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Analysis of Amoxicillin, Ampicillin, Oxolinic Acid, and Flumequin in Foods
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Abstract The present study was performed to validate an analytical method for veterinary drugs, including amoxicillin,
ampicillin, oxolinic acid and flumequin, in meat, fish, and their products as established in the 2007 Korea Food Code, and
to monitor the respective drugs in 6 kinds of foods, namely beef, pork, flatfish, rockfish, freshwater eel and shrimp.
Additionally, an HPLC-ESI-MS/MS method was developed for the qualification of these veterinary drugs. As a result of
monitoring, these drugs were detected in 14 (3.6%) out of 393 samples. In particular, amoxicillin was detected in 9 flatfish
samples, and oxolinic acid and flumequin were detected in 4 samples and 1 sample of freshwater eel, respectively. The
detection levels of amoxicillin ranged from 0.009 to 0.078 mg/kg, in which 1 sample of flatfish contained more than the
MRL (0.05 mg/kg). Flumequin detected in 1 sample of freshwater eel, was less than the MRL (0.5 mg/kg). Therefore, the
majority of detected levels were less than the MRLs, with the exception of 2 samples showing amounts that were 1-2
times higher than the MRLs. The detected veterinary drugs were identified and confirmed by the HPLC-ESI-MS/MS

method created in this study.
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< amoxicillin, ampicillin, oxolinic acid
2 flumequine SigmaAk(St. Louis, MO, USA)A Y 3}A3L
FE=A3} Aleke 2= MerckAH(Darmstadt, Germany)2] 37% form-
aldehyde®} Sigmar}e] trichloroacetic acidE AFE-3}90H, AlF.2]
A 2 BHE Ao R Sigmarle] octadecyl, oxalic acid,
NaH,PO,, Na,HPO,, WakoAH(Osaka, Japan)2] 0.1 N HCI, Merck

AKDarmstadt)]  diethylether, acetonitrile, n-hexane, dichlo-
romethane, methanol2 A8-3}%3 T},
HEESAo| XM=
P =
CRimn

}=AAY B A ANE HEES 27 43| Ho}
3

o &A1 100 mg/L 5 A g
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Table 1. Analytical conditions of amoxcillin and ampicillin by
HPLC-UVD

Instrument Shiseido Nanospace SI-2
Detector UVD, 360 nm
Column Varian polaris 5 C,4-A (4.6 mmx250 mmx5 pm)
Mobile phase g I(i.((:):t(l)\ﬁitliﬁ(;sphate buffer (pH 6.5),
90% (A: 0-3 min)—90-50% (A: 3-10 min)— 50-
Gradient 10% (A: 10-15 min)—10-10%(A: 15-20 min)—
10-90% (A: 20-25 min)—90-90% (A: 25-30 min)
Oven temperature  35°C
Flow rate 0.8 mL/min
Injection volume 150 pL

Table 2. Analytical conditions of oxolinic acid and flumequin by
HPLC-FLD

Instrument Shiseido Nanospace SI-2

Detector FLD, Ex 327 nm, Em 369 nm

Column Unison US-C,; (3.0 mmx150 mmx5 pum)

Mobile phase 0.01 M Oxalic acid:Acetonitrile:Methanol=
6:3:1 (V/v)

Oven temperature 35°C

Flow rate 0.4 mL/min

Injection volume 10 pL.

1**77}21 ZHH Z sttt
(100 ppm) o] O_H 1 mLS A83] FHsle] 100 mL | FZep10]
K711 o5 FAAZA A o & EjE v, ol
5, 10, 20 mLAS ztzke] 100 mL §3Z ek FH3lL o5y
o2 FAAZA AY 0.05, 0.10, 020 ppme] FEE FEo] o]
N0 E ARSSISITh o F 2 A7 48 &
FuAe 7t FFES AL "o} 100mL §FZ}
230 Hsl WERE 10mL, IN FAVEF 2mLE 718k
MWUV] A9 & E3SIATH(100 ppm).
02 3]4sle] 0.05, 0.10, 0.20 ppme] FE
E%%%’Qi A3t

Table 3. Analytical conditions of amoxcillin, ampicillin, oxolinic acid and flumequin by HPLC-ESI-MS/MS

HPLC: Shiseido Nanospace SI-2

Instrument MS/MS: Thermo Finigan TSQ Quantum Discovery Max

Column Cadenza 5CD-C 4 (2.0 mmx150 mmx5 pm)

Mobile phase A: 0.2% Acetic acid in Methanol, B: 0.2% Acetic acid

Gradient 20% (A: 0-3 min)—20-90% (A: 3-8 min)—90-90% (A: 8-25 min)—90-20% (A: 25-30 min)—20-20% (A: 30-35 min)

Oven temp. 35°C

Flow rate 0.2 mL/min

Injection volume 10 uL
lonization mode ESI Aux gas pressure 15
Spray voltage 4800 Capillary temperature 350°C
Sheath gas pressure 40 Skimmer offset 0.0

