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Determination of B-lactams by ultra performance liquid

chromatography-tandem mass spectrometry with QUEChERS in goat milk
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W E & 5 QUEChERS AL & B kR ‘e &% $ R A
EREME FE P S A FABRKERE TN T K, B
S L L AR A R BGRA L A Cis Ao PSA I 3 3 47 448, 22
0. 1% (V/V) VB KGR — TR AR AR, BAR Cis &4 5
BLOEB TN, 5 BT RES ., SREY,
SH BB EREFTNEBXZRF . AXEAHHKRT
0. 986, # 5 An A7 =K & A 83. 8% ~95. 4, A8 A AT AR £ )
F 6.5% . F kA EREA 0.25~1.00 pg/keg, T FMA 1.0~
2.0 pg/kg, ZEHF FERN T FMEL CmH b B-HBEKE
HAEFMNZ,

XKBR . BHXRMEHE SRR E; F B ABEERE
% ; QUEChERS

Abstract: A method was developed for simultaneous determination of
8 B-lactams in goat milk by QUEChERS-ultra performance liquid
chromatography-tandem mass spectrometry (UPLC—MS/MS). The
milk was extracted with acetonitrile, purified with Ci5 and PSA sor-
bent and separated by an ACQUITY UPLC BEH Cis column using
water ( containing 0. 1% formic acid) and acetonitrile as mobile
phase. The mass spectrometric acquisitions were carried out by
means of multiple reaction monitoring (MRM) in positive ionization
mode. The linear relation of eight f-lactams was good and the corre-
lation coefficient was more than 0. 986. The recovery rates of the
target analyte were between 83. 8% ~95.4%. The relative standard
deviations were less than 6. 5%. The limit of detection (LOD) of
8 B-lactams was 0. 25~ 1. 00 pg/kg and the limit of quantification
(LOQ) was 1.0~2.0 pg/kg. This method was reliable for the de-

termination of $-lactams in goat milk and other dietary products.
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FIERES G TR HEARMEN &6 T
A0 B E PR S RO rh 2 7Y fE T E 2
2R TR R B A 3R L A R £
F L BB B R TT LIIR T W E LR 5 0 A R S R
3 FEW L FRAE A AR v, i 2 R 2 24 0 R, 182 4
Fl 25 A IRAEE R A BB AR ED ., REHEH 8-
PR B S BT 26 28 0 2 FL 22 B 1R B0 A 3o B T L B
LA K 38 T 40 v F T 2 T

FIHT . B A ARG T 305 v B- P4 Bt e 2 e A 3R 1 A ) 41
BT A 3P I e S B AR F R T A 22 R A% S5 1 A
ZEBUE (SPE) LRG0T, 5 4% G5 1) 181 FH 25 BOGA AL 12 A0 L
QuEChERS ¥4 12: ELA R i i b 31 A 8] 4 15 48 ¥ 77 L e 1K
R A SRR . AR ST HLTE 5 7% A i rh B- o B A 25 2k
FR W 7 LN g B B A B #F A9 QUECKERS #t b
P AR AR A € R AR I T RS ik (UPLC—MS/MS)
T E 4k 8 Al B- P4 Bk A 289028 K . 5046 LU S IG R $R B
F,Crg F1 PSA W B 70 v fb Ak B0, HL A 25 22 35 G 30 L % ) 551
JS ) I o S A e D B B . DL O SR b BN Bk
JHe A0 AE 3R A AG ) 48 A — Aol DR | AT 5 ARSI Ty ik [ B )
A S o B i 2 IR A 4R S . SRR R R RS
S 5 A A 25 R K AR T RS T A v B P T AR
Bk FE A GE .

1 MESJk
1.1 UHF5iEKHA
B 7 O R 5 3% — B R BT 3 X : Waters XEVO TQ %Y,
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ESI ¥, 36 H IR Fe it 2 v

TR 3 V2 R BB : Heraeus Multifuge X1R 21, 36 [ Sy ey
NG

F KL : ANPEL DC12 B, b i 42 5% Bl 2 A 2 A BR A 7l 5

PP TH B, 122 iR 2 A AR A IR A W .

NG il P8 Merck A

R . /B 2li, 35 [ Sigma A A

Cis B PSA W5 R E N IR KRB A BRA A

o v o« T B R Sk s B Sk A A L AR P AR Sk A
WEWK B R G AR G AR, 4l > 98, 5%, 78 [
Dr. Ehrenstorfer 2% ] ;

Fy.liE.
1.2 FRAEBREES

(1) bRUEGE A A3 M HE TR AR 8 Fhbs ok i 4 10 mg.,
H 50% Z G KW R F 242 10 mL, 144 1. 0 mg/mL
A o it 2 VR o IR TR A A7 25

(2) VB A b v fif 45 VR WL 8 Bl b E fif £S5 45 100 pl,
FH 50 % Z WG K B A R IF E 45 % 10 mL, I8 10 pg/mL 1)
1R A bR HEAH 25

