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BE FEMALMROMEERI H Oasis MCX #H5fb. 4X/5H WATERS ACQUITY UPLC BEH C18(2.1 mmx
100 mm, 1.7 pm)#EF7450 84, RARM R NAREE =, SR EMAAET, 2k & R s h iR
0.05 pg/kg, MR 0.15 ng/ke, IR FFRE 5 HRAK R A 0.1 pg/ke, & HFRA 0.3 pg/kg, “FH4E
WA 80.4%~105.4%, FIXTFRIEM 257 2.8%~8.4%. G %7k ABUE . BICRE:, HA RIFHERL
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Determination of chloramphenicol, thiamphenicol and florfenicol in
milk by ultra performance liquid chromatography-tandem
mass spectrometry

ZOU Miao, FENG Jing, CHEN Xi, JIANG Ying’

(Center for Disease Control and Prevention of Liaoning Province, Shenyang 110005, China)

ABSTRACT: Objective To establish a method for the determination of chloramphenicol, thiamphenicol and
florfenicol in milk by ultra performance liquid chromatography-tandem mass spectrometry. Methods The samples
were extracted with ethyl acetate, followed by clean-up with Oasis MCX column, and then separated by WATERS
ACQUITY UPLC BEH Cyg (2.1 mmx100 mm, 1.7 um). Internal standard method was used to quantify. Results
Under optimal conditions, the minimum detection limit of chloramphenicol was 0.05 g/kg, the quantitative limit was
0.15 g/kg, the minimum detection limits of thiamphenicol and florfenicol were 0.1 g/kg, and the quantitative limits
were 0.3 g/kg. The average recoveries were 80.4%—105.4%, and the relative standard deviations were 2.8%—8.4%.
Conclusion This method has high sensitivity, good recovery rate, good purification effect and improves the
detection efficiency. It is suitable for the simultaneous detection of chloramphenicol, sulfoxycin and fluorophenicol in
liquid milk.
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R R R, RER MG es S, A5 1k7E
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A, IRIR MmN, DR I o 3 8 0 RE AN T 5
RN, HPURERG S W E R MR, WO R,
FI R CL B 7K™ 08 89 35 B 1 2GBTS IR%S 3
R R o ARG B bl 2 [ bR, IUETE | B
A #A5 Al R P S Ay A AU U IR A A R R
50 pg/kg, FAJEHWLEA | FIWSFLEM . NIk, #Ar
R, R YT I WA )™ i b SR R 2 WAk B AT
HEF L

PUAT 1) SR RIS TR TR e 1 L UM G
T ERIR TS R OB G A RO G A B A S
(51 o RSCTBOA €00 1 S R T v LA G T B e, 43
by, REUE @, AT A R0 G I e A vk B B PR B,
R RRBAR (B TE V5 A A H PR, B S BE ST 0L, T [l i 5 %2
PR 25 RIS M R, BRI TTAS 3035 i 10 M, 0%
TAE R I DT TE 2 R T 82 A RIK)™ by
T, WA TR, A BB AR IR E SR,
AR B P A2 2 A5 I T /b, HL2 0 B — 2 A0 A
ARXE ST Z U AR R KA TR AT
FEAE AW B — R RS2 Ry i i ik |, ek
LTRCTRARE MCX AU AL, R0 3R N bRIA E 1,
R AR A R SRS, 48 e B PR A R AR,
7 R OB i P IR B RV [ S v S R R L W
PR R AR JE 5 WA I 7 i, DU A2 H 6 AGril K 9™
sty 25k B M B R
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Acquity Xevo TQ T /&5 A50B AH €6 15 5 I T35
Oasis MCX [EAHZEEURE(150 mg, 6 mL)(3EE KRR H);
XcelVap FI%WIL (35 [E Horizon technology 23 7]); ST16R
T 2 R VR B O L (R [ B BR R R 3 ]); Vortex
genie2 AU Z F e 1R G 45 (3¢ E SI A H)); Vac Elut SPS 24
TR [T A A AL (3 TR e B AR A ) )

