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ol A3 ol % oAU FF FFEAY
ALdE FHAE

A3t 42 S
FYFAAEY Welz

olfFZ AU FHsle FFEAL A ESH WY disk assay§ ol & &t FFE A9
AGEZ 80| 75 #AE AESUL 2 HAbYo| A8 #3% Bacillus subtilis BGA,
Micrococcus luteus ATCC 9341, Bacillus cereus var. mycoides ATCC 11778 o|glth & ZHA}
Hole Bt P clean-up A3 2%& dA8Ah &, #4744 2(10g) & Mcilvaine ¢
FHoE vt FEAFE F330, o] FEAFL ol s ExA 7 F, F2E
XE % Sep-Pak Cw 7}EZ A& ol &3t} £ 2F K (fraction A ¥ B)E FZ At
a3 o] FENL 77t disk assayol AMEBITE EHAd AQl EREYE fARe o)
Aggde|=(ML) AL, AiHSA)Al, FEHHYZ(CP)A 2 A2(QN)AY A Yl A
FTHAL, F8Y BY Sep-Pak Ciwoll F238 £3& dlU4da(PC)A, Bl EZA]ZA(TC)
A R HEZFHNF) A SAA ol ATt B AAbdol o3 daEde] 142 F
A& LEE oxytetracycline, tetracycline, doxycycline, spiramycin % ciprofloxacin®] 0.1ug/g,
erythromycin? ampicillin®] 0.025&/g, sodium nifurstyrenate$} florfenicole] 1.0ug/g,
sulfamonomethoxine## sulfadimethoxine©] 0.25ug/g, oxolinic acid®} flumequine©] 25u/g,
piromidic acide> 15w/geldtt. TCA R NFAol disis e B cereus)B. subtilis)M. Iluteus,
MLA 2 PCAll thsi M= M. luteus)B. subtilis)B, cereus, CPAl % QN7#H¢] thsjx = B,
cereus=B. subtilis)M. luteus, SAA|o| &A= B subtilis)B, cereus=M. luteus2 8F+E3
o) Aol wmet M2 oE FFY F8E JeEhATh dEly 2 ojd e FApge o
ZHYe FH3e YHEA AEE 23edse YN HAEeEAM 4354 §4E
T AL ANeE AgEY

Key words : Families of antibacterial agent, Disk assay, Bacillus subtilis, Micrococcus
luteus, Bacillus cereus
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T8 - AAA FEo] FAHUA A F A4
e Avate] #Yol IRHI AR F- &9
HE Aol oidt FAH AN #Helzt
el Qlh $HE 4 Eo g Aibg Yol Fe
AS 4F gAEH] FBAEE FHo2 4}
H32 o] Foje] FFEE AMMHzHR o
g Avzte] Yol RelAe F FAHE oA
o] Apgo] F8 FAFAZ dFHI A o
g4 FAol wet TSRS 19959 8H
AFog FAHE A SA-UY FREH
Ug, F5ude A&71EE dAstden,
1996d 39 HAEAEs off ¢ nitiridq
SAHERRo|ZUY FFH HLINFANE
0.lppmo. 2 A&t

e vete] A FFHoe FA4EFA TF
e g4 EFE 2JUHP e vAETH
NEgHeg gaEde NERFE ZAEE
ZrolANds FaEAY AEE JFAERYl
Aeso] Uk ZolA @Y NFsE FAE
Ao fFRvg Felsle Aol v (Schothorst
et al, 1978:Johnston et al, 1981). Z2&\} o} 7
Aol e aEdd i FELAES FF
g e ok =3 AEE AFANIEL 73
s ste FF FAEHY AEE vy o
- AA&or e ©Ho] UrHNakazawa and
Fujita, 1990:Ryu et al, 1990.Matsumoto, 1991).

8 A8Y #HF3ke TCA, MLAY FAE

& microbicautographyfoll elsj4 el - %
Aol fed 2 Y] ws HAFY B
AHatgoh wabA Jinbo et al(1991)2 o] A}
g ZHEEA At A S #Rste ¥
#EAE AGHEE £ - sHdes Mz W
HE Agatdch & 4388 Jinbo et al(1991)
of Mg mHESH WYL oM ofFF
Ao zF3le FFEHE AEEER FHe
71 $l8ted A A]EAT

