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Determination of nine penicillin residues in milk by high-performance

liquid chromatography-mass spectrometry

ZHAO Wei,DU Gang, LI Xiang-rong ( 1. School of Medicine and Life Sciences, Zhejiang University City
College , Hangzhou 310015, China; 2. Sichuan Provincial Institute for Drug and Food Conirol, Chengdu
610036, China)

[ Abstract ]  Objective: To establish a high-performance liquid chromatography-mass spectrometry
(HPLC-MS/MS) method for detection of nine penicillin residues in milk. Methods: The samples were
precipitated with acetonitrile and degreased with n-hexane for pre-processing. The chromatography was
performed by reversed-phase HPLC in a C,; column and eluted gradiently on line for 11 min. The mobile
phases were water with formic acid (pH 3. 1) and acetonitrile-water with formic acid (pH 3.1). By
optimizing the mass condition, the method was operated by multiple-reaction monitoring ( MRM ) and
quantitated by external standard calibration. Results: The standard curves were linear in concentration
range of 0.4 ~400 pg/L and all nine penicillins showed a good linear relationship in the milk matrix (r
>0.990). The detection limit of the method was from 0.1 to 0.8 wg/L while the limit of quantification
was from 0.3 to 2. 6 pwg/L. The average recoveries were higher than 80% . The within-day precisions were
less than 8. 5% . Conclusion; The established method is convenient, rapid and accurate and meets the

requirement of monitoring penicillin residues in milk.
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Fig.1 Nine chemical structures of Penicillins
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1.1 {48 ‘% FR%. 5 SHIMADZU Promi-
nence 51 /5 AOBOAH @35 A, 4045 R e 45 il &
GBM-20A, 7£ £ i K WL DGU-20A3, —J0 % LC
20AD, [ 33 BE 22 SIL20AHT, #£ 3 45 CTO
20A, JREZRS . £ EH Applied Biosystems /3 i
API 3200 LC/MS/MS Systems 53 I DUl #T 5 3%
A, Ha s 25 i B 2 1Y (EST) , Analyst 1. 4.2 4§
WAL PR A, 0 g Z — WL 5 g3 K F, BP
211D STARTORIUS; ¥ % = 3 8 .0 #1, 3K30,
SIGMA; & X ¥ 45 {X, OA-SYS HEATING
SYSTEM/N-EVAP 111 NITROGEN EVAPORATOR;
B AL, BAIYANG ; % ig 18 274 , MS3  digital ,
TKA ;8 2 KA, MILLI-Q.,

1.2 R Aakedn, R E&BTIEE, 75
RO TGS I LR 1 HAa) . (X0
igal) iR, 1R, &K, Dikma Pure; F1, 2
Jii5 , Burdick & Jackson; F C 4%, Fisher Scientific;
FFEHIKE A afiK
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Table 1 Reference substances of penicillins

s IR R it 4/ %
HEZE G VETRANAL 3027X 96.9
FEEV  VETRANAL 5213X 98.3
SZEVEM  VETRANAL 6129X 99.8
LYY N G 0482-9901  90.4
FRLLIE N HRR T 04239902  90.9
WL PG HE HhoR 130419-200103  90.5
R S 74 G 13049200609  86.6
ZE R P ARDr. Ehrenstorfer GmbH 60328 93.0
WL5H PG #KDr. Ehrenstorfer GmbH 60830 97.0

1.3 HRAfER LT

1.3.1 ARifEfEsim ik 3 kG PRI 9 Fh s

BRI 2 10 mg FHOKAG B, 1l 74 B2 249
100 g/ ml AR HERK &I, T 4°CUKAE I AF

.

