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Vl'W1 

TU� 2 bb&'f�-:Jb'U€l{b�'W�f11';j';je)��1\91'1Je)-:Jb�e)J,:i 3 6'!1cJ�'l.Jtj bdeJ€lcJ1'W€l1Vl1';i� 10 
� ' � 

pH �1 bbl;'t�N&'f:l.J�'m bile salt 

1tl� 3 bb&'f�-:Jr111:l.J�'W'1J€l-:Jb61Jl;'t� (cell density; 00600) bbl;'t� pH 11 
� ' 

��f111b'U�cJ'Wbb'Ul;'t-:J1 'W';i�Vl11-:JbicJ-:Jb67.il;'t�'/JeJ-:Jb�eJJ-:i 3 6'!1cJ�'U� �bicJ-:i 1 'U 

€l1Vl1161J'Ll� NB 

1tl� 4 bb&'f�-:Jrl11:l.J�'U'1J€l-:Jb67.il;'t� (cell density; 00600), Glucose, 12 
� ' 

lactic acid bbl;'t� pH ��f11';ib'U�cJ'Ubb'Ul;'t-:J1m�Vl11-:JbicJ-:ib67.il;'t�'1Je)-:Jb�eJJ-:i 

3 6'!1cJ�'Ufi �bicJ-:i1'U€l1Vl1161J'Ll� GY �b�:l.J CaCO3 
' 

1tl� 5 bb&'f�-:Jr111:l.J�'U'1J€l-:Jb67.il;'t� (cell density; 00600), Glucose, lactic acid 13 
� ' 

bbl;'t� pH bbl;'t� pH ��f111b'U�cJ'Ubb'Ul;'t-:J1'U1�Vl11-:JbicJ-:ib67.il;'t�'1J€l-:Jb�€lJ-:i 3 6'!1cJ�'U� 

�bicJ-:i1'U€l1Vl1161J'Ll� GY vfl:Jb�:l.J CaCO3 

L�clb67.il;'t�tlf18e):l.J�1cJf11';jEJe):l.J�bb'U'Ubbf1';i:l.J 
� 

�tl� 7 bb&'f�-:im1-wmwil�qJb�'UL\91, �1'W1'W&'f'UeJibbl;'t� vegetative cell 16 

'1Je),:)b�e)&'f1cJ�'W� TL7-3 bbl;'t� SS48-5 �bicJ-:i1'W€l1Vl1';i GY ��tl�mrun�Lrl&'f 10 g/L 

iu� 8 bb&'f�-:Jfl';i1'Wf11Wil�qJb�'UL\91, �1'U1'W&'f'UeJibbl;'t� vegetative cell 17 

'1Je)-:Jb�eJ&'f1cJ�'U� TL7-3 bbl;'t� SS48-5 �bicJ-:i1'W€l1Vl1';i GY ��tl�mrun�Lrl&'f 20 g/L 

iu� 9 bb&'f�-:Jfl';i1'Wf11';ib';iJ�qJb�'U L\91, �1'W1'W&'f'U€l{bbl;'t� vegetative cell 19 

'1Je)-:Jb�e)&'f1cJ�'Wfi TL7-3 �bicJ-:i1'W€l1Vl1';i GY ��'U�:l.J1t!Jf11;'tLrl&'f 40, 60 bbl;'t� 80 °/L 
' � � 

iu� 10 bb&'!�-:Jfl';i1'Wf11';ib';iJ�qJb�'UL\91, �1'W1'W&'f'UeJ{bbl;'t� vegetative cell 20 
JI o,J tt � J' 1 d�a IQ '1J€l-:Jb61JeJ&'f1cJ'V'l'W� TL7-3 'Vlbl;'tcl-:J 'W€l1Vl1';i GY 'Vl:l.Ju1mru yeast extract 7.5, 3.0 

bbl;'t� 1.5 g/L 



Vl'W1 

J'U� 11 bb?l\Y1.-:Jm1�nTH"�'lJb�'U L\91, lil1'Ll1'Ll?l'UeJ{bb�� vegetative cell 21 

