Printed in the Republic of Korea
I —

ANALYTICAL SCIENCE
& TECHNOLOGY

Vol. 25, No. 4, 257-264, 2012

http://dx.doi.org/10.5806/AST.2012.25.4.257

Residue analysis of penicillines in livestock and marine products

Ji Young Song, Soo Jung Hu, Hyunjin Joo, Mi Ok Kim, Joung Boon Hwang, Yoon Jung Han,
Yujihn Kwon, Shin Jung Kang and Dae Hyun Cho*
Hazardous Substances Analysis Division, Gyeoin Regional Food and Drug Administration
#217 Juanyeok-Gil, Nam-Gu, Incheon 402-835, Korea
(Received January 12, 2012; Revised August 8, 2012; Accepted August 9, 2012)

I 78 & - FU=
5

XY - 5i5A - TN - A0S - BHE - H2W - AR - ZUY - FOiE*
B FI REAA Fo AR 3}
(2012. 1. 12. ™4, 2012, 8. 8. &4, 2012. 8. 9. £9I)

Abstract: Penicillins belong to the B-lactam class of antibiotics, and are frequently used in human and veterinary
medicine. Despite the positive effects of these drugs, improper use of penicillins poses a potential health risk
to consumers. This study has been undertaken to determinate multi-residues of penicillins, including amoxicillin,
ampicillin, oxacillin, bezylpenicillin, cloxacillin, dicloxacillin, and nafcillin, using liquid chromatographic tandem
mass spectrometer (LC-MS/MS). The developed method was validated for specificity, precision, recovery, and
linearity in livestock and marine products. The analytes were extracted with 80% acetonitrile and clean-up by
a single reversed-phase solid-phase extraction step. Six penicillins presented recoveries higher than 76% with
the exception of Amoxicillin. Relative standard deviations (RSDs) were not more than 10%. The method was
applied to 225 real samples. Benzylpenicillin was detected in 12 livestock products and 7 marine products.
Amoxicillin, ampicillin, cloxacilllin, dicloxacillin, nafcillin and oxacillin were not detected. The detected levels
were 0.001~0.009 mg/kg in livestock products excluding eggs and milk. In marine products, the detected levels
were under 0.03 mg/kg. They were under the MRL levels. As monitoring results, it is identified to be safe
but it is considered that safety management of antibiotics should continue by monitoring.
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Fig. 1. Penicillin core structure.
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Table 1. LC-MS/MS parameter for the analysis of penicillins

Parameter

Conditions

HPLC
Column

Mobile Phase

Flow rate
Injection vol.

Agilent Technologies 1200 series
Capcell pak UG C18 (2.0 mm ID x 150 mm, 5 pm)

Solvent A : 10 mM Ammonium formate (0.1% formic acid)
Solvent B : MeOH

Time(min) A (%) B (%)
0.0 80 20
2.0 80 20
2.1 0 100
12.0 0 100
12.5 80 20
15.0 80 20

300 pL/min

10 pL

Mass Spectrometry

API 4000 LC-MS/MS System, AB

lon mode

Spray Voltage

Sheath Gas

Capillary Temperature
Auxiliary Gas
Collision Gas

Collision Voltage

ESI (positive)

5.5 kv

N, (50 psi)

500 °C

Nz (50 psi)

N>

Amoxiciliin(25), Ampicillin(25), Benzylpenicillin(15)
Cloxacillin(19), Dicloxacillin(19), Nafcillin(19), Oxacillin(17)

Scan type MRM (Multiple Reaction Monitoring)
Compound Precursor ion (m/z) Product ions (m/z)
Amoxiciliin 366 349, 114
Ampicillin 350 106, 160
Benzylpenicillin 335 160, 176
Cloxacillin 436 277, 160
Dicloxacillin 470 311, 160
Nafcillin 415 199, 256
Oxacillin 402 160, 243

22 0.1 M NaOHE o|-830] pH 9= @t} v]e) Hapglon 3w ARt Baee 4
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o2 gA35E A7) HLB 7tEFA ] A EFZNS
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£Z98 50 °C o]3e] F A (calibration curve)E 24 ste] Hrlstdeh 3 7
S 3 AFIAE ACS9

O2EA4, YA, SAY BE

Limit of detection (LOD) = As-Ab > 3xSb

Limit of quntification (LOQ) = As-Ab > 10xSb

As: the mean of area of sample signal

Sb: standard deviation
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Meat, Fish2g + 20mL of ACN:DW(80:20)
Milk 20ml + 50mL of ACN
Egg 5g + 20mL of ACN(contained 20% TCA0.5ml)

m
Shake for2min
||
Centrifuge and take supernatants
. B
Add 10mL ofHexane, shake and centrifuge
. !
Remove Hexane layer(x2)
i
Clean-up (HLB cartridge)
|
Filter with 0.2um membrane filter

