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Wk I 2 98410 H21H + #52 H - 9941 H11H

EES

ATFFRAR LB M e BRI & = SRR AR g AT FR U i (Liquid chromatography/tandem
mass spectrometry, LC/MS/MS) $&PE[EFH#<HY (Solid phase extraction, SPE) » #1722 o UE AT (5 325
HRZ ATk o (i P = B QO R b B 35 e M R TV A e T ISR R 3R -
A HEEAE 02 T EHRR (Method detection limit, MDL) J& 0.74 ~ 2.44 ng/mL (ppb) - A4~
FLHRERIN 10 ng/mL SHAUE R > [1IE3R 69.84% ~ 99.43% - A EA{RE (CV) {H 2.90% ~ 8.52% - ATJ5
5] JE FH A 2P AL R SR A R SRR R AT

R © 7L~ BHARISR ~ R CRIAH A R U E R

B

FLAR A LB R PRI AR SRR IR A A S G EY IR OB AR A
B SR DETERUE S SRR A AT IR AR L - i I EERE ~ g T A AR YIRs e B
PR HERER TIFENRIEEYRECBIS: - SR MR P A ER LA SOEMENE -
e LR A B HERE R - E RS ER A I 32 fa e A A i B 540 (Enzyme-linked immunosorbent
assay Kits, ELISA Kits) fifllpA i ~ 440 ~ f - ISR SEVIB IR L » MOR SR 2 e ik
5o

SHAE R (Cepharosporins) Hi/ERIEH 8 -Lactam HUAESR » RS IA R - BPIER
5 1 B B o R = CR M BB ELROR - B R Bk SR A R SR T AR SR L EERIVE A - S R E
BN > 5 10% & S HHAER 3R AR 5 XGRRY - SHAER SR BT RRHE G R & SR
HRFH R A2 B R ZIGH o BB A B SRR AR 32098 0 05 32546 WA g AT - 52 AR S R ok
24 (Liquid chromatography/ultraviolet absorbance detector, LC/UV) (Baere et al., 2004 ; Sgrensen

(1) 1TRbEREEE B R B i Fe 558 1546 5% -
(2) FTERBEEREL RS ERT -

(3) 1TEbeRsEZ g msba AT 7E -

(4) EEEH > E-mail: mainlian@mail.tlri.gov.tw -
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and Snor, 2000) ~ J&FHEHT - SEE % (Liquid chromatography/diode array detection, LC/DAD)
(Jacobson et al., 2006) ~ FEZ im0 M1k (ELISA) (Kress et al., 2007) ~ £HiI4E E ik (Capillary
electrophoresis, CE) (Puig et al., 2007) ~ ¥&fHf@#7-& &% (LC/MS) (Keever et al., 1998) K& tHEHT
- U B (LC/MS/MS) (Makeswaran et al., 2005) £ -

AREEEHELL LC/MS/MS SRR A 2L Hh A B 38 & Sbail] /53 - DUl A4 2L B A B R R
&= fEEf LB L -

MEERTIIE

=

. GABEgER

(a) (b)

(c) (d)

©)

L PR ACERAERE © (a) BEATIRK - (o) SEAIMEMK » (C) BHAIPTER - (d) PEEELLAK - (e) Fii -
Fig. 1. Chemical structures of the antibiotics: (a) Cephalexin ; (b) Cefazolin ; (c) Cefoperazone ; (d)
Cephapirin ; (e) Ceftiofur.

BB E TR BE T SUEH I % ¢ FEIUSIK (Cephalexin) - BEFMEHK (Cefazolin) - BEFL:
Tl (Cefoperazone) - PE#ELLAL (Cephapirin) K &g (Ceftiofur) ([ 1) Z:fE¥E L ESEH SIGMA -
Cephalexin ~ Cefazolin - Cefoperazone Jz Cephapirin £FEEY 10.0 mg L H.O &gl E &% 10.0
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mL > fid#dEy 1000 1 g/mL (ppm) {EBIE#EEL G > Ceftiofur LIFHRE (Methanol) YA E &% 10.0
mL > F$Ek 1000 ppm I BIAZHE G4 iR - AR HE RS G A5 EY 1 mL DL H.O &% 10.0 mL - gl
F% 100 ppm BEREGIR - IR 4°C B -

