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22 ~~n11LnlJ1nl!l-lLLaf1~1~'11a.,]La1,l,L"ll.rLLm'lmL~m1u1~Lmn.J.,]~~~<i11(j)£J 

Bacillus subti/is TISTR 25 LL~:: UUNN-1 ,nnn11(j)n<i1::naW111£J 
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bb~<11>1"11:IJi:IJ~'U,"li"l.lEl>1m Potency Index nummtluEl'U.L'l1lf 

UEl~mL~'U.1tl1~bEl~~lnm1n~ltJ~'U.i1mJliu~>1El~m1Ll1Elb~<11..... .. ......... 24. 	 , 
2 	 U~<11>1"11:IJ i:IJ~'U.f"lI El>1~l Potency Index nUm:IJ1 tlUEl'U.L'l1lf 

UEl~mL~'U.1tl1~ bEl ~~lnm1n~1 tJ~'U.i1<11 tJli~1b"ij NTG ... ..... ...... .. ..... ... . 27• 
3 

30 

4 	 m1:IJ i:IJ~'U,'lh::w)l>1b tl Elfb'Il'U.~1El<11"l.1Cl>1 Bacillus subtilis TISTR 25 
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5 	 ~~~~<11mmru.bEl'U.L'IllfuEl~mL~'U.1tl1~LEl~"l.IEl>1 Bacillus subtilis TISTR 25 

(~1 tJ~'U.f~>1~'U.b~:IJ )U~::~l tJ~'U.flVl1i~fl<11b~ElnL~~lnm1b~l::b~[J>1 5 "f>1, 	 , 
LU'U.n~l 60 1'U. diu~~il1:IJ>1~ 48 LL~::Vl1LEl'U.L'IllfLLEl~mL~'U.1tl1~bEl~ 
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0­

6 	 ;m~ru.:: b'Il~~"l.IEl>1 Bacillus subti/is TISTR 25 (~1 tJ~'U.fi>1~'U.)
q 

1<11 tJ<11~lnn~El>1~L~"<111El'U.L1I1"1~1mJ (ri1~>1"l.1 tJ1 tJ 7,500 LYll) 

.., 
\I 
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J' .J .d.d.. 1 tl.... :'1 ' ..
~'U.~1'U.~<111Y1 1, ~<111Y1 2 'Il>1:IJn~ ,,~ 0.5 b El1b'IlWi\ Lu'U.bbVl~>1m11JEl'U. 

oU '\I '\I '\I 

LL~::~11~n<11~lnU~~ 2.0 btlElfb'Il'U.~ LU'U.LbVl~>1L'U.1mL';)'U. bb~::El1V111~ij 

1<11 f:1 ~hJ~ ~:lJ1::vd1>1 m n 51 bVI ~ El>1n1J mnb:IJ ~<11Y11 'U.<11::1lUU'U.bLVI ~>1L'U.1<111b ~'U., 
~>1ijL'U.1<111b~'U. 0.3 btlElfb'l1'U.~ Lb~::1iLLiJ>1lT'U.~ltl::VI~>1 0.5 LtlElfL'l1'U.~ 
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.u 'U ~ 'U 

.........1'" "',fl 'Vi1 	 .01",

LL~::~11~n<il~1mJ~<iI 2.0 LuEl1L'11~<iI Lu~LL~~.J ~~ mL~~ LL~::El1~11'r1:IJ 

l<i1 rl~U ~ ~~J1::~11.Jmn5-HVi~ El.Jnun1 n L:IJ ~<iI'r11~<iI::lt1. LtJ~Lm~.Jl~1<i11L~~, 
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, 'II 

.J' , .01 .. ..-... • 
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d 
lJ't1't1 1 

o 

lJ't1141 

hh~iLfl ~LthtLflu,1'1flf~ L1,nJDrrhn1nlm1~atlh~u,1<fi E.J11::1nlm·1~ iiu~L<fi1'Yl~LUU, 
1 W ~ Luu1'Yl<fi13J L~ n ~ ~1 E.J E.Jl11i L U u,13J L~ n ~ ~1 E.J #u, ~-l113Jrf-l"lfl E.J1n 1<fi11~ iL fl u,1'1flf~ u,~ 

~ ~ 

i-lLml::~;ffu,fl cilU,1U~ £J-lYll-llu,1111~ (inactive precursor form) 1i fl cilu,~lnw~W1fl3J11::
'U 'U 'U 

Yll-llu,1~ (active form) (1) Lflu,1'1f~U1~Lfl~C-J~<fi1~111nvh i<fifLL~::11~.:nwlu,1::E.J::LL1n') 
~ 

Ju,~m<fi1E.J3Jlu1~Lfl~1~111nvh!LL~::i<fifLUu,~1u,lrH·Y lu1~Lfl~~C-J~<fi1~111nvhr L"lfU, lu1~Lfm 
111 n iUU::1<fi UlL U u,111n E.J1-l3J::~:: n fl 1U1~ Lfl ~~1~111n i<fif L"lfU, 'r11u'ftU,111 n <llUel flU, L1U,ii.u, 

111n m::Lwl::~nl11u1~Lfl~~ ~u'r1lJl'r11u,fl<fi~1'Y1m1:J:Jln~~<fi~fllu1~Lfl~~1~111m ~.:nw ~-l 
\J " , " " 

Lflu,1'1flf~ ~lm1r:1 C-J~<filu1~Lfl~1~~rf-lL;fffl11 ~~<1i'LL~::LLm),YiL1E.J (2) Bacillus spp. LUU, 

LLlJf1YiL1E.J~ C-J~<fi Lflu,1'1f:J1u1~Lfl ~1U,L ;-lm1f11~~f1qJ~-lWlJil Bacillus ~ ~1:Jl1r:1C-J~<fi 
LLfl~m1mnu1~Lfl~ LL~:: ii.l'r11~L:Jli11~lu1~Lfl~ 1~LLri B. amy/o/iquefaciens, B.subti/is 

LL~:: B.cereus Bacillus ~~lm1m..j~<fiLflu,1'1flfufl~m1~,nu1~Lfl~ 1~LLri B./icheniformis 

LL~:: B.pumilus ~1U, Bacillus ~C-J~<fiii.l'r11~L:Jli1hlU1~Lfl~1~LLfi B.thermoproteo/yticus, 

B. stearcthermophi/us LL~:: B.megaterium( 3)lu1~L fl~Luu,Lflu,1'1flf~~u1::lmn.!:Jln1u,'r11-l 

tl<fi~1'Y1m1:J L"lfU, fl<fi~1'Y1m1:J~11-nnvJfln vJflnmr-l fll'Y111 Lf1~fl-l~:J "lIu,:JiJ-l Lu,mL-ll-l 
~ ~ 

E.J1 Liu,1E.J'r1 flerl m::<fil~ LL~::m1C-J~<fi,.rl E.J1-l~~m\l,lnW~ 1<fi m\l, Wl::fl<fi ~1'Y1 m1:JC-J~<fi 
~ . 

C-J-l-nnvJfl n ~-l~m:Jlrnm11iLflu,1'1f:J1u1~Lfl ~ fi~1 LUU,:J~Yil~-l~ ~<fin-l 89% LlimYi E.JlJnlJ 
'U 'U • 

fl<fi~1'Y1m1:J~u, (4) LflU,L'1f:J1u1~Lfl~~lm1mbm1iu1::lE.J,m1u, fl<fi~1'Y1m1:Ju1::L11'r1. ~ 

~1-l ') ~~n~rn::m11i-llu,LL~::LL'YI~-l"llfl-lLflu,1'1flf~1i~1-l ')nu,mn:J1E.J lu,um'l.1 905 Rohm 

1<fi'\blU1~Lfl~111n<lllJel flu,C-J~3JnlJl'1fL~ E.J:JmflJm u,<fim hlu,m1vJ fln'YItt'-l LL~::riT~"<fi'lJU,~~<fi 

flcinlJ'YItt'-l ~-l~flmlu,um'l. 191 3 L~~m1ltlLflu,L'1f:J1u1~Lfl~mliLUu,~11invJflmUu,f1f-l
'U 

LL1n LL~~iJtl!'YIl L~m nlJml3J ~1:Jl1r:11u,m1cifl E.J~~1E.J'lJ fl-l Lflu,1'1flf LL~::ml:Jf1-l'r1u,lU,~1111:: 
LUU,~l-l~Lll~ m11iL flu,1'1flf~-lLllL UU,~LLW1'Y1~1E.Jtt'n1m::'YIil-l~-lm1111~nf1f-l~ 2 Jaag 

tt'nli1n111U,U1::L 'r1f1~i'r1'lrL'1fflfLL~U,~ L~C-J~<fiLfl\.4L'1f:J1u1~Lfl~111mllJeiflu, li~fl'r11-lm1f11il
• 

Bio-38 LL~::1~'Yl<fi~fllJf1rn111wlu,tJ m'l. 1945 LL<iif1rn~:JlJ~LL~::U1::~'Yl~111W£J-l~lflcil1u, 
~ • 'U 

m::~-llu,tJ f1f1.1 959 ~-lL~~m1~~u,1f1rn111WLL~::C-J~<fiLflU,Lcn:J1u1~Ltl~111m;mLlJf1YiL1E.J 
~ 

B. subtilis Luu,C-J~<finrn""111 E.J1~~fl'r11-lm1f11il Bio -40 ~-l~f1rn~:JlJ~~nilLflU,Lcnlf111 n• 
<lllJeiflU, U f1f1. 1960 lJ1;'Yl NOVO U1::L'r1f1L<fiu,mfn1~C-J~<fiLLfl~mL~u,1u1~Lfl~111m;fl 

.d ...... ':''''.1' ~.,.d.. ~,
B. licheniformis '1f-lL1E.Jnnu,'r11 LlJl1Subtilisin carlberg L"lf"lffl'Yll-lm1m'lJrn::u,u,11 Biotex 

LL~::1~L4:JL,rl~<fi~1<filu,E.JhULL~::~'YI1;jm:J1m 1<fiE.J~~1u,LLU-lm1<fi~1<fiU1::mrn 45 - 50% 
'U , d 

http:LL~::m1C-J~<fi,.rl


1u.t1 T1f'1.1971 T1rn::m1lmTHl1"V111LL~::tnLL~"~"VI1~tlu.r1m (FDA) LillLiTh1U1tl"Ltlu.','n~ 

d~lm1nH+aJ11un11in~I"Lilllill!JLlJ~eJu.illn£J (5) hh~Ltl~~L<l1'l1mJ~'h~Ul""llUillLiJU., 
LtlU.L'Il~~ ~f1" LL~::'1lU tl unl:iu.tl n L 'Il~ t ~"~I!J~ tlm1LL£J n~nill LL~::~1:IJ11n C-l~q)LillLu.mm ru.~" 

'U 'U 

(6) ,nnm1\bhh~Ltl~ Ltllm~Lnilllh::1£J"ll,nu.uq)~I"V1m1:IJ~I" ') L<l1mn:IJ1£J ~~L<l1~m1, 
~mnti~m1L~:lJtl1::~'Yli111~ m1C-l~illli~,,~u. L .;4tll iL~ £J~~tl~ tlml:IJ<l1tl"n111 iLtlU. L'Il;J 

'U 

LL~::L.;4 tl~ill<l1U. 'Ylu.lu.m1C-l~ill ~~L<l1~m1~~mtl1utl1~~1 £J~u.fntl~-;)~u.'Yl1rJ~1"llLu.m1C-l~ill .. .. .... 
Ltlu.L'Il:IJ1i~ tl1:: ~'Yl i 111~ ~~~u. LL~::Yh1iL"VIm::~:IJ nU~111~m11i~lu.lu.tl ill ~1"V1 m1:IJ1J1~ 

'U , 

tl1::Ll1'Yl ~~tll-;)mim'YlT1UT1 n11iill~tl[J'U (genetic engineering) "VI1m'YlT1UT1nTm~lrJ 
~'Ulf (mutation technique) (7) ~~L'YlT1UT1m1n~I£J~'UfLiJU.l~~U£J:IJ1m'Um1t11utl1~~£J , " 
~'Uf L.;4 m ~:lJC-l~ C-l~ill1 'U1::iu tlq)~I"V1m1:IJ LL~::tl1::~uml:IJ~IL1-;)nU-;)~';~"VI~1 £J"llUill 1ill rJ, , , 
~1 :IJ11nimb1~Lnill m1n~I£J~'UiI.<l1"V1 ~1£Jl~ L-nu. 1iLL~~tl~illnL11m~ill"VI1tl~11LT1~UI~"llUill, , 

n111iLL~"tl~ill11L11m~q) imb1iLnillm1n~I!J~Wlf Ltht~~~U£J:lJ1in'Umn~~ill , " 
L~11::~lmL~::~::ill1n 1'Um1imb1iLnillm1n~I£J~'Ulf, m1L~tlnml:IJtn1T1~'U~L"VI:lJI::~:lJ1~ 
Lnillm1n~I!J~'Uf~~~~ill~tl 254 nm.L~11::LU'Uml:IJtn1T1~'U~ DNA ~lm1nillilln~'ULL~" 

, , 'U 

L"JJ1Lul'UL U~"1Jtl~n1illU1T1~~nL<l1~~~ill u-;)i£J1'Um1imbliLnillm1n~I!J~u.lf<l11 mL~~tl~ml
'U , , , 

L11m~ill LIi1LLn T"l11:IJ tn1T1 ~'U"1J tl~LL~~ tl~illflL11m~q) 1:: £J:: n ~11::rJ::~I~-;)lnLLV\~~LL~" LL~::, 

' ) ~I .-::to A 0NTG ( N-methyl-N -nitro-N-nitrosoguanidine LlJ'U alkylating agent "ll'Uill"VIU.~'Yl1 

"VIi!l~ll:iV\lJ Alkyl 1inu nucleotide ~~ILL"VIti~~I~ ') L-n'U IillLLV\ti~ Oxygen ~ 6 "1Jtl~ 
'U 

Guanine YhliLnilln11i1JTi"1Jtl~Lu~tlill~~lill L-n'U G iunu T LU'UIi1U. i~J'UL~€lliLUu. 
'U 

Chemical mutagen -;)::LtI~£J'ULLtI~~ GC LUU. AT LLUU Transition 1~dLu'Um1n~I£J0''U1i1ill£J, 
ill1" 'Utl mJlndtll-;)yh1~Lnill Depurination "1J tl~ nucleotide ~LIi11U"VIlJ Alkyl 1i11 £Jm1~ruLffrJ 

'U 'U ~ 

Purine ~LIi11UV\lJ Alkyl J'ULL~::Lnill-n€l"11~~U. ~illYil£J Replication n-;)::;"VI!Jill LL~::Lnillm1
'U , , 

'Iitl:IJLL'U:IJ DNA LLUU SOS repair ~~-;)::Yil1iLnq) Replication C.h'U-ntl~11~J'U lill t.Jnl11l:i 

nucleotide ~ tlill~ ~lill L'iiILtl1'UDNA ~1£Jlmhu'Um1LtI~ rJ'U GCLUU.T A LLUUTransversion 

NTG ~1:IJ11nYiI1iLnillm1n~I£J~'Uf"VI~I£J-;)ill1u.u1nrn~Lnill Replication (8. 10), , 
-;)ln~I'Uli!Jtl1utl1~~1!J~'Uf Bacillus ~~~"VI~I£J~1!J~'Uf ~ ~1:IJ11n~fl~Ltl'UL'U~, , , 


1tl1~ Ltl ~LIi1:IJ1 n:IJ1!J"VI ~1 £J"llU ill LL~:: rJ~ ~ T1,ru.~:lJu~lu. n11"V1 t~ Ltl'UL'U;Jtl tl n'Utl nL 'U~ f1.~~ ~ 


tl1::1£J"ll,rLL~::~::ill1 n 1 u.n11~nill Ltl'UL'U~-;)lmilLi£J~ L;fitl "VI1tl m1"V11LLtlT1~1~"1Jtl"Ltl'UL'U:lJ1'Uttl 


Li!J~L;fitlJu. L-n'U 1u.u T1f'1.1986D.N.Shah LL~::T1rn::LIi1Yilm1n~lrJ~'UlfL;fitl B. licheniformis
, 
~tl VS-1 

(11 ) 



1985 Fumiko Morohoshi LLL'1:: Nobuo Munakata L~~mnti\l~L'1'lJtl\l alkylating agents 

lu,nT'mL'11£.J~ll.f Bacillus subtilis Ynrh~ mutant 3 ~l£.J~ll.f ~Llllltl NTG (12,13) 
.d ..t :"1 .... ...d .., ... ~ 1 . 1 ..,

Lll.tl\l,nm"ll'tl B. subtilis TISTR 25 LLJll.~l£.J~ll.1fYlLL£.Jn L<il';nn<illl. ll.LJ1::L'Yl1'I L'YW
• 

~1 :IJ11(I ~~ <i1 L~~\lii.l'Yl1L'11tl1~ Ltl~LLL'1::LLtlL'1mLL'111.1tl1~Ltl ~~\lL~~~111m1~m~n~:I..I1J~LLL'1::m1 
'IJ 

1111~U1~'Yl~ tl\lLtlll.L'11~LLtlL'1mLL'111.1 tl1~Ltl~-;)lnL;tlii'1<i1£.Jm1Lt£.J\lL;tl B. subtilis TISTR 25, 
.. ~ .oCt Q.oo -t I -t::. A 

LlJ1£.JUL'Yl£.JUnUL"ll'tl:lJ1<i11~111. B. Iicheniformis ATIC 21415 ~Ul1L"ll'tl'Yl\l~tl\l"ll'll.<i1~l:1J11r1 
'" 

d d .........1~~<i1LtluL'11~LL tl L'1 m LL'111.1 tl1~ L tl ~L<i11lJ LL<i1nllll\1rlll. 1!'n LLL'1::L:lJtll'lmn~:lJU<i1 ll. <i1111.mWn~ 

Lf1~ -;) L'111.m~<i1f ml:IJ,hL~1::111.m1citl£.J~L'11£.J~ll.ll::LtluLml'lJtl\l LtluL'11~ l<i1 mm£.JULYi £.JU 

rlULtlll.L'11~:IJ1<i11~111. ~tl Subtilisin carlberg LLL'1:: Subtilisin BPN ~Uilml:IJ,]-IL~1::111.m1 

citl £.J~L'11 £.J~ll.ll::LtluL'Yl~m~ tlll.rlU LtluL'11~~\I~tl\l"ll'ii.<i1 (1 4) ~\I,rll.111.m1~m~nii£.J~\I 
L~tlnli Bacillus subtilis TISTR 25 111.m1'Yl<i1L'1tl\l111m1nL'11£.J~ll.i'~1£.J n1::UTu,m1'Yll\1

• 
Physical Mutation LLL'1:: Chemical Mutation L~mtJll.m1~~<i1Ltlll.L'11~LLtlL'1mi.j;'lll.1tl1~Ltl~1~ 

..t 
~\I'lJll. 
'IJ 

111m1nL'11£.J~ll.i'L;tl Bacillus subtilis TISTR 25 L~m~:lJtl1::~'YliIl1~'lJtl\lm1~~<il, 
Ltlll.L'11~LLtlL'1mLL'111.1tl1~ Ltl~l11.m:lJ1ru~\I tl1::1£.J"ll',r~m<i1il-;)::L~1u-;)lnm1ii£.Jii' ~ tl L~L;tl

'IJ 

~nL'11£.J~ll.i''lJtl\l Bacillus subtilis TISTR 25 ~1~~L'1~~<i1LLtlL'1mLL'1ll.1tl1~Ltl~~\lL~tlHlll.m1 
, 'IJ 

L~:IJ ~ L'1 ~~ <i1'lJ tl\l L tluL'11~III tlLtl 

http:1~~L'1~~<i1LLtlL'1mLL'1ll.1tl1~Ltl~~\lL~tlHlll.m1
http:Uilml:IJ,]-IL~1::111.m1
http:LLJll.~l�.J~ll.1fYlLL�.Jn


.J 
lJ'YI'YI2 

(UV - Visible Spectrophotrometer) 
d.., ... 

2. Lme:J>l1~m1~~nfll1.bL~>l (UV - Visible 
'IJ 

Spectrophotometer) Spectronic 2000 

3. Lfl1e:J>l1~ n11~~ n ~l1.LL~>l (Spectrophoto­
'IJ 

meter) Spectronic 20 D 
d •.!.r «.. ""VI .,

4. Lme:J>lul1.fl11lJL11~>l'YlmlJfllJe:Jrn"'fllJ ~~ 
'\I .... cu 

(Refrigirated Microcentrifuge) Sigma 2 MK 

d .J • .J'( )5. Lme:J>le:JlJl1.>l6JJ1L"1Ie:J Autoclave Model 

HA-30 

., . .J' ( )6. ~lJlJL"1Ie:J Incubator Model Heraeus 
'IJ 

Type B 5050 E 
d • 

7 . Lme:J>lmi[J>l~n~::mll1. (Centrifuge) 

Kokusan Model H -1 03 N Series 

Shimazu , Japan 

Baush & Lomb, U.S.A. 

Baush & Lomb , U.S.A. 

Sigma Laboratory, Werntern Germany 

Hirayama Manufacturing 

Coperation, Japan 

Heraeus , Germany 

Kokusan , Japan 

8. Lfl~e:J>lL'lJU11ie:nmf'lmlJfllJe:Jrn\'UliJ'il';Hnrl New Brunswick Scientific CO.,lnc.,U.S.A. 
•• 'IJ 

(Gyrotary Water Bath Shaker) 

9 . LfI~e:J>lL'lJ ul1i e:Jl mf'lmlJfllJ e:J rn"'fl iJL'il 
•• 'IJ 

New Brunswick Scientific Co., Inc., 

(Controlled Environment Incubator Shaker) Edison, 

Psycrotherm Model G760 N.Y., U.S.A. 

1O . LfI~e:J>ll~mllJLLJl1.m~-I~h>l (pH-meter) 

Model PHM 83 Autocal Radiometer, Copenhagen, Denmark 

11.'il"ISSCO" Laminar Flow Model 
'IJ 

BVT-124 

12."'fle:J~LL~>le:Jfl~11L1 tmflCil (Ultraviolet• 
lamp) mllJ[J11f1~l1. 254 l1.1tl1.LlJ~1 
TUV 15W/G1 5T8 

International Scientific supply, CO.,Ltd., 

U.S.A. 


Philips, Holland 




. .. .. 
2UlfflJ"nrm ffallJ'lI1 mJU' n11 

• ' '''''' w 

' '' 'n~n1fIlIJ1f1) 11t11ntJ. 

13.LfI·H).Jmu.LL'Yi.JLLllLV\~n (Magnetic stirrer) 

MS-90 No. 341659 

14.LfI~tl.JL'1JrJ1 (Vortex )Model K550-GE 

.., ..., 
1 5.LfI"H).J"1l'.J~11 Mettler AE-200 S 

d ~ 
1 6.Lmtl.J"1l'.J~11 Sartorius 

17 . LfI~f).Jv\1m1l1m1u.hm~u. Kjeldatherm 

1 8. n ~f).J~ ~'Yl11Y1tr~ Lflfl(mf)u.1111f11~1mJ
• 

(Scanning Electron Microscope) 

Farga Instrument Ltd., Taiwan 


Scientific Industries, Inc., Bohemia. 


N.Y.1171 6, U.S.A. 


Mettler Instrument AG .• Switzerland 


Scientific Promotion Co., Ltd. 


Gerhardt. Germany 


U.S.A . 

Casein hammarsten 

L-Tyrosine 

Ammonium sulfate 

Glucose 

Imidazole 

Tris- (hydroxymethyl) -aminomethane 

Trichloroacetic acid 

Calcium chloride 

Di -potassium hydrogenphosphate 

Potassium dihydrogenphosphate 

Magnesium sulfate 

Maleic acid 

Sodium carbonate 

Sodium bicarbonate 

BDH Laboratory Chemical Division. 

England 

Fluka AG. Buch. Switzerland 

E. Merck AG. darmstadt, Germany. 



Skim milk Mission Health Food Co., LTD., Thailand 

N-methyl-N' -nitro-N-nitrosoguanidine Sigma Chemical Co. , LTD., U.S.A. 

( NTG ) 

Bovine serum albumin ( BSA, A grade) 

Bacillus subti/is TISTR 25l~11Jml2JtlULfI"rl::~,nn a"rnu"\.l,i~t1iYl!J1T'11a"'ilfml::• 
L'Ylfll"\.l,lG1fiLLV:~1.h::L'YW!l'YltI TISTR (Ihailand lnstitude of ~cientific and Iechnological 

Research) Culture Collection LU"\.l,a"l t1~"\.l,t~LL[Jnl~~ln~"\.l,1"\.l,U1::L'YlT'll'Yl tI 



d 
unn 3 

1. nTHG1~~3J~TH~:::nl~ 

1.1 ul"'THi~"L~e)'Yil~h.~nl1"L;hyim:n 
Nutrient agar slant 

Beef extract 

Peptone 
... 

Bacto agar 15 n13J 
... 

NaCI 5 n13J 

~::~1 !J~111tl.,rlnttl.~TUltl. 1 ~!1l1 U11~lw\-~~tl!1lY1!1l~ e:hm~::tb'hJtlU~-l·J.hL;tl~ 
~ 

tllli'V\11iJ 1 21 tl-lYnLon~L.n!J~ 111!Jhiml3J~tl. 15 lltltl.~llitl!1l111-ld'1 dJtl.L1~l 15 tl.lri U~ 
• 'U 

'V\~tl!1lm 11-lL~!J-l1l1::3Jllli 15 tl-lYn ritl'\.l,~tll'V\11'il::LLii-l~1 1tl'il'\.l,tll'V\11L~!J-lL;mLii-l~1 LflU 

~n~l~tllli'V\11iJ 4 tl-lYnLon~L.n!J~ L~tliJ-ll~tbmli 
, 'U 

., 

'" 
ul"'l1"~G11"'YilMn," (Basal medium) 

cu cu. 
~G1d'YI '" 1 (MG Halpern, 1981).. 

KH 2 P04 


MgS04 ·7H 20 

... 

CaCI2 ·2H 2 0 0.01 n13J 


~11~n<ll'illn[j~~ (yeast extract) 


n~1f1~ 

., 'U . 

~ln5'\.l, ~<ll1 

~::~1!J~1'\.l,~~3J'lJtl-ltll'V\111'IKL'lTln'\.l,1'\.l,,rlnttl.1l~u pH l'IKLl'ilnu 7.0 L~3J,rlnttl. 
l'IKihnmm~<ll~l!J 1 ~!1l1tbllltlU~-l'1ilL;eJ~eJm'V\11iJ 121 eJ-lYn Lonm.n mf 111!Jl~ml3J~tt 

• , 'U 

1 5 lltltl.~llieJ!1l111-ld'1 L1Jtl.L1~l 1 5 tl.1Yi 

d 
~G11"'YI 2 (Sadanobu Un::: Am::: ,1 975)... ... 

KH 2P04 0 .5 n13J 
... 

K2 HP04 0.5 n13J 
... 

MgS0 4 · 7H 20 0.2 n13J 

http:hJtlU~-l�J.hL


CaCI2 ·2H2O 0.01 ""n11J 

FeS04·7H2O 0.01 
...

n11J 

MnS04 ·7H2O 0.01 ""n11J 

ZnS04 ·7H2 O 
" 

0.01 ""n11J 
,

,.bn;lt ~m 

~::~1!J~,)lt~~1J"lJehm1'V1111",\ihnlthnr1ntlt t11U pH liLyhnu 7.0 L~1JJ1ntlt 

1i~m1J1<i11~<i1""'1!J 1 ~<i11,.bLtl uU~~'JJ1L;u~ urn'VIl1ii 121 U~f1WI1~ Lsii!J~ 111!J1~m11Jq)lt
• • 'II 

15 t1ult<l1~u<i1111~U') L1JltL1~1 15 mYi 

Luria Broth 

"" Yeast extract 10 n11J 
... 

Bacto peptone 5 n11J 
"" Bacto agar 15 n11J 
... 

