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ABSTRACT—To detect and quantitate residual antibiotics and synthetic antibacterial agents in
meat, we performed a microbiological assay employing the three microorganisms Bacillus subtilis
ATCC 6633, Micrococcus luteus ATCC 9341, and Bacillus cereus var. mycoides ATCC 11778.

In the microbiological assay (paper disk method), the residual antibiotics and antibacterial agents
were systematically extracted and cleaned-up by homogenization with Mcllvaine buffer, defatting
with hexane, extraction with chloroform, and clean-up by Sep-Pak C; cartridge and Bakerbond
SPE carboxylic acid column. The chloroform layer was subjected to the detection of sulfa agents,
macrolides antibiotics and antibacterial agents. Adsorbed materials in the Sep-Pak C;s cartridge
were also employed for the analysis of penicillins and tetracyclines. Effluent from the Sep-Pak
Cys was cleaned-up once more by Bakerbond 10 SPE COOH column and employed for the analysis
of aminoglycosides.

The detection limits in this microbiological assay have revealed the 0.1~0.01 ppm for macrolide,
tetracycline, aminoglycoside antibiotics and sulfa drugs, and the 0.001 ppm for penicillins.

Nevertheless of the use of three microorganisms and simple clean up procedure, this method
has been revealed the high reproducibility and selectivity. Therefore, this method is highly recomma-
ned to detect the residual antibiotics and antibacterial agents in meat simultaneously.

Keywords [] Microbiological assay, Antibiotics, Antibacterials, Meat.
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Bacillus subtilis ATCC 6633, Micrococcus luteus
ATCC 9341, Bacillus cerveus var. mycoides ATCC
117782 Institute for Fermentation, Osaka, Japan
omyE Fostel Apgsterh

Alet
Oxytetracycline, chlortetracycline, neomycin, st-
reptomycin, hygromycin, erythromycin, oleandom-

ycin, tylosin, penicillin, ampicillin, oxolinic acid,
nalidixic acid, sulfadimethoxine, trimethoprim, cit-
ric acid $2 % Sigma Chemical Co.(St. Louis,
MO, USA)dll4 9)3stsd.em, potassium dihydro-
genphosphate, dipotassium hydrogenphosphate,
magnesium sulfate anhydrousv~ Kanto Chemical
Co. Inc(Tokyo, Japan)ol 4l 413t} Ethylene-
diaminetetraacetic acid disodium salt, disodium
hydrogenphosphater= Junsei Chemical Co. Ltd.
(Tokyo, Japan)ell A “s18ted, o19]el bacto agar,
nutrient broth, bacto-peptone, yeast extract &
Difco(Detroit Michigan, USA) #|%& A}&3lgic)
Hexane, chloroform, methanol-& J.T. Baker Inc.
(Phillipsburg, USA)ell A T3] 3edch

217

Petri dish+= W7 100 mm(541 3}, Korea)2| 7,
pulp disk+ A7 10 mm, 57 1.2 mm, §4-% 0.08
+ 0.01 m/(Tokyo Seisakusho Co., Tokyo, Japan)Z-
ok sted Ab&-sle] 1, Sep-Pak Cg(Waters, Co.,
Milford, MA, USA.) cartridge ¥ Baker bond 10
SPE COOH Column(7211-03, J.T. Baker Chemical
Co., US.A)E F4i3}to] 218389tk 29 Whatman
1PS phase separator(Silicone treated 1PS 100 cir-
cles-12.5 cm, Whatman, U.S.A)¢} Filter paper(42,
Whatman, USA)E *-83l9x, 717124
cher 80(Seward Medical Inc., England) Tissue ho-
mogenizer, Autoclave(Yamato Scientific Co., Ja-

Stoma-

pan), Incubator(HIK International Co. Korea),
Deep freezer(Baxter, Revco Scientific Inc. Ashevi-
lle, North Carolina, USA), Baker-10 SPE System(].
T. Baker Chemical Co., Phillipsburg, U.S.A), Va-
cuum pump (Millipore, Milford, MA., USA) 5-&
Abg-stedct.

