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Detection and Monitoring of Benzylpenicillin Residues in
Livestock and Marine Products
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Abstract Penicillin and its salts, including the benzatine, procaine, and sodium salts, have been widely used in human
and veterinary medicine. Owing to their low toxicity, they currently form the most important group of antibiotics.
However, overdose and abuse of these antibiotics may lead to potential risk in human health. Therefore, this study was
conducted to validate the analysis method established by the Korea Food Code in 2012 and to monitor the levels of
benzylpenicillin residues in products with reference to the maximum residue level (MRL). Of the 232 product samples
tested, benzylpenicillin was detected in 11 livestock products and 2 marine products. Benzylpenicillin concentrations were
found to be lower than the MRL in 12 products; however, the concentration of benzylpenicillin was found to be greater
than the MRL in 1 pork product. The limit of quantification (LOQ) for benzylpenicillin was found to be 0.001-0.002 mg/
kg, with an average recovery of 90.4-115.3%. Calibrations showed good linearity of 0.995 over a range of 0.002-0.05 mg/

kg.
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Table 1. Summary of sampling regions, products kinds and detected cases of benzylpenicillin residues

2 Aol ARSgE AlE9] Y2 FUollA fEEE Slid 9
YA F - S B2 FEUR] SEVEHFEEE o835ty
<=, A A, o, 2, o, S 5 AS T BA1Y
vl et FYAas vlES AASN, FEEEE 2009¢
177 Fz2Ate] than] AF ol mE A7 >4007]>
| <o 2 HR37] 78A(33.6%), 271 717(30.6%), B

7] 4473(19.0%), FX 397(16.8%) % 232742 FUATE. =4t
9] QiAo mE 7 vlES SAHE FERUM HEIEQ] g
=9 FAHE §5(011. 10y Frste] FH/AY4:6) TF 2
5 7Y A5 2F8tH(Table 1). A7 =4
587(74%), Y 207 26%)H1&E, A7E T 3471(48%),
Y 37A(52%) BlEE TSI CH(Table 2), §37], XE &=
T A P etEAAN fEHE FHAeE FYsh gt
AEE 7HRES £Fste] Bs & gdssigion #4o]

57] A7 20°C ¥EAel Basint.

2 Wako Pure Chemical Industries Inc.
(Osaka, Japan)ollA 935k, vlek2o] = 100mg/L =7} 5
Al o] FFHAOR B3 FFANE o|FHeRE G v
7t EA 3Aste] ARSI Aol 1AM EF(disodium hydrogen
phosphate), ¢14Fe]4=4ZHF (potassium dihydrogen phosphate), ¥
3}z 4H(trichloroacetic acid), 7N¥]4H(formic acid)}S Sigma-Aldrich
(St. Louis, MO, USAPIA Fullalsich. 2 9 #2498 AjoF & &
"= Wako Pure Chemical Industries Inc. (Osaka, Japan), Merck
Inc. (Darmstasdt, Germany), J. T. Baker (Phillipsburg, New Jersey,
USA), Burdick & Jackson (Muskegon, MI, USA)|A] HPLCHS

(unit: cases)

S Livestock products? Marine products
. Sample Total
- Pork Beef Chicken Flatfish
H o/\D —

Region (%) samples Det.? samples Det. samples Det. samples Det. samples Det.
Seoul (43) 35 2 28 1 17 1 15 2 95 6
Busan (15) 12 0 11 0 7 0 6 0 36 0
Incheon (12) 9 0 9 1 6 2 5 0 29 3
Daegu (11) 9 2 8 0 4 1 4 0 25 3
Gwangju (7) 4 0 7 0 3 0 3 0 17 0
Daejeon (6) 5 0 5 0 3 0 3 0 16 0
Ulsan (6) 4 0 3 0 4 1 3 0 14 1
Total (100) 78 4 71 2 44 5 39 2 232 13

USampling with probability proportionate to population size

ISampling with frequently consumed foods (Korea Health Statistics 2009: KNHANES)