5ARAESD: FER . Ds-EERFME . PIER,
B F (LiE =99%, 1EE Dr.E /AH); DA e % Fz
FH (LU =98%, &K TRCAH); LROHR. LNiE. HiE

(fEpkal, 36 FEFEICHIRAR); KAk,
22 ZWHE
221 HoudE

FREURE B 5.00 gORE 5% 0.01 g) T 50 mL &0,
A 50 pL 1000 ng/mL Ds-&E % . Dy-HRJE HIRA RN R
Wb TAEW, WA 20 mL ZFRZ MR, WIEE.OfF, WL
JRZIRZTEAE 10 mL T 10 mL 4%, 50 °CASMR T,
A 0.1 mL HFIEEZAR, FAA 1.9 mL 40 mmol/L SERRIFWK,
WHERA, PSRk, KA S mL HEE. 5 mL K,
5 mL 40 mmol/L EhERIRIG b Ty MCX [AHZEEUEE, %%
% BB E MCX AN, 5 mL KBRZY, #iT)5, SmL &
R ZERGEIE, 50 CCRSK TR, IMAWIRERNHE R, i
0.22 pm JEME AL E o
222 AREER G

FRUERE &R A EF R EBUE M E R . BIE
. OEORR AR, 40 B R I A O R
0.1 mg/mL FFRARHRAERE & - 43 DIVER PR EGE &t Ds-3 %5
ZRALE | Dy-HBIREH WAL Z, 45 FH FF Eis e e ] ek
FEFIA 0.1 mg/mL W ERAR A7 R AR RS & o

IREPRERE SR A B BUE R E SR . F
BE BRI HEEH AT 100 mL 250 F, HAFESE
KEZIE, TSRS RS, WEHN 1 pg/mL.

RA AR A TAER: S RMERBIUE R DA%
KENMLE . Ds-FREF R B bR &, B4,
Be TR A R 28 AR AW, WEH 1 pg/mL,

2 AREIRIOR: BEBAERES, e 2.2.1 AR
PRAE, 53025 FURE AL SR U

LR A PR TAEVE TR MR A A Ar o b i R AR
MM E, B —E ®MIR GRS RARA R E
WHR TAEW, FIZS FORE SR BBORTE B 3R 570 ok B A S BT
PR AR R
223 MBLEH

(O

{4, 3% ¥ : WATERS ACQUITY UPLC BEH Cy
(2.1 mmx100 mm, 1.7 pm); FE¥: 40 °C; i : 0.3 mL/min;
BERERE: 10 Ly JEhAH: A: 20, B 0.05%M9Z KB, B
BEVRI S5 L2 1

®1 BERREG

Table 1 Gradient elution conditions

FiF [8] /min Al% B/%
0.0 10 90
0.5 10 90
2.0 90 10
3.0 90 10
3.5 10 90
5.0 10 90
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FLME S B i ESL i BT, BFIREE:
150 °C, B HFE: 3.0 kV, BIEFISIRE: 350 °C; JhiE
FIS i 850 Lihr, B E . WIMEZMHE R IEHE L NiR
YIBESHLE 2.

3 #R55%

FRig & H it

AHFFE LA 25 :0.05% 1 S /K ¥ 8 (10:90, V:V) A i 8h
A, FEE 0.3 mL/min, FHYZRFEES, A 500 ng/mL A5
EBE. FRER. BAREH . D-ABEREM D;-HALEN
RAEW, RS FRT T aa, medEx. ¥
MR . BARIEE . Ds-AE R D-FARJEH W4T 5+
439k 321.0., 354.0., 356.2, 326.0. 359.3, 5 SCHAIRIE R
gER—3PL Rl R 5 R HARME S PR T e

=2

31

B, T, RS A T e, ik
WFEE RS B EATHR 2 MEAFETF, HhFEERS
WIERERFE T, B—MEhEE T, S5 H
MERMFREE LN EETFETSHILE 2,
32 ‘iRt

AHE . TIEZMEREEYSETHEE. OEF
HHER, ASCHE TURE., 2R EHEEEER .
FNEE ZFFORJEZ T, UF5E & N R 26 i Al
if, HARMES PRI B, fE P T KA A
0.05% &K, BERS 1R HARL G M5 PR,
BARGE . FL, ASCGERZEEVE B P, 0.05%%
IKEEAE KA o AESERRFE R E A P, IR 24,
X EARAE W BT AN [RVRR B i, S5 R BEAR
SCIRHIR, BURFBSEM R, EER . PINEE . H
KB L NFRI MRM 35 15 0LIE 1,

