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Study on the efficient determination of clenbuterol in lamb by using Oasis MCX

SPE column combined internal standard method
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Abstract : The study aimed to establish the detection method of clenbuterol in lamb by using Oasis MCX SPE

column combined internal standard method. The separation was performed by using acetonitrile —0. 1% formic

acid solution as mobile phase and 5% ammoniated methanol as eluent. The detection was conducted by using

HPLC-ESI-MS/MS in positive ion and multiple reaction monitoring ( MRM) modes. The results showed that

this method possessed satisfactory detecting rate for clenbuterol ranging from 0. 050 ng/mL to 5. 000 ng/mlL.

The coefficient was 0. 997 8, the recovery rate was 98% ~ 102% , and the relative standard deviation was

2.09% . With high sensitivity and accuracy, this method could be used for detecting the clenbuterol in lamb,

and it also had certain guiding significance for quantitative analysis of clenbuterol in other meat products.
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MR E R A ST, S8R AL A
M O PR, Y Rk g 9, b T2 % 5
BRI A R AR ™ SRR VK (JliL )
B25% ~28% ), AW be, B R b e, Rt
TIRHE R A 22 120 A BR 2 7 77 5 $h iR (ot & 40
$36% ~38% ,ALgkst) , bt b T 7 iR
AR P PR UEY) 0 (CAS 50y 21898 —19 -1,
4ifE99.1% ,0. 1 g, ANHERE £0.5) , EhIR i
$E2 — D9 N AR (CAS B 184006 — 60 - 8, 4l
J99.99% ,10 mg, AHfERE 0. 1) , A HLAHETC
UEAF (JEJ8) (FiA% 13 mm,0.22 pm) , B2
SEER AR A A R F]

I %% Oasis MCX [& # 2% B #E (3 cc,
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Waters TQD = 8508 AH (4,38 — AR I5k = 5 PO 20 AT
i A e 55 55 1 - PR (EST) |, 28 [ Waters 24
A] 77 ME204E/02 73 #f KA, bR - 48
M ZALASA PR w7 CTI4RD I 5 205 3% %R
EOHL, BIER SEAEA AR i # TAEA PR W
773 CNW 24 37 [ AH A HUR B, GM — 1. 0A Fi JlE
BB, RS 2 0 i 75 A PR 7)™ 5 Mult
Reax $x7% 25 , {5 E Heidolph /3 ] f=; DC - 24 24
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AS Z G P UEHL , R R R B S
FRZN ] 77 Milli = Q Advantage A10 4fi /K #1,, £h
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1.2 7%

1.2.1 #REREEH  PRIERERI: HEFPRIR
—E AR ER) T, FH P I ik it I 1) s S
N 100 pg/mL B sUAE RS Fse R & - D9 bR
PRHERE SR 10 mL, & T — 18 “C R EDLIRAT-

H ] it AT« Y P s B s AR 5 2
HERE AT 1.00 wg/mL FI 100 ng/mL, i #E 5o
1R 2 — D9 INFRFRELE K 2 50. 0 ng/mL.

oAt 75 W o 42 % 0. 1% HY IR I s
0.01 mol/ Lk BRI ; J5i 48 73 4 5% &AL I
1l
1.2.2 &iE FE&M4 @R @ttt
H ACQUITY UPLC ® HSS T,(1.8 pm,2.1 mm
x 100 mm) , A3 35 C 3 i 2 0. 3 mL/min; FEFE
10 LA A 28 B i 0% 0. 1 % HR
VS KA 2 mmol/ L Z R BV, T sl AH B ik
H LM HV . SR B B2 R ) 07 1 A7 0
BEREVEE AR R 1.

i 25 SR M W 25 8 7 IR IR B T
il 22 SO e I O =X, S S 80O B AR T
3.5 kV, LV EE 500 °C, A ] i
600 L/h, HEL i 20 L/h. sefehe 2 i1k |
JE T BN LR 2 (PR IR, AN B8 32 2 43 i1
N >50% ,20% ~50% ,10% ~20% ,<10% i,

