YR ERRERRDFERILER . 14: 109-117. 1996,
Ann. Rept. NLFD Taiwan R.O.C. 14: 109-117. 1996.

VHEBRIIWERU AR NE

#RA OE AR RAwR i 2
B MK AR (L ER -

(PHERBESEIZA 4 Bl H) » SHEIRZFI3EHEZAR)

1 E

A4 4B 5 AT B AR T 10 4 6 7 RS S 0 P AR AOE BRI ~ I ~ e
BRI B S 8 o ¥ L Bacillus cereus var. mycoides ATCC 11778 F1 B. subtilis
ATCC 6633 BNEEKR » FFRBPR LS RERAK » MUEE R GHRE MR
HERERE R MR A R o SATRIERENE N RE L ETA » LIS HRE R4 R
PO L e TR K AR B S 4 o FERBAE TR > FEE P RBEEZ BN » ML\ R e

s JLENE ARG I » (BIMR R BT NER RIS B o IEESHAERE « 43580
MRS ERIBRE L REBE SIS 1.00, 010 f1 001 2g/ml o 7R LkE
W TR AER . TR EE LB -

B BEWHB ST o ShEBEGR - S MBRAERT « ALK E ST o

Al Ej

RAERDEAMENERS - FEEEITFAEDSTE - BRAKE - RERBOTE - Stk
BBk ~ XS ITENR BB ITRE S o LrhiEMRB S ITETMEME - TIAHERERE
R ERR Mz ACOAC MEL » B—AT AR N HENERE - BHBESRNBENHER ST
BEZBRETS REEREER D BIREDEEO TR E - RE—5 TRENER N BN
ERESERE R  ERERERY - RUGEUREENA R ZRETERIANEZLE - FFR
HRH MNP SRS BT MRS » AW « S XXBBENERRBRTE » &£
PAERNENE L2 A - DS RERERNIANER 28% -

o H R A E

1. BtEWIE
Bacillus cereus var. mycoides ATCC 11778 f1 B. subtilis ATCC 6633 &[4 American
Type Culture Collection X o

2. ERMERERSE
BRI ERN Antibiotic medium No. 1 (Merck, Germany) & No. 8 (BBL, USA)
(FF—~1) ZRmEREL 1 30°C 523 1711 HDEFTESRMAME - MEEREZRUEMT @ &amn
3ml £EAHMKE Antibiotic medium MEREEEL » ETHENE  BESIFREREL (F 100ml
PIAERERES 30 mg MnSO,-H,0) ZHZM (200 mi) s 7 30°C FHim—BAERFH - #0
' RAEREEREYARBRRBL A

JB .7 Journal of the Biomass Energy Society of China. 1995, 14(3-4): 174-182.
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F— PAEFRERE No. 1 R ViEFRERIE No. 8
Table 1. Antibiotic medium No. 1 Table 2. Antibiotic medium No. 8
Component I Content (g 1) Component | Content (g 1-'>
Meat extract ' 1.5 Pancreatic digest of gelatin l 6.0
Yeast extract I 3.0 Yeast extract | 3.0
Peptone from casein ' 4.0 Beef extract l 1.5
Peptone from meat 6.0 Agar 15.0
D (+)—glucose 1.0 pH 5.9%0.2
Agar ! 15.0
pH 6.0+0.1

#EL 100 ml EEAEAE KB HFIK » & 65°C @2 30 44 Ll 3,000rpm #LUEKIERES
BREREHEEAE AT » B 65°C BE 30 SEMMIEBHE » Ll 500~1,000rpm #0158 »
RETEYE » EEFERRERARSET/ MEPREFR 4°C THA -
EWBTRE  § ml 3EREPEA 40-6.0X10° EERIBREERN 30°C THE# 18~24 i o
3. MEFZEDRA
HEME (Sigma Co., USA) %L 01N HCI %1% » LL 01 M BEiEEn®w (pH 4.5
+0.1) FEMAHRED o
RITEFBRMS RS (K 3025 H 26 25 » THHRR » ERERALT) A 1008 150 ml
EFRERE No. 1 BEHX EFEAS ml 4 5.0X10° EERRBFERZNAERERE No. 1
100 2 150 ml - BEHHACRE ZKE (R 8mm, Toyo Seisakusho Co., Tokyo, Japan)
HAGHER (AE 8101 mm: AKX 6£01mm» F 1001 mm» EXEBATF) » FIA 50 ul
ERRR BRI - 1 30°C TR 18~24 B » DUBER RN EER o
BEUIEREEN S HEE (¢g ml-!) Bt IHEER (mm) B FTEEEHEK T
BRI ERBEA D REETTES -
4. BRABBITRINERERE
PERMEEE £ 046 ¢ Millipore WAARE » W 20 4] AEKEABTENESZ o #H
Shimadzu LC-5A E#KHE# (Shimadzu, Japan) Lichrospher 60 RP-Select B (5 xm)
B » (#/F methanol: acetonitrile: water: 0.2M phosphate buffer (pH 2.5)=10: 20: 60:
10 2 B8 » LHERS 0.8 ml min-' » AE 350nm UV RABHEL (2.56 AUFS) o