NaCI 10 n11J 
" ,

'1.t1n;lt ~<i11 

~::~1!J~')lt~~1J"lJu~u1'V1111iL,j1nltluti1nklt t11U pH liLyhnu 7.4 L~1JJ1nkltli~ 
m1J1<i11~<i1""'1!J 1 ~<i11 '1.t1Ll.luu~~'J.i1L;u~urn~l1ii 121 u~f'l1L'11~Lsiim~' 111tJl~m11Jq)lt 15 

• • 'II 

l.lult<l1~u<i1111~U') L1JltL1~1 15 lt1Yi 

Skim milk stock solution 

i~lt1J~~"lJ1<i1~ltLlt!J (skim milk) 1 0 n11J ~::~1tJlltJ1nklt 100 ii~~~<i11 '1.t111.ltlu~~ 
" , 

'J.i1L;e:lYimu,'VIl1ii 11 0 u~f11L'11~Lsii!J~ dJ"H,)~1 1 0 lt1Yi 
• 'II 

Skim milk agar plate 

i~ Bacto agar 1.5 n11J ~::~1!JlltJ1nklt 100 iifi~~<i11 '1.t1Ltluu~~'J.i1L;El~mu,.,"t[lil
• 'U 

121 u~f11L'11~Lsii!J~ 111!Jl~fI,)11Jq)lt 1 5 l.lult<l1~u<i1111~U') LUltL1fi1 15 lt1Yi L~1J skim milk 

stock solution 5 ii~~~<i11 LL~::L~1J!J11.l5;')lt::L~<i111.n!JfI~ltm11JL,j1J,jlt 12.5 L1J 1mn11J~e:l 

ii~~~m ri~L1li~ltri ult'1.t1Ll.lL'Yl~~1W;nltLYn::L~!J~L;e:l
• 



• • 
• • 

1C11n~lJ~hL~LLri mn51LVI~E)\l LL~:: mnL1l~C11'r11\1.C11::1\1. LC11mC111(J1l1C11n~lJ~\lif 
nT~ciE)(J~~1(J1C11n~lJ~1(JmC11 LC11(Ji\ll~H)~lJ 12 n11l l~l\1.Jll"1!\1.::~'r1\1.mC11 

L~1lmWn~mn 1 \1.E){1lE)~ ~1\1.1\1. 40 ij~~~m tblU~\l'!ilL:ffE)~mUVlJlij 121 u\lf'l1L'll'~L~(J~
'll • 'll 

ml1l~\1. 15 Uu\1.<P1~um11\lUl LU\1.Ll~l 40 l41Yi ""'hl~Lfll4LL~lL~mtlnk\1.~\llUm1l1C111 
80 ij~~~C111 'nmf\1.tblUmU\lLulLU....n::~1\1.Jl1~ tblUU1lJ pHl~L'(hnlJ 7.0 LC11(Jli~11~::~1(J 
L'll'L~(J1llel'C111E)nl'll'<P1 ml1lL,r~.J"li\1. 10 \1.u{1lE)~~\l~\ll11~C11nC11::nU\1. 1 ~\1. LnlJ~1\1.1~~muVlJlii 

, 'll 

4 u\lT'llL'll'~L~(J~ Vl1mblULL"riLL-ll\l~unm1)ij -20 u\lf'l1L'nm~(J~ 1:::W)1\l1mbmli
• 'll 

i.1T'Hi~~lm:r'Vh'Vh)"f't1~i.1.1e:Jt~·HHH)11"~ 0.1 t3J~Tf pH 7.6 ,8.5 LL~~ 9.0 

~::~1(J'r11~ (hC111un~L~J'r1li~) - E)::iil\1.ijL 1i\1. (Tris (hydroxy-methyl) -aminomethane) 

12.12 n11l lmtlnk\1. U1lJ pH l~LU\1. 7.6 • 8.5 LL~:: 9.0 ~1(J~11~::~1(JmC11lel'LC11WI~E)1n 
0.1 L1l~l{ L~mtlnk\1.~\1.mlJ 1 ~C111 

i.1T'm:::~lurJili.1LrJ~u'Vh'Yh)"f 0.1 t3J~l{ pH 7.5 LL~::: 8 .0 

i\llC11L'll'L~(J1llel'LC111L~Wr,1E)~L~C11 53.65 n11l ~::~l(J~lmrlnk\1. 1 ~C111 LL~:: L'll'L~(J1l­
lC11hLC111L~\1.~E)~L~C11 27.8 n11.1~:::~1(Jl\1.Jlnkl4 1 ~C111 LU'U. stock solution ~~1l~11~:::~1(J 
lC11L'll'L~ (J1llel'LC111L ~\1.~ E)~L~C11 LL~::~11~::~1(JL'll'L~ (J1llC11lel'LC111L ~\1.~E)~L ~C11 1\1.5ml~1\1.~\l~ulU~ 

pH NaH 2 P04 (ml) Na2 HP04 (ml) 

7.5 80 420 

8.0 26.5 473.5 

i.111"~:::~lu~n{uilL'"~.lu~n{um'"~uyhrJil{ 0.1 t3J~l{ pH 9.5,1 0.0 LL~:::1 0.5 

i\lL'll'L~(J1lfl1{lJm\1.C11 21.2 n11l ~::~l(Jlmrlnk\1. 1 ~C111 LL~:: L'll'L~(J1lllJm{lJm\1.C11 
16.8 n11l ~::~l(Jl\1.Jlnk\1. 1 ~C111 LnlJLU'U. stock solution ~~1l~11~:::~1(J"lIE)\lL'll'L~(J1lfl1{lJm\1.C11 
LL~::l'll'L~ (J1lllJfI1{lJ m \tC11 C1111l 5C1111~1\1.~ ulull 



pH Na 2C03 (ml) NaHC03 (ml) 

9.5 

10.0 

10.5 

65.0 

137.0 

202.5 

185.0 

112.5 

47.5 

({ "'•• 1 • .1 ({ '1 ({
i'fl'l6'l:::6'lltJA1'lUBmWlUnLnB'l0.1 t3J6'll'l pH 11.0 

i-11'D"L~t1lJmf1Jm'Uifi 10.6 n1lJ~::flltJ~"wJlnk'ULL~::U11J pH ~"w1'D"L~t1lJLnifi1fln­
L'D"~ 0 .1 'UflflJfl~ L~lJJlnk'U"il'UiimlJ1~nm1J 1 ~ifi1 

... ... '1 "'•.1 •• 1 ({ '1 ({
i'fl'l6'l:::6'll tJB3J3JWll t'l56'1UntnB'l 0.1 t3J6'l1'l pH 7.6 

i-1~lJijifil1'D"fl 6.808 n1lJ fl::~1t11'UJlnk'U 1 ~ifi1 LL~:: U11J pH 1'V11~Lyhn1J 7.6 

G'l1'l6'l:::6'llmAoiS," 0 .5 tt.lB{t'l5,"~ pH 10.5 

i-1Lfl;n'UnlflJlJ1~Lifi'U 0 .5 n1lJ ~::~1t11'U ~11fl::~1t1mf1Jm'Uifi-LumfuElL'Uifi 

uyJLyJflf 0.1 1lJ~lf pH 10.5 fl'U"il'ULfl;n'U~::~lt1'V1lJifi l41Luu1u pH 1iLyhnu 10.5 ~1t1 

~11~::~1t11'D"L~t1lJLnifi1flnL'D"~ 0.1 1lJfllf pH 10.5 "il'Uiimmifi1mu 100 ij~~~ifi1 Liiu 

1m~n1'U~L~'U 
'IJ 

i'fl'l6'l:::6'lltJn'lVllW1'lA6'lBhB:::oiS~n 1 0 tt.lB{L'l5,"~ 

i-1mifiLifi1fl~ElhEdn~n 10 n1lJ ~::~1[J1'UJlnk'UmlJ1ifi1 100 ij~~~ifi1 fl'Ull'U 

mifiLifi1fl~ flhfl::;n~n ~::~lt1'V1lJifi U11"il1'U1.I1ifi~'lI"1 LnU1n'l!l-11'U~L~'Uri fl'Ul41lJ11i 
• 'IJ 

i'fl"m:::6'lltJt'l5t~tJ3JAi;H)h·~ 0.8 5 tt.lB{t'l5,"~ 

i-1~11fl::fllt11'D"L~t1lJfl"H)L1~ 0.85 n1lJ fl::fllt1lu.Jlnk'UmlJ1~n 100 ijfl~~ifi1 fl'U 

"il'U~11fl::fll tI 1'D"L~ t1lJfl fl fl L1~~:: ~1 t1'V1 lJifi 1J111l1l41.11ifi• 



ilfl'Hl:::nlU'Y1~iIf (luVI"'iiln.z5L3J'Y1~n)-ildjL"iiLil'l.~3J1LnvnJ'Vh'Vh:d' 0.1 L3Jnl'f pH 8.0 

i-l'Y11~ ('ttJ~1tlnOfiLlJ'Y11Gl)-tl::ijtU~LliU 12.1 n1lJ e.J~lJnlJm~lJ1~~n 11.6 n1lJ 

Gl::GlltJluJlnku "b'tUU1lJ pH 1iLyi1nlJ 8.0 ~lrJ~11Gl::GlltJt'1SL~rJlJ'ttJ~1tln't'1S~ 0.1 

UtlflJtlGlL~lJJlnku';)umlJ 1 ~~1 dllJlJ1j';)1~m~
•.. 

nl"'iLVI"'iU3J Stock solution ilil\l NTG 

1~rJm1i-l~11 NTG 0.001 n1lJ Gl::flltJlu~11Gl::GlltJ'Y11~ ('ttJ~1tlnOfiLlJ'Y11Gl)­
tl::ijtU~LliU-lJ1LGl~ UyhvJtlf 1 ijGl~~~1 mllJL-nlJ-nU 1 ijGl~n1lJ~tl 1 ijfl~~m 

ilfl"'in:::n1Ut'1iL~U3JluVI"'iiln1'1i~ 40 Ltle)'fL'lS"~ 

i-l1'1SL~rJlJ'ttJ~1tln't'1S~ 40 n1lJ Gl::GlltJluJlnku 1 00 ijGl~~;;l1 

.,. t1tf
ilf1"'in:::n1Un"'iVl1Jil"'in 4 L i)"'iL'ZmVl

tf 

i-lm~lJtl1n 4 n1lJ Gl::GlltJluJlnku 1 00 ijGl~~m1~tJlimllJ1tlWlhtJ1um1Gl::~ltJ 

, 
i-lLlJli~H1~ 0.2 n1lJ LLGl::LlJliGl~UlJGl 0.1 n1lJ "b'tUGl::GlltJ1ULtllilUtlGl 95 LUtlfL'1SU~ 

'IJ 

~ .., .., 
2.1 	n1"'iLn1J~mf1L~il"'i:::u:::i" 

L~m;fftl,;)1n stock Gl-llJU Nutrient agar (NA) Slant tilJ'tl~mwvlflij 37 tl-lf'!1L'1S~LOfirJ~ 
• 	 'IJ 

Lrim;ffm,;)1ruL~1l~ U1::lJllli 12-16 iltlJ-lu~';)n;u~ltJ~111YlGl~LnlJ'tl~ tllliVl1lij 4 tl-lf'!1 
.., 	 , q 'tI 

~ .., 
2.2 	 n1"'iLn1J~m~t1L~il"'i:::U:::UT'J 

L~tJ-lL;fftl1uVlGltl~'Y1~Gltl-l~lJ11,;)
• 

Nutrient Broth U1::lJ1lli 24 iltlJ-l Lrim;fftlL,;)1ry 

L~lJ~LL~l e.J~lJn~L'15tl1tlGl 50 LUtlfL'1SU~ LYlulilr1lJehV\\l'l 1 -2 L'1SU~LlJ~1 umn;u~ltJ• 
~111YlGl~ LnlJ'tl~-20 tl-lmL'1SGlLOfitJ~ LnlJ't~Ul\4U1::lJ1lli 1 tJ 



3.1 	nTH(fI~t!3JL~uvf\l~," (starter Inoculum) 

L11m;mLUfll1L1[J 1 lf11~u1l1n NA-slant 1 -2 loop ~-11"\.l,fl1V111LVI~1 Basal medium 

~~1 1 mm~1 1 0 ii~~~~1 ~-1U111lflcil"\.l,VI~fl~'r1~~fl-1'lJ"\.l.1~ 20 ii~~~~1tb'1.1.l1.h.l~lmfl~fl-1 
'\J 	 • '\J 

L'lJci1~ mUfI~flru.Vlllii 37 flfl-1mL"n~L6fim~ m1~L111flU 200 1flU~fl"\.l,1l1 1.l1::mru. 12-16 
•• '\J 

i11~-1 LnU~l fl ci1-11~m1~"ll"\.l,'lJ fl-1J1Lt[J-1L ;fl~m1~[111f1~"\.l, 420 "\.l,11 "\.l,L~~11V11~1.l1::~1ru. 0.6 • 

.::t A <Crt. Ql4 "' 
3.2 	n11L~ t!\ILL~:::n11(f1(f1 (fI13J n11L\l1qJilu\lLLUAYlL1t! 

li1 n11thm;fl1~tJn111"1!llL1.l~~~1"\.l,n11flU~-1'J.i1L;mL~1 ~~J1LttJ-11l1nifl 3.1 
'\J 

~1"\.l,1"\.l, 2.5 ii~~~~11~~-11"\.l,fl1V111LV\~1 Basal medium ~~1 1 mm~1 250 ii~~~~1 ~-1U111l 
'\J 	 • 

fl cil "\.l,'lJ1~11.l"1!~Yi'lJ"\.l.1~ 500 ii ~~~~1 iJ~lln~l tJ~1~vi fl~l tJet1'lJ11U1-1 tb'1.1.ltJ~~l mfl~fl-1L 'lJ ci1 
'\J '\J '\J • 

~ A .ell, .... ~ I q,.,. l.d ~ 
'r1mUfI~flru.v\ll~ 37 fl-1mL"n~L"ntJ~ L'lJ[11~ltJm1~L111flU L'r11nU 200 lflU~fl"\.l.1'r1 Lnu 

•• '\J 

~lflci1-1'1.1.l1~ m1L1l1ru'lJfl-1 LLUflyiL1tJ l~tJ1"1!llL1.l~~ ~1"\.l,n11flUrt-1'J.i1L;mL~l ~~~1 fl ci1-1~1 
u 	 '\J 

ii ~~~~1 1~~-11"\.l,VI ~ fl~'1.~lf11L.n"\.l,~1Yh;) ltl'1.1.lL VI~ tJ-11i~n~::nfl"\.l,~l mfl~fl-1L"n"\.l,~1Yh,) ~ 

f111~L111flU 3,500 1flU~fl"\.l,1l1 LiJ"\.l,L1~1 10 "\.l,1l1 LLtJnLfl1~1"\.l,~LtJ"\.l,li'11~.yf-1 ~1-1L"n~t~ltJJ1 
nt"\.l, 5 ii~~~~1 2 f1f-1 1l1m.f"\.l,L~~J1nt"\.l,~~~~11~::~1mL'lJ1"\.l,~fltJliLi1ri"\.l, \b'1.1.l1~fi1n11~~ 

'\J 

n~"\.l,LL~-1~m1~[111f1~"\.l, 420 "\.l,11"\.l,L~m '(hn11L~fl1l1-1~ltJJ1nt"\.l, LyjfllV\1~fi1~1~'1.~lJm1 
Ln"\.l, 0.5 LnU~lmh-1~n"1 4 i11~-1 ltJ"\.l,L1~1 72 i11~-1 Lyjfl~~~1~n11L1l1qJ'lJfl-1LLUflYiL1tJ 

(Ultraviolet Light) 

4.1 .1 LttJ-1L;fl~1~ilil"\.l,ifl 3.1 LL~:: 3.2 L~m;m1l1qJ~-1'1i1-1n~1-1'lJfl-1 Log phase 

Hb~11.l1::mru. 12 i11~-1 ~1wn~t 2 f1f-1~ltJ~11~::~1tJl"nL~[J~f1~fl'1.1<li'Li~i"\.l,1fltJ~:: 0.85 

thliL"n~tLL'lJ1"\.l,~fl[J~ nflf-1 ~1 [J~11~::~1[Jl"nL~[J~f1~flh<li' tbL1.l1~,hn11~~n~"\.l,LL~-1~m1~ [111
• 	 '\J 

f1~"\.l, 420 "\.l,11 "\.l,L~~11V\1~fi1 0.6 ~-1~m1~V\"\.l.1LLti"\.l,L"n~t 10 
8 L"n~t~flii~~~~1 



• • 

4.1.2 tJLU~L'll'L'lLfLL1J1U.L'lEHJ 1 0 iiL'l~~il1 L'l~1W;nu.LYn::L~rJ~L;El~ii Magnetic stirrer 

mu.~L'lEl~nL'll 

4.1.3 'IllL'll'L'lLfLL1J1U.L'lElrJLUulrJ~lmLa\1ElL'l~11L11mL'l~ml:IJrJ11Tl~U. 254 m1u.L:IJ~d• 
fh;~~lU. 1 5 l~<li" -;ilU.1U. 1 ~L'lEl~ d::rJ::~1~";IlmLa'~20 L'll'u.~L:lJm 1~rJiim1mu.~L'lEl~nL'l1 

~d::rJ::nL'l11u.mdulmLa'~~1~ 6)nu. 

4.1.4 m::";JlrJ 0.1 iiL'l~~~d 1JEl~L'll'L'la~~.hu.mdulmLa'~ElL'l~11L11mL'l~L'l~lJu.Ell~ldlU. 
LLii~ LB ~mJ1u.";Jlu.LYn::L~rJ~L;El tl:IJ1u.~ii~ m~~l1ii 37 El~f'I1L'll'm<firJa' d:Ju.nL'll 12-16 i11:IJ~ 

'IJ • 'IJ 

4.1.5 trlJ-;ilU.1U.1T1hit~L";J1t1! (1T11i'lit~dEl~) ~1u.lnUUEl1L'll'u.<li"md1El~ 
4.1.6 ~dl";J~11T1hit~di~mdnL'llrJ~u.i"Lrl'El~~U. 1~rJ~;mfrn:: 1U11~ 1JU.l~ LLL'l: ; 

• 'IJ 'IJ 

1JEl~1T11L'lit~ LU~ rJU.LLUL'l~LU";Jl n a'lrJ~U.i"L~:IJ
• 

4 .1. 7 'Ill1T11L'lit~L";J1ru'lllLUy'hm1fl~l~Elna'llJ~u.fl~J.i ~1:IJllf1u."liEl 5 
~ . 

Q..o 1f.J" .., jCII 

4.2 nl'mGntl't'f\.l>iiL~tl Bacillus subtilis TISTR 25 ~1t1£'1T'HA3J NTG• 
( N-methyl-N'-nitro-N -nitrosoguanidine ) 

4.2.1 L~rJ~L;El~1:IJllf1u."liEl 3.1 LLL'l:: 3.2 L~m;m";J1t1!n~'lh~nL'l1~1JEl~ Log phase 

Liju.nL'll 12 ilh~ ~l~L'll'L'lLf 2 T1~~ ~lrJa'ldi'l::L'llrJ1'll'L~rJ:lJTlL'lElLd<li"L"li:IJ"liU.1ElrJL'l:: 0.85 rh 

mdm::";JlrJ~nTl~~~lrJ 'Yl1a'-m~:lJl~~n UyhWEl1 ~iiTlll:IJL"li:IJ"liU. 0.1 hL'l11 LLL'l:: ~lmllJ 
Liju.m~-~l~ LYi1nu 8.0 'IllLul~fhmd~~nau.LLa'~~iiml:IJmlTl~u. 420 m 1U.L:IJ~d 1~1~ 

'IJ 

• oJ d I r 8 r I £:It. .cIio.:::t. 

m 0 .6 'll'~:lJTlll:IJ~U.1LLU.U.L'll'L'lL'l 1 0 L'll'L'lL'l~ElllL'lL'lL'l~d 

4.2.2 'Illa'ldL'l::L'llrJ NTG 1u.'Yl1a'-mVl:IJ1~~n U"r'JL'rJEl1 ~iiml:IJL"lilJ"liu. 0.1 hL'llf 

LLL'l::~lml:IJLUu.nd~-~l~ LYi1nu 8.0 L~:lJL'l~lu. 1 iiL'l~~~d1JEl~a'ldL'l::L'llm'll'L'lL'l1iiimllJL"lilJ"liU. 

1JEl~ NTG LUU. 5-60 LlJ1mn1lJ~EliiL'l~~~d tlll~Elrn~l1ii 37 El~f'I1L'll'L'lL<firJa' L1J~l~lLlmllJ 
• 'IJ 

L11dElU 100 dElU~ElU.1Yi LUu.nL'll 5 mYi 

4.2.3 'IllL'll'L'lLf~1~lJl~u.~lLlml:IJL11dElU 6,000 dElU~ElU.1Yi U.1U. 5 mYi ~Elnml1ii 
• 'IJ 

4 El~"'lL'll'L'lL<firJa' LLL'l:: ~l~L'll'L'lLf 2 T1~~ <lllrJa'ldL'l::L'llrJ1'll'L~rJ:lJTlL'lElLd<li"L"lilJ"liU.1ElrJL'l:: 0.85 ~~1U. 
" 

md'l.hL';mL~l 

4.2.4 m::";JlrJ 0.1 iiL'l~~~d1JEl~L'll'L'laLL1Jlu.L'lElrJ~l<llL'l~UU.Ell~ldlU.LLii~ LB ~El~lu. 
• '\I 

";Jlu.LYn::L~rJ~L;El tl:IJ~Elni.~l1ii 37 El~f'I1L'll'L'lL<fi[Ja' mu. 12-16 i11:IJ~ 
• 'IJ 

4.2.5 tru-;ilU.1U.1T1hit~L ";J1t1! (1T11L'lii.~1El~) ~lU.l rnLuElfL'll'u.<li"mddEl~ 
4.2.6 ~dl";J~11T1hit~di~mdnL'llrJ~\nfLrl'El~~u. 1~rJ~;mfrn:: dU11~ 1JU.l~ LLL'l:: 

• 'IJ 'IJ 

~ 1JEl~1T1hit~LU~lJU.LLUL'l~LU";Jlna'lrJ~u.i"L~:IJ• 
4.2.7 'Ill1T1hit~L";J1ru 'IllLUy)lmdflV1L~Elna'lrJ~u.fl~J.i m:IJllf1u."liEl 5 

~ . 



• • 

...... S .d ~ tf
5. nT~VI~LGHlm'1lu Bacillus subtllis 'Y1mn~Yf"j)

• 

5.1 nT'ivl~L~un-#\\tJ;)3JlI~ (Primary Screening) 
aM iQ 

5.1.1 LYleJl'V1ldL~mL;ffeJlwIlU~LLii~ (agar)~ii'U.1I~~"lJ1~~'U.L'U.~ (skim milk) fI'1llJ 

L'lllJ'll'U.feJ~~:: 5 ~~1In1JtnU5.:n'1'U.::L~~flL'llTl~'U.mlm'lllJ'll'U. 12.5 L1I1mn1lJ~eJiJt'l~~~d 

mm~d 150 iJt'l~~~d t'l~l'U.rn~m::';)n"lJ'U.l~ 17.5x45xO.5 L'll'U.~LlJ~d 

5.1.2 L~~1TlhUL;ffeJ Bacillus subtilis ~nt'll~w'U.'tf~L~,;)ln'lleJ 4 ~'1tJL~lJYI1.tt'l~
• 

1J1.teJl'V1ldl1.t'lleJ 5.1 . 1.1Jdd,;)t'l~1'U.n~eJ~LL~~'U.Lt'la~ii~.hiJ~"lJ'U.l~ 20x20x50 L'll1.t~LlJ~d ~~h'U.md~~• 
eJ1J'l,hL;ffmL~'1 ttlLUUlJ~eJrn'VIlliJ 3 7 eJ~mL'llt'lL'UtJ~ LU'U.L'1t'll 48 i'11lJ~ i~Ln~1J1L'1rnl~deJ1J "]

• 'IJ 

1Tl hU"lJ eJ~ L;ffeJ~~~ ~LeJ'U.L'll~LLeJ t'lmLt'l'U.1 Ud~L eJ aL~ 
5.1.3 T1~L~eJnL;ffeJ Bacillus subtilis~nt'lltJw'U.iD LLt'l::1~fi15mlGl'1'U."lJeJ~mllJnil~

• 
1J1nrnl~deJ1J "] 1Tl1t'lu~eJfnllJnil~1TlhU"lJeJ~L:ffeJ v\1eJ L1tJnll Potency Index* (lllTl~mn ) 

lJ1nnll~l tJw'U.:tf<k~~'U. \l,llJ1T1~ L~ eJ n Iii eJ~llJim1.t'lleJ 5.2• 

... 
ca.,.. 4I:t ca.,.. Q A 

5.2 nTiVl~L~un'll\\'Y1191~lI3J (Secondary screening) 
" 'U 

n1"i1~ LLuVlGii&i'll u\lLu\\1'l5arLLu~~n1~\\'1tJ"i&hmf (i~LLUt'l~,;)lnii"lJeJ~ Richardson 

LLt'l:: Tewhaiti, 1978) 

L n1Ji'1 eJ 1.il~ m L V\~ tJ~~ n ~::n eJ'U.LLtJnL'llt'l ~eJ eJ n ttl Gl'11.tl~mv\l LLeJTl~i ~ 1~ tJUlJ i'1 tl th~ 
0.1 iJt'l~~~d n1J~ldt'l::t'llmTl'U'U. 0.5 LUeJ1L'll1.t<1l ~t'l::t'll~l'U.~dt'l::t'lltJmf1Jm'U.\ll­

L1Jm11Jm1.t~ u~L~eJf pH 10.5 ~1'U.'1'U. 0.9 iit'l~~~d ttlLUUlJ~~1~Jl~1.t~m1JTllJeJrn'VIlliJ11 
.. .. II 'lI 

~ 45 tl~mL'llt'lL'UtJ~ LU1.tL'1t'll 20 1.tll1 ttl;rWiln~l~Jl~1.t LLt'l:: ttllULL"lit'l~1'U.~1~J1L~1.t'VItJ~ 
U5mtnl1'U.l1 1~m~lJ~T'H1::t'l1~ 1 0 LUeJ1L'll'U.~ "lJeJ~m~L~dTlt'leJheJ::;~n 2 iJt'l~~~d ~~lJli 

L'llln'U.'l.bLULV\~~~~n~::neJ'U.~mllJL1'1deJ1J 3,500 deJ1J~eJ'U.1l1 LU'U.L'1t'll 10 'U.ll1 \l,l,h'U.l~LU 
1~ n1d~~n~'U.LL~~~mllJ tn'1Tl ~'U. 280 'U.lhUlJ~d LLt'l::ttlfil~L~lJlfll'U.'1 rnv\lLLeJTl~i~"lJeJ,j

'IJ 

LeJ'U.L'lllf 1~ml1 ~1J'VIlmlJlrnLYl1 d'U'U.~ Ln~,nnmd1.ieJ ~~t'llmTlifi'U.1~meJ'U.L'll~n1Jml~mm~l'U. 

LYlhifi'U.~iimllJ L'lllJ'll1.t 0 -1 40 L1I1Tldn1lJ~ eJijt'l~~~d (lllTl ~'U.'m ) 

rilv\'U.<llli 1 ~U~LeJ'U.L'll~L'Yhn1Jmmrn"lJeJ~LYlhifi1.t 1 L1I1mn111 ~L~,nnmd1.ieJ~~t'll~
'IJ 

LTl'U1.t1~ meJ'U.L'lllf~ ~lll'1::"lJ eJ~ md1~LLeJTl~i ~ 1l1~1'U.n t'll 1 'U.ll1 

http:U5mtnl1'U.l1
http:subtilis~nt'lltJw'U.iD


1ll.n111<i1 LLtl fl ~1~1J tl~ Ltlll.1·rnJ." n~l e:Jcil~ -;)::<iltl~';hVi ~ tl~fllUflll<ill [JLhw~'uLlfhJU L Yi [JU, , 
Vilmlll rn1."11"iill.~1<il-;)ln n11ci tl[J~~l[J1<i1mtlUL"Il1f tl cil~LL'I'i,i1~1<i1[J'Yhn11Ull~11~::~lmfl"iill. 
rlUUyhvJtl1 ~tlrnVi.f1iJ 45 tl~f'IlL"II~L"ii[J~ L1JUL1~l 20 ll.ll1ritlll. LL~::Vi[J<i1unm[Jl<ill[J

q 'IJ q :.J 

10 LUtl1L"Illl.~ 1J tl~ m<i11<i11fl~ tlhtl::rn~n -;)lmfll.~~Titl m~lI~l tlcil~~~1u ttl1ULVi~[J~<i1n~::n tlll. 
LL[Jn~1ll.,r11~ ttllll1<i1Tiln11<i1<i1n~ll.LL~~ ~mllJ[Jllfl~ll. 280 m1ll.LlI~1 Tilnl1<i1<i1n~ll.LL~~ 

'IJ 'IJ 

1J tl~ mlll rn1.,,11oUll.~ Lil<i1-;)ln nl1ci tl [J ~~lmfloUll.1<i1 mtlll.1"I11f tl cil~ LL'I'i,i1~Vi11<il,nn Tilnl1<i1 <i1 n ~ll. 
'IJ 

LL~~1J tl~ ~l tl cil~~n tl tl mnnTil nl1<i1 <i1 n ~ ll.LL~~,;)lnVi ~ tl<i1 m 1.1 flll LL~1~~tt11u Lln[JULYi [JUVilmlll rn 
'IJ q 

1."hoUll.';nnmlvJlIl<i11;illl... 

pH ~hlll.n11"'<i1~tl~~tl 7.5,8.0,8.5,9.0,9.5,10.0,1 0.5 LL~:: 11.0 1<i1m~1[J1I 
UvJLvJtl1~~~ 

vJtl~LvJ<i1UvJLvJtl1 pH 7.5 LL~:: 8.0 ,"'1~-Lv1<i11fl~tl11~ pH 8.5 LL~:: 9.0 ,m1Umll.<i1­

1Um1Umll.<i1 pH 9.5,10.0,1 0.5 LL~:: 11.0 

nl1Vil pH ~LVilll::~l1 1ll.n111<i1LLtlfl~1~1JtJ~Ltlll.1"I1111U1~Ltl~J~Vill<i1 'Y1ln11Ull~1 mh~ 
rlULfl"iill. 0 .5 LUtl1L"Illl.~ ~~::~1[J1ll.uvJLvJtl1"l!U<i1~1~ ~1ll.~1~,rl~ll.tlrnVi.f1iJ 45 tl~f'Il 

q q 'IJ 

L"II~LoU[J~ L1Jll.L1~l 20 ll.lYi LL~::Vi~<i1ullm[Jl1<i1m~1I 1 0 LUtl1L"Illl.~ 1Jtl~m<i11mfl~flh-

tJ::rn~n 2 iJ~~~<i11 tt11uLVi~[J~1.x<i1n<i1::ntlll.~mlllL1l1tlU 3,500 1tlU~tlll.1l1L1Jll.n~1 10 mYi 

LtllLu'V'n::~1ll.,r11~1Ul<i1nl1<i1il1n~ll.LL~~~mlll[Jllfl~ll. 280 m 1 ULlIm 1<i1 mm[JULl1[JUrlU
'IJ 

mlvJlIl<i11.2lll.1Jtl~1."h"iill.~~::~1[J1ll.UvJLvJtl1"l!ii.<i1~1~ ~ 

tl rnVi.f1iJ~hlll.nl1"'<i1~ tl~~ tl 25, 37, 45, 60 LL~:: 7 0 tl~fllL"II~L"ii[J~ nl1Viltlrn'Vi.f1 ij~, ,~ ~ 

LVilll::~l1 1ll.n111<i1 LLe:lfl~1~1Jtl~Wll.1"I1111U1~Ltl~~~Vill~ 'Y1ln11Ull~1 e:lcil~ rlULfl"iill. 0.5 LUflfL"Illl.1l1 

~~::~1[J1ll.,rvJLvJtl1"l!ii.<i1~1~~1ll.~1~,rlrill.tlrnVi.f1ii 45 tJ~f'IlL"IlmoU[J~ L1Jml~l 20 ll.lYi LL~:: 
q. 'IJ 

Vi~ilIUllm[Jl1il1m~1I 10 LUtl1L"Illl.~ 1Jtl~m<i11il11fl~tlhe:l::<fr~n 2 ii~~~<i11 tt11uLVi~tJ~1.x<i1n<i1::nm~ 
~flllllL1l1tlU 3,500 1tlU~tJll.1l1L1Jll.L1~1 10 ml1 LtJ1LUyn::~1ll.,r11~1Ul<i1nl1<i1<i1n~ll.LL~~~ 

'IJ 

mlll[Jll fl~ll. 280 ll.11ll.LlIm 1<i1 mm[JULYi[JUrlUmlvJlIl<i11;illl.1JtJ~1."hoUll.~~::~l[J1ll.UvJLyJ e:l1.. 

http:LtJ1LUyn::~1ll.,r11~1Ul<i1nl1<i1<i1n~ll.LL
http:nl1Viltlrn'Vi.f1
http:Tilnl1<i1<i1n~ll.LL
http:ttllll1<i1Tiln11<i1<i1n~ll.LL


ril1.JL;fie:J'iJlm;fie:Ji~~~~L~1~lJmlJie:J 3.1 fl~1~e:Jl~11~~;i1~~m~ 1 • ~~1Yi 2 Yiii 
.. 'II 'II 

~1~tl1::ne:JlJCll~1~ie:J 1.2 LLiil::e:Jl~11~L~1~lJ'iJlnl~{l~lJ Cll~ii~1~tl1::ne:JlJmlJie:J 1.3 mlJl~1 
q 

3 ijiil~~~1 iil~1~ flask 'lJ~1~ 1 000 ijiil~~~1 ~iie:Jl~11mlJ1m 300 ijiil~~~11~mi~~L;fe:J~ 

tJm~llij 3 7 tJ~fl1L'lliilL:n~~ L'lJcil1~tJlmf'!~1~mllJL111e:JlJLrhnlJ 250 1e:JlJ~e:J~lYi bnlJ 
q 'II 

Cllle:Jcil~'YJn'J 12 ,tl1lJ~ 'iJ~mlJ 72 ,tl1lJ~ ltl~1e:Jcil~~L~~J11~m1b'iJ1cy~mllJmlf1~~ 420 

~11~LlJ~1 bLiil::ltllJ11LT111::~~lLbe:Jf1~1~'lJe:J~Le:J~1'lll1LLtJiilmLiil~ltl1~Le:J~ ~llJlliie:J 5.2 Lm~u 

LYi ~lJLLiil::f1~ L~ e:J n ~~1e:Jl~11~ L~ :lJl::~:IJ L,yje:JH'l~m1'Y1~iil e:J~.ff~~e:JLtl 
'II 

ltlCllle:Jcil~1~{l~lJ~1iLtJ~Lm~~L~1~1L'iJ~ 1-2 ijiil~~m L~:lJf1::~l~R 7 n1:IJ 
q 

(1~Cll~L:n~lJiiilb~~ 95 n1:IJ f1e:JtlLtltJfiiilL~~ 5 n1lJ) LLiil::m~iiil-.:rmi:IJi~ 15 ijiil~~m ~1 

Ltl~~lJ~Lm~iil:IJ'iJ~L~~11iil::iill~~L;j~11~ ~~Ln~Lfi~ LL~lL~:lJJlnt~ 50 ijiil~~~1ltlClllmh~
q q 

