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ABSTRACT - The objective of this study was to develop a simultaneous method of 8 penicillin antibiotics includ-
ing amoxicillin, ampicillin, cloxacillin, dicloxacillin, nafcillin, oxacillin, penicillin G and penicillin V in meat using
LC-MS/MS. The procedure involves solid phase extraction with HLB cartridge and subsequent analysis by LC-MS/
MS. To optimize MS analytical condition of 8 compounds, each parameter was established by multiple reaction mon-
itoring in positive ion mode. The chromatographic separation was achieved on a C,; column with a mobile phase of
0.05% formic acid and 0.05% formic acid in acetonitrile at a flow rate of 0.2 mL/min for 20 min with a gradient elu-
tion. The developed method was validated for specificity, linearity, accuracy and precision in beef, pork and chicken.
The recoveries were 71.0~106%, and relative standard deviations (RSD) were 4.0~11.2%. The limit of detection
(LOD) and the limit of quantification (LOQ) were 0.003~0.008 mg/kg and 0.01~0.03 mg/kg, respectively, that are
below maximum residue limit (MRL) of the penicillins. This study also performed survey of residual penicillin antibi-
otics for 193 samples of beef, pork and chicken collected from 9 cities in Korea. Penicillins were not found in all the
samples except a sample of pork which contained cloxacillin (concentration of 0.08 mg/kg) below the MRL (0.3 mg/kg).

Key words : penicillin antibiotics, meat, validation, LC-MS/MS
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Fig. 1. Molecular structures of penicillins.
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= 9l g9rH | Sample 2 g |
l
PN[1R=1V =] | Spike internal standard (piperacillin) |
EFEZRE A3 Y FFAM H(dicloxacilliny Sigma- !
Aldrich (MO, USA)lIA Fai&}3A5L, oAl # (amoxicillin), | Add 6 mL 0.1 M sodium phospate buffer (pH 4.5) |
¢+ 9] A A (ampicillin), &AM Y(cloxacillin), YZA & T lfl —
Gy S ALA] Ly . sulfuric acid 1.5 mL,
(nafcillin), <A} H(oxacillin), F|U2 & G(penicillin G), 59% sodium tungstate 1.5 mL
HYA™Y V (penicillin V), 332} (piperacillin) USP 1
(MD, USA)IA F9fsted AR8-skltt. 25 (formic acid), | Centrifuge at 5,000 rpm, 4°C for 15 min |
ol Abo] 4= 4L} E F(sodium dihydrogen phosphate), 34t |
(sulfuric acid), B2€2F}EF(sodium tungstate), S14Fo] | Add 6 mL 20% NaCl |
A ZE (potassium  dihydrogen phosphate), | 3HEF )
(sodium chloride), F~4F8H}EE (sodium hydroxide)> E5F | Purify thru HLB cartridge (200 mg, 6 mL) |
Sigma-Aldrich (MO, USA)IX] FFualgich, #430) ALg-¥ . )
Bo 33} ZHFE A oH, ol EY Ed (acetonitrile), Cartridge Covt‘;z:;‘r'::igswr:; ;;]ﬁgthaml’ > mL
0
v 8+ (methanol)2 Merck Inc. (Darmstasdt, Germany)<} ]
J.T. Baker (Phillipsbung, USA)‘#]H_ HPLC grade=Z -1l &} Toad sample |
of AbgEATh 3 vAA F5 7HE A (Solid-phase 1
extraction cartridge)= Waters (Milford, MA, USA)2] HLB Wash with 5 mL 2% NaCl and 5 mL 25 mM
(200 mg, 6 mL)2] 7IEZIAE AME3IS T phosphate buffered saline (pH 9)
}
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EEEAS 717 10mgd Fato] 100 mL &3S _ b
o] H3sla WErS 50 mLE 318 3 /42 100 mL | vaporate uimg nitrogen |
7t HmS shel #FEd =AeH 20C ¥FH Remelt with 1 mL of 25 mM phosphate buffered
é}ﬁq— O] %Qﬂ% %%‘:ﬁi MRLQJ 025, 0~55 15 25 45 8 Sa]ine (pH 9)
v FE7F HES M5t BF§NoR ARSI ]
| LC-MS/MS |
Al=2 ™
1= BX= _ } Fig. 2. Analytical procedure of penicillins in meat.
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Table 1. Conditions of LC for the analysis of penicillins

Condition
XBridge C, (2.1 x 150 mm, 3.5 um)

Description

Column

Column temperature ~ 35°C

Injection volume 10 uL
Flow rate 0.2 mL/min
Mobile phase A : 0.05% formic acid in water
p B : 0.05% formic acid in acetonitrile
Mobile phase
Time (min)
A (%) B (%)
0 90 10
Gradient 10.0 50 50
15 25 75
15.1 90 10
20 90 10

mode®E AFE3

-

A 4L 02 mL/minlE E#HFATh.