5. SRAEIERLETRE .
#:/ Hitachi Spectrophotometer U-2000 (Hitachi, Japan) RiEZ » L HEEMELE S o
6. HMEDH

FIF SAS EfTHMES (analysis of variance)™® HEHMEE o % p>005 Eries
HETEE T <000 FREERWEE » 0 p<0.01 RiseriERrEmEsE o

HEREFS
. HAEEHREZEHRZEE
Bt AOCAC iﬁmﬂﬁg%ﬂﬁﬁ y ATLAMER  Bacillus cereus var. mycoides ATCC 11778 fu
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B. subtilis ATCC 663379 o RTTAH IR ERNEKRS I HERNNEREREE No. 1 » & ml
e 4.0~6.0X10° @EIEE » FRAKSEEBR  BRWRZFR - MAEAKRRN ST S ERED
FAEEEEEER (P=00025) - EREZHERBA Z BRI (pg ml™!) (y) MHBES (mm)
(z) BIAEHRMER » FOEMREE KRR 0996 0 LI B. cereus var. mycoides ATCC 11778 B
epse B. subtilis ATCC 6633 REERE o R LB MBS S AOAC FrgM o BN RME
ARARNRAPNBRENERZBYEA B. cereus var. mycoides ATCC 11778 S&MEHEY »
M AT HERYEBENEPRERBHRER B. subtilis ATCC 6633 RBBEL S o
WE&DE%}%@&@%&Z%&%EH{E}% B. cereus var. mycoides ATCC 11778 R B REIRE
i TIMRBTERZHEZRMALL B. subtilis ATCC 6633 SHPIEHK » REMNHSIEWER

SR 5~11 o

#F= BUEKENBEREIEZLE
Table 3. Bioassay of oxytetracycline with B. cereus var. mycoides ATCC
11778 and S. subtilis ATCC 6633

. Inhibition zone (mm)
Log {OTC] (ug ml-*)
el # B. cereus* B. subtilis**
0 17.2 16.8
1 25.4 24.3
2 32.6 31.4
3 41.0 39.5
4 46.6 45.8

P=0.0025
Antimicrobial activity was assayed with 200 mt of Antibiotic medium No. 8, and 5.0 X 10® spores ml-!

by paper disc method. Standard solution of oxytetracyclin® was dissolved in 0.1 N HCl and diluted
with 0.1 M phosphate buffer (pH 4.5%0.1). i

* y=0.135 z—2.360, #=0.9963

** =(.133 z—-2.161, £=0.9978

where y=Log [OTC] (g mi-')
r=1Inhibition zone (mm)

2. MHEEEERERNIRZLEE |

BRI A FE S ER  —BREFEAFERERMY THEREERTHNERNTERNLERE

29 msepasmbl B cereus var. mycoides ATCC 11778 Z3 g R AR 1R A SR EinE
s MEZMEREEZER % (P=00002) - EREEBYEZHERABERENNHBEERME S
EERG - BHEMEY AR 099 -

