BB RRRRSAR B
QuEChERS - =3B (-2 B B iyl <2
Ton 7 FiRE R B R AR 2 5k B

WRREER 12, F8 k3R 12, B H T 12, ER 1
(L T MRS BRI GE A A PR B L 725 M 51144752, B 0 T 5 B A i ms m vy (%),
T TN 511447)
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i . # 5 QuEChERS-# & ik 48 &3 - % 33 3% (ultra performance liquid chromatography-tandem mass spec-
trometry , UPLC-MS/MS) & 4 & ¥ 7 A48 BLUR S & £ XA R G o o477 ik . # a2 TR AR, ATk
FRER AR RACAN ATARBR A e AR AL B =4 AT , S BUR 2 N-# 2L & = B (primary-secondary amine , PSA ) R #4145 |
A Accucore Biphenyl (100 mmx2.1 mm,2.6 wm) &3 A£ 5 & , vA 0.1% T 82 K-0.1% F 8 TH A RS A4 E 2B, &
Wt % & F 7 iE B F (electron spray ionization*, ESI') A X 4244, % K & 4 M4 X (multiple responese monitoring, MRM ) #&
M IMARE R F T AAE R RRFE A 0.1~100 ne/L R ECE N4 2 H3I KT 0999, KM X R BAF, AP Z R E
KT Ao AR R A T8.1%~118.5% ,#5 FE B H 0.6%~14.7% %77 3E A TR A MATAA R AT M09 T FrvE R Rk F &
B PEGFHNE,

KA : QUECKERS; 48 BT L 5 5471 5 48 i AR €38 - B B ik S 25k

Determination of Seven Glucocorticoid Residues of Stimulants in Food by QuUEChERS Coupled with
Ultra Performance Liquid Chromatography-Tandem Mass Spectrometry
YAO Xiaoqing'2, MU Shuyi'-2, LI Xiuying'-2, LIANG Zhisen!-2"

(1. Guangzhou Inspection and Testing Certification Group Co., Ltd., Guangzhou 511447, Guangdong, China;
2. National Quality Inspection and Testing Center for Processed Food (Guangdong) , Guangzhou 511447,
Guangdong, China)

Abstract: This paper aimed to establish a method for determining seven glucocorticoid residues of stimulants
in food by using QuEChERS coupled with ultra performance liquid chromatography-tandem mass spectrometry.
The samples were extracted by acetonitrile vortex and salted out with anhydrous magnesium sulfate, sodium
chloride, sodium citrate, and disodium hydrogen citrate. Then, the extraction solution was purified by primary-
secondary amine (PSA). The samples were separated by Accucore Biphenyl (100 mmx2.1 mm, 2.6 pm) chro-
matographic column, eluted with 0.1% formic acid-water solution and 0.1% formic acid-acetontrile solution as
mobile phase, then scanned by electron spray ionization in positive mode, and detected by multiple response
monitoring (MRM). The samples were quantified by an external standard method. The correlation coefficients
of seven glucocorticoids were over 0.999 in the range of 0.1-100 pg/L. and had good linear relationships. The
recoveries of seven glucocorticoids were 78.1%~118.5% at low, medium, and high concentrations, and the pre-
cisions were 0.6%—14.7%. This method was suitable for the determination of seven glucocorticoid residues that

were not clarified in existing standards in food.
Key words: QuEChERS; glucocorticoids; stimulant; ultra performance liquid chromatography -tandem mass

spectrometry ; veterinary drug residues

7] A
WeBE R, A4k R, B A3, 5 . QUEChERS-#2 & 20 A8 &3 - 3 B # ok M E RS P 7 04 SR & £ 2547 2 5k

e H A EVGEA T PSRRI H (2022CCAAKY 10)
VEZ T W R (1982—) , % (B0) , i G TARRIN , AR L, B9F5 )y 1] 0 b Jo o 2 A R S iz A o
SEEVEY R AR(1989—) , 58 (W), i % T AR, i, BF9E 05 18]« 12 S 20 A S A A
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YAO Xiaoqing, MU Shuyi, LI Xiuying, et al. Determination of Seven Glucocorticoid Residues of Stimulants in Food by

QuEChERS Coupled with Ultra Performance Liquid Chromatography-Tandem Mass Spectrometry[J]. Food Research and De-

velopment, 2025,46(8):211-217.

W B J5T IR 3R A LA R Ay o2 AR R4S 1, BN
BURRY AT ER AR e D g 4 o200 35 1
FH 2 PR A 5 R 732 ELAT R T 2 0 £ 2 410
FR AR R % Y R Bk B A T R R 2 1), kst
R B R 25 45 0m 3 BT ok T8 PR % A 50 (9 VR AE
JRURE