HPLC #4 22 Table 1, 34719 2712 Table 2
o} 2k

HMH H=

Ly B — B = )

E AFaMe 2a7], A2, G278 e s 7

A she AuAUA GA 8F A

Table 2. Optimized MS parameters for penicillins

A= blank A]Eo] MRLE 0.5, 1, 28] 3= &
S 7 & 2 Aol SHE AFHOE 63
Adsle] 3ttt b2 JEo] EA4) & u 14
Huks gedaiA e E F e FEE 9vjste

=
o] A (specificity)e 53171 139 blank A5} EF
;‘5;1

X ofN

|

roH AN

0 S A L

g Zol| A AT flaS Rl 244 (linearity)

< Fote] Fofxl WMo AE T #AED FE
AR vgsle 24 4798 42 & e AdS g9
3l7] 9181 MRL] 0.25, 0.5, 1, 2, 4, 88} % HjolA
AHAE A FAAHR 20992 FAstAd. F3

=
(%)= H7FI9 o, U X (precision)= Al 55 WHE-3}o]

=AstE o Aojxl ARk AU ETZHAHRSD, %)=
g3t th. &8 (limit of detection, LOD)= 2}2h Al
SoiE] 1] 38 o]l FEE ALESlon, FEet
Al(limit of quantification, LOQ)= 2tz Al&thu] 4]
1081 o]l s=& A4tstsit.

HEY 23S AT DRUHEL}
SYE 2N 44 48492 AT AT AR
2 SRR 23], BT, BIE U A

Compound Precursor ion (m/z) Product ion (m/z)  Collision Energy (eV)  Tube Lens (eV) Cycle Time (s)

o 106.215 17

Ampicillin 349.947 108 0.2
114.152 29
114.088 20

Amoxicillin 365.947 97 0.2
349.040 7
164.032 33

Cloxacillin 435.947 929 0.2
276.989 14
114.251 36

Dicloxacillin 469.968 198.049 36 111 0.2
311.016 15
171.046 33

Nafcillin 414.959 111 0.2
199.045 14
114.324 33

Oxacillin 402.000 144.175 27 119 0.2
243.109 13
160.070 12

Penicillin G 334.946 104 0.2
176.105 13
114.210 34

Penicillin V 351.034 63 0.2
160.080 11
. . 143.190 20

Piperacillin (I.S) 518.271 101 0.2
160.098 12
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Table 3. Number of samples of beef, pork, and chicken collected
for monitoring of penicillins

Beef
Location ——— Pork Chicken Total
Imported Domestic

Seoul 4 13 15 8 40
Incheon/Gyeonggi 2 20 25 13 60
Gangwon - 4 2 - 6
Daegu/Gyeongbuk - 8 8 4 20
Busan/Gyeongnam - 11 9 1 21
Gwangju/Jeonnam - 8 8 4 20
Jeonbuk - 2 2 1 5
Sejong/Chungbuk - 2 3 2 9
Daejeon/

Chungnam ) > 6 3 14
Total 6 73 78 36 193
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Fig. 3. Chromatogram of penicillins by LC-MS/MS.
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Table 4. Validation results of analytical method of penicillin antibiotics in beef

Compound Concentration(mg/kg)  Recovery" (%) RSD? (%) LOD (mg/kg) LOQ (mg/kg) R?
0.025 90.0+7.7 8.5
Ampicillin 0.05 88.5+£5.7 6.4 0.003 0.01 0.9997
0.1 87.8+3.5 4.0
0.025 89.7+5.7 6.4
Amoxicillin 0.05 84.7+5.8 6.8 0.003 0.01 0.9983
0.1 85.5+54 6.3
0.15 84.5+8.3 9.8
Cloxacillin 0.3 80.1£5.1 6.4 0.008 0.03 0.9963
0.6 92.8+4.7 5.1
0.15 79.4+74 9.3
Dicloxacillin 0.3 753+5.3 7.0 0.008 0.03 0.9959
0.6 82.0+£5.6 6.8
0.15 81.4+64 7.9
Nafcillin 0.3 73.0£6.1 8.4 0.008 0.03 0.9974
0.6 85.5+£5.2 6.1
0.025 852+74 8.7
Oxacillin 0.05 82.1+53 6.5 0.003 0.01 0.9990
0.1 80972 8.9
0.025 93.5+5.6 59
Penicillin G 0.05 90.7+9.3 10.3 0.003 0.01 0.9995
0.1 93.5+7.7 8.3
0.025 82.3+42 5.2
Penicillin V 0.05 75173 9.7 0.003 0.01 0.9993
0.1 83.0+6.3 7.6

DAverage value of recoveries (n = 6).
P Average value of relative standard deviations (n = 6).