%Ll B. subtilis ATCC 6633 FEMMZRFRGNRLERORAFR » & USFEEKRE » HE
NENSEEE  REZHEEEEEER (P=0.0013) mﬁﬁ%Z&EﬁmﬂﬂlfﬂE@ﬁﬁﬁﬁE
BIRG » HAMEEE (G 0.994) o B B &34 B. cereus var. mycoides ATCC 11778 5 B. subtilis
ATCC 6633 LIZEEBRRMRARIEARFLERRBERY  WIERFREAFES L » TERERURA
HipR— » BMERETRRRBRTER o ELEEREREE » 7T —-RAKEMETNE S BMPER 4°CTF
H1E B ABRERE » TALERBRRFHETRRME o WA —RAEBFHRETT DB/ NER B 2 @
M o MYPBRAKEXBRRBRZA ) WTEAMFER o &£ 4°C THUER/EZ MM 25 7] UTF
THEARBHANTEE - AMERRAR RN RAFRE HSFHB R RRE 1 o

11-



EYR SRR AEHFER (Ann. Rept. NLFD)

LAB. cereus var. mycoides ZEN R B%E
ERRHERE IR

Table 4. Bioassay of oxytetracvcline with
the spores and vegetative cells
of B. cereus var. mycoides ATCC

B3t

11778

Log [OTC] Inhibition zone (mm)

(pg mi-Y) : Spores* Vegetative cells**
o 17.2 16.7
L 25.4 20.5
2 32.6 | 27.0
3 41.0 i 2.0
4 4.6 | 36.6

P=0.0002

Antimicrobial activity was assayed with 200 ml of
Antibiotic medium No. 8, and 5.0%x10% spores or
cells ml-* by paper disc method. Standard solution
of oxytetracycline was dissolved in 0.1 N HCI and
diluted with 0.1 M phosphate buffer (pH 4.5+0.1)
* y=0.134 £—2.360, r*=0.9963
* »=0.180 z-—2.710, r*==0,9956
where y=Log [OTC] (ugm-')

LA B subtilis iR BREBBRMH R
FHE

Table 5. Bioassay of oxytetracycline with
spores and vegetative cells of B,
subtilis ATCC 6633

Log {OTC] Inhibition zone (mm)
(ug ml-') Spores* . Vegetative cells**

0 16.4 ' 16.0
1 24.6 19.6
2 32.3 2.7
3 43.3 37.5
4 | 52.7 43.8

P=0.0013

Antimicrobial activity was assayed with 200ml of
Antibiotic medium No. 8, and 5.0X10* spores or
cells ml-* by paper disc method. Standard solution
of oxytetracycline was dissolved in 0.1 N HC! and
diluted with 0.1 M phosphate buffer (pH 4.5£0.1)
* $=0.105 x—1.50, r*=0.996
* y=0.121 »—1.38, r*:=0.9%
where y=Log [OTC] (ugmi-*)
z=Inhibition zone (mm)

z==Inhibition zone (mm)

3. FEHMERIMEEE

PAREYRNFAREERNTHMESE o MEKEEREBRNE » BURERESHBKS »
TRBER VT ERE LR » RE R R BIRE FTHETRR » THENER EZMR%E o 5
RAEHREXTHEEEBROVIEREL » SFMA 50 xl B (B—EHREET AR 50 1 &
WROTABH) o HEMARNEZBENFRANRLHIR o BRANDUKEERTERE R A
B. cereus var. mycoides ATCC 11778 BRI BHE I ER » MEZE T 2 URNEE (P=0.3492)
o MBMEZ BERBNNHBERMAERNER  AMARKR 099« WMAIM B. subtilis ATCC
6633 R BME 11 ERF ff&ﬁ’&ﬁ!ﬂ:%ﬁﬂlﬁ]ﬁ&ﬁﬁz-’é%ﬁﬂ‘@% (P=0.1309) - HthEMFE L
BESNENHBESAREFZANE - BRIE-MEHRAERBR L2 28 ) —BIERHEKR
FERATERES KR o BhEAHERE » MENERARREEETE » WERKEEFTESRR
HFZ RER o TELGE AR RS A RS BN 5 SR B TR ok TR 101 o

