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Simultaneous determination of dexamethasone, betamethasone, florfenicol
and florfenicol amine residues in pork and beef by high performance liquid
chromatography-tandem mass spectrometry

PENG Lu-Qiu, LI Ting, HUANG Wen, MA Qian, HUANG Wei

(Hanzhong Food and Drug Supervision and Inspection Center, Hanzhong 723000, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of dexamethasone,
betamethasone, florfenicol and florfenicol amine residues in pork and beef by high performance liquid
chromatography-tandem mass spectrometry. Methods The samples were extracted with acetonitrile and purified
using the QUEChERS method. Separation was performed on a BEH-C;3 column with acetonitrile and ultrapure

water as the mobile phase for gradient elution. Qualitative and quantitative analysis was conducted via multiple
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reaction monitoring under both positive and negative ion scanning modes using the external standard method.

Results

Dexamethasone, betamethasone, florfenicol and florfenicol amine exhibited excellent linearity within

the mass concentration range of 0.2—-100.0 ng/mL, with correlation coefficients exceeding 0.9990. The recovery
rates ranged from 85.1% to 107.5%. The limits of detection (LODs) for dexamethasone were 0.44—0.48 ng/kg and
the limits of quantitation (LOQs) were 1.45-1.58 pg/kg. For betamethasone, the LODs were 0.46—0.51 pg/kg and the
LOQs were 1.52-1.68 pg/kg. For florfenicol, the LODs were 0.47-0.58 pg/kg and LOQs were 1.55-1.91 pg/kg. For
florfenicol amine, the LODs were 0.40-0.45 pg/kg and the LOQs were 1.32-1.49 pg/kg. Conclusion This method

demonstrates accurate parameter determination, with excellent recovery rates, high precision, and a simple,

convenient pretreatment process. It meets the requirements for simultaneous screening and qualitative and

quantitative detection of dexamethasone, betamethasone, florfenicol and florfenicol amine residues in pork and beef,

thereby providing a reliable tool for routine risk assessment.

KEY WORDS: dexamethasone; betamethasone; florfenicol; florfenicol amine; high performance liquid

chromatography-tandem mass spectrometry; pork; beef
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JE A R LC-MS/MS!, i iRy 50 A €23 - o R B vk
(high performance liquid chromatography-tandem mass
spectrometry, HPLC-MS/MS) H.A REUE & . T fiiE &AL
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1.1 #R5RF

AL A PRISERE SR I T 2 ek BT 4

FRAEAL: FF ARMEIRI . FRA FRUEAW . DXM FRifE
. BMT ARUE IR e L2 100 ng/mL, 1788 AR A}
Fi By A FR 23 7]); N-TAI % 2 — 1 (primary secondary amine,
PSA, R HEGUAL T2 3 45 e fn A BR AR, AR AR
(neutral alumina, Alumina-N, Z3#ral, FKEERL2NAL2EI
FIABRA A, TTKFREREE(MgS0,, sr#ral, b ifgE 25 k=
FEBRAF);, FEE. L. LBROTR(GISL, AT
IRIERHE A RS R, HER (A5, WA RA
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Al); 2K AAALEN . SR BT A, BUERHREfL A A
B HD); IECbE . IR Frat, i BrRn T A4 ARk iy
HBRA o
1.2 UFE5E%

API-4500 = 850 AH (335 FR T i (U (35 151 AB SCIEX
23 +)); BCA3202-1S 43Hr R PG EE 0.01 mg, FEZFIM( L
YRS HBRA ], RNAL3 P 0B AL E SRR R4
FHBRAT]); HI850 1 v VR e O WL G R W SE 56 2= A e
FFRA MR F]); VORTEX-5 e % % (i bk Il /R
Xl A PR A W), KQ-500D 8 75 il 5 e f (1L i
IERA IR H]); MFV-24 FWAL (3 28 RHE A BRA F);
Agilent Poroshell 120 CS-Cg (3% 4:(2.1 mmx150 mm,
2.7 um, E[E Agilent 2y F]). Waters ACQUITY UPLC
BEH-Cg f4,i41:(2.1 mm=100 mm, 1.7 pm, 3£[E Waters 2%
H)); Silica B[4 AH A% BUA: (500 mg/6 mL), HLB /K FEHEL:
Sk [ A A B (500 mg/6 mL) | Cg [EAHACHGH:(1 g/6 mL)
(L3 A R ey A PR A F
L3 WA
1.3.1  AR/AEZER 6 B

