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Simultaneous Determination of 17 f~-Receptor Agonists in Meat by
QuEChERS EMR-Lipid with Isotope Dilution-Ultra Performance
Liquid Chromatography-Tandem Mass Spectrometry
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(Key Laboratory of Chemical Metrology and Applications on Nutrition and Health for State Market Regulation, Chengdu
Institute of Food Inspection, Chengdu 611130, China)

Abstract: Objective: A method for simultaneous determination of 17 f-receptor agonists in meat was established by
QuEChERS EMR-Lipid with isotope dilution-ultra performance liquid chromatography-tandem mass spectrometry.
Methods: The samples were added to ammonium acetate buffer solution (pHS.2) and enzymatic hydrolyzed by f-
glucuronidase and arysulfatase. The hydrolysates were extracted by acetonitrile containing 5% formic acid, and purified by
QuEChERS EMR-Lipid. The analyses were separated by CORTECS™ UPLC® C,4 chromatographic column with gradient
elution using 0.1% formic acid and methanol as the mobile phase. The target compounds were monitored in scheduled
MRM mode. Then the internal standard method was used for quantitative analysis. Results: The linear regression
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correlation coefficients for the 17 f-receptor agonists were all higher than 0.99 in the range from 0 ng/mL to 20 ng/mL. The

limits of detection were 0.01~0.09 pg/kg and the limits of quantification were 0.05~0.31 ug/kg. The average recoveries at
three spiked levels of 0.5, 2.0 and 5.0 pg/kg ranged from 81.7% to 111.8% with the relative standard deviations of
0.8%~10.3% (n=6). No fS-receptor agonists were detected in 100 batches of fresh meat. Conclusion: The method has the
advantages of simple pretreatment steps and good purification effect. It shortened enzymolysis time, improved sample

detection efficiency. The internal standard method was accurate and reliable. It was suitable for simultaneous determination

of f-receptor agonists in a large number of meat samples.

Key words: f-receptor agonists; meat; ultra performance liquid chromatograph-tandem mass spectrometry (UPLC-

MS/MS); QuUEChERS; isotope internal standard
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FA sy, BCHR % 0.5 mg/mL (W EA— PARAE A, T
20 °C VKEE A . BGE & iR NARME R oS
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I FHER AL
1.2.2 FESAATAER
1.2.2.1 $2HC FRECYSIRES 2 gOR588 %) 0.01 g) &
50 mL B8 T, A 0.2 mol/L 2 1% % 9% vh s Wk
(pHS5.2) 5 mL. B-48 45 ¥4 B& 1 i /55 L i iR 1 Al
100 pL, 2000 r/min PiEREZ 1 min, T 37 °C #EEK
W 2 he BUNJEHCE 2235, A 100 ng/mL IR5
FRESUWE 40 puL. 5% R 2% 15 mL, 2000 r/min RjiE
PRFHEEL 20 min, T 4 °C "FLA 9500 r/min #.L» S min,
(RRE A

1.2.2.2 ¥k  7E345 QUEChERS dSPE EMR-Lipid
AR BIELOE F I S mmol/L ZREZ AR 5 mL,
IR 30 s ffi EMR-Lipid F84M 1R & B 1.2.2.1 W&
O A B LW A A A L, IR € 1 min, F

4 °C "R LA 9500 r/min B.0> 5 min. 5% W H_E 5
8 mL ¥ 55 — 50 mL B0 %+, {#] A Final Drying
Pouches-MgSO, ¥R (24 3.5 g), i PR %, 1% i

1 min, T 4 °C F LA 9500 r/min &5.0> 5 min. 52550
B3 mL FIHWE E.LE T, 7R 50 °C KB R AR
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1.2.4 BUst  mmiss s I (ESD: 1E TR
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Extracted ion chromatogram of 17 S-receptor agonists

TE: LA AR 2,00 T s 3. 09445 25 4 AR 25 SR P R i AR5 2 5 6.3k ve 22 LU 7. S N IR AR; 8. e AR5 % 5 O AR B4 2 5
10 ZATREE s LIRS s 12 AR 25 13 50 Gl e 14 IR 5 15 IR 5 16 K LR As 17 AR