4. EEZERARMRAERHRZEE

—RBEYRENERFRAR 851 mm RZRBFERIMFMA 10ml EFHLM-1919 0 FE
ERREFRYZEER » TAERIDRTEE » AFREERNFERLZEEN ISR (& 30 &
50 R 26 25F) MIREHERER 300ml o FESBEFARMNERIEZHBNE/FR o iR
N\ EREEEE 200 ml & 300 ml Bf » BIMMITERHE LY BEEEER (P=0.1630) - A
FAERREZABENHBEEEAEERFZERME (2>099) o & A YR RIRGE A A 2 85
AURA 1/3  MBFEF N EBRN 2 EREE SPE » ERHER - £RREREHES » KAEMHBHET
BER  BERREZFAE 30%  MTEESGFLERETSR « ([ H1F R RREABEE » B
FESERFERE L SATRE L TR R 55 SR BT N B e Rt o
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R AGHBE S B B cereus var.
mycoides BNHMERE IR oL E

Table 6. Bioassay of oxytetracycline with
the paper disc method and stain-
less steel cylinder method by B.
cereus var. mycoides ATCC 11778

E<TA

Ft HMEERTHAMEMENR B subtilis 1
HERIHZ XS
Table 7. Bioassay of oxytetracycline with
the paper disc method and stain-
less steel cylinder method by B.
subtilis ATCC 6633 '

Log [(j'rc] : Inhibition zone (mm) Log [OTC] i Inhibition zone (mm)
(pgml-') | Paper disc* E Cylinder** (ug ml-t) l Paper disc* Cylihder”
o i 181 | 18.3 o 16.5 i 16.7
1 ; 30.4 : 30.6 1 ; 19.6 20.3
2 42.4 § 4.2 2 27.7 : 28.6
3 : 51.2 f 50.8 3 i 37.5 : 37.4
8 59.0 | 58.8 4 ‘ 43.8 : 45.8
P=0.3492 P=0.1309 '

Antimicrobial activity was assayed with 200 ml of
Antibiotic medium No. 8, and 5.0X10" spores mi-%,
Standard solution of oxytetracycline was dissolved
in 0.IN HCl and diluted with 0.1 M phosphate
-buffer (pH 4.5+0.1).
* 4=0.096 z—1.879, r=0.990
¥ y=0.098 x~1.928, r*=0.990
where y=Log [OTC] (xg ml-')
z=Inhibition zone (mm)

B TEEXABY B. cereus var. mycoi-
des HOHIERNIB L E

Table 8. Bioassay of oxytetracycline by

B. cereus var. mycotdes with dif-

ferent volume of assay medium

Log [OCT] Inhibition zone (mm)
(ugml) | 200 mi* i 300 mi**
0 ! 18.1 i 16.7
1 30.4 | 28.3
2 ! 42.4 i 41.2
3 51.2 | 50.7
4 59.0 61.3
P=0.1630

Antimicrobial activity was assayed with Antibiotic
- medium No. 8, and 5.0%x10® spores ml-' by paper
disc method. Standard solution of oxytetracycline
was dissolved in 0.1 N HCI and diluted with 0.1 M
phosphate buffer (pH 4.5%0.1).
* y=0,096 z—1.879, r*=0.990
*» =0.088 x—1.460, r'=0.996
where y=Log [OTC] (ug ml-?)
z==Inhibition zone (mm)

Antimicrobial activity was assayed with 200 ml of
Antibiotic medium No. 8, and 5.0X10% spores ml-,
Standard solution of oxytetracycline was dissolved
in 0.1 N HCl and diluted” with 0.I'M phosphate
buffer (pH 4.5+0.1).
* y=0.121 z~1.38, r*=0.994
*»* 4=0112 z—1.37, #=0.999

where y=Log [OTC] (ugmi-!)

x=Inhibition zone (mm)

FNL TEEERBRY B. cereus var. my-
coides WPTERNEZ LB

Table 9. Bioassay of oxytetracycline by

B. cereus var. mycotdes with stan-

dard oxytetracycline in different

solvents
Log [OTC] ‘ Inhibition zone (mm)
(pg mi~1) ' Distilled water* %Z?ég:’f}e