Ltlnt~~l1.JLf1~e:J~nt~ Buchi 1~1.JL~:IJ~11iil::iil-I~1'llL~~:lJh~1e:JnL'll~ 40 LtltJfL'll~~ ~1~1~ 
50 ijiil~~~1ltlLe:Jl'lJl~~lJ11'iJm~lJtJ1n 4 Ltle:JfL'll~~ ~1~1~ 100 ijiil~~~1 ~~b~lJ~11iil::~ltJ 

q 

~~~bf1L~e:Jf 2-3 ~~~:lJl1tJ~1lJR11~::~1~~nt~1~'iJ~m::~~iimlJ1~111:IJ 200ij~~~~1 Y'l1tl~ 
'lJil~~11~::iill1.JLtl~ ~~LtlLtJ~~1il~ Lb~l~~ltlLtlL~L~111 nlJ~11iil::~1~m~LPl1~1f1~e:J1n ~'Y111U 
f111:IJ Li:IJi~LL li.~e:J~ L~L~111'iJ~~'lJ e:J~ ~11~::~1 mtl~ ~~n~lJLtl Ltl~~L;j ~11~ Til~l ru.~lmlJ1 ru. 

'lJe:J~L~1~1b'iJ~'iJln~~1il~~1~d 
'II 

btle:JfL'llWji1~1~1b'iJ~ = (A-B) X C X 1.4 

V 

A= mlJlmm~LPl1~1T1iile:J1n~1-n1~L~111ilmh~ 
B= mlJl~1m~Le:J1~1T1iile:J1n~1-E1~Lml1UlJiil~fl 

C= mllJLilJ'ljWl.Je:J~m~LPl1~1T1iilEl1n 

V= mlJ1~1'lJe:J~Cllle:Jcil~~1i 
1.4 = lJliil1lJLiilniil'lJe:J~L~1~1L'iJmh1~iiV\1.b1.JLtJ~n1lJLtle:Jfb'll~~ 

q 



1i~1 El cil>l~<i\El>ln11'V111U1~'U. o. 1 iia~~<il1 ~a-lJn1Jfn1a::flltJLLElamla.JflElULUElf 

3 ~a~~ill1 L"lJ~h1'IXL'l11n'U.LLi1rr>lli1in 30 'U.lri lbLtllill,hm1illilln~ULLa->l~f1111ltJ11fl~U 650 
'U 

Ul1ULlJ<i11 l11fil~1<i1lilllt1LtI1tJ1JLYitJ1Jn1Jnl1vJl1.l1~UlJl<i11.21U (BSA) YimlllL'l1lJ'l1'U. 0-10 

l1l1fljn1lJ~El~a~~<i11 

.:iI Q..,o r d 0 ~ Q..,o ~ fj,/

11. nl'nGl"iU3JGl1tHJ1\1L'YH),"13J1Ylmylam:f-m:::L"iI",H~ Gl1E.1 Scanning Electron Microscope 

~1 El cil>l~';)::l11lJl~m~n<i\1 tJ SEM ';)::<i\El>l El ~1Ua-I11l'l~t1dlf1,;)lmrl'V11Elmlll;'U.1~ ~ 
LLfl::1ja-I11l'l~1~lbl vJYll .ff'U.<i1 ElUmjL<i11tJll~1 mh-1 ii~>ld 

1. LL"li~lElcil>l (pre-fix) 1u 2.5 % glutaraldehyde 1u 0.1 M phosphate buffer 

pH 7.2 mu 1 "11lJ . 'VI1El'l11lJ~u1u~L~'U. 
'U ... ... 

2. il>l~l tJ phosphate buffer 3 fl1.J fl1-1a:: 10 -1 5 mYi 

3. LL"li<illElcil>l (post-fix) 1u 1 % 0504 1u 0.1 M phosphate buffer pH 7.2 Y11El 

1uJln;UU1'U. 1-2 "IflJ. 
... I ....... 


4. ~l>l~ltJ phosphate buffer 'VI1tltilni'U. 3 fl1>l fl1>lfl:: 10-15 'U.1Yi 

5. "lJiilllhElElmnn~wcil>l (dehydrate) <i\ltJ ethanol 'VI1El acetone ~mllJL'l1lJi'U. 
30%, 50%, 70%, 90% LLfl:: 100% (2 fl~>l) ~llJ~l~1J .ff'U.~El'U.fl:: 10-15 'U.lri 

6. Yil~lElcil>l1'IXLL'IX>l rn ,;)illlnC]ill<i\lmfl~El>lYil1'IXLL'IX>l (critical point dryer) , 
7. ~ill~1Elcil>l1J'U..21WlEl>l~lElcil>l (stub) ~ltJL'Yl1.l 2 'VIltl 'VI1Eln1l 

8. lb~l El cil>llUUllJ'Yl El>l <i\l m fl~El>lUl1J'Yl El>l (ion sputter) 

9 . lblU ~El>lill~l tJ SEM 
'U 

<i1 n<i1::nElU~l mn~mLEl1l1lJLutJlJ-nm vJ<i1 hWl11J1LiftJ>l L;€l~LLtJm<Jla ~ €l El mL~l LL"li€lci1 'U.~I>l 
'U 

J1LLiJ-11l1L~lJLL€l1l11lLumJ-nmvJ<i1~1Jilla::L~tJill1iiimllJL'l1lJ'l1'U.a-<i11'11tJ 70 LtI€l1L<JlU<ii' ( 472 n1lJ, 
~€lJ1LiftJ>lL;€l 1 ~<i1j) l<i1tJfi€ltJ ~L~lJYifl::lt€ltJ fI'U.L1Jl ')<i1fl€l<i1Llal';)ULL€llJ 111 LUtJlJ-naLvJ<i1a::altJ 



VllJ'I1LLGfl~~lbltJ~~~~l'rl1.l.~Lti1.l. 1 ~1.l. LVI~tl~~n'l1::mm~mllJL1T'mlJ 5,000 "HllJG1tl1.l.1-n L1J1.l. 
'II 

L1~1 30 1.l.1-n LLtlmtllLuVn::~l1.l.~LlJ1.l.'I1::ntl1.l.lJ1mtl~~l1.l.m:;~l1!tmtl~ LlJtl1 42 LL~:;Gfl~~::ntl1.l. 
~ltl~11~::~ltlalJijml"ll'mJvhvJtl1 0.1 llJ~11 pH 7.6 lbltJtllJLLi~~tlmVlflij 45 tl~mL"ll'~Lrfitl~ 

• 'II 

';J1.l.LLi~ ';Jlmf1.l.lbLtl1.l.l"ll'~~tllJLLi~LLGfl ltllJllJ~liLlJ1.l.~~ i~,rlV1,rmtl1.l.'l"ll'~~~~l~ 

a 'I .. ..: ... ,
12.2 nl":i'YI~HH)lJVld13J"'13J1":ifl'1,"n1":iLnlJLmH'l13J~\I'YIilnnU13JVll\1 ']

• 'iI 

L'I11tllJLtl1.l.l"ll'~~~~~l~';Jln n11Yl'l1~ tl~1wlitl~ 8. 1 LLti~Ltl1.l.'l"ll'~~~~l~ltl'ltJtilJ~ mu,Vlflij
• 'II 

-20,4,25,37, 45 LL~:; 60 tl~f'llL"ll'~Lrfitl~ LnlJ<tlltlcil~lJ1V11LLtlfl~i~hiJ1.l.1::tl::') LmtllJLYitllJ 

nlJ LLtlfl~i~~~~L'I11tllJl~ ri tl1.l.~';J::ltllJ1tilJ~ mu,VlflijG11~ &l VllfilLLtlfl~i~~LVI~m mtllJLYitllJLiJ1.l. 
• 'II ) 



• • 
• • 

• • 

d
ufI'n 4 

1. nT'i~ntf11.h::::~'YJfiln'Vi'l~m"i~~(?llu~1'lf3fllua~11a~"T1.h&hu?{1Iu\l Bacillus subtilis 

TISTR 25 

h~.J1Ui,)tJiitiLLlJf1Yi(itJ Bacillus subti/is TISTR 25 LUU~ltJ~u:rf~.J~U ~.JLUU~ltJ
• 

~u:rf~LLtJnl~~1n~ulul.h::L"r1f'1l"r1tJ ~.JlutJ 'rUt 2535 Lm~1J ~.J';mit l~'r11m1'(1~~eJ.J ~lJ• 
11 L=leJ~ltJ~u:rfif~11J11m~1rul~~lueJ1V111Lv\~1 Basal medium ~~1 1 LL~::lJUeJ1V1111'U,

q 41 \.I" 

Skim milk (um.J.J'1Jl~JULutJ) L~eJliLut4~1mlJf11J~lw~'lJLmtJlJLYitJlJnmntJ~W1fn~l[J 

~'U.:rf~l~ ~.Jtf'U.~.Jl.bL:fieJ~ltJ~'U.:rf Bacillus subtilis TISTR 25 if 1J1"r1~~eJ1Jlh::~'(1iln~ 
m1~~~Lm~l'1llfLLeJ ~ml~'U.11.h~L eJ~lJ'U.eJ1V1111'U. LL~:: eJ1V111LVI~11 'U.1::~lJ'1J1~L'1Jr.h• 

.J' ... .J... , 
L~l::L~tJ.J Bacillus subtilis TISTR 25 ~.JlJ'U.eJ1V1111U'(11J 5% Skim milk ~~1JeJtJ. ~ 

~11Jiim1,jeJ 1.31~tJm1h'11Ji1JV1'U.~e.h'U.m1'!i1L=lmL~1 L~m:fieJ~.JlJ'U.eJ1V1111U LU'U.~~ ~ 
Ll'U.1::tJ::V:l.Jn'U.l.h::1J1ru. 2 L'1l'U.~L1Jm VI~.J~lmblutl1J~eJru.Vlllil 37 eJ.Jf'llL'1l~L'fitJ~ LU'U.. ~ 

n~l 48 .a-111J.J m1~~eJlJf1111Jnl1.J'1JeJ.Ju1nru.l~LL~::ml1Jnl1.J'1JeJ.J1"hit ~lJl1 lu 

~1'U.1U 100 'lh ijmj 56 oil ~liTh Potency Index* (111"~'U.1n) LyhnlJ 6 .67 i.JLL~~~ 
~ 

l'U.~111.J~ 1 Gi1ufilLU~tJ'1JeJ~ Potency Index* LyhnlJ 6.6344 LL~::ijfil~1'U.LUtJ~LlJ'U, 
1Jl~1!1'U. (111"~'U.1n) LUU 0.1851 

d d d' 0:' ..JQ.; 

(?ll"il\l'YJ 1 ll?{(?l\l~113J{11lu\l?{lU'Vi~fi Bacillus subtilis TISTR 25 \Il~1~ 100 'Ifl 'YJ• 
'l...r~1l3.Jn1l\lU1nrn.'l?{lla::~1l~m1l\lt~taib~l(?l <.ill\l ')n~ 

f1111J nl1.JlJ1L 1 ru.l~ ml1Jnl1.J1f1hit ml1J nl1.JlJ1L 1 ru.l~ 
d 

ml1Jrt u" ..L eJ1L'1lW11 

(1J1J.) (1J1J.) ml1Jnl1.J1"hit 
9.0 

9.5 

10.5 

11.0 

12.0 

12.5 

1.5 

1.5 

1.6 

1.7 

1.8 

1 .8 

6 .00 

6.33 

6.56 

6.47 

6.60 

6.94 

3 

4 

7 

16 

56 

14 

3 

4 

7 

16 

56 

14 
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• • 

1.2 ~HHJ~CiItu,"l'll'3ftteHHnl~,"LtI~&hmlf'l,",,~·:::i1J1J'1~H1Jth 

'Ill Bacillus subtilis TISTR 25 :lJ1L'rn::Lir.hlhHl1'V\1'"j ~1'VI1lJ~~~Le:J'U.'1.'U~ 
LLe:J~m'1.,m1u1~Le:J~ ~~1e:Jl'VI11 Basal medium ~~1 1 ~1:IJ1~m1'Yl~~e:J~,re:J 1.2 LillJ~~ 

'U " 

-t11:IJ~~ 48 1Lfl11::~h.fi:lJ1rnLLe:Jflm'1.fl'U.1u1~Le:J~ ~1:IJ1~m1'Yl~fle:J~,re:J 5.2 

'ill m)1 e:J cil~~1'U.1'U. 5 oil ~lJ'"h filLU~t1"lJ e:J~m:IJlrnLe:J'U.'1.'U~LLe:Jflm'1.~'U.1U1~Le:J~ 
I .... .a. 1'- AA .d I .J I .... 

L'YllnlJ 70.269 t1'U.~~tl:IJflflfl~1 LLfl:::lJmLlJtI~LlJ'U.:IJ1~1;il'U. L'YllnlJ 0.1516 
'U ~ 

'VI;~m1in'll11 iL n~m1nfllt1~wIf liltl1iLL~~e:J~~11'1.11e:JLfl~LLfl:: ~1Lflii NTG 

'il::rh mlf1~ L~ tl n ~1 t1~'U.fl 'VI JJ~ ~~ ~ Ltl'U.'1.'U~~Ltl~m'1.fl'U.1U1~Le:J~~ .J;J'U. 1~ t1rh m1f1~ L~e:J n 
• 'U 

LU'U. 2 .ff'U.~e:J'U. ~e:J .ff'U.u;i:IJllii LLfl:: 'Yl~t1llii ~~1'U.m1f1~L~tln~1t1~'U.fl'U..ff'U.u;i:IJllii 'il::H1~ 
01.1 tU , '\J , 01.1 '\J 

m1m1'il'VIlm:IJlrnLtl'U.'1.'U~LLtlflm'1.fl'U.1u1~Ltl~lJ'U. Skim milk plate e:Jcil.Jfl111 ') ~:IJ11nyh 

'1.~ml1fl:::IJ1n ') ~::~1 n LLfl::11~ L11 ft'"mm1f1~ L~ tln.ff'U.'Yl~ t1llii'Yilm1L~l::Litl~1 'U.tll'VI11 
, 'U 

L'VI fl1 Basal medium ~1il11 'illn,!'U.'IllJ1Lit1~L;tl :lJl1 Lml::~'VIlm:lJ1rnLtl'U.'1.'U~LLe:Jflm'1.mr 
'U 

1U1~ Ltl ~ ~1 t11~~1i~fln n~tl~LLli 'U.tl'U.5 nfl~~'VI~~ ~.J'!'U.1'U.m1L~tln ~lt1~'U.fl 'VIJJ 1~~H'l 'U. 
'U • 

m1f1~L~ e:J n~l t1~'U.fl'VIJJ 1~~1iIil11'il~fllJ1 'U..ff'U.u;i:IJllii 'il::~tl~1i~fl~iii:IJ~'U.lfrlmJfl~'1.~. .. " 
'illn.ff'U.'Yl~ t1llii ~~~tl~'Yil m1'Yl~ ~e:JlJ Lyj tl'VIlf1111Ji1J~'U.lf"lJ tl~1~m1~1i1.'U.mlf1~L~ tl n~~~tl~ 

• 'U 

m1f1~ L~ tl n.ff'U.u ~1J1l ii LU'U. m1~11'il ~ tllJ m1~~~ Ltl'U.'1.'U~LLtl flm'1.fl'U.1Ul~ Ltl ~ 
.. 'U 

~l:IJl"m 'Yil'1.~1~ tIL ~1:: L;tl fl~lJ 'U.Ell'VI111'U. ~ii~ 'U.~LfIL~ El1tl ci 1'U.ml'Yl~ ~ tl ~ii' ~'U.~ Lfl LIil e:J1~ 
• 'U 

1i~ tl 'U.:IJ~.J"lJl~~'U.L 'U.t1 (Skim milk) ~~ii1Ul~'U.LU'U.ft1'U.Ul::ntllJ L~tl~'illnL U'U.~11~'VI1~lt1 
11mnn '1.JJLU'U.er'U.~11t1~m'Ufl~ 1ilJ1nrnl~~i~L'il'U. LLfl::~l:1J11mnlJlf1hil~lilJ1Llrnh 

'U 

nl1.J'1.~~::~1n 11~L11 linfll'1.JJ'U.l'U. l11J~~m1'il~tllJ'1.~ml1fl:::IJ1n ') ~.JLu'U.mlul::'VIU<?1 
L1~lLLfl::LL1~~1'U. 1 'U.fll1Iill1'il ~EllJ'VIlm1J1 rnLtl'U.'1.'U~LLElflm'1.fl'U.1u1~LEl ~ ~~,!'U.l'U.mlLmlllJ 

L.y; t1lJ'il:: 1 ifiler~11ft1'U."lJ e:J~L ~'U.c.hfmrJn fll~lJ1L1rn1~~ e:J L~'U.r.hfmrJnfll~ lf11flit 'VI1e:JL1t1nl1 
'U 'U 

Potency Index* (1l1f1~'U.1n) 1'U.m1f1~L~e:Jm::~~L~e:JnL;e:J~1ifil Potency Index* ~~.Jnl1 
fil Potency Index* "lJ e:J~ L;e:J<ff~~'U. 'illnt!'U.~~'Ill~lt1~'U.fl 'VI JJt!'U.:IJ1Yhm1f1~L~ e:Jn.ff'U. 'Yl~t1llii , . " 
1~ t11Lfl11::~m:IJl rnLe:J'U.'1.'U~LLe:J~m'1.~,uU1~L e:J~ 1'U. J1Lit1~ L;e:J~'1.~'illnm1L~l::Lit1.J1'U. 

e4 1.. ... .t ..1.:'1 , .... 
e:Jl'VI11L'VIfl1 Basal medium ~~1 1 'U~'il:: 'VI~fltln~e:J~:IJ1n"lJ'U. L~e:JLLJ'U.m1'Yl~~tllJl1nT)fI~ 

'U " 

L~ tl n ~1 t1~'U.fl, 'VI JJ~.J ~tl~.ff'U.~ tl'U.1i ~ ~ ~tl ~ fI~tl~ rl'U. 

http:U.~~'Ill~lt1~'U.fl
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• • 

..... ... 
H8trllflnnH .n1lJ lfl YlfJUJ n11 

• J '" Ill' 

"f1n~",nnm,., nfnftU• 

flll.EJmnJ tTl tiilit Potency Index* 
'II 

Yhm1~3J<ilElci1~~c.i1ll.m1niil1[J;wf t~lE.J1iLL~~Eliilm1"btmiil~ 50 tTlhit Lyn::
q •• 

Li[J~1ll.El1~1WV\iill Basal medium ~m 1 Yhm1"f1~L~Eln.ffll.U;j3Jllij LLiil::'Y1~[Jllij ~13Ji~m1 
\J .u \J ~ '\I 

'Y1~iilEl~,yEl 5.1 LLiil::: 5.2 LCil,yEl3Jiil<i~LL~~~1ll.~111~~ 2 ynrh f11 Potency Index* ElcilWlh~ 
'II 'II 

6.0-14.0 ~1ll.m3J1ruLemL"lJ~LLEliilmLiilll.1u1~LEl~ ~LCil;J:::LL~n~h~rill.mn c#~LL'il 38.05 i1~ 
139.70 [JU~~Elijiil~~~1 L1i[mm1~LU'f~~Tl113Ji3J;mr ~:::~-h~f11 Potency Index nu 

'II 

m3J1ruLElll.L"lJ~LLEliilmLiilll.1u1~LEl~ L~<i~1U~ 1 
'II 

(;l1":i1\1~ 2 ~1 Potency Index* \llnnl":i~~L~hln~\nh)3Jll3j LtI~U1JL.y;UlJ nlJtI~3Jlm ... .. 
Ltl"l'lS3rLLfH~~nla"'TtI":i&'hmt \l1nm":i~~Latln~",n~Ull3j !Itl\lG'f1U~"~. .. . 
~'Yh nl":inalU~"~ t~ UL~LLG'f\l tla(;l":il11ttl La(;lt~ U\tl3Jl'rhnl":i't1~ G'ftllJ 

Mutant - 1 14.00 138.44 


Mutant - 2 14.00 1 39.71 


Mutant - 3 14.00 117.96 


Mutant - 4 13.00 129.01 


Mutant - 5 13.00 116.33 


Mutant - 6 12.50 74.65 


Mutant - 7 12.50 114.52 


Mutant - 8 12.50 97.49 


Mutant - 9 12.50 110.89 


Mutant - 10 12.00 109.26 


http:LCil;J:::LL~n~h~rill.mn


Mutant - 11 12.00 

Mutant - 12 12.00 

Mutant - 13 10.67 

Mutant - 14 10.67 

Mutant - 15 10.67 

Mutant - 16 10.67 

Mutant - 17 10.67 

Mutant - 18 10.67 

Mutant - 19 10.67 

Mutant -20 10.67 

Mutant - 21 10.00 

Mutant - 22 10.00 

Mutant - 23 10.00 

Mutant - 24 10.00 

Mutant - 25 10.00 

Mutant - 26 10.00 

Mutant - 27 10.00 

Mutant - 28 9.33 

Mutant - 29 9.33 

Mutant - 30 9.33 

Mutant - 31 9.33 

Mutant - 32 9.33 

Mutant - 33 9.33 

Mutant - 34 9.33 

Mutant - 35 8.67 

Mutant -36 8.67 

Mutant - 37 8.67 

76.65 

119.23 

98.39 

63.42 

91 .33 

71.39 

90.24 

107.45 

76.65 

96.58 

76.10 

64.51 

114.34 

70.49 

74.84 

67.77 

94.22 

67.77 

59 .07 

88 .79 

82.08 

60.16 

72.48 

101.47 

72.66 

76.29 

57.98 



Mutant - 38 


Mutant - 39 


Mutant - 40 


Mutant - 41 


Mutant - 42 


Mutant - 43 


Mutant - 44 


Mutant - 45 


Mutant - 46 


Mutant - 47 


Mutant - 48 


Mutant - 49 


Mutant -50 


8.67 

8.00 

8.00 

8.00 

8.00 

8.00 

7.33 

7.33 

6.67 

6.67 

6.00 

6.00 

6.00 

52.55 

101.47 

52 .91 

48.20 

42 .76 

70.85 

56.90 

46.93 

54.54 

71.39 

56.53 

38.05 

77.19 

* ml;Jnll-l1i1L1rn1~ 

f'111;Jnll-lLf'1hil 
"" fillU~r.r;nn 3 .J'1 



• • • 
• • • • • • • • 

• • 

• • 

• • 

~ -- -- . ..---- ­

140-a:; 
~ 1 20
r.J 

-6 
6 

(;f 1 00 
WJ" 

l'l'O 8 0­
r.J 
~ 

116 
II" 6 0 

~ ;f 
a:; 4 O­

s-" 
r 
~ 
a:; 2 0 
~ 

0 

.. 
• 

• .: 

•• : •• 

• 
• 
• • 

• 
• •• • 

•• I ••• 
•• 

0 3 6 9 1 2 1 5 

Potency Index 

--------- --_. 

7t1ri 1 LL?fGl\lVl,)l3Ji3JYr'l-f.tftlfl\l~l Potency Index nlJ t173JlmLfl'l-f.lrn:J.fLLfl~Vll1~u... 
ttl7@lm ?f-Vl nn17n~1 tJYr'l-f.~LGl tJti'LLMfl~@l711 ')tm~@l 

~1 n m1Yl~::L~ 'U,11ijwn lJ ~lJ~'U, tltll'U,rl1-l L~ r.n n'U, iJ,h ilJ th::ftl'l i~'VI ~lJ~'U,1f 

(Correlation coefficient) (1l1,H.Jwm) Lrhnu 0.774 7 ~-lLiJ'U,fi1~Yle:J~e:Ju~'ul~ 1'U,m11i 

fi1 Potency Index* ~1'V11utt1lJ1fl!i1L~e:Jn.ff'U,t1;jlJllii LL~:: 1im1iLm1::~'VI1mmru.Le:J'U,1'l1~ 
.. 'II .. 

LLe:J~m1~'U,1t11~Le:J ~ Cil1lJi~m11'1Cil ~e:J-lie:J 5. 2 ~1'V11utt1mfl!i1L~e:J n..u'U,l'l~ ~llii 
• 'II 

2.2 t17::~'t1~1l1Yin17~GlL~flmntJYr'l-f.~~lnm7mntJYr'l-f.~LGltJL'li'?f17LVI~ NTG 
• i 

L'l-f.#'l-f.t1~3J1l3jLtl7tJ1JLil tJunlJ n17~L~n::"'~ntl73JlmLfl'l-f.lrn:J.fLLfl ~Vll1m! 
0i3 'U 

ttl7@lLfl?fL'l-f.#'l-f.'t1&1tJll3j 
.. <a 

Yhm1~lJ~lmh-l~~1'U,m1n~1~~'U,i 1Cil~1i~11Lf1ij NTG -;l1'U,1'U, 50 1f1hit 

LYl1::L~~-l1'U,e:J1'V111L'VIGll Basal medium ~!i11 1 rhm1f1CilL~e:Jn.ff'U,t1~lJllij LL~::l'l~r.J1lij Cil1lJ 
\J id\J,. \J 

i~m11'1CilGle:J-l..ue:J 5.1 LL~:: 5.2 '1.~ie:JlJ~~-lLL~!i1-l1'U,!i1111>l~ 3 Ylu";h fi1 Potency Index* e:Jci 
'II 'II 

lWril-l 6.0-14.0 ~1'U,mmrnLe:J'U,1'l1~LLe:J~mLGllf[t11~Le:J~ ~1~,;)::LLCiln~1-ln'U,lJ1n i-lLL~ 
40.23 i)-l 129.13 [Jil.!i1~e:Jij~~~Cil1 Lii~'U,m1~LL~Cil>lm1lJilJ~'U,1f1::'VI11-lfi1 Potency Index 

'II 

nu mlJ1rnLe:J'U,1'IflfLLe:JGlml~'U,1t11~Le:J~ l~~-llli~ 2 
'II 

mailto:ttl7@lLfl?fL'l-f.#'l-f.'t1&1tJll3j


• • 

. ~ 

fil1"i1\l'rl 3 ~1 Potency Index* \l1nn1"ivlfilL~ilmJ'"t1;)3JIl3j LtI~U1JL.yh.l1J nlJtI~3J1m 
.... u 

Ltml'15aJLLmt ~nl~,"LtI"i~L£H'f \11 nn1"ivlfilL~u n-#wnGiUIl3l 7Ju"G'f1un,"5 
• u • 

~'thn1"in~111n,"j)Lfilltli'G'f1"iL~ii NTG Tfilll\t13J1'Y1filG'fulJ 50 G'f111n,"5 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

Mutant 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


1 7 


18 


19 


20 


21 


22 


23 


24 


25 


14.00 

14.00 

13.00 

13.00 

13.00 

12.50 

12.50 

12.50 

12.50 

12.00 

12.00 

12.00 

11 .00 

11.00 

11.00 

10.67 

10.67 

10.67 

10.67 

10.67 

10.00 

10.00 

10.00 

10.00 

10.00 

129.1 3 


123.20 

121.16 

128.57 

115.91 

85.78 

102.71 

90.45 

109.58 

120.65 

85.75 

123.15 

101.90 

65.15 

101 .77 


80.31 

95.15 

105.25 

71.66 

97.00 

80.10 

70.20 

117.38 

80.48 

75.15 



Mutant - 26 9.33 68.91 


Mutant - 28 9.33 68.59 


Mutant - 29 9.33 60.15 


Mutant - 30 9.33 75.19 


Mutant - 31 9 .00 78 .96 


Mutant - 32 9 .00 65.28 


Mutant - 33 9 .00 70.32 


Mutant - 34 9.00 99.75 


Mutant - 35 8.67 73 .12 


Mutant -36 8.67 79.20 


Mutant - 37 8.67 56.14 


Mutant - 38 8.00 55.17 


Mutant - 39 8.00 99.59 


Mutant - 40 8 .00 50.19 


Mutant - 41 8.00 52 .91 


Mutant - 42 8.00 48 .55 


Mutant - 43 7.33 67.59 


. Mutant - 44 7.33 57.19 

Mutant - 45 6.67 50.11 

Mutant - 46 6.67 50.82 

Mutant - 47 6.67 69.23 

Mutant - 48 6.00 54.55 

Mutant - 49 6.00 40.23 

Mutant - 50 6.00 61 .95 

* fl'11lJnl1']u1nrnl~ 

fl'111Jnl1']lflltlu 
of, , " 

~lLu~r.r;nn 3 'lil 
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Potency Index 

'1t1~ 2 LL"'VI\I~'13J~3J~,"Bmh'~1 Potency Index flU t113J1rn.LEmhu.rLLm~~11~".. 
ttl'1mLtl "'~1 nn1'1n~1 U~,"IrrVl ~/l,r"'1'1L~~ NTG• 

';)1 nn11y.j,;):::L~~i1ijf111lJilJ~wrhJlWYl1-1L~ £n ri~ ijTi1imh:::ID1t~~ ilJ~~i 
, ... .oJ fl ,J ... \1 ~ 1" ,

( Correlation coefficient ) ( 1l1f1t:-J~ln ) LYl1nU 0.8154 'll"-1Lu~m'Y1'r'ltHJellJ1U L~L~m1 'llm 

Potency Index* ~1 ~~lJl.i.1 mT1~L~ el n.ff~tl;jlJllij LL~::: 1im11 Lm1:::~~1mm rnLel~~'1l"lfLLel~ .. '" ., 
m~~~1tl1~ Lel ~ ~1lJln-m1'Y1~~el-1'lTel 5. 2 ~1~~1J\bmT1~L~ eln-ll~'Y1~. E.Jllii

'" 

_ 'l_!". ~ Q..o d' 

lJi.H..--Bru;.illWL.5ubtilis TISJ1L2~LD®n1")"D ij1 U'Yi\U~ 

m1n~1E.J~~i~lmL~-1el~m1~11m~~ LtJ~liim.i.11iLn~m1n~1E.J~~i~itE.JlJli 
... In-m1l'i1~1u ~:::mn .ff~~el~~1ici-1E.J1n 'l1uiel~ LL~:::tl~el~.nE.J1~m11in~lJ1n J-1ii'LYi11::: • 
-11~ 

Bactericide Lamp 



253.7 ll.1hmJ~1 ~-1LlJll.Til~1mrL~i£..I':1111J~hm1~~n~ll.LL~\1"l.1Eh1L1J~1ll.m~ibfl~an ~-1 
'II 

~m1mrmb1~Ln~m1mn£J~l!.'flieJcil-1ihh::fi'Yliln~ ll.eJmnnd'rJ-1~ihr~m',\~l£JeJcil-1~~, 
~~~ eJm1n ~l£J~Uii'Wilid fi eJ ml1Wl1f1~U"l.l eJ-1LL~-1 ml1JL-llll"l.1 eJ-1 LL~-1 1::£J::V;1-11::~11-1, 

I 0 oQ "" C.d I C 
LL ~ ~-1mLWjlLL~-1 n1JL'11~ ~ 1:: £J::L1 ~l'YlU1mL~-1 ml11VlU1LL U ll."l.I eJ-1 L'11~~ eJlmL~::~1111::m1, 
L..{1qj"l.leJ-1L'11~~ dJll.iU ((Sykita B. ,1983) ~1~11Jm1n~1£J~ll.fLL1JflYiL1£J Vl~eJ<ilLW~ 

ril~-1-11U 1 5 l<il~ 1::£J::V;1-1"l.1eJ-1~~eJ<ilLWn1JL'11~~f111L~1Jlh::ll1ru 20 L'11ll.~Lllm ml11 

VlU1LLl4ll."l.IeJ-1L'11~~ 10 7 L'11~~~eJiJ~~~~1 U~::1::£J::Ll~1~H1um1UlmL~-1eJci1::~11-1 30 
'II 

iU1-r; n-1 20 ll.1-r; ~-1,;)::LL<iln~l-1nuLl.l~Un1J ~1£J~ll.i"l.leJ-1LL1JfI-r;L1£J LL~::ilim1mn£J~ui, , 
(Fantini AA. , 1975) i-1~u1ll.m1'Yl<il~eJ.J~-1ieJ-1lilm1LLl.l1~uLl~lm1UlmL~-1~~<ill1L1 
1eJ L~<il LyjeJ~11::£J::Ll ~l~L~ m::~l11um1imh1~li~1£J~ui1~lJ~ieJ-1 m1, 

-11ll.ii£Jil."'iimb1~L'11~~"l.IeJ-1 Bacillus subtilis TISTR 25 ~-1LlJU~l£J~uii-1ill., 
1~Ln~m1n~1£J~uii1mL~-1eJ~~11L11m~~ tll11ilim1'Yl<il~eJ-11U-lleJ 4.1 Vl~-1m1U1mL~-1, , 
eJ~~11L11m~~ LL~l lbLl.l1.l111ll.~1i<il eJru~l1iJ 37 eJ-1f'11L'11~L<E£J~ Ulll. 12 i1111-1 ..r1J~lm~ 
, , 'II 

1f11~il.LL~1y)1ll.1ruLl.leJfL'11ll.~1eJ~ Li~~i-1LL~~-11ll.~111-1~ 4 lbLl.lLii£Jll.mlWLii-11l.l~ 3 
'II 



d .1 0' 0'.... 1 f" d • d
Vl1"i1\1'Yl 4 tlJu"it'1f,"VI"iuVlIl1Ullln\ln1"i"1mta-\l~nVl"i1 '1 LtHnVl'Ylnn1V11\1 'J L'Vtu 

inli1'l.~ Bacillus subtilis TISTR 25 LnVln1"inn1U~,"£ LLn:::~1,"'l,"rArn,"• 
ffiVlLaun~'"tl;)~IliiU~'l'l.~A1 Potency Index a-\ln~1a-1u~,"£i\lvl,"

IIU... "" 