6Uel.-:Jb�el?l1tl�'Ll� TL7-3 �bicJ.-:i1'LleJTVl1'a GY ��'U�:l-l1W NH4Cl 2.0 bb�� 6.0 g/L

d v al .<:::\  .::::1 ai Jf .. 
\911'a1.-:JV1 1 bb?l\Y1.-:J�m?J-ru�V11.-:J?l';i';i1Vltl1bb��'ll1bfl:l-l6lJe).-:Jb'lJe) 8. subt1{1s 7 

0 Q./ 6' � 

"TU1'Ll 3 ?11tl'V-l'Llfi flel TL 7-3, TL9-1 bb�� 5S48-5
' 

' ., 
\911'a1.-:J'V! 2 bb?l\Y"l.-:J�n'l?Jru�Vl1.-:J�1bfl�6lJe).-:Jb�e) 8. subtilis lil1'Ll1'Ll 3 ?11cl�'Llfi 8 

' 

�el TL7-3, TL9-1 bb�� 5S48-5



1. 'U'Vl'IJ1

Q.I � Q.I � 

fl1'fU':i'U'U':i-.'.lflWfl1'1Al'U1bb6l�e)�6'11Vifl':i':i:Wel1'Vi1':i&l�'J 
q q q 

1.1 �:w1 bb&1�r111mh�ru"UeJ-.'.l'UruV11 
Q/ Q/ 

bu 'Llfl 1;1':wlil �'Ll'VI� Mi ii ri ru?1:wu�vl il'll1� ltJ'lJU\91 eJ?l'lJeJ'Ll1&J t1'lJe:i-:i:wt1 'jjfl bbl;l�� �111:wl tHi-:i fl 11 b '<ii� ru'lJ e:i-:ivl'll 
, , , , , ,v 

(Behnsen et al., 2013) zj,:i 1 'l"l1l u 1e:i�m!t1i1�-:iflci:W'<il�'Uvf�tJ6'11tl'W'Llfib�tl1Vl�eJ6'11tl'W'Llfi�6'1:W ll?ltl'Vl1Vlthffi 'Ll 
, , , , 

1 t11ii'1t1'lJe1-:i fl1 ':ib ut1m1 b?l�mJ��1t1� b � a b?1�:w?1�1-:irn1:w bb � -:i bb ·wueM�1 lG1b�e11;11?1e11m1'Vle:i-:i� flVl�eJ'Vle1-:i�1-:i 

'lJm�-:i:w'Ll'jjtJ bbm���111:w l t.l�-:i l 'l"l1 l u 1a�rn 'U'Ll'<il�'lJ'Vl�tJ� b 'U'Ubb vici-:i'lJa-:i beJ'Ll l 61!:tJVlm flvtm t1'lJ'W1?1�iJ�1;1���e1 
' ' 

th�ltl'lJU'Vl1-:Jlil1'Ubfl'jj�':im1:w fl1':ib'l"l1�bit1-:i��1tl1 bb1;1�fl1':i'lJ1Ul?ltl1b�tl (Ahmed et al., 2016) ll?ltl l'l"l':i 

l u 1a� rnf mrnbb 'U-:JeJeJfl�1:w�tl'mb1;1�6'11tl'W'Llt5'lJeJ-:J'<il �'Ll'Vl�tl zj ,:illilbbfl Lactobacillus Bifidobacterium
� , q �, 

Escherichia Enterococcus Streptococcus bbl;l� Saccharomyces (Sarao and Arora, 2017) 'lJeJfl'<il1fl'l1

eT-:iilfl1;1':w1'1"l1lufo�flvl?1i1-:imJe11 ift1AeJ6'11tl'W'Llfi Bacillus zj,:illii'bbfl Bacillus subtilis Bacillus cereus
' ' 

Bacillus coa0ulans bbl;l� Bacillus lichenirormis zj,:i'<il�'Ll'Vl�t1'1 'l"l':il 'U leJ�fl 1 t1flci:W�6'1�1-:i?1t.le1{t!mtlt1flci:w.) !} \ , , , 

��fl11:W6'11:w1':im'<il�ru lm 'U6'1.fl11��i1rn1mim ':i-:Jb�eJb t.l�tl'Ub'Vltl'Uf1'Uflci:w l 'l"l1 l u leJ�flm:1J6'1�1-:i?1t.le1{ b�'lJ 1 'Ll
V ' S 