2
E]
=]

NE 5w
L AN &S, A 2 288 BEF

Bacillus subtilis BGA, Micrococus luteus
ATCC 9341, Bacillus cereus var. mycoides
ACTT 11778¢] 3g¢5& Ah&stti(e]3] B.
subtilis, M. luteus, B. cereus2.g A&},
BE A= Difocortoll Al TYstden, A -
BE 8ol nutrient agar, M. luteus®] Z %ol
£ muller-hinton broth, disk assay§ Al¥ % &
vzl ol &= antibiotic medium No, 5(pH 79+01).
antibiotic medium No. 8(pH 5.85+0.05),
muller-hinton agar®j 2 & z}z} A& & tH(o} 8t
AMS, AM8 8 MHAZ A&},

g7E8d HEF S 25 Sgmarl EE §F
& AEoled, PCAY ampicillin (ABPC),
TCH 8] oxytetracycline (OTC), doxycycline
(DOXY), tetracycline (TC), ML#] erythromycin
(EM) % spiramycin (SPM), NFA9 sodium
nifurstyrenate (NFS-Na). CP#A 9] florfenicol,
QN7 ¢ oxolinic acid (OXA). flumequine
(FM), piromidic acid (PA). ciprofloxacin
(CFX), SAAY sulfamonomethoxine (SMMX)
3 sulfadimethoxine (SDMX)% % 4FHE A}
&t

2. g7 R Al EA

HEOg4s 87x15miAggd) e 2, °
ZoAzE 47 10ma(Advantec Toyo)e A&
Abg-aton 121¢, 1587 agdFete 38
8 AzA F Age AFstHc AR F
T MAlES #R2EY¥EF Hdole Whatman
54 vURdoe
Sep-Pak Cis 7}E 2] A/ Waters) & AM&-8t )

Ips phase separator &,
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FtER|A e AMg-A Mo vgE5ml, FHSF Sml,
5% EDTA-2Na(Sigma) 5« & &FAUE Hal
AR X o] &3t #H vig g, 4 FRE
XE, FRF 52 Merck AES AL

pH 4598 $% 92 KH:POs 136g-%, pH 80
9] gh&Ae KH:POs 133g % KOH 62g¢ 7+
7t FEFA 59U F 1000m2 3HoH,
001IM EDTA-2Na Mcilvaine buffer (pH 4.0) &
Na:HPO4 - 2ZH20 17.76g, citric acid 19.21,
EDTA-2Na 6.95g& 717 S/ %o %A%
1625 2 3%}

3. Disk assay®& AlgHE o M=z

BE 4359 A¥EE ZWA MAHAE
d), B, subtilist|A] 2 M. luteust A& AMS5SE,
B. cereustl A= AMS8E o]§34 Jung and
Kim (1997) 8} el wmebs W& B subtilis
2 B cereus XA B3 M. luteus o9 ¥A
< Z+z ufA) 100w F 1w HFG §H HESR
el 6my £33t 23 A& AP HH
W2 ALg3H T B osubtilisel A EA}RG-oH
€ Hrlste AoA4 2448 wiAe MHAE
o] 83} 3L trimethoprim& B}2] 100mF 5ug©|
HeE Yriste 71et HAuiA ok FAEA A
2rat ot

4. gy

A ¥l Jinbo et al(1991) 9] Wylol wa}
A AA s &, S8 FA o3 2% 10g
€ FH(CorningA}l, 50mi)o] #3sted 0.01M
EDTA-2Na Mcilvaine buffer 30ml & 3733
Z B Ao} X (Heidolph, DIAX 600)2 & v}
&) 3000rpmoll Al 1587 fA4E ATt 4
vk FH W #4 10mE H7hsto A

7] (Taitec, SR-1)elA 1087 AgF§
3.000ppmeoil A 1587 Y42t od7]4
dold +8AF & FH &4 F2EXE 0
& 715t 1587 g3t FEAFH g2
EXE 892¢ 74 gz Esdo #A
ZEEIXE BYFE 3BTY FEYN IyA
Z%%%7)(Buchi, R-114)& 5233 2{FEL
pH 809 &3 1mio] =} E¥A A(fraction
A)Z 3%t} olojA 8 HF LS Sep-Pak Cis
ol ¥AAIII FFHF 10nE AHE 5 mge
SmlE SEAMZY o] e g29e g8
EE 8937 22 Wyog %39 pH 45
gl 1w 5o & B(fraction B)2 3}
Aok By Aol sl B subtilis, M, luteus,
B. cereus, 43 7444 WA g, 28z B
¥ Bel Wstede B subtilis, M. luteus, B.
cereus B{ A& ol §8td Z+z} disk assayE A A
&4ty B. subtilis, M. luteus, B. cereus B} A &
0t, 434 ZFF4E A 3BvrdAM #z
I8AIZE Wi st o, Axde @277t J473 2
m ol RE FHNEoz dYsA

