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Evaluation of EEC 4-Plate Test for the Sensitivity and Identification
of Families of Antimicrobial Drugs in Meat

Byung-Hoon Cho', Nam-Seup Jin, Seong-Wan Son, Hwan-Goo Kang,

Hye-Sook Lee, Jae-Hak Kim and Bong-Hwan Kim*
National Veterinary Research Institute, Rural Development Administration
*College of Veterinary Medicine, Kyungpook National University

ABSTRACT — The Eurcpean Economic Community four plate test(EEC 4-plate test, FPT, EU)
has been used for monitoring antimicrobial drug residues in meat by Local Veterinary Service
Center in Korea. This study was performed to evaluate sensitivity and group specificity of some
antimicrobial drugs in FPT and to compare FPT with Charm II test. The minimal detectable lev-
els of targeted antimicrobial drugs tested with standard solutions were 0.025~1.0 ppm for 7 be-
ta-lactams, 0.5~1.0 ppm for 4 aminoglycosides, 0.05~0.5 ppm for 5 macrolides, 0.05~0.25 ppm
for 3 tetracyclines and 0.25~1.0 ppm for 6 sulfonamides. In identification of the families, five
families of antimicrobial drugs were identified. In this case, beta-lactams, aminoglycosides, ma-
crolides, tetracyclines and sulfonamides could be detectable. In comparison of FPT and Charm
II test, the results of FPT were not accord with those of Charm II test having the group spec-
ificity of seven families of antimicrobial drugs in meat samples except some families like tetra-

cyclines.
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ppmld| ¥3 trimethoprim-& ¥iA] m/% 0.05 ug-g A7
71 B. subtilis BGA(pH 7.2)8 Bol M= T.5F 0.5 ppm7t4]
HAE2E & Y= Aoz BuPoEA FPTE E coli T

e

Ale] Ao AEREE e AL F e P
o2 AMEAY. 22} FPTO) 8§ gt B ae] 4%l
UE BEAog Zal Mg A®? o]go) AA AlSu
Agote g2l W dEsol B IARIY A%
W RE7FSE e sFE Al tig AENE 2 Pu
Z7A% AZ WA B AyE uj$ 223 Aot

ole B AFE A4 HEIFsH ofe] FF2 e o
& FPTS] AS7ES Yolum Hok 214 A&t o
& AGY 7235l s FFEY AL So|4o] Hoj
¢ 02 & A EA H (Charm 1T test)z} X ¥-E H]iL

TE Y

EEA|I¥

Ade) A4 T2 A5 penicillin G, ampicillin,
streptomycin, dihydrostreptomycin, gentamicin,
chlortetracycline(CTC), chloramphenicol %! bacitracin-2- Flu-
ka AT AMRE900, amoxicillin, cloxacillin, nafcillin,
cephalexin, cephazolin, sulfamethazine(SMZ), sulfamerazine
(SMR), sulfadimethoxine(SDM), sulfamonomethoxine(SMM),
sulfathiazole(STZ), sulfaquinoxaline(SQX), trimethoprim
(TMP), oxytetracycling(OTC), neomycin, tylosin, erythro-
mycin, oleandomycin(OM), spiramycin, oxolinic acid, nor-
floxacin, olaquindox, thiamphenicol 2 furazolidone &< Sig-
ma AFE AHSHT

olE 229 &2 amminoglycoside ] A ZHL 2

Z &2 furazolione 10% dimethylsulfoxide, oxolinic
acid 2 norfloxacing 0.2% IN NaOH #7} wghg, vir-
giniamycin& 0.05M QIAtetEolm) oeh-E(1:1, v/v), amox-
icillin Y monensin& 50% WEre, 121 7|E} It EAS
dEes Agsigon, §aF RE UGS BREF
S8 AHEElo] 4UR BEZ 545 0] ALgaan

EEC 4-plate test(FPT)

A THO| XA — B. subtilis BGA T2 otEL AL
Z822 1 [o) s}l nutrient agaroll MnSO, - H,0 0.05
g 2 agar 5 g& ®E3to] Roux Hol| 250 mi¥ 531
n¢E 72 s 23 F nutrient agar AFHEuiA] ol 37°C
o)A sEW w3 FFE AETFT 23 mleR [
Stod Roux g watol o] &Sk, 37°Col A 1824413 v