A 24 45 FIALAS (World Anti-Doping Agency,
WADA) A 8 CHE 5 B 2% A 5 2% 51 ) v A8 T3 B0
BRLE T LRISHA SR ) slHE e 2 RE O A5 T 26
Yy, 6045 16 FoBE BSOS o B . H AR DL PR i
¥ L Z% 51 25 (Codex Alimentarius Commission, CAC) #F
il AE T E b A o0 W R B IR R Ak B Y PR A v
GB 31650—2019C B i 2 4= [H ZE bR £ fl v 15 24 8 K
B BA BR 4k 98 1 3 FERARTE AR 8 L SR ILIA T B LA
KA b i e ROB R PR A 23 50 D LA 1.0 g/kg, T
2.0 pgrkg, B 1.0 perkg, 2F 05 0.3 pe/kg. HET, FKIEAH
SRR AR HEAT A 1031 50 15 —2—2008( 5h ¥
R i OB B SRR S 25 W) 22 % B ARG YR (3% -
H 5 12 ) L GB/T 21981—2008 ¢ 3h 47 - £ i v i
RZHR BRI Tk WO 3 - g/ Bk )55 , (HXT L
WADA I B o] Y s R B0 R 28 4 A ), A
A6 I o 7 85 TR AN 4, 8 A il 2 4 4t 5 R A L RUE 4
P AN R RER P RIS PRI R R
TR SE b b g PR AR bR v . R ST A
HHOBE B2 IR 28 4 A R 2 B B AR T U LR
ICRE N AT TR & A R B P I HOR S T ELAE
i ARG £ L iy 791 3 P 1 XURG:

W B2 T 2R 1) 2 A I 7 12 AT TR S 5 W BB (e
zyme linked immunosorbent assay, ELISA) B =% £
20 45 B K (high performance capillary electrophoresis,
HPCE ) 19100 25 250 A €4 3% (high performance liquid
chromatography , HPLC ) 711121 6 1= 250U A €24 335 - DU %
FT/ AT RS [A] Eiijgﬁ;(ultra-high performance liquid chroma-
tography - quadrupole - time - of - flight mass spectrometry,
UPLC-Q-TOF MS) 13 6 & S0 A 033 - = 4 B ®AT
) 18] 5T 3% (ultra performance liquid chromatography
coupled with high resolution time-of-flight mass spectrom-
etry, UPLC/HRTOF MS) ¥A15 RAH €6 35 - DU A T/ H
7 5038 BiF 5 40 9 53 (liquid chromatography quadru-
pole electrostatic field orbital trap high solution mass

spectrometry, LC-Q Orbitrap HRMS ) $£161 W AH 0% - 5

R BT k2048 ELISA EHRAR faf s R U o,
B.55 BB BRI , 5 2R HIVROAR (3 - AR R B 1 1 247
BAIIE s HPCE YA R 68 AR, (2 RBEAR 5 =2
BT AN BB 2 92 PRAS I 5 3K s HPLC 2 AR Mk S B
O T EE R AR RIRE B PR (0 58 420 88, B 2 I B
i H8 B BE 4 3 UPLC-Q-TOF MS , UPLC/HRTOF MS I
LC-Q Orbitrap HRMS 73 HFR 0 5y CRAEHRM, 16+
1o T S 2 ARG YR e ) o, (ELASCER A S B, AN REDRTE
13 K A FH 5 o 1 RO A (2 3% - HR B 3 1 (ultra perfor-
mance liquid chromatography-tandem mass spectrometry,
UPLC-MS/MS ) i HAT RABE o PN 8 1R e
BB, BERR IR 22 M FARIL G 1, 38 T 5 2 gk
B R B BT o O T RERARSE BT RIEA AR
AURRE T , i BB ROCR R R RTAL BT 120 1%
e 1 T AH A BCHT AL 217 1k AR AT A 3R AE SRR
QuEChERS 5 B AT P 4841 1 B | sAS R B A DL 34
RE[RINT AL Z Rl W, VSR 2 | RIS A
SR, © R Tzl R RE T AL B 5 ke
QuEChERS ¥ 1915+ 4 77 A7 B A Ve 6 AR 52 23 W], 3
T AR VAR A TC L T A R B R HLA 208 H
FrAk A 4 7 A= B G T BF28291, QuECKERS 45 & UPLC-
MS/MS ¥ R I T8 18 , REAS AT 280 DR 12 T
S ZR ) TR AL, S J T P W B TR 3R 2 A 79 B A

Ko

1 #Ri5H&%
1.1 MRS

H R AT Ry (LI 99.6% ) HJE 4k (215 99.1%) |
M P 25 1 (2l 99.5%) (bR 25 5 (4l 98.3% ) b if:
it s VR S IR R B0 A BN T S A G A (Al
99.85%) . & J& K Mg (4l F 99.3%) | 4 VG 7% ff (4l i
98.9%) Fn#E &« 72 [ Dr. Ehrenstorfer GmbH 2 ] ; 2,
JiE H (34 o kol ) AR R A A SRR TR L L
ik |1 OV bE EUTh (B i at) 7 N Ak 2R )5
PR (%4l ) : 32 [E Sigma 24 F) ; QUEChERS #2142 A(6 ¢
ToKBRIREE+1.5 ¢ BEFREN) .QuEChERS 841 B(4 ¢ &
IKIRRREE+1 g FALEN+1 g AP IREN+0.5 g I IF IR A —
B) .QuEChERS L4 A[900 mg Jo/KEREREE+150 mg N-
N # & — 1% (primary -secondary amine , PSA)], QuECh-
ERS &4k % C (1 200 mg JG 7K f 2 £ +400 mg PSA+
400 mg Cg) P % 2 B 1« 95 [ Agilent 23 7] ; QuECh-
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ERS %64 B(900 mg JC/K B2 EE+150 mg PSA) ;)M
KEAEDRH AT PRA A 50.22 wm A HLRIERL . K HH
T S 45 PR 2N F] 5 Accucore C18 B 1EHE (100 mmx
2.1 mm, 2.6 pm) | Accucore Biphenyl £ 5% A (100 mmx
2.1 mm, 2.6 um) . Accucore PFP & i #£ (100 mmx
3.0 mm,2.6 wm) : FEER K RBHL (WP ED A RA A

