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deviations, RSDs)7E 1.4%~9.4%27 [a] , £t KA A H BR (limits of detection, LODs)# 4.4~4.8 ug/kg, g R (limits
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Determination of betamethasone and dexamethasone residues in livestock
and poultry products by high performance liquid chromatography-tandem
mass spectrometry
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(Institute of Agricultural Quality Standard and Testing Technology, Chongqing Academy of Agricultural Sciences,
Chonggqing 401329, China)

ABSTRACT: Objective To establish a method for the determination of glucocorticoids (GCs) (betamethasone and
dexamethasone) in livestock and poultry products with 3 kinds of different substrates by high performance liquid
chromatography-tandem mass spectrometry. Methods The samples were extracted with ethyl acetate and purified

by QuEChERS, filtered by 0.22 pm organic microporous membrane. The target analytes were subjected to qualitative
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and quantitative analysis by high performance liquid chromatography-tandem mass spectrometry under positive

ion mode with multiple reaction monitoring (MRM) pattern, using a mobile phase consisting of 0.1% formic acid

aqueous solution and acetonitrile. Results The calibration curve showed a good linear from concentration

0-100 pg/L and the correlation coefficient was greater than 0.9994. The recoveries were from 79.3% to 105.8%, and

the relative standard deviations (RSDs) were between 1.4% and 9.4%. The limits of detection (LODs) and limits of
quantification (LOQs) of betamethasone were 4.4-4.8 pg/kg and 14.6-15.9 pg/kg respectively. The LODs and LOQs

of dexamethasone were 2.7-3.4 pg/kg and 8.9-11.2 nug/kg, respectively. Conclusion The method is suitable for the

determination of glucocorticoid residues in livestock and poultry products with its high sensitivity and accuracy.

KEY WORDS: livestock and poultry products;

chromatography-tandem mass spectrometry
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B K2 I 3 (glucocorticoids, GCs)JE T2 [E B &K,
B—REEE  REFARPR YL B e i 2, H
ez B RO, BB IR S AR AR, RiEE
BRERK, RMmENPA KSR, JEMEH GCs 451k
SR AR R AR, AR A GCs &XF K
il Z5 NPT e s A RAZI, OB B . 5255 .
WRE IR Ik, InRXTE & GCs 5 R R IR
iR s s

GCs AUFE RAR AN B D), o H s SR AR TR Atk
A RZ SR, JBE T AT AR GCs, UL X
AXHETF Coo 7 B IEAY 7 0 AT, A5 AR 6k
A BRI i )2 (0 e ) | TR € 3 BB k161
WO - A BB A | AR @S- R BT R
FRCE - T A FE TR IR | )42 o 4 TG G2 W U 1%
W IS R, RS (G- R B PR ik A e, F
F GCs T &2 REMMER, AoEE . e,
FAR o 23 A AR A IS A RGN, b 30 52 2= 1; i
15 O3 PR AR BT AL ) (50 A, 3 SRR, XA BTk
SEBESR T SR B ROAE €8 - H I BT (SO S M e A
GCs Hnm . Jrf. FERTALELITIE, & HImisa WOk
B, [BARAEHC, QUECHERS. MIHE A FIALIC, 43l A A%
ISCRI e A AE B, R i A B ) s B B b Ak A it
e, BAHZEO AR 81 o 515 50 AT 26 TBUFRT [ AH 2K T
FiARAHMI L, QUEChERS (quick, easy, cheap, effective, rugged,
safety) R <Pk . @5 . HM. Ak, e, &8
v 3, AR, BT N TR Mgy
SR B AR AP RS, B
A Refs IR UE— 2 14 BISCRFIBURE A B T TR B DA

AHIF S5 1 R A [ SR B R Ange e 0y =, Db
ARG S5, B2 T 35T QuEChERS i3 Jy = [m] B 46
W EE B i A At KA TR 1 T A 1 18 280 A €3 - HR B
TRk, 2Tk T NE B AR BGX IR R AR

glucocorticoids; QuEChERS; high performance liquid

Yol B o R O 2R MY B A DL, I OT I T RIS ik
BAlE. BEHE &7 M GCs R A — 52 iRk 22 40
AT o2 4 W AR ALROR S A

1 RS

1.1 MR5RF

XS AR AR SR T R T

N-N 5k 2 — ¢ (primary secondary amine, PSA, 3% [ %
FERBHE A F]); s R AR (AT A, E T IO 414k T
HRRAFD; TORKBREREE(Fr i 99%, I 2ese s Al 4 it
WAERAR), LR WL, LG, FE8RC/RE
HHPENARAF] RO, LiREamEeRiHigg
FRAFD);, LR FR(EIGEE) . PR (58T 2h) B R fh 2
s BRATED); K. A2k, FER)IZRALT.(6R
DA R R I CObE(Eibat, RHTT U AR AL i
PR WD, M ZEKAMRIER R (BT EE 100 pg/mL), %Al
KAMPRUEVA R (TR 1000 pg/mL)(h E 2R 321 5Y
Be)o
1.2 UFE5E%