M. luteus ATCC 9341 FF2] ufjekd-2 tryptic soy broth
20 mlo) A3 AL A7 2 mm WIFolZ 1 loopful&
HEsho 32°C, F252ol M 16A17F a2k (80 pm)dt
}S o] ol 1 mig 19 mle] AaEFFol st W3
BystEA 153U AHEEA ol gdEeEE oF 2X
107 CFU/mlo] it}

AlEE Tmo| ZH| —uix] AR O Z peptone 6.9 g,
NaCl 5.1 g, KH,PO, 1.0 g & agar 13.0 g5} S5 11 H]
28 7tdEe] =2 ¥ e AztEebiad FEe &
F3le] nPF7|BFY e HiX2EE F2F R4
48-50°C= #A3}l¢it}h. IN NaOH & 1IN HCIE AM4-3}
o ujx) ¢} pHE 6.0, 7.2, 8.0 2 8.0 AT F Hzlg
3ZF wjx|o|& B. sutilis(B.s) o}L ML 65°ColA 3083}
7138t 2x10° CFU/Mm! 552 3143 g8, Fx9
pH 8.081 %ol = M. luteus(M.l) Futol e BHZSF
208 A3 FA(eF 2x 107 CFU/mAS Z+2t A 100
m/% Aol 1 mig #iste] of 187 &8kt o
9} ZAjell pH 7.2 wjx]oll = B.s o} X3 AL e of
10 mge] TMPE ofj&hg 10 mioll =< 10.0 pgm/2 2 3
g TMP 4984 8% 100 mi% 1 mig F7Fsigch. o)
Moz 7} ujx|¥ petri-dish(87x 15 mm) Z} 6 mi4 £
ate S ¢kt dol & AElR 3087 WA E F AR
st o, ALgstn W HEE 4°C YR AIHEA 2~
3 AFE3HCE. olu) A E3t B.s W(pH 6.0, 7.2, 8.0)
o] FEEE 2x10° CFU/mL, M. 1 3 (pH 8.0)0] 2x 10°
CFU/mle|gle, pH 7.2 E#e] TMP £ A mi%
0.1 pgolet.

ZAZ A4 Pl 2t2} pH 6.0 Bl = penicillin G
0.5 pg/ml, pH 7.2 ol = SMZ 50 pg/ml, 2] pH 8.0
T gl streptomycin 50 pg/m/ £Ho2 A 6 mm
t] ~ 7 (Schleicher & Schuell No.15100 2-& Adventec No.
1995203)8 r}-g3to] 2t T LA 10 Wy F5AI F
Hslo £8) il 32°C, 16417 vjdsle] Ald el &S
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AANE B2 F3 ZF 6 mmol ol At

Charm II test

FPTe} UX&& A7) 98] vl= Charm Sci. A}¢)
Charm II test of7dof] whel A& Ajg 20 A3}t
2t gaEdel AdE Aduyel we Fa2ES Al
k.

A ¥ o

BiX| 3! TMPO]| I}E HE2T
195913 Lange & Madekung”o] #H x5 MF7HAZo
§ ARFAAN AN FABHo] AFEA Ha )