P /KA A BN FH , VRIS BE e R 7, S ] e 4520
a1 =2 = W WA o1 oS i R e < € B o R o =R N )
TSN (WL 1.2.3)17 P -2 AR Sh /) 585 B R AT,
AT ARAG I R A R AR, DLk s s R UL IR 1,
2.1.2 JEREESAFA LRSS B R I B AR
., AT s S W A 200 ng/mL Y 17 Bl p-5%
RSB FNIR-S PRI L 5 pL/min YHEIEAER IS
A%, iad Q, A=, $RH HERAIARE B I, FEXTE) 2
FIn—E MREE RE I T MS, FH, 85 A1
Y B, BRI 2 M SRR H TN A
B S5 E TR E X, MRM U,
Sy X 2 HE(DP) | fiiH#EAE EL (CE) 55 i S 8k
AriiAb. T & IAREUE, ARUFRARYE 17 Ff B-
SZ AR TS R LR B B ], SR A BB TR 4y B2
e BEAT £ W Wi 493 (Scheduled MRM, sMRM),
e 2 1 B8 T X5 B A RIS S8 1. sMRM
B R TR YR - MU S 0 AR B B A 3 3R
FEWEIN BT 17, FgXd B 047 oA S P A a a1 R g B
HF ], BEAE T 25 PR A I ik A0
2.2 FBEREZFHEIHE

GB/T 22286-2008", GB/T 21313-20072% | 52
B B-Z ARSI 75 oA i iR 7, AT
AR MY IR -SRI BIFIAE 37 C Hif# 2 h J5
TKIFAEFH ELIEASTE B, kL - [ A TR X %
FASZIAS B 25, FL W K A TE] 2, LLASEAR fhb SR
RMIFRGT B-ZARBL BN FK e = A Faoe S 300 2 45
R ASCSHZ TSRS T 37 °C B 2 h )5
F£HH] QUEChERS EMR-Lipid ¥k, 5 g-32 A4 sh 7

H B W 585 FH B ARG 55277280 A b, e AR IR 2 45
SRR Al 2R T AUALERAS TR, B T AR RS
%

2.3 [EHIZRARRIERE
ARICHEEET AW A L SERDIRRE S RTARS

17 Fh p-SZ AR B 75 o 2 XoF A B[R] Ac 3R, 45 58 L %] 2,
PHAEER | FaAedr | B L ve SRy | EINARRR .
TR | ZATRRE | BT | R A SRR
BT RRL T ZE B NBCR T 60%, Higy 7 Fh4a Xt
FEBUEACHRAE 46.3%~58.9% =[], G137 2 AR S5 15
M fefabte . BRALPE AR, FERTAER R 22 5]
FARZ I SEAS— 250, B EU(EASE, FELEXT #EEL ]
WSS i PRI O AT RE AR IR 2 25 SR a viEmf . ol
SN HERE BT, AABFIEAE SRl it T, R
T HEZ M B 5 AR A AT 1 B RIS 28 PIAR, <2 f o
RN RS IS E=g iR VA PNY 7i87i o e < NN | 37 2% R SN (7]
RN L SN U R AN S IR SR (o N
XTI B[R 28 AR, ARTEFER | fRSE4RS 3w
O 2 [R) R 78 B-22 AR i sh 37, — 3 LA AH T 9 4
X ZE B NS R 5 FL RN, (ILIE 2. K] 3), LS ve
ZEE-D; VE AR Y | SR bR, ok
i STREE | R L AR O PR R A,
2t X5t 2 BN 5 [R] R R RE R S AR 2 | TEARdE
BHAHIE (WLIE 2), (Hpa e Fys 3L v A O R R 2 ST
R B s (LI 3), LATEASHR 2 -D, VR St v
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Table 1 Mass spectrometric parameters of 17 f-receptor agonists
SR AR R EA B ] (min) W+ (m/z) FIRAE(V) i RE s (eV)
RS TR E-D, 7.25 293.1>203.1%, 293.1>275.1 65 27,17
SR Bk % -Dy 12.26 324.8>237.1%, 324.8>217.1 65 25,37
WA 45 % AR -D, 14.49 292.3>236.2%, 292.3>201.1 65 22,28
TACRRY SRR -D, 9.48 277.1>203.1%, 277.1>259.1 65 22,16
EEZNILYN FeAi b Ak-D, 3.43 226.1>152.1%, 226.1>125.1 65 23,32
AR TRATFEE D, 11.05 367.0>293.0%, 367.0>348.9 65 26,17
KA ARLBEA-D, 12.74 345.2>150.2%, 345.2>327.2 65 33,19
Elazsed 2 B E-D, 491 304.2>107.1%, 304.2>135.1 65 47,25
ALY [ 2 LhE-D, 8.24 302.1>163.9%, 302.1>107.0 65 23,56
TR TS Dy 11.51 291.1>202.8%, 291.1>273.1 65 24,15
AT SNTRHR-D, 8.90 214.1>154.1%,214.1>195.9 65 27,18
R P 3E ARN 7SR 10.13 345.1>148.9%, 345.1>326.8 65 27,19
TAEEY ZATHE Dy 10.94 228.1>153.8%, 228.1>172.2 65 22,16
YT e T HeRE-D, 3.57 240.1>148.2%, 240.1>222.1 65 27,15
Y YRR D, 11.69 368.2>294.1%, 368.2>312.1 65 27,21
it DAk 2 -Dy 11.28 311.0>237.1%, 311.0>217.1 65 24,37
(gt PITiFE% -D, 438 234.2>159.8%, 234.2>143.2 65 21,35
A% -Dy 11.22 320.2>238.1 65 26
YAk % -D, 11.66 377.2>295.2 65 31
ZATHEL -D, 10.87 237.2>155.1 65 21
ANTRH-D, 8.84 221.1>155.1 65 26
WA 7 2 -Dy 14.47 301.2>237.1 65 26
FARAAR-D, 3.38 235.3>153.2 65 25
UL -D, 10.99 376.1>294.0 65 29
KL UHE-D, 8.08 305.2>167.2 65 22
HKLBEA-D, 12.71 348.2>153.3 65 33
TAERE-D, 9.38 286.2>204.2 65 24
b T HEIE-Ds 3.53 243.2>151.2 65 28
PEARFFE D, 431 243.2>161.1 65 15
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Fig.2 Absolute extraction recovery of 17 f-receptor agonists in
beef, pork and mutton
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Fig.3 Matrix effect of 17 f-receptor agonists in beef,
pork and mutton
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Fig.5 Absolute extraction recovery comparison between
QuEChERS method and MCX method in beef samples