AW A RGP B D RS R
HEE T
12 UAF 58

AW A R - BT RS 36 A A (Triple Quad
5500+) : £ [F AB SCIEX 23 H] s MS3 %5 8 B 3ije i3 {15
2% 5 E IKA 2 F] 5 Direct Pure UP10 BB 4k ML . T [E
H PSRRI R AT FRZ ] 5 KDC-1044 B ESO AL -
LRUDFF P AR 22 AR AT BRZ 6] 5 Tne5200 A 5t 8 i
ML : 3£ Vitamix 2 H] o
1.3 Jik
13,1 brifER B

I3 HIFRI 10 mg 7 FioE R BifR (b AT 4E 3¢
RPN R TUARTE MR ARE AN ke KRR LT
ZRPE)ARAE R T 10 mL 25, A H B A 0T o 28
ZZIFE T 1 000 mg/L HbRAENE I8 5 0 AL LA
W Rz i R AR MERE A TR 100.0 wL & 10 mL 5, H
PR s e o 2 B 20 P A B2 10.0 mg/L 1 7 ikl
B BT IR A ARE P A, DRAFIRBE 18 "CLA T o

W 3R 7 Tl B BT TR A e v (B Le A9 ]
N A B TR B A v AR, W O 2.0,5.0,10.0,
20.0.40.0.60.0.100.0 we/L, B FHELRC .
132 FEAnETAL I

WU AR TR XS IR R R X AR e
AR FUBE it AT B3R 43, [ A2 [T (A i 5 BT L A&
FEGREST  WARAE SR 10 g IR S AREL S ¢ [l A
By AR BERFRIL 1 g ORS8 2 0.01 g) T° 50 mL %8} B .0
IR — W BRI BT, W2EREEAITA 5 mL K,
AR AFE S I 10 mL 7K, IR BEIR 2T A 20 mL
SN IR TESR Y 5 min, JILA QuEChERS #h4, i iE 4k
¥% 5 min, T 3 500 r/min &.0» 2 min, BHE WK 6 mL
% QuEChERS ¥ b4, i€ 5 min, # & 5 min J5HL L
TEWRE 0.22 wm AHLR BRI
1.3.3 ARG

{0 3% # . Accucore Biphenyl {4 % F: (100 mmx
2.1 mm, 2.6 wm) ; A3 : 30 °Cs F sl : A AHM 0.1% H
27K, B AHM 0.1% W R 2N ; i : 0.3 mL/min; #EFE{A
B 10 WL BBV P IR 1,
134 Fuilksfr

FL 125 551U (electron spray ionization, ESI) , 1E 5§
PR, 2 R WL (multiple responese moni-
toring, MRM) K 5 25 5 HL & 5 500 V5 25+ U5 I &

R1 BERBRER

Table 1 Gradient elution procedure

s 1] /min 0.1% W RK/% 0.1% W )6 1%
0.0 95 5
6.0 15 85
6.5 15 85
7.0 95 5
7.5 95 5

550 °C57 FobE B SR B B ok R AR L R A
HURSE T S 8% 2.
®2 T HERRHENRESH

Table 2 Mass spectrum parameters for seven glucocorticoids

Y BEF(nlk) FEF (nlz) KRRV REEHE/V

Hb IR T R 4422 141.9%,123.9 100 40,40
EEWEE TN 4352 321.2%,391.0 100 20,16
AL 4372 361.0%,285.2 100 26,30
KIERBR 4892 380.9%,114.8 100 13,25
YU S 4552 121.0%,104.9 100 38,63
LPGARAE 5032 338.9%,321.0 100 22,23
RS 4172 323.3%,225.1 100 17,30

L E R T

1.4 BEab e
) FH AR 3 - 5 B 3% A 3K A4 (SCIEX Analyst
Software 1.7.1)F1 WPS 2019 #cf4 %I 5 A T4 31

2 BER55H
2.1 RATAERAALAE
2.1.1  HRERAE

FH T R B3R 5 1 T AL RIS B 7 ke
BEONE W LR LB . LBk I 2 et F AR Tk
REER A 1,

120 ozl
m I
100 B 22
s 80 w7k
g 60 o iEc ke
Bl 4o
20
0

~

&S
B 1 FEHRBURFIX O G 2500
Fig.1 Effect of different solvents on recovery
L1 AT, T 7 Fl B A5 i [l i 52
H 90.4%~108%, 1 BUSCR fe i, H L 4 Ui 8 B
TG i W 2 A B /D BE RS MR AR R B T4 s £ 1R LR 2
A RIS A 80.8%~106% , {H 5 i 41 B B 5 ]
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ARG BE AR 5 B AT BE 2 AR A S AR
IR I 5 FP B U 25 5 FLAK, W B 2 Tk ) 4 BT
R T 80% , 1E OB LT ARSI HARY) .