MS/MS .
lon sweep gas pressure 0.0 Collision pressure 1.5
Collision energy SRM table Scan width (m/z) 0.01
Scan time(s) 0.005 Chrom filter peak width(s) 25
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Table 4. HPLC-ESI-MS/MS parameters for detection of amoxcillin, ampicillin, oxolinic acid and flumequin

1% Transition

2™ Transition

Compounds  Quasi molecule — -
(M.W.) ions Q1 mass Q3 mass Collision energy Q1 mass Q3 mass Collision energy
(amu) (amu) (Ce, V) (amu) (amu) (Ce, V)
A%Ogslcll;h“ [M-H]' 203 184.56 20 203 157.68/119.75 3035
/*(’;4"9'2111;“ [M+H] 187 169.05/168.77 2025 187 141.67/103.87 25/35
0)816“1113 3a)cld [M+H] 262 244 15 262 160 35
F(‘;g;eg‘;;n [M+H]* 262 244 20 262 126 45

Table 5. Product ion ratio (%) of amoxcillin, ampicillin, oxolinic acid and flumequin using HPLC-ESI-MS/MS

Compounds (M.W.) Quasi molecule ions Precursor ion Product ion (ratio, %) Collision energy (Ce, V)

o 184.56 (100%) 20

A%Og;lc]l;hn [M+H]* 203 157.68 (58.7%) 30

' 119.75 (40.3%) 35

169.05 (100%) 20

Ampicillin . 168.77 (21.4%) 25

(349.41) [M+H] 187 141.67 (42.64%) 25

103.87 (25.3%) 35

Oxolinic acid . 244 (100.0%) 15

+

261.23) [M+H] 262 160 (9.7%) 35

Flumequin N 244 (1000%) 20

(261.25) [M+H] 262 126 (9.1%) 45
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Fig. 1. Calibration curves of amoxicillin and ampicillin at
different concentrations.
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Fig. 2. Calibration curves (overlay) of oxolinic acid and
flumequin at different concentrations.

0.01 mg/kg®} 0.005-0.04 mg/kge] 5L, HPLC-ESI-MS/MS®] 7%
ol HETHAISE AHAIZE ZH2 0.003-0.165 pg/ket 0.010-0.551
pgkg®A wl-g- HEAREEE FEE Hof FUT)

Limit of detection (LOD)=As—Ab>3xSb

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

As: the mean of area of sample signal

Table 6. LOD and LOQ for detection of amoxcillin, ampicillin, oxolinic acid and flumequin using HPLC-UVD/FLD

Compounds LOD (mg/kg) LOQ (mg/kg) R? CV (%)
Amoxicillin 0.01 0.04 0.9991 7.8
Ampicillin 0.005 0.02 0.9998 6.8
Oxolinic acid 0.002 0.006 1.0000 43
Flumequin 0.002 0.005 0.9999 4.1
Table 7. LOD and LOQ for detection of amoxcillin, ampicillin, oxolinic acid and flumequin using HPLC-ESI-MS/MS
Compounds LOD (ug/kg) LOQ (ug/kg) R? CV (%)
Amoxicillin 0.028 0.092 0.9991 20.7
Ampicillin 0.165 0.551 0.9991 6.0
Oxolinic acid 0.005 0.018 0.9995 21.8
Flumequin 0.003 0.010 1.0000 16.9
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Table 8. Recovery (%) of amoxicillin and ampicillin from samples using amoxicillin and ampicillin method

