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Simultaneous determination of traditional and new types of

“lean meat powder”

in pork by ultra performance liquid

chromatography-tandem mass spectrometry
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Abstract; An simultaneous

analytical method for the

determination of new and traditional "lean meat powder" (Clen-

buterol, Salbutamol, Ractopamine, Terbutaline, Isoprophane,

Chlorpheniramine, Simmatrol, Fenoterol and Olaquindox and its

EE&TA Wdbs A AR E 4 (45 :2018CFB339)

e B xlal, 5, {&)ﬁbéﬁrunlﬁ%”’ 0 A I8 B O B L AR
IR L A1

BEEE AEFE Q985 , 2, b4 & & i a4 4 B B R T
b THET 1. E-mail: 271377735@qq.com

Y %5 B #3:2019-02-26

metabolites) in pork by ultra performance liquid chromatography-
tandem mass spectrometry was established. Pork samples were
extracted with 2% formic acid-acetonitrile solution. The extracts
were purified by neutral alumina column. After being dried and
concentrated by nitrogen, the hexane was degreased and deter-
mined by ultra performance liquid chromatography-tandem mass
spectrometry and quantified by internal standard method. Waters
HSS Cig column (100 mmX 2.1 mm, particle size 1.8 pm) was
used. The mobile phase was separated by acetonitrile and 0.1%
formic acid aqueous solution. The electrospray ionization mode
was used to determine the multi-reaction monitoring mode. The
test can be completed in 7 minutes. The results showed that there
was a good linear relationship between the compounds in the
range of 0.2~20 pg/L, and the correlation coefficient was greater
than 0. 996 2. The detection limits and quantitation limits of
fenoterol, ractopamine and clorprenaline were 0.1 pg/kg and
0.3 pug/kg; the detection limits and quantitation limits of clen-
buterol were 0.05 pg/kg and 0.2 pg/kg. the detection limits and
limit of quantitation of other compounds were 0.2 pg/kg and
0.5 pg/kg. At the three levels of addition (detection limit, 2
times limit of detection, 10 times limit of detection), the

and the

The

recovery of each target compound was 89.1% to 121.5% .
relative standard deviation was 2.6% to 12.9% (n=6).
method is rapid, accurate and sensitive, and is suitable for the
determination and confirmation of traditional and new " lean meat

powder " residues in animal-derived foods such as pork.

87



88

R4&5# 7 SAFETY &. INSPECTION

Keywords: ultra performance liquid chromatography-tandem
mass spectrometry; pork; "lean meat powder"; p-receptor ago-

nist; olaquindox

I P — IR Y RT R A A SR S B Y
B s 3 G P L 1 1) 25 W AR PR . AL G B A R —
MR BRI, R — RN L E BRI
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W, % G SN A 3 B Dy e E L i A g o A
PRI WE RN B TR K4 Y. B A& o
PRRS 25 0 Y 2R ) 2 AL 22 R L AL 22 A A A 2 S0 L B
ERWERZ2EEUARME. Bom R4
R e AL E B U R AR R TR HE LR A RS
AT 41 e TR RE R T R 30 & & SR A AR D
FRp I R B R A LR E T IR E AR R
PR AP A, e L B b R A ] R R
Xt R 2 K sh A W 0 SO A T MR A AR B T
BORAE BURTES . vE CREAR B AR E L TE B ) A R ER
HACHE AU Py 3-HY JE-m R R-2-JR IR (methyl-3-qui-
noxaline-2-carboxylic acid, MQCA) 2k Ms Z, i (1 3= L AR 35t
YL ARSI R R R L B e SR R,
il S e 21 B B NG O L R A S R B AR AR