AR EL FF, FFA, DXM, BMT AREZ R4 100 pL
F 10 mL b, HREEAEZE, 1538 1 ug/mL 1
TRAFRE FHHE, —20 °CIR-AEA
132 HmaE

PSRRI BFERCEN . A R)AIRG, R FREURE
Bh(2.00£0.01) g B F 50 mL R E.OES, 1A 10 mL
BRI EIR 2] 30 s, #A X 20 min, 8000 r/min Y3144 °C)
B0 5 min, WEERRIGR, SR -PUESEINA 10 mL 0.1 mol/L &
FACETAIRS], FIMASRBORE R I —IK, PRI
Gt

BESh L (DRRAEBGSE . m3RBOR A 10 mL
A% FAACEFN P IE e, WRBERY 5 min J5 LA 8000 r/min
B0 S min, IR EEIECKZ, I 4%F L e e IE
O F S AR — IR EIRTE 45 °CRAR T

(2) HLB EAHZEIGH . F B R$RBOR 45 *CHART,

H 5 mL ZNE-EK(CHE: K K=5:3:92, V:V:V)EEREREE,
WHER SRRk . i b i, SeRH IR . K& 6 mL i&fb/ME,
V5 LR 2R, 6 mL Z-ZUK ks, T
a6 mL LR ER-F BRI (6:4, VU, WAEVRE
W, 45 CHAMK T

(3)F: e [ AR A U o 4L v SRRV 79 40 T R
1 mL ZFRZERA 5 mL IE O beia sk, WIERS) . ¥k
B, %6 6 mL iF CAEiEfb/ME, BT fE AR o AT
6 mL 1EC Bk, T &G 6 mL IECkE-INERE R
(6:4, V: V)R, WCAETRIB, 45 CCRAK T .

(4) Cyg EAHZEIROR: o #2 RS2 IBORA R &4 ik A A
IK-2. 016 (95:5, V:V) 6 mL sk, WAEIRS . Wik, 4o
S 6 mL HEE, AKIEA/ DT, K FRrd A A, 6 mL K%
WolksE, T BEH 6 mL FE-ZRZEEHB(S:S, Vi)
e, WCAETEMG, 45 CRAMR T .

(5) QUEChERS ZEIREUE HINA 1 g PSA. 1 g MgSOy.
1 g Alumina-N, JAHEIR ] 5 min, 8000 r/min &> 10 min, H
10 mL BT 15 mL &.08H, 45 CRARR TS

FERE S EML: R ER 5 Fligel iy sUAh S AL
FREFIA 1 mL 20% 2N /K S RIR BETE AT, 8000 r/min 50>
5 min, 73 0.22 um AALIEREHEFEH, HPLC-MS/MS {7,
133 MBELH

% 4 {3k A . Waters ACQUITY UPLC
BEH-C 5 (Bif#(2.1 mm=100 mm, 1.7 pm); #:if: 40 °C;
HEREE: 10 uL; Fi3E: 0.3 mL/min; JEIA: A4 0.1%H 2
K; BAHZE; BEEEBENE: 0~1.0 min, 90% A; 1.0~3.0 min,
90%~75% A; 3.0~7.0 min, 75%~65% A; 7.0~10.0 min, 60%
A; 10.0~10.1 min, 60%~90% A; 10.1~14.0 min, 90% A

B A B FURZEAY: BT 2% 2 1R (elecyrospray
ionization source, ESI); FA#iT=: 1B FRIEHIH;
Wy Z2 RO il TE B F R AT 30 MPa, filffiE
8 MPa, i FIRIRIE 550 °C, B FALHIIE 5.5 kV, i<
50 psi, FEUIANEAAS 55 psi; AR AT 30 MPa,
fiFES 9 MPa, BFUIEEE 550 °C, BT IbHE4.5 kv,
FALS 50 psi, HBHINEAEE 55 psic HATRIESHULE 1.