. B
LC/MS/MS

Fig. 3. Analytical method for penicillins residues.
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31 MM, HE ¥ NMESH, slFE

olEAlAY, | dd WARNYHA, F
UEFEAbdd, U=z, sAdd 35
0.00098, 0.00195, 0.0039, 0.0078, 0.0156,
0.0625 2 0.1250 mg/Le] 8750l tsle] A

Table 2. LOD and LOQ for detection penicillins in beef

Table 4. LOD and LOQ for detection penicillins in fish

LOD  LOQ R cv

Compounds (. okg)  (mgke) %)
Amoxicillin 0.0015 0.005 0.9993 2.6
Ampicillin 0.0003 0.001 0.9999 5.4
Benzylpenicillin  0.0003 0.001 0.9999 53
Cloxacillin 0.0015 0.005 0.9997 4.0
Dicloxacillin 0.0015 0.005 0.9995 1.7
Nafcillin 0.0015 0.005 0.9993 24
Oxacillin 0.0015 0.005 0.9995 3.9

(calibration curve)E 2Hd ek A3} F#A 71 0.99 ©]
7422 CODEXelA &73t= 0.95 oldeldnt. gt
A& 2 Al ACSe Wl wet AlLtat
Aqom, 2 AFs Table 2-47F 7okl 3|F&S 4
Aol A 731871 EMRL) T=7F HEs H7t
el A2l 9% AR EAER0N 0w
g3l 3ES SISt Table 6). L A3, 3|5

2 ofE A A -] AaLT]NA 59.745.5%, HL7] 1
59.9+0.9%, FH SN 61.2+1.6%, $-FrollA 78.0+8.1%=
Ramseshwari 17-30l| 4 B.7¥ ule} 7o) wjw3 v
L& J=2Z0|Qt}. P. Anfossi' 9} S. De Baere!?2] 179
93 o}l EA|A YL S8 AoA] FFAJo] Wolz]
u:] w3 o]_E}\]N%E To ou)\]_oi Ecq-g], HHL
6~12A17F with A EA| vHEo]oF fthal RIEtAL §)

Table 5. LOD and LOQ for detection penicillins in milk

Compounds LOD LOQ 2 cv Compounds LoD LoQ 2 cv
(mg/kg)  (mg/kg) (o) (mg/kg)  (mglkg) (%)

Amoxicillin 0.0015 0.005 0.9998 9.2 Amoxicillin 0.0006  0.002 0.9998 104
Ampicillin 0.0015 0.005  0.9999 2.9 Ampicillin 0.0003 0.001 09996 7.3
Benzylpenicillin - 0.0003 0.001 0.9997 6.4 Benzylpenicillin ~ 0.0003 0.001 09997 52
Cloxacillin 0.0015 0.005  0.9999 6.4 Cloxacillin 0.0015 0.005 09998 6.0
Dicloxacillin 0.0003 0.001 0.9997 5.5 Dicloxacillin 0.0003 0.001 09998 6.8
Nafcillin 0.0003 0.001 0.9978 59 Nafcillin 0.0003 0.001 09980 4.2
Oxacillin 0.0003 0.001 0.9998 7.1 Oxacillin 0.0003 0.001 09999 6.0

Table 3. LOD and LOQ for detection penicillins in chicken

Table 6. Recovery(%) of penicillins in Beef, chicken, fish and

Compounds LOD LOQ R? cv m e - - -
(mg/kg) (mg/kg) (%) Compounds Beef  Chicken  Fish Milk
Amoxicillin 0.0015 0.005  0.9998 1.5 Amoxicillin 59.7£5.5 59.9+09 61.2£1.6 78.0+8.1
Ampicillin 0.0015 0.005  0.9998 1.3 Ampicillin 112.8+£3.5 61.840.8 90.9+4.9 88.0+6.4
Benzylpenicillin ~ 0.0003 0.001 0.9997 2.7 Benzylpenicillin 92.0+£5.9 102.6+2.7 93.6+4.9 106.3+5.5
Cloxacillin 0.0015 0.005 0.9998 2.6 Cloxacillin 86.9+5.5 84.8+2.2 85.5+3.5 90.6+5.4
Dicloxacillin 0.0003 0.001 0.9998 3.1 Dicloxacillin 79.6t4.4 76.3+2.4 81.3+1.4 81.7+55
Nafcillin 0.0003 0.001 09970 3.4 Nafcillin 81.2+4.8 76.0+2.5 103.242.5 89.4+3.8
Oxacillin 0.0003 0.001 09999 35 Oxacillin 89.4+6.3 87.1+3.1 89.6+3.5 89.7+5.4
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Table 7. The number of samples purchased in each district

