
& UTETEA 3% Al dish dRds AMdska sgEs
Hlste] A9 yitaFeds gRletast sigitk A2s)
(limit of quantitation; LOQ)2] 74-¢- 2Md¥ g4 iFe
ZKstandard error)E 71-&7](slope) = Vhr #t2 10815 4=
SHAIZ silth AEd 9 vk ER 37 SRR Al
W A5S Agsiglon], A5sE] 45 MRLe] A4¥ =4
2l FE0] 739 0.5XMRL, TXMRL 2 2XMRL 5% F5°.
2, MRLZ §lout ARgEAEde] ofd Aol Positive
List System (PLS) )¢l tin]ato] MRLE 0.01 mg/kg O
A3kl 0.5XMRL, 1XMRL % 2XMRL ¥5% TF2% 75
= Agsigiey. w5, AREAEEY] A9 LOQE 7Ieo®
1XLOQ, 2XLOQ % 10XLOQ +& 2% 5= X13s}3l
oh FEY W AL sEEE 53] asle] SISl Al
] QAL AEARAF ook A4 Iiinter-
laboratory) WAFASS Sl AlER] A@ ASsIsick

2M717]
B ofolli] ALgE 7171 Shimadzu Nexera X2 UHPLC

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
2441 12
Zilpaterol [M+H]" 4.14 262.2 185.1 23
202.1 18
203.0 16
Clenbuterol [M+H]* 5.31 277.1 259.0 11
132.0 27
Ractopamine-ds (IS)  [M+H]" 496 305.2 167.1 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)©|w, A
&Jg-olle] o] 251= electron spray ionization (ESI) W+ C%
48 st Table 1). 4 7F ARESE A#2 Waters
Xselect® HSS Cig (2.1 mm Ld. X< 150 mm, 3.5 um, Waters,
Massachusetts, USA)©|$121, 0.1% formic acidE h-3t
OHEUEZY &5 o5/ o= slo] #4311t Table 2).

TR AEfZEAL
W AERe A8 AE W 5l 78 59 S
% B-agonist?] 7S P8 F AR 87l FES tld
O % JFAuEAE Aselth ARAUERA AE A=
A9 A8y As ANE AHS) sdst WRoR st

AFAURAL AR 2210 & B, &, §, WA, Bl

Table 2. LC analysis conditions
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& RISt Table 3). webA, zilpaterol-d; m/z 251 A
’Jolof| thgt zilpaterol m/z 244 *Jo]-7} salbutamol

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 % 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 Spiking level Averageo recovery RSD (%)
(ug/kg) (%)
0.2° 86.58 16.29
Ractopamine-ds 04 96.77 20.58
2 85.70 16.94
0.2 100.08 5.61
Beef Salbutamol Zilpaterol-d; 04 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
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Table 3. (Continued)

Spiking level Average recovery

Sample Compound Internal standard (ng/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
0.2 77.15 6.30
Clenbuterol-dg 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; 04 101.83 4.76
2 105.70 4.06
0.2% 118.88 10.89
Clenbuterol-dg 04 114.70 9.59
Pork 2 106.05 9.48
0.2° 96.96 2.31
Ractopamine-ds 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-dy 04 91.51 16.19
2 89.59 11.06
0.2 103.42 6.13
Ractopamine-ds 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-dg 0.4 98.15 27.29
Chicken 2 86.45 13.16
0.2° 75.97 18.05
Ractopamine-ds 0.4 74.71 2.79
2 7541 3.10
0.2 144.64 31.48
Cimaterol Zilpaterol-d; 0.4 136.00 15.32
2 209.97 17.73
0.2° 74.32 11.57
Clenbuterol-dy 0.4 80.13 17.82

2 84.10 7.29
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Table 3. (Continued)
Sample Compound Internal standard Spiking level Averageo recovery RSD (%)
(ug/kg) (%)
0.2° 102.04 415
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
0.2 42.20 13.83
Clenbuterol-dg 0.4 68.70 18.66
2 78.56 5.90
Fgg 0.2° 109.57 5.15
Ractopamine-ds 04 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-dg 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-dy 04 89.05 7.95
2 86.64 8.47
Milk
0.2 83.95 7.27
Ractopamine-ds 0.4 75.35 5.56
2 67.76 1.20
0.2 72.88 9.11
Cimaterol Zilpaterol-d; 04 73.67 5.15
2 73.74 3.90
0.2° 64.56 21.71
Clenbuterol-dg 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; 0.4 86.14 2.56
2 83.54 2.45
0.2 114.44 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 recover o
Sample Compound Internal standard P (ug;gkg) g(%) Y 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 2481
Clenbuterol-dg 0.4 87.83 3.71
2 81.33 2.72
0.2 102.83 11.35
Ractopamine-ds 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 1291
Clenbuterol-dg 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-dg 0.4 98.04 7.23
2 102.54 13.76
0.2° 88.31 12.72
Ractopamine-ds 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-dg 0.4 106.21 24.23
Shrimp 2 100.33 5.02
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-dg 0.4 114.95 57.66
2 98.08 9.30