Columng} activation

Sep-Pak C,3 Cartridge—~MeOH 5mi, H;O 5mi,
)4 saturated EDTA-2Na -9 5ml &2 & Sep-
Pak-& E3A17) 2 8543 2elskedch?
Backerbond 10 SPE COOH Column—Hexane 5
mig 7T R EHAA 187 A2
t}. 2% MeOH 5ml, H,O 5ml £28 53447,
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Mclivaine buffer(pH 4.0) 5m/S ¥ A=l &,
AZEHA UEE Fost FEYHE 2R

ARBHHX]|

AR ERuX| - &% A& AH&stdch
SABYMUNK] M. luteus®) A& WAZE 3
#4244 bouillon ) 2| (Nissui#| 2}, Tokyo, Japan)
& AMgEksh

AR WiX|—B. subtilise} M. luteus Z3AL4 wj=)
2+ antibiotic medium No. 5(AM 5)&, B. cereus
71 A8 wlz] £+ antibiotic medium No. 8(AM 8)
(Difco, Detroit, Michigan, USA)-S, 28] 1 sulfadl-&
A&7 AslAe A diskd wHAI-N(SD, Nis-
suid| 2k, Tokyo, Japan) ¥ 3£/ wlzl& Al4-3}
odom, 121C ol 4 2087 34t dFdk F, 55C &
A sl A Aege] g-g Jo] FAsHA EFT F,
10 m/# 7} petri dishel] s o2 §3A1A AL
Hyhel A 2 ApE-Efed el

RN HARR Huix] XA

M. luteus HE—AM 52 asHEFY F 55C 2
FAIBHLL, of 7] el 3o Al BE3te] ko] A A%l
Al E medium®] 1/5%8 718 & 42 F pe-
tri disholl 10 m/% R-F3led 3o g yAIHc)
B. subtilis HME—u3td#3 AM 58 55C &8 &
A8}, o 7)of Al gl ofEH-FH4 & mediuml
1710098 7tal # A& F M luteus %3]
ZA|9) 7ok A3 2Askoh

B. cereus WH— =73 AM 8% 55C 2 &
28k2, o37]ol B. cereus *13FNE mediume] 1/
1002k8- 7}e} &-3}3ted 7+ petri dishell 10 m/#)
TFEte] Fgog FiA|Zv)

SulfadlZ HE—SD W& mygdFd ¥ 55C &
A3 A o 7)ol trimethoprim(7 pg/100 m/ 2]
E)% 7F8tAL B, subtilis o}ERF-4E medium
171000 #l}sh= k& Jbs] M luteus®) 7353}
FdsA A sk

Alzel 2o A AEHY =H|

Sep-Pak Cig®} Bakerbond 10 SPE COOH co-
lumng& AHg-3te] Scheme 13} o] zbzh 21§y
A, B, CHg ahge] Agsiddch & A& 10gs

Stomacher 80-4- vinyl-8-#}(Organo*}, Tokyo, Japan)
of Wi, pH4E 4% 001 M EDTA-2Na Mcll-
vaine #3Y 30mi-& 7}sled <F 30&7t homoge-
nizedt ¥ 3000 rpmoll A 1587+ YAl &3t}

235N ol hexane 10 mJE 7}8t] Stomacher 80
ol A <F 157 Aegt % 3000 rpmell 4] 1587
A Eelsle] AWEg AAs A pipete @
28 F2|3lo] g} o37]4) chloroform 30 m/<&
7}8ted Stomacher 804 &8t 1417k F<t A
2ol "% F chloroformZ 3 202 F2]4|
et

Holid <& chloroform%€& Whatman 1PS
Phase Separator(silicone treated)@ ofa}3s}a, o
Nt CHCL%F & Z34A1# 1 A4S K-phosphate
buffer(pH 8.0) 1miell o] A|gd A= 3}m, o)
A} sulfad], &4 ¥ Macrolide 342l #
Zo AHg-stsdct.

olul  glollA] Ay ujel Aol HAHRAF
Sep-Pak C.33 Bakerbond 10 SPE column$ adap-
torg Abg-sle] AAI o, $ollA d& &
7}ste] olAF £ 2(15mi/min) F E6}A2)
¥, Sep-Pak Cys cartridge$} Bakerbond column&
F-2]3} 1 Sep-Pak Cys columng #3le] 10m/e] H,
0% M #3sti, methanol EHYo2rut 5mi&
ol ZbA Aok 2AE 1m/9) K-phosphate
buffer(pH 4.5)°] o3 Al BZ 3teiw, o} &
tetracycline ¥ penicillinZ A2l 73| A%
&kt

el AgY B AxA], F53& SH422] Fo e
Bakerbond 10 SPE COOH columnS 5 mi®] Mcli-
vaine buffer(pH 3.0)2 #&A|7]3, 8% 9% pH 8.0
oz 9F opg AP C2 8l aminoglycoside |
A H 2] Azl b2t