CNE PG 5 F R A ) 0 B P 4 e AR Bk
Z0200 RIS T 0.19%~2.0% (PR 450 (19 H iR 2,
VST S 2 2GS AR B , 25 SR 2 oo

120 mla

100 [l & & B B0.1%H iR
i | B Lo
% | B2.0% MR NE
Z 60
Bl 4o

20| Y

ou 11| L1

N
AR ‘ AT
i P
DA T A QS
E2 FEREBRNEZEEREENE
Fig.2 Effect of acidified acetonitrile at different concentrations

on recovery

i 2 a1, ZHE A 0.1% W R 206 $2 BUSUR $5
VT, FLEXF 7 Fioll e BT R i) 1 O e -1, 2.0%
F R 2T A0 IR R 501G, 1.0% FH IR &1 ) TR A0 K
K. MR G RF , A FEURF S IR £ X5 A
T R TVE BCR AR BT, PRI AR S RS 45 5 40
ER M5 R iR A B G VR A R B 7 .

A ORVEE S S A B Z2 7K a3, AT LA B AR G
FUBEEC, M PRIZEFES HAEMA CEPE iR A
HARE BT HEAE 25 R T RIZERE SN K
ELARAE ORI AR 5] 5 22 B ROCR , 45 R ikl 3 FR .
120 o ik
100 B ANk

80
60
40
20

oU
S
o T
B3 kot B
Fig.3 Effect of water addition on recovery
H AT 3 AT, PSR it I A B e 8 A 7K e e 7R 2
Ja R BTG, T 2 AR AR, TR L R
TE , ANIINZK A IS4~ 53] 490 T (A 25 i R , e 2 >R
PIZREERNINA 5 mL 7K [E AR AREERLITA 10 mL K
iR PN L AT 254
2.1.2 AR
T XA [ ER AT 7 s AT T AR, AR A
QuEChERS #h 40 A (6 g To/K B IR BE +1.5 g WS PR 4M)

[ %

QuEChERS #1110 B(4 g TL/KFiREE+1 ¢ EALAN+1 g #7
BEIREN+0.5 g FPIETR & —4M) , 45 5 UL 4,

16001 g thfuA —m—EhfIB —a— ZALHH

& E e & % % %
&S
4 AR EB R
Fig.4 Effect of salting-out method on recovery

H 4 AT, S A B ER AT 04 [R5 i o=, i 7 A
B J7 19 B8 f 48 BUBOCR 200, h A0 B iy [l 3R B e it
100% , f5c 280 5 Fh M 55 AF 0 4 g TOKBRIREE (1 g %4k
L1 g FPEERRENAN 0.5 ¢ APIFIR A 0.
2.1.3 s

QuEChERS % F 4 AL A 1 /\ Jo L 5 15 1k Jie
(octadecylsilane,, Cis) « PSA . 1 #1b % (graphitized
carbon black, GCB) . Cyg % Z2BRAE A AU AR I | S 1
AR AE T4 s PSA 2 L BRATIE IR LA By |
NEWTR R FIRRAE T8 s GCB R EBREAR, AT
PO IR ARG o ARG AT I B BRI, T 2 25 BR Y
AR FE AR B, PRI R T L Cog Al PSA
AL AR Joxt 2R

IR HEAS[R] R A () e Al ARG L 1 4 AL
DL IE C e BRI A AR RCR AR A CB A [
Ji AHTRIEC HE , 325 900 mg JC/K AR BREE FII 150 mg PSA,
F LA C A 1200 mg JCK B R B L 400 mg PSA Al
400 mg Cyg, 25 UL 5

160.0 1 ——FfbAEA —m— 5L
< 140.0 r —a—FfbEC —— IECHERRIE
5 1200
= 100.0

80.0

60.0 —
& &
¥ B
Yoo %

S
Bl 5 RESLFEIT BB RN
Fig.5 Effect of different clean-up conditions on recovery
FALE A B A RAF RO R DR A
w25 5, RS C XA [R]85 45 400 o 19 [l ofi
RATRE ,IE C e B B 1Y [ 08 5 Dk i, DAL Ot 3% %
900 mg Jo/KBEIREEF 150 mg PSA 1E R LH
22 ARSI
221 (AiEHESE
JRIEXTH T Accucore C (100 mmX2.1 mm,2.6 pm) |
Accucore Biphenyl (100 mmx2.1 mm, 2.6 um) . Accucore

PFP (100 mmx3.0 mm, 2.6 m) 3 Flvid 2 4H (0 {0 3% K5 78
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Rl —¥REE T A4 B O, & B8 ] Biphenyl {615
FEI 7 ol R B /0 O B I 1] S i, L2 B ROCR AN
WEIE AL T HAB PR (3% 4T, PRI B Biphenyl 535 4E
RT3 18,7 T B SO 1 S T e I LR 6,
3.5%10° <4
3.0x10° |
2.5x10° F
2.0x10° F
1.5x10° |
1.0x10° 1
5.0x10*

: il

3.5 4.0 4.5 5.0 5.5 6.0 6.5
R FR I A] /min
L MR AT 2. UCHAN 5 3. AL 1 4. MR TR 5. I P AR
6. PRI 7. e R
6 THEEREZLEEFREIER