0 100.00 

5 52.60 


1 0 32.80 


1 5 10.83 


20 0.099 

25 0.00600 

30 0.00046 

35 0.00009 

40 0.00013 

45 0 .00009 

50 0.00009 

200 


200 


200 


200 


200 


180 


100 


50 


20 


10 


10 


0 0.0 

0.5 

4 2.0 

5 2.5 

6 3.0 

2 1.1 

0 0.0 

0 0.0 

0 0.0 

0 0.0 

0 0.0 



100 

80 

(§: 
r.l 
~ 60... (§: 

;!: 
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"oj;: 
40r.l 
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o 5 10 15 20 25 30 35 40 45 50 

,n nnl1~ ';)::L ~'\.\ilL"D'l'lt~m1mtJ8ciTJ11~L11 L~tJ\l.ltJLLa-.JtJl'lml111tHl'l~1lJ 5 
~ 

i'\.\ll1 ,;)lmf'\.\L~tHll'll\l.l ULLa-.JL ~1J~'\.\ cr~rnm1mtJ,;)::L~1J~'\.\L~tJtJ ~ ,nmf'\.\a1J~l'\.\l'\.\lf111'lU
• 

~~1'\.\m1UltJLLa-.J UCiiI'l::L11'l11Jl't11 m1T1~L~ tJn,f'\.\lJ~1Jflij~11Ji~m1Y1~l'ltJ.J-lltJ 5.1 VI 5.J,;)ln 
.. 'II 

't11m1T1~L~tJn.ff'\.\lJ~1Jflij ~Ul1 ~Lll'llm1\l.ltJUa-.JLtJ'\.\ 10, 15, 20, 25 iml1 ~~ltJ~-"41f 
.. 'II • 

lmj~li"l Potency Index a-.Jnl1~ltJ~wtfi.J~'\.\ ~1'\.\1'\.\ 18 a-ltJ~Wtf ,;)lmf'\.\\b~tJ~wtf
'U, ,. " 

1mjJ.JVI 1J ~~1~llJ't11 m1T1~ L~ tJ n.ffm'l~ tJflilCii 8 'llJ 
• 'II 

http:ULLa-.JL


\ 


~lmn11-1~ 4 l~L{eJ~lrJ";--td'huj 18 ~lrJ";--t4lf ~-1tbL{eJ~-1V1lJ(mnrhm1'Yl~~eJU 
~ ~.. ~~. I" 1 

, , 
.d ,.r

m1c.J~~ LeJt4 L'IflJ LLeJ~m L~t4 LlJ1~LeJ ~ t4eJ1V111L VI~l Basal Medium~~1 1LYW~11L-neJ~1 rJ 
'II 'II 

";--t4lf~l~~lnm1UlmL~' -1 eJ ~~1111lm~~~L1~11~1~c.J~c.J~~LeJt4l'Ifl!LLeJtlmht41tl1~LeJ~~-1~~'II, '\J , 

4,..0 .J" -f L<o"~ .... ~1 
VI~-1~lmYn:::L~rJ-1L-neJ~lrJYlt411'Yl-1 18 ~lrJWt411 t4eJ1V111LV\~1 Basal Medium ~~1 

,. 'II 

Lvi m~~~LeJt4l'Ifl!LLeJ~ml~t41tl1~LeJ~ l~c.J~i-1LL~~-11t4~111-1~ 5 WUilL{eJ 

Bacillus subtilis TISTR 25 iJc.J~c.J~~L.,..hnu 70.85 f.IU~tiieJiJ~~~m ~lt4L{a~lrJ~wIflmj~
'II • 

T1~L~ eJ nl-rtft4 iJL VirJ-1 7 ~1 rJ~t4lf~1~c.J~c.J~~LeJt4l'Ifl!LLeJ~ml~,ntl1~LeJ~ ~-1 nil~lf.1~t4i 
, 'II' 

L~lJ l~LLri ~lrJ";--t4lfU-5, U-7, U-9 , U-12, U-14, U-15 LL~::u-121~rJinrJ";--t4lfU-12, . 
LtJt4~lrJ~t4i1mJ~1~c.J~c.J~~LeJt4l'Ifl!LLeJ~mltlt41tl1~LeJ~~-1L""hnu 1 2 3.1 6 rJU~tiieJiJ~~~m 

, 'II 'II 



TISTR-25 6.67 0 70.85 0.1812 

U-1 8 .00 5 46.99 0.2092 

U-2 9.00 10 67.71 0.2767 

U-3 9.33 10 70.19 0.2092 

U-4 8.67 10 54.90 0.3138 

U-5 10.00 10 82.27 0.1812 

U-6 8 .00 15 47.98 0.3772 

U-7 10.67 lQ 97.00 0.2092 

U-8 9 15 65.35 0.2767 

U-9 10.67 lQ 111.27 0.1812 

U-10 9 15 68.37 0.2092 

U-11 8 .67 20 41.50 0.3624 

U-12 1A 20 123.16 0.2092 

U-13 10 20 67.41 0.3624 

U-14 .12 20 120.38 0.1046 

U-15 10 20 96.46 0.2767 

U-16 8 20 39.38 0.2092 

U-17 12 25 104.73 0 .3138 

U-18 9.33 25 57.26 0.1812 

• 1i~~1[J~Ulf TISTR-25 ~El Bacillus subtilis TISTR 25, 
Q..<o IlL,; r d d I 

1v\~~1[J~U1i U- fW Bacillus subtilis TISTR 25 mnUn11UlmL~.J, 
El~~1~1'1.11m~~ 1 flr.J, 

,

"" filLu~mnn 3 '111 



Lyj fl~11,;] fffllJflTUJff1m1f11ll.m1~~i1Lflll.L·lnJLLm~mL~ll.l1.h~Lflff "lJ fl.Jff1[J~ll.fYi 
~ 

L~flnL~-#.J 7 ff1[J~Wtf ,;]1n~111.J~ 5 ~.J'Yl1m1L...n::L~[J.Jlll.fl1""11 Basal medium ffm 1~n 
~ '\I 

2 fl~.J LL'ii~::fl~.J"'1.Jnll. 1 5 1ll. L~~~i.JLLff~.Jtll.ml1.J~ 6 ,;]::L~W)1ff1[J~ll.fl".,1i'Ymff1[J
~ ~ 

~ll.lf ~~~ Lflll.L"1J~LLfl~mL~ll.l1.h~Lfl ffnLLll.1hrlla~ ~.J'Ylnff1[J~ll."tf LL~::l'llJ11ff1[J~WtfU-1 2 
" III III " 

~~~Lflll.L"1J~LLfl~ m L~ll.l1.h~Lflff lll.fl~.J~ 2 LL~:: 3 L~ff.J n11ff1[J~ll.f~ll. q 1~ [J~~~L~ 
'\I q J 

111.13 LL~:: 94 .35 [Jii.~'iiflij~~~~1 ~.Jijfi1Lflll.L"1J~LLfl~mL~ll.11.h~Lflff ~~~.J,;]1m~3J
'\I 

(fl~.J~ 1)9.7 7 LL~:: 23.4 0 LU flfL"1Jll.~mll~1i1.J ~1ll.ff1[J~ll.f~ll. ') ~~~Lflll.Lon~LLfl~mL~,r• 
1U1~Lflff ~~LUll.LUflfLonll.~~~~,lL"zill.L~[J'")nll. LL'iinLLll.11ltll~~~.J~1n11 ff1[J~ll.f U-12 1ll. 

~ 

.d .d c' fS' ~:::.J . .., fS' fS' 

"lJrn::'Yl TISTR 25 3JLtJfl1Lonll.~~~~.J,;]1m~3J (m.J'Yl 1) L'Yl1nlJ 1.18 LL~:: 2.30 LtJfl1L"1Jll.~ 
0­

L r11trll. 

Vl111\1~ 6 tI'i3J10Uu\'\l'l5<JfLLil~~n1~\.\11h~Li)'" \I1nn11~VlL~ilmfwn~tJll3j ~f\l~ 1. .. 
~f\lri 2 LLm; ~f\l~ 3 ilil\l Bacillus subtilis TISTR 25 LL~::"'1tJ~\'\1)'~a.i~• 
r.i1\.\n11~VlL~un~f\l~ 1 dhm~i1t3J\lff 48 

TISTR-25 0 

U-5 10 

U-7 15 

U-9 15 

U-12 20 

U-14 20 

U-15 20 

U-17 25 

70.85 

82.27 

97.00 

111.26 

123.16 

120.38 

96.46 

104.73 

70.01 

75.10 

85.74 

99 .45 

111.13 

108.69 

87.44 

96.51 

69.22 

70.13 

73.16 

83.42 

94.35 

90.15 

73.58 

80.94 

1.18 

8.71 

11 .61 

10.61 

9.77 

9.71 

9.33 

7.85 

2.30 

14.75 

24.58 

25.02 

23.39 

25.11 

23.72 

22.72 

'" fi1LU~[J,;]1n 3 oft1 

* LtJflfLonll.~~~~~-.1'lJ fl-.1 LLfl~mL~ll.lU1~ LflffLLflfl~1~ ,;]1nm1f1~ L~fln.ffWtl~[J1Jij (fl~-.1~ 2) 

** LU flfLonll.~~~~ ~-.1'lJ fl-.1LLfl~mL~ll.ltJ1~Lfl ffLLfl~~1~ ,;]1nm1f1~L~ fln.ffll.'Yl~ [Jl1ij( flf-.1~ 3)
• '\I 



• • • 

CZi.lA Q.,o ~ 

Bacillus subtilis TISTR 25 L'VILnVl n1')mn UYflUi• 

WnlJL-lllJ,j\.~'lJeJ.J NTG LuuiJ'iliEJ~lhf1ruLUn11imbLiLii<1lnTimnEJ~u1f L~eJLi 
~ . 

"l~L:ffmnEJ~ufh.'1 ~~iif) nH1lJm;<1l1lJ~~eJ.Jn11 ~1'V11Un11nfllEJ~ufLLUf)YiL'1EJ n11imbLi 
Lii<1ln11nfllEJ~ufJu iiiJ'iliEJ'VIfllEJm.i1.J L'liu f)'11lJL-lllJ-llU'lJeJ.J NTG ~1iLL<1ln~h.Jriu fil

• 
mlmuu m<1l-liil.J 'lJeJ.J~11fl::fllEJ~1ifl::fllEJ NTG ~111'1::LLfl::~1EJ~uf'lJeJ.JL;eJ~1i L'1fll

• 
LLfl:: eJ rn'VI 11 ii1 U n11U lJ ~.J ii e1'11 [J.J1W)1 LL Uf)yiL'1EJ E. coli 'il::n fll EJ~ufl~eJ cil.Jiiti1::~'Y1~l1l'V~ 

It \J \J , 

~ mllJL-lllJ-llU NTG 0.1 iifl~n1lJ<lieJiifl~~<1l1 ~lmllJLUUm<1l-liil.J 6.0 L'1fllLUn11UlJ 30 

U1Yi LLfl:: Saccharomyces cerevisiae 'il::nfl1EJ~ufl~eJcil.Jiilh::~'Y1~l1TV~~ mllJL-ll~-llU• 
NTG o . 7 iifl~n1lJ<lieJiifl~~<1l1 ~lmllJLUUm<1l-liil.J 4.0 L'1fllLUn11UlJ 30 U1Yi LUU~U 

(Fantani AA. , 1975) LtleJfL'IlU~1eJ<1l'lJeJ.JL'Ilmf~1il.b::lJlrn 10-30 LtlelfL'IlU~ ~.JJu~.JYh 
n11LLtl1~UmllJL-lllJ-llU'lJ eJ.J NTG L~ eJ'VIlmllJL-lllJ-llU~Yh1iLii<1lLtleJfL'IlU~1eJ<1l~L'VIlJl::~lJ 

LUn11'Y1<1lfleJ.Jintl.1L'IlflGf'lJeJ.J Bacillus subtilis TISTR 25 1iLfi<1lm1nfllEJ~uf~'1[J• 
~11Lf)ii NTG 1imllJ'VIU1LLtiU'lJeJ.JL'IlflGf tl1::mrn 1OB L'IlflGfliieJiifl~~<1l1 'VI1el OD 600 = 

0.6 LLtl1~Uf)'11m-lllJ,jU'lJeJ.J NTG LUU 5-60 EJU<1lliieJiifl~~<1l1 Yhn11'Y1<1lfleJ.J<1l1lJi]-n11
'II 

'Y1<1lfleJ.J-lleJ 4.2 'VI~.J'illnUm;eJ~eJrn'VIllii 37 eJ.Jf'I1L'IlflLSfiEJ~ LUUL'1tn 12 i'11lJ.J umhu'1u 
• 'II 

If)lflit~L'il1qJ (L'IlflGf~1eJ<1l) ~lU'1rnLtJtlfL'IlU~1eJ<1l"l~~.J<1l111.J~ 7 LLfl::mlyJJtl~ 4 



..I .1 ~ ~ ....... .. ..I '" '" I .d 
61111"'Y1 7 LlJu1L'1I'"611u6111111V1~"n11L613J~11L~UJ NTG 'YI~113JL~3J~"Gl1" ") LViu 

in~1'1", Bacillus subtills TISTR 25 LnGln11n~111~"if, LL~: ;)1"1"L~L~," 
..I ....... .t'.1 ... "''1'''' I .... ~.t'",

'YI~61L~un~"lJ;)3Jn3JU~1 VI~1 Potency Index ~"n11~111Vi"LiGl"Gl".... ... ~. 

--= . " . ........ _l1. . • 
~ .,j..' ~ ... ~, ' . 

. '" ~ 
fl113J,L1JIJ1J"NTG • UJu1L'1I'"fl1tlGl n11flGlLR On1J"U~lJnij

tII ' · w 

.. .., .. ., ...(1~tfl1ni'lJlAtllJa.) . ,j1"i"LflLait ,j1"~"ifi!J,;"tf~ii LUtl1L'l1'''1*1Ju"L'1I'aa , 
•. . ' . .t ' ..r . 

nnfl~tlU R1Potency Inde~\1"1J" 
..;,., . -.. . . - '.' .. . " ~ ~ 

0 100 200 0 0.00 

5 48.120 200 0 0.00 

10 32.160 200 1 0.50 

15 23.840 200 1 0.50 

20 14.680 200 7 3.50 

25 10.640 150 6 4 .00 

30 2 .689 150 4 2 .67 

35 1.036 150 1 0.67 

40 0.602 150 0 0.00 

45 0.538 100 0 0.00 

50 0.195 60 0 0.00 

55 0 .090 50 0 0 .00 

60 0 .045 30 0 0 .00 

80 0.013 10 0 0.00 

100 0.0006 10 0 0.00 

• I'" ... "" ... .,11 " , .t* LlJU1L'1l"I.l.<ilalt1Yfl.Ui"'Yl ~m Potency Index a.J'lI'I.l. 
~ v 

• n11~1'1.l.1ru.111Tl~'I.l.ln 

http:n11~1'1.l.1ru.111Tl~'I.l.ln
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d ~ ~ ~ , ~ ~ 
'nJn 4 ~113.J~3.J'Y-l\-Uj~:::~11"Lt.lu'H·lf"~·H)~lIu" Bacillus subtllis TISTR 25.. 

,nnmlyhu~ 4 ,;)::L~'U11 L'Irf'1~lim1<i11FJtlcil\l11<i1L11 L~tl1imllJL'1ilJ'1i'U NTG 
'II 

5 'lJ1'11n1lJ<1itliif'1~~m ,;)lntf'UL~tl1imllJL'1ilJ'1i'U NTG L~lJ;t'U 5mlm1<i11FJ,;)::L~lJ;t'U 
L~tl FJ 61 ,;)lntf'U~lJ~l'Ul'U1'11f'1it~ r.Jl'Um1nf'11[J~'Uf~1 FJWl1L'1li NTG m'ril m1f1<i1L~tln.ff'U

J ~ ~ 

U~lJflii<i11lJiimW1<i1f'1tl\l'1itl 5. 1 ~5\l,;)ln'ril m1f1<i1 L~ tln.ff'Uu;)lJflii'Y-llJ11 ~mllJL'1ill'1i'U 
.. '-1 ..... IlJ 

NTG LU'U 10, 15, 20, 25, 30 LLf'1:: 35 LlJ1mn1mitlijf'1~~m li~lFJ~'Ui1mj~1iTil 
~ 

Potency Index ~\ln11~lFJw'Uf:\l<il'U ~l'Ul'U 20 WlFJ~'Uf ,;)lmf'U,.b~lFJW'Ui1mjrt\lVtlJ<i1~
'II ~ ~ ~ 

'<i11u'ril m1f1<i1L~ tlmrWt'1~ FJflii<1i tl'U 
~ 'II 

,;)lnm1Li NTG imbLiLn<i1m1nf'11FJ~'Uf 'Y-llJ115n~rn::1'1hiiLU~mULUf'1\l 
~ 

LL<i1n<1il\l'U';)l n~1 FJ~'UfL~lJ 
~ 

1'1hiiL~n LU'U<il'U 



• • 

hh~Le:J~ ~~~~ 
" . 

Q.., .J'd" ev,.::' Cl,.o"1
'VI~~,nmYll~L~HJ~L"1l'e:J~l[J'Yfl.Uim 20 ~l[J'Yf"ll 'U.e:Jl'V111L'VI~1 Basal Medium 

~~1 1 L~m.J~~Le:J'U.i.'ll~LLe:J~mi.~'U.l1.h~Le:J~ i.~~~~~LL~~~1'U.~111~~ 8 YlUl1L;e:J 
" 
Bacillus subtilis TISTR 25 ij~~~~~Le:J'U.i.'ll~LLe:J~mL~'U.l1.h~Le:J~ LYi1nu 69.22 [JU~Iiie:J

" 
ij~~~~1 ~1'U.L;e:J~1[Jl'V1ll~f1~L~ e:Jni.1J'U. iiL ~[J~ 7 ~1[J~\uf~1i~~~~~Le:J'U.L'll~LLe:J~mi.mr

• 
hh~Le:J~ ~~nl1~1[J~'U.lfL~:IJ i.~LLri ~ltJ~'U.lf N-3, N-5, N-8, N-9, N-12, N-14, LL~:;" . . 
N-18 1~[J~1[J~'U.lf N-5 L1J'U.~l[J~'U.1n'VIll rhi~~~~~Le:J'U.i.'ll~LLe:J~mL~'U.l1.h~Le:J~~~LYh.. " 

http:1~[J~1[J~'U.lf
http:ltJ~'U.lf
http:1[J~\uf~1i~~~~~Le:J'U.L'll~LLe:J~mi.mr


TISTR-25 


N-1 


N-2 


N-3 


N-4 


N-5 


N-6 


N-7 


N-8 


N-9 


N-10 


N-11 


N-12 


N-13 


N-14 


N-15 


N-16 


N-17 


N-18 


N-19 


N-20 


6.67 

8.00 

9.00 

9.33 

8.67 

10.00 

8.00 

10.67 

9.00 

10.67 

9.00 

8.67 

14.00 

10.00 

12.00 

10.00 

8.00 

12.00 

9.33 

9.00 

9.00 

0 


5 


10 


~ 

15 


~ 

15 


15 


~ 

~ 

20 


20 


20 


20 


20 


20 


25 


25 


25 


25 


30 


69.22 0.1812 

52.79 0.2767 

62.33 0.3624 

105.34 C.2092 

53.21 0.2767 

108.18 0.1812 

48.50 0.2767 

56.23 0.1046 

87.76 0.2092 

70.18 0.2767 

61.13 0.3772 

51.94 0.2092 

81.96 0.2092 

46.33 0.3772 

88.06 0.1812 

53.09 0.3138 

54.54 0.1812 

47.96 0.2767 

73.21 0.1812 

52.13 0.2092 

48.80 0.3772 



• • 

•• • 
•• • 

.to 1i~~1[J~'U.lf TISTR-25 ~El Bacillus subtilis TISTR 25
• , 

....... f( ~ ,,:::jI1 .... ,. 


1'V1~~1[J~'U.1l N- "El Bacillus subtilis TISTR 25 YI~..n'U.m1n~1[J~'U.1l 
>­

1111[J~11L"ii NTG 1 ,,~~ 
... ,.J • ., 

mLu~mnn 3 'lJ1 

L-ri El<i111';J ~EllJm1~~1~11tl1'U.m1~~~LEl'U.l'lJlfLLEl~ml~'U.11.h~L El~ "lJEl~ ~1tJ~'U.f
• 

~L~ElnlI11J~ 7 ~1[J~'U.lf ,nn<i1111~~ 8 ~~Yhm1L~1::L~[J~~n 2 ,,~~ ll11~~~~LL~~~1'U.
• 

<i1111~~ 9 ';J::L~w:h ~1[J~'U.i1'V1:1J Yln~1[J~'U.lf ~~<i1LEl'U.l'lJlfLLEl~ml~'U.11.h~LEl~ iiLL'U.l hr~ 

~<i1~~Yln~1tJ~'U.lf LL~::~lJl1 ~1tJ~'U.lf N-5 ~~<i1LEl'U.l'lJlfLLEl~mlm!hh~LEl~ 1'U.,,~~~ 2 

LL~:: 3 ll11~~nl1~1[J~'U.f~'U.') l<i1£J~~<i1ll11 99.13 LL~:: 88.95 
'II • 

LEl'U.l'lJlfLLEl~ml~'U.11.h~LEl~ ~<i1~~';J1nL~~ (,,~~~ 1) 8.37 LL~:: 
~1~lJ ~1'U.~1 tJ~'U.f~'U. ') ~~<i1LEl'U.l'lJlfLLEl~ m lmthh~ LEl~ ~<i1LiJ'U.LU ElfL'lJ'U.<il ~<i1~wri'U.L~m• 
n'U. LL~iiLL'U.lhr1J~<i1~~~1nl1 ~1[J~'U.f N-5 1'U."lJrn::~ TISTR-25 iifi1LEl'U.l'lJlf• 
LLEl~ml~'U.1u1~LEl~ ~<i1~~';J1nL~1J (,,~~~ 1) 0.67 LL~:: 1.58 LUElfL'lJ'U.<il m1J~1~lJ 

http:i1LiJ'U.LU
http:1tJ~'U.lf
http:i1~~Yln~1tJ~'U.lf
http:Yln~1[J~'U.lf
http:1[J~'U.lf
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• • 

• • 

• • 

• • 

m111\1~ 9 U1~1mLtlul·lurLLm.'Hnl~ULlh&iLtH( ~1nn11i~LatJmfwnGh.l1lij ~f\l~ 1,. " 
LL~~"1U~Uil'Vlajii•~f\l~ 2 LL~~ ~f\l~ 3 iltJ\I Bacillus subtilis TISTR 25 

TISTR-25 0 69 .22 68.75 68.13 0.67 1.58 

N-3 10 105.34 96.12 83.65 8 .75 20.59 

N-5 .u. 108.18 99.13 88.95 8.37 17.77 

N-8 15 87.76 82.01 71 .25 6.55 18.81 

N-9 15 70.19 68.57 64.89 2.30 7.54 

N-12 20 81.96 75.95 68.13 7.34 16.88 

N-14 20 88.06 81.74 70 .46 7.18 19.99 

N-18 25 73 .21 69.86 65.85 4.57 10.04 

'" ,..I ."mLU~r.J~ln 3 'In 

* LU E)"fL'lr\1.~~~11l ~-l'lJfl-l LLfl~m~~\1.1tb~Lfl~LLElf1~i~ ~1 n m1f111l L~ fl n.ffW'r1~r.J!lij (f1~-l~ 2). " 
** LU flfL'lr\1.~~~11l ~-l'lJ fl-l LLfl~m~~\1.1U1~ LEI~LLElf1~i~ ~lnm1f111l L~ f)n.ffwf1~r.Jl1ij (fl~-l~ 3). " 

~lnm1mnr.J~wli Bacillus subtilis TISTR 25 <il1mL~-lfl~11l11~11m~11l LL~:: 

~11Lf1ij NTG LdmtJ1mJLYimJn\1.~::LY;\1.'·h ~r.J~\1.i'lV\1i~~~~lnm1n~1r.J~\1.f rt-l~fl-lii 
Ldflrhm1LYn::Lir.J-l~n 2 f1~-l 1::r.J::n~1V:l-ln\1.fl~-l~:: 15 1\1. YnJ'hm1~~l1lm1l1rnLf)\1.~'lr~ 
LLfl~m~,mlU1~ Lfl ~ijLL \1.11 ,r1l~11l ~-l ~I1lLU\1.LUflfL'lr\1.11l1\1.m1~~l1lm1l1rnLfl\1.~'lr~LLfl~m~mr 

1U1~Lfl~~lnm1n~1r.J~\1.f<il1r.JLL~-lfl~11l11"b1m~11l ~::~I1l~-l Lrhnu 23.39 LUflfL'lr\1.~ ~-l~1 
nl1 m1mn r.J~\1. f<il1 r.J~11LfI ij I'JTG ~CiILU\1.Ll.lflfL'lr\1.11l1\1.m1~~l1lm1l1ru,Lfl\1.1'lr~LLfl~

• 
m~~\1.1u1~Lfl~ Lrhnu 17.77 LUElfL'lr\1.~ LL~1\1.m1n~1r.J~\1.f~lmL~-lfl~11l11~11m~11l ~::~<iI 

~1r.J~\1.i'lV\1i U -12 ~-l~~I1lLfl\1.1'lr~LLfl~m~~\1.1u1~Lfl~ 1~~-lnl1 ~lr.J~\1.i'lVl1i N-5 ~11l. " . 
LU\1. 6.06 LuufL'lr\1.11l ij~~m!l-lm1n~1r.J-W\1.f~lmL~-lu~11l11111m~11l LL~:: ~11Lflij'l!iil1l" .. 
~\1. G1 ~Ul11\1.m1n~1r.J~\1.ff1~-lLL1n ~ m1L~lIm1n~1r.J~\1.f~lmL~-lu~~11111m~~ ~-l~::

J • •• 

rh1iLiil1lm1LU~ r.J\1.LLU~-l 90 -99 LUflfL'lr\1.~ m1n~1r.J~\1.f~1 r.Jiidfll~~::~11V\1~~~~~~• 



• • 
• • • 

• •• 

Yh1iLn<i1m1Ltl~[JttLLtl~" 90 -99 LtlflfL'D'tt; m1n~1[Jiwrf~1[Ji~dfJ1,;),;)::"';11V1'~~~~~<i1•
.J" 0 !' ::. I ::. A 0 .... c' '" _d Q.; ::. 

~""lJtt LL~::m1'Yll'D'1 2 - 3 m" <i1fJ,;)lntttt,;)"'Yllm1n~1[JYltt1im[J~1L~lJfJtt') VI~",;)lntttt
'\I • 

fJl';)';)::n~1[Jittfril~1[JLL~"fJ~<i111Ll1fJL~<i1 ilniiL~ (Sykata B., 1983 )~"~tt1tt"ltti,r[J 
d~"L~fJn~l[Jittf U -12 LtJtt~1[Jittfi,,~tt1'\.1,m1n~1[Jittf~fJLtl 

0"..0'1'" AI ... cr", If'o"..

4. 011150l\1J'YI Baci11u~ubtll/S U-12 LnYl011mnElYi,"~'1S1~1mLi1\1flij!fl1'Ll1ijUilj} 

,;)lnm1'Yl<i1~fJ"~ 4 L~~<i1L~fJn~[Jittf U -12 ~"iitl1::~'Yli1l1Yl1ttm1~~<i1LfJttL'D'lf• 
\'I ~.I" ..l. .r,:: ..I , ... 

LLfJ~m L~ttLlJ1<i1LfJ~LlJfJ'Yl1m1LYl1::L~[J"Lttm"'Yl 1 , 2 LL~:: 3 L'YllnU 123.16, 111.13 

LL~:: 94.35 [JU<i1~ fJii~~~m ttllJ1LtJtt~l[Jittfi,,~tt1ttm1n~1 [J~ttfril~l [JLL~"fJ ~<i111 
'IJ ••• 

Ll1fJL~<i1 L~fJ",;)ln~~m1'Yl<i1~fJ"~ 3 L~fJ1iLL~"fJ~<i111Ll1m~<i1Ll~1 1 0, 15, 20 LL~:: 25• 
i ttlYi ~1lJ11m1<i1 L~ fJ n ~1uiwflVlaj ~ tl1::~'Yli1l1Yl1ttm1~~<i1 LfJ ttL'D'lfLLfJ ~mL~ ttltl1~ LfJ ~~" 

• '\I 

~tt (<i1111"~ 4) ~"~tt~"L~fJn1iL1~11ttm1UlmL~"~~<i111Ll1m~<i1 i"n~11 ~1V11um1in 
ttl~lUittf U -12 1iLn<i1m1n~lUittfril~1[JLL~"fJ~mlLl1fJL~<i1 <i11lJi~1tt,yfJ 4.1 

,httlru.LtlfJfL'D'tt;1fJ<i1 L~~~i" LL~<i1"1tt<i1111"~ 10 YlUilV1~",;)lnm1n~1 tJittfril~l !.JLL~"• 
fJ~<i111Ll1fJL~<i1 5mlm1fJ[hfJ<i1'lJfJ"L'D'~~~ltJittf U -12 1mfL~tJ"nU'lJfJ"~lU~ttf 
• 'IJ' • 

Bacillus subtilis TISTR 25 CTISTR 25) ~"LtJtt~ltJittfL~lJ LL~LtlfJfL'D'tt;~1iTil Potency 
.J' ...... ::.1 _)'" , ..I

Index ~"'lJtt ~<i1~"lJ1n (,;)lnm1~<i1L~fJn'lJttlJ~lJ1JlJ <i1"LL~<i1"~~ Ltt<i1111"'Yl 10 

.. 
 ,- . . ,.~~ 


~ '~ . 

Ltltl1'L'1i\\~1'tl(;'l D1'4~~Lii tl oi\\1.1 UI1liiL1n1D11'"1UUi1\1 ... ... 
o ...... ~.d ... - . ... l1.1tl{L~\\~*(1\\111) ,J1\\1\\LALnit ~1.\\1\\a1UYf\Ui113J'-I tl\l L'ifn 

. 

n 
~. 

,. • 
I , ;;.rJ 

1111(;'Ia£l1J . A1Potency Indexa\l'-l\\ 
. '.,.,,, .41 ' .. . 'oil: . ... ""v ...,~. 

21.63 500 210 0.40 

8.26 50015 5 1.00 

20 0.41 500 7 1.40 

500 325 0.003 0.60 

.1" .. ... .. ..11"" .r* LlJfJ1L'D'tt<i1~1[JYltt1i'Yl VIm Potency Index ~""lJ'\.I, 
, '\I 



• • 

• • 

1 

-;)In<ill11~~ 1 0 1~L.:fimn[J~l.I.ihuj17 Hl£J~wftntlL.:fim-t~~1J~1Jll'ilm11'1~HeJlJ 
m1~~<ilLeJl.I.l'1r1iLLeJ~ml~ml1.h~LeJH1l.1.eJ1~11L'VI~,) Basal Medium H<il11 L~eJ~11L.:fieJH1[J

'IJ 'IJ 

~wf~l~-;)ln m1UlmLH~eJ~<il111')1m~<il~L ') ~11<il1~~~~~<ilLeJl.I.l'1r1iLLeJ~m1~l.I.l1h~LeJHH~H~ 
41' I\J 

"" .J' -l' Q... .. ~ Q... "1
~~~-;)lmvn::L~[J~L"ll'eJH1£J"r'Il.I.lil'1~ 17 H1£J"r'Il.I.li l.I.eJ1~11L~~,) Basal Medium Hm 

•• 'IJ 

L~eJ~~<ilLeJl.I.l'1r1iLLeJ~ml~l.I.l1h~LeJH 1~~~~~LLH<il~1l.1.<il111~~ 11 "r'IlJl1L.:fieJ 

Bacillus subti/is U -12 ii~~~~~Hl'hnlJ 93.26 £Jii.<il~eJii~~~<il1 ~,)l.I.L.:fieJH1[J';wflmj~~~
'IJ • 

L~eJnlrJl.I. iiLYl£J~ 1 0 Hl£J';mr~1~~~~~<ilLeJl.I.l'1r1iLLeJ~ml~l.I.l1.h~LeJH H~nl1Hl[J~wf
• 'IJ' 

