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B E: BM @ Qil-BERE RN g S PR Tk, BE BEM 80% LMK RREL,
PRiME HLB [EAHAEBUNMEF L, TR (1% -sRIRTEINE, H8H R G-D, NbrikEht . R 78 0.5-20 pg/L
FBE S VE FEAREFR N, 9 Fh B- ARG IE 2G4 1t AP AR, SRR AT 0.994. FEbh 9 Bl -t
RKGYIMERIRN 1 pe/ke, 76 1~10 pg/kg RIS BT N -F- 2 [BICR . 73%~96%, AHXTFR i 22/ T
10%. G ATE T [EREEER, J& T & E D09 9 B p-IN BN 254 5% B AG I
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Determination of f-lactam in poultry eggs by liquid chromatography
-tandem mass spectrometry

DONG Wen-Ting, ZENG Yong', WU Xiao-Cui, ZHOU Qing

(Hubei Institute of Veterinary Drug Control, Wuhan 430070, China)

ABSTRACT: Objective To establish a method for the detection of drug residues in poultry eggs by liquid
chromatography-tandem mass spectrometry. Methods Poultry eggs were extracted with 80% acetonitrile aqueous
solution, purified with PRIME HLB solid phase extraction column, determined by liquid chromatography-tandem
mass spectrometry, and quantitated by penicillin G-D; internal standard method. Results In a matrix matching
standard solution of 0.5 to 20 pg/L, the 9 kinds of p-lactam showed good linear relationship. The correlation
coefficients were all greater than 0.994. The quantitative limit of 9 kinds of f-lactam drugs in the sample was 1 pg/kg,
and the average recovery was 73%—-96% with the relative standard deviation of less than 10% in the range of 1-10
pg/kg. Conclusion This method is convenient, fast and accurate for the detection of 9 f-lactam residues in poultry
eggs
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MAER, FHANASEERAEER . HHEE V. §5 %
G. R, FMEPAR, FTSSPEAR | SkAiaE | Skt
Wk Sk g fig 4, HURE SR BT TS PESR AR L SR
VLRG0 Tk 28 25 WA 7™ 5 A 2o A5S 0E F A4T
T} 245 1 B BT A 2 T 48 [ R, I 8 P S ST AR 2
W, SEYER B, AYiaSEd Eyam AR
MR B R . B . B REEZAERESXEK
2 W) TE Sh PR R B P BB B EAT R W R, R R
2001 FE LWL W I AR IR, E GB
31650-2019 (£ fh 2 e Rk B PR A ) DUl 17 % &

WERE. SHEE V. H8HE G, 2TV, SMErEHk,
BT P AR Sk A aE | ShqmEnk | SkAnd fis e S LA |
JIF B A R DL K 2R 4 e B I v AR B B (maximum
residue limit, MRL), Hi% 9 ' p-IN Bt 2504 7~ & 0
NEEH . BEERMER, B2 E RS EATTE R
b, BEM LIS NEM . E NI T - BT

LG AE S My 2 4R 1 B B A I 5 ik T A R S e ik

AR E 1 . WA 3 0 R 3% - B v, 32
SE I B AL R kB Y, sk
ST AR ¥ 2 o AR RO €3 - HR R ik
EGED p-NBEIEETUER, B E R R E IR
PEEOR S

2 MREREE

2.1 X5
211 B

Acquity UPLC-Quattro Premier XE Ji&AH (%1% 53 15 i
FEAY (BC HL B8 28 85 7)) . PRIME HLB /T 200 mg, 6 mL(3&
[ Waters 2 F]); AE260 HL F K- (Fii 1= Mettler Toledo /A H));
3K30 YR B0 ML (1 [ Sigma 24 7)); VORTEX iR ETR
GR(EE KA 2AF]); HY-8 #RZ A (M E 2 R
F]); N-EVAP FUKIH A WAL (EE Organomation 23 H]);
5982-911 BEFHAEEEE B (32 Agilent 24 H]),
2.12 3K A

EaRHNEER, TEE V. 5 G, &Nk,
LIt NN B NI 16 i SIS 1 305 QN S 1 3
FH G E G-D, Xt I B (F8 [ DR 24 \l) . 2 (i al)  H R (4
Teal); ST KA Milli-Q ik .
22 K
2.2.1 R EH