Al

el A 87 AgAF A¥d Ax B subiilis
Ho M. luteus B3 B cereus BT Y sulfar]) g
B 4F 7, A3 B2} Cx sulfadl 4 Hgks
A A 3579 Hatell P pincetted o]
B-ste] Wt pulp diskell AXAZ F spgA 7
Pabol A el ZelFsich wiokslr] A YA
14)7F Ay ok A1 Ziom ok s sulfa’le 35
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Sample 10g

Supernatant

Aqueous layer

add 30 m/ of EDTA-2 Na Mcllvaine buffer(pH 4.0)
homeogenize and centrifuge for 15 min at 3,000 rpm

add 10 m/ of hexane
centrifuge for 15min at 3,000 rpm

add 30 m/ of chloroform
centrifuge for 15 min at 3,000 rpm

I
CHCl; layer

evaporation

1

Aqueous layer

Sep-Pak Cys cartridge

Residue

dissolve in 1m/ of K.-ph.
Buffer(pH 8.0)

5m/ of MeOH
[Test sotuton 4 | evaporate
Residue

wash with 10 m/ of water
elute with MeOH

dissolve in 1 m/ of
K.-ph. Buffer(pH 4.5)

Test solution B

1
Effluent

BAKER 10 SPE COOH column

elute with
Mcllvaine buffer(pH 3.0)

5ml of effluent

adjust to pH 8.0 with
1 N-NaOH

Test solution C

Scheme 1. Clean-up procedure for the Bio-assay of antibiotics and synthetic antibacterial agents in meat

Toll 4], dojx] 30T oA 18417 ARt &,
pulp disk FHe] I AR AP
Aated 2z]o] 12mm o]Aq) AL Aow
Ak

£ le

4ot g g

AF FAEA 9 ARFAY AEHY AHAAE
A3 A paper diske AR w]AEIAH whyge
Matsumoto 5% 2l&] 2 d-7= ol ") v Lo Ji-
nbo group’& A-EsHH AW 7|xdTLE By
2 A QFFEA Micrococcus Iuteus o) 58 AlL
3] Bk wh-g Wb AR T, o] HhY-S o] &5}
FH® H HA A Fell A AA BFHAE A

Ak gieh wg F F0e ol el wye

o1 gsted F17 ¥ AR AT B Selitele
HAAEE s 499 % FE4NE A 52
A0 wREAE A8 ul 3ok

AF7hA] A& APFFEA vhge) fFFEe] @
2] Abg-Eo] ghrh mejut o 7fe] A70gk microbio-
logical assayollA+= Bacillus subtilis, Micrococcus
luteus, Bacillus cereus®] 37 F7H-% AR2-3}e] sulfa
Al, §43 8t A, macrolide™ &34, tetracycline,
penicillin#], aminoglycoside#] IS8 7icrat
el Ao FAlod AAHe R FHE 5 e
vlo)a} )\}—E_Eh;},

o] up& AT AEFol AFahe ulEke & Ay-
Al g o ﬁ—r—A] -8-2] 2} 9k AH(inhibition
pattern)ell 2§t FEH o2 A o]2}322 inhibition
patternel] w2 gAY, FAHS2] AF#A-g Table
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Table 1. Inhibition pattern of antibiotics and antibacterial agents in Bio-assay

Test Microganisms

Test
solution B. sub(sulfa M) B. sub(AM5) M. lut(AM5) B cer(AMS8) Drugs
A + 4+ + - - SAs
+4, + + ++, +++ - MLs
-+ + + + — + OA, NA. etc.

B + +++ - PCs

+ - +++ TCs

- + + cM

C +4++ - + AGs

Abbreviations: SAs=Sulfa drugs
OA = Oxolinic acid
PCs=Penicillins

MLs=Macrolides
NA = Nalidixic acid
TCs=Tetracyclines

CM=Chloramphenicol AGs=Aminoglycosides

Photo 1. Typical inhibition pattern of sulfadimetho-
xine(0.5 ug/g) in Bio-assay.