A1 BERBLAA

Table 1  Conditions of gradient elution
][]/ min A RS B % B KB %

0.00 95 5
2.00 95 5
6.00 40 60
7.00 5 95
7.01 95

8.00 95

K2 TN REEH T
Table 2 Qualitative and quantitative ion

pair of clenbuterol

E 1 BT FEE B 4T fill ¥ g HEfLH

(m/z) (m/z) w/V H/V
277.0/202. 9 277.0/202.9 14 30
277.0/131.9 28 30

FEVFRIAHX R 22 20501 +20% , +25% , £30% ,
+50% ).
1.2.3 B##RE 1) FRE2.00 g Hil 4541
FRFES T 50 mL 2.0, A 10 mL pH =
5.2 M MRS, 5670 =% 10 min, 75
15 min J5 #4E% 2 min, 7E 4 C & 1F T LA
8000 r/min [ FEES.L S min, B FIEWR T 55—
50 mL B0 H, A 5.0 mL =50 H B (BR AR
), 9% 2 min, 7€ 4 °C 544 F LA 8000 1/min
(0 RE B0 5 min , BUASHR BV (17) 13 [E A #E
B

2) FRHL2. 50 g il & 4 A AR L T 50 mL
BT A 10 mL 45 80% 2B K %
W, 73 PR3z 10 min, #7515 min J5 4R &
2 min, 7£ 4 CEH4 T LL 10 000 r/min ()53 fE 25
0> 5 min, BUAHS V(2" 13 FEARAE B L.
1.2.4 #HMREREML  Oasis MCX [H FHZ HL
FEFAL S Z B 3.0 mL B 3.0 mL
K .3.0 mL FhFREBOE A, R E K 1T B IE WO
A A A IO o, 3 3 AR 7 7E0. 5 mL/min, 4K
K 3.0 mL 7K, 3.0 mL Jii i 4345 50% W RE
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fifk , ik 0. 22 wm A HLIERE S, F e 50 A
O3 I o i (AT A

Prime HLB [&] A 2% BUR: e Ak« {22 15 TG
TEAL, ELEERE 27 LIS WO [ A AR B
P PRAFAE 0. 5 mL/min, I 48 4 FF IR BE R, R
4.0 mL kIR E T 45 CTRAREIET,
M VCRZhAH B) @ V(iightd A) =5 95 [
WEARZ 1.0 mL, 1 0.22 pum A HLUER S, T
TR RCBORH €3 R IR o i (S G A T 2
2 SR 50
2.1 RHHENTHE

g1 ol e AN T6) v WA R U Bl A], R
0.10 ng/mLIsa (S FE 2 bRl i 17 0 2, 15
SR PR L I L AT, Z I - 0. 1%

Behy PR ISR 3. 8 min 247 RIS AL, T &
G - 7K. -2 mmol/LZ, FREV R AE T 3l
AHI B A 45 2 AH DL Y v 1 4 2 00 33 0 &1 5
P —0. 1% HIER I AR S Ui sl AH IR RE % 15 21 fr
PN [A] 72 4. 3 min 7o A7 B9 1038 0, [R] I 7E
6.0 min 7545 B 1 BRI T P00 i - K
VESRm SR 7E 4. 1 min 745 B0 35 0% | I
BRI T 4 X B EE -2 mmol/L £
REL T WAE A e S AH I AT 3 e A8 e 2 (0,315 04
. JE 0 A B, S S - 0. 1% R WK
BEEE VRIS, SRR S 1 B AU ROR B, ik
AT S5t Wi o7 {1 e s . PRI UG, e 1 FH 2 1
TishtH B,0. 1% H RIS NS AH A,
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BEXF Oasis MCX [ AH 2% UK , 76 I3 38 1Y
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0 2 4 6 8 0 2 4 6 8 0 2 4 6 3
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o 4.38 10 4.15 1.0r 5.59
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A1 REERAEA A4 0.10 ng/mL Z44 FARERREEE

Fig. 1

Chromatograms of 0. 10 ng/ml clenbuterol standard solution by using different solutions as mobile phases
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2E IS A BE I RE S SE4F, 1M S % 2 Ak Y A S5 %
BACCNERIVE L RE S AH AT , 2% & 3 B L 2 T
FIREVESS — L8, Hr it LU BT B , PR AR 30 i
5% A A 9 e 9.
2.3 ZMSCERSHREHE