26 FAEFER

2.6.1 ZRPEJEBISRHRR  BUbRiETZ =90 TAER
PEREINE , DABRUE S 5 AH R PR 8 04 T B L A A Al
s, DABRUES R BE R AL bR, ZethilbrifEihZe, 759 202k
BHETTRE . SR EMRE, LA 3 550 L (S/N) 2
SRR, 10 AFfEME EE (S/N) S B, 2551 L3 2. 17
Fh B-S2ARPU BN FIAE 0~20 ng/mL JEFEINLIEX R R
U, M REI KT 0.99, K BR> 0.01~0.09 pg/kg,
ERPRN 0.05~0.31 pg/kg, T BRI EESR

17 B -2 SRS L [T 5 R A OC R AL, A6 PR K e R

Table 2 Linear equation, correlation coefficient, LOD, LOQ of 17 S-receptor agonists

HIFBHR LYEEHE (ng/L) mUEpyE HCREL K PR (pg/kg) FEmBR (pg/kg)
TR 0~20 y=0.0919x+-2.12¢-013 1=0.9957 0.07 0.22
PR AR 0~20 y=0.0435x+—1.16e—013 =0.9984 0.09 0.31
SRR 0~20 y=0.15x+1.45¢—014 =0.9991 0.04 0.12
WA P 2 0~20 y=0.172x+-3.34¢—014 =0.9996 0.02 0.08
TSRS 0~20 y=0.0753x+3.28e—014 =0.9999 0.08 0.25
A bR 0~20 y=0.182x+1.5¢-013 =0.9990 0.05 0.16
AR 0~20 y=0.123x+-2.23¢-013 =0.9986 0.06 0.20
HKOBEEA 0~20 y=0.101x+-1.74e—014 =0.9993 0.04 0.12
Elaras e 0~20 y=0.273x+1.16e—012 7=0.9987 0.04 0.12
BTl 0~20 y=0.199x+3.65¢—013 =0.9997 0.05 0.16
SRR 0~20 y=0.105x+-3.54¢—014 =0.9998 0.04 0.14
ity 0~20 y=0.32x+7.85¢—013 =0.9995 0.03 0.09
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k2
MoK LM (pg/L) EYEyp FHE R AL KPR (ng/kg) P (ng/kg)
ZATRE 0~20 y=0.2x+7.87¢-013 7=0.9981 0.05 0.15
T RimE 0~20 y=0.117x+-2.95¢-013 7=0.9989 0.05 0.15
YEfike % 0~20 y=0.236x+-2.49¢-013 =0.9975 0.01 0.05
ik 0~20 y=0.162x+4.56e—013 1=0.9980 0.03 0.11
[LR(Es A 0~20 y=0.164x+-6.21¢-013 1=0.9982 0.08 0.28

