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Abstract; This study compared ultrafiltration centrifuge tube with HLB — SPE column in two different pretreatment
methods of detecting 19  —lactam drugs residues in milk,to establish a simple, fast, good recovery pretreatment
method. The samples were separated on an Acquity UPLCTM BEH C18 column (100 mm x2.1 mm,1.7 pm)
after centrifugation with an UPLCTM SPE column and an ultrafiltration centrifuge for purification and enrichment.
19 B - lactam antibiotics were separated by gradient elution using 0. 1% formic acid aqueous solution/acetonitrile
as mobile phase. Positive ion scanning method was used to determine the two pairs of ions with the highest
abundance ratio as monitoring ions, and qualitative and quantitative analysis was carried out by MRM mode.
Results; The limits of detection (LOD) and quantification (LOQ) of the 19 drugs were 0.1 ~1.0 pg/kg and
0.3 ~3.0 pg/kg respectively. The correlation coefficients r were all greater than 0.99 within the linear range of
10.0 ~100. 0 pg/kg. The purification and concentration of milk by ultrafiltration centrifuge was better than that by
HLB column,and the recovery rate was 60.7% ~96.6% . The pretreatment method of ultrafiltration centrifugal tube
was simple , the reagent consumption was less,the determination time was short ,the recovery rate was good ,the result

was accurate and reliable, and it can be successfully used for the detection of f —lactam drug residues in milk.
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1.1.2 #EHA FHHZE G(PEN - G, 4iJF
99.5% ) %% V(PEN -V, 4liif 99.0% ) G M
VUMK (LZXL, 40 % 97. 0% ) , BUEE PG Ak ( SLXL, 4l Jif
99.5% ) HAFUM(FLXL, 2l 91. 0% ) . Z5 KR PG Ak
(NFXL, & £ 91. 0% ) ., 3k 7@ Wk fill ( TBPT, 4l f&F
94.0% ) , 3R 7 Fpbrifsh 21 H 425 Dr. Ehrenstorf-
er GmbH 23] ; KR PG AR ( BZXL, 46 99. 5% ) \FH 4
PUAR(JYXL, 21 % 91. 4% ) | >k f61 4 JE ( TBDN, i Ji
98.0% ) .25 % K5 B (MLPN, 4 J¥ 98% ) . & Je i
(DNPN, 4 [ 98% ) .75 5 MEMER V(QM - SZS -V,
4l 95.0% ) W B N K Toronto Research chemicals
INC Al 5 98 Pi AR (MXL, 26 % 90. 0% ) | WK $7 75 Ak
(PLXL, &fi & 94. 4% ) | & ¥ P4 Ak ( MLXL, 6 J&
95.10% ) Sk fBEW) ( TBSFEN , 4l )& 94. 7% ) ¥
USP 23] FI% P AR ( ALXL, 253 93.74% ) W [ rh
2l i A= Wy ) RS SE BT Sk A DE AR (TBPLIn, 4 2
99.6 % ) I A ¥ British Pharmacopeia 23 7] .

11,3 XA O, @ik, LE Merck 2 7
it
1.1.4 ZEZMNHEKXE  Acquity" UPLC - Xevo

TQMS UPLC - MS/MS ¥ ( 3 [E Waters 2\ ) ) ; [El4H
IR (Wat 200677 , 3 [F Waters 24 A ) 5 #8082
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[ PALL A ] ) ; Milli — Q #846/K 1%, 2 [ Millipore
25w H T R R B OB B 7 DR T AN vk
R WER IR A s N, 28R

FEUE RO AARRUN 6 mL, BB 43 F i (MWCO)
90.2 wm F10.45 pm; BB R 20 mL, #8771
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1.1.7 Arfevh & e %4 HKIE 10,20, 50,
100 g/ kgl B 40 53 i W B 19 Fh 25 0 TR &
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1.1.8 #FEWFEE  HS50 ng/mL MFRAER A
IE T 1 mL AEERE 3 A7, 1A 3 W, D
JE 25 25 e T AR AR ALl 1 H 5 B R A5 )
VR B 2R BE Y RSD(n =3) , LA RSD 3k
BT IKG H L
1.2 &
1.2.1 UPLC - MS/MS #m) %
1.2.1.1 g5 @ik Waters Acquity UPLC™
BEH C, #:(100 mm x2.1 mm, 1.7 pm) ;i shAH: A Jy
0.1 % WA, B J CIEV W, R FHBE L DR, 254
k1, #ERERE .S LA .35 °C ;T 0. 3 mL/min,