Fig.6 Total ion chromatogram of seven glucocorticoids
222 FESEWE

3 R B SR 1 mg/L AR B JBICER A U LA
7 wL/min B33 A BTG, #E AT IE 2 1 R B 2
TR KIAEIE R TR M+ H] 2 1
Ml o7 548 B S v, DR S 1 AR, DR s &AL B Y
L5 3R R | S R R R vk = ) 9 A = S R R (S b
BT ] MRM RO A 26 4 v T Al A8 v T 55
SR A RBEAE T R RS .
2.3 FEBON

FEBTRHU (matrix effect, ME ) S35 {4 3% 73 2 1] 2
H B 5 F AR 5 4 LB X 5 s, R 5
Jo iR ERE B ] o 2 B BN S R R I 23 B AR v
P18 SR E R i )RR 1, O e P S s v T WA
BEATACAE o R & FObR 1 s 0 10 AR (S ) 55 38 700 A 7 A
ME (My, % ) W TR (S,) AH B3 I sl /0 1 7 3 e F R
5 e B B RO, T O M= (S1/8,-1) x10083031

i J37 58 J 3

VEREAR W RGP X B A AR [0 1) 9 b AN [] 5k
Ji, 28 i A B ARAT 9 25 11 R T TR 55 3 791 4 ol o v
FER 10 pg/L AR SRR BT o S5 R, bR AT
B0 ME {58 09%~8.37% , 1715 150 55 4 i I 1 58 R 5
HoAl 6 Flohi iz IR R AE DL JLRP L b Y 7 AR S T4
SN (H ME ()28 %558 <20% , 252 B0 AN i
24 EERIE
241 ARV SR

VRO P 25 L B, 5 )k B2 L 0.1~100 pg/L
() 7 Tl Rz I 2 TR A AR vE T AR, e ARG B2
FAE T AT 0T o LA BE R B A AR (X, /L), U TG AR
FIGNAE AR (V) |, 22 il s o 1 2 A5 20 28 1 1m0 05 7 AR
7 FloE R B B A O R B () YR T 0.999, 7R %k &
TN RAF. DL 3 A5 EME L (S/N=3) Fl 10 551
Lt (S/N=10) ] 7 X 17 F0 ¥ B2 Ay o A 13 PR (limits of de-
tection , LODs) F17E & 2 (limits of quantity,LOQs) 4
W 3,

®3 7THEEREEMNEESEAERN R RINERR

Table 3 Linear equations, correlation coefficients, LODs,and

LOQs for seven glucocorticoids

A e =N
e mETR HERN fﬁ j;fa)/ f‘ﬁfi’
M RWTHF  Y=22 300X+149 1.000 0 0.480 1.60
IS ¥=23 200X+30.1 0.999 4 0.556 1.85
AL V=9 980X+197 1.000 0 0.926 3.09
RJEeRHE  Y=23900X-1290  0.999 7 0.229 0.762
WP ZSME  Y=4 320X+2 400 0.999 2 2.14 7.13
LPZEE V=17 200X+963 0.999 8 0.415 1.38
WA v=33400X-46.8  0.999 1 0.307 1.02
242 Jrik ISR RN %

LA BRIk BT 25 RS 25 1F , AN ] 2 o
HRASIIN 3 AR BE K1 7 BBl B SR b ) oA T
b GRS, B ACHFE A I 6 U, TR [Tl
RAE L, 45 R 4.

R4 AREFERNEKERNEEE

Table 4 Recoveries and precisions of different samples

gl A ] T XA ki A X Y E{SL)
fe&y KV [ KR mIC ORER [ RS Wl RS MDKC RS M RERE WD ORRE MG RS RDIC R
(ngkg) /% FEI% 1% FEl% 2% % (% FEl% 1% FEl% 2% El% 2% Er % e % %
kK 20 959 51 1001 36 888 26 955 6.0 928 51 967 48 1006 3.1 997 62 954 95
AR 50 927 1.9 957 33 856 23 961 14 84 20 1053 39 100.1 3.0 1028 3.9 937 9.1
200 977 17 979 20 890 45 941 26 912 06 1004 24 101.0 1.7 1028 1.6 1048 52
me 20 956 88 960 26 1007 47 972 65 981 44 894 77 988 3.0 977 26 1073 38
itk 50 991 29 933 16 988 2.1 979 31 957 40 957 52 961 28 971 23 930 10.1
200 967 27 976 32 974 31 990 33 971 40 963 18 968 35 980 19 1010 438
WA 20 949 64 965 49 980 22 928 20 989 26 973 50 976 50 920 65 1003 82
itk 50 980 7.0 100 39 105 45 1004 51 932 71 947 61 990 39 984 37 980 40
200 956 30 970 12 103 17 962 3.1 1010 24 1020 3.1 1004 3.6 1003 28 1049 147
% 20 945 50 906 101 873 69 907 49 781 18 109.1 20 1160 56 1007 48 925 107
RBE 50 101 63 957 44 892 33 1055 3.8 8.5 50 1064 97 1185 109 1015 72 91.0 63
200 102 55 1053 3.8 1003 25 1077 83 902 3.5 999 35 1153 45 1052 72 1083 3.5
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Continue table 4 Recoveries and precisions of different samples

wmm A -1 LRG| A I i1 A X e HHEHB
[ioE 7/ I G A U 111 O N 1 S (11 G % N 1 G O 1 1 N 1 1 G SO 1 L O 11 1

(ngkg) 1% 1% Fi% FEl% Fl% FEl% % El% X% FE% % Ei% Fi% El% F% E% %% %
i 200 945 97 917 112 899 7.7 945 9.1 888 6.1 8.7 68 832 119 860 48 1049 69
518 50 945 93 845 46 865 52 921 104 833 25 917 48 912 55 900 3.7 838 3.6