£ A doleted Ateted M FFE ol &
FAAPEE AEEATE 7)ol AEE il =
4 go) AR o2 ot el e
o

ok

e & ome rr o £

Y r; NI T
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Db ge AL WO ST s 2o
£ A}83}= cylinder plate ¥o] E8Xde
ey ol2idt FEAAS ARA HH o l
Aofofsie old ezl dat sl e
2ol 4204 UoldALE 10 mm T
A A)E AHEsEAL "‘-‘S—Q o] g3to]
9/] ]gf—:’. ZJyHS} _'; zﬂouo T X /\]94 /II-F’ ?51»
ARl gheh 0 plsiola g FPTRE Bs W M 3
olg% ol 4R PYozH AP 10 mm Cls2E
Aol AAE FHA7 thg 42 el Baol Mgk
disc plate o]0, B.s pH 7.2 v 2|0l Mdajrfje} B o a
HEHEL ehls TMPE H7hshe] Aabale) 27
£ %ol 1A} @ ol PAolTh
FPT9| A& & wix| Aol b2 dulxe] AE7ATE &
o}y 7] 918 Bogaerts & Brussels”™l] 2]t FPT9] uj x|z
o2 FH5 114 peptone 6.9 g, NaCl 5.1 g, KH,PO, 1.0
g ¥ agar 13.0 g-& %8 wx|(FPTA), nutrient agar(NA),
0.4% L5 35 B %3 nutrient agar(NAG), Mueller-Hinton
medium(MH) ¥ 04% ¥=9%$ ¥ 33 MHMHG)E o] &
s}l SMZ, STZ 3 TMPol| ot HAEUTE njwa A,
NF ®E MHOM AEREA ME BA rhdes
FPTA, NAT2 2 e tH(Table 1). 3 w2 v
2 7V A AdukA 2 TMP] dE4 7} BAo) "ol
A= A3E debdd debs dutAlg A&k 93 3
e wAE MHZF O Eaolvd, o WAl e
TMP i47].izc5 Ao g He #g Hrypstoor S
o 4 ATk zeiy B g A= 7]F9] FPTAS MH
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Table 1. Effect of medium on the sensitivity for detection
of some antimicrobial drugs

Minimum detectable levels(ug/m/)

Assay media'

Sulfamethazine Sulfathiazole Trimethoprim
FPTA, pH 7.2 10 5 25
NA, pH 7.0 >100 >100 10
NAG, pH 7.0 >100 >100 25
MH, pH 7.2 0.5 0.25 0.5
MHG, pH 7.2 >1 >1 1

' FPTA: Peptone 6.9 g, NaCl 5.1 g, KH,PO, 1.0 g, Agar 13.0
g/liter DW, NA: nutrient agar, NAG: nutrient agar sup-
plemented with 0.4% glucose, MH: Mueller-Hinton medium,
MHG: Mueller-Hinton medium supplemented with 0.4% glu-

Cose

ol MHE AMS81A] 411 7|29 FPTAS Abgste &
2o g HEF S 2AEIAT

Corry 52 FPTAE AME-3 Bs pH 7.2 3o TMPE
WX mig 005 pg 5L H7lel9 S W SMZ, SMR,
STZ, sulfadiazine(SDZ) ¥ sulfadoxine & 5% ds}x)9] 7
Z7+5 71 0.5 ppmoleta 51920, Nouws'= 0.4% £&
2, 1% NaClg R E3 NA(PH 7.00% 21431968 2%
TMPE mig 0.15 puge ¥713198 o SMZ, SMR, sul-
fanilamide ¥ sulfapyridine¢} %7} %7} 0.3 ppm, SDZo)
0.2 ppmol it sttt B Ao ML FPTAE AHg-3lo
TMP H7be ey HES7 g Aldalle H$ ols} S4gt
A7E Uebd oo, Bs pH 7.2 el wjxu] TMP ¥7hs
T7F 015 pg/mis Zopsbd Q38 A|g e wso] A
5= 4ol AR TMPE siAImi% 0.1~0.15 pgF&o
% olfelt SMZ, STZ 2 SMM § 3% Autdle A%
AET 0.1~10 pgm! #5202, B3 fugHz 24
1= SMZe] = 3 &7]% 0.1 ppm°ﬂr: A uAAFE
s A vebich

[

AN

SR EaY XSS

FPTol| ojgh gFaExd 411 HEHEE dotrr s
Hazdd 320 ss 549 29 7 e gt oo
3 A2E Uebltl(Table 2). CTC, OM £2] 232 A3
Z57b zhzt 0.05 pg/ml 2 0.1 pg/ml 2 2 Ffola] B
d AET ARIEIETE FFAIE s i ola-
quindox 9} 22 £ kA H7MALE HI)EFES 100 pg/
mie] HEPEE vehle] HA FFEES PG o
FPTel 28 o] olejg o2 e
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Table 2. Minimal detectable levels(ug/m/) of 33 antimicrobial drug standard solutions in EEC 4-plate test

Antimicrobial drugs B.s' pH 6.0 plate B.s pH 7.2 plate’ B.s pH 8.0 plate M.F pH 8.0 plate