NG 5 R Al K AR TR
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1.2.1.2 FUiEEAMH BmEEFIFR(ESI+ ), 1EE
T, 22 KON I ( MRM) 820, 6 408 LTk
2.5 kV; B FIRIREE 150 °C, 2400 1000 L/h, 8

®1 BERBRG

Tab 1 Gradient elution conditions

B )/ 0.1% WREW/ -4

(Time,min)  (Formic acid solution,% )  ( Acetonitrile, % ) FLAFE S0 L/h, 524k 3 I 450 °C . R Sk
Initial 90 10 #2,
13 % 10 1.2.2 FAPAT 42 5 ik 5t b iX B
2.5 80 20 1.2.2.1 HLB - SPE FEIERURE S IREL 23 0 Hezs
z:z ZZ jz LA IR A (28 1. 1.1 ST A T A 25 R
- 0 o FI 1A S (RN 4 50 ng/mlL) 3 A2 5 kE
. 0 0 s 2 mL T 50 mL B0 T 6 mL S, ik fiE

16 4], A $2 20 min,4°C 4514 T 10000 r/min &5

®2 Rk MRM AX&NSH

Tab 2 Mass spectrum of MRM detection parameter

25y BB T FEF HEFL il 2 BT FET HEfL i
(m/z) (m/z) L/ V i eV (m/z) (m/z) LR/ V figit/eV
PEN - G 335.3 160.1* 16 12 MLXL 562.5 398.4 " 40 24
176.1 16 12 403.4 40 20
PEN - V 351.3 160.1°* 16 10 TBPLin 424.1 151.9° 26 22
114.1 16 36 292.1 26 14
BZXL 402.3 160.1* 16 16 TBDN 396.2 126.0* 28 32
243.2 16 14 227.1 28 14
LZXL 436.4 160.1" 20 12 TBPT 646.5 148.1°% 18 58
277.2 20 12 143.2 18 48
SLXL 470.3 160.1* 16 14 PLXL 518.2 143.1° 22 26
311.2 16 16 159.9 22 10
FLXL 454.4 160.1* 18 14 MLPN 384.3 114.2" 22 14
114.1 18 42 68. 1 22 26
NFXL 415.4 199.1°* 16 18 DNPN 421.2 112.1* 24 40
171.1 16 38 274.2 24 18
woower MR %R ey wr O R
2" 22 24 1 24 18
JYXL 381.4 11637 .21 > o TBSFEN 419.2 2;);‘9 .12 o b
218.1°* 38 12
ALXL 462.2 2486, 1 38 20
Ry TR T

L 10 min, FISFWHBER RSN, M4 mL 2 20% WS4 IVERER 4 .
GEERI—IK, &I B, 0% 5 mL i 1.2.2.2 HLB - SPE kb S5k 4s KR
WTY —HmEh, BT 45 CASW T, H3 mL 3 mL ZMEE,3 mL KEH 3 mL AW R IR
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F 3 mL 7Kk, 3 ml Z & WG, WS e B,
45 CF N, T, i1 mL 7K - 205 (80/20,V/V) 5
7,02 0.2 wm JEE, fi UPLC - MS/MS 43#7,
1.2.2.3  EBIEEOETERRE BRI 3 [
(£ 1. 1.1 b A AT fE 28 FRE A AT ) 1 4> (o]
W (AN EE A 50 ng/mL) 3 NAEWIRES 4 2 mL T
50 mL B0 T, N6 mL LIE, IR IETR A,
HX 10 min,4 °C 4 F 10000 r/min #.0> 10 min, |
WS 2SN, B4 mL QI EE R
—W,H5IF B, T 45 CRART, A 1 mL
20% LNEHR, 53 AWERER S

1.2.2.4 BIEROEENSL S WA R

NBIEE DLW, 4 °C 51 F 10000 1/min &
0 10 min, BB, i UPLC - MS/MS 4347

2 HRESW

2.1 LMEXFMREE 19 i B - INBERR 2
LM CRMAELE IR 3, Z5RERY 19 e
) RS TR N A SC R EII KT 0. 99, 2k
RF AT REAE I 8 PEAIE B 3 I 2Kk

2.2 WEE SR B - NI 259 ik B
TR bR IR 22 DL 3% 4, 25 R 3R, 19 B arbr 254
B H AT bR 2% (RSD) N 0.68% ~3.47% , H
] (R A X FR DR 22 (RSD) 4 0.89% ~4. 11% , 1
TR 19 24 i R 2 RAF

