J. Fd Hyg. Safety 11(4), 315 - 321(1996)

ARE

g SnEAo HAES 8t Bacillus megaterium

Cla3 HABIE Hg

st
SEZBE ToBeelTL,

THE - JHY - ol8ls - K8 - 2ATE - O -

N

JEES
2 *eABCYSE oI5t

Development of Bacillus megaterium Disk Assay Kit for the
Determination of Antibacterial Residues in Animal Tissues
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Soon-Hak Yook*, Jae-Hak Kim, Jae-Jin Lee and Young-Soon Lee**
National Veterinary Research Institute, Rural Development Administration,
*Dusan Technology Institute, **College of Veterinary Medicine, Seoul National University

ABSTRACT — Various antimicrobial drug screen tests have been used in order to ensure food
safety. However, the conventional screen tests, the Swab Test on Premises(STOP, USA), the
Calf Antibiotic and Sulfa Test(CAST, USA) and the European Economic Community 4-plate
Test(FPT, EU) are not sufficiently rapid or sensitive enough to detect low levels of sulfa drugs
in meat. We developed a new screen test kit for the determination of the antimicrobial residues
in meat called the Bacillus megaterium Disk Assay(BmDA). A comparison of BmDA with the old-
er screen tests showed BmDA was as good as the older ones with several advantages. The new
test kit is faster-it can be read in 4~6 hours instead of 16~ 18 hours. Moreover, BmDA can dis-
criminate sulfa drugs from other antimicrobial drugs because p-aminobenzoic acid countacts the
inhibiting action of sulfa drugs. Minimum detectable levels of sulfa drugs were significantly im-
proved at the level of 0.025~0.1 ppm compared with the level of 1.0 ppm in FPT. A comparison
of BmDA with the older screen tests in HPLC confirmed meat samples exeeded the Korean tol-
erance value of 0.1 ppm showed BmDA was the most sensitive in the microbiological screen
tests. As the microbiological screen tests have already known, a person familiar with simple la-
boratory techniques should have no difficulty in using it to detect antimicrobial residues in meat.
This would be a simple, economic method of antimicrobial residues detection which might be

succesfully used by many laboratories.

Key words [ ] Microbial inhibition method, Bacillus megaterium, Sulfonamides, Antimicrobial resi-

dues, Meat.
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S24M del B89 23 YTk AAT ol
PYEE HAAIZE] 16~18A7kOR HAIR A8
BE AFHA) S8 48] F1 2 FEAD B %
o AAA £40] dyHt.

A

Wb 2 QoM duAlel 7P NRE B me-
gaterium TTZ o|&dte] HduAle #EALr 1 HA
£ QAL st

wE uAEE AEPANES )

Mz I 2

BA W2
ASAR AT 7 A = IIEARAEAEEA *
*’°"1\l_ BAAFATN)] F22 Y 25 =
4, A4 # o 258 Fste Mg g ARgEaih
E-’fkl‘:—’f‘Sulfamethazme(SMZ)—% B %3 AuA], tri-
methoprim(TMP), p-aminobenzoic acid(PABA) 3 po-
lyethylenglycol-2 SigmaA} A3, penicillin G, ampicillin,
streptomycin, gentamicin, tetracycline % bacitracin2 Flu-
kel AIES ALEEIR R, ol9je] AOtE oS3 F5E
F24EL A8

AlEE T U otEY XA

A8 TF —B. megaterium ATCC 9885, B. cerues
var. mycoides ATCC 11778, B. subtilis BGA, B. subtilis
ATCC 6633, B. stearothermophilus ATCC 10149 % B.
stearothermophilus ATCC 7953 & 6F¢] #52 T A3}
Act. wixE2E ANEEECF tryptic soy agar(TSA,
Difco), S 2L o} ¥ FA|E 02 A-K #2 sporulating agar
(BBL), #5734 ujA| & plate count agar(Difco)S A&
lgion], Alg&ujx|2+= Muelier-Hinton agar(Difco),
PM indicator agar(PM, Difco) 5 & ARE-&}i T}
O3l XH|-- A-K #2 sporulating agar(BBL) A}tH vl 2]
A1 ARRES FAFFE ITC oA 222 o)
sty BEFFETER 2-3 mBETHFE Wl IdE
t}. 0] 7€ w]g] Roux bottleol] A-K #2 sporulating agar
E 300 miy Rt agFv|EEEe 23 JéiﬂrC’ﬂ 3
Feled 2l A ITCAA 182N G
SELS
TE(®4 4 mm)yd FAFFT 25 mlE
Sof 22 A3 WruABol §4 ¥
027 744 3 oh-g 5°Cofl 4] 15,000 rpm
eotol Az AAY the ohAl Y
g gol B2 ¥4AA Ayelel

