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Analysis of Penicillin Antibiotics in Aquatic Products
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A simple, rapid method for determining amoxicillin (AMO) and ampicillin (AMP) in aquatic products
(flatfish, salmon, shrimp, tilapia, and yellow croaker) was evaluated. For quantification, the AMO and AMP
ions at m/z 348.9 and 105.9, respectively, were selected. The limit of detection (LOD) and limit of quantification
(LOQ) for detecting AMO were 0.09 and 0.25 pg/L, respectively. The respective values for AMP were
0.02 and 0.05 pg/L. After 100 yg/L AMO treatment, the level decreased 10% after 7 days at 5°C, while
it decreased 20% at 25°C. After 7 days, 94.9-100% of 100 yg/L AMP remained after storage at 5C,
while 62.3-100% remained after storage at 25°C. Using the food code method, the recovery of AMO ranged
from 64.1-92.0% and that of AMP from 44.8-86.2%. With a protein centrifugation method, the recovery
of AMO ranged from 39.8-87.9% and that of AMP from 78.0-98.1%. With liquid-liquid extraction, the
recovery of AMO ranged from 36.5-88.3% and that of AMP from 31.8-75.1%.
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9] 9FF-2 tetracycline, quinolone, penicillin

o2 WAt (NIFDS, 2009).
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A& #7138k formaldehydeoll o3 A A S A A A
A2 EIYZI-ALH %7 (HPLC-UV)E EA 3t
(KFIA, 2010). ol AMO 2 AMP EAWH fa54 ¥
AFAA FEE st dAARCEI Y- A ZF AT
(LC-MSMS)E &3 I g Ho] BuHAT (Kim et al,
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Anhydrous®] AMO % AMPE- Sigma-Aldrich Co. (St. Louis,
MO, USA)il‘?"Ei o) o]_oﬂ o Dq 7]—7]—_/] ?—Z}\] 1;'4 x]-Fﬂ:_Q_
Fig. 19] YEMATE EFF 10 mgS AHslo] ©o]4= 100
mLE AEa1 2o o] FFEINS 2A5te] 20Tl
ushAA AAgainh Adel AgR BE §718uE
Burdick & Jackson (Muskegon, MI)A}2] HPLC TELO AH8-31%]
Ou:] -1 o]g] ] /\}_9_5]_ }\] O]: EJ = HPLC & }\]__Q_O]_Oﬂ
o} 2 A A= G (Paralichthys olivaceus), 8 \ﬂrﬂ AEA
- (Penaeus semisulcatus), N ¥y (Salmo salar), B} o}
(Sarotherodon niloticus), A (Larimichthys crocea)-o/] o5
1t F3le] homogenizer (HMF-985, Hanil, Korea)= 12 3}
;F“U‘r ZAE A8 YA EE R Yol 20CTHA Bt
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Fig. 1. Chemical structures of AMO (A) and AMP (B).
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HPLC-PDA+ Agilent 1100 series (Palo Alto, CA, USA)E
AHgEF o m A 32212 Table 19 YER QAT UPLC-MS/
MS+ ACQUITY Ultra Performance LCTM system (Waters,
Milford, MA, USA) % Micromass Quattro Premier XE API
triple quadrupole mass spectrometer (Waters, Micromass,
Manchester, UK)S AF8-3}%1 01 293718 Table 20 YE}
Wt

Table 1. HPLC-PDA conditions for AMO and AMP

Instrument

Agilent 1100 series

Detector PDA, 360 nm

Column Shiseido Cig (4.6 mmx250 mm, 5 ym)

Mobile phase 0.05 M phosphate buffer (pH 6.5):Acetonitrile=8:2 (v/v)
Oven temperature  35C

Flow rate 1.0 mL/min

Injection column 100 pL

Table 2. UPLC-MS/MS conditions for AMO and AMP

UPLC: Waters ACQUITY UPLC

Instrument MS/MS: Waters, Micromass Quattro Premier XE
Column ACQUITY UPLCTH BEH Css
(Waters, 1.7 pm, 2.1 mmx50 mm)
Time (min)| A (%) B (%)
Mobile phase Initial 90 10
A: 0.1% formic acid in 0.5 90 10
distilled water 2.0 40 60
B: 0.1% formic acid in 35 0 100
acetonitrile 36 90 10
5.0 90 10
Oven temperature 35C
Flow rate 0.3 mL/min
Injection column 2 uL
lonization mode ESI+
Multiple reaction AMO: 365.9-348.9
monitoring AMP: 349.9-105.9
MS/MS Capillary (kV) 0.9
Source temp. (C) 120
Desolvation (C) 350
Corn voltage (V) 23