YNumber of detected cases of benzylpenicillin residues

Table 2. The number of samples by place of origin

Livestock products Marine products
Sample Total
Pork Beef Chicken Flatfish
Origin cases % cases % cases % cases % cases %
Domestics 58 74 34 48 44 100 39 100 175 75
Imports 20 26 37 52 - - - - 57 25
Total 78 100 71 100 44 100 39 100 232 100
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Table 3. LC-MS/MS parameters for the analysis of benzylpenicillin

Instrument Waters Acquity UPLC
Acquity UPLC BEH C (2.1 mmx100 mm, 1.7 pm)
Column A: 0.1% formic acid/distilled water
B: 0.1% formic acid/acetonitrile
Time (min) A (%) B (%)
int. 80 20
UPLC 0.5 80 20
Solvent 2.8 0 100
3.0 0 100
35 80 20
5.0 80 20
Injection volume 10 uL
Flow rate 0.2 mL/min
Instrument Quanttro Premier XE
Polarity ESI (positive)
Capillary (kV) 3.0
Cone (V) 40.0
MS 0
Source temp. (°C) 120
Desolvation temp. (°C) 350
. Compound Precursor ion (m/z)  Product ions (7m/z)  Collision voltage (V)
MRM, Collision voltage
Benzylpenicillin 335 156, 176 14,13

stk gk YA ARE IAY FF FHEE A (solid-
phase extraction cartridge)i= C18 (octadecyl silica)°] 500 mg (£
% 6mL) =45 o] & OASIS HLB (Waters, Dublin, Ireland)
£ ARE-3RT

ARB7171 & BEMz=A

A A B4 U= 745 H 22 vlE 28] 9 (Ultra-
performance liquid chromatography)/& %441 7](Quattro Premier
XE, Waters, Massachusetts, USAYS A3, #44 AHLe
Acquity UPLC BEH C;; (2.1 mmx100 mm, 1.7 um; Waters, Dublin,
IrelandyS AME-3te] 4138100 o574 EvIRAFS2E 0.1% 7
vAREN T 0.1% Jfejate] E3hE oNEUEY EFgdom
717 (gradient) ZZAAA] EA3IAIL BAZAS Table 337 2
th AR A7 FgoMe dAEE 7] (Rotanta 460R, Hettich,
Tuttlingen, Germany), 3] 7+%% % 7](Buchi, New Castle, DE,
USA), A2%Z7|(EYELA, Tokyo, Japan)S A}-&-3}3ith.

AlE Hx2|

FAge NEERALY], 237, F37], YA 2gS AL
ol 7] £710] ¥ opEVEZ/E 3 (8020, viv) 10
mLE B3 287 #23su 3dEE AEE SomL YR
gz 7|3 SHEUEZ/E TN (8020, vv) 10mLE 2+
AL E 8715 Ao UlE] 9A1e) Alse) s Xl AEE
5,000xg, 4°CollA 1047 ARl F5dS At EEZes
3| g £ 50°C olste] F& AollA 4mLe] AP} S o
7R 4 BT $5AL somL YRl {713 of
AEUEZE E39(50/50, viv) 6 mLE ZFepads Alzsie] o

2ol gz E3telich ARl Hak 10mLe ¥l 5B
7F A" 5,000xg, 4°ColA 1087 QAR E slo] &iks
S AASE T AR Al FAF 10mLE 71k § 99
F4E 3 W o REESIY §e fdS T TY {7

Table 4. Accuracy and precision ranges as required in CODEX

Concentration Acceptable recovery Relative standard

(mg/kg) (%) deviation (CV, %)
<0.001 50-120 <35
0.001-0.01 60-120 <30
0.0-0.01 70-110 <20
>0.1 80-110 <15