1.3.2 RGFRMETAEER B hrEed &
FHIKZ 25 R B R 1R 5 o o A VAW, i P e
il % o

2 7 &

2.1 AYIETALBEDT R ORS RO WhRE A 2
ml T 10 ml ZEFEELE KB IMA 4 ml &
5,1 000 r/min JEHE 2 min,2 800 r/min . 4
min, FFEIS ml FHFRE T — 10 ml SUES
DA 2.5 ml IEC 48,2 000 r/min JBHE 1
min, # 8 TF 2555 R, NIRRT
ASCAE R ER T, AT 1 ml K- (90:
10) # 5, 0. 45 wm fUALIE IR IE S, U8 W 1
0.2 um AL IE g, 1 O s, Bt 1.C-
MS/MS F:l .

2.2 (RS gt Agilent Eclipse XDB-
Cs (5 pm, 4. 6 mm x 150 mm); ff § £
Phenomenex Security Guard Cartridge Cg(4 mm L
x3.0 mm L D) ;#1: 35°C ; gEAE R 10 wl; BEA
W2,

K2 9MFELRANL BRI
Table 2 Elution gradient of nine penicillins

N . A K/ % B #/%
Fisf [ biRLd L "
‘ o, KR(PER)  ZlE-pH 3.1 K
/min  /ml *+ min
(pH3.1) (90:10)
0.01 0.8 90 10
8.00 0.8 20 80
10. 00 0.8 90 10
11.00 0.8 90 10

2.3 JRiERM B TFIESECNIA R (CUR)
30 psi, it 8 < (CAD) 10 psi, 25 5 ¥ & B
(TEM)400°C , % kX, ( GAS1) 60 psi, %fj Bl il 34
K (GAS2)60 psi, 5 B 1 2 0 Wi i (MRM)
BRI o R AERT ] 11 min 43 B8 B, Tiif
B£0.0 ~4.2 min, ESI [EAE R RAE , B T IR 5
HiE (1S)5 000 V; 5 S 4.2 ~ 11. 0 min, ESI
FECRAE, 1S 4 500 V, 6 AR BLA I
[l —o e B . 9 B 8 R 1 Hh e g i) |
T E SRR 3,
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Table 3 Retention time and mass parameters of

penicillins in ESI
RE R BT ERET ENET

YA /min (m/z)  (m/z) (m/z)
FTZLpEhk  2.44 366. 1 114.1 114.1
208. 1
BETGHR 3.68 350.1 106. 1 106. 1
192.1
WRPIVESR  6.53 515.9  232.8 232.8
329.9
HHEZEG  7.09 333.0  191.8 191.8
288. 8
HEEV  1.55 348.9  207.8 207.8
113.8
HEMEPGHR  7.96 399.9  258.8 258.8
355.8
SMEPEAR  8.41 433.9  292.8 292.8
398.9
ZERTPUM  8.64 412.9  271.8 271.8
242.8
WETGH  9.09 467.8  326.8 326.8
290.7

3 5 R

3.1 JriksAseil

3.1.1 P BRASEERN=AE
Wy, SEAE AR AT AL By i DA T AR PR, AR, 22 T
R, 45 UL 259 Bl wE R A A T
W 3o AT, AW A& 5% T R R AR
LB U0, AN R R AR

3.1.2 fiERAE R fE ESLIERLCT X f
FEPHAMAI N AR TR, R 7 M E R
7 EST GBI o SRR (LOD) LL{F
WELHLAE T 3(S/N =3) i HARfb G L F0R,
I fifE fE PR (LOQ) DL M HE 45 F 10 (S/N =
10) By B e, FFIHIR T I 4G BR 5 E i BR
(GERIF4) o AT, % H o0 FE 4 W5 i) LOD
55 LOQ FART [ ZEhR X die e B B o ) 265K
FWNZTT ik R BUE R

et et == DO I DI IUIIUD
DB BN NCOONIIBINCO
[l - - )

B2 zgtmttsl
Fig.2 TIC of milk
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2.0e4|
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0.6e4( Amoxicillin
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Fig.3 TIC of nine penicillins
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R4 IMNFEITLERETEMR
Table 4 LOD and LOQ of nine penicillins