PRAEV R B T E RRERR HHE V.
TR G, ZURPIMR . EMEPaAk, Brsapisk, Sk ac .
SLAEMERK | LI & 20 10 mg BIFRAESS, KEBFRE, 4
BT 100 mL AEH A, I 50% 2B K IRRIFE 4, Bk

W R 100 mg/L MFRIE A5 . HERfRHEEL 100 mg/L 1%
BEREEER. HHE V. HHER G, &Nk, &mkry
MR BTBIPEAR . SIS, SkAumEk | Sk ARl A
W4 0.1 mL, F 100 mL & ®HiH, F 50% KM RHE
7%, BOHl B A 100 pg/L (RS PR UE TAER

PRI BOH 2 THRHR G-D; NHr%Y 10 mg
HIARAES,, WESFE, T 100 mL &0, n 50%2 K
WIRIFELS, BH R HE 100 mg/L BRI 4 . HERA &
B 100 mg/L HEHE G-D; NARI4W 0.1 mL, T 100 mL
T, H 50% &G KB B IF 2%, B R B R
100 pg/L B NFR TAER

IS DC e b o TRV R v R BRGSO R A o
TAERANAR TAEW, FHAS 1 35 5 BR8P 7 VR 2
Il FFIBRC
222 HoudE

Okl 2 gORSHRE 0.02 @), B T 50 mL BRI B .04,
WINE&HER G-D; WAR LA 20 pL, M 80% L JE /KR
6.0 mL, JAHERS] 1 min, = EIR%HEE S min, 10000 r/min
2.0 10 min, # PRIME HLB [ A1 ZE B/ 20285 3 e i
WL E A A CREE b, HEEIR RIS 3.0 mL /M,
PREE B AR, UREE TR IR . T 40 °C F AR EARFVI
T 1.0 mL, H 50%ZEKIFRERZE 1.0 mL, WHERS],
3 0.22 pm FFLIEAE, R €5 5 6 B 5
223 &Lt

gt Xbrige Cig #£(3.5 pm, 2.1 mmx150 mm); i
A A 0.1%HBRZIE, B: 0.1%H BR/K AW, 6 Be:
1~3 min, 15%B~80%A, 3~5 min, 80%A, 5~5.1 min,
80%A~15%A, Hii#E N 0.3 mL/min; #:iR: 30 °C; #rkr&:
10 puL; VRAH (L RERE BV R T I3 1.

®1 RIEHE
Table 1 Mobile phase gradient

Fisf 18] /min A% B/%
0 15 85
1.0 15 85
3.0 80 20
5.0 80 20
5.1 15 85

224 JRiEAH

HLIBESS B R BSI(H); FirX: IEEFaH; g
B JE: 3.0 kV; B TRIRE: 110 °C; ByAFIRE: 350 °C; it
BRI 800 L/hr; 2 RN IEMI(MRM SRR, K2y
WIS X L Sk X R RE e L ER 2.
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Table 2 Qualitative ion pair, quantitative ion pair and collision energy

L/ B FE MBS (m/z) FE 1 B X (m/z) HEFLH R/ V filf 12 fig it /e V
W [R5 % Z (procaine penicillin) 2;1 z 128:3 237.1>100.0 52 ;2
A Vpenicilin V) os 1139 i
# %% G(penicillin G) ;i:z z Siz 334.9>159.9 %g }8
ST b (ampicillin) izgi z 123:3 350.1> 105.9 gg }(5)
RS
I 575 b (amoricillin) jggg z ;(1):8 366.0> 114.0 2 i
S & (cefalexin) ijzgz 1347&(9) 348.0>157.9 ;g ig
S FAEN (ceftiofur) zj; Z Z?:g 524.3>241.0 §§ %g
;
H % G-Ds(benzylpenicilline-D-) 342.0 > 160.0 342.0 > 160.0 22 15

3 HREHR

3.1 fRfEphZk

Hzs A, BRAINEER G-D; W LAERAN,
P ATy b A A A (IR TRV, R RO
NEHE. BER V. BER G, &N, SErEsk, kT
BIPGAR, SKIER | Skrtungnk | SkAund iR A bR AR
HHEFE G-D; bR LAETGE &, 40 FH 25 5L 5 i v R %,
Bl B BE 43500 0.5 1. 2, 5. 10, 20 pg/L WO, 5
% G-Dy M N 2 pg/L 1Y RINFERIC AR AE AR, I
FHEARL, (RH S-S . AR EER 3K, L