AMO ¥ AMPO] XA, A&ESHA, A=A
HPLC-PDA 415 93t 52142 AMO 2 AMP ﬁ%%
RO el
O =

A5 0.2, 05, 1.0, 5.0 mg/L2
FEAS 2lsl 243 z} FE 1mLoﬂ Elo] 44 mL

20% TCA 0.5 mLE 7}5 & & T}A] 7% formaldehyde
SN 1 mLES 7F8tal I % 100ColA 3087 F=A 5k
sttt o] =4 Hol diethyl ether 6 mL= 2o 30%7F
ZF3tar 1,800xgell A 243 A4 2] 3te] diethyl etherd <
FH3slAt o] BA4E WHESEe] diethyl ether 5 12 mLS
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0.2 um syringe filter2 ©]¥}3}] HPLC-PDAZ #23} t}&
F5ko] W peak HAH]E o] &3l HFAS AAISIATH
UPLC-MSMS #4913k 527412 AMO 3! AMP #5¢
NS 10, 20, 50, 100, 200 pg/Le] FEZ Zo] 242 8|45}
=224 §lo] UPLC-MS/MSE 43 U} sioo we
peak WA H| & o] &3] BFFAE A3k ivh. UPLC-MS/
MS9] AZ3%HA (LOD, limit of detection)i= MassLynx software
o 4] A&t 7S] (S/N, signal to noise ratio)”} >32.2 3}%)
o, A=A (LOQ, limit of quantitation)= >102.2 3} T}

AMO 2 AMPY] ¢FAA

AMO % AMP9] HgA4S EFEU NS 10, 100, 1000 pg/L
FER go|&FR s|Asto] 77 vhE $ 5T e 25C ol A
B35 A UPLC-MS/MSE ©]-&3ate] M85 Ao gkt
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KFIA (2010)°A] 271 AMO % AMP®
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4= 40 mLE #H71ske] 104 Fet ek v, 6,600xgol A
1027F ATt A5 AE F9 =
TCA 1 mLE 7}ate] A A7)
AR g & AFste] FF AL 50T 2-3 mLE 79hs
gto] 4 NS s mLALE HA BoleFE X“’LOWEP
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Protein centrifugal devicesoll €3+ #EA1HFH
el

Reyns et al. (2008)%] & Wyste] A5 1 g& A
Foll Y31 go] 24 8 mLS H7Iske] 108 &k wukek v,
6,600xgol Al 10-7F AR E 33t AFd 12 mL&

eppendorf tube®l] H 7131 10,000xgol A 1083+ YA+ star

A5 0.5 mLS Nanosep 30K Centrifugal Devices (Pall Life

Science, East. Hills, NY, USA)°| %714 10,000xgel| 4] 35%3F

A E st A E AAg AS 0.2 um syringe

ﬁlteri oms}o% UPLC-MS/MSE #A]3le] 2897} vl
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Liquid—liquid extraction®l] ¢]3F &A1l
Ternandez-Torres et al. (2010)01]/‘1 2703 RS W sl
AR 1 go AR el ¥Yar 0.2 M citrate solution 4 mL¥}
methanol 4 mL< 7}3}¢] ﬁﬂﬁ}o}ﬂ 2592 S A
T, 6,600xgollA] 533 YAERIE 3fo] AT Al AT
e Gk Al dAE T e AT Ao disto

FAYA o] 24 631

dichloromethane 8 mLE H7}8lo] wnl @ QAR E 19}
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Fig. 2. ESI-MS/MS spectrum of AMO (A) and AMP (B).
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Fig. 3. ESI-MS/MS chromatogram of AMO (365.9>348.9)
and AMP (349.9>105.9) for a blank flatfish muscle spiked
at 25 ug/L (A) and a blank flatfish muscle (B).
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(precursor ion) S ZH-E] NHy7} B m/z 348.90] o] &A|7]7}
7Hd A3 oFAEl7] wlitoll AMO2] A #o]2 (quantification
ion) o= et AMPE] Eo]22 m/z 191.9, 159.8 4
10592 YeRgon Akl mz 10592 A5t msz
159.82 B-lactam ZANA A EH= o]0 2Z AMO 2
AMP?] MS/MS = E oA vEbsttt. g4 50 AMO 3
AMPE: spike #]2]3F MS/MS A Zv}E 13 (chromatogram)<-
Fig. 3ol YERSITE th2 A A= MSMS A2PHED
A2 v =S et e REEE I AR WelEE Y
retention time®] 2] F o] QoM U5 ARrEIHS A
S 4= 919tk Reyns et al. (2008)S AMO % AMP2] A #o] &
S m/z 349 2 10602 AEEg] o B odtel I3
Kim et al. (2009)2 AMO % AMPS] QoL m/iz 184.6
2 169.10.2 A8 =4 o] = TCAS} formaldehydeS ©]-&
g FEATAGAA A HE SALES U o R Ho
25 AEHESl 7] wiEolt)h. Straub and Boyksner (1993)2
penicillin A€ A A& negative ©]23}E=ollA BAS A%
SRR BN EZE BHA YERd Ao g Bt
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Fig. 4. Calibration curves of AMO and AMP at different
concentrations by HPLC-PDA (A) and UPLC-MS/MS (B).