..Jq � ,Jq 6 ti \l"' "' 1 i.l I V d.c:i 
6'1.fl11�'Vl:WeJru.fl:W6'1-:Jbb1;1�'Vl'l"lbeJ'lJ�1 (Cuttino, 2011) '<il1fl'lJeJ l?lbD'W'U 'Lll?l1'Llfl1':i'Vl'Ll�eJ6'1.fl11�bb11?11;1eJ:W'Vl:W 

q � � ::, 

rn1:w1mb 1-:ifl11 lil-:it! 'Llfl�:w��'Ll'Vl� tl1 'l"l1 l u fo� fl� ?1i1-:i?1t.le1{;s-:i� fl'Ll1:w1t.l1�� fl�1 ;1 t1-:i1'lJ\il1'lJ\911-:i 1 b �'Ll 

b 'U'U6'11':i b?l�:w �1'U� 1 t1mVl11��1 b �am1r1-:ia ��m'lJ('U 1 t1�1 lG1'lJe1-:i��111:w l t.J�-:i m1r1-:i'Vl'U\9leJ n11bn'U'rfl'jj1 

fl1':im��'Llfl1':ib'<il�qjbb1;1��1'Lll1fl1'Ll�-:J�mihafllil1tl (Cutting, 2011 bbl;l� Ahmed et al., 2016)

fl1':i���6'1t.leJ{'lJeJ-:J l 'l"l':i l u leJ�flt!'lJ bnl?l('U 1 t16'1.fl11�bfl�tll?l 1 'Ll':i�Vl11-:Jfl1':ib'<il�ru'lJeJ-:J'<il�'U'Vl�!:J zj,:i llii'bbfl 
V S 

1 



forespore (F) �eJ�fntJ1\91 mother cell (MC) 'lJeJ-'.I sporangium zj-:i1;nm1\9lmu�tJ 8 -&1hM 6'1'Lle:i1 (S) 

'<il�tl mJ�e)tJe)e) fl:IJ161 .fl1tJ'We) flb6/Ji;jf;l bbr;l�bri e) b6/Jr;lf;l� ?t{ 1-'.l?f'UeJTilil tl fl'Ll1fl�'U1 'Ui;'f ?f.fl11�� b vrm�?f:IJ b6/Jr;lf;l� 
'U '\.I 'U 'U 

Sporulation Vegetative Cell Growth 
I 
I 
I 

F l � I Binary Fission 
Starvation

\ 
! / � 

l vc J l• vc I 
?I 

Germination I 
__....,- I 

I 
I 
I 
I 
I 

VC ) 

1\9lt1'llil:w-:i1'W11ij t1vrmflvrm t1�11ilvi'1m1fli fl�1m1e-J�\911 �1 l u 1e:i� fl� ?1{1-:i?ttJe:if 611'W 1 'Wur1. fli. 201 o 
Kosin bbi;J � Rakshit 1� 'Vl1 fl 11 fl \91 bbtJ flbbi;J �� fl �1 fl tlHlfl �ru�vf' 'Vl'W\911 eJ eJ ill VI.fl :iJ ?I -'.I trf -'.I 1i bb fl

0 

fl� :IJ 
q , 'U 'U 'I 

Thermotolerant lactic acid bacteria bbr;l� Bacillus sp. 'WeJfl'<il1fl-d'11il'V11fl11fllfl�1V!1?ff111��bV!:IJ1�?1:IJ 

�e:iflzj:i.J1vn1u1e:i�fl�t-h'Wfl11fl\9lbbtJfl l\9ltJ�'U11 Lactobacillus plantarum sspl (1D1U Lactobacillus

brevis 860 :WeJ\?l11fl111eJ\91�1\9l?f-'.l'<il1flfl11'Vl11 vf flmmrw1l1tJfl11'Vl'W�e)e)tlJVff)lJ?f-'.I bbi;J�fl\91 bbtJfl Bacillus
'\J , , 'U 'U 

licheniformis (1D3B) Bacillus subtilis (1D4B) 1�'<il1fl�-'.16ll11�:W�'lJ.fl1��mtJ1\9lejillVIJJi1�-:i zj-'.lfl�:IJ��'W'Vl�EJ 