2002 4F , B-Z R B B AR T 3 W 45 1525
HAth A A W I O X s 2 B P R AR T & KoK SR
B AN R AR B U (IR B <35 k) MY AR R 3 5 i
WK RLAE 1998 4F gk B 4% 1k v 2 AR S DR e
B B 6 B-3Z A 8 8 70 R s 2 R HL AR A 0 1 R T
BB L, D ST —FE TR 26 Fh g2 K3
IR 25 49 5k B I SR A (5 i — e IO B R AG I 5 vk L 26 A
Bo-Z MBS R AE 5,10,20 pg/L F5 I 7K T Y 1] e 5258
64020 ~112.7 %6 » H6H A M B 22 <<15.2 06, Jr i At BR O
0.15~1.35 pg/kg; 4 TRt oR F A €33 — R KR
TR E TR AN AT 1L Fb B -3 R Bl L R N AR
Wt T LA R 5 Ak I T B2 5 Zhang B0
KR SRR 3 40 Bodi %0 Merou
Sniegocki 551 43 51 FBAE — 3% / B0 I T v 2 BE K
HAH R &, MBS T B AR 25 R, B R
SR H A PG AR B AT T — JBCE AT A L 4R I [ A
AU R LR R 3R . AR W RE R BT AT 4% P A
WYy Br o T HUAG I 25 2 . 0 BRI B TG A ok e e kR
FEEBE Ry 2 I Bt S AR I B R T B R (R A
T B-52 VK 3 30 700 R e 2 e T HG AR U5 0 Y oo IR0 A K Jo
TR 43 BT 10 R LR TE o A T 400 A N7 [R] A A A
B3 M B 30 R £ B H AR 4 110 R e OB A AR R B
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TR0 43 BT J7 1% 5 LA SR S R SRS 0 R A A R P e s Y
K 5% B AR LB R AR B, S 2 W IR A A B 2 R B
PUH S BT R AR L H R S5 5%
1 BRHS05i%
1.1 R R H

T 56 T R RE S T P LT B B M AR A
T ) R A 1 R E

T o ity (i BE =99 %) 1 £ i (olaquindox, CAS 5
23696-28-8 ), 3-H JL-ms BE M-2-9R R ( methyl-3-
quinoxaline-2-carboxylic, MQCA ,CAS & ,74003-63-7) , 3~
P - g I Ok -2- 3R R -D, ( MQCA-DA) | s I Whk-2- 2 FiR-D,
(quinoxaline-2-carboxylic-D, » QCA-D, , CAS 2. 879-65-
2) .5 A Wi 7 (Metaproterenol, CAS 5 : 5874-97-5) , & N
FB MK (Clorprenaline, CAS £, 3811-25-4) . P§ I 4 % (Ci-
materol, CAS 5. 54239-37-1) . % 4 fth /K ( Terbutaline,
CAS 5. 23031-25-6) . ¥ T Jfi fi# (Salbutamol, CAS 5
18559-94-9) . 3¢ 3 £ I 1% (Ractopamine, CAS & 97825-
25-7) 5L A8 4% B (Clenbuterol, CAS & 129138-58-5) . 9
P ¥E B (Fenoterol, CAS 5 13392-18-2) , ¥ T Ji¢ fig-D,
(Salbutamol-D;) | 3¢ 78 £ [ Ji-D, (Ractopamine-D; ) | 7a {8
¥ % -D, (Clenbuterol-Dy) , f [E Dr.Ehrenstorfer 2 #] ;

NGB, LR R R : A 2, 35 B Thermo
Fisher Scientific /] ;

R AN AT Sl 2 AR b 2R IR

IR A =>18.2 MQ » om, Milli-Q il &8 4K 5

Cis VHLB.MCX,MAX, 4 4 b 55 B AH 28 AL < 56
[E Waters 2~ #] .
1.2 UE5E&

7 1R AR 835 4 : Acquity UPLC H-class 2, 32 [#]
Waters 2\ f 5

HER PURAT %A : Xevo TQ-XS %, 3¢ H Waters 2 7] 5

HL 7K . ME2002E, XS204 B, g 4% 81— 4% F £ 1X
A L) A7 BR 2 Al 5

B#E IR 5188 Trayster 1, {8 TKA 24 ;

R IE R R B ML : Allegra X-15R I, 25 [F N1 75 & JFE /K
R B

AL :N-EVAP24 &I, 5% [EH Organomation 2\ f

ATEIR A 4% : EOFO-945601 A4, 35 [ = 4 B2\ 7] 5

A% T25 AL f8E IKA 2 A ;

AT DL TE VAN SOOH B, i Elma AT,
1.3 #RAEARAEL

FHH R 43 ) 5 % 45 Fh bR S T D B R A e RE N
10 mg/L MIARUERE 5 A 1 mg/L 1 [F] 57 R P9 A5 AR HEfif
W AEAFT — 18 CUKAR P ARAF IR R 3 A~ H . i FI A
R 75 S T B A ) JOR kA 85 019 v T YR S A M VS VR [ A3
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F N VR TR e TR R RV S AR MV TR . AT
T ARG P AT 0,196 FF R /K 75 V0 #4594 ik 45 V0V VR T
il 0.2~20.0 pg/L BRI ZR PIARAR HE TR .
1.4 HRmWETALE