B-Lactams

Penicillin G 0.025 0.05 0.05 0.025

Ampicillin 0.1 0.05 0.05 0.025

Amoxicillin 0.25 0.1 0.25 0.05

Cloxacillin 1 1 2.5 2.5

Nafcillin 1 25 2.5 0.05

Cephalexin 1 5 10 25

Cephazolin 1 2.5 2.5 100
Aminoglycosides

Streptomycin 5 i 0.5 25

Dihydrostreptomycin 5 1 0.5 2.5

Gentamicin 10 05 0.5 5

Neomycin 50 25 1 5
Macrolides

Erythromycin 2.5 0.1 0.05 0.05

Spiramycin 2.5 0.5 0.5 0.5

Tylosin 25 0.5 0.5 0.5

Oleandomycin 10 0.25 0.5 0.1

Lincomycin 100 1 25 0.1
Tetracyclines

Tetracycline 0.25 1 5 10

Chlortetracycline 0.05 0.25 2.5 10

Oxytetracycline 0.25 0.5 25 10
Sulfonamides

Sulfamethazine 25 1 100 >100

Sulfamerazine 10 0.5 100 >100

Sulfadimethoxine 1 0.25 50 >100

Sulfamonomethoxine 0.5 0.25 100 100

Sulfaquinoxaline 2.5 0.5 50 >100

Sulfathiazole 10 0.25 50 >100
Polypeptides

Bacitracin 100 >100 >100 10
Polyethers

Monensin 5 5 5 10
Nitrofurans

Furazolidone 0.25 0.1 0.1 >100
Quinolones

Oxolinic acid 0.5 1 1 >100
Others

Spectinomycin 50 25 25 50

Chloramphenicol 5 2.5 2.5 25

Trimethoprim 5 2.5 25 25

' B. s: B. sutilis BGA.
*M. I: M. luteus ATCC 9341.
* The plate was added 0.1 pg trimethoprim/m/ agar to EEC 4-plate agar.
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ALY grEHe AXHAELEE 729] Blactam7] 3}
HEHo] 0.025-1.0 pg/miolon, 4%9) aminoglycoside 7|
7} 0.5-1.0 pg/ml, 5%2] macrolide 77} 0.05-0.5 ug/ml, 3& 9]
tetracycline A1 7} 0.05-0.25 pg/m/, 6&2] dx}x)7} 0.25~1.0
pgml 5o FFo}. °|F Komsud SV STOP o
CAST 59| ztol7AMo| )3t 222 FAER HAE7e
Aol Wlmd w) ALEE wirEE vk zlel:= glx|ur
FPT7} STOPETH Aubdo e A27 w7} £hon, CAST
b= Blactam#) ¢} 0.0062-1.0 ug/ml, aminoglycoside 4] 2] 0.
062-6.2 ug/m, macrolide #| 2] 0.05~0.4 pg/mi, tetracycline #|
2] 0.2~0.8 pg/mloll B3] FAEIAL 2-o) wel ohx &}
o7} AXE ATt ol&l 3 A& T2 2lol= o]E 7ho|ZIA}
ol ARRE = vAE FF, wiN2A, pH 2 iz 22
BE 5ol o] 89lo] 288 HoF oA

FPTO| Mgl 2=

FPT= 2%9 V4SS ALE3ld 7] #HEH9E
83t Al pHoll wh2 7t YFE ) BT zjolE
aidle] Wi g AgEHe] oy
5 s Bolrh EXAGe) ¢ SFEo) TEAY
TR AE EdE 3F g 74]‘3—?'_-‘% -*rxé@?
£ #elsly] ¢slo 3 A
&5 208 HEWEE 24 @4 Table 30)) 4]
o} o] B-lactamA| FAE AT A penicillin 4= 47}2] =
ol dubdoz HEsE P4e Uehin(ad),
B.s pH 6.0 22 M. pH 8.0 HdoA
(Ib¥), gentamicin & aminoglycosided] BYERS Zz
B.s pH 8.0 &3} Bs pH 7.2 Halol A (118), erythro-
mycin -5- macrolide #l= M./ pH 8.0 > B.s pH 8.0 > B.s pH
72 G Fo (1Y), chlortetracycline 5 tetracycline | =
2 Bs pH 6.0 23} Bs pH 7.2 HAoA A2H= of