L~1J l~LLri Hl£J~l.I.f UU-1, UU-3, UU-4, UU-6, UU-9, UU-1 0, UU-12, UU-14 ,• 
UU-15 LL~:: UU-17 1~[JH1£J';l.I.f UU-15 LtJl.I.Hl[J~l.I.i'lmj~l~~~~~<ilLm~l'1r1i 

LLeJ~ml~l.I.l1.h~LElHH~Ll'hnlJ 128.83 [Jii.<il~eJii~~~<il1
'IJ 'IJ 

http:H1�J"r'Il.I.li


• • 

--

'"' ~~ 1)..00 ~ "" ~ Id ~ 1-­
Bacillus subtilis U -12 G'f1UVnUil1l\ll1l" LL~::L'ZIElG'f1UVmBL'VI3J't1L,Hln 1 

;)1"1" 17 G'f1uvr"fiLfhm~~1t3J\lii 48 ('hA"i1::~r.mI1l13JnT'i't1I11~EI\I• 
?lEI 5.2) 

U-12 9 .00 0 93.26 0 .2092 

UU-1 9.33 1Q 98.21 0.1812 

UU-2 9.33 10 85.83 0.3624 

UU-3 10.00 15 102.02 0.3138 

UU-4 10.67 ~ 104.97 0.2767 

UU-5 10.00 15 85.35 0.1812 

UU-6 11.00 ~ 108.12 0.3772 

UU-7 10.00 15 82.99 0.1812 

UU-8 9.33 20 65.4 7 0.3772 

UU-9 12.00 20 112.59 0.2767 

UU-10 10.67 20 104.43 0 .1046 

UU-11 9.33 20 63.96 0.3138 

UU-12 12.50 20 125.81 0.2767 

UU-13 9.33 20 84.62 0 .3624 

UU-14 10.00 20 96.76 0 .3138 

UU-15 13.00 20 128.83 0.181 2 

UU-16 9.67 25 80.63 0.3138 

UU-17 10.50 25 100.69 0 .2767 

1~~~ltJ~'U.i TISTR-25 ~tl Bacillus subti/is TISTR 25 
~ , 

.... ...." ~ • • • - ~ I 

1~~~ltJy.m~ U- fit) Bacillus subtl/ls TIS rR 25 Yle..n'U.n11U1EJLL~~
• 

tH'1~11l11m~~ 1 f1~~ 
~ 



• • • 

•• • 

• • 

1lK~Gn[J~\ur uu- ~t1 Bacillus subtilis TISTR 25 ~~1ll.m1UlmL~.J• 

t1~~11"h1m~~ 2 f1f.J
•
I..J ....eJ 

mLu~mnn 3 'll'1 

L~ t1~1T;) ~t11Jml3J~1:JJ11n1ll.m1~~~Ltlll.I.'ll'lILLtI ~mI.~ll.11.h~LtI ~ "lltl.J~l[J-wwf~
• 

L~t1nl.~rf.J 9 ~l[J-wwf ,nn~111.J~ 11 ~.Jl'ilm1LYn::Li[J.J~n 2 f1f.J 'Vh.Jnll.f1f.J~:: 15 1ll.• 
I.~~~Cll.JLL~~.J1ll.~111.J~ 12 ';)::LV;ll.';h ~l[J-Wll.fLV!1i 'Yln~l[J-wll.f ~~~Ltlll.I.'ll'lILLtI~ml.~l! 

hh~LtI~ iiLLll.l1,r3J~~~.J'Yln~1[J-Wll.1fLL~::Y-I1J'h ~-l[J-Wll.f UU-1 5 ~~~Ltlll.I.'ll'3.lLLtI~mhl! 

hh~LtI~ 1ll.f1f..1~ 2 LL~:: 3 I.~~..1nl1~1[J-Wll.f~ll.S)1~[J~~~I.~ 117.03 LL~:: 106.22 tJU~ 
~. ~ 

q)t1ij~~~~1 ~.JiifilLtlll.I.'ll'lfLLtI~ml.~ll.11h~LtI~a~~.J,;)lm~3J (f1f.J~ 1) 9.16 LL~:: 17.55 

L1.1 t1fL'll'll.~ m3J~lCll1J ~lll.~l[J-Wwf~ll. S) ~~~Lm~I.'ll'3.lLLtI~mI.~ml1.11~iLm~ ~~L1Jll.L1.ItlfL'll'll.~
• 

~~~.JL"lill.L~[Jlnll. LLq)iiLLll.l1,r3J~~~..1~lnl1 ~l[J-wwf UU-1 5 1ll."llru.~ U-12ijfilLtlll.I.'ll'3.l• 
LLtI~ml.~ll.l1.11~LtI~ ~~~.J,;)lm~3J (f1f.J~ 1) 7.64 U~:: 18.37 L,JtlfL'll'll.~ m3J~lCll1J ';):; 

LV; ll.11 nl1n ~1 [J-Wll.fJl~1 [Jnl1U1 [J LL~.J tI ~ ~11I.11t1 L~ ~ f1f.J~ 21.1i ii ~ ~q) tI n11~~~.J 

http:LLq)iiLLll.l1
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LtJefL'JJ"~* 11 ~ .~ 
L O'nWjj1*'" 

i,i... 
:.. .... . 

. ( t!"ililO~R.) 

fl1')2( 15 -1") fli'')S(30 1'") 

U-12 20 93.26 86.14 76.13 7.64 18.37 

UU-l 10 98.27 89 .16 80.41 9.27 18.17 

UU - 3 15 102.02 93.33 82.35 8.52 19.28 


UU - 4 15 104.98 95.13 86 .30 9.38 17.79 


UU-6 15 108.82 99.10 88.19 8.93 18.96 


UU-9 20 112.53 102.34 92.73 9.05 17.60 


UU-l0 20 104.31 91 .65 84.13 12.13 19.35 


UU-12 20 125.69 114.02 103.10 9.28 17.97 


UU-14 20 96.82 85.13 77.11 12.08 20.36 


U.lL15. 2..Q 12883 11703 10622 9..J.fi ll..5.5 


UU-17 25 100.81 90.66 82 .02 10.07 18.64 


... ,d 0'" 
mbu~tJ~ln 3 'Ill 

* btJelfb'Il14~~~<1l~']1H)']bbel~mLmn1.h~UHmelfl~i~ ~lnm1f1<1lb~eln.ffWYl~[Jllli( flt,]~ 2)
, 'II 

* * L tJ elfL'Il14~~~<1l!;l']1J el']bLm~mL~141tJ1~ Lel ~LLelfl~i~ ~lnm1f1<1lL~ eln.ff14Yl~tJllli (flt,]~ 3)
, 'II 

128.83 , 

11 7.03 LL~:: 106.22 [JU<1l(jjelli!;l~~<1l1 <1ll~~1~mb~lLtJ14~ltJ~14lii,]ci14114m1n~ltJ~wIf
'II , \ 

:- " '" d d d .. d.. ""1"
'Illm[J~1Lfl~ NTG L14el']~lnt:-l~m1Yl<1l~el']Yl 4 L~el 'D'~11Lfl~ NTG Yl~ml~L1J~1J14 20, 

25 LL~:: 30 L~1mn1~(jjel~!;l~~m ~lm1nf1<1lL~eln~ltJ~14fl~li~tJ1::~Ylilll~114m1t:-1~~, 
Lel14L'IllfLLel~mL!;l141tJ1~Lel~~']~14 (~11l']~ 7) ~']~14~']L~eln1iml~L,y~,y14 NTG ~,]n~11

" 



~1V11lJn11imb~1tJ~l4liUU-15 1~ln~n11n~1tJ~l4li-i1~"wwnLf1~ NTG maJii1wnfl 4.2 , ~ 

fi1l41 rnLu fl{l'D"Wihfl~ i.~~~i,m~~"1l4mn"~ 13'WlJl1V1~",;]1 nn11mntJ~l4li-i1~ltJ~1 
~ 

Lf1~ NTG el~11n11flci1fl~"lJfl"L'lHI~~1tJ~l4li UU-15 lniLf)[j"nlJ"lJfl"~1[j~l4li Bacillus 
<J ~ , 

subtilis TISTR 25 ~"LiJl4~1tJ~l4liL~aJ~~,hl4n11n~1[j~l4li~ltJ ~11Lf1~ NTG 1 f1r" Ll~, ~ 

LUfl{L'Ill4~~1~fi1 Potency Index ~,,;jl4 ~~~"lnn (,;]1nn11f1~L~fln.ffl4U~aJllij ) i"LL~~"ll4 
<J ~ <J 

..I 
~111"Y1 1 3 

Gl1'n~~ 13 LUufL'lf"vf"H1Gl LL~:: ,)1"1"~111'ti"Bl.'VI~~iiu~::a't1fi1l1Vi'l"nl"H~~Gl• 
Lu"l'lfa.i'LLu~~nl~""tu~&iLu~~~if" ~1nn1~AGlL~ umf"u~~llii 

~ u ~ 

;)"l.n"tAtai1 
• ' . . :.t ..r . 

YlYI~«u1J A1Potency Indexa,1ll" .. 
20 9.42 500 4 0.80 

25 5.13 500 7 1.40 

30 1.06 500 3 0.60 

• ~fill41rn,;]1 n1l1f1 ~l41 n 
<J 

u" .. "" .. ..11 " , .J'* L fl1L'Ill4~~1[j'Wl41iY1 VIm Potency Index ~"'lJl4 
, <J 

lu1~Lfl~~"~~
<J , 

fL,o ~.t ....... t .....
Q,..o 

VI~",;]lm'Wl::L~£J"L-nfl~l[j'Wl41im 14 ~1[j'Wl41i Ll4fllV111lVl~1 Basal Medium, , 
~~1 1 L~fl~~~Lul4i.'IllfLLfl~mi.~l4'1u1~lfl~ i.~~~i-JLL~~-Jll4m11-J~ 14 'WlJl1L;u
<J 

Bacillus subtilis UU-15 ~~~~~~LyhnlJ 96.52 tJi1.~~uij~~~~1 till4L:%fl~ltJ~l4flVl1i~ 
<J , 

f1~IL~ flni.l~l4 ~L~ tJ-J 8 ~1 [j~l4li~1~~ ~ ~~~lfll4i.'IllfLLu~mi.~l4'1U1~lfl~ ~-Jnl1~ltJ~l4li 
, <J, 

l~aJ i.~LLri ~1[j~l4li, UUN-3, UUN-4, UUN-5, UUN-6, UUN-8, UUN-10, UUN-11, 

LL~:: UUN -11~tJ~1 [j~l4li, UUN -8 LiJl4~ltJ~~flVl1i~1~~~~~~lfll4i.'IllfLLfl~mhl4'1u1~Lfl~ 
~ 



~ 

'lit! 5.2) 

UU-15 8.33 o 96.52 0.2092 

UUN-1 9.00 20 89.94 0.2767 

UUN-2 9 .67 20 85.35 0.3624 

UUN - 3 10.67 20 112.16 0.1812 

UUN-4 10.00 20 100.87 0.2767 

UUN-5 12.00 25 113.80 0.3138 

UUN-6 10.67 25 104.92 0.1812 

UUN-7 10.00 25 87 .22 0.2767 

UUN-8 12.50 25 118.57 0.2092 

UUN-9 11.00 25 90.90 0.2767 

UUN-10 9.67 25 100.32 0.2092 

UUN-11 10.00 25 98.81 Q,J046 

UUN-12 11.00 30 92.65 0.2767 

UUN-13 12.00 30 102.62 0.2092 

UUN-14 9.67 30 88.97 0.1812 

. 
Q..r Q.,.. rr et .od I 

~VI ~'fl[J'VfU.1i UU - fl eJ Bacillus subtilis TISTR 2 5 Y1~1\4n1~U1 [JLL~']
• 

eJ~Cil~1l1tm~Cil 2 fl~']
• - . 

Q.,.. Q..r r(' d • .d I 

~VI~~1[J~\41i UUN- fleJ Bacillus subtllis TISTR 25 Y1~1\4n1~U1[JLL~']
• 

eJ~Cil~1l1tm~Cil 2 fl~'] LL~:: ~1\4n1~mnm~"wf~1[J~1~Lflii NTG 1 fl~']
• . • 
Ti1Lu~mnn 3 'll1 
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L.;:ju~11~~uuml~~lm1tll'\.l,m1l!-l~~Lu'\.l,L"ll'1iLLu~mL~'\.l,11.h~iLu~ "llU']~l[J~wli~, 
L~unL~rt,] 8 ~l[Jw'\.l,i, ~lnml1']~ 14 ~']Yhm1LYn::L~[J,]~n 2 f1~'] L~l!-l~~']LL~~,]l'\.l,~l11'] 
~ 15 ~::d~w:h ~l[JW'\.l,i1'V\l.i Yln~l[JW'\.l,i l!-l~~Lu'\.l,L"ll'1iLLu~mLa'\.l,lu1~Lu~ iiLmlht~~~" , 
~']Yln~l[Jw'\.l,i LL~::~u-:h ~l[J~'\.l,i UUN-8 l!-l~~Lu'\.l,L"ll'1iLLu~mL~'\.l,lu1~Lu~ 1'\.l,f1~']~ 2 

, q q 

LL~:: 3 L~~,]n--h~l[J~'\.l,i~'\.l,') t~[Jl!-l~~L~ 109.33 LL~:: 100.95 [Jit~~uija~~~1 ~,]iifil
~, ~ 

Lu'\.l,L"ll'1iLLu~mL~'\.l,11h~Lu~ ~~~']~lm~~ (f1~']~ 1) 7.80 LL~:: 14.86 LUu{L"ll''\.l,~ ~1~ 
iil~U Gil'\.l,~1[J~'\.l,i~'\.l,') l!-l~~Lu'\.l,L"ll'1iLLu~mL~'\.l,lu1~Lu~ ~~LlJ'\.l,LUu{L"ll''\.l,~ ~~~,]L'rl'\.l,L~rn, 
n'\.l, LL~iiLL'\.l,lhr~~~~']~ln--.h ~-1[JW'\.l,i, UUN-8 l'\.l,"llrn~ UU-15iifilLu'\.l,L"ll'1iLLu~mL~t! 

tU1~Lu~ ~~~']~1m~~ (f1~']~ 1) 7.42 LL~:: 116.44 LUu{L"ll''\.l,~ m~ii1~u ~::L~'\.l,-:hm1n .. 
~1 [JW'\.l,i"J31~1 [Jm1n~1[JW'\.l,i~1[J~11Lf1ii NTG Ll.iii l!-l~~ um1~~~']"llu']Lu'\.l,L"ll'1iLLuf1~1~

q , 

UU-15 0 96 .52 89.36 80.65 7.42 16.44 

UUN-3 20 112.1 6 103.65 92.85 7.59 17.22 

UUN-4 20 100.87 92 .16 82.35 8.64 18.36 

UUN-5 25 113.79 103.29 95.13 9.24 16.40 

UUN-6 25 104.92 96.542 88.19 7.98 15.95 

UUN-8 25 118.58 109.33 100.95 7.79 14.86 

UUN-10 25 100.32 90.74 82.69 9.55 17.58 

UUN-13 25 102.62 89.33 81.26 12.96 20.81 

UUN-14 30 102.50 91.36 83.43 10.86 18.61 



Q..o0'l" Q.,,,t,,.01:lIo 

6. 0117m»1 VI BacillUSJubtUis UUN·8 LD6\n11na1EJ'Yi'Y>~'1f16\1EJ NTG 

,nnnT')Yl~I'lEl.J~ 6 YlU11 "l£J~'Uflv.ll UUN-8 ~U1::~Yl~JnYl1'Un11~~~ 
q 

LEl'UI.'IrlfLLElI'lfl1I.1'l'Ulu1~ LEl"".Jifmn n ~£J~'U1fL~1J (Bacillus subtilis TISTR 2 5 ~.J ~U1::~Yl~ 
~ q 

111Yll'Un11~~~LEl'UI.'IrlfLLElI'lfl11.I'l'Ulu1~LEl"LU~£J 70 .27 £JUmiElijl'l~~~1 ) ~<IlLU'U 43 .67 
~ 

• I" ..
LlJEl1L'IrWil L~ El LU'Un11L~1JU1::~Yl~111Yl1'Um1~~~ LEl'UI.'IrlfLLElI'lfl1I.1'l'Ulu1~LEl" 1i".Jif'U 

~ 

d ".1 .... 1 .. ..,.. .., "'.1"~.JI.~f1~L~Eln"l£J~'U1f UUN-8 'Ir.J1JlJ1::"Yl'll111Yl 'Um1~I'l~LEl'U ~'Ir1JLLElI'lfl1 LI'l'U ~lJ1~LEl" 
q 

118.57, 109.33 LLI'l:: 1 00 .95 £JU~~Eliil'l~~m tb1J1LU'U"1£J~'U1f~.J~'U1'Um1nI'l1£J~'U1f 
~ , q 

!' ....... ~...1 .J ...11" .. J .. 

'Irlm£J"11Lfl1J NTG Eln 1 m.J LLI'l:: L'UEl.J,;)ln~l'lm1Yl~I'lEl.JYl 4 L1JEl "If''11Lfl1J NTG Yl1J 

ml1JL'JJ1J'JJ'U 20, 25 LLI'l:: 30 I.1Jlmn11J~Elijl'l~~~1 "11J11rlf1~L~Eln~£J~'Uflv.1l~U1::, 
.... 1 .. ..,.. .., "'.1" .t ( .J) ... ~ .... 1"
"Yl1i111Yl 'Um1~~~LEl'U L'Ir1JLLElI'lfl1 L~'ULlJ1~LEl"".J11'U m11.JYl 7 ~.J'U'U,;).JLI'lEln"lf ml1J 

~ 

L'JJ1J'JJ'U NTG ~.Jn~11 ~1v.1um1imb"1£J~'U1f UUN-8 liLii<llm1nI'l1£J~'U1f.ftl~1£J~1LfI~ 
, q 

NTG m1Ji~1'U'JJEl 4.2 T11'U1nUuElfL'IrWihEl~ I.~~I'l!ll.JLL"~.J1'U~111.J~16YlU11V\~.J,;)ln 
m1nI'l1£J~'U1f.ftl~1£J~1Lflii NTG tl~11m1Elci1El~11El.JL'Ir~Gf"1£J~'U1f UUN-8 1mtL~£J.Jnu, ~, 

11El.J~£J~'U1f Bacillus subti/is TISTR 25 ~.JLU'U"1£J~'U1fL~1J~~1'Um1nI'l1£J~'U1f~1£J ~1 
, q q 

Lflii NTG 1 fI~.J LL~LUElfL'Ir'U~~1ifil Potency Index ".Jif'U ~~I'l.J1J1n (,;)lnm1f1~L~Eln.ff'U
~ 

u;J1Jl1ii ) !Il.JLL"~.J1'U~111.J~ 16'" ~ 

(}l1~1.J~ 16 · Ltle:)'fL'1f"~ht!6\ Lta:: ~1"1"i't1EJ~"£tVl~~.ijtl~::a'Y1Bll1'r~'l'Y>01~~~G\• 
Lt!"1'1f~ LLt!a~111a'Y>'ttl~61Lt!i'ti't\lif" -;)1nn1~~G\L~ tln~'Y>t1~3Jllij

~ ~ u 

" .... 
fl113JL~3J'1J'Y>NTG 

'0' 0' 
Ltl il1L'1f'Y>Gl1il{9\ fl'" nTi~~Lailn~"~!3J~~ 

~ 
':~ 0 

(13Jt~nn~3JGiuaja.) 

- " 

0' • 
~il\H'1faa ')1"1"tRta~ 

.I 
YlYIfl4'filll "" 

• ' , ' .., ', 0'...1_ 

v1"1""1lJW"fiYl3J
" ' • j ," 

~1P.otency I ndex"" '11 " ' 
' ~ u 

II 0" .­L il1L'1f'Y>iI * 

, 

--" 20 

25 

30 

7.95 

3.67 

0 .09 

300 

300 

300 

2 

3 

1 

0 .67 

1.00 

0 .33 

• I" .. ... ...J, ... , .t* LlJEl1L'Ir'U(iHn£JYfU'IlYHlWn Potency Index ".J11'U 
q ~ 

http:l�J~'Uflv.ll


• • 

• • 

• • 

• • 

hhWiLe:J&n~\1~~ 
'U • 

VI~.J\l1mYn::Li[J.JL:Ee:J~1[J~\.l,f~.J 6 ~1[J~\.l,f 1\.l,tnVl11LVI~1 Basal Medium 

~~1 1 L~m.J~~Le:J\.l,"lonlfLLe:J~m"l~\.l,l1..hWiLe:J~ '1~~~~.JLL~~.Jl\.l,m11.J~ 17 YU.J11L:Ee:J 
'U 

Bacillus subtilis UUN-8 ij~~~~~Lyhn1J 90.84 [JU~~e:Jij~~~m ~1\.l,L;mn[J~\.l,flVll.l~
'U • 

f1~L~e:J n"l1~\.l,ijL~ [J.J 4 ~1[J~\.l,f~1i~~~~~Le:J\.l,'1onlfLLe:J~m'1~\.l,11..h~Le:J~~.Jni1~1[J~\.l,fL~lJ
• 'U. 

"lIilLLn ~1[J~\.l,f UUNN-1 , UUNN-4, UUNN-5 LL~:: UUNN-6 1~[J~1[J~\.l,f UUNN-1 LtJ~ 

~1[J~\.l,flVll.l~1i~~~~~Le:J~"lonlfLLe:J~m"l~~11.hilLe:J~~.JLyhn1J 127.75 [JU~~e:Jij~~~m
• 'U 'U 

@IT'n"ri 17 ~1 Potency Index* Ui'l::u~3J1mLtml'lS31u£1i'1~nli'11-''Tu1"Ghm'f "liE" 

Bacillus subtilis ULiN -8 &'f1uYr1-'B'i"Gl'1-' Lli'l::Liftl&'f1UYr1-'fi''Y!ajriL~£1nl1 
')11-'11-' 14 &'f1uYr1-'fi Ln'1J~i'I-i1t3J"ri 48 (h~1"1::l1'~i'I@ll3Jn11"'t1~i'lu"• ... 
"liE 5.2) 

UUN-8 


UUNN-1 


UUNN-2 


UUNN-3 


UUNN-4 


UUNN-5 


UUNN-6 


9.00 

12.50 

9.33 

9.67 

10.67 

10.67 

10.00 

0 

20 

20 

25 

25 

25 

30 

90.84 

127.75 

88.45 

86.49 

1 1 0.71 

113.85 

105.70 

0.2092 

0.1812 

0.2768 

0.2768 

0.1812 

0.2092 

0.1046 

. 
1~~~1[J~~f UUN- ~e:J Bacillus subtilis TISTR 25 Yh-h~m1u1mL~.J

• 
e:J~~11"l11m~~ 2 f1~.J LL~:: ~h~m1n~1[J~~f~1[J~1 NTG 1 f1~.J 

"'" "r d .oe:rI • 

1V1~~1[Jy.j~1l UUNN- f1e:J Bacillus subtilis TISTR 25 Y1~1~m1U1mL~.J
• 

El~~11"l11m~~ 2 f1~.J LL~:: ~1~m1n~1[J~~f~1[J~11 NTG 2 f1~.J
• . • 
~1LU~[J\lln 3 "ll1 



LYl Eltil11~~EllJml:IJ~l:IJTH11l.l.m1~~~LEll.l.i.6Jl'~LLElfl m i.fll.l.11h~LEl~ "1J El"~l[J~l.l.f~, 
L~Elni.~yf" 4 ~l[Jvrl.l.f, ~lnti1111"~ 1 7 ~"rhm1LYn::L:[J"~n 2 Tlf" i.~~fli"LL~til,,1l.l.till11" 
~ 18 ~::L~l.l.il ~l[J~wrfhni 'Yln~l[Jvrl.l.f ~~tilLBl.l.i.6Jl'~LLElflmi.fll.l.11h~LEl~ iiLLl.l.lht:IJfltilfl"" , 
'Yln~l[Jvrl.l.f LLfl::~lJ"h ~l[Jvrl.l.f UUNN -1 ~~tilLEll.l.i.6Jl'~LLElflmi.fll.l.11.h~LEl~ ll.l.Tlf,,~ 2" , 
LLfl:: 3 i.~~"nil~1[Jvrl.l.f~l.l.6) 1til[J~~tili.~ 119.25 LLfl:: 112.84 [Jiitil~Eliifl~~til1 ~"iiT11 

'II, 'II 

LEll.l.i.6Jl'~LLElflmi.fll.l.11.h~LEl~ ~til~"~lm~:IJ (Tlf,,~ 1) 6.65 LL~:: 11.67 LtlElfL6Jl'l.l.<il ti11:IJ 

~l~lJ ~1l.l.~1[J~l.l.f~l.l.6) ~~tilLEll.l.i.6Jl'~LLEl~mi.al.l.1tl1~LEl~ ~tilLiJl.l.LtlElfL6Jl'l.l.<il ~til~Wril.l.L~£.J1, 
nl.l. LL~iiLLl.l.lht:IJ~til~"~ln11~1[J~l.l.f UUNN-1 lWllrn::~ UUN-8 iiT11, 
LEll.l.i.6Jl'~LLEl~mi.~l.l.1tl1~LEl~~tilfl"~lm~:IJ (Tlf,,~ 1) 6.29 LL~:: 13.96 LtlEl1L6Jl'l.l.<il till:IJ 

~l~lJ ~::L~l.l.ilm1n~1[J~l.l.f-il~1[Jm1n~1[J~l.l.f~1[J~11LTlii NTG ti" 2 Tlf"i.1iii~~~Elm1, , 
~til~"'lJ El" LEll.l.i.6Jl'~LLElTl~i~L~ [J 

fill11\1~ 18 t1~1I1nuf)\l1·zf3.rumH'nIn\l'1t11ihf)a~nnn11~filL~f)n~\lYlGhJllii Yl~\I~ 1,, .. 
~ d ~ d 0.,.. ~::, I.J A 

Yl1\1Yl 2 Un::: Yl1\1Yl 3'2Jf)\I Bacillus subtilisTISTR 25 (al£.J'Vi\lilfil\lfil\lLfilll), 
UUN - 8 LLn::: al£.J~\lil'1'Yi~~~1\ln11~filL~f)nYl~\I~ 4 Lfi1J~ni1tll\l~ 48, 

TISTR-25 0 69 .28 68.75 68 .13 0.76 1.67 

UUN-8 0 90.84 85 .13 78.16 6.29 13.96 

UUNN-1 20 127.75 119.25 112.84 6.65 11.67 

UUNN-4 25 110.71 101.95 96.84 7.92 12.53 

UUNN-5 25 113.85 104.15 98.43 8.52 13.55 

UUNN-6 30 105.70 98.96 92.16 6.38 12.81 

, 0­

T11 LU~ [J~ln 3 ']j1 

~I ...... I .... 0 ....... .A' ~ .. 

~lnm1'Yltil~El"'Yl ml.l.:lJl'lJl"till.l.~lJl1 'VI~"~ln'Yllm1n~1[J'Yil.l.llL '1!El Bacillus subtills , 

TISTR 25 (~1[J~l.l.f~"~l.l.L~:IJ)1til[Jrilm1n~1[Jvrl.l.fU1mL~"El~til11i.l1m~til 2 Tlf" LLfl::. " 
~1l.l.m1n~1[Jvrl.l.f~1[j~11LTlii NTG 2 Tlf" 'VI~"~lm~l::L:[J"L;El~[J~l.l.£l'VI1i UUNN-1 ll.l., , 
Ell'V111L'VIfll Basal Medium ~til1 Lm[JlJLYi[JlJnlJ~[J~l.l.1f~"~l.l.L~:IJ Bacillus subtilis 

'II , 
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• • 

• • 

TISTR 25 L~tl~tl1::;Yl~[n~1ll.c.J~~Ltlll.1'nlfLLtl!;lm1!;lll.ltl1~Ltl~ 1~c.J!;l~~LL~~~1ll.mT1~ 
'II 


.J I .J" d I.... .clio ,.clio QQ I
Q, 

Yl 	 18 ~Ul1L"1l'tl Bacillus subtilis TISTR 25 1I~!;lc.J!;l~LYl1nU 68.13 tJll.~~tlll!;l!;l!;lm ~1'U. 
'II 

~tJ~ll.i' UUNN-1 ti1~~tl1::;Yl~[n~1'U.n11~~~Ltlll.1'nlfLLtl!;lm1!;lll.ltl1~Ltl~ Ll'hnu 
q 

112.84 tJii.~~tlij!;l~~~1 ~~;Jll.nl1~1tJ~ll.i'Liill (Bacillus subtilis TISTR 25) ~~LU'U. 
'II 	 'II • 

.. ...d .. VI" VI ~tl" .d ~ VI'"65 .64 Ltl tl1L'nll.~ L~tl~fll111L~rltJ1"l.1tl~Ltlll. L'nllLLtl!;lm L!;lll.L 1~Ltl~Yl~!;l~ L~ ,nn Bacillus 
'II 

subtilis TISTR 2 5 (~1tJ~'U.i'~~~ll.L~1I) LmutJLYitJtJnu~1tJ~'U.1nVtllriTl~L~tln1~,nnn11 
n!;l1tJ~ll.i'.,..f~ 2 i~ thltl""'hn11Yl~!;ltl~1wlitl 7• 

7. 	~113JLG'filu'i't,"nl'HJa~Leml"153futHHn la,,'Tth&heJG'f"lleJ\I Bacillus subtilis 

TISTR 25 (G'flUl1,"B~\I~,"L~3J) LtI~UtJLnlJ1.JntJG'flUl1,"B1'Yili~i~L~unl~'l1n.. 	 . 
ILoo 	 ~ ~ A..ct 

nl'inalU'Vi,"B't1\1 2 1B• 
fll111LNn tJ11ll.n11c.J~~Ltlll.1'nlf"l.l tl~ L:fimUll.~~~1TlqJ 1I1n ~1Vt1U1ll.L1~~1'U. 

tl~ ~1Vtm111ri1iL:fitl';)~ll.Yl1rJ ~~,r'U.1ll.n11tl11Jlh~ ~1tJ~ll.i'';)::itl~fi1ii~ ~~m111 L~n tJ11ll.n11 
'II 	 ,. 'II' 
c.J~~Ltlll.1'nlfLLtl!;lm1!;lll.ltl1~ Ltl ~il tJ n11YlIll!;l tl~1wlitl;i',;)::LUll.n11Yl~ ~tlUfll111 L~n tJ11ll.n11 

c.J~~Ltlll.1'nlfLLtl!;lm1!;lll.ltl1~Ltl~ L~tJ,;)::l'hn11ri1tJL:fitl!;l~Ull.tl1V111ill. LB Yln'] 15 l'U. 
L~1::LitJ~ flf~ri 2, 3, 4 LL!;l:: 5 LU'U.L1!;l1 15, 30 , 45 LL!;l:: 60 1ll. mll,h~u ,;)1mtmb 

L:fitlriLnu1i tb1tlL~1::LitJ~1'U.tl1Vt11LVI!;l1 Basal medium ~~1 1 Lnuc.J!;l,tlLlI~ri 48 lbJ1 
'II 

LitJ~ L :fitlri1i1l1V11m1l1rnLtlll.1'nlfLLtl!;lm 1!;l'U.ltl1~Ltl~ mlli~n11Yl~!;l tl~,rtl 5.2 1ic.J!;lLL~~~ 
1'U.m11~ri 19 T11ll.1 rnVl1 LtJ tlfL'nwllri!;l~!;l~"l.I tl~Ltlll.1'nlfLLtl!;lm1!;lll.ltl1~ LtlN"l.I tl~ ~1 tJ~ll.i'~~

• 
i'U.nu ~1 tJ~'U. i1VI llriTl~ L~ tl n 1<iiLL~~~ c.J!;l1ll.~111~ri 20 tt1111Lii tJll.m1~ LmtJu LYi tJUn11~~1Il 

q 

Ltlll.1'nlfLLtl!;lm1!;lll.ltl1~Ltl~ 1ll.LL~!;l::fI~~ 1<ii~~1tJri 5 
'II 
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30 45 60 . ... 
o """" A. A. ""'" 

\I1 \-l.TWl \-l.fl L vn:::Lt~ U\I (J\-l.) 

1tl~ 5 ~tH."~lilmmruLuui.'1f~LLfHHni.~'\.ntl1~Lml "l.Iu\l Bacillus subtilis TISTR 25 (ff1tl~Ulri\l~u)
~ . 

LL~~L"1tl~u£t~1l~~IilL~uni.~,nnn11LYl1~Liftl\l 5f1~\1 LtJUL'1~1 60 1U Ln1J~l'li111J\I~ 48• 
"l.Iu\ln11LYl1~Liftl\l LLl'l::~1m1.l1 ru Lull.i.'1flfLLu~mi.~ultl1~ LuL" ,n nn11~IilL~ un.ffU'Yl~ tlll ij. ~ 

52-1 
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.... ~::.., A Q..o ~ I~ Q..o .::III 1~ I 1:: 
2 5 (~1 U'Vi'\-UiVl\lVl'\-uVl3J)LLa::~1u'W,"fi L'H3J'Yl~~La tl n VI L,"LLVla::~"i\l'lltl\l, , 

.... ., 
n1"ina1 U'Vi,"fi, 

123.16 108.18 128.83 118.57 127.75o 70.85 

111.13 99.13 117.03 109.33 119.2515 70.012 

94.35 88.95 106.22 100.95 112.84303 69.22 

86.14 84 .24 96 .52 90.84 107.424 45 68.75 

76.13 77.66 89 .36 85.13 101 .245 60 68 .13 

Vl1"i1\1~ 2 0 Ltltl{L'ImGl'~aVla\l'lltl\l ~a ~~Vlm3J1mLtl'"l'1f3fLLtl a ~11a,""1tl"iGi Ltl~'lltl\l 

Bacillus subtllls TISTR 25 (~1ui,"fii\l!K,"LGi3J) LLa::~1u~,"fil'H~~A~ 
... 1!-'J ~ Q..o 

, , 
I ~ 

Latln ~ L,"LLVla::A"i\l'lltl\ln1"ina1U'Vi,"fi, 

~..t 
, fl"i\I 'P,,! 
,. 

, .,. 

1 

0 .... 
, ";)1"1"1" 

., ...... 
L'Vi1::LaU\I(1") 

- ~ 

0 

uJtJ'i\i"il'~a~a"'lJtl ,~ uDa~nla,""1tl:1GiLtl~ 
TISTR-25 U-12 I­ N-5 UU-15 UUN-8 

,. " ....... 1'}1: ' ~.:-~ 

0 0 0 0 0 

--~- -,~ 

UUNN-1 

0 

2 15 1.18 9.77 8 .37 9.16 7.79 6.65 

3 30 2.30 23.39 17.77 17.55 14.86 11.67 

4 45 2 .96 30.06 22.13 25.08 23.38 15.91 

5 60 3.84 38 .19 28.21 30.64 28.20 20.75 

,nnn11yJ~ 5 -;J::LV;'\.1,'"h n11n~1U~Wlh;El Bacillus subti/is TISTR 25 i1U, 
LL~\]El~~11l"JtElL~~LL~::i1 UR11Lf1~ NTG ~'\.1,Vbj~~~~ Eln11~~ LLElf1~i~"lJEl-JLEl'\.1,L'Jl'~L~U L~'"h, 
-;J::LU'\.1,n1"iUl mLR-J El~~11L 1 tElL~~41 ~-J 2 f1~"] Vt1Eli1 UR11Lf1~ NTG 41 ~-J 2 f1~-Jri~1~, 



LLtlfl~1~"lJ tl-l LtlU L'lllli1£J-lii LL u11'll'lJ~<il~-l LL~m1na1 £JvrWrf'c;i1 mLf{-ltl~m1L11tJL~~.J'1 n-l 2 
~ ~ 

fl~-l ';)::L ~lJmlJ1 ruLLtlfl~1~"lJtl-l LtlUL'lllJ1c;if{.Jni1f{1£Jvrwlh~lJtl r.i1-lL V;u Lc;ii<il LL~::~~~~~
" ~ 

LtlUL'llll~Lc;in f{-l ni1 m1n~1£Jvrulfc;i1£Jf{11Lflii NTG LL~m1mn £Jvrulfc;i1 £Jf{11Lflii NTG ii 
,,~ ~ 

fl11lJLf{ti £J1111 nni1m1n~1 £Jvrulfc;i1 mL~-l tl~1il11L11tJt~<il ~-l,;)::LV;Ui1 el~11m1~~~-liiLLU1 
~ ~ 

1'll'lJ~<il~-li1ni1m1n~1£Jvrulfc;i1 mLf{-ltl~m1Yb1m~~ ~tt-l,;)1mb m1n~1 £Jvrulf~-lf{tl-l1~111 
~ ~. 

1in~1 £Jvrulf~ tl L ittl-lnu ';)::LV;Ui1~tl~~~mlJ1ruLLtlfl~1~"lJ tl-lLtlUL'lllJ1c;if{-l ni1f{1£JvrulfL~lJ 
~ " . 

tl ci1-lL V;u Lc;ii<il elm1m1~<iltl-ln iiLLu11,zlJ~<iltl-li1ni1L~lJc;i1 £J 

""" 4' """ ~~ "'" Q """ .,

8. im'ltm;:'lJJhlL'lHH~ Bacillus subtilis TISTR 2 5 (~1UYi,"~Y1"V1'ijMl3J) nij;:£{1U'Yi,"~ 

I ..l.... '" 1~'l'YI3J UUNN -1 nrwmuw ® 

';)1 n m1<ilttn~ru.::L'll~~"lJ tl-l L:ftl 2 f{1£JvrUlf In£J1c;imltl-l,;)~Y111fl,r~L~flmtlU" . ~ 

LlJ1mf{1flu Scanning Electron Microscope (SEM) 1<il£J1in1tt-l"lJ£J1£J 7,500 L'Yh Y11m1 

.r .t::: .... .. • .... 1'..1.. "'.:'1
Lvn::Ltl£J-lL"lftlYl-lf{tl-lf{l£J'rlUll U~ LB plate U1 LlJUlJYltlru'VIlllJ 37 tl-lf'llL'll~L'll£Jf{ LlJ~L1~l. . " 
12 ';1111-l ,;)1mfuli.1L'll~;tUY11m1L<il1£JlJi1tlcil-lli11lJ1~m1Y1<il~tl-l,ytl 11 L~tl<ilttn~rn:: 

" 
L'll~~ Lc;i~1£J1l1'rlL:ftl Bacillus subti/is TISTR 25 (f{1£Jvr~lfi.Jc;i~L~lJ) c;i-lLLf{<il-l1~1U~ 6 

~ " 
,;)::LV;~i1 ttn~ru::"lJtl-lL'll~~ ii1U'il-lLtJ~LLl;-lr.n1 (Rod shape) ii"lJ~1<ilm1lJnl1-l 0.5 

" 

LLU-li1 1J1-l L'll~~LLU-li1Lf{1,;)LL~1 1::'V\'h-lL'll~~LL~~::L'll~~';)::ii L~~1m~£J1 Littl-l~tln~Y111i 
L'll~~iim1L1£J-li1tlcil-lLllLtJ~1::LU£JU (JU~ 6 ) 

~1UL:ftl UUNN-1 (f{1£Jvr~i1mj~f1<ilL~tlnL<il) Lc;i1l1'rl~1mLf{<il-li-l1U~ 7 ';)::LV;'U, 
~ " 

"h ttn~ru::"lJtl-lL'll~~ ii1U'i1-lLtJ~LL'Yl-l£Jl1 (Rod shape) ii"lJ~1<ilm1lJnl1-l 0 .5 L'll~~LlJ<il1 

1 .,'" " ..... 1 .. .,j .1'" "'.... ..
"lJ ~1 <ilm1lJ £Jl1 n ~ Lfl £J-ln ~lJ1:: lJl ru 1 L'll'U,<ilLlJ<il1LlJ tlL lJ1£JU LYI£JU nU"lJ ~l<il L 'll~~"lJ tl-l Bacillus 

subti/is TISTR 25 (f{1£Jvr'U,lfi-lc;i'U,L~lJ) ,;)::'rlUi1 "lJ'U.1<ilL'll~~"lJtl-l UUNN-1 ';)::ii"lJ'U.1<ilL'll~~
~ 

i'U,ni1f{1£Jvr~lf Bacillus subti/is TISTR 25 1J1ntlci1-lLV;'U,Lc;ii<il 1J1-lL'll~~n1tt-liim1LLU-li1 
~ 

Ul-l L'll~ ~LLU-li1L f{1,;) LL~1 1::'VI 11-l L 'll~~LL~~::L'll~~';)::ii L~'U,1 m ~ £J1 Littl-l~ tl n~Y111iL'll~ ~iim1 
L1£J-li1 tlciJ.JLllL iJ~1::LU £JU LL~~1'U,1~L~~1£J';)::iim111ru,ztl£Jni1f{1£Jvr~lf Bacil/us subtilis• 
TISTR 25 ( 1U~ 7)

" 

http:ii1U'il-lLtJ~LLl;-lr.n1


54-1 

"HJ~ 6 &rmtm::L'lS&'I&f~thl Bacillus subtilis TISTR 25 Gl~1nmrtl,,5L&'IYlGl"H)"13JLYI~"LYltl
~ ~ 

Th&r"~lI1l1 7,500 L'th L'Vn::Lill"L'lS&'I&f~ 37 tl"~1L'lS&'IL.ziEl" LtJ"Ld&'l1 12 -i1L3J" 

~tl~ 7 &rmtm::L'lS&'I&f~tl" Bacillus subtilis UUNN-1 Gl~1nmrtl"5L&'IYlGl"')tl"13JLYI,,,)"LYltl
~ ~ 

n1&r"~El1El 7 ,500 L'th L~1::LiEl"L'lSa&f~ 3 7 tl"~1L'lS&'IL.zi1l" LtJ"Ld&'l1 12 -i1L3J" 



• • 

.,j... ... 1.... ' ..
UUNN -1 't1~~L,Hm ~113J 

,l1n~~ m1'Yl~'H)-11\1,~111-1~ 1 9 ~td1~1t1';Wt~fl~L~flnL1 UUNN-1 ';)::1-X~~ 
~ 