Table 3. LOD and LOQ for detection of AMO and AMP
by UPLC-MS/MS

LOD (ug/L)" LOQ (ug/L)”
AMO 0.09 0.25
AMP 0.02 0.05

YLOD: limit of detection.
LOQ: limit of quantification.
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Fig. 5. Storage stability of AMO (A) and AMP (B) at different
temperature (@, 10 ug/L at 5C; O, 100 pg/L at 5C; V¥,
1000 pg/L at 5C; Vv, 10 pg/L at 25°C; H, 100 pg/L at
25C; U, 1000 pg/L at 25C).
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£ Table 39| YEFHAT A2vlET3 Z3E smoothing
method (2:1)8 4-83}4] peak-to-peak 2] 0.2 A4tsle] SN
& Takelth AMOS] AESHA9F e A= 242 0.09, 0.25
ug/LZ YE o AMPE 0.02, 0.05 yg/Lo 2 wHE5g w3l
FFE Ho] FAU} De Baere et al. (2002)% =oll A
LC-MS/MSE ©]&3 AMO % AMO tiARiHE-9] 4=k B9
oA A= 25 nglg, AETAE 2.3-12.0 ng/gE Bl
3tIth. B3 Ang et al. (1996)S HEA A1 59 Aol whabA
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AZE3A 7T 0.5-0.8 ng/g= YElUE Aow wyusldon
Yoon et al. (2004)> negative ©|-23}tE =2 E Ao A 2] AMO
AFEAE 120 ng/mLOE K I13}SI T

AMO % AMP9] <A

Fig. 5% AMO ¥ AMP2] R IH2% (5, 25C) e F=3
(10, 100, 1000 ug/L) $+84S YERSATE 100 pg/L =9

ol

AMOE 5C RIS 49, 79 A7 Fol oF 10%7} 743}
QAR 25C oAM= 20%7F ZHAste] LERETE 100 pg/ll 5%
o] AMPE 5C E#3IRE A5, 79 B Foll oF 94.8%=
YEEA 7 25 Col = 62.2% % 43kl UERE TR Reyns
et al. (2008)= AMO % AMPZE -70°Col 3ol A Bashd 1270
4 A P star 5°Coll A BpshEA] 244 7ke] kAR Ao
2 Baustgrh Jo et al. (2006)= AMO 2 AMPY stock
solutions §go|slell Al BytstH 1719 o] A sA R
working solution®] 74-9- &I=of wela] kg o] Al B A Y
2 e7] Wl Algdd ZAlske] Agstelof ghrhal ®as}
Atk e AMO 2 AMPE] HE S 9t EE, A
Hito] Aot Aow A7t

Table 4. Recoveries of AMO and AMP of aquatic products
by food code method

Aquatic  Concentration AMO RSD R AMP RSD
products (ug/L) Recovery (%) %)" e((:%v)ery (%)
Flatfish 200 86.5 + 34 39 86016 18
100 89.0 +38 42 862+33 39
Salmon 200 919+27 29 484 +29 59
100 89.7 +40 45 448 +25 55
Shrimp 200 843 +45 54 664 +55 82
100 729 £ 11 15 666 +41 6.1
Tilapia 200 641 +17 27 457 +18 3.9
100 748 £+ 07 1.0 505+26 51
Yellow 200 847 +26 31 643+12 1.9
croaker 100 920+ 05 06 576+34 59
Average 83.0 + 9.3 61.7 £ 15.0

YRSD: relative standard deviation.
?Values are mean + standard deviation (n=5).

AEFHA 34E

Table 42 AFE7 LA H gk AMO 3 AMP9] 3|
&5 YeERAT AMOE 64.1% (2 2k ool A 92.0% (-
A, AMP= 44.8% (01 7)ol Al 86.2% (HA) o= LEFRLTE
A FEFA B A Ak o] Fiol we) 34& Xole
AAI R HF2A 027 AMOE 83.0%, AMPE 61.7%9] 3|48
o] UEl o AMO7} AMPE T} 3]5=&0] %A yekdth
Jo et al. (2006)2 Fx12] AMO 2 AMP2| 3]4=80] 95.4%9}
814%% 21 AMPR U} AMOZ} 3480 =vtn Husgls
o] 2 A9} v]=gk A ko] yEbskth B3 Kim et al. (2009)2
A=A, 29&e, dolo] AMO ¥ AMPY] B 3|F&S 909
+ 48%%} 879 + 48%= YEFFA T tiEte] 79 673 £ 29%2}