¥R o2 it

él‘i—

T o] MEFAAE F 33 gHESIch sp o2 AR e
g 3 A4EdE wEn ‘é% TS 20 mie] B F/HS
2 AFFANA F5E e A1E43T &, B me-
gaterium ATCC 9885 732} o}X A= Johnston*"e} o}
XA ol w2t g3t

AR Wy

B8 B KR —PM 9i1E AL8H $Fo 29)
g WEo] IYITE ¥ 48~50°CZE A st m!
3 10 go] TMP €8 wj] 100 mi% 1 m/E ¥rlate]
e ¥ AELYHA BT 1S mm)el] 2} 8 mi4 EF313
tHTMP H#). & wjx]o= TMP £ 2 m/% 25
mg2] PABA €& uix] 100 migd z} 1 mi¥ S A7}t
o B TR oS AEATHe] 7t 8 m wFato]
#E THEo] AHE A THPABA ).

AEE B HAl—ANETe =3¢ 7 A
B3 AR SR R AFHAME 23 E a?ﬁ 5
TMP H 3ol = 0.1 pg/mle] SMZE--g, PABA %o
100 pg/m! SMZEN-S z+z} 75 pd F5A17|12 5%
Aoll= A AlFE neomycin TJAF(5 pgyE 29
44~45°C k7)ol Wof 4~6A12F it F WS Ay
o] AFTE gelatArt. ofu virlelli= nlo] 7o) o
200 mle] £& ol Fol APE Rl dxg UAEHA
ch wjkd TMP HaolA = oAz @A 51 PABA
B M= A7t HAAEA ¥ F PH2 neomycin
gaza Fdol g e =7)7F 15~20 mm<d
lote] HHE AL 0 AHESIITH

AR ZHAL—TMP € PABA Has T2 Hag
A& 47} 2 neomycin T]AZ S 28 HANATH
#-E FELUNo. 22)5 AHgstd FEAes 488 4
Nete g A E8F 2709 A&3AHE ti2A(A7 10 mm,
Adventec 1995210)3 HAo® HilE9o] AAske)
0-602F U228 AW T ERel A8S BB 2
2t shbd g2 NEE W BN SASHA i
2475 A4

°ﬂf
-llI fr koo

AN BY - 972 EFE89 2 ARE AR
TMP % PABA H# o} =FolE FutgolAlti7t §45]
4 gow oz WYKL, T B =B ME

47 12 mmol el oAirt FHAW FFSY PO

2 B

Fgoz B4W A9 TMP HeolH 34, PABA B
A AR skt BRBE A2, Fohel Bk 8
% Aol Al olgle} g ol ALt AskAlst 71}
$ER] FA) ARIE ASE FHLO, o1 I
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Al g thal M HPLC 5 7)8F 44 WA Ego g A
=g #elatyd.

AMHAEEH U BOIM AIY

42%°] BFEN s 108 AsNele AEusE
2328 FRTTRIA 28] A Mg F e Algs)
o 33 v gl ddiel 2 7o] 12 mmolyt H42 B9
£ AHYEFTAZ HYstYch. TMP 2 PABA 3 u-9jq)] =
SHARRAAE &8 $& A BN EEE gy
a0 HAFrHF 75 WS FFAA AR wgsied 2
Hihd ANEESA R L 5] Bolde sy}

T )@

HAES] ofe] HEMoBE AAE 7] 948 u]Ze]
Charm ScienceA}7} 7123t 0] 24282 & R ¥ (Charm 11
testioll whe} -, == 2 sho) ZH AR 20 g2 HAH s}
zZt AL Alguel Wt SFE AL 7Aley ok

Charm 1II test A3} A A] 5 3] BmDAH o2 7%
g glstdlon, AT mAldEA 2] (matrix  solid
phase dispersion, MSPD)2- o] &3t & A2l E 27}
Z®(high performance liquid chromatograph, HPLC)S.&
HdaA o] FATHIEM S 3. o]ake] A why
He] A A5 vjwdto] H A4S Bt