~~~Lfl\1,L"If~LLfl~mL~\1,1th~Lfl~~-1n11~1t1';mfi-1Cil\1, Bacillus subtilis TISTR 25 Lrlflrh 
'II ~ 

m1L~1::Liftl-11\1,fl1~11L~~1 Basal Medium ~il1 1 LU\1,L1~l 48 i1ll.J-1 ~11.Jn11'Yl~~fl-1~ 
'II 

5.2 ~U'h~lt1';\1,f UUNN-1 ~lm1rJ~~~Lfll4L'l11fLLfl~mL~\1,11.h~Lfl~LCilL'yhnu 101.24 
~ 

tlU~~ fl~ ~~~ ~1 (VI ~-1 n11L~l::LiftI-1 60 1\1,) ~"~~~Lfl\1,L'l1~LLfl~mL~\1,1th~ Lfl~~-1 n-h~lt1 
'II 'II 

';\1,fi-1~\1, ~~LU\1,1fltl~:: 48.60 i-1,f\1,~-1L~t.lmntl';\1,f UUNN-1 mrhm1LmtlULl1t1U 

lh::~Yl]-1l1~ m1~~ ~Lfl\1,L"If~LLfl~mL~\1,11h~Lfl~1\1,fl1~11L~~13"l!U~LliiLLri Basal Medium 
, , 

.cII.,cI.... A • .....s.... ~ .., 
~~1 1, ~~1 2 LL~:: fl1~11YllJ1~rJ~U~~m::~11-1mnmL~~fl-1nUmm:IJ~~'Yl1\1,~::1\1, 111 
'II 'II ~ 

LiftI-11 \1,1::'iiU"lJ1 ~ L'll th 

... , 
"::~lJ"l.I1~L"l.IU1 

1::iU'll1~L'llci1 1~tlLmtluLl1t1U1::~11-1 Basal Medium ~m~ 1, ~~1~ 2 ~-1~n~lfl~ 0.5 
'II 'II 'II 

LUfl{L"If\1,fii' LU\1,LL~~-1m{Ufl\1, LL~::~11~n~,;)lnfi~fii' (Yeast extract) 2.0 LUfl1L"If\1,fii' LU\1, 

Lm ~-1L\1,1~1L ';)\1, \1, fl n,;)lnif"u-1~m11,rfl1~11~ ~1~ rJ ~U ~~:lJ1::~11-1mn51 L ~~ fl-1 num m:IJ ~~ 
~ 

'Yl1\1,~::1\1, LU\1,LL~~-1L\1,1~1L,;)\1, LL'Yl\1,~11~n~,;)lnfi~fii' ( Yeast extract) :lJ1'Yl~~fl-1LmtlULl1t1U 

lii1t1 1~tl1,rmmrn 2.0 LUfl{L"If\1,fii' LL~::LmtlULl1tJU~~,;)ln~11~n~,;)lnn~fii'2.0 LUfl{L"If\1,'ii" 

(mn51LVI~fl-1LL~::mm:IJ~~Yl1\1,~::1\1,erm1~1l4 1: 1~cifltJ~~1t1Cil1t1m~.n~~n) ~U11,;):: 
~~~Lfl\1,L"If~LLfl~mL~\1,1U1~Lfl~ ';)1 n1~rJ~un1n51 L~~ fl-1 LL~::m m:IJ~~'Yl1\1,~::1\1,LIii~-1n11 

~ 'II 

m11,r~11~n~,;)lnn~fii' (LnH:IJ ~-1';:lJrn , 2536) 

LCilrh m1Yl~~ fl-1~1~~1fl1V111~\1,~1\1,~L~m::~:lJa1V11um1LiftI-1 L;fl UUNN-1 
'II '" 

LmtJULl1tJunu Bacillus subtilis TISTR 25 1~m~1::Liftl-11\1,fl1~11L~~1 3 "l!U~ 1::iU'll1<il 

L'llci1 ,.b~~mLiitl\1,m1YhL~<il-1'ii-11U~ 8 
'II 



14 ~----------------------------------------------~ 

12 

10 

o 8 
(.\J 
q-
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o 6 
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2 

o __-------r------~------_,------~r_------~----~ 

o 12 24 36 48 60 72 

1tl~ 8 5~11nl1L\l1rulltl\lL~tl Bacillus subtills TISTR 25 'l'"tlTVn1L~U\lL~tl 
~ u 

...r .J .J... ttl" "ij': , " ....'"~1'"~~1'Y1 1 , ~~1'Y1 2 ama A&'f 0.5 L tl1L"lf,"~ L ,"LL'Vji;~\IA11Utl," 
..." " u 

...... " tl" "':ij ,LLa::::~11&'fml\llnU~~ (Yeast extract) 2.0 L tl1L"lf,"~ L ,"u'VIa\l 

1'"t~1L\I,"LLa::::tlTVn1~ .ii1~ tl~hm &'faJ1::::l',.)1\1 nln51L'VI~ tl\l nu m maJ~~• 
'YI1,"~::::1," LlI,"u'VIGi\ll'"t~1L\I" 0.3 Ltltl{L"lf,"m LLa::::'l'1fLLil\laJ,"~ltl::::'VI~\l 

0.5 Ltltl{L"lf,"m 

~lm1.l~ 8 LL~~.JmdL~1ru1Jth'lL;u Bacillus subti/is TISTR 25 1'UB1~ldLiu.J 
..t ..t 

~ 

.d .J.J.. 
u 

1 .I" "':-1 ' ..
L-nu"r'l'U~l'U~~d'Yl 1, ~m'Yl 2 'll.J:;'Jn~ TlR 0.5 LUUdL'll'U~ Lu'ULm~.Jm1Uu'U LL~::~ld 

oU \.I \.I cu 

... ..... ( ).I" ".:'1 ' '1\ 1 .J ..
~n~~lnUR~ Yeast extract 2.0 LUEldL'll'U~ Lu'UU~~.J L'U mL~'ULL~::Ell~ld'Yl~ 

l'~ tl ~ U ~ R~ d:: ~ 11.J n 1 n 51 L~ ~ El.J rlU n1 n L ~ ~ ~ 'Yll 'U~ :: l''U LiJ 'U LL ~ ~.JL'U1~ d L ~ 'U• 
0.3 L1.lEl1L'll'Util LL~::1iLLiJ.J1l'U,h1.l::~~.J 0 .5 L1.lEl1L'll'U~ "r'IUll 1wnl.J 12 il1~.JLLdn 
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(\j 
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Q 
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0 12 24 36 48 60 

L1a1 ('1f~.) 

--- lHln12
'U 

I '" ... ...... I • 

"')t1-n 95~",)1n1",)L~1nnJu\l L~uUUNN-1 'l,"m\ll1",)L~hJ\lL~uYhj,;j1,"?{~",);; 1 ,MI",);; 2 
cu" tLa cu cu 


.".. ~ .1 If If':i1 • .....
If If
"If\l3J nGHA?{ 0.5 LlJ u",)L"lf,"~L ,"LL\II~\lA1",)1Ju,"LL~::?{1"')?{n~~1 mJ?{~ (Yeast.. 
extract) 2.0 LUufL"lfW; LtJ,"U\ll~\ll'"t~",)L~," U~:: m\ll1"')~a:H~tl~m'I?{3J• 

I .:-...... ~ ....:i1 I 1 r 
",)::\II11\1n1ntl1L\II~u\ln1Jn1m3J~~'Y11,"~::1," L ,"U\II~\I '" ~",)L~," 

0 .3 LtlufL"lf,"Gl LL~::'l-nLLil\l3J,"a1U::\II~\I 0.5 LUu{L"lf,"Gl 

..I "".r l.t.r.r.l
,nmU'Yl 9 LL~Cil·m1",)L~"')ru1JEhlL"l!tl UUNN-1 'I.l.tl1'V111LG'ltJ-lL"l!tlYnHl1'1.l.~Cjl1'Yl 1. 
"... .. \.I 

..I d.. 1 .I" .. ofl • .. ..... .. (
~m'Yl 2 "11-l1JnG'l T1~ 0 .5 LlJtl1L"11Wil Lu'l.l.LL'VIG'l-lm",)1Jtl'l.l. LLG'l!~11~nm1ntJ~Cjl Yeast 
~ ~ 

extract) 2.0 L U tl1L"11'1.l.wlL U'I.l.LL'VI ~-lL 'I.l.1mL~'I.l.LLG'l!tl1'V111~iilml~U~~m!'VIi1-ln1n51L'VI~ tl-l• 
rlDn1mlJ ~Cil'Yl1'1.l.Cil!1'1.l. LiJ'I.l.LL'VI~-lL'I.l.1mL~'I.l. 0 .3 LUtl1L"11'1.l.~ LLG'l! liLLiJ-l~'I.l.~1U!'VI;-l

.1.... . ..I.t 1 . .1..1 l'
0.5 Lutl1L"11'1.l.Cil 'WD11LlJtlLG'ltJ-l 'I.l.tl1'V111 Basal Medium ~m'Yl1 LLG'l! ~Cil1'Yl 2 'I.l."l!1.J 

~ ~ 

12 -E'11lJ.JLL1n 1Jtl.Jn11LitJ.JL:fftl tlm1n11L';l1ruL~lJ~-l;f'l.l.tlci1.J11CilL11 LLG'l!L';l1ru~.J~Cil~... ,. ... " .. 

72 
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ilhJ.J~ 24 V\i.J,;)lmr1.4 ~ml nT~L,;)1qJ';)::riEltJ ')~ifi~.JL~El tJ ')~l1.4L~tJ.J11.4Ellv\11~iilifi~~1J 
~,UJ ,;)::L~W':hlwrll.J 12 il11J.JLL1n "lJEl.Jm1L~tJ.JL;El ~ifil1m1L';)1ruL~1J~.J~1.4Elcil.J11ifi

., '\I 

L11 LL~::L';)1ru~.J~ifi~il11J.J~ 36 V\i.J,;)lmr1.4 ~ifi11m1L';)1ru,;)::L~1J~1.4L~mrEltJV\1afiEl1.4
III \J II III....d1 J' ..,,,. !' J'..t ..t:; .... .. ...., .. 

"lJl.JYI.J'Yl 1.4 n11'Yl ifi~ El.J1.4 Lifi1.411.41 L~ U.J L"1!El"lJ El.J L"1!El'Yl.J ~El.J ~1 UW1.41i 1111Lml::v\v\l LEl1.4 L'll1J, 
LLEl~mh1.4"hh~La~~.JLL~ifi.J~~11.41tJ~ 1 0 LL~:: 11 

'\I 

a; 
~ 
c:l 

-6 
IS 

(;S: 
;:l~ 

ii 
c:l 

16 
10­

8;S: 
a; ...... c-
a: 
a; 

~ 

250 .-------------------------------------------~ 

200 

150 

100 

50 

o ~~----~----~------~------~------._----~ 

o 12 24 36 48 60 72 

n.n C'IUJ.) 

-+- ~ <)1j11 
..I 

1 
" 

1t1~ 1 otl~ClJlnuu,"l'na.fum~ ~nIn'""TtJ')&im&'f~e.l~@l~nmifu Bacillus subtills 
OJ 

J".:' .l" .J .J.cI.ct t 
TISTR 25 '1'"ul'V11')LnE.l\lL~uW'";jl'"&'f@l')'Yl 1, &'f@l')'Yl 2 'n\lCIJnn ~&'f 

.... III cu U 

.. .. ~I ," .... "" ..
0.5LtI t1,)L'n,"@l Lu,"U'VIn\l~l,)lJu," LLn::&'fl')&'fnVl~:nmJMI (Yeast extract) 

.. .. ~I I 1 t .J .. .... ... I

2 .0 LtI u1L'n,"@l Lu,"LL'VIn\l '" @l')L~'"LLn::t11'V11')'YIC1Jd@lrlVllJe.l&'f3J')::'VIdl\1, 
m n~dL 'VI at1\1 nl.lnl n LCIJ~~'Yll'"V1::-l'"Lthm 'VI ~\ll'"t~,)L~,"0.3 LtltlfL'n,"~ 
Un::'liLLiJ\laJ,"~lt1::'VI ~\I 0 .5 LtJtlfL'n,"~ 

mailto:l')L~'"LLn::t11'V11')'YIC1Jd@lrlVllJe.l&'f3J')::'VIdl\1
mailto:ul'V11')LnE.l\lL~uW'";jl'"&'f@l')'Yl
mailto:In'""TtJ')&im&'f~e.l~@l~nmifu
http:Lifi1.411.41


n. n. 
~ ~t~~:!TI ~t~~tL~LG 

F' F' 
~ 

L~U~~'kn~1t~1n l..L'~~"nf!ml-:~nL~~~rt1ULU n.ll L'G ~~,l-? ULU L'LP1.:trt~ t1 n.~U~l-~ 

~tLV1.LGnt~G1~tmn!' Ll~!G1mu,'nG'~!t1UtLrtL~S~ 1::HSll s!I!Jqns snllP'E?B G.tT.1 Ll I'" .. I-!,; i.o. .. i.o. .. ,f' , 
n. n. 

n~1:~L'~ t~~~~[! ~ GJ:'L'rli'L.rG~t~~~~aG~~Url 99'£~~ n.llLY.1L'~~l..~l-~~u,l..nG' 
n. ~ n. 

~~~~G"Ut11t~~ ~ tLV1.LGntL'rlimlllrl~m!l-' Bt> ~L'rtlt~~~~L'~~u,l..nG'L'L.t~tLU 

rt:~:m1~Jr.~' n V1. 'L'Lrl G nrr.rtM mu" nG1L'Lt~tLUrt:~ nrr.uLrtfuu1tLU Lt~GrtGJr.1G rtmn P' ..,~ k ~ , ,f' ":" ~ k " po .r 'II' ~1C"..r-p -;: 

UL~ ~JI,l..nG'L'L.t~tLU~ftl..L'.QUt"L'rtll~ B L't!l-nt L~n.M n~1t~lnl..L'~V1.1mf!ml-:~nL~ 
~ 

~~rt1ULun.ll L'G ~V1.' l-?U LU L'L~V1.:trt~t1 n.~U~l-~~tLV1.LGnt nqw,!\u Lrtnll L'L~ U~11 ft'k 
n. 

~G1~tf11..n~l..L~~G,,~u,l..nG'~~t1tLU~t L~L'~ nllL'rl~1~Ut'tU Lrt~~t~~ ~ L'lttLV1.LGn t 
.. ~ 

~L.!Lt",11 Lrt~UL~L'G~1~LGnllL'rl~1~UtL~!:L~n~1:~L'~ n.~L~rtL~ t~~~~[! ~ GJ:1L'rli' 
n. n. n. 

LnG~t~~~~rtG~~nrl t>9'09 :!1' t>B'£9 n.UL~1 ~ ~t~~ '~~t~~tLV1.LGUL~GJr.' .: I -".., I 'l:1li' -I F' F" .f' 
~ n. 

L'rl~1tLV1.LGn'~' ~t~rtu" nG1~l~~G1' Bt> ~L'rtllJr.~~~L'~rtJI,' nG1L'Lt~tLUrt:~:~" nrr. .f' !.ii.o. ... ,.... i.o. ...... F'?F''' i.o. ".. ,f" 

rt~'~JI,l..nG'L'L.t~tLU~rt~':~ n}U Lrtfu~~'GJ:18 ~mituL~ ~u,l..nG'L'L.t~tLU~ftV.Q Ut" 

L'rtll~ 0 ~ L't!l-nt L~n.M n~'t~lnv~~'ml-:~nL~~~rt1ULUn.llL'G~V1.'l-?ULUL'L~V1.:t 

" AI 1'\",
rt~t1n.~U~lrt~tLV1.LG :~" ~ ~t~~ • ~ ~t~~nL.!mMGJr.'L'rl~1tLV1.LGnt S~ l:llSI.L .. ... .. F' F' F' ,f',f'.f' 

n. 
s!l!Jqns SnIlP'E?B GJ:'L'G rr.~G'~tf11..n~'kL~~G"~JI,l..nG' L'L.t~tLU 0 ~ ~f1tuL~ 
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L'Hn (~3J.) 

• 1.J • I"'" 1 . ~ 1~' 1 "" .J.... ..t '1"iu'Yl11 u"i3J1tlUu," 'lf3JLLu~~1 ~,"LlJ"i(ilLu?{'Yl~~(il~1m'lfuUUNN"1 L,"u1V11"i
OJ 

..t ..t..t .J .J.J "" '1 • 1 ~ ~ ~I I 
L~EJ\lL'lfu'Vi,";)1,"?{(il"i'Yl1 ,?{(il"i'Yl 2 'If\l3Jn~L~?{ 0.5 Luu"iL'lfWiHu,"LLVI~\I 

.... iU'" ... 

~ ..... ~ .1 ~ ~ ~I I 

~1"ilJu,"LL~:::?{1"i?{n~~1nEJ?{(il (Yeast extract) 2.0 Luu"iL'lf,"~Lu,"LLVI~\I 

1'"t(il"iL~,"LL ~::: u1V11"i~ij1~ fl•~lJ ~?{ 3J "i::: VI 11\1 n1 n51 LVI ~ u\l nlJ n1 n L3J~~ 
'Yl1,"~:::1\1>LiJ,"LLVI ~\ll'"t~"iL~," 0.3 LUufL'lf,"Gi' LL~:::'t'1fLLiJ\I~,",hu:::mr\l 

0.5 LUufL'lf,"Gi' 

,nmu~ 11 nTmfl-lL€ltl,L'll1fLLm~m't~tl,1u1~L€l~"1J€l-lL;€l UUNN-1 (~-lLiJtl,L;€l~
'II 

f1~L~€lnL<ll,nnm1n~lrJ~WIT<ll"H..ILL~-l€l~mlL1Lm~~ 2 f)f-l LL~::~11Lf)~ NTG 2 f)f-l) 1tl, 

..t ..t..t .J ..I.J.. "I.... :'1 • ..L 
€ll'V\11L~rJ-lL-n€lYm;iltl,~m'Yl 1, ~~1'Yl 2 'll-l2Jn~ f)~ 0.5 LlJ€l1L'lltl,~LlJtl,LL'V\~-lm11J€ltl,LL~:: 

"'''''' '\J 

~1~n~,nnn~<li' (Yeast extract) 2 .0 LU€lfL'lltl,<li'LUtl,LL'V\~-lLtl,LmL-;]tl, LL~:: €ll'V\11~~1~Cl~1J• 
~~1J1::whlmntlL'V\~ €l,1I11JmnL1J~~'Ylltl,~::1tl, LUl.\LL'V\~.JL l.\LmL-;]l.\ 0 .3 LUtlfL'lltl,<li' LL~::L"Ii 

LLiJ-llJtl,~lU::'V\~.J 0 .5 LUtlfL'lll.\<li' Yj1Jl1 Ll.\'lh.J 8 ,T1L1J.JLL1n rJ-lL1i~m1~fl-lL€ll.\L'll1f -;]In 



" " LuafL'nU~ LUULLVI~-l'u1mLllU LyhnlJ 131.13 LL~:: 118.02 rJil.~~aij~~~m~mbL~rJ-l
'\I 

L;a 1 ij~~~~1 m1J~1~lJ ~-l1l::LV;ui1~fi1Uiln~1.JnUL~mrarJ tnllLrta-l1l1mnmrnLL1li1~ 
~ 

LUEllVl11J-l 2 ~~1ihnmrn1mrL~rJ-lnU~-ll'i~11~m1~~~LaU''n~LLa~m'~u1u1~Lm~'liLL~n 
'\I 

~1-lnU1J1mrmhU 1 UEllVl11~n1~tl~lJ ~ ~1J1::'V\i1-lm n51 LVI ~ a-lnlJ mn L1J~~Yl1U~::1U LUll. 
~ 

LLVI~-l'u1~1LllU 1u5m1~1U 1: 1 mmrn 2.0 LuafL'nu~ YllJi11wn1-l 10 i"111J-lLL1mJ-l'li 

.. " VI" :;..l..r ..... .. .I' ..... VI .. ..:.r 
1Jm1~11-lLaU L'n1J 1l1nUUL1J ElL"1!a1J am1n11L1l1ty1J1n"lJU 1l::1Jm1~11-lLtlt1. L'n1J LYl1J"lJU 

mh-l LV;u'~i~ LL~::1l::nm1~11-lLtlU''n~~-l~il~i"111J-l~ 6 0 L-rlUL~£J1 nlJ L~rJ-l1UtllVl11 2 
'\I ~ 

~mLL1n LLtlf1~i~Lat1.''n~~1~'~~-l~~ LyhnlJ 546.86 rJU~~tlij~~~m~mr1Lttm;tl 1 
'\I '\I ~ '\I 

...... .d "" ..r .. VI" VI "'.1" 1 ..I ..
1J~~~~1 'n-l1l::LVlU11 L"1!tl UUNN-1 H11J11tle.l~~LtlU L'n1JLLtl~m L~ULu1~Ltl~ Utl1'Vl11Yl1J 

1~ tl~lJ ~~m::Vli1-lmn51 LVI ~ tl-l nlJmm1J ~~Yl1U~::1t1. LUULLVI ~-l'U1~1LllU '~~ni1tl1V111, 
1..I ..I.d.. .I" .. .:"1 ' .. ..... .. 

~~1Yl1 LL~:: ~mYl 2 'n-l1Jn~ f1~ 0.5 LlJtl1L'nU~LuULLVI~-lm1lJtlU LL~::~11~n~1l1nrJ~~ 
'\I '\I '\I 

" (Yeast extract) 2.0 LutlfL'nU~ LUULLVI~-lLU1mLllU 1J1ntlci1.JLV;U'~i~ ~-l,rU~-lL~tln 
..r ..r" .... .t..l. VI "1 • I. .:"1 • I 'VI • I 

m1L~rJ-lL"1!tl~1rJ1liULYltlt1.1LtlU L'n1J LuYl1LlJtnu~-l~tl LlJ 
" 

A, ,J 'l A,A,.ca •• __ .'1 ~ 
10. n1"un ~nU11J~ LLij;;: pH mYl~J;;:"3L"nJ1(;1DvYlJLLil~(;I1~ljLilitlIDtijfj.J 

lliln rI11m,.,11hGh eH1 

.. ..I 1 ...... VI" VI"
n11V11 tl rnVlll1J LL~:: pH Yl LVl1J1::~1J t1.m1~111lVl1LLaf1m~"lJa-l Lau L'n1JLLat1m L~U 

, '\I 

.I" ..I.. VI" ..r "'!'I ' ..I1u1~La~Yl~~~ L~1l1m"1!a Bacillus subtilis TISTR 25 LL~:: H1rJYlUliLVl1J UUNN-1 Yl 

... ... VI ~ ..r ..r 1 ..I....... , ~..... 