. MS/MS 53 #r et e

KRB MSIMS $% Sciex API 3000 ESI-MS/MS Z#fiw = By Pufre & 24 (Applied
Biosystems, Foster City, CA, USA) - Ithiggs B & 15T B A in e il 17 - BlEF IR 20 B E
1E 420°C » RS (Curtain gas) KR4 84 (Collision gas) Ef F = #iEE 25 (N2, 99.999%) - %
H I FEEH (Multiple reaction monitoring, MRM) %Ll{ﬂﬂml%ﬁ?&ﬁﬁgliflfﬁZ?%ﬁ? » DALEH]
ST S 0 B SR NG 1 S R e R o R R ~ TR R AR -

#4 1000 ppm BAAIE R IR AERE R LA S 0.1 % FE (Formic acid, FA) iz CH3OH FifERk
100 ppb » i 1 mL yEESFDAESTENH 10 1 L/min G950 A B 2 5575 - = Declustering
Potential (DP) ~ Focusing Potential (FP) ~ Collision Cell Exit Potential (CXP) £z & 3% /07 228 »
DU EhlifRE R (Collision Energy, CE) 228 -

. WA AT o A e iR s iE

WRAHE M s BAH (mobile phase) #3#E B Agilent 1100 series pump @ % #: )% Zorbax SB-
C18 column (5 «m, 4.6 X150 mm) » EHEEEHIRREEEAER? 40°C - B @ BiFE A K& 0.1% FA
& H20 5 Bt B Ky 0.1% FAZCHsOH - SHAYE R AT BAHERSE LLiE - ELBiky A/B = 40/60 -
PRy 350w Limin > B EREERES 10 1L -

IV. fa AR

A 100 ppm BEAE R & R EL H20 FBUBRFTRE#E 2~ 5~ 10 ~ 20 ~ 50 ~ 100 ~ 200
pb - ik EAREAE -

V. BRAHHTE R

(i) A
B A E A YA © Oasis® HLB 3 cc / 60 mg i# [ ik Hi i (Waters Co.)
1A=L ¢ 3 mL CH30H — 4 mL H.0

(ii ) BEf B SR AT AR B

HY 1 mL 4-2L% 10 mL #6078 - 0 1 mL H.0 R - B E BN - BAEREL

SPE #%Hk: (Oasis® HLB 3 cc / 60 mg) » 1L 1 mL HoO Mgt 65 A SPE 4 » L1 1 mL
H20:CH3OH = 95:5 ¥k » 2 mL CHsOH 4 - 50°C FWEE® » FLL 1 mL H,0 [
% > 4% 0.2 um PVDF JEGETE -

VI s B [ K 5
ANINEATETZE 10 ppb K2 100 ppb ffA2F ZLrpEFT MICRENE S B E ARG -
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RS AT

I WEMEZ BT ~ THETE2EHE

TR TL - DUERET (M+H ) " BGEAE R - IS AL (m/z) SRER R RHEE T
REMHEE R AE AR FF 2R - RIS m/z GRS R Tk T (8 2) - Cefoperazone [RIEfET-ReENEEZE - #X
fEREHE B ~ THETH (1 2) - Hak 4 MRS 2 8 - TEET > DIREECES GRS
£ 2002/657/EC PRI ITEEEREREHERE L MERIL /73 © FR%E DP ~ EP ~ CXP SE2MH = a8k
THREE (3% 1) - WEH%E CE 2BUISEI R tE 7Bl 7 HO (T 50 e e 8 RHEE 7~ B 1 1 o Al s B L )
*1-

i 2. STk B SR A

Fig. 2. Mass spectrometry of cephalexin and cefoperazone .
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Table 1. The parameters and condltlons of mass spectrometry for detecting the cepharosporin antibiotics

. i Declustering Focusing Collision  Collision cell
Precursor ion  Production

Compound potential potential energy exit potential
(m/z) (m/z)
DP(V) FP(V) CE(V) CXP(V)