BHEM XA

HAZES 2718k HAs7) Hale] Alxdz REl ¢
FY A2 AEEHAS SMZ 0.1 pgml 52 100 pg/m!
# neomycin 235 &8 AAhe] HRFT L AHL =
ol AlEE Hake] Hrrzdol A Ee #8215k}

dat 3 oF

HYSHZAH MY

A& HHX| ¥ 25 M —Adsiao] dak 215:40)
£ A0EZ 422 B. megaterium 7575 o] g3ty i
Ede HAHE o2 da] AJ2-5i= Plate count agar(PCA),
Mueller-Hinton medium(MH), PM indicator agar(PM), An-
tibiotic Medium(AM) #2, AM #5 % AM #8 5 69| A|
8 wiA|olA] SMZ9] HEREE v sty v, PM Hj
2|7t PCA 5 71¥} 5% 9 wialno} B2 HEAEE el
WRATH(Table 1). PM ul ] o] 2]9] PCAT 5%2] x| A
HELQATE tifie] u)Agss weln go] 16~
1847 8.9 Wi, PM v Aol A= 3 12~44) 0.2 A
APERAZE BEo] Jhs A02 UER} PM ujxE

A g 2 Agsid

PM 2= B 65°CollA F2)8le m27o]HA 60°C
of 4] A7) 7H(doubling time)o] 84802 E. colie] 215
of vl vi-$ B B. stearothermophilus var. calidolactis
TTE o} g3t 55N penicillind FYEAL 3 1/
2270 A& AlEE X2 deid glAen o] AlY
ol X vepet uie} Zo| PM siR| & Abgsled 45°C wioks}
A& ul B. megaterium {7 Wl 3 1/2~4A|7H) 2F-8}
wEAL HEo] 7HsEA

o] PM uiz|ol| ) B. megaterium ATCC 9885 o]S]ol| 24
R E X Fakgy) @ drEAe] AN #FE
3] AMR-E= B. cereus var. mycoides ATCC 11778, B. sub-
tilis BGA, B. subtilis ATCC 6633, B. stearothermophilus
ATCC 10149 % ATCC 7953 5 5%9] AJE& F3o ojsl
HAE5 S vuiRlEy] sl SMZol s Hezes =
A3 A, B megaterium & M| o} FF HAHE

Table 1. Incubation time of B. megaterium for the de-
tection of sulfamethazine(SMZ) in the various as-
say media

Incubation MDL of

Assay media
time(hrs) SMZ(ppm)

Plate count agar, pH 7.0+0.2 16~18 10.0
Mueller Hinton medium, pH 7.3+0.1 16~18 25
PM indicator agar, pH 7.8+0.2 3.5~4 1.0
Antibiotic Medium #2, pH 6.6+0.1 16~18 100.0
Antibiotic Medium #5, pH 7.9+0.1 16~18 10.0
Antibiotic Medium #8, pH 5.9+0.1 16~18 >100.0

Table 2. Sensitivity of sufamethazine to the various test
organisms in PM indicator agar

. . Minimum
Incubation time
Mi . Detectable
Icroorganisms &
temperature Levels
P (MDL, pg/mi)
B. cereus var. mycoides 16h, 32°C >500
ATCC 11778
B. megaterium ATCC 9885 3.5h, 45°C 1.0
B. subtilis BGA 16h, 32°C 100
B. subtilis ATCC 6633 16h, 32°C 100
B. stearothermophilus 3.5h, 45°C 50
ATCC 10149
B. stearothermophilus 3.5h, 45°C 50
ATCC 7953
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Ae SMZoZA 50 pgmioldo g MHade Hazgert
3o v B megaterium T2 X HEFAT 1.0 ug/ml
02 71t 28 FEREE YERNATK(Table 2).

Al mEo| TMP Aobks: MU —$alualeA
AR Y ASF SMZ 5 5% AstAle] HxHHE
284 2| (MRLs):= 0.1 ppmSleie B37381x," SMZ2] 73
Z7} =& Table 19]) Vel vle} o] SMZ9| A&7 =7}
} =2 PM u x| A& 1.0 ppm O EA] MRLoJ3}71A]
Zo) 7Psatth. old] dutxle] HEURE FOI
bol WiZu) TMPS] H7hEEE 2HSTh TMP
gRaEAe HGzA FdAPANA  sul-
famethoxazole 53 SHA| FAIF 59 XANZEHoZ ) 4
Y AFEHoF L He AT AN HA
o] #®d3l= dihydrofolate reductaseol] & EolAd&
Ehfo] AotAlel dsa et e Aoz dAUt”