LCMS-8050 RIS AH 33 83 B BT { (H A S
A]); Quintix224-1CN B 435 /AT K- Chs 4 0.1 mg, £
FEL RN F]); HISSOR B LML Vs H AR 7 T & X
WL DAL B A RS FD); TTL-DCIE Z MR AL (b 5t 7 42
R & A FR /N 7)); Waters ACQUITY UPLC BEH Cg {3,
TEFE(100 mmx2.1 mm, 1.7 pm)., 357K A5 31 i 75 [ 4 4
HU#E (hydrophilic-lipophilic balance solid phase extraction
column, HLB)(500 mg, 6 CC, & KAFF/ ), el i [E A
FEHUFE(500 mg, 6 mL)CR A AN SEARRBHEA A |
1.3 ZWFFE
1.3.1 AR & 04 B )

HuZERAR | A MORFATR B ARMERE P 2051 HERH A% I
100 uL F1 10 pL H ZERASFEE HRAMRHER T 10 mL 25
B, FAWESE A EZIE, S5 1 pg/mL MRS bRER
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FAE, 20 “CIRAF-%
1.3.2 #enaras

FERAREG BRERGER . SR, BIF)SXK, R
(2.0£0.5) g FEfAF 50 mL BN EOEH, A 10 mL 32
PO, EIRS), PRISHEEN 20 min, 8000 r/min ¥4 E5.0> 5 min,
BRI T 57— .08, FFRE N 10 mL 0.1 mol/L &
SARENIA T, TRAT, PSR IBOR A R — K, A IFFIR
P, Frgfb.

FESh AL

O HLB BEARREREE . % LB BEUK 40 CRART,
5 mL OE-ZK(EK:ONEIK=3:5:92, V:V: V)RR,
WWERA . AERT, B 6 mL BB, ARGk /ME, #
JRA SR BORALAE, 6 mL ZE-Z0UKIS WOk, T+ e
6 mL ZFR ZBE-H BRI (6:4, V)R, WCEEVEIGIE,
F 40 "CAMZET .

@ RERCEIAHAE R . B LRI 40 CHART,
1 mL ZF8 ZBEF S mL IE CReiF sk, iR, i
FEFT, FH 6 mL IF CUBEiE AL A LT, B AT 4R BOR T AT,
6 mL 1EC B YL, T, F 6 mL IEC %e-AH6:4, V)i
B, IRV, F 40 CRAMRZET,

(® QuEChERS. I 5 mL #BUKT 15 mL B.LEH,
JIA 150 mg PSA ., 150 mg Jo/KFREREE . 300 mg H k4 4k
£8, IR AT 1 min, 4000 t/min 2.0 3 min, B4 mL FiHW
T 10 mL AWE H, 40 °CEK T .

FEME TR DAL 78 LR 3 BRGSO FH 5 A RE
FRERE A 1 mL 20%Z M- KIEB (LN :K=2:8, V:P),
A 5 mL IEC L, 1WHEIRS], 4000 r/min #§.0> 3 min,
BUFJ2WGE 0.22 um A HLIEREBIHERR D, HE S R0
o3 - B I T SR I
133 BHROkAMmEEEHS

FEIR 40 °C; HFFEEE 2 pL; Wi 0.2 mL/min; JishAH:
A M 0.1%F KB, B N, PelisiEE: 0~9.00 min,
75%~65% A; 9.00~15.00 min, 65% A; 15.00~15.01 min,

65%~10% A; 15.01~17.00 min, 10% A; 17.00~18.00 min,
10%~75% A; 18.00~20.00 min, 75% A.