&
Ao Baslgled ol Alsvitt 7HA AL = 717
matrix9] F&< Ao 2 AZLATE Matrixe EAEES
shar AN 7 Foll drHo] e BE
matrix effect= A& T A3t Q)
tE ojw S oA Aoy EA4l
T} (Harris, 2007). Luo and Ang (2000)% &
F=3te] Cis cartridge®  BAISL FEAAFES AA
HPLC-FLDE #A13l A3} 83.9-95.4%2] 3|44 H 3t
th AEF A bRl tigk AMO 2 AMPO| AR 2
B2 5% F TCA 2 diethyl etherE AFg-3lo] @hald 2
AAE AASIL FEADAEE AR $ diehyl etherZ &35
o UVAE7IZ S35t o] HH-S AMOA $5gt 3]
2o AT diethyl ether®] A-E-0 = WAxpe] 717} of<]
FiLFEFEY] 5, F=AHE T2 AA L]
A GHE 7HA AL dSlTh
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Table 5. Recoveries of AMO and AMP of aquatic products
by protein centrifugal devices method

AMO AMP

Aquatic  Concentration
products (ug/L) Recovery (%) 5:)?) Re?%\/)ery TSOI)D
Flatfish 125 737 + 667 90 838+ 16 19
12.5 79.2 + 31 39 952+ 36 37
Salmon 125 411+13 30 882+26 3.0
12.5 536 +14 27 875+23 26
Shrimp 125 657+ 17 26 884 +14 16
12.5 879 +42 48 98.1+28 29
Tilapia 125 398 +16 40 80.7+22 27
12.5 576 +16 28 79.2+66 8.3
Yellow 125 447 +22 50 820+13 1.6
croaker 12.5 56.2 + 06 1.0 78.0+35 45
Average 61.1 + 16.3 86.8 + 6.9

YRSD: relative standard deviation.
?Values are mean + standard deviation (n=5).

Protein centrifugal devices 3|&

Table 5 protein centrifugal devices 2% He 2]3 AMO
9 AMPO] 3585 YERNATE AMOE 39.8% (2T ok
oA 87.9% (A7), AMPE 78.0% (F-A1)oll A 98.1% (M-
)22 YEFSTE Protein centrifugal devices 29 W ol A]
FAHE ] TRl Wt IE Aol UAAA N HFHom
AMOT 61.1%, AMP= 86.8%°] 3]5%°] UEl%TH Wang
(2004)2 AMO 2 AMP+= ¥%A 3AEEA] FE2IG A9
£, matrixel] ¢ o] 23t FaF s o= IFEo] B
YEhE Ao 2 B35St Nagata and Saeki (1986) o
ol AMPE %3} florisil cartridgeE 13 AAStL F %
A2A o] BAE A} 61.5-73.2%2] 30| UE o
S¢rensen et al. (1999)= ¥°]olA AMOE F%3}9] Oasis HLB
cartridge® A A A FEATFAHS AAH E43 A3
80.5%2] 3485 H 3} Tl Reyns et al. (2008)2] A2
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Fig. 6. Recoveries of AMO and AMP from aquatic products by extraction methods. FC, food code; PCD, protein centrifugal
devices; LLE, liquid-liquid extraction; ., AMO; ., AMP.
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Table 6. Recoveries of AMO and AMP of aquatic products
by liquid-liquid extraction method

. ) AMO AMP
Aquatic  Concentration Recovery RSD RSD
products (ug/L) (%) (%)1) Recovery (%) (%)
Flatfish 125 443 + 372 83 318+07 23

12.5 36528 7.7 44932 71
Salmon 125 36514 37 42923 53
12.5 39220 5.1 472 + 0.8 1.7
Shrimp 125 624 +29 46 736+28 38
12.5 627 +1.7 27 75136 438
Tilapia 125 784 +37 47 61136 59
12.5 749 +28 37 63624 38
Yellow 125 86.6 + 44 5.1 638 +23 36
croaker 12.5 88319 2.1 65.3 £ 1.3 2.0
Average 61.0 + 20.1 56.9 + 14.0

URSD: relative standard deviation.
?Values are mean + standard deviation (n=5).

Liquid—liquid extraction 3|<&

Table 6+ liquid-liquid extraction 2ol 2]3 AMO
9 AMPO| 3|F&S YERATE AMOE 36.5% (HA])°ll A
88.3% (F-Al), AMPE 31.8% (HADolA 75.1% (M=
EFS T Liquid-liquid extraction AW H oAl k2 9] &
Fol wet I5E AolE UUAN HAHOZ AMOE
61.0%, AMP+= 56.9%9] 3]4=&9°] YEl%t}l De Baere et al.
(2002)+= AMO ¥ AMO HIAMFHES FE319 Cs cartridge=
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