4& JER o (IVE), sulfamethazine £ Adabz|e] AL
FHoR W wEoM: Bs pH 7.2 HuMT A

P
]

£

=

i
E
el
0\‘,‘_‘[‘

cephalosporin 7| &=

HE S JEPAAIT Bs pH 6.0 HBNHE Apa) &
Foll whet 0.5~25 pg/m! TEoA AEE 5 Q= Ao
LERETHV #).

ol¢h e YFEA ALFAYL A% w2} by

©.2 Jinbo 572 C18 cartridgeS 0|43 dAxzHoz =
2% Y] 42dg t)ATo F3AA B cereus, Bs @
MU dFe] AAFY o8 FHEA AQL =S 5 9
= Ao Hug vl AT A7) 220 Fuksy)
Wi FEEA) HEREI} 2L vhdo) Be AzE
Al Aejslrlol = &7t Qg Ao Azt

Charm II test= 198214 Charm™©] penicillin Gol| T3 =
oM<l 218t g 2= BEAS G AT MEHo] 2
k= Aol Aorstel JFE A e A7) LY S
ol & Wog nAEe) S8 gxjo] WAy FojY
AR ’2-14(°0) 2 AFFACHE BAANZ 723
A5Hog T2 AYHoZ weAlA EXGFEHY
AFe g FAT AlRFY) IR FFER A9 Folg
% 917 W0 HPLC 5 /)71 %48 54 048715
EEHOZ YT F i Ao duld Yopo

Charm II test®} FPT9] °E1 %% ZA}3)7) $18) Table 400}
Heb vhel o] sx] @ Ao] 28 A|Z)A) Charm II test
o o3 Yoz Hag %%_3 WA 283 A A5
A FPTS] 2&58 FAM A}, Chamm 11 test A48 &
38%Yoll A FPToll s o2 2159 AR 28 99(23.
%), A 2558 (65.8%)0M 2tz dg oz AEHUY o) B
% PlactamA| 2 FYH A5 18L FPToA] = =5 2@ AF
AN BF AEEQ 00, etracycline A 2 245 A]E’L 184
& 284 84, ARelA] 1780], WAz 29 A2o]
AME Al et 8o, 2] 2 ammoglycosme?-ﬂi F25
2ol E 24 % Aol 28] @29 b

olg} BHHZ 2§ 2 AFol|A FPT dog 7HEH A
ol s Table 3014 YA LR 715025
Yolz F45= dFER) AGHZ TES Z Charm I

Y oZ m]o

Table 3. Identification of antimicrobial drug families in EEC 4-plate test

Famillies

B.s pH 6.0 plate  B.s pH 7.2 plate

B.s pH 8.0 plate M.l pH 8.0 plate  Detection pattern

B-lactams
Penicillins

+

Cephalosporins + -
Aminoglycosides -
Macrolides -
Tetracyclines

+ + H +

Ho+

Sulfonamides

I

+ + Ia
- + Ib
+ - In
+ + I
+ - v
- - v
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test Z3}e} v w3 A3, FPTo| o3 Y422 HEd 25
Alg 108"l A 954 (90%)°] Charm II testoflA] U512
o, MAAMRAM FHOZ AEH F 4994 = 18H(37.
5%)°] AT o|EF 2HA FHLeE HEH AE
E % tetracycline A2 FALHP oW, 10-4A 9Ho]
Charm 11 testoll N2 b o2 AZ5Qich. FPTo| o3 %
Aoz Az AMAA B E 218 0) tetracycline A2 5
=0} 12%0] Charm II teste]]l &J3) THollA HEHUL
o, A2 FA49 414 14404 67d0] Charm II testo}
AR% WA aminoglycoside Al FHE 14FME
Charm II testol] A} 25 &4 02 AS 5 2 tH(Table 5).

oj4ke] ZAxtel o] Charm Il test ¥ FPT AH}E v|u
o tetracyclineA] 5 YF ALDE ALstn F WYt LA
&o] B2 702 eyt o]2|§ 8102 A ES
A o AEEHE ozt &4 tEY] o
ol A EAEE HELTV MR g2, FdEH] A
Wehabgol A g7 d e AoyE el o] xjo) o) w
2} AR Ux&o] oA Mgy FFEAe)
natural inhibitore]] ©)&t H]|Eo}ul3>" = o5 o] HF}AQ]
LAe] 9l & Aoz s dr).