1o Vel on de} w85 = oxolinic acid, nali-
divic acid 5% J3€ & de F whelst Al
Bxich

7zt E Ao ojat inhibition patterng A¥H A

g3} Rk

Sulfan|
Sulfadimethoxine(0.5 pg/g)& spikedle] Stell A
7149 9ol ol F&s8bd sulfadls A1 A

Photo 2. Typical inhibition pattern of oxolinic acid(1
ug/g) in Bio-assay.

o+ 71259 o] d inhibition pattern-& Photo 17}
7o) sulfa mediumol A 7pa & Wg-o3A7} e}

FE o Ak

|

HE 1% FAAAE s e 4y
7] oxolinic acid % nalidixic acid+ Photo 2(oxoli-
nic acid, 1pug)et el B. subtilis medium 5el 4
4 2 g A A2 Mol B sublilis®} B. cereus
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Photo 3. Typical inhibition pattern of erythromycin(0.
1 pg/g) in Bio-assay.

Photo 4. Typical inhibition pattern of penicillin G(0.
05 ug/g) in Bio-assay.

T mediumel] slAE ZAg Yo 2o wrg
A Ad& Hol 5o|H<l inhibition patterng v}

B} WA 2] opabo 2 A ¢4 A E

TTE WEE 5 At

Macrolide| &4

Al AdlA J&EE macrolide= M. luteus$)
WEE M sl AR 2 oge g sulfa
medium, B. subtilis medium 2.2 #z]slg o},
B. cereus?] 5ol = o3l oJ 8% n)x)z] okgir}
Macrolide Al erythromycin(0.1 ug/g)< spike3}od
A3 A7} Photo 33 o] M3ixel macrolide
#)¢] inhibition patterng& % 4 glgich

PenicillinA] &4 x|
Ade] 428 FAFL Anighe zn g Aw
255 vehdi e w3k Ajdel thste] 73 Uk e

Photo 5. Typical inhibition pattern of chlorampheni-
col(10 pg/g) in Bio-assay.

Photo 6. Typical inhibition pattern of streptomycin(l
ug/g) in Bio-assay.

72t penicillinA FPAE F2AHL E4 A
o BellA HE= ek

Penicillin#] °F&2 M. luteusol| taix 713 7
Al w82 A5 el s B cereusdol] disiAe
43S v]x 2] ¢ksirt. Photo 4+ penicillin G(0.05
pg/g)E beefdl] spikedld] F&3 Ag¥9 BE 32
T2 AR wiAel 243 A vehd Ay Q)
inhibition patterno]c},

Tetracycline] EHHx|

B8 S 7Y AP sldez 3F
< tetracyclinefi= FEAMS % JFgA oA ol
AHEEAAIR e Ao A u) o] Tae
FEHAE 5 218l Bell A8 Ho 7iALe
v X]oll 21 9] inhibition pattern& Table 1o A==l
ukel o] B cereusdo WS- 1A 7yslA 23|
ale], AN H o2 B subtilisge] B 23 A%
B M. luteus 2] Yol A8 A8 n)x)3)
%= %3 <l inhibition patterng ¥.9

£

Chloramphenicol

F9l shAlel chloramphenicol(10 pg/g)& 3
3L E3lod APy Bl AEEw 3739
A Alell A4 A& o) M luteuset B. cereus
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Table 2. The detection limit of antibiotics and sulfa
drugs in microbiological assay

Antibiotics Detection limit
Antibacterials (ppm)
Tylosin 0.1
. Oleandomycin 0.1
Macrolides .
Erythromycin 0.01
Spiramycin 0.1
. Oxytetracycline 0.1
Tetracyclines .
Chlortetracycline 0.1
. Penicillin G 0.001
Penicillins o
Ampicillin 0.001
Streptomycin 0.1
Aminogiycosides Kanamycin 0.5
Neomycin 1.0
Sulfadimethoxine 0.5

Sulfa d
ulta drugs Sulfamonomethoxine 0.1

= o sl A3 FE) AAAE Jehle
Ex49] inhibition patterng Ytep|iL, B. subli-
lisgoll siAle 79 dFate-g JehiA] 358
Photo 5914 & & dsleh

Aminoglycoside| 4|

nj 2ol whilgtAdg oA sle] AFAE el
o}, Al & | fald S2H4-¢ vepda
o}eiz 9lE aminoglycosidesd] A=, FHA F
23} Aol 4] 2o 24434 ==, COOH columnsi]
F#=vh. 23 aminoglycosided EA-& Mcll-
vaine buffer(pH 3)2 £&x)7] Al§ Y Cof 2ol
3=3