�-'.lfl�111�Qfl'Vl\9l?feJ'Ufl11'Vl'W�eJej ruvr3Ji1�-:imt11\9lbfl�e:i-:i spray dryer �'U111 �1l 'U fa�flJ-:i 4 ?11tJi'W�:W 

'<il1'W1'Wb61Ji;J6li;J\9li;l-'.IVl�-'.!e-/ 1'Wbrl� 'el-'.! spray dryerbbi;'l�i;l\9li;J-'.I b 'U'W 4 b 'Vl1Vl�-'.l'<il1 mnuf fl�1.fl1tJ 1\91 el ill'Vl.fllJV!eJ-'.I 
' '\J 

(Kosin and Rakshit, 2010) 'WeJfl'<il1fl'il1'WUfl.fli. 2012 N0rgaard bbr;l�flru�1�'V11fl11fllfl�1e-Ji;J'lJeJ-'.ll�11ufa 

�fl�?1{1-:i?ttJe:if Bacillus subtilis b�eJ 1 ;b'U'We:J1Vl11b?f�:1.Jfl�:1.J amino acid 1 'Wfl11b�tJ-'.!Vl:IJ�'U11 ?f'UeJf'llm 
' '\J 

8. subtilis �-:i 1:iJ b'WtJ-'.l�eJ�eJ fl11b?f�:1.Jfl11'lJ1\9l fl1\9leJ�i11'W Val mt11 'WVl:IJ zj-'.leJ1'<ilb �eJ-'.l:w1'<il1flrl11:I.Jb ;:IJ;'W'lJeJ-'.1
'\J 

?l'Lle:if vlhi b 'W tJ-'.l�eJ �-:il!'W�-:i:wr111:1.Ji1 b 'U'Wvl '<il�\9leJ-:Jfll fl�1Vl1?1.fl11�vf b Vl:w1�6'1:i.J� e:i 1 tJ (N0rgaard et al.,

2012) 11:1.J1tJfi-:i1'WUfl.fli. 2016 Mandal bbi;'l�flru� 11il'V11fl11fl\9lbbtJfl Bacillus subtilis AMS6 '<il1fl'W:1.Jt1

bV!�eJ-'.!Vl:IJfl l\9ltJb 'U'Wl �11 'U 1e:i�fl�'Vl'W�eJ'WbeJ6llJ1bbr;l�rl11:I.Jb;:IJ;'W'lJe)-'.Jbfl�e)?{-'.j zj-:i1 'W-'.11'W11ijtJtl�'U11 AMS6
'\J 

b 'U'W 1 �11 'Ufa� fl�:Wrlill?l:IJU�� \911'Wb 611mb 'Urlvi b�tJ1 'Wfl�:IJ� f)e) 11r1 lm 'W'U�mru�?l-'.1 8 fl'�-'.l:Wrlill?f:IJU�b 'U'WtJ1
C! q 'U 11 

tJ��1'W� Bfl�-:Ji1be:i'W161Jii��e:im?t'W1m61Jr;l� fa?l1�Bfl�1tJ (Mandal et al., 2016)

2 



'<il1 n n6'im1'W1� t1\911B�1-:i�-:in�11'<il� b vi'W 1\?111 �-:Jbb�11'<il�i1 n1';iA rn11 n1';i��� l 'W';i 1 u leJ� n 1 'Un6'1lJ� 
' ' 

?1{1-:i?ltleJfl. 'W?lm1��b Vlm�?llJ1 'W�1-:i 1n'W ';j'JlJ 1 tl�,:in1';itJ11 tl1 ;tl';i� ltl'll'Wb 'Ll\?11'W�1-:i 1 bb�eJ-:J'W'\J11 l 'W';i1 u leJ 
� n� ?1{1-:imJeJ{ �-:in� 11e1'-:ifl-:J'W'\J'U ruV11eJ�';i1 n1';i';ieJ\?1Vl�-:J'<il1 n mwiuf rn11tnt11191 mu'Vln:wvfB-:i ';j'JlJ 1 tl�-:i 