200 931 60 873 45 890 56 930 28 877 62 893 26 929 37 914 65 982 42
Py 200 913 90 947 39 874 90 976 59 799 9.6 945 50 1094 6.7 962 14 936 129
Zx18 50 1055 44 974 61 963 9.6 1017 24 796 54 1007 73 1055 4.4 1092 6.6 1022 6.9

200 109.6 6.6 992 61 8.2 75 987 33 850 23 1008 63 1090 2.1 1029 64 1178 26
& 20 822 68 923 39 890 62 915 68 839 7. 8.8 59 892 1.8 8.0 35 925 92
Rl 50 889 40 873 32 879 34 8.0 49 887 30 889 30 929 24 924 1.1 881 64

200 894 25 878 22 8.1 34 888 13 879 33 835 1.8 8.3 31 927 1.6 930 62

2.5 SEBRFE S

K AR 9 57 A9 7 32 % SR A G 50 L UCRE i itk
ek, EIERE R AR SR AR S N, PR
K A T A5 1) 7 Pk B TR

3 &g
ARG RS T QuEChERS-H8 1 S50 AH (2,33 - £f Bk
T I S e 7 b B TR R A I 2R 2 W sk

AT D i o JE A DA A B AR PR AN R A, S

TSR 24 A R AL UEE B P A A A v Y
7 OBl B SR AE S IR £ R R R A A )
B BRI T B R A DR AR B, AT
VARSI TR S o Bl B R R L KA 5 M A
L 24 B AR LA AT R4, DR R ARG 7 3 B i
PRI B AT S, S B T R AR B A
LR EZR T 1)

B2k

[1] BECKER D E. Basic and clinical pharmacology of glucocorticoste-
roids[J]. Anesthesia Progress, 2013, 60(1): 25-31, 32.

[2] HARRIS A, SECKL J. Glucocorticoids, prenatal stress and the pro-
gramming of disease[J]. Hormones and Behavior, 2011, 59(3): 279-
289.

(3] ARG Wldum, BRIR, 55 . 5 T30 E 3 bk & i AR BRT

20 F L E 9 £ DM Ay U A R TR AT (D). Rk, 2022, 43
(13): 319-326.
LI Yaqiong, GENG Jianqiang, MU Tongna, et al. Analysis of food-
derived doping based on the regulations on the use of veterinary
drugs in animal-derived foods in ChinalJ]. Food Science, 2022, 43
(13): 319-326.

[4] HEFNAWY M, AL-MAJED A, ALRABIAH H, et al. Rapid and
sensitive LC-MS/MS method for the enantioanalysis of verapamil in
rat plasma using superficially porous silica isopropyl - cyclofructan
6 chiral stationary phase after SPE: Application to a stereoselective
pharmacokinetic study[J]. Journal of Pharmaceutical and Biomedi-
cal Analysis, 2021, 201: 114108.

[5] MITRE-AGUILAR T B, MORENO - MITRE D, MELENDEZ -ZA-
JGLA J, et al. The role of glucocorticoids in breast cancer therapy
[JI. Current Oncology, 2022, 30(1): 298-314.

[6]  BRroe, BRI, yBH, &5 . P E G SEE | H AR BRI PR A
/fl,ﬁifu\ ST BT v R 2 R AR B IR B (X [T,

TLAAO 4R, 2021, 37(3): 754-762.

CHEN Jinyuan, HE Zhaoyuan, LU Yang, et al. Comparison of the
standards about the maximum residue limit of veterinary drugs in
poultry products between China and USA, Japan, European Union
and Codex Alimentarius Commission[J]. Jiangsu Journal of Agricul-
tural Sciences, 2021, 37(3): 754-762.

(7] XLBEE, T/, A, 45 . RSN P AP 2 5k B SR X L
e T AR RS AR RIS DE 2 (). [RZEBTSE, 2023, 37(6): 65-73.
LIU Zhongying, WANG Xiaoping, ZHU Minmin, et al. Comparison
of veterinary drug residue limits in beef in China and abroad and a
review of Chinese testing standards[J]. Meat Research, 2023, 37(6):

65-73.

[8] WKURUL, 5550 H, T A0, 45 . BE R BRI R ) i S e B e B T
PRl 28 K H: ie-ELISA 7:7{259/]5\%4[] 1. & s R, 2019, 40(14):
186-191.

YAO Tiangi, LAO Cuiyu, WANG Shifeng, et al. Establishment of
indirect competitive-enzyme linked immunosorbent assay to detect
glucocorticoids: Preparation of broad - spectrum monoclonal anti-
body[J]. Food Science, 2019, 40(14): 186-191.

(9] SRFIAE . o0 AR e VK T A BRI 24 ARSI 9 1 D). &
H: HARRE, 2000,

SONG Lihua. Application of high performance capillary electrophore-
sis in food and drug detection[D].Changchun: Jilin University, 2009.