0| 15.7 i 17.2
1 24.3 I 25.4
2 3.4 2.6
30 38.5 , 41.0
4 45.0 46.6

P=0.0083 ‘

Antimicrobial activity was assayed with 20ml of
Antibiotic medium No. 8, and 5.0x10® spores ml-!
by paper disc method. Standard solution of oxy-
tetracycline was dissolved in 0.1 N HCI and diluted
with 0.1 M phosphate buffer (pH 4.5+0.1).
* y=0137 z—-2.244, r*=0997
** y=0134 z—2.360, ~*=0.99

where y=Log [OTC] (ugml-*)

x=Inhibition zone (mm)
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5. ARMERNRAMNERINZES
WAERKLLER S pH EPERK - AR ERSRERME » LEAKKXBBREREHSREFE
BRI R D H2 B BORAREFOR o SUKBE RS RBRIE R » L4 %00 A B
#zER¥ (P=00083 71 0.0008) o REHEHNARMBMBACKE » JHTS M HE L LIEMAE R
Kk o BfERM pH 4.5 BEBK ﬁhﬁﬁ%ﬁﬁﬁﬁ%% BHERR AR o AM—RIIERBEE
MR AR SRR RE 1 o

6. EMERFHERNEL

ERREDERECRE  F AR RRET RS BTERERES  RULRZT
KR 0 R 10 SEH AR I A R AR R —FTR o B R Mk
50 g MUBMEK + L 4 BHMAESET MR 5 S85 - BELLUE RIS AT LURME 427 £0.64% 257
£ TIREES A RRIERE - HECE R > NEEEERN 5 mg MEMFRE > HEIKETE
68.7£1.80% o MILHIHIELFSARABTERMEE RN B » MSREHRM 50 vg HBMARE
» HEERR 95.0+276% o MEAAERN 5 mg HBMEER » RILERBES » KRGS
89.2:£5.02% o 71 R LR BN E— 2 S0 » AR AEYRIEE - BIE—REEE
SRR » RSB AR EIE B — B S » MV BISE— MBS A SR » AU LI e e
EREE—EAE RS RN TE o

F+— BEREREKHBERGE

Table 11. Recovery of oxytetracycline in
solid substrate

F+ THAPERTEBH B. subtilis B4
ENEzE S
Table 10. Bioassay of oxytetracycline by
B. subtilis with standard oxyte-
tracycline in different solvents

Log [OTC] °
[12g(g sub.)-']; Bioassay met.hod’“ HP}LC method**

Recovery percentage (%

Log [OTC] Tnhibition zone (mm)
S , RESW P 89.2+5.02
(ug ml-t) ! Distilled water* - ngiﬁ:}i? 3,000 68.7+1.30 - 89.2£5.0
— : : 2,000 63.8+0.57 92.3+3.68
0 16.5 16.2 50 42.7£0.64 95.0+2.76
1 19.6 21.3 e - - e
2 ¥1.7 10.2 Antibiotic was extracted by 4 volume of distilled
’ e ' water at room temperature with shaking 5 min.
3 371.5 : 40.0 * Antimicrobial activity was determined with
4 ; 43.8 ; 47.3 200 ml of Antibiotic medium No. 8, and 5.0% 10
. spores ml-! of B. cereus var. mycoides ATCC
P=0.0008

Antimicrobial activity was assaved with 200 ml of
Antibiotic medium No. 8, and 5.0%x10°® spores mi-!
by paper disc method. Standard solution of oxy-
tetracycline was dissolved in 0.1 N HCI and diluted
with 0.1 M phosphate ‘buffer (pH 4.5-£0.1).
* y=0.121 z—1.38, *=0.994 '
= 4=0.114 z—1.45, r*=0.997

where y=Log [OTC] (g mi-t)

z=Inhibition zone (mm)

7. WBWEHIMAEZ L&

1178 by paper disc method. Standard solution
of oxytetracycline was dissolved in 0.1 N HCl
and diluted wito 0.1 M phosphate buffer (pH
4.5%0.1).

** Oxytetracycline concentration was determined
by LC-3A Liquid Chromatograph with column
Lichrospher 60 RP-Select B and eluted with the
mixture of methanol: acetonitrile: water: 0.2 M
phosphate butfer (pH 2.5) at ratios of 10: 20:
60: 10 as the mobile phase. .