0.1 mg/kg®l FEE AZFsA o, 1 A3} &517] AR
A1e] B 3|580] 84.7~89.7%, AN EZHARE= 6.3~6.8%
2 Z2AEAT AL AgAA e B FFES
91.3~102%, JHEFHI= 4.2~8.7%, HiL7] Al59
o 3]5E2 85.4-91.7%, FNETHAE 7.8~10.0%=
A= QTh S A —e 0.025, 0.05, 0.1 mgkge] ==
Fotdom, 2 A A57] AlRAA G FE IFES
87.8~90.0%, ZH EFZHAE 4.0~8.5%= ZA}E]O}I:} EH
R 27] A Bl Hat 35S 102~105%, F i

AR 6.3~8.9%, HaL7] Al89] H+t 3]5E2 86.5~90. 8%,
I EFHIRE 4.7~8.8%= AN AUTE FEAMITL 0.15,
03, 0.6 mgkee] FEZ AZsgom, 2 Az} A37] Al
Follxe] Hat 3]5g0] 80.1~92.8%, % tHEZﬁﬁ}b 5.1~
9.8%= ZAMEATE HAZL7] A ENA Q] Hit FFE
74.8-95.6%, N EZHIE 7.0~8.6%, H7] A1 52 H
o 3]5E-2 80.9~85.6%, FNETHAE 7.6~10.6%= =
AFE AT Y EE2AME Y-S 0.15, 0.3, 0.6 mgkge] TEE
AFstRem, 1 A3 &£37] Ao i 3|FE0]
75.3~82.0%, ANEFZHIIE 6.8~9.3%% ZALEATH =)
A7) AlgolAe] Fet 3|5FE 72.8~804, FHEFH

o

o [N

2= 5.7~8.8%, HaL7] AEC] Bt 3]FES 79.7~84.4%,
FNEFHRE 4.5~10.8%2 ZAFE AT Y22 E-e 0.15,
0.3, 0.6 mg/kg?] TEZ AF3INeH, I A3 £37] A
golM e HF 3580 73.0~85.5%, AHEFHAE
76.1~8.4%= ZAE AT HA A7) A BANA ] et 35
£ 71.0~84.5%, ANEZHIE= 4.5-8.0%, HaL7] A&
o] Ht 3|FE&L 80.4~84.5%, FHETZAAE 4.0~9.6%
2 2AHE T SAME - 0.025, 0.05, 0.1 mgkge] §=
AFstanem, 2 Az &57) ARAdA e B 35
£0] 80.9~85.2%, FHETHAE 6.5~8.9%= ZALE] %DP
A7) A BOA ] B F]FELS 98.9~106%, FTH3E
HAE 4.9-99%, H327] Al8e Hd 3F5E&2 864~
89.3%, ANEFZHAE 72~112%= ZAEAT. #y2
g GE 0.025, 0.05, 0.1 mg/kge] =2 ASsIP o, 1
Azt 237] ABoAM e Hat 3580 90.7~93.5%, 3t
THAE 5.9~103%2 ZAME AT SR AL7] Al F A
Hit 3FEL 86.3~101%, FHEFHE 5.8~8.5.%,
7] ANge Ha 5L 89.3~94.2%, AhETAAL
= 5.4~8.0%%2 ZALE AT HuUAdd V& 0.025, 0.05, 0.1
mg/kg® FEE AFsIReH, 1 A} £37] AlRA

T o
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Table 5. Validation results of analytical method of penicillin antibiotics in pork

Compound Concentration(mg/kg) ~ Recovery" (%) RSD? (%) LOD (mg/kg)  LOQ (mg/kg) R?
0.025 101.5+6.9 6.3
Ampicillin 0.05 105.3+8.5 8.1 0.003 0.01 0.9998
0.1 103.5+9.2 8.9
0.025 91.3+3.9 4.2
Amoxicillin 0.05 100.8 £8.0 8.0 0.003 0.01 0.9983
0.1 102.2+8.9 8.7
0.15 74.8+5.2 7.0
Cloxacillin 0.3 90.7+£6.5 7.1 0.008 0.03 0.9928
0.6 95.6+8.2 8.6
0.15 72.8+4.2 5.7
Dicloxacillin 0.3 79.3+6.6 8.3 0.008 0.03 0.9946
0.6 80.4+7.0 8.8
0.15 71.0+3.2 4.5
Nafcillin 0.3 84.2+6.3 7.5 0.008 0.03 0.9955
0.6 84.5+6.8 8.0
0.025 103.0+£5.0 4.9
Oxacillin 0.05 106.3 £10.5 9.9 0.003 0.01 0.9999
0.1 98.9+8.6 8.7
0.025 86.3+£5.0 5.8
Penicillin G 0.05 100.6 + 8.6 8.5 0.003 0.01 0.9998
0.1 93.6+7.9 8.4
0.025 82.4+6.7 8.1
Penicillin V 0.05 90.9+ 8.8 9.7 0.003 0.01 0.9992
0.1 90.1 £8.2 9.1
DAverage value of recoveries (n = 6).
P Average value of relative standard deviations (n = 6).
o it 3|5Eo] 75.1~83.0%, FUNEFHAIE 5.2~9.7% K88 BTS2 AL URAEEAL
2 2AET A7) AR B NS 24~ B A 484 AES Aske] T 55 2
90.9%, FHETHAE 8.1~9.7%, HAL7] AlRe] Fit 3] AF (23], WA, §37)) 19305 715k #HlY
TEE 83.3~86.5%, FHETHRE 7.9-94%= A=A AAA SELFFE 8Tl gk I RAHRALE AN s
7zt =] AEAE, MRLO] 0.05 mgkg?l Ao dd,  Atk(Table 3). ZAFHAY 1931 T B71%= A9 uiat
oFEAIA, HYAZ- G= 0.003 mgkg &Z EAFET 2317) 1704 FEAME @] MRL (0.3 mgkg) ©l3H2]