LEZ. FRERNEREERATYINRIESH

Table 2 Parameters of mass spectra of chloramphenicol, thiamphenicol , florfenicol and Internal standard

a4 BEE T SER B T (L RV . REEAEE/eV) BT ELEE/V, iR R /eV)
AR 321.0 151.7(26., 16) 256.9(26. 12)
Ds-HA R 326.0 156.8(26. 18) )
BAEH 356.2 336.2(24. 8) 185.2(24, 18)
Ds-BAEH 359.3 339.3(26. 8) )
AR 354.0 184.9(32. 22) 290.0(32. 12)
5: MRM of 3 Channels ES-
2.21 359.311>339.257(fbnk-d3)
ﬂ 2.04e6
% ‘ \
0 J -
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
2.20 4: MRM of 2 Channels ES-
356.224>336.236(fbnk)
% 3.54¢6
0
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
2.00 3: MRM of 3 Channels ES-
2 354.032>184.898(JEMS)
;‘LPE % 1.17e6
' o
Z  0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
224 2: MRM of 3 Channels ES-
326.032>156.763(CAP-d5)
% 1.51¢6
. I\
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
2.24 1: MRM of 2 Channels ES-
[\ 321.032>151.748(CAP)
% ‘H 3.15¢6
0 I\
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
RAERT[H]/min
K1 A&GR. WIER. FEEH LNRY I MRM &80 i F

Fig.1

MRM Chromatogram of chloramphenicol, thiamphenicol, aflorfenicol andinternal standard
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BATP R TS ERZMEATR . BEIEE RISy,
5 HTI e K TE 2 TR, Bk, ARSCIR AR BRIR0A 7 % [
AHZEU MR EE T T SR R 2252 0E
RGN N LBRCERSIYY 20 . SR B AR5
BREA RIFAFEIGECER, (B X B a2 ALRUR JE 5 R
WORIAR, WO, RICRACRROERIE N EEE . FE
FKMF AR FIHREUIRBOGN . Xt FBAHEBUNME, 4
SCXFEE T A MCX AR ZE RCRE AT HLB [ AH 2 B0 INEE (1) 266
XPEICR, TLE 2, SCIEE IR, XTSI EEE .
PR 22 R JE 2 1 I 5, MCXC T AF 4 BURT: 2 % [ i %6
AHXT AT, SR A dh A AL B P Ah ) A 4
3.4 HIRYIRERE

A SRR M B R S M TR B AR,
. FIRE R D;-EBZEZ WNER, FORBH LN D-5R
JeFENFR, SR, Bk 2 FEALE A AR, A3k
TR T 5 A SE B0 45
3.5 ZMSEERME LR

B Z2 5 MR B 1 L TR A bR v AR T TR AR SE G AN AR
ST HEATINGE, LA B AR Y05 A N R 2R PR 4 0 T
T ) AP AAR, LS B ARG 9 10 vk 3 (X) S 18 AL A,
PEATERAERIE, LA 3 5(E 0 Hb Xt B A AL A9 & we e R ik
KPR LOD, HEIEE R . PIEXME KR E W EIE )
T RMIERE . MCRE. KR K R 3,

OMCX/ME ® HLB/ME

120 -
100F -
80}
60 -
40+

20

AER RPER BReH

K2 @wmR. HERMHEREETE MCX il HLB FIAHAEIRVN
A b 2% [ W% 5] (n=6)
Fig.2 Absolute recoveries of chloramphenicol, thiamphenicol and
aflorfenicol on MCX and HLB columns(n=6)

3.6 [EERFEXFRERE

FREL 3 ISR MRS, B 6 0, TIMA—E =I5
HE. WNEZNHERE LR ATRERR, WE), #E,
WS IR VERE S SR UER R e AR G, AR5 4 B 5L I
TPRRA AR, FALIE, S5RIEE 4. F&ER . HIEGREM
FAERER YRR Yy 80.4%~105.4%, FHRIFRMHER 2 Jy

2.8%~8.4%, R FIVRE 25 B $47305 JE SRt Sl ar I (A 22K o

*3 SBF PRNEERNEXREMEESRE. &i4EE. 8
XEH. BURKEEER
Table 3 Regression equations, linear ranges, correlation
coefficients,detection limits and quantification limits of
chloramphenicol, thiamphenicol and aflorfenicol

MM e gy BEIR GERER

wEy BRI

A(ng/L) H(nglkg) /(nglke)
AR YZ%%%@%@TSX'O 0.5~50  0.9959  0.05 0.15
BAEH Y=06?21(;5;69(§)32X+ 1.0~100  0.9984 0.1 0.3
gz Y 0.00509909X o 150 09961 0.1 0.3