R3 19T - MELRREAMNEMEERE  &MEHE X RE RNRE SR

Tab 3 Linear ranges, Regression equations, Correlation coefficient, LOD and LOQ of 19 3 —lactams

wEY LAV (pg/kg ™) Lt MCRE(r)  LOD/(pg-kg™')  LOQ/(pg-kg™h)
MXL 10.0 ~100.0 Y =865.40X -70.56 0.998 0.1 0.3
TBPLN 10.0 ~100.0 Y =1339.93X - 130.99 0.995 0.1 0.3
SLXL 10.0 ~100.0 Y=991.15X -47.97 0.992 1.0 3.0
LZXL 10.0 ~100.0 Y =594.32X +108.99 0.989 0.1 0.3
MLXL 10.0 ~100.0 Y =863.50X —418.73 0.993 0.5 1.5
NFXL 10.0 ~100.0 Y =685.90X +82. 80 0.999 0.1 0.3
FLXL 10.0 ~100.0 Y =590.51X -47.30 0.998 0.1 0.3
QM -SZS -V 10.0 ~100.0 Y =4884. 10X -334.54 0.997 0.5 1.5
BZXL 10.0 ~100.0 Y =1176.86X -22.79 0.996 0.1 0.3
TBDN 10.0 ~100.0 Y=325.73X -178.91 0.995 0.2 0.6
TBPT 10.0 ~100.0 Y =822.87X -213.19 0.997 0.5 1.5
QMS -V 10.0 ~100.0 Y =908. 13X +98.16 0.994 0.1 0.3
QMS -G 10.0 ~100.0 Y =5242. 11X +702.79 0.995 0.1 0.3
TBSFEN 10.0 ~100.0 Y =1106.70X —539. 68 0.996 0.5 1.5
JYXL 10.0 ~100.0 Y =1085. 64X +168.80 0.997 0.1 0.3
ALXL 10.0 ~100.0 Y =612.85X -48.02 0.998 1.0 3.0
PLXL 10.0 ~100.0 Y =774.74X - 186. 15 0.995 0.5 1.5
MLPN 10.0 ~100.0 Y =937.29X -363.57 0.995 0.1 0.3
DNPN 10.0 ~100.0 Y =580. 64X —264. 88 0.999 0.1 0.3

2.3 WAWMAEFTENERERELE BHE I
AN, HLB — SPE #2884 [ S % SR AN T i 50
W A A L T sk R B AR, [l CRTE 4. 2% ~
104. 1% , &8 U8 250 4 48 1 LR TE 60. 7% ~
96. 6% U [EIN , ISR BT LS

3 e ENE

3.1 Atk SRERHK - 206 (9010,
80/20.70/30.,60/40, V/V) K R F1 0. 1% H FRIK -
2 (90/10,80/20 ,70/30 ,60/40, V/V) 1k ZAE N
ST 19 B — PN I e 25 25 MR bs (s 7K
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x4 ERAEFEITER 19 #h - HEBAEE
HYMRERETRERE
Tab 4 concentrations of 19 3 —lactams calculated

by standard curve equations and RSD

HAN H 1]

fea?) FHWE  RSD PHKE RSD
/(ng-mL™") /% /(ng-mL7') /%

MXL 51.29 2.77 50.62 0.89
TBPLN 50.09 2.38 48.52 2.78
SLXL 50.53 2.26 52.42 3.53
LZXL 48.67 2.58 51.06 3.18
MLXL 49.03 3.47 48.79 2.19
NFXL 50.31 2.48 50.52 1.15
FLXL 51.56 1.75 50.71 3.96
QM -SZS -V 49.82 2.61 50.36 3.04
BZXL 50.72 0.68 52.24 1.87
TBDN 49.48 0.79 49.96 1.88
TBPT 51.32 2.31 50.59 3.24
QMS -V 52.44 2.51 51.29 4.11
QMS -G 52.96 2.55 50.74 1.95
TBSFEN 48.55 1.83 49.64 1.76
JYXL 51.64 1.38 50.77 2.79
ALXL 52.82 2.43 51.45 1.30
PLXL 47.48 0.79 49.36 1.94
MLPN 50.58 1.63 50.88 1.81
DNPN 48.49 2.56 49.94 3.09

10.0 pg/kg) 7EH N, WK1 J5 647 [ &2 i il 5
TR 25 S & BACRE H R T R Bl X 2R P ARG
WA PR RS P AR AT B R S 25 ) 1 TR Se 37 A AN