®1 HEWRIESHE

Table 1 Mass spectrometry parameters of compounds

EW ERETE 5N 5 84 Bsf 1] /min HIAES F(m/z) PN T (mlz) B LiNivAY filf 1% BE /e V

230* 50 16

FFA ESI+ 4.18 248
130 50 30
336* -80 -10

FF 5.67 356
185 -80 -16
361* ~60 -22

BMT ESI- 7.95 437
391 -60 -22
361* -60 -22

DXM 8.05 437
391 -60 22

T * R N E R T .
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1.4 EEALE

X H AB SCIEX /A7) SCIEX OS 3.x ¥ 4b BRAR 44k
AT SRR A5, DR S IS B o AR5 ey
DU A AT AR S5 VA S BLE#R 3 diak 6 41 PAT555, 41
Pt 25 e ¥ LA R, IR AR X A o g 225 )
Microsoft Office 2019 (19127.20302) #4745 2, BT
i A E R Origin 2024 MASHEAT42 0, ISR BE 4
>k A GraphPad. Prism 10 #4722, ISR ) 825 M4y
Brf# FH SPSS 25 i, %t 2 0] %92 5 F Duncan 353617
HINEFZSHT, P<0.05 Pl A B EHER

2 HER55H

2.1 SKIEMHMHK
2.1.1 &iEERAFMiLE

TR T 5PN SA B e AR P, A4 FH
2 AR RS 3%k, DXM A1 BMT 3% % 7] 4 S A8 1k 2
BB IE AT I SR A B 035 R () U e 4 L 40 O, At il At
) SCRRIR I T 3843 445, 1 R 45 BRI AR Xt 1 Ak A
YIETERE . P 1A~1C {8 Agilent Poroshell 120 CS-Cig
EREFEI TYEE, A 5 B ESEREUEBLET W 2 DXM Al
BMT W43, ELmaR5REE , {HFFA H s TAEH0nT 68
SAFEREFITIE, B 1C RIS BRI T 4 Fb B i
k2=, JHJE DXM il BMT %A 435, Xl i S5b&W1E
PR EEN AL, B ID~E T Waters
ACQUITY UPLC BEH-Cg it ¥aeH 2o,
ME R 1E (95 2 REA RO s RN, LA PiETe )R
U, P H AR 6 o KL L, WkRE E RN
T AR S A o
2,12 #IEHMAL

DIBE A M BE TR, JINbR N S5.0 pe/kg, 30T T 6F1AS[H]
BRBGAEHN: IR, 205, ZROHE . 3%2 L F L, 3%% 1k
M\ 3%HEA LR LR X AFME AP 0 ENBCR 2, A2
PR o GEIRRI, ININ— 8 e 1 20K b B 3R B — 5
SR, BRAR B RN AT A i M 22 5 (P<0.05) . 4l 2,

5 13% 20 ISR ICT 4RI G P Il 4w, O
5 HEEM3% 2 Ak U 4R & P 4147 7E B 1 2
5(P<0.05), 33Xt 15 BH B S 06 ik 4Rk A5 4 s o
BB ARF ISR . A A RO A 9 i 04
NANR, XATRES H R O R B A O, TR
M [ 3 R A L s R RS20, I 201 2T VA R B BB,
FFA 54l Z R BCR LG 2 B. 35 22 5 (P>0.05), H
DXM il BMT 1 Tt 55 4R R AL, T i 2 1k 5 4
HEATHEAE, NG VE A3 IO 7% 10 A 9 0 [l g 2R 15 7
80%LA I, HAR3%EM NG S EXT BMT il FFA fy42
IR TG 12 .35 25 5 (P>0.05), {BEE TR LR . b
R L RS0 A 5 AR i S5, HLZ0K B
AR R, DR AR AT SR 4 2 I s T A R
W, T 6 6 B W ELAT AR A i, R T U0 2 1o
2 S M A A b A e 7 A v

2.1.3 A Xtk

A3 WIS FAAS ) Ak /EE (Silica #E . HLB #E . Cig ).
QuEChERS DA K 0V 6 O A PR BE 3 A I i it 201 744k
AEFR, GNP 3 TR FER AN [ AL BUINE X RE S kA T b
J&, FF 7£ Silica #Hb T, SHAAWF/IMEGLEFAHDR
FPE2E R (P<0.05), BRILDMAMNE LA WTEARF/ME T
TC i E 2T (P>0.05), X5 /MMEA B IEURLE AR K
ZU8 B FFA b, e/ MR A 8 i [EDSCR B % T 3
BRI K (P<0.05); 4 P AW ENERTE 60%~80%Z [H],
A3 M ] -5 AL B S R bk R L BN B AR L Uk
JIE 5 AN A HARYI R BEVE T ok, ARsUR AR T 58 H
PRI RESE AW o AHAE B A R A5 B UL gk T B, (R
HLHRAE SR, EARYIAEAR R/ h B 19 25 AR
AHFFEFR A QuEChERS W& BT o (PSA:MgSO,:

Alumina-N=1:1:1, w/w/w)Z7% T X} 8l 44 5L o i) 28 i
75 %P0 Il LI 56 R T HxE E bR A A A R B
A1 HA bR R AT o 75 HL S QUEChERS FHIR R 26 BUwt
[ R A A N, DXM A BMT 1E R Rk 5 T 8 %
PE2£ 5 (P>0.05), 1fii FF il FFA 76 B eib 5 =8 F 22 30
B B 52 8 3 (P<0.05). QUEChERS R 2 WU}

#2 HPLC &t
Table 2 Conditions of HPLC

=
B WA J.7/(mL/min) E ‘éﬂ Ve R R Fre
. 0.2 SEREVEI: 20 min, A:B=72.5:27.5 (V: A
Agilent A 0.2%F K Rkalditd ' 7:n
Poroshell 120 VW B: 0.2% 0.3 SFEBEVENG: 20 min, A:B=70:30 (V:)) B
CS-Cis il mmz s 03 BERE PR 0~6.0 min, 90%~10% A; 6.0~10.0 min, 10% A; c
' 20 10.0~12.0 min, 10%~90% A; 12.0~14.0 min, 90% A
A6 FE BRI : 0~8.0 min, 75%~65% A; 8.0~9.0 min, 65%~20% A;
Waters 0.3 . . D
ACQUITY A: 0.1% i 9.0~10.0 min, 20%~75% A; 10.0~12.0 min, 75% A
UPLC BEH-Cis k. B: ZJi% 6 BE BEIBE: 0~1.0 min, 90% A; 1.0~3.0 min, 90%~75% A; 3.0~7.0 min,
ik T 0.3 75%~65% A; 7.0~10.0 min, 60% A; 10.0~10.1 min, 60%~90% E

A; 10.1~14.0 min, 90% A




B4 SRR, SF: mROBH (- BRI TR I (R S I E AE PYA AR DY R KA L AEORAL L R e 139
1E+5 DXM
A xo B 1E+5
FFA BMT)
9E+4} ™ oF-+4f
i g
B opal =
g E 6E+4r FFA
3E+4} FF 3E+4} ¥
OE+0 [l l . , . OE+0 et . : .
0 5 10 15 20 0 5 10 15 20
-8 i E)/min PR R [])/min
C - D E
4E+6 BMT/DXM Ei 6.4E+6 |
. Et [ FFA FF,
3E+6} SELOr N
= & 4Eio] s SOETOL
B 2E+6f by & 2.0E+] B L6E+6 1
= = =
= FFA = DXM =
1E+6 BMY 8.0E+5 [ BT
FF
l FF M
0E+0 : : : - OE+0E= A —— . 0E+0 b’
0 5 10 15 20 0 3 6 9 12 0 3
(R ] /min (R ] /min R min
E: & A~E XFRIE 2 FPIBEIBL AT
P R IF AR (3% 25 R T RS B i
Fig.l1 Total ion current chromatograms under different liquid chromatography conditions
N DXM CJBMT ®EEFF BEEFFA mmDXM CBMT mmFF ®EFFA
100 100
a 2 ab ab a ab
be p € a @b o7 b cab . a cab i . ahl
80ta & . ¢ T 80 Mg € b ¢ & b
¢ dSRes ad T, h < o
S ] i :
£ 60 X 60
: L
= 40 Z 40
20 20
D % % &% G L - o N _L%
& @& & aF F Silicatt  HLBE C,HE QUECKERs iliZEH
R N e @ e
ﬁ\n@“ 0\0@\ v ‘\\bb
@@ K3 AR =T e E iR
FEBUA Fig.3 Recovery rates of compounds under different

TE: AN FRROR F — b G WA R & 22 55 3
(P<0.05), FEIF,
2 RIFERIBGE R T A Y iR
Fig.2 Recovery rates of compounds under different
extraction solvents