324 P AN X I 1 P b B R AT B o o U T R B
YNARAR, VAR E R A R AR e 2R o 255 L2 3, 9 Fh
B - WIEREZRZ5Y) 398 MRS B R 7E 0.5~20 pg/L 1Y
W PETL IR S R AP IR SE R, 2 KT 0.994,

32 FHENMRHE. EHENBEE

25 IR US4 25 W) J5 153 31 A RRAE 28 1 5 3%
Kk 1 . R A AR Esm B AR L & a7 ik,
LSRG FVRFAL T @RS IR LR TE5E 10 Al
FERD R vk g B . 2 9 B - R 2 245 1 o
FRA 1 pg/keo

®3 TEBE. TAMENTANNEERTERERZ
Table3 Matrix matching standard curve of blank egg, duck egg and quail egg

X2 0 2 55 25
2
EYE P a9 5 7 a1 )5 P
EERHNESER Y=323667X-122.60 0.9940 Y=6609.6X+1364.6 0.9947 Y=26558.3X+6641.5 0.9967
HEHERV Y=2479.85X+967.655 0.9960 Y=3063.6X-1265.6 0.9984 Y=4367.32X+661.2 0.9944
HEHEG Y=22641.9X+5323.53 0.9970 Y=16650.6X+2527.6 0.9992 Y=6764.63X+601.28 0.9990
R EAR Y=38095.8X+7925.65 0.9981 Y=1958.4X+4382.7 0.9959 Y=14978.5X+2504.7 0.9995
ALK Y=17820.4X+5529.69 0.9999 Y=13033.9X+3718.8 0.9991 Y=12948.99X-405.9 0.9998
iy 2 PG bR Y=36273.5X-6876.62 0.9961 Y=8571X+477.8 0.9980 Y=1760.2X+125.70 0.9999
KAEF Y=25426.6X+6112.01 0.9971 Y=8806X-1679.9 0.9985 Y=401.69X+46.66 0.9964
gk ¥=22296.3X+5188.49 0.9987  Y=7866.86X+428.663 0.9980 Y=7484.46X+845.89 0.9997
Sl i) Y=3933.43X+428.663 0.9980 ¥=7916.1X+1962.2 0.9940 Y=279.73X+46.89 0.9999
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2: MRM of 18 Channels ES+

100 1.31 366>114(Amoxicillin)
E [L 7.77¢4
H %
0
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
2: MRM of 18 Channels ES+
1.29 i
100 529>134(Cefquzlc;rirl:3)
% E |"\¥ :
0 d
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
2: MRM of 18 Channels ES+
3.51 524.3>241(Ceftiofur)
100 i 6.29¢4
% ,'II Ill
0 J e
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50

2: MRM of 18 Channels ES+
4.06 . 436>160(Cloxacillin)

100 1.67¢5
| A
0

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
2: MRM of 18 Channels ES+
100 1.31 348>157.9(Cefalexin)
h 1.48e5
% % E e
= 0
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50

2: MRM of 18 Channels ES+
342>160(penicillinG-D7)

3.74

100 1.95¢5
%
0

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
2: MRM of 18 Channels ES+
3.76 334.9>159.9(Penicillin G)
100 5 :
I{| 1.47e5
% i
0 A
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
2: MRM of 18 Channels ES+
1.32 237.1>100(Procainepenicillin)
100 A 5.62¢5
% J |
0 I\
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
2: MRM of 2 Channels ES+
1.29 350.1>105.9(Ampicillin)
100 1.40e5
%
0
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
3: MRM of 2 Channels ES+
100 3.89~. 351>159.9(PenicillinV)
% E 9.14e4
0
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
[ [&] /min

##: 1. amoxicillin; 2. cefquinoxime; 3. ceftiofur; 4. cloxacillin; 5. cefalexin; 6. penicillin G-D5; 7. penicillin G; 8. procaine penicillin;
9. ampicillin; 10. penicillin V.
F1 IBEETEN 1 ng/kg 9 Flr p- P ERE S 25 W) R AIE 25 ¥ o it 2% )
Fig 1 Characteristic ion mass chromatogram of 9 kinds of f-lactams in 1 pg/kg added in blank eggs
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TEZEHGEPOSE . MEMEHE)WM 1. 2. 3.3 SERREEENR

10 ug/kg 3 AR (89 25 YA IR S, i AT KA 18 B 0 ST AU ERES AT A, 51 4
AT 5 AFATINE, WE AT 3, SiRIE 46 qom eyl FEGER . HEL V. HELG.