PABA7} @510} QIA] ghol Aakalel HEol ol )
A2 g A E MH v el 2 A|Fol|A] Mdukgk PM sl 2]
2% FAEte TMP 5 SMZ2| HEZEE B 23
I uh, MH 2 PM 8}z 2.5 TMPE 37}3x] etAL} 0.05
ngmiE H7FHAL MH #2001 pg/miS H71et 35
MRL7}2)9] &0} 7153t o™, MH ui2u 0.15 pg/
ml & PM wlZ 0.1 pg/miE #7}g 24$ SMZ 0.1
ppm7t=] AZo| 713t chFig. 1). WA sixd TMP
M7 EE 247 PM i) 0.1 pg/ml 2 MH ¥iA] 0.15 pg/
mie] 3] ch.

a2 PM sjR]d] TMP 0.1 pg/miE 713 H ol A9
AE71s A7 4~6A1711 v, MH i) TMP 0.15
pg/miE A7Hs Joke) AETHSAIZE] 16~1847h 2 24
Al&Ao] Wolxiuz TMPE W< mi% 0.1 pgs=2 A
7Vek PM Bl A& A E S TMP Hato 2 Auhaigict.

Algi® BEe) PABA B7HSE Mt PABAE ©®
Hol Mol|A] pteridine, ghitamic acid9} 22 A2 37
A AAZAI A o) A dihydrofolic acide] gAlol /= 3}
gk o]zl wiA|W ko] EAEH HutA|e] sl
AAHE Aog g JYrh? olF 712 Z 3o AHA
o} AMsta oj9le] FFEAI T Hdtd HA
PABA 52 A8l gd v}, Table 3¢ Lbehd v} 7o)
1F daael W #AE7a=Es AW 10 pgmiel
PABAZ #7}A] Adula|e] F70l wel thad zlol= QA
2k 25~100 ppmolon, 25 2 50 ug/m/2] PABAE &
7} 2.5 100 ppm E-& 1 o]de|tt wEktM WHRFE
o] dutAlE H3A7]7] AE PABAY] AR FEE 25~50
ug/miglo) Bk, 28{L} PABAE 859 3hsAd ¥
T AdAeE de] BEEH o] AadollA] Bl ol

4 oy o
ol, v m{

fr Y o 3

o

—@— MHmedium
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Fig. 1. Improvement of sensitivity of sulfamethazine by
adding trimethoprim to agar plates.

Table 3. Sensitivity of sulfonamides to the different con-
centrations of PABA added to media

PABA added(pg/m/)

Sulfonamides

10 25 50
Sulfamethazine 50 >100 >100
Sulfamerazine 100 >100 >100
Sulfadiazine 100 >100 >100
Sulfadimethoxine 50 100 100
Sulfaquinoxaline 50 100 100
Sulfathiazole 50 100 100
Sulfisoxazole 100 >100 >100
Sulfisomidine 100 >100 >100
Sulfamonomethoxine 25 100 100
Sulfachlorpyridazine 100 >100 >100

3 Ao AZAZ AHEEHE § At dEE 55
I £& 79 238 PABAS] & AAZE: e
2.0 25 ug/miE PABASY] AT & MAsgct”Y

Lo

N

EzZic Y 5OlY

SHEAY HXAEEA — TMP HH A 11F L
A EFEgAo) th3 FAHE3A= sulfamonomethoxine
o] 0.025 ppmo.2 713 9731 o™, sulfaquinoxaline
2 sulfamethoxypyridazine©] 0.05 ppm, SMZ& H| %3t 7]
e} A7l 0.1 ppme 2 $euete] DR L7|E 0.1
ppm ol3h7h A E7VsHh oloh 2e ABPEE 7]
&2 FPTI|X TMPE YA =2 Hrisidels SMZ 5
5% MokAl7h oF 1.0 ppmaFel W v nE of AEUE
7 Ee Ao e