, 
'" ... 

f1~ L~ a n L~ L~ £.JL ~ rJ-l L"1!a t1.a1V111Yl:lJ1111 tll11lJe.I~m::Vl11-lm nrnLVI ~ a-lnlJmm1J ~~Yl1'-l.~::1U 
~ 

LUULLVI~-l'u1mLllU ~-l~'U1mLllU LyhnlJ 0.3 n11JLUafL'nu~ LL~::1iLLil-l~U~1U::'Vl;-l 
• I" ".:'1 ,.. ... ..r..r .:"1 ~ 1 ... ..

0.5 LlJa1L'nUI11 LlJULL'Vlt1-lm1lJaU VI~-l1l1mYl1::L~rJ-lL"1!ElLuUL1~1 48 "1!1 1J-l t1.11J11Lf111::'Vl 

Vl1 LLtlf1~i~"lJtl-l LtlU''n~LLtl~m'~U1U1~Ltl~ (il11Jm1Yl~~ tl-l,Ja 5.2) 1111mbJ1L~~,JL;tl'U 
LVI~[J-ll11nl11::ntlULL[JnL'n~~tltln LL~1lb'utl1Jn1J~11~::~1rJ1T'V'lLy.jtlf pH ~1-l ') ( pH 7.5 ­

11.0 m1Ji~m1YlI11~tl-l,Jtl 6) LL~::lb~1aci1-l~tl1JnlJlry.jLy.jtlfYln pH LLtJn'uli1J~tlrnVlllij
~ ~ '\I 

~1-l') '~LLri 25, 37, 45, 60 LL~:: 70 tl-lf11L'n~L.n[J~ LUUL1~1 20 U1ri (11111.1i~m1 

YlI11 ~ tl-l,Ju 7) fi1U1 rnVl1 LLtlf1~i~"lJ tl-lLtlU''n~LLtl~m'~U1U1~Ltl~~ ~~111'~1l1m;tl Bacillus 

subtilis TISTR 25 lt11J1Lii[Jt1.n11Yl'Gi Cil-l11.J~ 12 LL~::fi1U1rnVl1LLtlf1~i~"lJtl-lLtl'-l.''n~ 
" VI "'.1" ..I .. VI ... ..r ..r ... !'1 ,..I ...... VI" ... 

LLa~m L~lHu1I11Ltl~Yl~t1111 L~1l1m"1!tl UUNN-1 L"1!tl~1[JYlUliLVl1JYlf1~L~un L~ U11J1L"lJ[JU, 
n11y.j'~ ~-l11.J~ 1 3 

'\I 
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7.5 8 8.5 9 9 .5 10 10.5 1 1r:- 25'C --­ 37'0-. ~5'~~O'C ~-701 

• , ~ .,., ~ 'I'" .. - ,'" 1" 1 ~-,,,,
~lJ't1 12 LL~~I\JDrn'YI1l3JLL~::A1 pH 't1L'YI3J1::£'43J ~'l_tn1"aJL~"i1::'YI'YI1lJ~3J1rnL£)'I_t 'lnJU£)~A1 i1I\.j,LlJ"~Lt.l£'4 
~ ~. 

'U .J.J" '1 .J~Q../I A. I ~ AI IV;nmii£) Bacillus subtilis TISTR 25 't1Li1IU\J 'I_t£)1'Y11~'t13J'l(;1n~1J~£'43J"a::'YI'l1\Jn1mnL'YIi1l£)\JntJ• 
.: .... '1..... -,"" -," ..~, ' 1 ~ n1m3Ji1I~'t11'1_t~:::'l'l_t 'I_t£)~~1£'4'l'l_t1; 1 lJ~3J1rn, 2.0 LlJ£)~L'lf'l_t~ LlJ'l_tU'YIi1l\J ,..t.L~~L~'I_t 

LntJ~ai'lt3J\J~ 48 "1J£)\Jn1~L't'n:::LiE.l\J 
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1000 f ~ 

v:­ 800 
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««0 
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«~ 
r.l 
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6 600 -.­
«~ 
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'f'l:; 
r.l ..... 

'116 
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«0 
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«0 
r.l 
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-" 

l....I 

~ ~ ~ 7; if: >"1 pH 

7.5 8 8.5 9 9.5 10 10.5 11 

--0-- 70 ·C[ • 2_~~_ --- 37·C -6- 45·C --+-- 60 ·C 

t1 .J ... I.J '1'" .. 1.1'" 1" 1"'i"t1 ...'l 'YI 1 3 LLi'f~h'lDm'\iln3JLLa:::~1 pH 'YIL'\iI3J1::i'f3J "n1'l'lL~'l1::'\iI'\iI1 'l3J1mLD" "ll'3JLLDa~1 a"L' 'lGILDi'f 
u • ~ 

..:- .J ~ '1 A, tL Q"o.JAG..<I I 4 

\!1m!l'D Bacillus subtilis UUNN-1 maE.J\I "D1'\i11'l'YI3J'll?lfl~U~i'f3J'l::'\iI'l1\1n1nrnL'\iIaD\lnU• 
c:: .... 'l.....J 1.1'" 1.1.... !;", I 1 tn1m3Ja~'YI1"1?I::'l" "DI?I'l1L'1'l" 1: 1 'l3J1m 2.0 L D'lL"ll'"1?I LlJ"LL'\iIa\l " I?I'lL\!" 

Li1'u~ai'lt3J\lri 48 "l.ID\ln1'lL'Yi1:::LffE.J\I 
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.J' 1..r d oICII .... - 1.L..d '" r; .... fl I 

L~ rJ .J L"ll fl 'U. fll 'VIl1 Yl :IJ 1 ill n illlJ ~ ~:IJ 1:: 'VI1l.J n 1 n n 1 L 'VI ~ fl.J n lJ n 1 n L:IJ ~ ill Yll 'U. ill :: 1 'U. LlJ U. LL 'VI ~ .J, 
L'U.lill1L,;)'U. ~.J~L'U.lill1L,;)'U.LyhrilJ 0 .3 n1:IJLUflfL'll"'U.~ LL~::liLLiJ.J3T'U.klu::'VI~.J 0.5 LUflfL'll"'U.~ 
LU'U.LL'VI ~.JmflJ fl'U. 'VI ~.J,;)l nLYn::L~rJ.J L;mU'U.L1~l 48 -B-1h.J ';)::LV;'U.il LLflf1~i~"lJfl.JLfl'U.L'D"lf 

LLfl~mL~'U.1u1~Lfl~~~~illL~,;)lnL;fl Bacillus subti/is TISTR 25 1illLLflf1~i~~.J~illL~LyhrilJ
'U , 

240.74 rJiiill<?iflij~~~ill1 ~ pH 10.5 flru.'VI1lii1'U.n11U:IJ 45 fl.JmL'll"~L.nrJ~ lillrJ~LLflf1~ 
'U , 'U 

_.d ,,;..¥ ct I ..J ~.¥.J 
1ill';)::LYl:IJ"lJ'U.ill.JLLill pH 7 .5-8 .5 LL~::,;)::~ill~.JYl pH 9.0-1 0.0 ,;)In'U.'U.,;)::"lJ'U.~.J~~Yl pH 10.5 

'U , 

LL~::~ pH 11 .0 ,;)::~~~.J~l:IJln,;)'U.LV;'U.L~i~ ,:nnml~,;)::LV;W'h~flru.'VI1lijifl.J ~fl 25 fl.Jf'll 
, 'U 

L'D"~ L.nrJ~LL~::~ fl ru. 'VI1l ii~.J 6 OLL~:: 70 fl.Jf'll L 'll"~ L.nrJ~LLflf1 ~i~"lJ fl.J Lfl'U.L'll"lfLLfl ~mL~u.1u1~ Lfl~ 
, 'U 'U 

~~~illL~,;)lnL;fl Bacillus subti/is TISTR 25 ~m:lJ1ru.~lflcil.JLV;'U.L~i~ L~fl~,;)lnml~ ';)::
'U 

LV;'U.ilfl ru.'VI1lij LL~::pH ~ L'VI:IJ1::~:IJ1'U.n11iLml::~'VI1 LLflf1~i~"lJfl.J Lfl'U.L'D"lfLLfl~mLm.nu1~Lfl ~ 
, 'U 

..J ... .., ... ..r .. .J... "".J 
Yl~~ill Lill,;)lnL"llfl Bacillus subti/is TISTR 25 f1flYlflru.'VI1l:IJ45 fl.Jf'llL'll"~L'll"rJ~ LL~::Yl pH 10.5 

, 'U 

•• 1 .I..J .....1 1 ~ ..
,;)lnmln1lJYl 13 LL~~.Jn11'V1l flru.'VI1l:IJLL~:: pH YlL'VI:lJl::~:IJ 'U.n111Lml::'VI'VI1 

'U , 'U 

~~.. ..,.. .., oj. I "" ..I...... "..r 1.J' ..r 1 ..I 
LLflf1~1~"lJfl.JLfl'U. L'll":lJLLfl~m L~'U.LlJ1~Lfl~Yl~~~ LmlnL"llfl UUNN-1 ~m~rJ.JL"llfl 'U.fll'V1l1Yl 

LyhrilJ 0.3 n1:IJLUflfL'll"'U.~ LL~::1iLLiJ.J3T'U.~lU::'VI~.J 0.5 LUflfL'D"'U.~ LU'U.LL'VI~.JmflJfl'U. 'VI~.J 
.J' ..r:"1 ~ 1 ~, ...~.. ..,.. .., oj. I "" ..J 

,;)lmYll::L~rJ.JL"llmlJ'U.L1~l 48 "ll1 :IJ.J,;)::L'VI'U.11 LLflf1m~"lJfl.JLtJ'U. L'll":lJLLfl~m L~tHlJ1(j]LtJ~Yl 

~~illL~,;)lnL;tJ UUNN-1 1illLLflf1~i~~.J~~L~LyhrilJ 988.24 rJil~<?iflij~~~m ~ pH 7.5 
'U , 'U 

~.JLUWlh.J pH ~fiflWJJ1.J,;)::LU'U.n~1.J flnm1lii1'U.n11U:IJ 45 tJ.Jf'llL'll"~L.nrJ~ l~rJ~LLiHl~i~ 
, 'U 

,;)::~.J~ pH 7.5 -8.0 (~.J1wlh.J pH U';):: LU'U.n111ill Lfl'U.L'll"lfii1Yl1~1U1~Lfl~ ) LL~::-;)::~~~.J~
'U 

pH 8.5 ,;)lmr'U.';)::;f'U.~.J~ pH 9.5 1~ LLtJf1~i~L~LyhrilJ 791.03 rJii~<?iflii~~~m LL~::~pH
'U 'U 

1 0.0-11.0 ,;)::~~~l~.J,;]'U.LV;'U.L~iill ,;]lnml~,;]::LV;wjl~flru.'VI1liiitJ.J ~fl 25 fl.Jf'llL'D"~L.nml' 
, 'U 

LL~::~flru.'VIflij~.J 60 LL~:: 70 tJ.Jf'I1L'll"~L.nrJ~ LLflf1~i~"lJtJ.JLtJ'U.L'll"lfLLtJ~mL~'U.1u1~Lfl~~~~'J1 
, 'U 'U 

L~,;)lnL;fl UUNN-1 ~m:IJlru.~lflcil.JLV;'U.L~i~ L~tJ~,;)lnml~ ,;)::LV;'U."hflru.'VI1lij LL~:: pH
'U , 'U 

..J 1 ~ .. ~~.. ..... .., oj . I "" ..J ~ ..,... ..r 
YlL'VI:lJl::~:IJ 'U.n111 Lf11l::'VI'VI1 LLflf1ill1 ill"lJ fl.JLtJ'U. L'll":lJLLtJ~m L~'U.LlJ1illLfl~Yl~~ill Lill,;]lnL"lleJ 

.....J... ""..J , ..r ~ 
UUNN-1 ml Ylflru.'VIIUJ 45 fl.JfnL'lHWIH.J~ LL~::Yl pH 9.5 LL~::YnnlL"llfl UUNN-1 ';l::~~ill 

, 'U 

.., ..~ ... 1. 1 " .., " , ..,.. .., oj. r "" d, ..r
Lfl'U. L'll":IJ'U.1Yl1~ lJ1'iILfl~ Lill~.JmlLfl'U. L'll":lJLLfl~m L~'U.LlJWILfl~ 'l1.Jm.J,;)lnL"llfl Bacillus 

'U 

subti/is TISTR 25 (~lrJ~wIf~.J~'U.L~:IJ) ';)::liLfl'U.L'll"lfLLfl~mL~'U.1u1~Lfl~~.JnilLfl'U.L'll"ll 
, 'U 

ibYl'~'~lu1~Lfl~ 

http:IJ.J,;)::L'VI'U.11
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~~ 


... 1 ~ 1 1 . 1 n T'H !fI"HJ 3J Ltllj, 'll]J ~ " 

Ln~lJ lJrnw,]'; (2536)l~'(lli)~ El']Yi1 m1Lm[JU LYi [JUnl'Wi11[JlJ LEl~l'Dlf~,]1'il [Jl~ 

<ii1'] ') l~LLri m1'iln'il::nEl~~'W LLEllJ1lJLil.[JlJi~LyJli) 70 LUElfL'D'U~. 1'DL~[JlJi~LyJ'il 30 

LUElfL'D~~. LEl1i1~El~ 70 LUElfL'D~~ LL~:: l~l~1ElYil~iL'Di~ (m1Yi11iL,JlJ,J~riEl~1'il[J 
m1mEl']~1 [J 5~m1-Yil L'il1i'U LL~lYi11 iLLi']LtJ~~,] )wull'mmrn[Jii'il~']'V\lJIi)LL~::LLElfl~l~

'IJ 

~1 LW1::-n El']LEl~l'Dlf~ L'il1[JlJl~,:n n m1'il n'il::n El~~l [J LLEllJ1lJ L il.[JlJi~ LyJ'il l~~~~nl11~5~ ') 

<il,]~~1~m1L'il1[JlJLEl~l'Dlf~,]-nEl']LiEl Bacillus subtilis TISTR 25 (~1[JW~lfL~lJ) LL~::, 
UUi'JN -1 (~1 [Jw'Uf~n~1 [Jwwf) ~,] L~ Elnlii~'iln 'il::n El'U~lrJLLEllJ1lJ L il.[JlJi~LyJ'il 70, , 
LUElfL'D'U~ 

n11L'il1[J lJ LEl~l 'Dlf~,]1Ii) [Jl ~'il n 'il::n El'U~l [J LL EllJ1lJ L il.[JlJ.n~ LyJ'il 70 L U ElfL'D'U~~1 n 

m1'V\1LLEl~ml~'U1u1~LEl~~1mr1L~[J']L;El Bacillus subtilis TISTR 25 (~1[Jw~fL~lJ) LL~::, 
UUNN -1 (~1[Jw~f~n~1 [Jw'Uf) 1'U~mEl1'V\11~~1'iltl~u~~lJ1::'V\i1,]mn51L'V\~El,]nu mn 

1 , 'IJ 1 

LlJ~Cj]'(l1~'il::l~ LtJ'ULL'V\~,]l~1'il1L~~ 5m1ri'1~ 1: 1 ~LUElfL'D~Cj]L~1mL~'U 0.3 LUElfL'D~~ 

LL~:: ~LLiJ']lJ'U~1U::'V\;'] 0.5 LUElfL'D~~ LtJ'ULL'V\~,]mfuEl'U LnuC-l~il1lJ']~ 48 WUi1,r1L~[J,] 
LiEl Bacillus subtilis TISTR 25 (~1[Jw~fL~lJ), ~LLEl~ml~'U1u1~LEl~LLElfl~i~L'(hnlJ 
251,506 [JiiCj]<iiEl~m LL~::f11LLElfl~i~~1Lw1::Lyhnu 167.67 [Jii'il<iiElij~~ni'lJ1u1~~ L~El 

'IJ 'IJ 

tt1lJ1'iln'il::n El~~l rJLLEllJ1lJLil.[JlJ.n~ LyJ'ilL,JlJ,J'U 7 0 LUElfL'D~~ l~f1~lLLElfl~i~~1 LW1::-n El'] 

LEl'Ul'DlfLyhnlJ 316.97 [Jii'il<iiElij~~ni'lJ1u1~~ LL~::l~ Activity Yield ~,];t~ 89 .04 
'IJ 'IJ 

.1" ..LlJ El1L'DWil 

ri'1~,r1L~[J']LiEl UUNN-1 (~1[Jw'Uf~n~1[Jw~f) ~LLtl~ml~~1u1~LEl~LLElfl~i~ Lyh 
, 1 

flU 651,4 77 [Jii'il<iitl~'il1 LL~::f11LLElfl~i~~1LW1::Lyhnu 383.22 [Jii'il<iiElij~~ni'lJ1U1~'U 
'IJ 'IJ 

L~ tltt1m'il n 'il::n El~~l rJLLEllJ1lJ L il.[J lJ.n~Lyj 'il L,JlJ,J~ 70 L U ElfL'D'U~ l~T11 LLtl fl ~i ~~1LW1::-n tl,] 

LEl~l'DarL'r'hflU 709.91 [Jii'il~Elij~~ni'lJ1U1~'U LL~::l~ Activity Yield ~,];t'U 85.25 
'IJ 'IJ.1.... 1LlJEl1L'D'U'il LL~'il']C-l~ 'U'il111,]'(lJ 21 



• • • 

... .... ..1 '" '" 1.1 tI' tI' ILLilaJtaJLlfIUaJ'lHHnYlL'lJaJ'lJlfI 70 L il1"L'nlflYl 1"::'\11'11\1 Bacillus subtilis 
.... tI' Qo .... tI'.J .... tI' 

TISTR 25 (rf1U'VilfliHYlaJ) LL~:: UUNN-1 (rf1U'Vilfli)'Y1n~1UYnUj) 

.... .... 
UlfIYl'Y1\1'\11aJYl.. 251,506 651,477 316,968 688,610 

(UU~/1 ~m)
'U 

t1~aJ1mtlh~lfI 1500 1700 1000 970 

(3Jn.l1~~1) 

AA.ciI 0 

LLil~Yl'1Yl~1 L'Vi1:: 167.671 383.222 316.968 709 .907 

(uU~/3Jn.hh~'U)
'U 

n11LnU1nl:rlumL'111!~,J~L~~U3JL~ l~uii~n~::mm~'w LL~3J13JLilU3J.u~L~~ 70 

.1...... 0 '1.1 '" ..I ~ '" 1 0 '1'" ~ ...
Lu~1L'11'U~ LL~::'Ul Lu~ULL'VI,J'r1~ru·MUJ 45 E1\1f'11L'11m'11r.J~ ~r.J'U1L~'U L'113J~\l3J11Lml::'VI'VI1 

• 'U 

LL~~mLmnU1~L~~LL~f1~i~ri~'U ~,JL;~ Bacillus subtilis TISTR 25 (~lr.J~wfL~3J) nfil 

LL~f1~i~~lLYn::'lJ~,JLemL'111!~wrilnu 316.97 uU~t1i~ii~~n13Jlu1~'U ~l'UL;~ UUNN-1 
'U 

(~lu~'Uli~n~lr.J~wf) nfilLL~f1~i~~l LYn::'lJEI,JL~'UL'111!mLrhnu 709. 91 r.JU~t1i~ii~~n13J 
• • 'U 

lu1~'U 'VI~,J~lmf'ULLtl,JLEI'UL'111!~,J~1~luLillJ~~ru'VIl1iit1i1,J') ~~ -20, 4, 25, 37, 45 
~ 'U 

LL~:: 60 ~,J~lL'11~L.ur.J~ dJ'UL1~1 30 1'1.4 LL~::lil~1~cil\13J1iLm1::~VI1LL~~mL~'U1u1~L~~ 

LL~f1~i~'lJ~,JLEI'UL'111!~,J Lnu~l,Jn'Uf1~,J~:: 15 1'1.4 -,j1'Ul'U 2 f1~,J 113JLtI'UL1~ltt\l'VI3J~ 30 

1'1.4 LU1r.JUL Yi r.JunULLElf1~i ~'lJ El,JL~'UL'111!L~·3J~'\.4 ~·mm1'r1~~ ~\lLL~~,JLil'\.4~111,J~ 22 



• • 

fill"n\lii 2 2 ~~ nl"Hfi1J1n1*1nurl~VjGl"l.lu\l Lu,"l'lufntHwl11~,"1"t11GlnH'f~\Iii ~~fiI 
tfilll BaclIIus subtills TISTR 25 ("'1l1~,"BL~3J) LL~:::"'1l1~,"j)''Vl3j 

NNUU-1 ~\1 Lfil1l13Jt(;llln11fi10fil:::O u,"~1mLu3Jt3JL,"lI3Ji~ L'VJfiI 70 

~ ~ 

LtIu1L'l$,"fiI 

-20 100.00 100.16 100.64 100.00 100.10 100.24 

4 100.00 100.32 100.3? 100.00 100.37 100.12 

25 100.00100.50 99.81 100.00100.12 99.88 

37 100.00 100.29 99.68 100.00 99.88 100.12 

45 100.00 99.81 98.24 100.00 99.63 99.39 

60 100.00 99.68 97.75 100.00 99.51 97.18 

* Crude enzyme powder 'lJ tl.J Bacillus subtilis TISTR 25 (~1 [J~'U,'lh~lJ)• 
26,414 [Jil,<il/n1lJ LyhnlJ 100 % 

'II 

......J ... ..)
**Crude enzyme powder 'lJEl.J UUNN-1(~[J~'U1i'r1nL'l1[J~'U1i 68,861 [Jil,<ilc;iEl 

~ ~ 'II 

n1lJLyhnlJ 100 % 

.J '" .J' ..... ::. ",.J .. 
,nnm11.J'r1 22 'il::L'VIld1 L'lla~1[JYfU1im~a.J Lnlmanl.'Vl1UJ -20, 4, 25, 37 

~ ~ 'II 

El.JY'l1L·lH'1L:n[J~ LU'UL1L'l1 30 1'1.1. £J.JllJ~m1~ruL~mLafl~i~'lJEl.JLa'Ul'l1~LL'lmLc;i~Elru.'VI11~ 45 
'\J ., ~ 'U 

LLL'l:: 60 El.JY'l1L'l1L'lL:n[J~ LLElfl~i~'lJEl.JLa'Ul'l1~~LL'U1htlJL'l<ilL'l.JL~mrEl[J ~aru.'VI11ij 45 LLL'l:: 60 
~ 'II 

a.JmL'l1L'lL:n[J~ Bacillus subti/is TISTR 25 fi<ilLu'ULllEl1L'l1WilL'l<ilL'l.J 1.76 LLL'l:: 2.25 

LllEl1L'l1'U'il mlJ~1tillJ LLL'l::LLLElfl~1~'lJEl.JLe:)'U,1'l1~L'l<ilL'l.JL'VI~El1l1::~.nru. 98.24 LLL'l:: 97.75 

LUa1L'l1'U'il mlJ~1tillJ ~l'UL;El UUNN-1 ~E1ru.'VI11ij 45 LLL'l:: 60 El.JmL'l1L'lL:n[J~ fi<ilLU'U 
~ 'II 

LUEl1L'l1'U'ilL'l<ilL'l.J 0.61 LLL'l:: 2.82 LllEl1L'l1'U'il <il1lJ~1tillJ LLL'l::LLElfl~i~'lJEl.JLe:)'U,L'l1lfL'l<ilL'l.JL'VI~tl 
.1 .1" .. 0'" .J', ..,...J
lJ1::lJ1ru 99.39 LLL'l:: 97.18 LlJEl1L'l1'U<ilmlJL'l1<i1lJ 'il1nm1'r1<i1L'la.J'ULL~<iI.J11La'U~'l1lJc.J.J'r1 

L<il1 [J lJLif~1lJ 11 t1 L n lJLl'~ El ru. 'VI 11 ~ ~1'il '1.1. 'il1 n n 11 'r1 <iI L'l tl.J ifLL ~ <iI.J i 1 L El '1.1.L'l1 ~ c.J.J ~ L<il1 [J lJLif 
~ 'II 

~1lJ11mnlJL1'~ El ru.'VI11~c;i1.J ')n'U 'il'U~.J tl ru. 'VI 11 iiiEl.JLif'U1'U~ Elm11<i1[JLlJ~ru L~mLElfl~i~'lJ tl.J 
~ 'U ~ 'U " ... 

http:100.00100.12
http:100.00100.50




III III 1'\ .,. III 

rs VrI ~LJ.tlg.tlt ~G 1 ~1.f1l..tl~1...L~~G'1~U.1...tl(nL~Z.t :: ~'1 rs V rtl:f1tlg.tl ttl~t'~ ~G, ~1.f1l.!1.~1...L~~Gl' 

~U.1...tlGiL~Y-t~}tl~rlL~UG~ll~~Lrt xapul A:)UalOd L~ ~1...I1!rtGrI::l!GM~L~tllJi~1...~L~tl;-t'~ tl~ 

W~'t'LLJ.tltf11...tl~Jtl~rt~rtLW~L~ ~G'~1.f1l..tl~~L~~8ii~U.1...tlG1 11~ xapul A:)ualod L~L~N~mi 
b 

l+ ~UtL~'L~~~1...~L!! I1~L~rtL~ 179 lB"O ::~" L17LL "O I1~LY.'L~~ 81N ::~1H~~mF'1...L1.~~G 
b 

[,~'irl~l Jtl~rll~~U1.LUULl!~1...~ J: Jm~rt~v.~~LJ.~::1.f1rt~L~ L~I1Mt'G~~LJ.1.LUULl! 

tlJlLY.'t'~ rlG,tttlllJtl..tt,rt~rt LW~L~ ~Gi~1.f1l..tl~1...W~G11~U.1...tlGi 

11~ xapul A:)ualodL~~tLY.1ULrt 0 ~utL~' J L~Lll l-~UtL~1 J L~Lll tl~rtL~tlllt'1.~t'LLJ. 

tltf11...tl~1::~" l + ~UtL~' J L~Lll tl~rtL~f11...tl~'t'~ tlJlLY.1ULrttl~Jtl~rt~rtLW~L~ ~G'~1.f11 

.!1~1...L~~G,,~u.1...tlG1I1~ xapul A:)ualod L~t'~~1'~tLY.1ULrt l-G~V.l + ~UtL~' J L~Lll G~t.L~U ~t 

t'rI ~mG,ttULrttl~Jtl~rt~rtLt.~~L~ ~G1~1.f1Ut~1...Lij~ G"~u.1...tlG1 11~ xapul A:)ualod t'G rr.Jtl~rt~ 

rtLU~I1~::WGI1LJ.L~nr1' L+ t'11 L -t'Lt.V.::1.~GLijrt~UrIrI~lt'l!. (J: luap!uao:) UO!lBlaJJ08) ..." r' I I; pl' I P' -I '" f" 
1\ 

Jtl~rt~v'~~LJ.~::1.f1rt~L!!LV.ru t.tlL~ G ::~i1 l ~f11.t'~~lJtl~rt~rtLWt'~~"~LWtlrl~, 

LrtL!\ ~G'~1.f1l..tl~1...L~~G"~U.1...tlG'LV.~::LW'~1.LUf1~ (xapul A:)ualOd) U~l~1t'G rr.t'L~U~tl~Lt-;1 
n. A. 1'\ III 1'\.,. 1'\ 

tl~' G~~trut.1~mGrr.t'L~U~tl~L~tl~mt.~L1.~~ULl!~rI~1 rs ltrl ~LJ.::~i' rs ltrtl:f1tlg.tlt tl~t'~Y-t~G, 
b 

~1.f1l..tl~1...L~~G11~U.1...tlG'~~I1~Jtl~rIL~UG~'~~1.LUMLlt~LJ.~::1.f1I1r1 ~111r1~f111.LU L~ n~Gt.~ 09 
b b b 

::~~~ 81N ::~" ~~mlt.1...L1.~~Gt'~"rI ~1Jtl~rIL~U1.LUULl!t'L~ Gt.~rt~N~ ~~LJ.1.LU ~I1ULl! 

IiI}11 rn U!~"liiififrm.ttRlRj: 'CI' 'CI' 'CI' " 

~ ~~~T.b~~~T~~~~~~TIU~~nrr~~
~~~'~!Ort1't't~lLB~~".ttJl,Itu!lrngf.1~'pR~I1LOtW~2,rn~tLuMLu£a~ptrtr1l1!!,nl1~1TI .~ 

b 1\ 

l-NNnn Jtl~rlL~ ~11~1... tl~t'~Y-t~G1~1.f1Ltl~1...L~~G11 
b 

~u.1...tlG'~~I11.LUMLlt~~::1.f1~~ftv.l}tl~rI L~UG~'~~1.LUL~tlJlULl! 81N ~~11.L~::~"~~mlt.1... 
b b 1\ 

L1.~~G t'~" rI t.~Jtl~rI L~U1.LU ~\;PY-t L !\uE-1. LU fl'~ltl~t'~Y-t ~G 1 ~1.f1Ltl ~1...L~~ G11~U.1...tlG 1 ~~11 
b 

l.LUMLV.!lLJ.~::1.rIrtMmM' 9G tllSll S!l!lqns snllpeg Gll.1.!ltlMrlL~U1.LUtlrImrll!ttlLt' -'CJI' 1"';11:1 P' .f',J ,.,. I;,.r-..,­

b 

1
0 N!~~u.tLU~l1mtL~t:~"rIt~ ~ ... 