Table 4. Comparison of EEC 4-plate test and Charm II
test in muscle and kidney samples

Charm 11 EEC 4-plate test
Famillies
test in muscle in kidney

B-lactams 1 1 1
Aminoglycosides 2 - -
Macrolides - - -
Tetracyclines 18 8 17
Sulfonamides 17 - 8
Total 38 9 25

Table 5. Agreement of EEC 4-plate test(FPT) with
Charm II test in muscle and kidney samples

FPT Charm I test'
Famillies in in  FPT(+) FPT(+)
muscle  kidney muscle kindney
B-lactams - - - -
Aminoglycosides - 14 - -
Macrolides - - - -
Tetracyclines 10 21 9 12
Sulfonamides - 14 - 6
Total 10 49 9 18

Bogaerts 570 231 FPTE 93 A o2 Aot ¥4
g BHo7 ugreEglony v5oly ¥hgs we{# ¢
%ot AT AL 4 UE Aog AAEA |
2 Aol A9 WEAAE AelolA] Bs oo L8 A
S oekdubgol dojurjuiie] AAYS AX KAt
Aeg £ gle v WEAAQ Adezle vigMgg
ol gahel o)opy WS WAL & Utk STt olsh
o] gEAo] o HA H|Eoluks-g& YERE 4 Qe
BAZE A Cu-Cp E3F 2 EF 3R WAL, long chain
aliphatic ¥ cholesterol-like compound, 24+ 2 lysozyme
So] 9lon. olgld] A &B5]F2) Pseudomonas spp. 5°)
QA= ALl % Bs BGAE v 23 o2} Bacillus spp.©]
w5-L AAATE oz dei At

FPTo| ]38t 94 Al Z ¢} Charm II test Z3}o}be] 2 x]go)
ol vlE] Aol A @& 321% o|v] AFHAUA vie}
o] ANA7E g Ede] FXF Ao} H|Foukg
9 g]lo] ALHUE AoF Agdct £3] Charm 1I
testo] ©]3) AupA] o2 AEH THAE 17THF AF
off gt 83 o] FPTel| o3l AE =5, FPTol| o3l 25l
A HEFHA G5 AFNAMTE F o8 HEE AAZ
ZAEAYD 141 8% 64| Zoll AT+ Charm II teste] 25
A FAaoR ZAEH At FPTY ZH57) S804 data)
o ol weg AN TH Aold am-
inoglycoside /| 2 F4 ¥ A&7} Charm I testoll M 25 &
Aol 7L Charm II teste] 73E& 757} streptomycin ©.
2241 0.5 ppmo)d, T8 AFe] AWEELF F2 HEo)
HHS- 59 8<9lo] &3NS Aoz Mz

o|9]oll FPTol &l& 2 ALFHe vl & Wl g
2 AESEFY t233 F339 Ao), FFEFe
T Foll upet A42e abol7t UE Ao dAtdrt
B8e Aol AUolA AW Fe] 43
ol 4FFe FREHAA BF FHo2 HE
o, o] e Fe] BEgHoR IARE A
o) AEFAHL B S oA 2 Aoz Azt
Zut e FAEAL HFANEEA 7HF 2%
A7) o Eol Aol A S 7] A ulEolykge] B
BELE G 0T oAU FPTY AutA| 0|29
S0 it v & HEUEE 3 FAA7IEA
AFE w24 MHE o] 83l g™ 5oz ds9
PEE 59 5 e Yoo oo ey HoF o
AR, FPTol| o3l 4oz #ad Aae FPTY 7#E:
33} F Aol Charm T teste} 22 AGd AJPH L Hay
st 2 F YAEAE Selsk= Fof vhhald Aoz A}
g9k

tio o Hu |o
ol L off
HJo

4
X0
o

]

du ot HE A oo
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i
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o
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