134 JRikfI
B URIE AL W 25 B T U (electrospray ionization

source, ESI); 9 = IEE T4, 256K 3.0 L/min;
PG 10.0 L/min, TS 10.0 L/min; $2 HEEE
300 °C; NP HIR B 400 °C; A4S (desolvation line
assembly, DL){REE 250 °C; flfif#<: &< 270 kPa; HARR
TESHLE 1.
1.4 BUELIE

Wil Labsolution TAEMGHEFT IR 4R HcHE iR 4 A T4k
P A URERN LR, FAMRZE RS, RAT Origin 2021
2221l 1%, Microsoft Excel 2016 #{4% 517315 3l
YEFRHE o

2 HR55H

21 FHEMK
2.1.1 RIHAMBRSHAAK E AL

F2RART 6 FORRIGESIA ZAERIRLT, 1T 3
PR FLSIAR, BRI 2 RN [RIRE R DE R I,
B 1 RS bR R AR X 0 GCs B iEE . N 1 a~d
ATLVEH, AR SR 0.1% F BR/K+F EEAT 5 mmol/L £ R
Be(F 0.1%H R+ Z BT, A5 Ath K i R b ZE K A 7E W] — B
B) 0, RS B 0.1% I BRZK+ 2 JE I, iRl GCs
RS TT, B le A BIBURAGS, FIREZF MR 2 TR EIA
%, TS R A, B AR TR E, SR
SrEEAE, (RIS, TR BEM A o MZEmh
b, EERBA RS L 75%sh A A £R%F 2 min AAE, W
R KA T ZEKAR BT LASE 0, WLIED 1f, PRk,
FeM AR N B A B VR )T o
2.1.2 ARFHAR I KA

ARFFE AT 0.20, 0.25, 0.30 mL/min iX 3 FjiE
T GCs (R[] | WETEAE . & 2 JBR T AW sl AH i
T GCs ik, G5 FRMGHEBKR, HAnfb G4 0T
(R, REGE MK, F A 0.20 mL/min B, i gy
LB AT, RS T BT, BN AR R AR D, WAL
A%, MM ECA 0.30 mL/min B, €206 iy 58 B e 22, i 5h
AR e, 3 RO T R s B LI B 25 5, 4%
b, WS 0.20 mL/min.

#1 GCs RiEEH
Table 1 Mass spectrum parameters of GCs

vl £ 83 B5F [] /min HI B F(m/z) PN ES T (mlz) Q1 Pre W 2%/V i AE R/ V Q3 Pre W 2%/V

373.00° -15 -9 -18
£ A KA 7.783 393.20

355.10 ~11 -12 -17

373.20" -19 -9 -18
i ZE KA 8.088 393.20

355.10 -19 -13 -25

e R T
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Fz2 TERENEHEE SRR &4
Table 2 Gradient elution conditions of different mobile phase
F5 B BV R T
a WEIAH A 0.1%H 2K, FizhtH B: HEE; 0~6.00 min, 90%~10% A; 6.00~10.00 min, 10% A; 10.00~12.00 min, 10%~90% A;
12.00~13.00 min, 90% A
b WA A 0.1%M K, WzhAH B: HEE; 0~2.00 min, 90%~20% A; 2.00~7.00 min, 20% A; 7.00~8.00 min, 20%~40% A;
8.00~9.00 min, 40%~80% A; 9.00~10.00 min, 80%~90% A; 10.00~12.00 min, 90% A
c WENAH A: 5 mmol/L ZFRER (& 0.1% IR), FEIHH B: ZJiF; 0~3.00 min, 90%~40% A; 3.00~5.00 min, 40% A;
5.00~7.00 min, 40%~90% A; 7.00~9.00 min, 90% A
d MBI A: 5 mmol/L ZEREZ( 0.1%H BR), Hish#l B: ZJE; 0~5.00 min, 90%~65% A; 5.00~7.00 min, 65%~10% A;
7.00~11.00 min, 10% A; 11.00~12.00 min, 10%~90% A; 12.00~13.00 min, 90% A
. WA A: 0.1%W B2 K, FhHHB: ZJE; 0~9.00 min, 75%~65% A; 9.00~15.00 min, 65% A; 15.00~15.01 min, 65%~10% A;
15.01~17.00 min, 10% A; 17.00~18.00 min, 10%~75% A
¢ WA A: 0.1% I RK, FREIEB: ZE; 0~9.00 min, 75%~65% A; 9.00~15.00 min, 65% A; 15.00~15.01 min, 65%~10% A;
15.01~17.00 min, 10% A; 17.00~18.00 min, 10%~75% A; 18.00~20.00 min, 75% A
a 16000 - b 20000 - c
14000 | i;ggg I
12000 | 15000} I
3 10000 - N - 128(33 L
g g o L
= 8000 = 10000 =
= B & i
*5 6000 | E %L:; 6000
4000 | 5000} 4000 |
2000 | k 2000 -
of ________ 0 0p———
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 0 2 4 6 10
£ £5 5 B8] /min £ £8 st [B] /min £ £3 st [B] /min
4 20000 e £ 14000 '
12000 |
15000 | sy 10000
i = 8000
= 10000 = I
= 2 6000}
= =
= so00k 4000
2000 |
0 1 1 LT 1 1 1 1 1 1 1 1 1 1 0 1 1 1
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 5 10 15
{4 E8 Hst [B] /min A3 B8 B} 8] /min LR E5 Hit 8] /min
1L KRR, 2. HIZEKHY . a~f. XFREFE 2 FPAGTHRI 551 .
B R AR B2 F R 1) GCs g
Fig.] Chromatogram of GCs under different mobile phase gradient elution conditions
2 14000} 5 14000} c 14000y
12000} 12000 12000
10000} 10000 | MIOOOO I
#8000 2 8000 | g 8000}
H i = 6000}
= 6000 F {2 6000 =
E 4000} E 4000 | 4000
2000} 2000 | 2000 L
0 Adkidi 0 , M 0 )m J
0 5 10 15 20 0 5 10 15 20 0 5 10 20
5 B8 st ] /min 5 B8 s} [] /min A5 54 Bt ] /min