(3) PR TARH W 50 % 25 K2 B B IR A b
WA 25 T
1.3 FEmargsE
1.3.1 #2HC FRELG.00 g FWTF 50 mL B.LET . MAZ
JiE 10 mL, & iEPRH 1 min, A H2H 10 min, 8 000 r/min B
A 5 min, FIEBEAFEE .
1.3.2 ¥4k W1.3.1% EEW 8 mL B E 15 mL &0
P CERTEIA 150 mg Cis F1 150 mg PSA) . iR g 18 4
1 min,5 000 r/min &0 3 min, L 6 mL _E#E®RA KT 5%
BH 1 mL 10 CHEKERBE 1L 0. 22 pm A HLHUE M,
LML
L4 &4
141 WM GG 654 Waters ACQUITY UP-
LCTM Cis € 2.1 mmX50 mm, 1.7 pm) ;MBI :A N 0.1%
H KW, B O 2 5 K IR 30 °C 5 3 30 A0 B B2 V6 I AR )
0~1 min,95% A,1~4 min,95% ~50% A.4~6 min,50%
A,6~7 min,50% ~95% A,7~8 min, 95% A, g,
5 pL, i :0. 3 mL/min,
4.2 Bt BEFE.AmEETEAM IR ER
TH BN R E 1. 60 kV; B T U IR B 150 °C; 5 5
1 BE 2500 C 5 EVE A« BR800 L/hs Wi <A 2R
B A (MRMD R4, 8 il - P Wk iz 26 0 2E K 1 O 7 e
] BB B LA I B G A R LR 1

2 RS
0.1 WML
WU 52 24 475 o - P e 2K 2 22 3 D T /0. 1%

K1 STRHNBRERERRIESREY

Table 1 MS parameters of 8 p-lactams
[F3=aing BT THET filf 12 R
&Y
[f] /min (m/2) (m/z) w/eV

o] 5 7 2.45 366.20  114.00/349. 00 8/20

Sk 1 g Ji 2. 80 528.97  134.09/395.99  12/12
KAER 3.06 348.16  157.98/174.00 8/16
R TE AR 3.28 350.20  106.00/160.00  12/18
Sk 7t 4.36 524.22  125.07/241.02  30/30
HERG 4,88 335.10  160.00/176.00  10/15
JE I G bR 5. 34 402.20  160.00/243.10  12/15
ENLUPIN 5.63 436.20  160.00/277.10 15/15

R KW B K /0. 126 W RRK I AR i 2 AR AS I 38 L 58
TR TR SRS 8 Bl B- N BE R T A R G5 AT 9 B
SERFW L LI EE/0. 100 W BRAK VW R T S AH I .5 Fh i 25 R
A5 Yy N AE BT T B2 LA 2 /0. 100 BB — K
W TS AR .8 B B AR 1L & 4 73 3 58 4, BV B Ar . i vk
THZNE /0.1 % TR AK W W T 3 AR L 8 il B- PN It I 2 i A R
B R TR L 1.

100 - 3.28
S 80
= 3.06 5.34
ﬁ $ 60 245
= = 4.364.88
= 5 5.63
Zz .z 40r
j
=
20 - 80
0 L L J{\ L A L
1 2 3 4 5 6
i} ]
Time/min

B1 SHRAREERLELSTAE

Figure 1 Total ion chromatogram (TIC) of 8 p-lactams

2.2 HRLBEZHNERSHKRK

2.2.1 HEGLRMERE KBUEBRTHE.ZHEIO%TR
W 3 P AR AR b 15 0 4 43 [0 WS SR 1Y B o, 45 SR LI 2,
HIIE 2RI, 6 25 26 1 B9 BE 500 L 48 BOYUR i . P B vk
ML IRE R M, R KT R MBI ERDY
RIKR L EBER LI ERI G A5 B, BB E iR
Bt .

2.2.2 LRI SR RCR B R L T Cis JPSA
Cis +PSACL+ 1) 3 Fl i Ak J7 2 % [\ Wi 28 1% 52wy, 45 51 I
K3, &3 AT, Crg +PSACI 1D IR Al Lt 8 i ¥
PR AT R T Cos T2 B FRAE & R (0 g 5 A1 46 5, PSA
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5 TR B RE e B D IR RIS i B, A Cus B PSA
B, B e B I R AR RS 58 4 T R R 1 R RN 5
BB C +PSA B I AL RE S .