2.6.2 MISCRERERE WAL 4R FREE P 17 T p-Z ARSI 2 BN R 81.7%~

e, DIMEE(0.5 ng/kg) . F1(2.0 pg/kg) . =1(5.0 ng/kg)
AN EE ST IINAR FNRGR S, BRI KR4S 6 45,
FRE 1.2.2 TR v A BRAE i JE AR A, 15 v
EIRCR SHEERE, g5 AR 3 iR, 3 MR ERFE T,
G = S R W R N ) | S e 1 R <y
83.1%~109.3%, FHXTHr#E 2= 7 0.8%~9.8%, 4+ Al

111.8%, AHXTARAEI 227 1.0%~10.2%, AL &
17 B B ARS8 ISRy 86.5%~111.6%,
AR AR UEIRZZ A 1.0%~10.3%, A5 J7 1 BA B4
WERF B2 RIS 25 B, vl 2 & A 17 Bl B-22 AR T BN 57
PRI ZESR o 12 Fh LA A B RN R RS PAENAR
B-ZARB T MIRCRAE 91.4%~111.8% Z b, 5

317 p-Z AR IR KRG % B (n=6)
Table 3 Recoveries and RSD of 17 S-receptor agonists (n=6)
s AT il il A

) (nglkg) [ (%) RSD(%) [l (%) RSD(%) [l (%) RSD(%)

0.5 88.2 5.9 88.6 49 88.5 5.8

TR 88.6 49 88.9 33 87.8 3.1

5 90.2 5.2 89.4 5.8 88.9 47

0.5 96.2 6.7 942 6.0 933 5.4

BRI TR 2 94.3 5.4 93.7 7.7 93.5 4.5

5 96.8 9.8 96.1 8.8 99.5 1.5

0.5 92.9 12 95.7 7.8 91.2 1.7

T I 923 4.6 90.8 5.1 98.5 42

5 89.1 32 91.0 32 94.7 2.4

0.5 100.0 45 102.5 6.7 102.9 3.3

wiE¥s 102.9 438 103.7 4.4 108.0 1.4

5 104.7 25 105.3 1.7 108.2 4.6

0.5 99.8 3.1 95.4 2.8 103.3 6.4

SRS 102.0 3.4 101.9 8.0 100.8 49

5 100.6 1.7 99.8 4.0 98.3 42

0.5 100.3 2.5 96.8 8.3 99.0 5.4

A Ak 2 101.1 25 91.4 438 97.8 9.3

5 97.9 3.0 99.2 4.6 99.6 24

0.5 100.8 1.0 106.5 3.3 106.9 3.6

RATRE S 109.3 29 111.8 3.6 108.6 4.1

5 107.0 29 110.8 5.7 103.4 4.6

0.5 101.9 7.2 101.4 8.3 105.5 6.7

HRTEREA 101.1 4.1 101.5 4.6 99.3 5.5

5 100.3 3.9 103.0 8.0 101.8 1.5

0.5 84.1 3.6 81.7 15 86.5 3.1

B[R 235 83.9 24 84.8 42 92.2 6.7

5 83.1 3.6 86.7 22 90.3 10.3

0.5 91.0 1.6 93.1 4.6 95.5 7.6

Je v 2 1 e 2 98.1 4.4 100.3 3.5 93.9 6.3

5 100.4 35 100.1 45 97.3 6.6

0.5 105.3 43 94.7 73 98.9 6.6

ENE SN 101.9 2.8 103.7 3.9 99.5 1.4

5 101.9 3.7 104.6 4.4 103.1 33

0.5 96.3 2.7 99.3 6.6 99.6 55

TR 92.5 4.6 99.9 5.0 92.4 7.8

5 93.8 6.0 105.0 1.0 98.5 2.7

0.5 93.9 42 96.3 10.2 92.7 3.3

TATREE 92.2 43 91.8 4.4 92.5 4.7

5 95.3 3.6 99.3 7.5 97.1 6.1

0.5 102.3 42 90.9 27 943 3.7

Vo T R 100.9 1.9 93.4 23 94.4 29

5 99.3 0.8 105.0 44 102.9 52
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g3k3
A kAT A A A
(ng/ke) R (%) RSD(%) [l (%) RSD(%) [l (%) RSD(%)
0.5 100.4 1.1 100.8 4.1 100.7 1.5
YA 2 98.7 1.8 101.1 5.0 99.9 5.7
5 102.3 6.0 100.7 6.7 98.5 7.0
0.5 98.3 0.8 99.8 4.8 106.6 2.9
OAREE 2 98.2 22 99.9 1.1 111.6 1.0
5 105.8 1.8 101.5 5.6 104.9 1.6
0.5 100.6 5.8 99.2 6.6 106.4 26
[ig 2 100.6 4.1 98.4 7.7 99.9 2.7
5 97.0 6.5 103.3 8.2 1112 1.4
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