DXM .BMT L) J FF #JRBHAL R I SR, 78 80%LA I
{EXFF FFA PRI R 22 5%, 7ESC50 il FE vh B
R IBORFEROS FFA SEIRER, 18 FRET 2 i £,
MELAX A HARY, DR FAE IR 25U T 19 FFA JUIRAR
W, B g R o BB P . i QuEChERS #+fb
BPPs R R, B AIRRE . AR g 20, 4
A5 P el i 2o AR i, LA AR 5 1) 2 T e S I 1 o 25
R H ARG A P ORI AR, AR RER

purification methods

QuEChERS ¥k 7 i AbBH
22 FHAEFWIE
221 HBEE., ABRAE R

F 20% 2 B K S RL il B e Bk 0.2.,0.5.1.0.2.0,
5.0. 10.0, 20.0. 50.0. 100.0 ng/mL #J FF. FFA, DXM
A BMT ArifEfhi 2k, DA R ALFR(X, ng/mL), WA
BUNGAEFR(Y), 15 EIGet RAHCRE, FF MBI REN:
Y=2.24x10°X-6.04x10*, *=0.99969; FFA ¥ [al 45 2 J:
Y=7.23x10°X-3.80x10%, #°=0.99975; BMT i [a1 ) J5 #¢ K
Y=1.01x10°X-5.89x10% r*=0.99938; DXM K [al -7 F¢
Y=1.41x10°X=7.48x10% *=0.99906, HhZ&LkIHR RIF,
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PMEMELLN 3 (S/N=3)IT5 4 PR (limits of detection,
LODs), 158t N 10 (S/N=10)3f 5 & & IR (limits of
quantitation, LOQs). % 3 JB/& T TEHA . 4 AT RESEW
LODs 1 LOQs. %55 /K, FF ) LODs A 0.47~0.58 pg/kg,
LOQs 4 1.55~1.91 pg/kg; FFA [ LODs & 0.40~0.45 pg/kg,
LOQs & 1.32~1.49 pg/kg; BMT 1) LODs 2 0.46~0.51 pg/kg,
LOQs 2} 1.52~1.68 pg/kg; DXM ] LODs 24 0.44~0.48 pg/kg,
LOQs & 1.45~1.58 pg/kg, i & JLHEK .

222 EHEAAEEE

itk — I UE T E R R, L R GE R R) R
FERT, mLH IS RSN 1L 4. 20 pg/kg 1Y 4 LG
W, SEATIGE 6 IR, TR M | AE R AR v O 22 (o
elative standard deviation, RSD)&, Z5R L% 3, miFE 3 7l
H, AFEAPITE 3 AR KT T 1 ISR AE 85.1%~107.5%
Z Al [A], RSDs 9 0.4%~9.4%2 0] G5 R0, %05 1Ak

R FIAR % B R AP, W AF S GB/T 27417—2017
CEMIEE 2=V rik s A B IEFE S ) 1A CER,
FEUAIZ T v R S RIORG 5 B AT, 38 TS R AR TR P

4 kAP % R A
23 S5IBHEEEE

S AR T R, K L B SOk A R I
R A W TR ST A (R 4). AR LR
HPLC-MS/MS Jr B S B T X9 2 B 25(DXM . BMT)
SRR (FF . FFA)IRZE . 4 Rl Z IR R UG
W, J7 ik QUEChERS RiALPRAEEE, 7844 60 min
SERIER . A PSR TR A gk, IR e
(85.1%~107.5%), R ZH(LODs 0.4~0.6 pg/kg), /=T
FhnifE, Witk 4 EWRRA R R BT | ORMEEAHE
(TRl AN 28 531 22) Jy T A3

#3 TRERHERPLEVHMIREEER. HRERZE. LODs 1 LOQs 55 (n=6)

Table 3 Results of spiked recovery, relative standard deviation, LODs and LOQs of compounds in different matrix samples (n=6)

