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Rapid determination of clenbuterol residues in animal-derived foods by
QuEChERS technique with high performance liquid
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ABSTRACT: Objective To establish a method for determination of clenbuterol residues in animal-derived foods
by QUEChERS technique with high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS).
Methods The sample was digested with f-glucuronide, extracted with acetonitrile, and purified by a ProElut
QuEChERS purification tube. Gradient elution was carried out using 0.1% formic acid (A) and acetonitrile (B) as
mobile phases, and clenbuterol content was detected by multiple reaction monitoring (MRM). Results The sample
could be separated and analyzed within 15 min. The recoveries of clenbuterol at 0.5, 1, 5 pg/kg were 90.0%-94.3%,
and the relative standard deviations were less than 10% (n=6). The detection limit of the method was 0.5 pg/kg.
Conclusion The method is rapid, accurate and sensitive, which is suitable for the determination of clenbuterol
residues in animal-derived foods.
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QTRAP 5500 ¥ AH (035 B0 AL (35 E AB SCIEX
v nl); KQ-300VDE MU AR i 75 ik (B 1L T 75 S A A
FRZAH]D); KS501 2 MR & (FEE S RAR]); Allegra
64R ¥ 1R B9 U HL(TE E DL 3E 2 2 JRFEA ]); Microfuge 20 /5
A B OHLEEE D 58 23 \]); DHPO 30 fHif 5 R4 (
TSI LAY A BN H]); ProElutQuEChERS #+E4% . 0.22
pm FEFLIEE . Quintix2102-1CN L T K-t FE L F) Rk
AUBA RN T]); AUW120D EXP HLFK(H A B A
wl); FE20 pH i1 ( i MpRe -0 R 2038 IR D) .

A4S (99.00%, fiilE Dr.Ehrenstorfer GmbH 23 A));
R FEF -D9(99.80%, 3 [E CERILLIANT A H]); B-#
MR T (99.00%, TEEERTTAF]); SFfkih. ZBRILH

afy, RN . CIRET AP el, EZERIRHIARRAR), F
B (i, LIt ACS AH]); CNE HEE(iE%4l, TEDIA
), FLEE FZK N Milli-Q HAliK .
22 ZLWHE
22,1 BREA

SLARRES -DO R KBRS RER -D9 bRtk
Wi 10 mg, N BEYAROE 22 100 mL, K 100 mg/L 7,
B EAR%S 1.0 mL, FHBOARESZE 100 mL, B0k &
4 1 pg/mL WTEARFES -D9 I

SEAR R B R S B RS B AR IR A8 R B A o
10 mg & 100 mL #5 &), i B E 45 2 100 mL, i
AL 100 mg/L ARiEREATR, 435I TR B S A5 2 im U fifh 25 VR
0.1, 0.3, 0.5, 0.8, 1.0 mL, FFHIA 50 uL 1 pg/mL FUfE4F
B D9 NEREEI I 50 pL L& K (70:30, V: V)R, I EE
ERZE 10 mL, HBEES 1, 3, 5, 8, 10 ng/mL 72
RPIRER T, LA RrE? -D9 BN 5 ng/mL.

0.2 mol/L ZFREMFEH: FRIL 13.6 g ZTREN, WRT
500 mL /K, Fli@E & CERVATY pH & 5.2,

LTRES YRR : FREL 200 g Z R4S, ¥ T 1000 mL
KH

0.1%H KW BB 1.0 mL HER, ¥R
F 1000 mL 7k,
222 HmtyETA

(1) $#2I

I 5.0 g FEAR 15 0.2 mol/L ZERENIA W 3 mL, HEAIJR N
AIE R NPRIERFES -DY, fFES P& AR -DOVEE Ny
5 ng/kg, M50 uL B-F A FHIE T I, WRHEIRST, 37 CCOKIATHG
fi# 12 h, N 5.0 g EALEN, 2 mL ZBREYA (200 g/L), I
5 mL, #WHERST, ¥&¥% 5 min, 6000 r/min 50> 2 min, HL
| mL _BiEB A4k,