V q " 

tl�lJ1 ru1 'Wn1';i?1{1-:i?1tleJ-fbJ b YI t1-:J'WB�Bn7';i bb?l\?1-:Jfl ru?llJ'U�'lleJ-:J n1';ib 'U'W l 'W';i 1 u 1B� n�-:i'1'W 1 'W-:J1'W1� mi�-:ii1 
fl11lJ?!'Wh�'<il���'W1m�'\J1'Lln1';i���1'W';i1'1J1B�n�?l{1-:i?ltleJ{ Bacillus sp. J-:i'VllJ\?1 3 ?11tl�'W� l\?ltl'Vl1 
n1';ib tl�ti'\Jb'Vl t1u�1;1-veJ-:im1rn;lJ;'W'lleJ-:J l 'W';i1 u 1B�n�i1�Bn7';itlfutl';i-:Jflrum'WJ1 bb1;1�n1';itJ1mb'U'W?111 

' ' 

b?l�lJtl��1'W� 1 'WmV11';ii;l'�1 ';i1lJ1 tl�-:iA m,;1 n7';iV111 Vil 'W';i'l u 1B� n?11mWfl-:JB�'llill 'W?!t111��v1'1n1';ibnu 
-r mn� e) t\JVIJ1:WV!el-:J bbl;1�/Vl�eln1';i'U1'<il�'WVI� ti1 tlbb'LJ';j';j'LJ b 'U'W'<il�'WVl�cl' �-:JVl�eltl1b vi e)n1';iU11 tl1 <LJ't 'Wn1';i 

, \.I 'I 'U 'I 

tlf'IJ'U';j-:Jflrum'Wtl1 bbl;l�n1';i'U11 tl1 ;b 'U'U?l1';ib?f�lJ'LJD�'J'W� 1 'Wel1Vl1';i��1 
' ' .,J 

, 

1.2 1�f;)'lh�61-:ifl61.1eJ-:i-:iT1.fw'� 

1. ��'W1m�'\J1'Un1';i��� l 'W';i 1 '\J leJ�n Bacillus sp. 3 ?11tl�'W� b �e)n1';iV111 m '\'j';j 1 '\J leJ�ni1fl11lJfl�Vl'Wbbl;1�
iJ'U';i��Vlfi.fl1'W�el n1';i'U11 tJ1 ;tlf '\J'U';i �flt\JJ11'Wtl1 bbl;l�b 'U'W?l1';ib?l�lJ'U D�'J'W� 1 'Wel1V11';i��1 

' ' .,J 

2. flm11btl�t1'\Jb'VlcJ'\Jm1rn;�;'W'lleJ�l'W';i1'1Jfa�n Bacillus sp. 3 ?11cJ�'W� �i1�Bn1';i'U11tl1;1'Wm';i
tlf'IJ'U';j-:Jfl rum'Wtl1 bbl;l�b 'U'W?f1';ib?l��tl D�'J'W� 1 'Wel1V11';i��1

' ' .,J 

3. flmntl';i��VlfiJ11'W'llmm';ib'U'W l 'W';i'l '\J leJ�n Bacillus sp. 3 ?!1cJ�'Wl5 �Bm';itlfutl';i-:Jflrum'Wtl1bbl;l�n1';i
' ' ' 

3 



1.3 15f11'ai1b'W'W-:l1'W1�1:J 
tJ tJ V  q,v dd ii 

1.3.1 fl'Wfl11'1Jel:W6'1"\l1n-.:11'W1"\ll:J'Vlbfl!:n'IJeN 
" 

1. 3.1 Pi fl�161 fl�ill�'Vl1-.'.l?lill fti1'U1'Vll:J1 bb6'1��1 bfli1'1Jel-.'.l"\l�hJ'Vl1 l:Jl 'V'-l'al 'U 1el� fl�f;l flfll?l b� el fl bbG'l�fl\?l bbl:) fl:lJ1"\l1 fl
� ' "

bb'Vl�..:iu11:w'IJ1�1 ml''a�b vw11 'Vll:l

1.3.2 fl11Pifl�7flill?l:W'\J�fl17:!Jb U'U"\l�'W'Vl�l:Jl 'V'-l';i1 'U fa�fl\911l:J15b-rrel-.'.l�'U
' '