IS AT RESE AW S pH FEAR, XF 254 {4 B Fn
Rt e TR FEK - SRR, 2
2B I a8 e e S0 34 7R (R 2 it
e I 22 ), i L2752 IR E | 111
RN FE K - I (80720, V/V) M MFE S Y
SV, BRARE TR UE A 4 40 1T BT, REDRIEZS )
A T 5, AT A 281 AR AEL ARG 85 SR
3.2 MEEL,TFEWNSKZE EEELTHREEE
FIEBIERS I MWCO Flk 45 (R FR T A< 52 56
SRR BB T A DRI 2 P A P AN
(REEE IRRE BT BARL B Y, 02 2% IR P
(IR F AR TS O B A S IR R B 19
Pl B — PG 25 25 0 1) 43 F L 3 4E 300 ~ 700 2
] ARG A 1Y 6 mL F1 20 mL A 8 19 LS HLAR
(0.2 wm,0.45 um,3 kD,10 kD) #4785,
SEMA T mL 20% ZJEE§ 0 10 min, 0.2 pm,
0.45 wm,3 10 kD @R HIRE 28T ; EHAY)
R, 7 1.2.2.3 WU A A S AR RS B 1 mL
YER A 389 P, 10000 r/min B0 10 min,
0.2 wm.0.45 wm F13 kD HIEMFEHLfefs 5.0 MR,
LA DL A5, U VR VB 3, T 10 kD A U8 B A7 1R 5 U
UG, DRIV 5 38 FH 28 FVRE A EAT b [mDlie (e
IKF-50.0 pwe/kg) 5, #21.2.2.3 W1 1.2.2. 4
5 AT R I, 65 5 R R 0.2 um EB IR Y
ISR AT . A T A AR B AR R oy T,
IR B B MO R, ARG o RN
0.2 pmfHEIER

120.00%

100.00%
80.00% -

= S 1

60.00% -

L (S R R [ (R B R R

><A><><><><><!§ﬁ><m°~

S & JdNJdE Jd% N a2
mn - s Z M = B
= 2

RLHLBFESHE

m R
SRR

B1 FWHMAETAE A IH 19 F B - WERR KA H MU R 897

Fig1 Effects of the recoveries of 19 3 —lactams in milk by two pretreatment methods
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3.3 BOAMWBE B TEONEE T, E
W R AR B 22 A, Gt — >k | axk v RE AT
B 18 EL 28 1 FE B DA X6 0 T 174 [ i 5 A
TRB= A S PRI, T e RS Y Y B0
R IR HERE N B0 HUR 2R 10000 1/ min,
F1.2.2.3 TJTESATREA AL S | 23 530 A [ 5
L3 (6000 ,8000, 10000, 12000 r/min) F1ES L
[ (5,10,15,20 min) #A7HE, EHLRN S5
19 F HAR P [l 32, SCge 45 3R WoR B0 3R
Xof [l 3 TG B S e, 5 O S A TR A G
RV B SRR | TR B AH [R) v A RIOR BT 5 1Y 0
()RR, H O AR PR, S B IR R, 250 1
AN 25 i 9 i A4 Bk /b 5 S Bl R R
10000 r/min 5.0 10 min, FEE O H TR AR 2
SR H UB I TC N

3.4 ABRENFLRR EFAFPRESTHEm
19 B B — N ME M 2R 25 W IR An (AR K S Dk
50.0 pg/kg) A 10 mL Z 543 MR 3R HL, N, &k
TIa B 1 mL 20% 20 2 3 5 1 I wom A &
PERE R AT AL AR R, AL S E 1 mL
WEFE EHLRIN 28 B A v A Ak BRORTOR A A
A=A S ARSI S5 R TT LU 2 iR v A Ak 2
PIARE S TP D BEAR T JE kN, 38 3] T e ik
Hi,

AT X A W i 43 31 T ] AR 25 B HLB. AT A
RS O AT AL R AR AL AL T PR T
P4 19 Fl B — NI 250 T RCR .
H HLB A XSGR P AR SR P AR | ST U AR Z5 5k
PUAR  FUE PRI PG BREE 6 Fh 25 Witk A T i fb ik
247 A1 1 [ 8 25 T 7 0 g 0 Ak 3L TS 2 A
MW R IITE 69. 1% ~ 104, 1% , 1 5 75 Ak
HHEE-V.EER - G H VI B raMk IRH
VUMK HREWEMEIR V SR ITAK kA HLE |3k f IR
il Sk AwEmy EB KGR Z e 5 5 13 Ry
Ml 28 SRR BT | R U O A R A 7 A e 4 A 3
Wt B T HLB AR AL BE A [0k R, H 35 7
60.7% ~95.4% ., L LA BiRIR s R, HE g B O
XA A T A M 4 A0 B HE HILB A A9 [T

o BRSO AT A 06 56, ok
A I IV, 25 SR T, T LA BRAS: B )
SERCR BRI Ve PR 25 A5 VR A T 2R 5 vh
B — WILIGS 25 5% B i A BT IA
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