7£: a. 0.20 mL/min; b. 0.25 mL/min; c. 0.30 mL/min.
B2 AR SIARGE T B GCs kA
Fig.2 Chromatogram of GCs at different mobile phase flow rates
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2.13  FBUEF $94EAL

VARG I, nbn&h 2.5 ng/kg, 5T T 5 AR
PEEF: 1%FR-20 . RO, 5. B, 2%
(2 mol/L)*+H (e Z IR 4R I, R . 20 -
IRV:V=3:7, £ 0.1%F BR) X s ZE AN T AR [ e 2R A
SO, SGERLFEEH, HEEER I B RS i N R g,
TEANGE, 33 S PR o 5 o v 1% 98 g /R B 11 S5 T R 2 i) R I
WP A Y B S B SR A
B CIEVE AN RIZEBGAET, BElE S 800 (5 Sk vl Be
B O il R O GCs BRI R AR, 2R %+
FH D 2 - K VE R O R B, BB Hh B oy, L RO it
matd, MARRE, WA R AR EIRBGA T . It
Ah, 1%F IR - RS FE SR IO T R A R OR AT, [ R AL F
60%, LA I BEHER

B 3 BRT ZMEE . 2 2 RBUAFINT 3 Fht i
GBIF. W8, X)) GCs [ICR I Em , MIE 3 shaf
DI, TR . WAL, 28RBS RBOS E b
) GCs B, SRR, HER G IR I Rk, A
T U0 2 R0, (H 2 2 e $R BN 28 o b ZE K A B
R AG, A 75.5%; LR 2 F GCs By IR
1 83%LL b, X[ IHKNTF 2B ZBERINR T, & nl L
PREUARIB BN, A TIEE = D Sl 2 S B3 4 1
ORI, el LR CBRVE M ARBGA .

] CZAEAKIAGERE) B IERANCENE)

120 S BAAACER) %%\EX%@

SRS Skies
100 B

80 | = &l
< =
= 60 é
= —
40 | g
0 g
IR
SRELE

3 ARSEBUERIXT GCs RIS 1 510
Fig.3 Effects of different extraction solvents on the
recoveries of GCs

2.1.4 Ak Xegtkik

Bl 4 /R T 3 FiA[F4k 77X (QUEChERS . HLB [
AHFEEURE | e it [ A A BURE )% GCs B m , | 5] 4
AT, R R [ A 2 BRURE e A b BSCR B 3T, 2 GCs 1 [Tl S
iK% 83%LA I, % HLB REIFHZEBU ¥k S, GCs 7ERSHE AN
KT AR B LSRR A, T 48%~63%2Z 7], FEXS A i [l i
Rl KRR 90.6%, HiFEKMS K 812%. 4
QuEChERS ¥k 7 sUAR B AR 5, A5 A oKAR T SE KA 1
BN AR F] 70%LA |, T B GB/T 27404—2008 { 5282