P fale) A
Mug/kg) [I=/% RSDs/% LODs/(ug/kg) LOQs/(ug/kg) M /%  RSDs/% LODs/(ug/kg)  LOQs/(ug/kg)
1 89.3 8.1 87.3 8.7
FFA 4 97.2 2.7 0.45 1.49 92.6 6.1 0.40 1.32
20 94.7 53 105.8 3.9
1 95.2 1.9 98.1 9.2
FF 4 90.9 6.8 0.58 1.91 89.7 0.4 0.47 1.55
20 107.5 3.5 101.4 47
1 86.4 9.4 104.2 7.5
BMT 4 99.3 0.6 0.46 1.52 93.5 4.6 0.51 1.68
20 103.6 42 85.1 2.8
1 91.8 7.9 97.5 0.7
DXM 4 88.5 12 0.44 1.45 88.2 1.1 0.48 1.58
20 96.9 5.8 85.6 3.5
2 RSD A AH X A5 i 2% (relative standard deviation),
R4 KEESCEG AL
Table 4 Comparison of method performance between this work and literature methods
; . 7 4k 30 6 1y .
SAHTE HiFf SR R e o
HPLC-MS/MS($h41) DXM, BMT A1 B IR R <30 83~98 0.5~1.0 2024 [1]
}([g];gcl\ﬁs}/{l\g)s DXM, BMT /3G 1R /3 25, 705 79~106 2.7~4.4 2025 [3]
}(Igﬁgchfg@g)s FF, FFA A R/ TR /A TR T >60 85~99 0.5~1.0 2024 [14]
JE A 4 G i R T DXM, FF WA <30 ND 1.0~50.0 2025 [21]
Hg%?&%sfg;s FFA FEANG A >60 94~113 0.2 2025 [24]
ARG DXM’FL?XT’ FE. WA 60+5 85.1~107.5  0.4~0.6

TE: ND FRn R K sl RS2 AR .
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Ko NSO E W, EA T 0 IR SRR
[Fi) Hof 7 A B TR PR 5, 3 A2 o 2 R DXML,
BMT. FF Fl FFA ¥ [l B i A o sk, w] ok H %
U PP R L B S 0 (.

SE

(1] XUBBZE, XVHbR, AR08, . 8 SO0 gl - A3 I B v Rl

B LU M A S ORISR B 0], B R RS BOR 22,
2024, 42(2): 177-184.
LIU YJ, LIU HB, LEI CJ, et al. Rapid determination of dexamethasone
and betamethasone residues in animal tissues by ultra performance liquid
chromatography-tandem mass spectrometry [J]. Journal of Food Science
and Technology, 2024, 42(2): 177-184.

[2] CHEN H, WANG W, LIU Y, et al. Aggregation-induced emission
materials for fluorescence analysis: Recent progress in rapid detection of
pesticide and veterinary drug residues [J]. Coordination Chemistry
Reviews, 2026, 548(P1): 217194.

[3] WFEEFD, WAED], BleEE, . RBORAR G- RIS LIE &
A A R AL R ZER AR (Y ER B [T]. B e R A 24 4R, 2025,
16(12): 224-230.
XIE ML, CHU NM, YANG XX, et al. Determination of betamethasone
and dexamethasone residues in livestock and poultry products by high
performance liquid chromatography-tandem mass spectrometry [J].
Journal of Food Safety & Quality, 2025, 16(12): 224-230.

[4] MBEE, BHWE, RUIE, & SRORHTERS-H IR BTE RO R AR

[10]

(1]

[12]

[13]

[14]

5E 75 & A L JE R MABR B 0], AR B, 2024, 30(19): 186-191,
204.

FENG HH, YANG YQ, YU MX, et al. Determination of dexamethasone
residue in livestock and poultry meat by high performance liquid
chromatography-tandem mass spectrometry with isotope internal standard
[J]. Modern Food, 2024, 30(19): 186-191, 204.

MALONE EM, ELLIOTT CT, KENNEDY DG, et al. Screening and
quantitative confirmatory method for the analysis of glucocorticoids in
bovine milk using liquid chromatography-tandem mass spectrometry [J].
Journal of Aoac International, 2010, 93(5): 1656—1665.

HENDRICKSON OD, ZVEREVA EA, SHANIN IA, et al. Development
of a multicomponent immunochromatographic test system for the
detection of fluoroquinolone and amphenicol antibiotics in dairy products
[J]. Journal of the Science of Food and Agriculture, 2019, 99(8):
3834-3842.

U8, BEGRHE. S i ool e BT R ok B Gy 1 A R E
[7]. HEEE2EK, 2010, 30(3): 428-432.

DAI J, LU JH. Research progress on detection methods of glucocorticoid
residues in animal-derived foods [J]. Chinese Journal of Veterinary
Science, 2010, 30(3): 428-432.