158 13 9
Cephalexin 348 33 350

174 20 10

323 17 22
Cefazolin 455 40 330

156 24 9
Cefoperazone 646 530 55 360 17 15

292 22 8
Cephapirin 424 35 300

152 33 9

241 24 15
Ceftiofur 524 210 50 360 30 14

140 33 8

. LC/MSIMSEFLA: 382 T3k HE
BTV B CER RS A R S A o0 i (B 3) « 3 EL AT MRM S > 53 BB AE A1
JEpfriE G (fE 3) - ALERIRE Y E & - AL RETERE T

. ECR A

SFLA S B K IRy B -lactam Bk 36 o DRI R TR (PR B (2008) RSt
K2 B, + A7 FLE SR AT SRR S - A FLBER YR 10 ppb K 100 ppb R
S 2 SRR S+ L R AT O KB AR (CV) (2% 2) » % 10 ppb YT » Wl
69.84 ~ 99.43% > CV {H 2.90 ~ 8.52% ; A 100 ppb JEE R » =g 70.00 ~ 102.14% - CV {H 4.72 ~
10.119% + FUERR IR B BT FEBIYE « DRI« e iR st P 2 L SR 8 S 2 LM AT
ERATTE -
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3. BEFR REAG U E R TR -
Fig. 3. LC/MS/MS chromatogram of cepharosporin antibiotics.
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Table 2. The recovery of cepharosporins in milk

Concentration

10 ppb (n=10) 100 ppb (n=12)
Compound Recovery (%) CV (%) Recovery (%) CV (%)
Cephalexin 69.84 5.03 70.00 5.23
Cefazolin 89.57 6.94 87.41 5.79
Cefoperazone 92.61 8.52 90.25 4.72
Cephapirin 99.43 8.16 102.14 10.11
Ceftiofur 85.23 2.90 86.57 5.08

V. J5ifE IR
KB EFF LT Cephapirin J Cetiofur fodFix KR & (Maximum residue limit, MRL) & 10
ppb J% 100 ppb » Cephapirin f Cetiofur 2 MDL ¥{E A IREIHE MRL (3 3) » TKIEEHTE K -

e 3. P D R

Table 3. The method detection limit (MDL) of cepharosporins

Compound lon transitions (m/z) MDL (ppb)
Cephalexin 348 — 158 1.05
Cefazolin 455 — 323 1.87
Cefoperazone 646 — 530 2.37
Cephapirin 424 — 292 2.44
Ceftiofur 524 — 241 0.74

it a

AGAEE LCIMSIMS JEFI B 3R AT B B AUE ~ ST ~ RN AL R TR E I
EmEEE - JHfIE R .2 MDL y 0.74~2.44 ng/mL (ppb) » H:rf1 Cephapirin 5z Cetiofur .z MDL
R EEIRUE MRL 2 10 ppb f 100ppb » RIXMEEMITE K - HELr A2 00 r KRR 2 & i
MUEE IR < T AR REARYE » BB R B e, - DKL BEiG A SR 2 o T T E PR AR 2L

VR R 2 ke - DA mE L2 -
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G4 ~ PRZEH ~ RS - 2008 o WRHIE AT ER RV E R A Arh AR R L EY) - AT 41
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Abstract

The purpose of this study was to develop a specific and sensitive high performance liquid
chromatography tandem mass spectrometry (LC/MS/MS) method with solid-phase extraction (SPE) for
determination of cepharosporins residues in milk. A triple-quadruple mass spectrometry using a Turbolon
Spray source operating in the positive ion mode was used to detect cepharosporins. The method detection limit
(MDL) for cepharosporins were 0.74 ~ 2.44 ng/mL. At 10 ppb level in milk, recoveries of cepharosporins
were between 69.84 and 99.43%, with coefficient of variation (CV) ranging between 2.90 and 8.52 %. The
method can be applied to the analysis of cepharosporins residues in milk.

Key words : Milk, Cepharosporins, High performance liquid chromatography tandem mass spectrometry.
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