Sample Seoul Gwangju Daegu Daejeon Busan Ulsan Incheon Total
Beef 12 2 2 2 4 3 2 27
Pork 11 2 2 2 3 2 2 24
Chicken 12 2 3 2 4 2 2 27
Flatfish 7 2 2 2 2 2 2 19
Rockfish 9 1 2 2 3 2 2 21
Eel 12 2 2 1 3 2 2 24
Shrimp 12 2 3 2 3 2 2 26
Milk 13 2 2 3 5 2 2 29
Egg 13 2 3 2 3 3 2 28
Total 101 17 21 18 30 20 18 225

t}. Chuangji Liv?9] 15t 9|3 oAl Alle] &2 Table 8. The number of detected sample and the residue

o7 9 3487 AFA o] WolAg T B3 level on penicillins

2otk GyAde A7), Ha7], G X, oA Analyte No. of No. of detected Residue level
247} 112.843.5%, 61.8:0.8%, 90.944.9%, 88.0£6.4% © samples  samples (mg/kg)
Aom, MAAYLAL 92.0459%, 102.6+2.7%,  Amoxicillin 225 0 N.D.*
03.6+4.9%, 1063+5.5%, SEAAUL 8694550,  Ampielin 223 0 N-D.
84.842.2%, 85.553.5%. 90.6554%, T)ZEAA 2o Benzylpenicillin 225 19 0.001~0.009

(OFLL70, B2.9E3.970, TUDESET, HmTATE T Cloxacillin 225 0 N.D.
79.6+4.4%, 76.3+2.4%, 81.3+1.4%, 81.7+5.5%, L} Dicloxacillin 25 0 ND.
22 81.2+4.8%, 76.0£2.5%, 103.2+2.5%, 89.4+3.8%, < Nafcillin 225 0 N.D.
AP AL 89.4+6.3%, 87.143.1%, 89.6+3.5%, 89.7+5.4% Oxacillin 225 0 N.D.

o Z U353 A= ?—j‘}iﬂ' *N.D.: Not detected

3.2. n{|l_|gEI7:|| EEZo|UE TL|EZ ZHa} Table 9. The number of detected sample in total samples and

I SE 20 & . AR 25ALS sk HY the residue level of benzylpenicillin
AA %%%9]% 7% 3 »EFe 2} 4 - dI\tJo.to;/ Dete:tion MRL R;esid;]e

. ample ctectes rate eve

J 3 A =] PN R=]
I WA A o] AR 127, FAHEA 74 Total samples (%) (mg/kg) (me/ke)
o = Aol A=HUF YA 67 3FE-2] o}

f © :3_ N] ‘jji](}i; o ;;H S j:] Beef 727 259 005  0.001~0.007
A, g SAMY, HEsAdd, Yzl Pork 2124 83 005 0.003,0.005
A, AP AEHA °‘°‘E} A7 Table 19 = Chicken 3/27 11.1 0.05  0.005~0.009
Ao T FFELAT} AFLNe zhzh AFRA 7o) 2 Flatfish 2/20 10 0.03  0.004, 0.005
A5t Table 18] Eolo]S IS & a=znfETH Rockfish 1/21 4.8 0.03 0.001
omME oo pZe] WEe A|7HS Hlmay 2h2 Eel 2/24 83 0.03 0.003(2)

. _ Shrimp 2/26 7.7 0.03  0.003, 0.006
A eko] & 3t WAL L5lal AL R F >
A 12 oﬂzqﬂ N f—’L°}j AFAs HAe Milk 0129 0 0004  ND*
o AEE&d F d=dY FFE Fant WA Egg 0/28 0 0.004 N.D.

Uddo] A& FAES 79 &8 AQs &
71, A A7), Farzlol e AEATFE L7104
77d_, A 71 A 27, HazlelA 30l HE
2 0.001~0.009 mg/kg__i 2H5-3]87] 35 (MRL)S!
0.05 mg/kg )32 HAEFHATE FAHELS FX| A 2 FAASF L HEAS= Table 79} Table 89 YERJ
4, éﬁ%iaoﬂﬁ 17, ZFojoll A 27, Ajg-ollA 2718 R, AEFFI AEE (%) Table 99 YERI ST
2 ZF 74l % Eil‘iictﬁ &9 771 BT ARSE o|fol| e HUAAA FEEOFFE HejZAL 4
7191 0.03 mgkg'? ol3t2 HEFHA 2 AAE IE AVEYE F2 olRAIA AU S dd gt

Total 19/225 8.4 - -
*N.D.: Not detected
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