2 %

248 ¥ 4% BF dFED UFF
o AddF 3FF 3 HEd:E HHE
Table 1] Yetiich 2t v% dAY Jz&
AE B2 Y2A(EF5FH 78124)0 38 F
FAA FA & 43 F AdHeA) F
B. subtilisthAl, M, luteus¥l &), B. cereus BjZ]
2 duA 254 i e F e 3
Z HAAFEE Yehd Rolg 3FFY AEE
Fv YaEdd gt AEUEd 43 Ao
& Holl 3U&E€ ¢ # AUtk TCA % NF
Aol Wi HEA= #¥LE B cereus > B
subtilis > M. luteus, MLA ¥ PCAe M.
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Table 1. Minimun-detectable concentrations of 14 antibacterial agents by the four types of test agar

plate
Minimum-detectable concentrations(ug/=!)
Antibacterial agents
B. subtilis M. luteus B, cereus
PC ABPC(ampicillin) 025 0025 5.0
TC OTC(oxytetracycline-HC1) 05 25 0.25
DOXY (doxycycline-HC1) 01 10 0.05
TC(tetracycline-HC1) 0.5 2.5 025
ML EM (erythromycin) 025 01 0.5
SPM(spiramycin) 25 05 5
NF NFS-Na(sodium nifurstyrenate) 5 100 01
CP FF (florfenicol) 25 10 25
QN OX A(oxolinic acid) 5 >100 25
FM((flumequine) 25 >100 25
PA (piromidic acid) 10 >100 5
CFX (ciprofloxacin) 01 10 25
SA SMMZX (sulfamonomethoxine) 0.25* >100 2100
SDMX (sulfadimethoxine) 0.25* >100 >100

» Trimethoprm was added to agar medium at 0.05ug/m!.

Table 2. Degree of sensitivity in three test organisms for various families of antibacterial agent
based on the minimum-detectable concentrations(ug/s!) in Table 1

Sensitivity of test organisms

Family of
B. subtilis M, luteus B. cereus antibacterial agent
+ F++ ~ PC, ML
+ - +++ TC
- - +++ NF
+ - + CP, QN

+++ — - SA
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Table 3. Detection profile of 14 antibacterial agents from olive flounder muscle(10g) according to
the present method

Antibacterial Amount Test organisms
nHbacte added Fractions -
agents (ua/g) B. subtilis M. luteus B. cereus
025 B + ¥ -
) + +++ —
APPC — - * —
0025 4 - . _
1 A N - =
01 B — = + + 4
1 A - - =
DOXY B ++ = M
01 B + - 4
1 A " - -
TC A = = b
0.1 B + — ++ +
1 A + FEF s
EM B = = =
0.025 o Z rrT _
A ¥ F++ =
25 8 il ¥ Z
1 A - Al -
5 A N - -
NFS-Na B * = +++
! B — — +++
A +++ — +++
10 8 il Z il
FF 1 A F+F = +
B —_ — -
OXA = = =
25 £ T _ -
M 10 2 Tt - +
25 2 trt - =
oa 50 g +H+ - ++
15 2 tE = -
2 ;B\ ¥ - +
CFX = —
01 o T _ -
SMMX 23 B T — —
025 & tEe - -
SDMX 23 B T - Z
0.25 & tEs - -
1) : Chloroform layer

2) : Adsorbed to Sep-Pak Cis cartridge
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Table 4. Minimum-detectable concentrations of 14 antibacterial agents according to the present

method
Antibaterial agents Minimum-detectable concentrations (ug/g)
PC ABPC 0.025
TC OTC 0.1
DOXY 0.1
TC 0.1
ML EM 0.025
SPM 0.1
NF NFS-Na 1
CP FF 1
QN OXA 5
FM 2.5
PA 15
CFX 01
SA SMMX 025
SDMX 0.25

Table 5. Sensitivity patterns of three test organisms for familes of antibacterial agent according to
the present method

Test organisms

, Families of
Fraction , _
B. subtilis M. luteus B. cereus antibacterial agent

A + +++ - MLs
A +++ — - SAs
A +++ - + CPs. QNs
B + - +++ TCs, NFs
B + +++ - PCs
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Table 6. Families of antibacterial agent judged from the results in this study