Asba) o}9]e] 31F9 BFHEHd g AEREE pen-
icillin g 4% ¢] B-lactam7) g E-2 o] 0.05~0.25 ppmo| A
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©on, gentamicing 4%&9] aminoglycoside A7} 1.0~5.0
ppm, erythromycing 4%2] macrolide 4|7} 0.05~0.25
ppm, oxytetracyclines 3%2] tetracycline#|7} 0.5~1.0
ppm, bacitracing 2F9] polypeptide d] 0.25~0.5 ppm,
monensins 2% 9] polyether#|7} 10.0 ppm, nitrofuran §%
#|Ql furazolidoneo] 0.5 ppm, enrofloxacin % 2%¢] qui-
nolone FX A7} 0.5~2.5 ppm, trimethoprim%- 2Z 9] di-
aminopyrimidine +%x|7} 0.25~2.5, novobiocin 2
chloramphenicolo] 2.5 ppm, thiamphenicol 2! carbadox=
10.0 ppmo] 215! W19, olaquindox, amprolium 2 clopidol
& 100 ppmo] e} TR ME &7 gt}

ol#1g A= 71E2] FPT, STOP @ CAST #HE2z%
S HnE o 230 W} tix ajol= 979k Blactam 7
oA STOPo] 0.1~12.5 ppm, FPT 2! CAST7} 0.0062~
L0 ppm2 2 BmDA7} tha AU vln® §AM3 32
YERJATE?  Aminoglycoside A= STOP®] 1.0~ 100
ppmell d]3] BmDA7} Thi & w2 yehjglon}
FPT 2 CAST9] 0.062~6.2 ppmel] H)&) ThA "oz A
=228 YelWUDh  Tetracyclined*= FPT, CAST.
BmDA, STOPs=o.2 uWEldon, macrolide A, po-
lypeptide 7l 'Y chloramphenicol 5% 7]#29] Bl 3} u] &
o &FEEol wheh b A eI

SLRI0) CHSt WO — 25 pg/miEs =72 PABAS #
7het PABA HutolM Mo wist Eolia|gos
TMP %3} PABA o9 AAGAHS vimslye
u H3A| o]eje] FFE A= TMP 33t} PABA o
T 23] LW HELE 4 2 mmo)e] A A 2
ol& uvehA e¥skon, 1% dutxe] H4 33 100
ppmUl el FoM= TMP ool At o aakite] )
Ehta PABA #H ool = ol a|okadg molx go} 7))
E dapAlo] g3 SolA e e =& Hoz Yehygr)

SR ZHRAIS S 0|23 Aas Hin

HUBMHMO| H|R -~ Charm II testol] 2] 3t 23849
R HPLCe| o)3h 8¢l Hakg S8 dxr) 2458 Ao
2 gdd A&FolA Leluetrt AYsta 9= HabA|
o] HoHRSHEAAS 249 E8 78 9 98 1W £
BMEZ 6A RN o] TMsaleion, SMZe g
W AEF WEPEEEE »0.14~0.22 ppm WYY 7o
2 of st

FaEHo| 2EH 6712 E8F SAEE TMP Haol| 4]
T Y402 PABA Aol E 2402 AaHo] M|
o] AFE A £ glglen], Uzl & AgE Ay
217l delA TMP &3 42.3 mmol| v]3) PABA 3Tt 32.

Table 4. Minimum detectable levelstMDL) of an-
timicrobial drugs in B. megaterium disk assay

L MDL, . MDL,
Antibaterails ug/m/ Antibaterails pg/ml
Sulfamethazine 0.1 Spiramycin 0.1
Sulfamerazine 0.1 Tylosin 0.1
Sulfadimethoxine 0.1  Chlortetracycline 0.5
Sulfamonomethoxine 0.025 Oxytetracycline 1.0
Sulfaquinoxaline 0.05 Tetracycline 1.0
Sulfathiazole 0.1  Bacitracin 0.5
Sulfadiazine 0.1  Virginiamycin 0.25
Sulfisoxazole 0.1  Monensin 10.0
Sulfisomidine 0.1 Salinomycin 10.0
Sulfachlorpyridazine 0.1 Novobiocin 25
Sulfamethoxypyridazine  0.05  Chloramphenicol 2.5
Penicillin G 0.05  Furazolidone 0.5
Ampicillin 0.05  Oxolinic acid 25
Amoxicillin 0.05  Enrofloxacin 0.5
Cloxacillin 0.25  Carbadox 10.0
Gentamicin 1.0 Olaquindox >100
Neomycin 2.5  Ormethoprim 25
Streptomycin 1.0 Trimethoprim 0.2
Hygromycin B 5.0  Thiamphenicol 10.0
Erythromycin 0.05  Amprolium >1000
Oleandomycin 0.25  Clopidol >1000

3mmz FREAA ) HAE xto) s} Q1S o] M|z}
d A &8 5 AUTH(Table 5).