2. 1im-a�m�n

2.1 b�elbb'Ufl'Vlb�l:J

e'.f v\'11�1:J 1191fofl11:Wel'Ubfl';i1��"\)1 fl flf 1?l�'a1"\l1';i� \?l';i. ?l:W'U':i'W 5'W1flf.fl1�'U .fl1fl1'll1�1 bfliJ bb6'1�"\l6'1�11'Vl l:)1
'U 't 'U 't q 

flill�bil?l'llflf1?l�{ "\JV116'1-.'.lmru:w'Vl11'Vll:J161l:J zj-.'.11191:Wel'Ubte:i B. subtilis '<il1'W1'W 3 ?l1l:J'W'W5 �el TL 7-3, TL9-1 
' ' 

bb6'1� 5S48-5 b �el 1 ;Pifl�1fl1';i?l{1..:im.Jel1bb61�el1Vl7';i�b Vl:lJ1�?l:WL 'Ufl1';ibit1..:ib�elm��'U 1 Vlbnl?l?l'Uelfl 'LI zj-.'.lb tel 

A cf A CV 

fl711bfl11�Vl?l1l:J11�'W1fl11 

2.2 f11'a�fl'M16lfl'MW�'Vl1{l6l�'a1'Vll:J1bb&l::;�1bf1� 

2.2.1 m-a1;rn11u1ml?l<a�"IJeJ{lb�eJ 

' 

btel B. subtilis �..:i 3 ?l1l:J�'W5 "\l�t1mit1..:iL'WeJ1Vl1':i'bVlm zj..:iiJ6'i1'U'lh�flel'U'IJel-.'.lbbVl�-.'.lfl1{'Uel'Wvlbb�-.'.I 
' " 

�1-.'.lfl'W �el L-arabinose, D-glucose, D-manitol, D-mannose, salicin, xylose, cellobiose, fructose, 

galactose, glucorate, lactose, maltase, malibiose, raffinose, rhamnose, ribose, sorbitol, sucrose 

bb6'1�trehalose 11?1mbVll;'l-.'.lfl1foel'Wbb�6'1�'ll'Wl?liJfl11:lJb�:W�'W 0.5% bbG'l�ii bromocresol purple bU'W�'W�bfl 

b�elfvl�1l:JL'Ufl1';i1bfl';i1��e-rn �el:lJ1"\l�'Ll1lubit1..:ivl 37°( bU'Ub1611 72 -&11:w..:i 11?1t1iln11m1"\l?lel'Ufl1'a 

b U�l:J'Ubb'U6'1-.'.l'Vlfl1'W 
' 

2.2.2 f11'a���beJ'W161J�"IJeJ{lb�el 

1flfa'Wb�l:J1'llel-.'.lbtel 8. subtilis �-.'.I 3 ?l1l:J'W'W6"\l�t1rnit1-.'.l'U'Wel1Vl11bb�-.'.lzj-.'.l'U1�flel'U\911l:J soluble 
' " 

starch, skim milk, gelatin, cellulose bb6'1� Tween80 11?1t1"\l�t1 rnef l:J-.'.l'Vl
0 

37°C b'U 'Wblm 72 6lT11:w..:i 
" 

Vl61-.'.l"ll1m1'W1 'Wel1Vl11bb�-.'.lvl�?l:W soluble starch tlflb�:W\9111:J Gram iodine b�el�11"\l?lel'Ubel'W 16lltlel�1:!Jb6'1?l 
" 

ci1'UeJ1Vl11bb�-.'.lvle-J?l:W cellulose "\l�tlflb�:W\9111:J con°o red b�el�11"\l?lel'Ubel'W16lltlb6ll6'16'166'1?l 
" � " 

2.2.3 r111:wm:w1<af;lb'Wf11'a'Vl'W�eJ m�Hua bn�e:i u&1::;e:iru'Vl.nil 
• 'U 

b{el"\l�Q,mit1..:ib'Uel1Vl11b'Vl6'11'll'Wl?l TSB (15g/L pancreatic digestion of casein, Sg/L peptic 

digestion of soybean meal bb6'1� Sg/L NaCl) fat1'V11?1?lel'U1�(il'Ufl11:W'Vl'W�·elml?l-b'U?l v\'' pH 4.0-9.0 