B e 4G e 2 b ah U M RE g )
0.015 ng/mL, 0. 050 ng/mlL, 0. 100 ng/mL,
0.500 ng/ml., 1. 000 ng/ml, 2. 000 ng/mlL,
5.000 ng/mLiEAT 73 #r, 7 B LA [0 U5 5 A
y =6 490.4x +487.89 X FR L R* =0.999 8.
Hor, o g HARYI BRI R AR BE , y iy Xof L F8 e T
L AR E AN & AR TS 2 B B MEE PRE A AR TR
IR, $2 08 1. 2.3 IRKI 70 1) RRE A AT Ak
B3 5ILL 3 A5 A 10 AR LL (S/N) 15345
v e ke PR BR 0. 015 ng/mL Al
0.050 ng/mL, {3 & B [B] 144 3. 68 min. [&] 2
WeRE 0.050 ng/mL B A& 45 2 b ok 1 0 (53 41
P 3 D S = P 2 Joit i BB ) £ 335 &1 DI 2
M3 T LLE ), se e e 2 b o i 18 € = FR
0.050 ng/mL A9 IER}TR] A 3. 68 min, [F] B} 7E
5 ~6 min Z[AIfF7E—E KI5 155, (HPESy
LR, X s W RO 2 ) . BE
PFEFEHURAY TSR RAE S ~6 min ZiA5 A E—
TERIEEE S, O R el e 2 iy,
2.4 QOasis MCX #A Prime HLB E|fBZEEXAERIEL 5L

i 1. 2.3 RN Tk, 205 T Oasis

3.68
1.0

0 ) 2 4 6 8

{4 B 15} 8] /min
B2 0.050 ng/mL A4 F AR A RIR &% B
Fig.2  Chromatogram of 0. 050 ng/mL

clenbuterol standard solution
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e 67

=

go.s—
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PR )/ min
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Fig.3  Chromatogram of extract for

negative lamb matrix

MCX F1 Prime HLB [ AH £ BUH: XT IAR &R i 1
ATRTAEBRAN A3 A 2 . DA = AR o 25
FL, 4 AW 0. 05 ng/mL, 0. 25 ng/ml,
0.50 ng/mL 3 NS K- B Fm o i, B>k 3
TKAHEAT 3 U, 45 21 1 [0 8e 258 F0RH X6 A7 7
2= a5 3 F15k 4 .

H1¢ 3 I 4 Rl 1, i o 5 i J32 R
D 75 2] 19 455 SRR T A7 o s 22 7882/ e AH [] 71
IR FE7KSE R, Oasis MCX [ A 2 HUH: Ak 28
Je PR it IS R B 5y, Ol 92..8% ~108. 0% , A
XIFR AR 25 5/, S 1.52% ~3.85% , Ktk , %K
RO RGR TR I R S g SO = NS S I e o
Oasis MCX [TAHAE U AbFRAE i 2 A2 e
FER R AR, H AR PR T Prime HLB [ 4H

% 3 Oasis MCX B A8 F B 2 S0 2 4R
Table 3  Determination results of Oasis

MCX SPE column

R D 5E A Al AHXSARHE
/(ng + mL™") /(ng - mL™") R/ % W22/ %
0.052 104.0
0.05 0.050 100.0 3.85
0.054 108.0
0.241 96.4
0.25 0.232 92.8 2.08
0.240 96.0
0.495 99.0
0.50 0.510 102.0 1.52
0.500 100.0
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% 4 Prime HLB [ 48 3% B 40 22 )5 ) 2 25 2
Table 4 Determination results of Prime

HLB SPE column

W 5 (8 L AEXT R
/(ng » mL™") /(ng » mL™") /% W22/ %
0.040 80.0
0.05 0.044 88.0 4.76
0.042 84.0
0.205 82.0
0.25 0.215 86.0 3.70
0.200 80.0
0.420 84.0
0.50 0.400 80.0 2.44
0.410 82.0

REIURE ) ZE BRI , 0 ot 8 RO 5 B R0 B
FETIWHORE , H AR S o3 2% Jot bl ¥ 57
Vi PRI S AR R 8 A i, 1
FAZAE IO FE A ft A B AR p I 2 1 ek 1
M, ATRE 23 MR 70 Ty F H AR — [R) B
I, T T H AR R , S B0 45
AN HE.
2.5 WIREMEFMARERI R

el Oasis MCX &40 25 BUE, 23991 T 9 A
VEFNFE TR IE RS [R)— A AR 2K #4700 &

IR 7R QTN (g S Sl L1 R 1
(1.00 pg/mL) , 5eAR 435 - DO N A5 b ] 4iff &
W (50.0 ng/mL) , LA V(ZHE) = V(0. 1% H iR
W) =5 1 95 I W T N, o) I A
0.05 ng/mL, 0. 10 ng/mL, 0. 50 ng/mL,
1.00 ng/mlL,2. 00 ng/mL £ 5. 00 ng/mL 1 6