3L 50°C ©]3ke] & AollA] 2.5mLe] AL Ee AR w5
322 0.1 M Na,HPO, 2.5 mL¥} &85ttt wlg] wWEe SmL,
& SmL, 0.05M Na,HPO, 5mLEZ 435 27l HLB 7}EZA|
o AEFENS F2A7]2, 0.05M Na,HPO, SmL S0 A
Hgt § FIEYAE A2A AT FIEA ] 0.05M KH,PO,/fF
AEVEZ(50/50, v/v) 5mLE P3RS 8FA7]13L 50°C ©]&t
o] 8 oA FATkRE olfste] oMHEUEZRS AA8
th H2 EAS EE sl AFHIE SmLE 53 02 um
ZHE oFste] AJFgAor ARSI

W UdAe] B4 452 CODEXAIA A “A&E F
TEL %F IFAIEY g dEdold Frel=gRlvel &
3lod B4 (specificity), 2414 (linearity), 7 #3HAI(LOQ, limit of
quantification), ¥]5~&-(recovery rate), 42 (precision) 5Z Al
Ao Az 2 A ARE AESITH28). CODEXA =
S 23she ol Fxol gk ARt A AEAT 095

FS a8t glow, 7F e gisle] a7l 348 %
9 ZH(coefficient of variation) M= gt F&= = A
tete] AFPARE FA3l7 UTHTable 4). HA03= &
e HHOE Weps HEEE UERd Frolth
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Fig. 1. MRM chromatograms of (A) standard material, (B) blank, (C) beef sample spiked at 0.02 mg/kg of benzylpenicillin.
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Table S. Conversion equation, r* and LOQ of standard curves of
benzylpenicillin in the samples tested

Matrices Conversion equation” g LOQ (mg/kg)
Pork y=55.1328x+30.0201 0.995 0.001
Beef y=58.9320x+22.4799 0.996 0.001

Chicken y=61.4977x-2.62669 0.997 0.001

Flatfish y=54.2864x+27.4708 0.997 0.002

UStandard curve range: 0.0015-0.05 mg/L

Ao 2 *é% glsr] flal sAIEd ZEAIRS #H7t
sle] A WHoR ik A¥= Table 5 ¥ Fig. 29} Zth.
WA YA 3:% o1S 0.0015, 0.0031, 0.0063, 0.0125 0.025,
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Fig. 2. Calibration curves of benzylpenicillin in the samples tested.
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Table 6. Recovery rates of standard benzylpenicillin materials in
the samples tested

. Spiked conc. Recovery” (%) RSD?
Matrices _— o
(mg/kg) Mean+SD (%)
0.025 115.3£9.5 8.2
Beef 0.05 102.6+6.3 6.1
0.1 95.7+£5.5 5.7
0.025 102.2+8.2 8.0
Pork 0.05 97.843.9 4.0
0.1 96.2+2.7 2.8
0.025 93.3+4.5 4.8
Chicken 0.05 91.3+3.5 3.9
0.1 90.4+0.8 0.8
0.015 92.0+1.4 1.5
Flatfish 0.03 95.8+5.7 6.0
0.06 94.9+5.8 6.2
YMeanztstandard deviations of six replicates
PRelative standard deviation
e F 1L 083 mgkgl®E R EIIES st HEH
Aot 2 A7 Aoz WdnUdRe] 5.6%Y HEES B
olH, FAikE F 1710] IFIEINEE FHat] AULRA F
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Table 7. Number of detected cases and residue levels of benzylpenicillin in the samples tested

Detected cases/

Imported/

Samples Tested samples Detection rate (%) Domestic” Residue levels (mg/kg)
Pork 4/78 5.1 1 (Canada)/3 0.001, 0.002, 0.003, 0.134”
Beef 2/71 2.8 2 (Australia)/0 0.001, 0.001

Chicken 5/44 114 0/5 0.001, 0.001, 0.002, 0.002, 0.003
Flatfish 2/39 5.1 0/2 0.002, 0.004

Total 13/232 5.6

DThe origin of detected products
JExcess of the MRLs
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Fig. 3. MRM chromatograms of (A) penicillin standard material and (B) detected samples.
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