Amoxicillin (mg/kg)" Ampicillin (mg/kg)
Sample
0.005 0.01 0.02 0.005 0.01 0.02
Beef 82.4+4.57 82.4+6.8 85.0+4.2 71.2+7.1 74.8+5.9 80.4+4.9
Pork 88.8+3.8 83.6+4.3 86.2+5.1 76.0+5.2 72.4£3.5 78.8+8.2
0.025 0.05 0.1 0.025 0.05 0.1
Flatfish 93.4+5.6 94.2+4.1 93.14£2.5 90.2+6.8 91.8+5.4 91.3+6.8
Rockfish 92.7+9.2 90.3+5.3 91.4+£3.7 88.5+4.4 87.9£3.6 90.1£2.7
Eel 87.6+6.1 85.4+2.6 90.1+4.2 83.1+3.5 82.245.1 86.4+4.6
Shrimp 66.0+1.8 68.6+2.5 67.2+4.3 64.7+4.1 65.2+3.8 64.8+2.9
UThe samples were fortified in a respective level.
Mean+SD
Table 9. Recovery (%) of oxolinic acid and flumequin from samples using oxolinic acid method
Oxolinic acid (mg/kg)" Flumequin (mg/kg)
Sample
0.025 0.05 0.1 0.025 0.05 0.1
Beef 96.0+3.77 94.4+2 .4 98.0+3.7 92.1£5.6 93.4+3.5 95.2+4.1
Pork 93.5+5.1 92.8+2.9 96.4+4.2 90.9+3.8 91.3+6.2 92.4+3.7
0.05 0.1 0.2 0.05 0.1 0.2
Flatfish 71.2+4.2 70.7£2.6 76.4+1.9 72.5£5.5 72.1£1.8 73.9+2.9
Rockfish 78.4+5.1 73.2+£3.4 80.8+2.5 75.9+2.1 72.9+£3.6 80.1+4.7
Eel 80.2+3.3 82.5+4.1 84.3£7.1 81.1x2.4 80.9+3.8 81.6+4.2
Shrimp 66.2+2.1 64.9+3.4 71.6+5.9 62.4+1.5 63.1+4.6 69.6+3.2
DThe samples were fortified in a respective level.
IMean+SD
Table 10. Recovery (%) of oxolinic acid and flumequin from samples using oxolinic acid and flumequin method
Oxolinic acid (mg/kg)" Flumequin (mg/kg)
Sample
0.025 0.05 0.1 0.025 0.05 0.1
Beef 83.5+2.9? 82.7+£3.5 84.8+4.4 81.7+4.1 81.0+1.8 83.7+6.1
Pork 85.2+6.7 81.4+5.9 84.1£3.6 83.1+£5.8 80.443.1 82.4+4.9
0.05 0.1 0.2 0.05 0.1 0.2
Flatfish 92.6+4.8 95.2+3.1 95.4+2.9 91.743.1 89.1+4.8 93.3+5.2
Rockfish 89.6+2.7 90.1+5.4 92.8+4.3 90.0+2.3 91.4+6.2 90.9+4.7
Eel 87.6£5.3 85.4+£2.9 90.1+4.9 88.1+4.5 85.0+2.6 91.2+3.1
Shrimp 76.2+3.7 78.8+4.1 82.6£2.6 73.6£3.0 79.4+3.1 80.2+4.4
"The samples were fortified in a respective level.
IMean+SD
Ab: the mean of area of blank signal o} SRoA9] 3480 = AoF FFT LLEH 9]?\;_}
Sb: standard deviation LA ZEWAY HAIFEL 228 HR 239 A
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Table 11. Detection rate (%) of amoxicillin, ampicillin, oxolinic acid and flumequin in samples used in this study
Samol Number of sample Detection rate (%)
ample
P Tested Detected Amoxicillin Ampicillin Oxolinic acid Flumequin
Beef 41 ND" - - - -
Pork 80 ND - - - -
Flatfish 78 9 11.5 - - -
Rockfish 79 ND - - - -
Eel 78 5 - - 5.1 1.3
Shrimp 37 ND - - - -
Total 393 14 2.3 - 1.0 0.3
"Not detected.
Table 12. Amoxicillin, ampicillin, oxolinic acid and flumequin 25 A
levels in sample detected el
a5
Deteced Region Sample” Level MRLs .
compound (mg/ke) (mg/kg) 15 Amoxicillin Ampicillin
Seoul F-8 0.039 ';' 10 g §
F-15 0.016 £ s 3 1
F-17 0.032 0
F-23 0.028 5
Amoxicillin F-26 0.028 0.05 0
Daejeon F-35 0.009 58 9 10 T 12 13 14 15 16
F-38 0.049 35
Daegu F-47 0.078 0} B
Busan F-57 0.039 e
Seoul E-5 0.03 -
Amoxicillin
D. E-52 0.02
Oxolinic acid o0 0.1 sl 8
Gwangju E-71 0.04 £ s g
E-78 0.20 — 0
Flumequin Daegu E-53 0.03 0.5 °
-0
UF sample means flatfish, and E sample means freshwater eel. ;
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Fig. 3. Chromatograms of standard amoxicillin and ampicillin in
a respective level at 0.5 ppm (A), and amoxicillin detected in
flatfish sample F-47 (B) using HPLC-UVD.
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Fig. 4. Chromatograms of standard amoxicillin and ampicillin in
a respective level at 0.1 ppm (A), and amoxicillin detected in
flatfish sample F-47 (B) using HPLC-ESI-MS/MS.
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Fig. 5. Chromatograms of standard oxolinic acid and flumequin
in a respective level at 0.1 ppm (A), and oxolinic acid detected in
freshwater eel sample E-78 (B) using HPLC-FLD.
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Fig. 6. Chromatograms of standard oxolinic acid and flumequin
in a respective level at 0.01 ppm (A), and oxolinic acid detected
in freshwater eel sample E-78 (B) using HPLC-ESI-MS/MS.
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Fig. 7. Chromatograms of standard oxolinic acid and flumequin
in a respective level at 0.05 ppm (A), and flumequin detected in
freshwater eel sample E-53 (B) using HPLC-FLD.
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Fig. 8. Chromatograms of standard oxolinic acid and flumequin
in a respective level at 0.01 ppm (A), and flumequin detected in
fresh water eel sample E-53 (B) using HPLC-ESI-MS/MS.
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