FREL 5.00 g #FFE 24 A B F 50 mL /R4 85 .0
B A 100 pL WA A A7 R AARBRUER W . A 10 mL
2V WRMW L NS 7 W 51 K 2RI 1 min, A 4R X
15 min,4 000 r/min B> 5 min; ;L F1FWREE 2 25 mL
edEd., BR—E0BEMA 10 mL & 2% W RN 1
WL PRSI T3k 0.5 ming YRR MRS AT — B0
T Bl 3 e 48 4 B Vs 38 TR A0 4% WA BE 1 min, B RS R K
10 min,4 000 r/min B.[» 5 min; &3 B, & 2% H
MW CIERRERTEZE %M.

HERRE L 5.0 mL #E 50 A W E T & M iy A4k 48
[ AH 2E TR b, IR OB R O 5 mL Y 200 H R
P T8 Vi Wk v P v R A AR A IR R R, T 45 C
TR T L 1.0 mL & 0.1 % IR K 15 W7 i 5k 1 8
PR 1 min; 1A 3 mL 1E & %% . 1R E 2 min,
4 000 r/min &0 5 min; BUF 2K 4 0.22 pm P8 B8
J5 BV A 0,3 — e I B I
1.5 UPLC &

a3 K . Waters ACQUITY UPLC HSS Cys 18 3 £
(2.1 mmX100 mm,1.8 pm); #EiR:35 C;#FFEE .5 ul;
TREhAE A 0.1 % R KT . B G o o VR AR 7
WF:0.0~1.0 min, A {£45F 95% A 45;1.0~ 2.5 min,

BE . BENREEE—RRRIERAMNNEENPERREMABEAE

95%~50% A3;2.5~3.0 min, A f£ 5 50% A 7483 3.0~
4.0 min,50% ~5% A;4.0~5.0 min, A {3 5% K748,
5.0~5.1 min, 5% ~95% A;5.1~7.0 min, A {#3F 95%
ARAF i # :0.25 mL/min,
1.6 &M

B TUR A B B T YR (EST D 13 % E B
TR Ky 2R 22 OB M T (MRMD 5 B 4145 i TR
2.8 kV, B F IR EE 120 °C, B H AR 400 CLHEALR
A E R T 150 L/h B R A & A AR T
800 L/h, fif#8 N S 4G <. & W B 0 BT 22 5 o e
R 1 iR,
2 RS
2.1 REEGHHEE

HR 353X 26 Ab, G W 109 1k 27 45 0 A0 Mk 0, 76 1E B T H A
BT 09 3l 42 35 B AL & W 1% 28 60 me) 7 DA — 7 1 3 B
X A o ) T HE AT I 2 3 S A A % B S Bk AT O Ak Ak
B, 5 — PO RS A H R A BT B S T 0 4
TR Y B AN R R L L R B M+
H =5 B2 die i (4R R B 3638 X 4 B 4 B B9 F R AT
TR A BT AR IO B A5 S 0 ALl 1 R AR A DG
S40 HE BR A M L foe ORI ORI WA O 4 AR e
SR MR T [0 R AR W T 2 R R L R
BT BT i 20 1Y S 0 22 R W 4% 1 S B0
1,

®1 SERULEVHRESH

Table 1 Mass spectrometry parameters of each target compound
ki’ PREEE]/min - BB FOm/2)  FEFOn/z)  HILBIE/V  #iEEE/ eV
5P T 2.11 212.1 152.1,194.1" 35 18,12
A AR 3.36 226.1 125.0,152.0% 25 26,16
U T e BE-Ds 3.48 243.2 151.1 25 16
W T R 3.52 240.2 148.1* ,222.1 25 20,12
[Ty 3.75 220.0 159.9,202.0 28 18,10
g 2, B 3.86 264.1 143.1%,212.1 44 28,20
itk % 4.02 304.2 107.0,135.1% 50 32,18
i 2 Wk 4.28 302.2 164.1% ,284.2 30 15,12
L E Dy 4.28 305.0 167.0 30 14
ST 4.32 214.1 154.0,196.1* 40 18,11
s I - 2- 95 iR - D, 4.36 179.0 133.0 29 17
3- H J- e W bk -2- R R - D,y 4.44 193.0 149.0 34 15
3~ F 3 s I b2 4.45 189.0 143.0,145.0 30 15,14
AR ES 4.51 277.1 132.0,203.0* 25 28,15
AR RS -Dy 4.51 286.1 204.0 25 16