+0.0158448

R4 AR R EYE ST ERAE R ZE (n=6)
Table 4 Recoveries and relative standard deviations of spiked
samples(n=6)

sl TMASE /(ug/ke)  EICR/% RSD/%
0.5 100.3 4.8
ABmR 5.0 105.4 2.8
10.0 97.1 5.4
1.0 82.3 8.4
HAREH 5.0 86.9 43
10.0 92.7 3.1
1.0 80.4 6.5
% 10.0 86.4 4.9
50.0 90.1 6.2

3.7 HmEFRE

REFAARMF X8 20 SRS S T E,
WRBEHAER. FNEZMBERESERE, FERE
GB31650-2019 (£ il £ 25 Kok B PR i ) oI g BR
2R,

4 £ ®

AR FER I 8 LRI, MCX [ A A Bk, 45
A L2 IARTEDEA T A i, 8 7 A 1 R TRUR € R B R 3
PRI AT E R . HIRE R MR e % .
SAEZINRIK RS 0.05 pgkg, FNGEEMHEER %
AR R 0.1 pg/kg, “FHENA 80.4%~105.4%,
AAXAREMZE N 2.8%~8.4%, REWETH L A BRI WK
MBEsR ., HHASLR kA e, AFITE SRS R
%, MEMEOT . Bl E RN T P00 E i a8,
W Ext AT, 1 R CBREZEL, MCX [ AHAE BURE ik
FR, BRSSP EER, FRERMFEE RS AA
RAF A FRBOCR, 0N T e e AR5 s R B 1 F R



7602 B dn 2 4 R R I A 4R ETRNES

KGR, ABEFEAE CRIEIIN 5 25 R 0 i L 1 [w] pp
ARG B IR BCICR . AJ7T LTI, Feserkdy, R
B, BAT KA DCR RO %, 8 TS0 4
R HIEE R NGRS Y [ i A

EE P

(1] B, E0r, Skas, 45 msOR Eai i e 40 h & F R E KR

BRI, BRERE, 2014, 35(18): 124-127.
Yao J, Wang X, Zhang JX, et al. Simultaneous determination of residues
of chloramphenicol, zearalanol and its analogs in milk by high
performance liquid chromatography with immunoaffinity column [J].
Food Sci, 2014, 35(18): 124-127.

[2] ¥, AHUA, VRN, 55 RSO i — a8 5 BT ] ) o R e
AER. PSR MR T NERRE D] 2P, 2005, 33(4):
463-466.
Peng T, Li SJ, Chu XG, et al. Simultaneous determination of residues of
chloramphenicol, thiamphenicol and florfenicol in shrimp by high
performance liquid chromatography—tandem mass spectrometry [J]. Chin J
Anal Chem, 2005, 33(4): 463—466.

(3] fP&AR), 584%, BHEFE, 5. UPLC-MS/MS IE[RIIIE 495 h ok

R HIEREN R E RIS RIRERI]. ThEFHCEE, 2018, 45(9):

2645-2652.

Zhong LL, Guo LA, Mao JF, et al. Simultaneous determination of
tilmicosin, dexamethasone, florfenicol and chlonmphenicol residues in
milk by UPLC-MS/MS method [J]. China Anim Husb Vet Med, 2018,
45(9): 2645-2652.

[4] AR, e NRIHIEAOM A 193 5. iSRS 25 5
HAbAL AP R Z).

Ministry of Agriculture. Announcement No. 193 of the Ministry of
agriculture of the people's Republic of China. List of prohibited veterinary
drugs and other compounds in food animals [Z].

[5] falHH, HE5R, Bol, 4. @& K ELISA Rlllli &rrsoRD]. &
SR, 2012, 41(62): 406-408.

He TT, Xue Q, Duan Q, et al. Evaluation of chloramphenicol ELISA kit
[J]. Food Sci Technol, 2012, 41(62): 406-408.

(6] ¥, BRERS. R8O G ek S R R WG R S
FUPE R R[], WAL ML, 2005, 14(1): 2112-2113.

Yang F, Chen GN. Simultaneous determination of chloramphenicols
residues in fisheries products by HPLC [J]. Fujian Anal Test, 2005, 14(1):
2112-2113.