LOD LOQ [ R W R e 417

BIEIE el el AR L
HEZG 0.2 0.8 4
FEHEEV 0.1 0.4 4
ZRPH 0.2 0.5 -
TR P AR 0.1 0.4 30
AL N 0.3 1.0 -
Ampisk 0.4 1.2 -
P& WL 7 0.8 2.6 300
FIEPEF 0.5 1.6 10
HAEFE A 0.1 0.3 10

3.3 AMEANERE fils 9 MEEREAR
YT REA 00T i M AT A 5 06 ) 1) A 3 o
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H BERE AR AR IN 7 ik A2, R R T, DAY
it e T RN AR AR, e JBE DA Al o 23 S A A
TEHER, BTG IR T R S A S R R, Wk
5o BERRWIMKR A >0.990,9 Ffif & R
RGPS WP A R IARTE R R

RS FbIMNFEFERITERXGLRRTL
B =ag ik A4
Table 5 Linearity range , regression equation and

r of nine penicillins in milk

T L Ty e I
/pg - L E 14
Bz G 1.026~51.31 y=171x +278 0. 9980
HRRV 0.4548 ~36.38 y=356x +229 0.9991
ZERVGAR 0.4432 ~35.45 y=951x +189 0.9996

RMEPEAR 0.4841 ~38.73 y=1120x+12.5 0.9997

SAMEPERR  1.451 ~48.36 y=414x +16.8  0.9994
WWEAPGHR  4.707 ~407.7 y=143x+633  0.9988
WRBIPGAR  1.501 ~50.05 y=562x-172  0.9993
BEIPUAK  2.492 ~49.83 5 =481x+203  0.9999

SETIRK 0.3692 ~36.92 y=1700x -47.9  0.9991

3.1.4  [[CRAFSE RGP AR T 200
300,400 pg/L, H4x 8 Fp 5 & 2 #E(T 20,30 .40
pg/ L, i P AR =R B RIS (n =3) .
FEAN 1o D 7 28 28 1 2R 05 HPofin AAS [R) vk 38 % HRE
dmJe , R Ah 38y 3 LSO o, 00 45 4 L 3R
6. ZRFW], T BRI TE 80% LA |, X 5l
7Ry SN e 2y A

R6 FFIMNETEFTDMAALER(n=3)

Table 6 Recoveries of nine penicillins in milk

(n=3)

M BE (] PRI ] Rk E [l MR A i

aas Wek/% WR/% YR/ % % RSD/%
FEHEG 105.43  109.29  112.13 3.09
HEEV 112.62  106.85 107.08 3.00
ZHKPGH 97.48  94.30  90.50 3.71
SEMPEHR 94.30  95.59  91.06 2.49
WRRIPEHK  94.65  96.16  91.93 2.27
ST 96.27  89.00  91.81 3.97
FIECPEHk  81.33  84.58  79.85 2.95
SEEVEM 85.27  85.55  82.04 2.31
WAPIM  80.13  83.85  86.73 3.96

3.1.5 EEMNSE W9 M RLEbR
2 ) e B2 B B oo BRI, — H N o3l i 2
HERE 6 IR, 0 W I AR, THH RSD ) <4.5%
R EEEERY,
3.1.6 HWH#EEN —HNTE0.2.4.6,
8 h Jpdi 9 Bl 25 3, TEbR v 28 Il HE Y
OO B MR A, D R I T AR, 1H 5 RSD 8y
<8.5% KWk H WK% RLAF .
3.2 FEEIE XPER)TVE ST LBR
VU 23 F YT 37 A A% A R B R
W (3 420 {3 ) FEATRGIN , AT i 235 2R % B AL
FWRE A HERR Go MRS HTT T
A SR, &5 4.0 mg/L
4 iF it
4.1 FrLBEITEMIE AT E AR
FE I, HRBREE RN 1) TSR AS ST ) —
S R o X S8y [ 5 3 A P [ 3 e e 55
AIRESZIA T AT I 5 AL 5k R A
IO R L A, R B A Y B o B
i, AT S0 5 e 4 SR B HERR TR , T ik i 2t .
HINE . N2 AW A 8 B U SRR R 2%
B, 75 0 2o e € 1 A A A P 7, DR G ZE B
Hfe 7 EAT A B ASBIF 5 7 B 8 bR e GB/T
20755-2006 (F & W H 9 Tl & R KRGk
PRI S — RO (0 3 - AR IR B ) i AL T ¥
FROHER b, X 28 4 vp 35 25 2K 2R 25 W 5k 7 AL B
J5 G K TORE R 1 VRO IR [E6] AR A% MGk
17X R, IE XS BRA 1, BR AR 7 , 4 ot Wk 4 4520
BAEATIAL