'Vl\?l?lel'U';i�#l'Ufl11:W'Vl'Ubf1:W 11?ltJ 1; NaCl fl11:!Jb ;:W;'Wvl 0-10% bb61�'Vl\?l?lel'Ue-J�'Uel-.'.lelill'Vlili1�elfl1'ab"\l�ru 11?ltJ 
' \J V 
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l 'Llfl11biti-:i fl1';jliJ�biti-:ib61ll;l�\911l-leJillVl.flil�iifl11bb'lhbe:n 11;1-'.l�'Ll
' '\J 

OJ .c::t Q.  ,=I .:::t ll::lt. d

2.2.4 n1';i\91 ';j'J'<iJ6'lel'U� n�ru�'Vl1.:J6'l';i';i'J'Vl81 bb�:::61.f 1 bl°ll-161.f'U�B'W 

m1fl! n't11V11-:i?1�i:i'Vlt11�:w m1A n'\11 b vi eJ b�l-1 b �'Ll m1fll n't11Jru:01'Ll1'Vl t11•1rn-:i b teJ� bi ti-:iu'LleJ1Vl11 

bb�-:i V1�-:i1i11n�iim1biti-:i1'Ll?1m��iieJ1mfl� 37°C bU'Llb1m 72 off11m 1�tilil�:Wfl11\91111i1?1Bu�n'l1ru�6/JB-'.1 

11-11f fu 11J:h-:i61JeJ-'.I b 6/ll;l�V1�-:ilil1 n�ii m18Bl-l� bbl;l�fl11?1{1-:im.JB 1 'LleJ nlil1 n-ifo'-:iii m1\9111'<il?leJU m1'le11�11l;l� 
'\J 

61116/J'U� esculin arginine bbl;l� nitrate •1rn-:ibteJ�18 (Tanasupawat et al., 1992) 

"" di 
2.3.1 flTH\9l';i8:1.Jb61.fel 
Jt t  v lf  $ 61 d � �  J" d  � 

b6/JeJ'Vl-'.I 3 ?118�'Llfilil�tlnbl;l8-'.!b'LlVll;leJ�'VIU111ilel1Vl11bb•1N6/J'Ll� GYP bbl;l�bl;l8-'.l'Vl 37°( bU'Llb1l;l1 24
' '\J ' 

off1 hM Vl�-'.llil1m!mtm1��nt:-1?1l-!nuJ1bn�B (0.85%NaCl) bviB 1 ;btJt1i1bteJ l 'Llfl11'Vl�?1e:ium1l-!'Vl'Ll�B pH 

bbl;l�'Vl�?leJUl°l11l-l'Vl'Ll�eJJ1� b �eJ'Vl�?leJu1-111lJ'Vl'Ll'Vl1t16/Jmb �eJ�eJJ1� zj-:iiJeJ cim ti 1 'Lll;h Hf
. ., 

2.3.2 'Vl�6'lel'Ul°l11l.l'Vl'U�el pH �1bb��'W1� 

'\J 

bteJlil��miti-:i1 t1e:nV111b Vll;l16/J'U� NB (Nutrient broth) 1�til 'Llfl11'Vl�?leJUl°l11l-l'Vl'Ll�eJ pH �11!t1 

'<il�'Vl�?Je)'U� pH 2 zj-'.!bU'Ll pH l 'Ll';i��'Ub�81fl'Ul 'LlflWb�1�el1V11';i �1'Lll 'Llfl1';i'Vl�?leJ'Ur111lJ'Vl'Ll�e) J1� zj-:iiJ 

eJcimti1'LliA'11� 1�til'Llfl11'Vl�l;leJ-'.lillil�l; bile salt �r111l-lb;l-l;'Ll 0.1 % (W/V) bbl;l� 0.5% (W/V) b�B�1l;lm 
'\J 

?l.fl11��:wJ1�eJ 8 i1 b ,e)�r111l-lb ;l-l;'Llb '\111 fl'Ll lil�tl m�l-ll;l-'.I l 'Llel1V11';ib �e)'Vl�?leJ'Ul°l11lJ'Vl'Ll'Vl1'Ll l 'Ll?l.fl1��-:im� 
'\J '\J 

n�111'1.J;1-'.1(9l'Ll lil1n1!t11i1�t1miti-:i�e:iruV1.nil 37°C bbl;l�lil�:Wfl11bnu�1eJci1-:iV1n o, o.s, 1, 2 bbl;l� 3 off11l-l-:i 
'IJ ci 'U q 