t o T
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2.2 BEZGNHE

MG p-3Z R sh ) 2 B0 B O 1 22 5L A 40 g o8
JHe YRR B T, 2 T TR 332 AR K 2l R AR A R s R e TR
B2k sh ) e 2 B DL Je MQCA g o S8 4% 1 4 1
B3 VR BN 70) — W 55 B M AL G 1 L T 2 T e AR
NG . X HAREEWALE Cis tE B E A 5 1 £
BB B G W AE T 4 pH (E IR B AR & A T IR 4
G MR, AR LT Waters ACQUITY UPLC
HSS C,s #1 Waters ACQUITY UPLC BEH Ci; 4+ #7 H %
I RO X P S AT I RLA2 <<2.0 pm, ACQUITY
UPLC HSS Cis 854 5% ] Z 858 & Cos B AR FIE A 1Y i
ML AR 0] DLk 36 08 v 1k 5 4 9 W TR L 38 BE A R0 il
PR M 2% T S AH B 7K i

HH 100 3K 58 45 KR K B R Waters ACQUITY
UPLC HSS Cis #4387 ¥ 5 i, & 46 & 9 19 1808 4L, 5F
H& A& Yz B 05 8 B k. Btk & B 58 & 1
Waters ACQUITY UPLC HSS Cys 834, [FB), 76 1F &
TR A — & 1Y W R P LR B AL BCR A
B W E T WL N oy RSN HLAE S 0.1 % YR T
2N B AR ORI AE A HUAR I LG YRR A AL
AHEF 5 ) I F R I s v W P O S 0.1 % H R T T
YER WA . AL 6% 55T . 25 L& WY g T 2R
Bl IF H AT LAFE 7 min P9 58 8 B AR89 00 43 85 F0 6 35 AT 14 4
B S B EYnER TR E LA 1.
2.3 REAXKIESE

B-SZ AR Bl A 2T K A iR U L K2

ESi
Abundance/%
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DK e R g Al R . KR 7 2
gt R AR AR AR G AR AR R AN B
16 h DL R H AR BB 1 LA S 5 X PR
J3E A4 T B G N 5 % B K A 28R e T U RO il B TR
{EL I 07 3 A8 ) 2 2 AT 28 4 ) (i MQCA)
V1 A+ R0 7K itk L 50 7K e T A o ELR: B2 IO 28 181 4 A
BORE AL i+ A 8 fb 2 W A9 B IS 3 0 [T i 05 R 3

325 3] [] B AGE 0 3 6 Wy B Y SR L AR BF 5 LR IR
HILAH £ 5 5 B 0% J7 =2 oy A i O A T LA O R 4 e 45
YR A] A il 0 20 3R . — M i JH A B BT £ R & B
FNZ N+ T W £ 1 B L AR ) 0 200 A T A 3 I3 A i
PRI R RIS L T 200 IR 2R Z 1 A 206 W IR
BOSR ISR AR 2. i 8 2 TT LU M - 4R IR0 R
U0 T MW =D, 2 TR AT 3 532 W e K+ P R 94 [T e 256 Sy 2 %o
B i 5, 4 F (B i 3RO IR 2 B2 IR O TR I AR Y BRG X
QCA-D, I MQCA-D Tl & » F 226 W R 2 i i1 412 1A %
CEWRAR T 20 PR SRR 16 . T AR TR 2 AT AL OE —
32 BT A A — A KR e B S i R B
S5 R, » i B 2 09 ¥ A A R s 0 T At A A Y TR R R
BB TARX R TR R . 255 % I8 A5
R 290 R I AF S B O LA 3 507 U4 L LUR &3
R AR IR 246 X [T i %<
2.4 BUEGHRALTRRYEE