AR AT BRSPS R, 3 W BE KPR bR

W 810 2. 50 ng/mL. DAY A b
25 H B, B 1. 00 ng/mlL /4 By 1 7 IR A
1.00 ng/mLIINFRY), 53 518 3 APATHE R, R
12,3 A3 1) A TN E

FETIIFRIE: FREBHPEE AR S 8 103, 73 s
Tk B K SE Sk 0. 05 ng/mL, 0. 10 ng/mL,
0.50 ng/ml, 1. 00 ng/ml, 2. 00 ng/mlL 7Fl
5.00 ng/mLIARIE IR, 1 13 BIPERE Sl 1B,
153 BF A i A0 A Tl W5, 9 o ik B 7K 7 Sy
1.00 ng/mL, 4> 3 A~ FATRE S, SREL1.2.3
AEFE T 1) AT E

PIFR 7 A3 2 R I 25 SR a3 5 Fos.
25 AL AE B PEAE o WS 0 AR [R] v B2 7K 1Y
PRV IR, AR S A5 2 () B3 s, [l
Wk 98% ~102% , FHXSFRifEM 224 2. 09% .
T 5 SR 2 o 115 380 0 B0 (B 380 =, 1 B
2 AR i 14 35 SO KON LU 5 B I, X o A A
BT —E WA ] 5 ).
2.6 Oasis MCX EIfBZEERHE S N iRERT

FHIBCTHT B 3 P 10 4y, B SE RINAR AR &b 2
#y, K Oasis MCX [BEAHZEHUH: , PIFRIE 2 Y
Ty AT AL SRS U 43 B, 5 R an gk 6 iR
(£ :N. D FoR AR ) . 3 6 Al 0, T8 Y
10 3 i S8 ARAG AR R 2 R 1, IR A 17
2% R 25 5 4 B R 0. 997 ng/kg Al
2.020 ng/ke, Jikz B R 7E 98% ~ 102% 5
FEL DA, U BH 0 7 1 R 8 oy P T 5 2 PR rp A

A5 NAREA LT AR R W A 45 R

Table 5 Determination results of internal standard method and matrix-calibrated standard addition method

ik A e MR RH R Jbitt/ (ng - mL”") IR/ % KX bR e 22/ %
1.020 102
PR y =11 784. 9x —297.939 0.997 8 0. 980 98 2.09
0.990 990
1. 100 110
FEFNFRE ¥ =330.449x +81.329 4 0.999 9 1.180 118 4.56

1.200 120
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Table 6 Determination results of clenbuterol

contents in market lamb samples

. B ) i
B 47 R oMaER
1 3.80 N.D.
2" 3.80 N.D.
3* 3.80 N.D.
4* 3.80 N.D.
5% 3.80 N. D.
6" 3.80 N.D.
7 3.80 N.D.
8" 3.80 N.D.
9* 3.80 N.D.
10* 3.80 N.D.
JnkRIEW 17 (1.0 ng/kg) 3.80 0.997
IR 2% (2.0 ng/kg) 3.80 2.020
FEL AL
3 Z5p

AR SR FHAS [A] (A ot 17 A 3L 1o 2 R 1 S0
T R IC — R DU S A3, % 5 R ) v
TR 58 B A Iy VR AT IR AR A5 R R,
Oasis MCX & #H A& BURE 19 42 BURCR A T Prime
HLB B AHZE B, 76 LA Z AT - 0. 1% H R %
WA BIAH 5 % 28 A0 BE R e ) A A
HPLC-MS/MS HLB{ %5 1E 8 . 2 5O W AR =X
AR 25 T, Seqe R B AE LR MY 0. 050 ~
5.000 ng/mL P4 HA R H 3 M C R
B0 0.997 8, inkn EI A 98% ~ 102% , AH
XIFRUEM 254 2. 09% . 7] I, Oasis MCX [&] AH %<
SR AG DU B AV 2 02 v L I SO vy L ER PR AT
S NAREANGS &L BRI SR A R R P Y
PERAAS TN, XoF T JHAth PR 3T v S AR e 20 A i o,
AZZ M.
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