" LOQ
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m/z 148 "34J°], ractopamine-d; m/z 167 AJ’Jo]0l
gt ractopamine m/z 164 Aol cimaterol m/z
202 4]0 9l clenbuterol-dy m/z 204 AAJo] Lol thst
clenbuterol m/z 203 A/dole A2 2z} S &
dato] AAEE FrreRdch
Aol A9, AR AN Wi EsE
+ =49 W5 ARl Wl peak 7t #HE
2] ekoke), e ARAG() = 423171914 0.9991~0.9995,
A 7]l 0.9992~0.9999, Har7lelAd 0.9990~0.9999,
Uofr] 0.9992~0.9999, FrolA] 0.9991~0.9999, H|elA] 0.9991~
0.9999, “olollA] 0.9992~0.9999 4 Af$-oll4 0.9990~0.9996
FEoZ, 87 E5 57 B4 AgAS BF CODEX 7}
ol Rl 7)ol Weks ERIsITKFig. 1).

o TEkE T

Ractopamine
A B
ok -
C D
- T on(mghe)
E F
o ez .
- g o i
. G H
‘Standard concentration (mg/kg) ‘Standard concentration (mg/kg)
Zilpaterol

nnnnnnnnnnnnnnnnnn (mele)

Salbutamol

[e)

247} 68.99~105.95%, 2.56~27.52%, HA|117]<]
3| 9 A EEEARE 717} 69.87~105.70%, 2.31~
9.37%, w719l Wi I5E 9 AdEFHARE 247t
70.87~94.37%, 3.14~20.13%, &2 1 348 U AUs
Ax}= 217} 66.93~98.54%, 0.89~14.41%, 2] Hit 348
gl A EFHEARE 47 68.76~96.81%, 1.21~11.71%% =
Abe 570 5ol gk 57 B3¢ 3] 2% CODEX 7ol
T Rl 4% 38 HHE WSl olof, |xe 4
9 HA3TE 64.40~109.96%, HHFEFHA} 1.49~18.33%,
Hole] 739 B3l 62.00~96.88%, AT} 1.89~12.94%,
AN AS HAIFE 76.22~109.82%, AThEEHA
2.61~19.85% T & TAHE 371 FEel tigh 571 E49]

nnnnnnnnnnnnnnnnnnn (mgfkg) Standard concentration (mg/kg) Standard concentration (mg/kg)

Cimaterol

Standard concentration (me/kg)

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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398 EF CODEX 7to|& gRRlelx AX|gt 378 He Table 4. (Continued)
£ 5shs 1S #9183t Table 4). LC-MS/MS -4

Spiking Average

Al EAE E]la]slstel EEeile] matrix effectS Sample Compounds r? level recovery ROSD

ERIg A3} F-Fiks ARl > + 50%°] A3t midavs (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 72.20 277
Chicken

b
Spiking Average 0.2 88.98 5.31

Sample Compounds r? level recovery Ig:)j Clenbuterol 0.9995 04 90.36  11.20
(ug/kg) (%) 2 9430  4.24

5 10595  2.56 5 83.41 292

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

20 85.53 6.46 20 85.13 1.05

0.2° 99.45  5.65 0.2° 9478 3.3

Salbutamol 0.9991 04 86.12 15.25 Salbutamol 0.9997 04 96.05 8.28

2 91.51 16.36 2 98.54 2.74

0.2° 82.03  24.29 0.2° 89.07  6.82

Beef Cimaterol  0.9991 04 90.63 12.72 Egg Cimaterol  0.9992 04 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* 74.09 5.46 Zilpaterol ~ 0.9999 10° 69.09 438

20 68.99 4.46 20 66.93 2.76

0.2° 91.09  5.19 0.2 79.58  5.58

Clenbuterol 0.9992 04 89.46 3.03 Clenbuterol 0.9998 0.4 78.35 0.89

2 89.84 3.2 2 83.88 1.97

5 89.03 3.37 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

0.2° 103.69  8.55 0.2° 92.02 2.70

Salbutamol 0.9996 04 101.83 4.76 Salbutamol 0.9993 0.4 95.17 1.84

2 105.70  4.06 2 95.37 4.07

0.2° 9696 231 0.2 82.18 758

Pork Cimaterol  0.9992 04 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* 74.96 947 Zilpaterol  0.9999 10° 69.04 2.97

20 75.33 417 20 70.16 3.81

0.2° 10271 3.19 0.2 8783 653

Clenbuterol 0.9999 0.4 94.60 449 Clenbuterol 0.9997 0.4 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* 88.22 7.15 Ractopamine 0.9998 10* 89.83 2.98