(101 ZBAT7 . bFL B i vin sl 3 00 5 Aottt Pl i B R o e
LW ATTIRIOIEFEID]. Tofh: TR K-7, 2016.

GUO Chengfang. On-line preconcentration methods research of mi-
croemulsion capillary electrophoresis determine glucocorticoids in
cosmetics|D].Wuxi: Jiangnan University, 2016.

[11] JIN P F, LIANG X L, WU X J, et al. Screening and quantification
of 18 glucocorticoid adulterants from herbal pharmaceuticals and
health foods by HPLC and confirmed by LC-Q -TOF - MS/MS][J].
Food Additives & Contaminants Part A, Chemistry, Analysis, Con-
trol, Exposure & Risk Assessment, 2018, 35(1): 10-19.

[12] WK UURA, 84 HER, ARFE, 45 . FPLC A A 5 ot 24 K fhfe b o

IR 16 Tl K BORER (1. v B HT 2527, 2016, 33(9):
1178-1182.
OU Beili, ZHAO Jiali, ZOU Yan, et al. Simultaneous determination
of 16 glucocorticoids added in Chinese patent medicine and health
products by HPLC[J]. Chinese Journal of Modern Applied Phar-
macy, 2016, 33(9) 1178-1182.

[13] Jm?ﬂ?%, e, E0g . ﬁFflJ}EP 69 Fi 245 5% B 1) 4 e AU €

- DU AT - AT I i DR S 22 )], A 4R, 2023, 42

(10). 1309-1318.

YAN Zuhao, LI Xiaowei, XIA Xi. Rapid screening of 69 veterinary

drug residues in milk by ultra-high performance liquid chromatog-

raphy-quadrupole-time-of-flight mass spectrometry[J]. Journal of In-

strumental Analysis, 2023, 42(10): 1309-1318.

Kz, i, TR3ETT. 4R L E SRR (i

JoT i vk P A 5 A0 T 39 Al e SRR Ak

AP CA T
] &4

[14

=



w5

RaftASAR

202544 A
Fao L FE M

217 —

[16

[18

[20

[21

]

—

]

[t}

]

SERZINAEAR, 2020, 11(15): 5007-5012.

ZHANG Qiuyun, YANG Hongsheng, SHEN Meifang, et al. Rapid
screening of 39 kinds of glucocorticoids in Ctenopharyngodon idel-
lus using ultra performance liquid chromatography coupled with
high resolution time-of-flight mass spectrometry[J]. Journal of Food
Safety & Quality, 2020, 11(15): 5007-5012.

YAN Y H, AT L F, ZHANG H C, et al. Development an automated
and high-throughput analytical platform for screening 39 glucocorti-
coids in animal-derived food for doping control[J]. Microchemical
Journal, 2021, 165: 106142.

AYUBE, #I5IE, WA, % . — 230 QUECHERS 455 (1%
- DOARCAT 7 v S LT B 25 43 M IO I e O x5 40 A 2R A 3L e
153 A 2GR BT S Al -7 4f, 2023, 42(10): 1279-1290.
TONG Kaixuan, CHANG Qiaoying, XIE Yujie, et al. Simultaneous
screening and analysis of 153 veterinary drug residues in raw milk
by one - step QuUEChERS combined with liquid chromatography
quadrupole electrostatic field orbital trap high resolution mass
spectrometry[J]. Journal of Instrumental Analysis, 2023, 42(10):
1279-1290.

X2E2 RS, THER, A R R SORORE (35 - BRI S D A A
R G E AR 9 R e A TR SRS AR R (). 3, 2022,
40(2): 148-155.

LIU Xuezhi, ZHAO Yinglian, MA Yue, et al. Determination of nine
food-borne stimulant drug residues in pork, egg, and milk by ultra-
performance liquid chromatography - tandem mass spectrometry[J].
Chinese Journal of Chromatography, 2022, 40(2): 148-155.

KGR, SRR BT, AR LR R OB €3 - ER DR BTV (R R
B DR L A R 46 B E R R 2% Ay R Bk B R )] £ R
2022, 43(14): 338-345.

ZHANG Haichao, WANG Jing, HONG Deng, et al. Simultaneous
determination of 46 foodborne stimulant drug residues in animal -
derived foods by ultra-high performance liquid chromatography-tan-
dem mass spectrometry[J]. Food Science, 2022, 43(14): 338-345.
R, JER DT, A, G OB RSO (- U AT/ R AT IR )
TSI DA A P e 30 R IR G Ay NI 2R 2 MR ). B
ARR, 2021, 42(14): 276-285.

MA Junmei, FAN Sufang, LI Qiang, et al. Determination of 30 food-
borne stimulant drug residues in pork and beef using ultra-high per-
formance liquid chromatography coupled with quadrupole -time of
flight mass spectrometry[J]. Food Science, 2021, 42(14): 276-285.
AT, M, 2598, 45 . QuEChERS- i R HUH €6 1 - R 1 %
PR R 2 e 18 Rl BRI ER R ). B AR
2017, 38(12): 310-314.

TIAN Haiwei, FENG Haobin, LI Jin, et al. Rapid determination of
18 glucocorticoids in milk using QUEChERS coupled with liquid
chromatography-tandem mass spectrometry[J]. Food Science, 2017,
38(12): 310-314.