SRR R — S A R IR W D 0 A
Ve A /IS i JBORH AG I A T A L — v A Y O 2UOA T A 2

Fisf ]

Time/min

Bl Z20ALEHHLEESTACHER

Figure 1

Selected ion chromatogram of each target compound
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Figure 2 Effect of different extraction solutions on

extraction efficiency

T RO AR B o WOV ZE TR e A R B 2%, HRE 3
R AR 5 T AR R IO v A R A R R A > AR
W5 2R FH i1 AH ZE Bk Ak

— f 2l W VR B B IR LR R R T A RO
A :Cis JMCX.MAX.HLB fif b, B, % T
Cis JMCX.MAX ,HLB 4 Fk: 7, 42 B 58 F /A AL R T
Ja KB W BRE Rk R, & LR B, M S BEAE Cs
R 26 A I 4 % 1ol S A ARAIR 5 76 HLBRE AH 26 BOHE 2R

R2 BUNESERUEAYNERNER U EWH L B R MBS EKE

Table 2 Matrix effects of each target compound before and after purification and absolute recovery

BE . BENREEE—RRRIERAMNNEENPERREMABEAE

T3 70 3~ 37 A 8 3 390 11 460 e [ S0 SR ARG 5 it MCX [ A 45 B
FEA X 55 9P 1 5-32 i sl 300 A DR B s MAX [ 4 28 BUAE
A0S TR M Iy s WE W S 2 A DR B . 3X LA AL 7 #8 AT L A
B 4 58 B Ak A B T A DR 0 i T A % L (R OO 3
HFaE A EY .

ARG AT v M A Ak B A A IRORE L A R RO
HHSE 2 2 1 A i b S R A R RO R
CRE VR bt AL AR A B A R R R R TR 0.1 %
HRKER . SERFV SRR AR £ G Y
B TSR I T K B ORI AR v R B 2k 2B
BN N i R N @ B BV O W T S S i R R ]
I B R B B IR E 2 &% 5 mL 2
e A

£ 2 B PHEEMB/NESITE & BIRLE W
FEJTROR KT L S A4S b A 0 ) 4 X TR SR 5 AR X ] il
MIXSLE . BT A H bR G 08 T R v Ak il R A RO AR
AP o TR W] Sl Py S AR 0 A AE AR EE Y A
0S8R o R SRR S — 45.2% ~ — 86.2% 5 T ¥ Ak 5 5k
JREN A T —ERE M ME . —29.3%~—49.2%,

AT A ARG T Ao AR ) R RO L A 3 56 SR [ £
FWNRR M R T E R, HR 2T EH,. SLE
W1 46 %of 1T I B AR 35.1 % ~66.4 % , AR 48 P4 7 1 4 X6F [1] 1l
RGP 5 2 4 %6F [\ R 22 A8 KA Ak & 9 - 3l 2 A 7 %
PR s o4 il 8 A T S AR R[] Wi 26 Rl 3k 94,426 ~107.1%
0l LA 13 30 2 i R ROCR

and relative recovery of each compound %
ey’ HALRT L AR S SR RN 2 %6 7] i R AR ] i R
5T —66.1 —49.0 39.1 94.8°
I A At bR —51.1 —38.8 42.6 102.3%
b T e BE-Ds —45.3 —36.8 40.6 100.0
W T B —53.8 —38.4 43.2 101.2¢
[ty —66.6 —43.4 41.1 104.5°
M —75.8 —48.6 35.1 95.6"
At % —86.2 —49.2 49.1 94.44
i & DKk —82.4 —46.4 52.4 101.54
3 v 2 1 ie-Ds —80.2 —41.0 53.0 100.0
ESEI 9N —76.4 —23.6 60.9 107.1¢
WA I b -2- 52 iR - D, —82.9 —42.7 37.4 100.0
3- H -1 WE k-2 R iR D,y —85.9 —41.5 58.2 100.0
3~ FT - s W Whf - 2- R R —85.2 —45.5 60.4 97.3¢
AR —78.2 —29.9 66.2 100.3¢
AR FES Dy —78.3 —29.5 63.5 100.0

T a MRV THEBEE-Ds 9 AR b 3R AT QCA-D g AR s ¢ R MQCA-D, 25 AR s d R I3k 7w

Z U -Ds HNFE se R RS Do N .
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2.5 FREHZKFEH R