FTEPEHIRE & A EAAI ) Akt [ OR B K

R [E A ZE B (solid phase extraction, SPE)J&#x i FH Y
LB, O ROE BOR & BAME A Wi, o
ERE R, (R HAERESEE . FERT . AR, AETF
KA RE S A HE A Y 55— 5 1R, QUEChERS 4k )y
AW AP, ATHRERE T MP R/ F2&5T, PSA
B8 22 BREEIUR T R IR T | 925 DA R 2 €6 28 5 A 4,
Cis XTVT 2 59 2= oA AP RIS BRAVE A, ek an B
A RIFHIBRIGHE ), 18 0 ) JC K B Rk AT i — 25 L BR 2R
BBy, WKL R B T30, N, AR
5% % Fl QUEChERS ¥4k J5 sUALHEFE i

FEABAKAN T ER b FERMN R
RIS R)ES HFEARAR D)
100l- EED A5 bR AA (RS2 0 M IR (WS )
5
QUECKERS ~ HLBIE Tk IkE
Bk =

B4 REEAE TR GCs IR AR
Fig.4 Effects of different purification methods on
GCs recovery

2.2 FEFWIE
221 AMWEHE. HERFEER

FH 20% 215 -/K B8 W Ee il B i v B 4308 0.2, 5. 20,
50, 100 pg/L FYRFAbAAN R HL ZERANR A FRE R I TAER
W, VLB O R AR B (X, ng/L), W TR AR AR AR (Y),
221 2 B GCs IPRAERNZR, 15 BNRMAHIC R L. AR
BIEH 5 AR Y=2619.5X-707.2, FHOC R KK 0.9994; i
FEK WA Y B 7 FE S Y=4272.8X+150.3, HH KL R EH
0.9999, MIZLMEXR R,

DIEME LN 3 (SIN=3)3T445 46 PR (limits of detection,
LODs), &Mt 10 (S/N=10)1 4322 i BR(limits of quantitation,
LOQs). 3 3 JBR TTEHEI . AYRATIRSEE 3 RN RS,
2 F GCs #Y LOD Fl LOQ. Z5RE/R, fEMKIAR) LODs H
4.4~4.8 pglkg, LOQs Jy 14.6~15.9 pg/kg; HZEAKFARY LODs N
2.7~3.4 ug/kg, LOQs Hy 8.9~11.2 ng/kg, i ESLIRER
222 EHEAAEEE

h T IUESLI T BRI AT, DIERTE . YA XS
T, FEIRE 2 Fh GCs FERE Al H A IR [R5 3 FIDRS 25 S 06,
WIS 9 5. 10, 50 pgkg, FEATIE 6 K, &
Brimbr i, 45503 3.
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#z3 TEERHRTD GCs BIMFREUZE, RSDsy LODs 1 LOQs £55%(n=6)
Table 3 Results of recoveries, RSDs, LODs, LOQs of GCs in different kind of samples (n=6)
N ¥ pETo| X HE
il Hug/ke) [l  RSDs LODs  LOQs [EIY®F RSDs  LODs LOQs [Fg*® RSDs LODs  LOQs
1% /% Npglkg) /pg/kg) /% /% Nngkg)  pgkg) /% /% ng/kg) /pglkg)
5 101.4 6.4 864 3.9 105.8 3.5
i
Kb 10 104.3 3.1 4.6 15.3 87.0 9.4 4.4 14.6 85.7 7.9 438 15.9
50 104.7 1.4 88.1 3.0 793 26
_ 5 105.4 7.1 81.0 6.6 103.2 8.1
b %€
. 10 103.9 3.8 3.4 1.2 937 5.8 2.7 8.9 97.9 5.5 3.1 10.4
K
50 105.6 3.9 93.0 2.1 87.8 2.8

e X BRE N 22 (relative standard deviation, RSD),

FH 3R 3 AT, 2 Fh GCs 1Y IR HEAE 79.3%~105.8%Z [1],
FIIZ AT BT I 0 B B 7 AT A KA R SR AN B
HERAJE . RSDs 7E 1.4%~9.4%22 0], FRIIZ T EHBEESH
223 HamuyHt

KA B 10 LT ENE &7 (BB Y
AL XS ER) HR A b KA R SE K AR AT AT, 5 SRR
PN oA

3 & i

AWETER I LR CHEAE P B 5], QUEChERS ik
I, S E R RCRR G- BB, dar TR & e
b FEANA FAE AR A ) PR AN B UE Y 7 3%, %7 1A SR
GCs 1y Il Bk | R RERGR o RIS, %07 IR B
AR E, AR T PO E & &) i GCs, 1E H I
I xE GCs 1 KU AT BAT B2 AN AN (R, X3 &)™ dh
H GCs BRI i S H 0 M8
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