Aminoglycoside?] 334+ streptomycin(1 pg/g)
& spikeste] 48§ 24 Photo. 634 7ol B. subti-

lis9) 8-g 7V ZdskA MRskH B cereuse 4
o g ok W& Jehsick 22y M.
luteus®] D&l deire dFE v|AA] AEE
BeiFa glch

olAtz} zrel, inhibition patternl &%+ 344338}
FA 9 13} screening®.24 Bio-assay-& I+
430 o] whhel o3 Z&3Alw Table 29
7o) Abeds] w2 level? detection limit& epi
sjr}. Macrolidedl FAEHL 0.01~0.1 ppm2| de-
tection limitg vFeh 32w, oxytetracycline¥} ch-
lortetracycline® 0.1ppm AHx9 ¥ HEHAE
el g}, £3) penicillinAl 9] penicillin G2} am-
picillin& 0.001 ppm2] & detection limit-g v}et
Wi gl Aminoglycoside ¥ sulfa drug =& 0.
1~1ppm AHE9 HEWAE vehizz £ AF
g2 wp g o] galed, elvietell A A A7 FAYA,
FFASE 134 AL 5 otz Aeeh

w3 FAEA FEIH HAYLE FEA AF
Zol AFsHE u]A Y FAA B FFAE FAlN
7rkstAl AgHez ERslsd o] £ el
2tz A 7tEo detection limit IEFF Solx] w]zke]
- FEAARNE A o] rhestdct. 53 A
#Jo] o} macrolide#l 2 tylosin, oleandomycin,
erythromycin, spiramycin®| detection limit-& ZHz}
0.1, 0.1, 001, 0.1 ppmo. 24 =l-¢ F& AEIAE
Ve T 9le] gto B §RFel ARk FAA,
sSaAEe] 13 22299 FH224 o] Bio-as-
saye] &4-2 wj§ f-g3telzt Ahsdoh

#Ae 2

#oATE HANEY R FPFATY QT
wlel Sls) A= I7le) olol A=Y,
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2299

FEl Arehe FAEYL Y FAAE AE7] A8 B Aol A 3259 F3 Bacillus subtilis ATCC 6633,
Micrococcus luteus ATCC 9341, Bacillus cereus var. mycoides ATCC 11778 Ah-&abo] A& stoic).

A15.9] clean-upe &44- 3] Eelshebd Hale 7efsled 4 Mcllvaine buffer& 7}3le] homogenizes} il he-
xane 2.2 defattingA]7! ¥, chloroformo& #%% <3} Sep-Pak C,# Bakerbond SPE carboxylic acid columne
FAAR F 2 NS 77 AP 4ot A B, C2 sboduh 7 test solutionS paper disk& AM-5he] FHE ul) %ol %7
¥ overnight culture® inhibition patterng £ o8] 289 4. slFM e AEdo A&slgd)

& A gell 4 macrolide| 2} tetracycline] 5-& 0.1 ppm ©]5}¢] detection limit-% ¥.9 o.m, penicitlin Al 0.001 ppm
olate] F2 detection limitg e A5 FHE FulAae A28 5 oy & wge A5
i G- GEAE A sl ASH s EReled Qo] £ uhyolatn Azbsin] ok shFa) ) AAHQ
13} screening Pxro g2 §-83 uhyole) Algsich

’S‘I’_E—ﬂ moto: ibid, 39, 108-111 (1988).
7. K. Jinbo, R. Momose, T. Maruyama & M. Matsu-
L A2 A4 #4945 28943 4839 moto: tbid, 40, 133-136 (1989).
AR A A 14 (1977). 8 FAH, A4, $&4, w4 Detection and
2. =4 oFE-Alm HrEel Al £AE S Quantitation of Residual Antibiotics and Antibac-
el 1 By, 44 Egsiladrad, = terial agents in Foods, Kor. . Food Hygiene, 5(3),
&% A& p. 199 (1985). 159-164 (1990).
3. M. Matsumoto, K. Jinbo & M. Harata: Ann. Rep. 9. AEF A FEA HAAwS Fug Bouy
Tokyo Metr. Res. Lab. PH, 21, 35-40 (1970). el BY AT BT A3 AIEE QAS
4. R. Kiritani, K. Jinbo & M. Matsumoto: ibid, 38, HEA Eouky, g2 riedTy, p. 85-141
177-181 (1987). (1991).
5. N. Kananishi, K. Jinbo & T. Hashimoto: ibid, 38, 10. FARAEW FAFEAH A 287 2w o)
185-190 (1987), el A3k A7, FIHE7)EdFR, p. 463531
6. K. Jinbo, R. Momose, T. Maruyama & M. Matsu- (1992).

The Korean Jcurnal of Food Hygiene Vol 8 No. 1