PERNELWEFRRS » HEEDRENE  RRATE - SHEEBITE - EREFE
EMTIE - BREERORAERFTRED « MERRYERENWEASTEZRT > BE—5HT
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R EEHRERHESERTRAUZRESR o MRAREWRESTE « BHIHE - BEERERTE
ZEMMEK - IBRBRERBEEESERABKT » RER 270 nm -8B Ry » MER
£ 223nm F 350 nm HREBERBREH X o Yang M Ling® BEHBREEKERY » RER
275 nm fl 353 nm EHRABKE » THREE 232nm f 321 nm HR{EREME o Porter 58S
#WE#E 01N HCl ¥ > REER 267 nm R0 357 nm HRARKE o 7T RITLERERRERH
» RB Y g G2 R o MEUKE 223nm~ 270 nm 1 350 nm MERBEME T K(EH B E 2~ FER
» BREMERE 10 g mi-! E 50 g ml-! MBERFERME (B—) - 29 HERKB L TLUBHKE
£ 0.1 g mi-! BEERE > (FRTRHH BN o

¥ UERR R RS TR AUV HSREREER B R HERGRER H48 methanol:
acetonitrile: water: 0.2 M phosphate buffer (pH 2.5)=10:20:60:10 K » FHIF RS 5.5 58
» BYERE 1 2g ml™' ZE 100 g ml-! THEKERBE L MA RIFZEMRRG o TTERE 122 ml-!
B (M e i eRkEs A IR KAE o

TR A iR MR 4D 0 B LA B. cereus var. mycoides ATCC 11778 B MRIEEE »
5/ 200 ml ST REHE » FIARSTEERRIES » HRES RANRETTR 001 £g ml-! (B o

s AT SUAER N ERN TS MEYRESTRRGE » IR HER%HL - ERALER
FEREA M B. cereus var. mycoides ATCC 11778 £ » ISR E 2 HAEZRNEYWERTAR B
subtilis ATCC 6633 ZEf o SRBHK e N AME B - A 200 ml SATERERT » HREZGHER
EETTR 0.01 £g mi- o TH#E— B B4 fi4 RATAEHRAERNTE » RRERHBES 1 g ml™
o TG ¥ HBE:REREE » RETERNEENEZSE » RERHIBEHS 0.10 2g ml-! o (A
REMITER S HERE o TRBEEYHEE SRR BELERERSZ AR T EBRE

. 4t
1.5 }
o ~ 3
1.3 / =
211 /G/ ¥ 2
g , 2 =
2 .
£ 09} D/ = 1
b c .
2 o7y %ﬁ = o} .
0.5 / -
0.3 -2 . -

10 20 30 40 50 10 20 30 40 50 60
Oxytetracycline (ug ml') Inhibition zone (mm)
B — HEEEUEARDBEREUEREERBE B HBREUEYRELHUNENHBERRSE
Z Rt ZAaRE :

Fig. 1. Correlation between absorbance and Fig. 2. Correlation between inhibition zone
concentration of oxytetracycline with and concentration of oxytetracycline
UV-spectrophotometry. Oxytetracycline with bioassay method. Oxytetracycline
was dissolved in 0.1 N HCI and diluted potency was assayed with 200ml of
with 0.1 M phosphate buffer (pH 4.510.1) Antibiotic medium No. 8, and 5.0x10°®
A—a Aggen y=0021z +0.127, +=0.9969 spores ml~! of B. cereus var. mycoides
£—0 Azoam ¥y=0.0262 +40.082, r?*=0.9995 ATCC 11778 by paper disc method.
0—0 Assonm ¥=0.024z +0.064, r*=0.9973 Standard solutior of exytetracycline

was dissolved in 0.LN HCI and diluted
with 0.IM phosphate buffer (pH 4.5+
0.1). y=0.1312 —3.445, r*=0.993.
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ABSTRACT

The sensitivity of microbial diffusion assay for antibiotic- potency was affected
by test organism, cell stage, assay medium volume and preparation of standard
sample. Bacillus cereus var. mycoides ATCC 11778 was more sensitive than D, sudtiiis
ATCC 6633 in oxytetracycline determination. The optimal conditions for microbial
diffusion assay of oxytetracycline were the spore suspension of B. cereus var. mycoides
ATCC 11778, with paper disc method (or stainless steel cyclinder method), 200 ml of
assay medium and preparation antibiotic solution with phosphate buffer. Antibiotics
recovery from the solid substrate increased with the amount of antibiotics. The
minimal concentration of oxytetracycline could be detected by microbial diffusion

assay, UV-spectrometry, and HPLC method was 0.01, 0.10, and 1.00 g ml-!, respectively.
Key words: Microbial diffusion assay, oxytetracycline, paper disc, IIPLC, UV-spec-
trometry. :
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