Test organisms

Fraction Families of
B. subtilis M. luteus B. cereus antibacterial agent
A + - MLs
A - - MLs
A + + CPs)QNs
A + - SAS)CPs)QNs
B + + TCs)NF's
B - + TCs)NF's
B + - PCs
B - - PCs

luteus > B. subtilis > B. cereus ¢ #A{%th.
SAAlE trimethoprim& ¥ 7}§ B subtilis ¥ 4]
dirgt ¥ HEUZE Jehid CPA ¥
QNA FeAe CFXE Adstie Mz
7 E7h B3t Table 1914 oA Ag@3F
3279 Hedxe Y44 HYEE Table 2
b 23 57149 {82 Y¥HAqHT. PCAH
3% MLAIY tidiXde M luteus, TCAI % NF
Aol A B cereus , SAAIY didl M= B
subtilis 7} 7}%3 ¥& ZFAHE BA @9
CPA % QNA+ B cereus ¥ B, subtilis 7} A
9 H&H A4S BIoy AEdEE W
Wttt

gole HdAZ dae 2KAgd A%
143579 YIFEFIE A7ted 2%/ Yo
(fraction A, B)& #2383, Z+ £ddlo] &4
¥ FFEFE AEFT 24 AEY Ao
g 2AZ AL o] 7tEdA HESHAY
(Table 3). Z2]3L Table 32] wyo] 23 z
gaAdE HA HE&PAEE Table 49 JehiA

t}. ABPC, OTC, DOXY, TC % NFS-Nag &
g9 B, EM, SPM, FF, OXA, FM, PA, CFX,
SMMX ¥ SDMXe #389 AWldA zZHzt A
Ha3e 254 ey Aold wtgt FHel
7tsstden olg F44 #HEx ¥4 Tab:
50f FeldAt 289 Ao e ML, SA, CP
2 QNAl, ¥¥ BiMe TC, NF ¥ PCA9
o] 7H53th QNAIY CFX9 A% 2us/g
Froja B A @ Be AdZEoF o|FFHY
ed 0lug/g FEANAE 28 AZog2T o]
F3se vEgd $AEIR EFEHE ABPC,
EM, OTC, DOXY, TC ¥ SPM# 484l
% CFX, SMMX ¥ SDMXol tidlde ¥l
S AEAEE Jehidod, =gE #§49%
#A¢l FF, OXA, FM, PA ¥ NFS-Naoj] th3}
de AEEE7F di$ Fuch ol4e vjAdEY
A e ode BAd oA IF Y E
A9 AIYE Table 69 YERHATE



132 PR dgol A@ oAyl Ay §FELY AYY F3AY

2 A

SUAYFH FFEAY AFALE HAE
e dA7A Fx % 484 SR04 oy
B33 ZAPY(disk assay)ol 7Hg & WEo
E goA Aok 2y o] WY e 3 #9d
FAutgol Nl=Al dFEAe AHE YA
g3 @ 4 Q7] g UguE ddg 77
2 Atk #ANFE HE YR A, @
WA ojo] HERT, oimjicdl Fo] FHEo 2o
o olE g FdEFo] YAdutge BAHL st
€ AAE ALY £ Q7] RO =i 5
1989:Nakazawa and Fujita, 1990). Y9ty oz
AAMA EWAd e 4322 st $FEAY
Fol AdAHLR H7] g 2o gM A
ge&de 2AAY F, ARG ABRZHEEHY
+2, clean-up 23, %z F9o Y#HY
e AEe FgH ¢ 584 ¥ Y
gy @+ A B AdFE 9 Jinbo et
al(1991) o] o] 7igso] g oA ALg3t
I e disk assayE o Foll H&sle A @ 5
A8 FaAA g AgE 33 2© 9o
7Hed Ag HESIA sy,

2 dpolMe B subtilis, M. luteus ¥ B,
cereus ¢ 37tA] #& ¥4 EA AdEE 745
A RFEE ME BEHAE B ol HA
ABEFE F2E £3d A9 BREEHE 4
¥ #o] stesiddch $auele) 4EFA
N FHRL A PIYELH HAPEF 7ho)
A E o 3357 2% MEso 3z,
FAEA] ALY FFAEHAE TCAH &
3= OTC, DOXY ¥ chlortetacycline®] & ko
+ Bacillus cereus var. mycoides ATCC 11778,
MLASl EM % SPM, PCA Sl penicillin G¢
JFolE Micrococcus luteus ATCC 93418 ¥
FaEFE A o

AFA M PC A, TCA, MLA % SAA
€ dederst vay #3432 PCA ¥ TCAE
89 B2YH, MLA % SAAE 289 Adj
A A §<o] MUtk W CPA, QN
A%t NFAIE HEZE7) g ol B Hapy
+ F8de AdE 4o e Aoz Y
Etitty, QNAIF CFXe dea7srst viasy ¢
SRR BHH A 2 B BFA Ao
et AEY 2 2A7E dd Row
HAEA o]gfzto] whe} Ry A P BojjA
BEF aEFe] Aol veggd Ay
Zage] FAHY 7bsAol ang g AXE
ofof & Zojct & RHA AdAM B subtils
A AT Rl AL Bl of:
HA AEs=d 2A%d QNA ¥ CPARY
SAAY JtEAdel & Holth R BeMx
B. subtilis w§X 8} B cereus MR A BF
Aibgol et g 4%, 283 B cereus v A
A wl Fgut-gol JEIEE Adr HA 7
g¥xo 2Astd TCHY 7te4del ¥9dx B
SRS