S u.u.n f" 
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http:1H~~mF'1...L1
http:rtl:f1tlg.tl


-;)lnm1l'Wl~tl>l Lnmb Bacillus subtilis TISTR 25 mrilm1n~1~~wfl~w1iLL">l 
~ 

tl~m1'1.11m~CjJ LL~:: NTG rilm1"CjJL~tln"1~~wfl~2.i~'1.~y.ju";heJCjJ11m11tlCjJ"lJtl>lm1n~1~~ll.f
~ ~ ~ 

lCjJ~tlf\m1'1.11m~CjJ -;)::''>In'':heJCjJ11m11tlCjJ''lJtl.Jm1n~1~~ll.ftCjJ~1i NTG LL~::m1~~CjJLtlll.'1.'D'~ 
~ 'IJ ~ 

LLtl~m'1.~ll.1U1~ Ltl" -;)lnm1n~1 ~~ll.ftCjJ ~1 iU">l tl~CjJ11'1.11tl L~m::">ln":h"l~~ll.fL~~ Bacillus 
~ ~ 'IJ ~ 

I Q..< C I Q"I C &:It. 

subtilis TISTR 25 73.83 % "1ll.m1n~1~y.jll.li"lJtl>l NTG -;)::">lml~~y.jll.liLCjJ~ Bacillus 
~ 'IJ ~ 

subtilis TISTR 25 ~CjJLtJll. 56.28 % ~>l-;)::L~W-ll ~~~~CjJLtlll.'1.'D'~LLtl~m'1.~ll.1u1~Ltl" -;)lnm1 

n~1~~ll.ft~w1iLL">ltl~CjJ11'1.11m~CjJ-;)::">ln":hm1n~1~~ll.f"lJtl>l NTG mntlcil>lL~ll.'1.~iCjJ Lnmh 
~ ~ 'IJ ~ 

~1 '(lCjJ"tlUfl11~L"~~11CjJ~m1Ly.j1::L~~>l~n 2 f1#>l 1::~::vil>lnll.f1#>l~:: 15 1ll. (-;)lnm11>l~ 6 

LL~:: 9 ) y.jlJ":h"1~~ll.f, U -12 1jm1:IJ~"ii~1lZtl~n"':h"1~~ll.f, N -5 ~CjJLtJll. 5.62 % LLCli 

"1~~ll.f U - 12 -;)::~~CjJLtlll.'1.'D'lfLLtl~m'1.~,nu1~Ltl" '1.~">ln-:h"l~~ll.f N-5 Ll'i1nu 6.06 % 
, 'IJ , 

.4 ",.. ", oJ .. ,.. ..I",....... .r ::. '" .... .. " .d .. ,"

'D'>lLtlll. L'l5~LLtl~m L~ll.Lu1CjJLtl" '(l LCjJ~f\>lmW,.n::L~~>l 2 m>l n~>l~m">lm1 N-5 L~mu1~U 

'IJ 

LYi ~u~>li ~m1ri1 m1n~1 ~~ll.f~>l "tl>li~y.jui1m1n~1 ~~ll.ftCjJ ~1iLL">l tl~CjJ11'1.11m~~~>lLtJll. 
~ " 

1>l;~1jy.j~>l>l1ll.1::iu~1'1.2.iri11iLi1~m::u1ll.m1'1.tltlll.'1.ll.L'D'ill. (Ionization) eJmlm11tl~">l Lcttl>l 
'IJ 

-;)In DNA "lm1rlCjJ~n~ll.y.j~>l>l1ll.-;)1nLL">ltl~m1'1.11m~~'1.~~1wri1>lm1~m1f1~ll. 253.7 
'IJ , 

T .4 tJ .d ..I~ 1'" 1 ... ..... ", T 1'" ~•m Lll.L:lJm 'D'>lL ll.m1:IJm1f1~ll.'(lll.~:IJ"1l' '\.l,m1n~1~y.jll.limmL">ltl~ml L1 Lm~CjJ -;)::m ~LnCjJ, , 
m1~ui1"lJtl>l'1.y.j1~~ll. '1.~L:lJtlf (Pyrimidine dimer ) 1ll."1~ DNA ly.j~U1f1~ltlL'(l'll"1m~mnll. 

ri11iLn~m1LL'(lll.~LU"~~y.j~1CjJ 1::wi1>lm1~1~tl>li1 (Fantini. 1975) ~1ll. NTG LtJll."11~ 
ri11iLnCjJm1LU~~ll.LLU~>lLnCjJm1~~CjJUn~"lJtl>l DNA ril1im1~1JTb::wi1>lLU"LU~~ll.LLU~>l'1.u'1.~ 

'IJ 

~f\1~-;)~1ll."lJrn::~ LL">ltl~m1'1.11m~~ Ln~~ll.U1L1rn~1j'1.y.j1ij~ll. '1.~L:lJtlf L ri1,.rll. ~>lri11i~m1:IJ 
~ , 

L"~ ~1LL~::n~U~ll.~"1l1y.jun~'1.<ili1n"',hm1n~1~~ll.ft~ ~1iLm>ltl~m1'1.11tlL~CjJ Lnmu1~uLYi tJu 
'IJ " 

m1n ~1 ~~ll.f~>l"tl>li~ y.ju":hm1n~1 ~~'\.l,ftCjJ ~1 iLL">l tl~CjJ11 '1.11tl L~CjJ LtJll.i~~~1 ~"::mn LL~:: , " 
u~tlCjJn~ 1ll.m11i>l1ll.mnn":hm1n~1~~ll.ftCjJ~1i"11LfI~ NTG ~>lm1LCjJ1~~m1'(lCjJ~tl>l-;)::, 
ci>lmniuitlll.LL~::~eJll.CjJ11tJmnni1 i>l,.rll.~>lL~tln"1~~ll.f U-12 LtJll.~~~ll.f<k>l<illl.1ll.m1 , " 
n~1~~ll.fClitl'1.u, 

Lrlm.b U-12 ~1't'i1nl'mf\1~~'\.uf-i1~"'HJLL">ltlf\m1'1.11mf\CjJ ,nnCjJ111>l~ 10 VH,J-l1 
~ ~ 

~L1f\1U1mL">l 1 0 • 15 • 20 LLf\:: 25 !'hnYi eJm1m1mhtlCjJ"lJtl>lL'D'f\~"1~~ll.f U-12 1n~ 
'IJ ~ 

L~ ~>lnu Bacillus subtilis TISTR 2 5 LLCliLUtlfL'l5ll.'ll~1ifi1 Potency Index ">l~ll.~CjJ~>l~1n ~tl 
'IJ 

http:LtJll.~~~ll.f<k>l<illl.1ll.m1
http:1LL~::n~U~ll.~"1l1y.jun~'1.<ili1n"',hm1n~1~~ll.ft
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• ... ...1...1 ... .. "'!'l ''II''
0.4, 1.0, 1.4 LLt'1:: 0.6 mlJt'11'i1U LLt'1::,;)lnil1~l,jYl 11 LlJafl'ilLt'1EJn~lrJ~ll.llLV\lJ L'iI UU-15, 
~~'ilLall.l"ll'llLLat'1mlt'1ll.1u~~La~ llii~,j 128.83 llJ1mn-r1J~a~t'1~~m 1ll."llrn::~ Bacillus subti/is

'II 

TISTR 25 ~~'ilLall.l"ll'llLLat'1mlt'1ll.1u~~La~ LYhnu 93.26 l1J1mn-r1J~aiit'1~~m ~,j~'ilLtJll. 
Lua{L'lm~~,jn,j 38.16 

'II 

L~a'ilmllJL~nrJ~ (m~l,j~ 12) ~u-hiiLLll.1hrlJt'1'i1t'1,jL,rll.L~mri-"l.flU~lrJ;ll.i' U-12 LL~t'1'i1t'1,j
'II , 

", ..... ...I ... .. ~ ::;...1 'II !-VI. 1 • 1...1 • 1 ...I :"1 
'll"lml~lrJ~ll.ll U-12 m,;)Lll.a,j,;)lnm~nt'11rJ~ll.1l"ll'lm,jYl 2 L'iI LlJLlJt'1rJll.LLlJt'1,jLU~ DNA'flLlJll., , 
l ~~ii~ll. l'il LlJ a{ L~1J~1ll.1ll.lJ1n:Bll. ~,jl'h1lKm~~ll.n~U~~m~un~"lla,j L"ll't'1 ~,rl~,jn':hm~

'II 

n t'11 rJ;ll. i'~1 rJ LL ~,j a~'iI~1l11 aL~ 'iI LYl rJ,jflf,j L~ rJ1,;)::L V;whm~n t'11 rJ;ll.i'-ilIii1 mL~,j a~'iI~1, , , , 
l11m~'iI 2 flf,jlllii~~~ am~~'iI~,j"lla,j Lall.l"ll'llLLa~ml~ll.1u~~La~ acll,jl~nmlJ ~t'1~~'iI~'iI""lrJ, 
v\~,j m~L~l::L~rJ,j 2 flf,j ~1 rJ;ll.i' UU -1 5';)::~~'iI Lall.l"ll'llLLat'1mIt'1ll.1u~~La~llii~,jnl1 ~lrJ;ll.i' 

, 'II' 

U-12 ~'ilLtJll. 39.53 Lua{L"ll'll.~ LLt'1::~,jnl1~lrJ;ll.i'L~1J Bacillus subtilis TISTR 25 (LLafl~i~
'II , 

69.218 llJ1mn-r1J~aiit'1~~m ) n,j 53.45 Lua{L"ll'll.~ 

.J. 0 0 .... c-!' '" .J," '" 
LlJall.l UU-15 lJ1Yllm~n~lrJ~ll.1l"ll'1'i11rJ NTG ,;)In'ill~,jYl 13 ~U11 'YlmllJL"lllJ, 

ill."lla,j NTG LYhnu 20, 25 LLt'1:: 30 l:IJ1mn-r1J~aiit'1~~m 5mlm~acl~a'il"llEl,jL"ll't'1~~lrJ
'II 

;ll.i' UU-15 1niL~rJ,jnu Bacillus subti/is TISTR 25 LL~Lua{L"ll'll.~~1lKfil Potency Index ~,j
, 'II 

.r.. .1" .. .... ...1...1 .....
"llll.t'1'i1t'1,jlJ1n fla 0.8, 1.0 LLt'1:: 0.33 LlJEl~L"ll'll.'iI 'illlJt'11'i1U LLt'1::,;)lnm~l,jYl 14 LlJElfl~L~Eln 

~lrJ;ll.i1V\lll~ UUN-8 ~~'ilLElll.l"ll'llLLElt'1ml~ll.1u~~LEl~ L~~,j 118.57 l1J1mn-r1J~Eliit'1~~m 
, 'II 

1ll."llrn::~ UU-15 ~~'ilLElll.l"ll'llLLat'1mlt'1ll.1u~~LEl~ Lyhnu 96.50 l1J1mn-r1J~aiit'1~~m ~,j~'iI 
LiJll.Lua{L"ll'll.~~,jn,j 22.84 Lua{L"ll'll.~ LLiliLdm11m~L~1::L~rJ,jan 2 flf,j vll,jnll.flf,jt'1:: 15 1ll. 

'II 

L~ati1mllJL~nrJ~ (m~l,j~ 15) ~u-hiiLLll.11,z:IJt'1'i1t'1,jL,rll.L~mnll. nU~lrJ;ll.i' UU-15 LLIJi~'iI 
'II , 

t'1,jilnl1~lrJ;ll.f UU-15 Ell,;)L~El,j,;)lnm~n~lrJ;ll.i'-il~1rJ NTG l'illuLu~rJll.LLUt'1,jLu~ DNA, , 
,;)'il5ll.V\t'11 rJ,;)'iI~1 rJ ~,jyh1lKm~~ll.n ~u ~~m~un~"ll a,j L"ll't'1~,rl ~,jnl1m~nt'11 rJ;ll.i'<1i'1 mL~,j 
" 'II 1 

at'1mll11mt'1'i1 ,;)::LV;ll.11m~nt'11rJ;ll.i'-il<1i'1rJ NTG 1 f1f,j lllii~t'1~am~t'1'i1t'1,j"llEl,JLElll.l"ll'll, , 
LLat'1mlt'1ll.1u~~La~ acll,Jl~nmlJ ~t'1~~'iI~'iI""lrJ v\~,jm~L~l::L~rJ,J 2 flf.J ~lrJ;ll.i' UUN-8, , 
,;)::~~'ilLall.l"ll'llLLat'1mlt'1ll.1u~~La~ l~~.Jnl1 WW;ll.i' UU-15 ~'ilLtJll. 25.1 7 LUEl{L"ll'll.~ LLt'1:: 

'II , 

~,Jnl1~lrJ;ll.fL~1J Bacillus subti/is TISTR 25 (LLafl~i~ 69.22 llJ1fl~n11J~aii~~~m ) n,J
'II , 

45.85 Lua{L"ll'll.17l 

http:ll"lml~lrJ~ll.ll


d 0 ...... !' " ..J • ..J0

L1Ju'U.l UUN-8 1Jl'r11n11n~1[J'W\l,li'1l1~1[J NTG ,nnml1-J'r1 16 'WU11 'r1ml1J, 
L-n1J-nWlJu-J NTG Lrilnu 20, 25 LL~:: 30 l1Jlmn11J~uij~~~~j elmln11ucl1uCil"l.Ju-JL'1l~IfWl[J

'II 

~'U.Jf UUN-8 1n~L~r.J-Jnu Bacillus subtilis TISTR 25 LL~LUufL'1l'U.<il~1~~l Potency Index ~-J 
, 'II 

.¥.. .1'" ... ..... ..1...1 ...... 
"l.J'U.~Cil~-J1Jln f1u 0.67, 1 . 0LL~:: 0.33 LutlWIl'U.~ ~l1J~lCilU LL~::,nnm11-J'r1 17 L1Jtlf1~L~tln 

~l[J~'U.fl~lili UUNN-1 ~~~Ltl'U.l'1llfLLu~ml~'U.1u1~Ltl~ l~ft"-J 127.76 l1Jlmn11J~u 
, 'II 

ij~~~~1 1'U."l.Jrn::~ UUN-8 ~~~Ltl'U.l'1llfLLm~ml~\l,1u1~Ltlft" Lrilnu 90.84 l1Jlmn11J~tl 
ij~~~~1 ~-J~CilLtJ'U.LUufL'1l'U.<ilft"-Jn-J 40.62 LUufL'1l'U.<il LL~Lrlm11n11L'Wl:L~[J-J5n 2 f1f-J ~l-Jn'U. 

'II 

15 l'U. L~tl~f1111JL~fi[Jj (~111-J~ 18) 'WU11iiLL'U.lhr1J~Cil~-JL'Il'U.L~r.J1n'U. nUft"ltJ~'U.Jf UUN-8 
'II , 

LL~~~~-J-n1nl1ft"1r.J~'U.Jf UUN-8 tl1,;)Lrttl-J,;)lnm1n~1r.J~'U.Jf.J'liltJ NTG l~luLu~r.J'U.LLU~-JLU~, , 
DNA ';)~ 5'U.~ ~1 r.J,;)~~1 r.J ~-Jri11~n11~'U.ni1J~~[n'Wu n~"l.Jtl-J L'1l~1f-n1~-Jn1'1m1n~1 tJ~'U.Jfilr.J 
"'II , 

LL~-Jtl~m1l11m~~ ,;):L~'U.l1n11n~1r.J~wlf.J'lilltJ NTG 1 "f-J lli~~~~un11~~~-J"l.Ju-JLtl'U.l'1llf, , 
LLtl~ml~,nU1~Lu~ ucl1-Jl1n~11J ~~~~~~Cill'ilr.J ~i-Jn11L'W1:L~[J-J 2 f1f-J ft"ltJ~wlf UUN-8, , 
,;):~~~Lu'U.l'1llfLLu~ml~'U.1u1~Luft" lfiift"-Jn11 ~tJ~'U.Jf UUN-8 ~~LtJ'U. 44.38LUufL'1l'U.<il LL~:ft"-J 

'II' 'II 

n11~ltJ~'U.JfL~1J Bacillus subtilis TISTR 25 (LLtlf1~i~ 68.125 l1Jlmn11J~tlij~~~~1 ) n-J, 
65.13 LUufL'1l'U.<il 

o ....... :; I 0 ........ "
_odd 
';)1 n n1 1'r1~~ tl-J'r11 n11n ~lr.J'W'U.Ji'r1-J a-tl-Jl Ji'r1 ~1'U.1J1 n11'r11 n11n ~1 tJ'W'U.Jim tJ LLft"-Jtl ~ ~11, , , 

l11m~~,;):e..J~~Lu'U.l'1llfLLtl~ml~'U.1u1~Ltl~ lift"-Jn11n11mnr.J~'U.Jffiilr.Jft"11Lf1~ , NTG 1J1n~-J,;):: 
..,,, "1 ' .... ~ .J .., 

v 

" .., " , ..I. I...... •I'" ... 
L~e..J~~ wnl-Jtl~11n111tl~m '1l-J Fantini AA. Lm1r.J-J1'U. L111 'r1Lutl1L'1l'U.mtl~ 1 -5 Lutl1L'1l'U.~ 

LtJ'U.'Ill-J~ ~n11Ln~n11n~ltJ~'U.Jf~-J ~1'U.m1n~ltJ~wlft~tJ1-nft"11Lf1~ Sykita B. lfii11 [J-J1'U.11 
, 'II , 

';)1 nn1jn~l r.J~'U.Jft~ [Jiid ';):lli~ e..J~~ tln11L~1Je..J~ ~~~ Lrill1,rn LL~,;):~ ~~~un11m:fii'U.1~L'1l~ If, , 
~f1111Jll~ tl~11ri tl m1n~llJ~'U.JfL 'Il'U. NTG ~-JLtJ'U.~11~imb1~LnCiln11n~1 tJ~'U.Jf~~LU tlfL'1l'U.<il, , 
ju~ 0-50 LUtlfL'1l'U.<il LL~::~lj-u.iJ-Jril1~Lniln11mnr.J~'U.JfVHnr.J<illLLl'l\i-J (Calam C.T., 

1 9 83) ~-J,r'U.~-J~~~ril1~n11n~1r.J~'U.Jf~1 [J~1Lf1~ NTG ,, ~f1111JL~fi[J1nl1n11n~1[J~'U.Jf~1[J 
LL~-Ju~mll11m~~, 

..,,,. .... ... ..t 1 1"
Shah D.N. LL~:mu.:: L~'r11m1'r1~~thm~ltJ'W'U.JiL'lftl Bacillus licheniformis ~[J 'lfLLft-J, 

tl ~m1l11m~~ e..J~lfiift1r.J~'U.fl~li~~~~L tl'U.l'lJlfLLtl ~ml~'U.1u1~ Ltlft ~~LtJ'U.utlf1~i~i1J~'r1Jf, , 
L~1Jif'U. 100-110 LUtlfL'1l'U.<il ,;)lnft1tJ~W;L~1J LL~l~lfiiri1n11LYn::L~tJ-J~m11JLftfitJ1~-Jlli 

, 'II 

ft11J11rl L U1tJU Ly; r.JUf1 rnft"1Ju1i'lJ tl-J ft1 tJ~'U.fl~ linUft1 r.J~'U.JfL~ 1Jlfii ~-J,r'U.,;)1 n m1'r1~~ u-J~ c.J1'U.1J1, , , 
L'U.n11L ~ 1J ~~ ~~~ Lu'U.l'1llfLLtl ~ml~'U.1u1~Ltl ft"Lift-Jif'U. 1~ r.Jm1n~1 tJ~'U.Jffiil tlLLft-J tl~m1l11m~~ 

v " 

LL~::n11n~1r.J~'U.Jffiil tJft"1jLf1~ NTG mjL~1tJ1Jif'U.1~liri u'U.L-n'r1 nf1f-J LL~::'Wu11m1n~1 r.J~'U.Jf , " 
fiil r.J LLft"-J u~m1l11u L~il1 LtJ'U.ii~L~m::ft"1JL 'U.nTnbmU1UU1-J ft"1 tJ~'U.JfL 'W11::LtJ'U.ii~~1 tJ ft::~ln, , , 
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~£J~Wlh~lJ lJln LL<l1 tlliim11-nm1n ~1 £J~Wf<li'l £J~1Lfl~11lJ<li'1 £In';)::Yil1i m1~ltn~utiff1l1~ 
~ ~ 'IJ 

L~lJ-nl~~nl1L~lJ"l<li' 

.J. Lo C"¥ Q.; C.c. .. Id .. G" 

LlJeJlll~n'l!l'ru.::L"Il~~'lJeJ~L,re) ffl£J~miUllJ Bacillus subti/is TISTR 25 LlJ1£JUL'Ywunu 
'IJ ~ 

ffl£J~mrhuJ UUNN-1 YiUl1~n'l!l'ru.::L"Il~~'lJeJ~ffl£J~W[ UUNN-1 ii1U11~iltnl1L"Il~~'lJeJ~ffl£J 
q q 'IJ 

~wlh~lJmh~ LV;lt"l<li'illl eJl,;)L~eJ~,;)lnLL~~eJ~1ll11b1m~IllLL~::~11 NTG ij~~<l1eJm1LU~£JltLLU~-J~
~ ~ 'IJ 

LU ~1lt ~1 £J DNA ~~ii ~~<l1 eJ1U11~ L"Il~~ LL<l11i~~ ~~IllLeJltL"Il3fLLeJ~mL~lt1U1~ LeJ ~1i ~~~1Anl1 
'IJ 'IJ 

.... .... .,,~ I .J ....... 'f..!-'

subtills TI5TR 25 DlJ?Jlt1Yi'YII.plUJ..JJUNN-1 na~LiHlO_~ 

•• 1 .1..1 A..¥ ...
,;)lnmlY'l1lJ'Yl 8 LL~:: 9 LL~Ill-Jm1L';)1ru'lJeJ~L"1!eJ Bacillus subti/is TISTR 25 nU~l£J 

'IJ ~ 

~ltfhuj UUNN-1 ~f1IllL~eJn"l<li' mlJ~l~U 1lteJ1~11L~~1 3 "1!UIll L<li'LLfi Basal Medium ~m~ 
~ 'IJ 

..I d... 1 .I" ".:'1 ' .. ....... .. (
1, ff1ll1'Yl 2 "Il~lJn~ flff 0.5 LlJeJ1L"Illtlll LlJltLL~~~m1UeJlt LL~::ffl1ffnlll';)ln£J~'il Yeast 
'IJ 'IJ 

extract) 2.0 LU eJfL"Illt<li' LUltLm ~~"llt1mL';)ltLL~::eJl~11~ijlllltl~U ~ffm::~11~mn51L~~eJ.jLL~::
q 

LlJ~Ill'Yllltlll::llt dJltLL~~~"llt1mL';)lt ~~ihueJfL'lJltlllllt1mL';)lt L'Yi1nu 0.3 n~lJLueJfL"Illt<li' LL~::ii 

LLU~l7lt~lU::~~-J 0.5 LUeJfL"Illt<li' L1J1ALL~~~mfualt ,;)lnmlYl ~Ul1ermlm1L~~'1J'lJeJ.jL;eJ 
Bacillus subtilis TISTR 25 nUffl£J~1Afl~l.l UUNN-1 ~f1IllL~eJnL~ L';)~ru'1.<li'~1lteJl~11~iilml

q ~ ~ 

~U~~lJ LL<l1ermlm1L';)~ru'lJeJ~ UUNN-1 L';)~ru~nl1L~mreJ£J LL~::ermlm1L';)~ruff~~lllil1lJ~~ 24 
~ ~ ~~ , 

.J ~.., ~ I ... 1 .. I.J AI.J Q Lo 

LL~::';)::fl~'YIL~nlteJ£J ,;)lnltlt,;)::fleJ£J "J~Ill~~ LL~::,;)lnmlY'l1lJ'Yl 10 LL~:: 11 YiUl1eJl~11'YllJ1~nIllU 
'IJ ~ 

~fflJ1::~11~mn 51L~~ eJ~LL~::LlJ~Ill'Yllltlll::llt LtJltLL~~~'1.lt1q)1L';)lt ~~iiLUafL"IlltlllLlt1mL';) It L'Yh 

nu 0 .3 n~lJLueJfL"Illt<li' LL~::iiLLU~l7lt~lU::~~~ 0.5 LUeJfL'lm<li' L1JltLL~~~mfueJ1Ammru 

LeJ1A'1."Il3fLLeJ~m"l~lt1U1~LeJff~ ~~mln~l£J~ltfL~l.l UUNN-1 ~f1IllL~eJn'1.<li' ';)::ii~1~~nl1Bacillus
~ 'IJ 

subtilis TISTR 25 ~~lJ1n eJ1,;)L1Jlt'1.U'1.~11 m11-nlllln~uLYl£J~"1!itIllL~m mlJ1ruLL~::"1!il.'ll'lJeJ~ 
'IJ ~ 
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ftLW::tm ~IlIlt1 ~Ilt1L~L'G 9 V lA.I1G!.LUIll!>lL'V\1H1.tLlA.::~11L'GW!.LUIll!>' l!>' 't1.G U::l!> Ull1m!.LftL~ FF r' " ... !rik 0 

't1.IT.l!> U 1 ::~U't1.GU::l!> l!>' Lft U G G ftIlt' 't1.G 1't1.G U::l!>U l!> ll!.LftL~ lA. 't1.IT.ftIT.1ft LW L'll L'lA.::W't1.~1l G't1.::~ lA. ..f" -~ ... k ~ k r" ... ... p ? ... II=" 

~Iltl..'t1.G1Il L~::~!.L~'t1.tL'~G~U1ft~1(g 11 G~!.LUIll!>l,.l!>l..LlAIlL~~a~'t1.f}'~a~ ~Il!!!' ~I!t1L~L'G 9 V l!lrWIU G 

~L'r-1111G rtl..L!\ J>'t1.Ilt1}G rt 1 0 L 't1.1'-ft1'-1l!> ~1~E>ftll~1ftlft G118 ~U1Illl!>""G U::l!> Ul!>!.LU 11 ~l 

~11(m'fl1!:wno:LU L"S ...1·....~·,..1. .,. 

-rnrrt.. -Jflblmnrm?H.LU "S 

Ill~L'~1'tU l1~I1~'t1.1l!::G 

l!>W't1.Il~n1!.LUGl!>~l':lft~LG~'t1.M.IlL~U!.LULlL'l!>~11 9'6 ""n1 g'O ~ Hd UL~L'~n"'t1.Il~n1~G1l!>!.nl F'I • I P' ".., I I; I v r I .. ,,1 v 

.tt~l..L~~G11.rtIltl..'t1.G1L'GIT.'t1.LL'LlA!.LUL'GIT.l!>~L'~ Hd G~~I':l~::~11IRl!> gG ellSll s!I!Jqns sn/l!~eg 
1\ 

G.a.1LlU""IT.L'~ft't1.1l't1.11ftU~G1l!>!.n,'t1.~' L~~G11ftIlt' 't1.G1L'GIT.l!>ll!>~G" ""UL~UG't1. gG H1SIl S!l!lqns ,.f" ..f"'" ~ ,,1 ..!,; L\ "L\ P' --.f' I II=" 

1\ 

snllpeg G.¥: 1L~U't1.%L'~ft1tll't1.11 ~~G1~!.rt1~!lA.lU.rtIltl..'t1.G1 L'GIT.~~~~G11r-t LlAL'~~G1 ~!.rtL't1.~l..L~~G11 

• ::~11 ~G1 l!>!.nl~!.lA.l't1.L'lA.l!>~ 1':llA.~ 111L'!.l!> L'~ n "'t1.Il~n1!.LUft.lL 't1.M.1l L~U!.LU L'~ V\lA. l!>' n, 't1. n 1:: ~~LG P' I....,. -::: F' I" r' .. "".., .... r ... ",I" L\ I; 'all' 'ell' 

L'Ilt ~G1l!>!.n,,1.~' L~~G11ftIlt''t1.G1L'GIT.'t1.LL'LlA.!.LUL'UL't1.n1L'Ilt 9' 6 Hd lA.UG't1.IT.L'~ftM.1::~l~11 L'~l!>~ p P' I'" j,j L\ "k 0 I I; p r JCI'..f" :=' ... 


r • 1\ •

13IlG~::~'t1.rUL~ 9"L Hd ~l!>~L'~::~.rtIltl..'t1.G1t'GIT.~~~~G11 ~-NNlln J't1.~IlL~~11 LftL'~L~'tULft~ 

rt::~~G1l!>!.nl~!.lA.l't1.L'GIT.'t1.LL'LlA.!.Lun.a.'t1.n1 g"S-9"L Hd lA.'t1.l~ g'O ~ Hd lA.l!>~L'~l!>' ~G11!l!.nl P' IC" I.....,,,. 0 I I; r-I ,.. ... k JCI' I" 

.tt~l..L~~G1'.rtIltl..'t1.G1l!>~I':l::~ gG H1SIl s!l!lqns sn/l!~eg L~'t1.~1::~ Hd ~~G~1 ULrtL~'tULrt~ 
• 1\ 

~l!>l..~~G1~!.rtL't1.~l..L~~G".rtIltl..'t1.G1L'GIT.~ ~~~G"~tLtJ.L'~ l!>~L'~l!>l..~G1~!.rtL""~l..L~~G".rtIltl..'t1.G1 L'G IT. 
1\. 1\ 1\. 

't1.LL'LlA!.LUG~::Lrt V\ 'ftl..~l!lJV\'tU G't1.f}1 ~L~UL'~G~v\L~~l!lJV\'tU G~UL~L'G~1 ~G1 ~!.rtL't1.~l..L~~G11 
"' It no It 

~Iltl..'t1.G1 L'G IT.~ ~~~G11Lv\ LV\Y.::L!.~1 ~!.LU't1.t rt~::LftV\1~l!lJV\'tU G't1.f}1 ~Il!!!1~Ilt1 L~L'G 9 V l! lJ V\ 'tU G 
1\ 

~ ~-NNnn ::~" gG H1SIl S!l!lqns snllpeg GJ:1 L~I1M. £ ~ ::~11 G~ ~rt!.~LWUL~ 

~G1~!:fl1'f\ (! rLB (! Gll 

JfJl81'f\G'N!It~~~BG"LII'l~nW!:LU~~:;Lf'fVb'~ Ad ::(!" cr&WIUG LII'l!:LU ?/L 

't1.'t1.LlA. .... 1 
,. 

L'~v\l!>U.a.l!>tl!>U.a.G~V\ l!>U.a. V 't1.1l!::Gl!>Wll-t!.LUL~U~l!>l..~G1 ~!.rtl.!\~l..L~~G"~Iltl..'t1.G'l!>~I':l!.LU~1':l 

r-t::~ l!>U.a. 9 ~ rt~I':l't1.1~::Gl!>Wll-tlll!>1 gG H1SIl s!l!lqns snllpeg G.¥:'UL~~G'~!.rtL't1.~l..L~~G" 

~Iltl..'t1.G'Y.::L!.~'L'~!.LUG ~'t1.~,!.l!> 1't1.l..L'~ V\', L'G IT.~I':lLRU~!.LU LlAl!>l.. (£ £ 9 G ) LIl.lL 't1.~ L'G IT.'t1.LL'1l L!. 

!.LU UL~ 't1.IT.U Lrt rt~ ::Lft~1ft Ll~rt G!.V\'t1.IT.U LftftV\tGJL, L'1l ~1!.Lv\LG't1.' 't1.1ft::G l!>WL'G IT.l!>'t1..a.::~,,'tU Lft!.n ,f" .. .,f" "".r,t" ~... ~ ;.t • 

• 
1\ 

ft~~1I1~Ly\1L'~ft~I':lI1~1ll!>!-ll-tG~' L''t1.v\I1l!>::!.'t1.tll GftG.a., L'G IT.rtIlt' 't1.G1 L'L!.~!.LUGl!> ~f':l ft lA. 't1.1rt::G l!>W 
p'" • "',f' .. II. " • "'r ~ 
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~11J1dn mmd~::~1rJ"lJthlLEl\H'D'1J~\l n~::~1rJ~14\b ~~~ L14El\l,nn LEl14 ~'D'1JYJ ~~1JLn~EllJ14ElrJ -;)\l
'U 

El1-;)ijmdU\utiEl14"lJ El\ll:fiEl-;) ~14YJ1m~~1 m11ijm11J:fiw~'1~\llV\~ El El ci1J1n (Ln1=i1J ~\lH1J nt. 2536) 
, 'U 

mdLn1J1n1=i1LEl141'D'~~\l~LCll1rJ1Jl~~Elru.v\llij~1\l ~n14 liJ14L1~1 30 114 (~1d1\l~22)
, 'U 

~1Ji1~Elru.v\llij -20 n\l 3 7 El\lf'\1L'D'~L.nrJ~ ~1J1dmn1J1n1=i1l)1~~rJll.iijmda'ruL~u
, 1.1 ~ a.o 

LLElf)~i~"lJEl\lLEl141'U~L~rJ LL~~Elru.v\llij 45 LL~:: 60 El\l~1L'D'~L.nrJa' LLElf)~i~"lJEl\lLEl141'll~li1J~~
, 'U 

~\lLdmn1Jl~ud::1J1ru. 15 114 LL~~~~\lL~mrElmYh,.f14 -;)::L~1411L;El Bacillus subtilis TISTR 25 

-;)::ijLLtlf)~i~Lv\~Elmj 97 .75 LUElfL'U14~ ~114 UUNN-1 ';)::ijLLElf)~i~Lv\~ElElci 97 .18 LUElfL'Il~~ 
# 'U 'U 

1l1UV\~\lLn1JLiJ~Ll~1~1~ 30 1~ ~Elru.v\llij<i1\ln~11
, 'U 
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1J'ViL'n,"~ ~,"L~n'1f (Potency Index) 

1~L'Ylt1..n ~t1.L~n.n L~~.h~t1.Un~1\1"lJ El\l1J1L'") ru.l~(ij~~ LlJ~,)) 

LL't1.~h~t1.un~1\1"lJ El\llT11~it( ij~ ~LlJ~,)) 

.. J.f . .
11~t1.'Yl"lJt1.1JW~1t1.El1~1,) X Dilution factor T1 

"'tI ~J "''''~ 3.iiHJ 7:::CI'YIiH'4'V1~3J'Vi,"B ( Correlation coefficient; r) 

fi1 r Uiif11mh::~11\1 -1 ~\I + 1 LlJt1.fi1~'bJiiWtbtl~::1JElm::i1Jm1lJilJ~t1.flitl\l X 
'II 

LL~:: Y 11iilJ1mrtlm~tI\ll~ n~1,")~tl tllf11 r L'li11n~ + 1 ~1tl -1 lJ1mVltl\ll~ LL~~\l11f11 X 

LL~:: Y iim1lJilJ~t1.int1.lJ1m'Yh.xt1. 1~tltll'JLlJt1.i.tllt1.'Yl1\1~llJnt1.ti1L'li11n~ + 1 LL~::LlJt1.i.tllt1. 

n~1Jnt1.tllL'li11n~ -1 LL~::tllf11 r L'li11ntt 0 mm'Yhl~ LL~~\lil X LL~:: Y ijm1lJilJ~t1.iL:n\l 
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L~t1.~ ') \I ~ tl nt1.,ttl tI ~ \I L'Yil,zt1. 

N 2 N 2 
L (X .-Ilx) L (Y.-~) 

i =1 I i =1 1 

bVlU N = ~·1U1U~B~~~~~VI~u~~~,n~~~ X ~~~~B~ Y. 

4. ~lUlrru~l11WlJIVI~3iIU (Standard. IBviation) 
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