(7] Z6M8, GEH WY, $0Ekd, 5 SOMES- TSI e S a8 b &
BWR . IT IR T R AR R[] AR T, 2006, 24(1):
14-18.

Li P, Qiu YM, Cai HX, et al. Simultaneous determination of

chloramphenicol, thiam—phenicol, and florfenicol residues in animal
tissues by gas chromatography/mass spectrometry [J]. Chin J Chromatogr,
2006, 24(1): 14-18.

[8] ZBLLAL, IMRIA, (MR, 55, w0t g eRIB BTk ik [l o ek

AR FIER SRR RRE D). AR, 2012, 31(11):
1396-1400.
Li HQ, Sun LJ, Wu ZQ, et al. Simultaneous determination of
chloramphenicol, thiamphenicol and florfenicol residues in feedstuff by
isotope dillution high performance liquid chromatography—tandem mass
spectrometry [J]. J Instrum Anal, 2012, 31(11): 1396-1400.

[91 Eif, B, LM, 55 WO G-I BT E i 35 iR
HP L WSS, WERE, KRN, AERLEPUEREED). A
i, 2015, 33(9): 995-1001.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Wang H, Zhao L, Yang HM, et al. Determination of 35 antibiotic residues
of tetracyclines, sulfonamides, sulfonamides, penicillins, macrolides and
amphenicols in milk by liquid chromatography—tandem mass spectrometry
[J]. Chin J Chromatogr, 2015, 33(9): 995-1001.

BT, )R BRSO - eI DU BRI e h S
FIERI INZET, 2016, 45(13): 82-84.

Zhao F, Gao GH. Determination of chloramphenicol in honey by ultra
performance liquid chromagraphy—tandem mass spectrometry [J].
Shandong Chem Ind, 2016, 45(13): 82-84.

TRRLEA, P2, XY, 4% QUEChERS 454 R (B 3— a3 I Bk e
T E S P 22 2GR D). (A, 2016, 34(9): 860-867.

Zhang KM, Liang FY, Deng M, et al. Multi-residue determination of
veterinary drugs in porcine muscle by QuUEChERS and liquid
chromatography—tandem mass spectrometry [J]. Chin J Chromatogr, 2016,
34(9): 860-867.

TKEE, EERE, M, SF RRORAE k- BT B RS ERI S LI
XA, BEBRER . PHERMRRE B LYRE ] BmLae
TRl 224R, 2017, 8(6): 2211-2219.

Zhang J, Gao YS, Zhou Q, et al. Determination of chlorampheincol,
thiamphenicol and florfenicol residues in chicken and egg by high
performance liquid chromatography—electrospray ionization—tandem mass
spectrometry [J]. J Food Saf Qual, 2017, 8(6): 2211-2219.

WG, TOUEBE, EEDS. SRR G- LN ZE 2 — G DUAR A B
MEYIRE R hRER . PIER . FORRHRB ] s,
2006, 25(12): 1-7.

Xie W, Ding HY, Huang LF. Determination of chloramphenicol,
thiamphenicol and florfenicol residue in original animal food by
HPLC-ESI-MS/MS [J]. Chin J Anal Lab, 2006, 25(12): 1-7.

Fi, ML, SR, WOTETEIE A h A R R R ).
R S TFR, 2015, 36(6): 74-76.

Wang H, Yang HM, Guo QL. Determination of chloramphenicols residues
in milk by LC-MS/MS [J]. Food Res Dev, 2015, 36(6): 74-76.

PRWTAR, BRI, BIEEH, S OO (I BRI ] A A A
AT EER . PER . FURRH R YRR e % ik B
[9]. "PE AR, 2014, 14(1): 232-238.

Tao XC, Huang H, Liao JM, et al. Simultaneous determination of
chloramphenicol, thiamphenicol, florfenicol, and florfenicol amine
residues in shrimp and pork by LC-MS/MS [J]. J Chin Inst Food Sci
Technol, 2014, 14(1): 232-238.

GB 316502019 £& i -5 24 5 K5k F B4k [ S].

GB 31650-2019 Maximum veterinary drug residue limit in food [S].

(THEHRE: £ RK)

& &N

8 &, EERW, FEMREEA
DEBARIERRRITRY RGN .
E-mail: 741690012@qq.com

® OE TERM, EEMRSEA
REES SRR @ISR R .
E-mail: florazi@126.com