Z - FAHEN ARsle dFEAF A
FaAe dFRd dhistede HPLC(high
performance liquid chromatography) &
GC(gas chromatography)$t 7 ¥ilo] £34
of &€ 4 AT, TCAH, PCA ¥ MLAS
S U FAAZA olgBSY whyol 3
2 A% vg A8 wWol ddx & 5
t(Murayama et al, 1991:Horie et al,
1992:Lee et al, 1993, 1994). PCHE
penicilinase, TCAle 7FE(100T, 30&), SAA
© dt2tolo|ibalgtatel olsle] 2tz AL
#He Aoz FHo U7 g ojgd EAHL
ge&ood vt g4 7B AEy
ool 7k58 = Avk(Jinbo et al, 1991).

Jinbo et al (1991)2 S| B8 W o
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&3 Y4EFY AEYE FHAAM OTC ¥
DOXYe ZH&®AE ZZ4 005a/g, 0.0lus/g,
EM % SPMe| z}z} 0.05u/g, 0.1u/g, ABPC
7} 0025ue/g, 2831 SMMX % SDMX7} 01
w/geg £ A¥Ae vasd AEH=7L
%t #H FHolfo FH3e TCA ¥
A4 tsode 3712 #5F%F B cereus?t 7}
Z Zedel A YEd AL E A¥EFe
& Y218 QYcH Jinbo et al, 1988), & A¥AH
A 2742 ol YHEHGE FEsle AL
AgA Yong ofFAWe ABA 27} o
49 FAANE HWEse Afdx dug F
Ag Ao MzHE,

E o4 E%3 4y PCA, MLA, TCA ¥
SAA & dsto ZlEete] AEE AF
APyel e L ZEE YEMdLDE
A5 oA gFEFS] AFUHEE ZUEY
shed ZhelAldy s 7ol ¥E¥UE VIE
A A AFARE FA getg £ e
22 A4 HAAbgozA FEF 7ML e
Aoz Atgdr,

A} A}

o] =EE #YFARAN AIYY BEHAF

Agade 2 +35AEE B
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Determination of several families of antibacterial
agent residues in fish by disk assay

Sung-Hee Jung and Jin-Woo Kim

Pathology Division, National Fisheries Research and Development Institute

The possibility of identification of families of antibacterial agent residues in fish tissue was studied
by disk assay using three test organisms, Bacillus subtilis BGA, Micrococcus luteus ATCC 9341, and
Bacillus cereus var, mycoides ATCC 11778. In the present method, a simple clean-up procedure was
performed to obtain the aqueous solution from homogenized flounder muscle sample(10g) in
Mcilvaine buffer. Then, aqueous solution was fractionated into A and B to be used in disk assay by
choloroform and Sep-Pak Cis cartridge column after being defatted in hexane. The chloroform layer
of fraction A was used for the analysis of macrolide antibiotics{(ML), sulfa drugs(SA),
chloramphenicol{(CP), and quinolone antibiotics{(QN}. Adsorbed materials to Sep-Pak Cis of fraction
B were also employed for the analysis of penicillins(PC), tetracyclines(TC), and nitrofuran
derivatives(NF) Minimun-detectable concentrations by the present method were, 0.1ug/g for
oxytetracycline, tetracycline, doxycycline, spiramycin and ciprofloxacin, 0.025ug/g for erythromycin
and ampicillin, 1.0:&/g for sodium nifurstyrenate and florfenical, 0.254g/g for sulfamonomethoxi e
and sulfadimethoxine, 2.5ug/g for oxolinic acid and flumequine, and 15ug/g for piromidic acid,
respectively. Three test organisms showed different sensitivity patterns for each family of
antibacterial agent. Sensitivity patterns were B, cereus ) B. subtilis ) M. luteus for TC and NF, M.
luteus ) B, subtilis ) B. cereus for ML and PC, B. cereus = B, subtilis ) M. luteus for CP and
QN, and B, subtilis ) B. cereus=M. luteus for SA. The present method utilizing these characteristics
could be useful as a routine screening test for the determination of family of antibacterial agent

residues in fish tissue.

Key words : Families of antibacterial agent Disk assay, Bacillus subtilis, Micrococcus luteus, Bacillus

cereus