W 25 T B ARG W b o AR BT 0100 B BR K
TR L 43 T TC ) K JE S 0.2~20.0 ng/mL #Y & S 5 ofi
ARG 45 8 1.5 A 1.6 Hh BT S B J0RE A% 1 R DR 9IS A%
AT . LU B b Al 4 5 v Ol B AR AR . B AR L
D 9 0 AR 55 N b U TR AR Y G D AN A R 0L R T
M2k 25 R LR 3, R 3 ZRKRM.FEPHIKE 0.2~
20.0 pg/L WEEMEH N HARL & W 2 RIFIAITER R,
MK ZE R =0.996 2,

Xk BB o AT A - 22 A BIUE B9 RE R AT AR
Rl A AR & Y @ik g5 5N S/N=3 M S/N=10
5 3 % PR AR TR RR B3 T 2 B i R ST IR P A A o R

BE 2138 | 201947 A | AR5V

FE R 509 0.1,0.3 pe/ke; w048 4% 0K ) BRI
IR0 0.05,0.20 pg/ke, Ho Al fb A 9 i o s BR 0
R4 R 0.2,0.5 pg/ke.
2.6 EREMBEZE

VLIRS BR300 0 B 4 1Rt 3 A7 A Tl i 26
KGR . VERG R IO AR AL 5.0 g B0 3 NI
KO Gz B 2 A R 10 il s B IR ST IS AR 1.4
J5 W AT R B AL RN BN KT FE B E 6 K
TG 0 SF- 35 [0 05z 356 1 AH XoF b o i 25 H [ fic 32 AR ki
PR 25 L3 4, B 4 FTA B A R B AR Ak A 1 TR
W N 89.1%~121.5% , MK AR MR 22 9 2.6 %6 ~12.9%
(n=6),

*3 BEATESARUSYHNEAAFR EXRB. LAHRRESR
Table 3 Regression equation, correlation coefficient, detection limit and limit of quantification
of each target compound in pork
L& R A32 2 P s s ol 2% R* Krth R/ (g« kg™ ') BRI/ (pg e kgD
S Wi T y=0.281 7352 +0.007 932 1 0.998 7 0.20 0.5
5 A Al AR y=0.396 1682 +0.117 385 0 0.999 7 0.20 0.5
Vb T i y=0.531 8902 +0.006 310 7 0.999 5 0.20 0.5
e vy=0.243 2032 +0.046 992 9 0.999 2 0.20 0.5
M i vy=0.379 7402 +0.053 896 6 0.996 2 0.20 0.5
AR y=0.595 4132 —0.013 601 1 0.998 3 0.10 0.3
B AR y=1.336 9902 —0.001 909 5 0.999 3 0.10 0.3
AR y=2.155 9402 —0.012 558 6 0.999 2 0.10 0.3
3- FT 5 - s I - 2- R iR y=0.446 3282 +0.022 175 3 0.999 7 0.20 0.5
Rt y=0.743 3712 +0.007 754 9 0.999 8 0.05 0.2
x4 HAPEZERUEYHNEREMBEZE
Table 4 Recovery and precision of each target compound in pork (n=6)
(4’ WK/ (pg » kg™ g/ %  RSD/% (a7 WK/ (pg » kg™ g3/ %  RSD/%
0.2 119.5 11.9 0.1 89.1 8.6
5 N Wiy 0.4 114.3 8.7 [ 0.2 95.1 7.4
2.0 105.7 6.2 1.0 94.9 5.9
0.2 91.5 12.4 0.1 96.4 5.2
R A A Ak 0.4 96.2 9.1 AN 0.2 96.7 6.3
2.0 101.4 7.4 1.0 100.8 4.1
0.2 99.3 4.9 0.1 116.4 9.9
Vb T i 0.4 96.4 3.7 AN AB AR 0.2 106.4 6.8
2.0 100.1 5.4 1.0 101.3 4.2
0.2 115.3 10.7 0.2 121.5 11.1
7 T 4 0.4 104.7 gq | AR 0.4 97.1 5.2
WR-2-R TR
2.0 99.4 6.2 2.0 96.1 3.4
0.2 90.4 12.9 0.05 97.2 2.6
s 2, P 0.4 94.1 11.2 TSR 0.1 95.8 3.5
2.0 102.4 6.7 0.5 98.1 2.9
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