20 88.15 3.44 20 85.26 1.49

0.2° 9437  6.25 0.2° 83.67 455

Chicken Salbutamol 0.9990 04 90.30 6.83 Flat fish Salbutamol 0.9995 04 86.14 2.56
2 92.30 9.06 2 83.54 2.45

0.2° 70.87  20.13 0.2° 7136 9.15

Cimaterol  0.9993 0.4 73.64 2.95 Cimaterol  0.9991 0.4 76.87 5.18

2 7764 314 2 69.56  2.70
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able 4. (Continue able 5. Matrix effect of compounds sample
Table 4. (Continued) Table 5. Matrix effect of pounds by pl
Spiking Average Sample Compound Matrix effect® (%)
’ RSD
Sample Compounds level recovery %) Ractopamine 9545
k % °
(Mg; &) 7(2 6)9 560 Salbutamol -58.93
Beef Cimaterol -24.36
Zilpaterol  0.9999 10* 68.84 5.62 -
Zilpaterol -55.56
20 64.40 2.96
Flat fish - Clenbuterol -40.62
0.2 109.06 18.33 ;
Ractopamine -90.12
Clenbuterol 0.9992 0.4 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 83.99 3.31 -
- Ractopamine -88.17
0.2 87.73 7.39
Salbutamol -54.39
Salbutamol 0.9994 04 92.51 9.82 . -
Chicken Cimaterol -59.46
2 96.88 8.51 -
0o 9563 1190 Zilpaterol -86.08
] Clenbuterol -71.93
Eel Cimaterol  0.9992 0.4 90.53 10.77 -
Ractopamine -88.17
2 84.79 12.94
Salbutamol -46.78
5 73.05 8.73 -
. Egg Cimaterol -68.70
Zilpaterol  0.9999 10° 67.95 2.04 -
Zilpaterol -86.24
20 62.00 3.84
- Clenbuterol -63.10
0.2 86.31 6.23 -
Ractopamine -95.35
Clenbuterol 0.9999 04 88.99 3.60
> 5776 567 Salbutamol -92.20
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 0.9994 04 10479 6.81 . -
Flat fish Cimaterol -72.40
2 97.86 4.33 3
- Zilpaterol -92.19
0.2 9546 16.28
Clenbuterol -54.56
Shrimp  Cimaterol  0.9990 0.4 101.00 19.85 -
Ractopamine 91.74
2 83.29 11.85
Salbutamol -82.14
5 90.58 4.60 -
Eel Cimaterol -65.57
Zilpaterol  0.9996 10° 76.22 8.09 -
Zilpaterol -88.90
20 78.13 397
- Clenbuterol -50.63
0.2 9750 13.86 -
Ractopamine -96.76
Clenbuterol 0.9993 04 103.06 9.91
Salbutamol -92.18
2 109.82 5.18 . -
- Shrimp Cimaterol -85.38
* MRL; °* LOQ -
Zilpaterol -96.89
Clenbuterol -95.13
vEhfiglom R 2 Aol ARSE nlel Zo] B-agonist ? Matrix effect (%)={(Peak area of standard in matrix-
o} A2 FEGREE Y AR widS ARt B4 peak area of standard in solvent)/peak area of standard
&= Zlo] @3} o|tTable 5). in slovent}><100
Azt 843 3 AP A5 FHSGIh Ndet AEHS B AR
B ATl AgE ARl e fEAS A5 9 o Folal ARe AT 358 2 AYEEHAE v
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%k—"— a3 5HA Aol Nk
= AR A8l

e B o =

2Yste] 14 vy

=49 #
2 o] Akt

A F 7V & 3E HAF YRR itk webA, 2 AIEY
o] HE AFAl= ractopamine 9 zilpaterol 0.5 ug/kg,

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

Spiking level

Sample Compound

Recovery (%)

RSD (%)

(ug/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 04 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
0.2¢ 91.09 89.19 90.14 5.75
Clenbuterol 04 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
0.24 103.69 102.64 103.16 8.99
Salbutamol 04 101.83 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 04 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 04 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
0.24 94.37 101.39 97.88 10.84
Chicken Salbutamol 04 90.30 98.03 94.16 7.33
2 92.30 103.31 97.80 10.44
0.2¢ 70.87 70.75 70.81 19.77
Cimaterol 04 73.64 76.87 75.26 6.38
2 77.64 78.99 78.31 4.88
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Table 6. (Continued)
iki Recovery (%
Sample Compound Spl(km/gklevel — . —— y ( b) RSD (%)
ug/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
Chick 20 72.20 71.68 71.94 7.10
icken