MANE SS, DEARDEN VD, LEE WK. Identifying and quantifying
relative concentrations of epimers in mixtures via cyclic ion mobility mass
spectrometry: Dexamethasone and betamethasone as a case study [J].
Journal of the American Society for Mass Spectrometry, 2024.
DOI:10.1021/JASMS.4C00258

DONG MC, YAN FT, ZHAO YL, et al. Development of a liquid
chromatography-tandem mass spectrometry (LC-MS/MS) method for the
quantification of glucocorticoid residues in edible tissues of swine, cattle,
sheep, and chicken [J]. Food Additives & Contaminants. Part A,
Chemistry, Analysis, Control, Exposure & Risk Assessment, 2010, 27(10):
1363-1371.
LIU M, LI S, CHEN Y, e al. A fluorescence switching
immunochromatographic strip mediated by Co;04/gold nanoclusters for
the simultaneous detection of florfenicol and florfenicol amine [J]. Food
Chemistry, 2025, 489144972.

TRETHR. O (3 - RO BT 0 0 5 L
B[] BihE a5, 2024(27): 51-53.

TR JE 2 TN A JE 5 e ok

XU SR. Determination of florfenicol and florfenicol amine residues in
dairy products by liquid chromatography-tandem mass spectrometry [J].
China Food Safety Magazine, 2024(27): 51-53.

LEHOTAY J, MATWENN LF, ALAN LR, et al. Stability study of selected
veterinary drug residues spiked into extracts from different food
commodities [J]. Food Additives & Contaminants. Part A, Chemistry,
Analysis, Control, Exposure & Risk Assessment, 2023, 40(9): 21-20.
IBIEFS. SRR E R PR . TIRER | SRS 5H0K
JEFHMHRER D] B2 AT T, 2024(36): 28-30.
ZHENG WL. Determination of chloramphenicol, thiamphenicol,
florfenicol, and florfenicol amine residues in grass carp by gas
chromatography [J]. China Food Safety Magazine, 2024(36): 28-30.

Xk, FoEE, w5 AR RO (- RO BT s P
IR E % BARHI I RO e 5 Rk R D). AL, 2024, 45(7):



142 B 2 4 AR I 27 4 %174
58-62. PAN QL, LIU JH, ZHANG HY, et al. Study on pretreatment method for

[15]

[16]

[17]

(18]

[19]

[21]

LIU D, WANG HX, HUANG K, et al. Determination of florfenicol and its
metabolite florfenicol amine residues in meat products by isotope
dilution-liquid chromatography-tandem mass spectrometry [J]. Journal of
South-Central Agricultural Science and Technology, 2024, 45(7): 58-62.
ikl REP, ML S B AR “ﬁﬂﬁ)ﬁlaﬁﬁﬂﬂi‘ﬁ% oA X £
IR e 5 S AN R B (0], kSR B S S R, 2024, 36(9):
2210-2216.

ZHANG J, WU JP, WANG B, et al. Simultaneous and rapid determination
of florfenicol and its metabolite residues in eggs by liquid
chromatography—tandem mass spectrometry [J]. Chemical Research and
Application, 2024, 36(9): 2210-2216.

BIEA, SARU, A2, S S RORAR- BT AR R SR
TSR | SR e B HACIE ™ Wy 0K Je %5 ek B (). o [ AR
2024(23): 263-268.

LI XL, WU ZZ, SHI Y, et al. Simultaneous determination of
chloramphenicol, thiamphenicol, florfenicol, and its metabolite florfenicol
amine residues in feed by high performance liquid chromatography-tandem
mass spectrometry [J]. China Feed, 2024(23): 263-268.

SHIROMA SL, QUEIROZ NC, JONSSON MC, et al. Extraction
strategies for simultaneous determination of florfenicol and florfenicol
amine in tilapia (Oreochromis niloticus) muscle: Quantification by
LC-MS/MS [J]. Food Analytical Methods, 2020, 13(2): 291-302.

R, A, 207, S ERIAE SR (s - HR I BT A IR
W2 e AR . WA R . FORE B I I R e B ik
FREAN]. B TR, 2021, 42(17): 241-246.