W5 H % P Waters Oasis , Supclean [/ SEP
X9 MEERAGWNREA —EMER. H
t HLB BAEFIXUAE AL IO 8 R G H R R
VI ZEFPUAR TR I YRR S AR UG
WL PG AR A i A it v 2 s, g3 P rh s
A WL B A T P A A, [l A Al ik 60% LA
o AR A IBOEAL S AR P AR R D B
BIRPIT DU N R SR N '
47% , Bl ZEG AR [B] AR A 32% , T HAT X 2R
PR B 5P AR Y [R5y 15% A1 22% , Of B
Ao DL AR ZE B FI/IME A 8 e, 1
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YRR, AN I i 2 5 vh 5 85 28 10 4 AR
ik

AHIF5E S W bR T & PRE i B Rb By
L UORTUIE B A RIREE G . IR R BT
T H 5 R BUR BT IR L5 R A K, A
W i 3 388 00 A I AT AR B T IR B, 5 R
A gt F I AT 7 B R AR 5
LS IRE 2R B H R Jr ik, R IEC
Bt L5, e T BR NG XT T 0 O 1R
S, B AR JE A el B e 45, 3 80%
PAE S5 RAT AR, B R, 0 A%
A USE L SN ED) 17 ST B It N ] o
4.2 JERMREE FERSTFPE -1
VA T R RN e e , W PR A K, Iy 16 4% ST 75
TR EHERITHT . AR KREZHEHR
) FEL B B pKa £ 2.5 ~2.8 2], Hir 7 iy
Ui BRI FLA BRI e , By b f i far, BRI
SHTURPLPEAR F R G HER V. ORMEPEAR A&
MR P AR 28R AR SR P MR FH B T gy
Mo T X 2 78 AP A BT 255 W b R D I 1 A
2, X AT B2 R R 2R UK pKa 2 3.5,7.3 i
LIPUMK pKa 8 2.4,7.4,9. 6, FLE e 55 (4 5%
PE S 5 E S IR

RFFRAENACE FIR A, HHR VM
SR VPE AR A ESL IEAE S MRM 454l i), & 30
FEE VBTN 351, 1/106. 1, 8 Pk T
X} 350.1/106. 1, 35t B AU, H A4 & 9110
PRI LR R BRI AH A . X T RE 2 i T~ &
P BB 1 m/z (EAUAHZE 1, MRM 5 0 )
METFHEESHE T, MEHE V AER
FEARAY 106.1,160. 1,192, 1 =AF 5 T4 35k
IS H AL, e MRM 54 & 3% 5 2
2V 160.1,192. 1 WA T 55 F 06 15 45 47
IR PEAR 106. 1,192, 1 BA4~F 3 H g1
LT, FTUAHERR S R 2R V MR IR R Y
T,
4.3 WIFEMEM R EKERRATE, 1
MR BT A R R S R 4 R T (4
R SAA TS E R, B & AR KR A
Gy FEHE, A T R R | 7 A IR BE R IR |
HE_R EEGR TEE SEKRE, 5

B- PN It B A e R 1T 2 2T v vt 1k o B e 4 1%
AR BRI T E R R, e B
A FEH A A AR S A B T RE AR H R
J5 Y 25 0y %t 2 A 1 E s B A, DR ]
DA Bl LC-MS/MS 1) 25 R U, it 5 55 K P4 i
FERIIA TS . A A WRE SR I 25 R &
BRAT [ g g e, T UHERT LR T RE AL T
HERERAY,
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