MRL®] 0.3 mgkgdl SFFAMIE, TEFAMA, Y24

KeX
.
o
.

0.008 mg/kgS & YEF O™, MRLO] A4 A &
SAHI - FUA™ Vel A& 0.003 mgkgS =

A4 5] A TH(Table 4~6). =3 7F BF 9] G F3HAE, MRL
] 0.05 mg/kg! LA, olFAIAH, HUAH G= 0.01
mg/kg & & EAE AT MRLO] 0.3 mgkgel A,
OIFEAdd, Yz A4S 0.03 mgkgl 2 4590w,
MRLe] A= oIAA 2 SAMIA Y vel 4
FHAl= 0.01 mgkge] 235 4& T AUATK(Table 4~6).
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Table 6. Validation results of the analytical method of penicillins in chicken

Compound Concentration(mg/kg)  Recovery" (%) RSD? (%) LOD (mg/kg)  LOQ (mg/kg) R?

0.025 86.5+5.3 6.2

Ampicillin 0.05 90.8 £4.3 4.7 0.003 0.01 0.9995
0.1 87.5+7.7 8.8
0.025 91.7+9.1 10.0

Amoxicillin 0.05 90.0+7.0 7.8 0.003 0.01 0.9992
0.1 85.4+8.1 9.5
0.15 81.9+ 8.7 10.6

Cloxacillin 0.3 80.9+6.2 7.6 0.008 0.03 0.9982
0.6 85.6 + 8.6 10.0
0.15 79.7+7.0 8.8

Dicloxacillin 0.3 80.8+3.6 4.5 0.008 0.03 0.9985
0.6 84.4+9.1 10.8
0.15 80.4+ 7.7 9.5

Nafcillin 0.3 84.5+ 8.1 9.6 0.008 0.03 0.9973
0.6 80.4+3.2 4.0
0.025 86.4+7.4 8.6

Oxacillin 0.05 89.3+10.0 11.2 0.003 0.01 0.9987
0.1 892+ 6.4 7.2
0.025 89.3+6.5 7.3

Penicillin G 0.05 92.6+74 8.0 0.003 0.01 0.9997
0.1 942 +5.1 5.4
0.025 83.3+7.1 8.5

Penicillin V 0.05 86.5+6.8 7.9 0.003 0.01 0.9910
0.1 842+79 9.4

YAverage value of recoveries (n = 6).
P Average value of relative standard deviations (RSD) (n = 6).

A
F et o] 2001 o] F FAHE AR o
A 7 FAlgL BEel Qe Ao mel
B oA RFAeEAL A2 RE, g
AA Azl g 7hsste Sl f5 A5l Fl
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Adl Asl AEAH] g8 22 MY HE Yol
wWeh Svle] H4F A FREGE AARAE AT
A%H AR 2 AR B 0= A
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B A= LC-MS/MSE o] &3l Hydes 55
SolokE 8%, dHAH, oA, FEAMY, UEE
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S UYREFEZoR 83190, olF oz

o
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S

S

w

X

il

I

>

o
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o o rir
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o] 0.5, 1, 24811 Al 71A] FECA 63] WHEORE EAS
AAE A3t Hit 35S 71.0~106%, AHEFAA}E
4.0~11.2%, LODE 0.003~0.008 mg/kg, LOQE 0.01~0.03
mg/kgol ATt =W % 2317], A7), FarrlelA H)
YARA A 8Fe A4, & 1931 F A7I=E A
Ao =4t &527] 1o tisiA EFAMI =] MRL ©]
321 0.08 mg/kge]l HEFN O, Ym=] 192719 A
Me BEAEE ENEUY B A7E 55 S39E ¥
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