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
0.2¢ 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
0.2¢ 89.07 86.93 88.00 11.44
Egg Cimaterol 04 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
0.2¢ 79.58 80.11 79.85 5.49
Clenbuterol 04 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
0.2¢ 92.02 80.03 86.03 17.05
Salbutamol 04 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 1243
20 70.16 78.47 74.32 7.28
0.2¢ 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
0.2¢ 71.36 74.33 72.84 10.11
Cimaterol 04 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.:OVEfry (%) RSD (%)
(ng/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 20d 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 3.41
0.24 87.73 88.92 88.32 10.02
Salbutamol 04 92.51 87.80 90.15 14.44
2 96.88 91.51 94.19 10.04
0.24 95.63 92.88 94.26 11.75
Eel Cimaterol 04 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 71.17 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
0.24 90.83 97.56 94.20 10.05
Salbutamol 04 104.79 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
0.24 97.50 89.22 93.36 13.97
Clenbuterol 04 103.06 103.58 103.32 12.18
2 109.82 109.28 109.55 5.42
* Ministry of Food and Drug Safety; b Seoul Regional Food and Drug Administration; © MRL; 4 LOQ
salbutamol, cimaterol % clenbuterol 0.2 pg/kg® = <31 FAkE 100719 AR F =X 171925 ractopamine©|
= tHTable 7). AZHA. T2y o] =7 &5 5 ractopamine?]
MRL?! 0.01 mg/kg ©l3l?! 0.003 mg/kg T2 &l
2L EE Zat wo] ehdet ¢l o7 sl ti(Table 8).

Wl MRS 284 RS Sl A ARAEEAR A
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Table 7. LOQ of B-agonists analysis method (mg/kg)
LOQ
Compound Sample — — m - -
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
) Egg 0.00023 0.00046 0.0005
Ratopamine - 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
) Egg 0.00017 0.00018 0.0002
Cimaterol 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 -
e guke o waEr B PO R FE Y SuE

=

2 AFE F3l B-agonistAl AFHE 04 N #HHAt
20 mLe 91, ofdoREHPIES ol8sl] FEske WHoR
LC-MS/MS AdE eHlskgith B-agonist &M ¢,
FE AL AE FEUN gaAe FEHC] o8 gl
[24-27]. AF A7) 2] A-F, At ARl mhE 9137go)
Aot maAe o] glo] = AlRte] itk Aol ol
o) G4F o83 FEHU AG A ARSI get vla
2] QPdsith= Aol glot, max e HAel o3 F& A
Zro]l A1 7HAo] visth= ©lo] Qlo] AldAAP|® & of
2]7]%e)A B-agonist ATl A&s] AR QUEH
AdeM= AF Al FEHE o] &siSith & AW i
oA gRIgh slrEE 710 A8l vl RS o
TABIAY 28 25 9 o BEEHg o 2 AY
W HAA AFELrt 7189 AgA+-H) 24) o)) wWeka
[28,29], 712 AT vEA B F52 FAkE
of tigh AlEY B FAE 9 AR B Aol ok
gf, &, HA, 9, 4 "R, ol A 5 F 8 i
F Frzel s 280l 7hsdtrhe apEAlo] Qlof frofm|gt
2joli= ofe} FkElth24-29]. Ractopamine?] UU41%3)
-§*Hacceptabel daily intake, ADI)< 0.1 ug/kg bwelH,
o] 22] AUH ) F Htheoretical maximum daily intake,
TMDI)=> 50 ug .= 32160 kg) 71 ADIS] ©F 84%
o]tHWHO, 2006). Zilpaterol®] ¥4 5/4%il%accute
reference dose, ARfD)> 0.04 ug/kg bwolil, F4H4
2lo]i-Z(global estimate of acute dietary exposure,
GEADE) #:> 491 71% 1.9 ng/kgo= ARfDE] ¢F 80%
5019 2 H(WHO,2015), clenbuterol®] “3-$- ADI= 0.004
ng/kg bw, TMDI+= 0.235ug°% 4]l 7]+ ADIC] ©F
98%2°.% X EQTHWHO,1996). &4 TMDI ¥ GEADE
7b = AR ETE S e oA ARSI, B
AR ] AT S Wl B-agonist A B
Qlo] skt =02 Alg¥c) £3) salbutamol ¥ cimaterol
¢ 2, ADI % TMDI 59 #4455 ¥d o+ 2 A=
= olg] By 9kgto} AM-EA 29 clenbuterol ¥}
U 720 IS Gralrlel AR Bkl Aol

o

s

Kok

<

Nmfr

H

S A Ho] = B-agonist?] FAF o] g874d0] F
7H AR AlsEH, 53] FAE A8EHAd 71E A3
e g ATt E50] g 485k, |

44l salbutamol % ol 1175]-87]5=0] A Eef %
22 cimaterolo] 4] i E4ol P oM, £ A5
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