LEI MK, HOU JB, PEMG F, et al. Simultaneous determination of
chloramphenicol, thiamphenicol, florfenicol, and its metabolite florfenicol
amine residues in beeswax by solid-phase extraction-high performance
liquid chromatography-tandem mass spectrometry [J]. Science and
Technology of Food Industry, 2021, 42(17): 241-246.

AER, E¥, R, S EOA AR S RORAH G -SO6S

)6 B R 8 2 2 v UK T2 2 R RO JE B B BR (0], AR AR AL 24 4T,
2019, 34(11): 1315-1322.
DIAO ZX, WANG B, ZHANG PY, et al. Determination of florfenicol and
florfenicol amine residues in pigeon eggs and quail eggs by accelerated
solvent extraction/ultra performance liquid chromatography-fluorescence
detection method [J].
34(11): 1315-1322.

SAITO SS, SHIONO K, NARUSHIM J, et al. Determination of total

Fujian Journal of Agricultural Sciences, 2019,

florfenicol residues as florfenicol amine in bovine tissues and eel by liquid

chromatography-tandem mass spectrometry using external calibration [J].

Journal of Chromatography B, 2019, 110937-110944. DOI:
10.1016/j.jchromb.2019.01.018
PERKSL, XUHAe, SR, SF. (RIS DRAUNRE P h 7 R 2R R B

AR EEATE]. B SRR AR AR, 2025, 44(3): 153-165.

[22]

[23]

[24]

[26]

[27]

[28]

[29]

[30]

simultaneous and rapid detection of seven veterinary drug residues in pork
[J]. Journal of Food Science and Biotechnology, 2025, 44(3): 153-165.
YANG L, SUN L, FAN L, et al. A method for the simultancous
determination of 68 veterinary drug residues in foods for special medical
purposes using ultra-high-performance liquid chromatography-triple-
time-of-flight mass spectrometry [J]. Journal of Food Composition and
Analysis, 2025, 145107806-145107806.

YOUNG SP, RA YK, JI SL, et al. Simultaneous detection of residues of
34 beta-lactam antibiotics in livestock and fish samples through liquid
chromatography-tandem mass spectrometry [J]. Food Science and
Biotechnology, 2023, 33(6): 1467-1486.

EA, B, JrEE. T RO @R AR BT RRR AR
%thf‘l’]hU“Jﬁ{MMt[J 43, 2025(15): 77-81.
WANG Z, YIN HY, FANG XQ. Optimization of detection method for

i P IRORE

florfenicol amine in agricultural products based on liquid
chromatography-tandem mass spectrometry [J]. China Food Safety
Magazine, 2025(15): 77-81.

WANG J, WANG Y, BAI R, et al. Comprehensive overview of the
extraction and quantification of veterinary drug residues in animal-derived
foods using liquid chromatography—mass spectrometry [J]. Trends in Food
Science & Technology, 2023, 136: 104285.

CHEN X, GAO H, YANG Y, et al. A critical review of sample
preparation and liquid chromatography-tandem mass spectrometry for the
determination of multi-class antibiotics in animal-derived foods [J]. Food
Control, 2022, 138: 108989.

SMITH A, JOHNSON B, DAVIS C. The role of acetonitrile as a protein
precipitant and lipid-friendly solvent in the sample preparation of
veterinary drug residues from fatty foods: A comprehensive review [J].
Journal of Chromatography A, 2023, 1705: 464216.

WANG X, PENG H, WEI G, et al. QuEChERS combined with
emulsification-demulsification clean-up for simultaneous determination of
pesticide and veterinary drug residues in eggs by UPLC-MS/MS [J].
Microchemical Journal, 2025, 214114116-214114116.

QI Z, CONG CY, MA LL, et al. Research progress of applications for
nano-materials in improved QuUEChERS method [J]. Critical Reviews in
Food Science and Nutrition, 2023, 21-20. DOI: 10.1080/10408398.2023.
2225613.

AR, R, ErE, A QuEChERS TR ACHRUAR (A0 18- ES IR B i 10 e )
FEXGPIH 36 R ZYERER)]. A A BRI AR, 2021, 12(14):
5561-5567.

SHAO L, DONG Y, WANG X, ef al. Rapid determination of 36 kinds of
veterinary drug residues in chicken by QuEChERS-high performance
liquid chromatography-tandem mass spectrometry [J]. Journal of Food

Safety & Quality, 2021, 12(14): 5561-5567.

e 4. LAE 24 %)