2.2.3  Cis +PSAC+1) W B 57 A & 3 b ROCR 152 - 3k
Bl T Cis +PSACL+ D R A 8 B X5 8 Fl B-1A
MG B s B, S5 R LI 4. & 4 ALY
Cis +PSA BHEF A 300 mg B, 4% 20 43 A9 171 i 3 05 i . W
FREFRLHT 2l 100 mg B, B 5 v 26 13 R0 0 1R R AR 5 4, TR
R A 500 mgh, W% BH 7R 22 W BEAE P B AR S 4, T 38

100 0 2
W FE
O R
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Figure 2 Effect of extraction reagent on

extraction efficiency
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Figure 3 Effect of different sorbents on
extraction efficiency
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Figure 4 Effect of weight of C;3 and PSA on

extraction efficiency
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WIS BEAR 56 75 08 BE R R M 500 F 482 300 mag.
2.3 ZLMESEEMARQHER

FH A FURE B IBOBTC 1 22 2 A o ol 2 A v il 8 3k 32 4
B4 1.0,5.0,10.0,25.0,50. 0 pg/kg, F 1.3 875 P4k
W 5E W58 J5 LA 45 41 4 B W T R (YD) Sy PN A8 s o JT B VR B2 (X
pg/ke) KA AR bl bRl £k LLE MR L S/NZ=3 B
PR R (LOD) , AFE M b S/N =10 i 8 J5 ¥ 1 1t BR
(LOQ), 8 Bt B-P4 W Me 2K i 2k 0y B K Bl 0. 25 ~
1.00 pg/kg, EBRR N 1.0~2.0 pg/kg, £ 1.0~50.0 pg/kg
e [ P, 8 Al E AR AL A W 0 2R 1 D R LA O RB T A
HBRFE BRI 2,

K2 BFUEYHEEFTERAEKRHR
Table 2

Linear equations and correlation coefficients

KR/ R/

\ LIPS
Hils L 2 N (pg (pg *
RE
kg D) kg™ 1)
FISEPEAk  Y=180.879X —31.261 0.998 0.50 1.0
s Y=0.120X —0. 060 0.986 1. 00 2.0
LHEF Y=19.378X+18.189  0.995 0.50 1.0
FAEPEA Y=4.335X—0.421 0.999 0.25 1.0
SLFIBERE Y=1.192X —0. 256 0.997 0.50 1.0
FHEZKXG Y=319.86X—158.53  0.997 0.50 1.0
FEMPEHR  Y=1.405X+0.916 0.996 0.50 1.0
SZMEPEAK Y=16.434X —0.199 0.994 0.50 1.0

2.4 AFEOWRERMBEE

FHIR) — 28 F 3 R S A0 A7 DBt 56, 8 A B-14 Tk il 26
oAk R B9 EAnKSE 2 B E N 5. 0,10.0,25. 0 pg/kg. 1%
1.3 W5 vk HEAT I E B A BRI K F- ik 6 A A7 AR 25 R I
*3.
2.5 EER#ERANE

NEFAS 50 15 43 T B B9 SE W AT AR T L 5 1.3 P
i A B 5 AR AR TP S SR T B 8 Ah RPN O B 2 e A
FIERE UL AE 1Y 15 6y 208 B R AR AT

3 ik

AL L T QUEChERS e fb 12 25 A 78 mi 50 A €4 %
BRI S R I E W 8 b B- AR SR B AR R s %y
50T R R 50 v AR L 5 A G IR AR O AR A L %
D7 BRI b B B PR L R TG I R [ I B
T ) TS S RV SRR ) A £ B, D 9 S8 T P00 L O 2 19 I G
gyl i v B- PN BE N 26 B0 2R 2O 5% A A I B 3t T T HE Y
5 0 AR SC AR E B4 R L BT A R
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Table 3 Recoveries and relative standard deviations (RSD) of 8 B-lactams in spiked milk samples (7 =6)

Jnds 1 bz 2 Jndz 3
4153 JmbrtE/  EgE/  RSD/ bR/ W/ RSD/ fmbri/  mWeE/  RSD/
(pg = kg™H % % (pg+ kg™ % % (pg kg™ % %
[TE-NPIN 5.0 95.4 1.3 10. 0 84.2 4.1 25.0 92.2 1.6
k16 g i 5.0 90. 2 1.7 10.0 84.9 3.1 25.0 91.0 1.0
BEE-RS 5.0 92.7 2.7 10.0 83.8 0.9 25.0 87.8 5.1
[N LRI 5.0 92.8 1.9 10.0 84.6 2.2 25.0 88.7 4.7
e F e 5.0 91.6 3.7 10.0 91. 8 1.2 25.0 86. 8 6.5
HHERG 5.0 85.9 1.2 10.0 85. 1 4.6 25.0 87.8 2.7
7 e G AR 5.0 92.6 4.1 10.0 84. 9 3.4 25.0 89. 6 2.5
SR T R 5.0 92.1 3.0 10.0 84.3 1.6 25.0 89.9 0.8
10 BRI, SO, S0P, A5 RORA 35— H I 05 o 0 2
5% 3k Y FY T o R R R Kk )] Ea R, 2011,

Ek, RS EEHM A LY E SR IR L) . PR
Y5 HE SR, 2012, 18(10): 67~71.
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