ET, B - BRI, A58, AF . QuEChERS- @ 20 OAH (4
T - IR ST 2 (v B 00 5 S PRIBCHR 14 Fh i VTR S 8 R
BRI S AR 224, 2023, 39(4): 417-423.

WANG Ning, XIAREFUHAN Asika, LI Yanmei, et al. Simultane-
ous determination of 14 quinolones and 8 glucocorticoids in animal
urine by QuEChERS-HPLC-MS/MS[J]. Journal of Analytical Sci-
ence, 2023, 39(4): 417-423.

T, @R TR, 55 TR BN IR E - HRIB T
A & AT 89 A 25K B (). S ATk %, 2024, 43(6):
841-849.

FENG Yuechao, WANG Jianfeng, QIAO Weina, et al. Determina-
tion of 89 kinds of veterinary drugs in livestock and poultry meat by
ultra-high performance liquid chromatography-tandem mass spec-
trometry based on pass-through solid phase extraction purification
[J]. Chinese Journal of Analysis Laboratory, 2024, 43(6): 841-849.

(23] BESC . Attt 10 vl K BSCR ARSI & 1. )M Ak

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

T.,2022,50(24): 112-114.

LIANG Jingwen. Determination of 10 glucocorticoids in cosmetics
by high performance liquid chromatography tandem mass spectrom-
etry[J]. Guangzhou Chemical Industry, 2022, 50(24): 112-114.
PAOLETTI F, SDOGATI S, BAROLA C, et al. Development and
validation of a multiclass confirmatory method for the determina-
tion of over 60 antibiotics in eggs using liquid-chromatography high-
resolution mass spectrometry[J]. Food Control, 2021, 127: 108109.
R, RAUL, [0, 45 . 3 4o 1A A UL/ 3 RO 2
- H IR TR v DR A I T e 8 o B R (). AR E K
HPBE, 2023(11): 10-15.

ZHAO Tianzhen, SONG Changjiang, HE Guocheng, et al. Fast de-
termination of eight glucocorticoids in feed by ultra high perfor-
mance liquid chromatography-mass spectrometry with pass-through
solid phase column[J]. Modern Journal of Animal Husbandry and
Veterinary Medicine, 2023(11): 10-15.

V2, SR, WU, 4F . PRIME HLB S AR - 20RO
0% - R I BT 12 ) e DR S A 2 v 48 2 R B )]
Tl RH, 2019, 40(22): 259-266.

JIANG Dingzhi, XIN Lina, TAN Ximei, et al. PRIME HLB solid -
phase extraction procedure combined with high liquid chromatogra-
phy-tandem mass spectrometry for multi-residue determination of
48 veterinary drugs in eggs|J]. Science and Technology of Food In-
dustry, 2019, 40(22): 259-266.

EFH = . & ZEAERNY QUEChERS ik S oA o33 - FR 5k
S E A5 b 15 o e BSO8R PR ). BRI 51k
2200 E, 2022, 58(5): 581-587.

WANG Xiuyun. Determination of residues of 15 glucocorticoids in
milk by ultra - high performance liquid chromatography - tandem
mass spectrometry after purification with QuEChERS containing ti-
tanium dioxide[J]. Physical Testing and Chemical Analysis (Part B:
Chemical Analysis), 2022, 58(5): 581-587.

ZEB, ZEPHRC . QuECKE RS- o 0BT (335 - 53 156 18 v ) 2 04
B 41 B R BUMCR )], B A B R I 2412, 2019, 102):
500-509.

LI Lu, LI Danfeng. Determination of 41 kinds of glucocorticoids in
honey by QuEChERS coupled with ultra performance liquid chro-
matography-tandem mass spectrometry[J]. Journal of Food Safety &
Quality, 2019, 10(2): 500-509.

AL, HEH, SR F L A5 . QuECKERS Hefb- i o B A i o
TG JBE i T 0 T A T 50 R BRICR ], 404
B E, 2024, 43(8): 1165-1171.

ZHOU Yibing, BI Shan, WU Yutian, et al. Determination of fifty
kinds of glucocorticoids in antibacterial products with "Xiao"
brand by QuEChERS purification coupled with ultra high perfor-
mance liquid chromatography - tandem mass spectrometry[J]. Chi-
nese Journal of Analysis Laboratory, 2024, 43(8): 1165-1171.
PREZ, SRR, W F, & UM - DU/ AT I R T3
T TR 2 o 10 Bl kLA A W], B Al 2 A B e 2
%, 2021, 12(23): 9043-9049.

CHEN Yuzhen, LIANG Zhisen, ZENG Guangfeng, et al. Simultane-
ous determination of 10 kinds of fragrance compounds in tea by gas
chromatography - high resolution quadrupole time - of - flight mass
spectrometry[J]. Journal of Food Safety & Quality, 2021, 12(23):
9043-9049.

B, BRER, WU OB R ROBORE 61— H I B s P
[RIRE R e 7 AL, £ S ALBK, 2020, 36(11): 51-57.
LIANG Zhisen, CHEN Yuzhen, ZHOU Langjun. An UHPLC-MS/
MS method for rapid analysis of tea for the potential presence of il-

legally added flavorings[J]. Food & Machinery, 2020, 36(11): 51-57.

MI%kE:TF
s B H#5:2023-12-26