AT AR 1~10 pg/kg W5 T He B2 H A [0 0 R Ol SURPIAR . EMEPIAR SR | Sk S s, H
73%~96% . At PN AU A HE B 22 < 10%, - 4 TA] ARG A 74 fid A1 HRES PR 2,42 pg/ke BTSCPERKAITE BE, HRAE B F
% =<10%, it € P LA 2.

R4 BERRIMAVEEERERE

Table 4 Recovery rate and precision of the drugs in eggs

LB IR/ (u g /kg) [N RS- HI(E % # N RSD(n=5)/% #1H] RSD(n=3)/%
1.0 76.2 5.1 5.1
L RRERE 2.0 79.1 9.9 9.2
10.0 76.1 7.5 6.2
1.0 82.5 8.4 9.0
HFREV 2.0 85.9 6.2 7.8
10.0 85.5 9.0 7.9
1.0 87.8 3.0 5.4
HFREG 2.0 89.1 6.3 8.7
10.0 90.2 5.9 7.4
1.0 74.6 3.4 9.5
EARNIITAN 2.0 752 7.9 8.2
10.0 74.5 8.1 9.1
1.0 84.4 9.2 8.1
S PG B 2.0 83.0 6.3 77
10.0 85.3 6.6 7.5
1.0 745 3.8 4.7
Riy B P4 bk 2.0 82.6 8.5 8.2
10.0 85.3 6.3 6.8
1.0 80.2 7.1 7.5
PRER S 2.0 81.1 7.9 8.5
10.0 78.4 8.7 6.9
1.0 74.1 8.5 8.3
KA mEk 2.0 73.0 8.6 8.7
10.0 78.5 7.9 7.6
1.0 86.1 9.4 8.2
kAmE 5 2.0 81.0 9.6 8.7
10.0 78.5 7.9 7.6

x5 MEPIMBYEREEREEE

Table 5 Recovery rate and precision of the drugs in duck eggs

Bk B2y IINHE/ (ng/kg) [m] 5 S/ Yo #t N RSD(n=5)/% H#H] RSD(n=3)/%
1.0 75.3 6.3 5.0
A RRTER 2.0 82.0 6.8 6.2

10.0 79.9 3.8 6.6
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HxRS

24 Fr TN E/ (ng/ke) [N {E % M RSD(n=5)/% #ta) RSD(n=3)/%
1.0 74.7 6.1 8.6
HERV 2.0 79.7 5.7 5.3
10.0 83.9 6.6 5.4
1.0 93.1 8.9 8.2
HEZEG 2.0 95.7 5.6 8.7
10.0 90.6 7.9 8.7
1.0 75.5 7.8 7.8
=R LN 2.0 74.0 4.9 3.5
10.0 75.9 3.8 5.7
1.0 89.5 8.9 3.8
S PG AR 2.0 89.0 9.3 7.4
10.0 83.9 8.4 8.6
1.0 81.9 8.2 3.4
o] 25 P A 2.0 80.2 5.0 5.6
10.0 81.3 6.8 3.1
1.0 85.5 4.1 43
PSS 2.0 82.1 6.8 6.2
10.0 82.3 6.4 6.4
g . 1.0 75.9 6.6 7.9

N ﬂ'Tl'l
ARk 2.0 79.8 5.8 6.8
10.0 75.9 4.9 5.3
) 1.0 75.6 6.7 7.3
Sk o i 2.0 77.5 4.6 4.9
10.0 78.9 6.8 6.2
Fz 6 HWHBEHRIMAYEWERRIEZE
Table 6 Recovery rate and precision of the drugs in quail eggs

LB W BE/ (ng/kg) [ g 24 EL/ Yo N RSD(1=5)/% #F] RSD(n=3)/%
1.0 77.1 3.1 5.8
T RHEERE 2.0 76.5 6.3 75
10.0 74.1 6.1 9.8
1.0 80.5 7.6 5.9
HEREV 2.0 81.5 8.3 7.2
10.0 83.1 5.2 5.4
1.0 93.1 8.9 8.2
HHEG 2.0 95.7 5.6 8.2
10.0 90.3 7.9 8.7
1.0 76.4 6.1 5.8
FRPEAK 2.0 77.4 49 7.5