(2) #Hik

# 1 mL $REUKFER E 2 mL ProElut QuEChERS 4+1k,
R, A 100 pL R, IRBERA 30 s, 10000 r/min T &
O 1 min, BUEREW 550 pL Fk4E S, Fi TRKER
A2 50 uL TR, MUK ERZE 500 pL, JRAJEE 0.22 pm i
FLUERR, B HPLC-MS/MS 5317,
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(1) WBAH S S

LHEHE ZORBAX Eclipse XDB-C g (0345 (100 mmx
2.1 mm, 2.7 um), FBIHH: 0.1%F BR(A)-ZEB), FiHE:
0.2 mL/min, FEFEFRF: 5 pL, FEiR: 30 °Co AR (i AH B vk
JEFLF: 0~2.0 min, 10%B; 2.0~10.0 min, 10%B~80%B:;
10.0~11.0 min, 80%B~10%B; 11.0~15.0 min, 10%B.,

(2) B At

BFUR: FWEZE H S ESI(+), MMEZSHLE 5500 V, 25
WSEST 50 psi, HHBYSUET 50 psi, KA IES 20 psi,
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BF U EE 500 °C, FHEI: £ Wi
3 GR55

3.1 FgEHMhi

53 BHG SRR AR AR MEVA WL 200 pg/L
W B AR IRV T, AN AT A, o FH R 3 R A (3 5
i, B JEAEIE B AR T 2, e s wn o
TET, B TETERMEET, BT MR RE R
REAEASR, SR RS F, EREERRE . TIRE/NM 2
AT BT o IR M M i T, IR B H R
Tl L PR, SE AR 2 e B T S B A A SR 2 1.
3.2 FHAZMSEE R LR

B bR R B 1. 3. 5. 8. 10 ng/mL AYFRE
TAER, £ 0.22 pm JEAEL U, FIROA (% - 5B 3R BS 44T,
AR VRO B (X0 R B AR R, b o T VR 0 THT L (Y) S A
bR, Zeilbrii e, 1528 EE RN Y=1.504X-0.037, HH&
AH0=0.9992, LLM:XR R

TUzs FIRE R B4 A 5 i A, M s AR
T P p T AR R 2R B B [ B LR R AR v T ARV TR
Wi A5 5 AT A, DA 3 A5 M B (S/N=3) i X 1o ) A
) TR R B R R G HE R T A, O R A s B
0.5 pg/kg.
33 EWREREEEXR

PEIURE A M RE S, TEZS AR 2 B AG H BR Y 1
5. 345, 10 fFREEMIBRMEVS W, BRI 0.5, 1.5, 5 pg/kg B3

WEVRW, F4 2.2.2 I RTAL R AR PR EA bR OS2 5, Ak
AT 6 UOEATINRE, LA ZE 732 [N S FIORG 25
FWARIEIATITSE . 553 2 PR, SefRFRe% 1725 ml
WK N 90.0%~94.3%, HH X A5 Ui fi 2 (relative  standard
deviation, RSD)/NTF 10%, 772 B FIKE 28 FE AT & A =%
WLSE BB SR 120

T2 RMEYWERNEZE NS R>0=6)

Table 2 Experimental results of adding recovery and precision

(n=6)
ININHE /(ng/kg) IR /% RSD/%
0.5 90.0 8.2
1.5 91.8 6.1
5 943 43
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WK T3 ¥ o 207 AN TR T LATE B AT AR 315 5 6L A2 % |
FEMF G, HeASJ7 vk (T AL BRI (] fR 6, $RAE T8, (W) BB
IR BRLAR Y 5 A R A= AL . FRUE B ISR DR, %07
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Table 1 MS parameters of clenbuterol residues

o N I . NP e _— Tll 42 2 5 1Y

H5 & BIAB F(msz) FEFms)  WEEEE/ms  EEEE/EV RS eV
L /eV
277 203* 200 52.090 23.660 16.780

1 SLAEHE% (clenbuterol)

277 259 200 54.870 15.750 23.540
2 RS -D9 286 204.1%* 200 59.670 24.000 17.940
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