JIE DiYEEN walo] @S H|R - HPLCH)
28l SMZo] 0.1 ppmo)d HZ ¥ E5ol tisle] BmDA,
FPT, CAST % STOPo) oJ3t 7o) 28 T& A%
el HEFE HlmstAdw A3, SMZOZA 022 % 0.
34 ppmo] AZ@ Al8olA = BmDASAT kAo 2
HR oM, SMZo] 291 ppm ZHEE APAZRA =
FPT, CAST 3! STOPY| N 7&o] 7hssiou 28
M 83 HdEe] 57 eAtH(Table 6). o] AnE & 5
ol olgk FPTY H2#A4HT vlm@u FPTeA
SMZ BE 802X HEREs o 1.0 ppmFFo|dd
2ret g2 dA AFABANE HE5e o7} =
Ao E el

Randecker 5] 2185 SMZe| o2 el
Az dSARE A AN Az BEyw
AE TH3] A AT AT oJahH FdUs T 5
Aol met Z2zhe] AFHgo] tha ztol= AU, Mz

o

f
ol
& A

=
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Table 5. Comparision of BmDA with Charm II test and HPLC in sulfonamide-positive swine and bovine muscle samples

. Charm II test' BmDA’ HPLC
Species
(cpm) TMP plate PABA plate Sulfonamides Concn.(ppm)

Swine 1724 - - Sulfamethazine 0.11
Swine 1728 - - Sulfamethazine 0.14
Swine 1374 + - Sulfamethazine 0.22
Swine 886 + - Sulfamethazine 0.34
Swine 700 + - Sulfamethazine 0.73
Swine 711 + - Sulfamethazine 0.84
Swine 643 + - Sulfamethazine 291
Bovine 570 + + 4 Sulfamethazine® 44.88

'Mean CPM(count per minute) value of spiked samples at 0.05 ug sulfamethazine/g in 6 antimicrobial drugs free swine muscles
was 3184.

*The result of B. megaterium disk assay(BmDA) is as follows: +; positive result as it has formed over 12 mm inhibition zone, -; ne-
gative result as it has not formed inhibition zone, +; positive result as it has formed over 12 mm inhibition zone, but the inhibition
zone of PABA plate(32.3 mm) was more less than that of TMP plate(42.3 mm).

*Concentration of each sulfonamides was 19.2 ppm of sulfamethazine, 15.72 ppm of sulfamerazine, 8.65 ppm of sulfadiazine, 1.27
ppm sulfadiazine respectively.

Table 6. Comparison of BmDA with conventional microbiological tests for detecting sulfamethazine in swine tissues

HPLC
in muscle(lg/g)

0.11 - - - -
0.14 - - - -
0.22 - - -
0.34 - - -
291 + + -

CAST in kidney STOP in kidney FPT in muscle BmDA in muscle

+ + +

+; positive result as it has formed over 12 mm inhibition zone, -; negative result as it has not formed inhibition zone

Ay BEHES 0F, WA, 2 AR, SHE0E 0Fl & AN A REVITG] G SMZol e WEUE
A wA BES, 2ol e Alao] oF 2200 BA 2 8 ulwd 2, TMP Fael4 SMZS AEPEE 649
F9E 2o wasiarh oleld AR o4 A% 7+ B3 01 ppmoZ FAHAUCH, PABA FHe|HE
2 E o FPT, CAST 2 STOP<|| H|&} BmDA7} A4 shAdl SMZ9] ZAE7=7 evi¥zr &3] 100 ppme]Foz
WE wEEel ol 7hY s o Alngrt PABAS| Ase) fisief Lol ARSI,
3 BmDA GAAEE AHgeted 598 7)ge] 27
BEN A ) grov] 3ol HE AL PPO2 £EEel
ol BmDAZ AMEo2 Adte ¥ PazlEe] $E717 U A6l Bol B89 & 9 oz 4un

2R

4 &% AFYTEAY oA o o] 855 e EEC 4-plate ¥ F 7| &2 n[AAEEA HApHo] o
Aol g HEBert Fm JA o] FA 2e5e e Adsta telHAIER AEalr] ) Ale)
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Ak A REF TS A S A3 HHuiA| 25 PM indicator agaro| 1 ©.%, B. stearothermophilus 5 6%2] 3
Al EFF B. megateriumo] AtAjoll tht HEL T} 7H wA UERgT) datAlel] gk BolAdg xolv] §1@
Hd PABAS] HIlsSE 25 pg/miolgled, Aajalel A& EE Folr] 9s] TMPY A7FEEE 0.1 pg/
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