10.0 75.7 4.8 7.2
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ke
EIL/ B NI/ (ng/kg) EN @SS LN RSD(n=5)/% ] RSD(n=3)/%
1.0 89.4 6.5 8.4
S P R 2.0 87.6 6.2 6.6
10.0 88.7 53 8.2
1.0 79.9 8.5 7.9
[SIEPEN 2.0 81.2 5.6 8.4
10.0 85.3 7.8 7.6
1.0 82.1 3.3 3.2
B2 S 2.0 83.4 42 3.6
10.0 83.1 53 3.4
1.0 77.4 3.6 7.1
Sk famEnk 2.0 73.9 5.8 6.8
10.0 75.6 7.9 53
) 1.0 77.6 3.7 7.3
kA fi5 2.0 73.5 5.2 6.1
10.0 75.9 7.8 7.9
2: MRM of 18 Channels ES+
100 1.29 366>208(Amoxicillin)
7.36¢4
g
0 A
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
100 1.29 2: MRM of 18 Channels ES+
366>114(Amoxicillin)
1.87¢5
g
=
0 JI \.\’V‘\,u,,
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
B Al /min

Pl 2 Ao i r T 5 P b A AL 6 A (i

Fig2 Characteristic ion mass chromatogram of amoxicillin in samples
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4 i
4.1 HmaEm

e RNEER, BHE V., HHEE G, &AWk,
SAMEPEAR  BTEEPUAR, SkAIg(R . SkAumEnk | SkAunglin)E
T B-NEERZE LY Z A NIRRT, MR K, Al
MU PARTRSE . AL S 4T X & LR A2 T,
BTN KR ) B ER 22 w42 BUSCR,
B IEKRBEBEERE T NG FIEIRER 2 il . kI NE-
IKVEBATR AR T 4:1 B, 2 H BB g O ROR 25 |
FRUR GO, kil -SRI E T 4:1
WF, RNREFE AR IR 259, IR e AA Jy 4
U L 80% LI /K IR, REFT/-HEEL p-INBERL 22
Yy, B AR E
4.2 HEEK

FE b AR 25 5% 23 A R OGS PR T, 43R e B
ZER . X FEESAREEAR. RURIEE, T
Ak, WFEH T JLFN E A B (solid phase extraction,
SPE) Jy £ [# T HLB(500 mg. 6 mL). C;5(500 mg.
6 mL), DisQuE(150 mg MgS0,4/50 mg PSA/50 mg Cig).
Cleanert MAS-Q(150 mg MgS0,/50 mg PSA/50 mg C,s/PC 8
mg)Fll PRIME HLB(200 mg. 6 mL)S FEIAHAE RN, R
6 2 IR & A 2E By ¥t HLB(500 mg .6 mL)H1 C15(500 mg.,
6 mL)2 Fi/NEASREA AL bR & AR BOR T i AR i A A
B4y, B ALt AF 7 2% T P . DisQuE(150 mg
MgS0,/50 mg PSA/50 mg Cg)# Cleanert MAS-Q(150 mg
MgS0./50 mg PSA/50 mg C,s/PC 8 mg)2 Fitilg fh /N £ 4K
e AUA A, 2 IR mAL . A F PR PRIME
HLB(200 mg. 6 mLy/ME, HW/MNERT G, BRERE, 4§
AR BT, IR E .
4.3 EFEMMN

TRAH €015 - 53 I T R AN A 43 BT B 2 A W B S A AR B T
SUNE, DTS M 1) A 4 SR 1) e 1 J3E ARS8 L) AR ik
P EEAE RS R, EOUL T $EIUS Ak 0 i b 3P B
J& AL L B AT — 8 SR AN, XA ISR
TS 26 | 8% 28 2R ) R SO DG TG0 o VA VR AR A T R T AN 1) P 5%,
25 5 U B R 24 6 AS [R) 5 Pl 2 A o A 2R ) bR A
2SO DR R B I R SR T SR DG il v
WIS EER G-Dy WHRILBE T &, A LIRS b 1 B
Jo S () B RN, T e o 7 R o DG R g A ol 2R T TR
BUR. o 3 ARSI, VR B RIS 25 H0 RE T 2
2B AR

5 4

AW T EEFEERHEEER HER V. F

R G ANPUA, EEPEAR, BUSCPIR, ki, ck
FRWERR | SkAIME G AR BN T, T 80% LB /K i
e, 2 PRIME HLB [FHABUNMESHER AR, B @3-
ERIR BTG IN SE , RETUC CAR HEVE IR A BRIk g i, iy R
BRCRE | A0 X RE T AL I 25 W5 AT o

SE
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