�1e)81-'.l�bfl'U 1�'<il�tim11 'l 'l.Jb�eJ'<il1-'.I 1�815 serial dilution bbl;l�biti-:i'U'Llel1V11';ibb�-'.16/J'U� NA bbi1'lll.J�e)UJVl.flil 
'\J ' '\J 

37°( bU'Llb1m 24 off1 ll-1-'.1 �-'.!'IJ1l-11'Ll'U�1'Ll1'Ll ll°l ll;l'U�bn�t'Ll1 'LlVl'W18 CFU/ml �1'Ll1'Llb6/Ji;l��bn�t'Lllil�'ll-'.I 

ueJn11b �BL 'Llbb�l;l�?11ti�'Ll�iim1l-l?11l-!11t11 t1m1'Vl��B pH 2.0 bbl;l�J1�mm 'Wti-:i 1� 

'.;'l "' ,d ' "' v nl If 2.4 fl1';ii"J n�1'V1161.f'U�"l.le).:Je)1'V11';i'VI b 'Vlm�6'll.J (9le)n1';ib'<iJ';jUJ bb��6'l';i1 .:J6'1 ue)';j ., 

bte:ii-:i 3 ?118�'Llfilil�timiti-:ibvieJL;bU'Lli1b,e)l'LlVl�e)��'lJ';j';jli)e)1Vl1';ibb�-'.16/J'U� GYP (10o/L D-
, 'U , � 

glucose monohydrate, 5g/L yeast extract, 5g/L peptone, 0.25g/L KH2PO4, 0.25g/L K2HPO4 bbl;l� 

10g/L salt solution ('IJ1�neJu�1ti 40g/L MgSO4.7H2O, 2g/L MnSO4.7H2O, 2g/L FeSO4.7H2O, 2g/L 

NaCl), adjust pH 6.8) bteJlil�timiti-:i�BruVl.nil 37°C bU'Llnm 24 off11m lil1n1!m61l�J1i1�t1n�1ti�-:i1t1'1"l 
'IJ , 'U 'U 

mi 1�ti1 ;'IJ�mrui1LteJ�eJ 1 % zj-:i1 t1m1An'\11V116/J'U�6/JeJ-'.le:nV111�bV1m�?1l-lil 'l�'Vl��B-:i1 ;eJ1V111 3 6/J'U� 

fleJ NB (Nutrient broth), GY (v(ii CaCO3) bb�� GY (v1hi:w CaCO3) 1�ti?l \911eJ1V111 GY 'IJ1�ne:iu�1ti 
'\J 

(10g/L D-glucose monohydrate, 15g/L Yeast extract, 4g/L NH4Cl, 0.25g/L KH2PO4, 0.25g/L 

5 



K2HPO4, 5g/L CaCO3 bbl;l� 10g/L salt solution ('lh�flel'U�1tl 40g/L MgSO4.7H2O, 2g/L MnSO4.7H2O, 

2g/L FeSO4.7H2O, 2g/L NaCl) b�eici1m�eJi;j.:J1'WVl1V11'aJ.:i 3 'lJ'Ll\i1bbGl1 '<il�i1fl1W1'U\911elt.l1.:J1'Wbb�l;l��1.:J6llel 

flflfl11bl tl.:J \911el �1.:ivi\n'U:1J1'<il�1\i1fl11:WVl'W1bb lJ'W6l.lelW/Ji;l� (cell density; OD600) tl1mrum\i1bbl;lfl�fl 

tl1\911i;lfli;l 1r1l;'! bbl;l�ij fl1'a\9l'a1'<ili;'lel'U1'Ui1.:J'llel.:J b6/Jl;ll;ll\Yl tlfl1'a8el:W�bb 'U'U bbfl'a:W 
'I) 'I) 

ii V I I 

2.5 fl1'�Afl�1'Vl11°l'J1lH"ll:W"ll'W"lleJW'J'Wtl1�ITTl'U"llel.:Jel1'Vl11 GY (Glucose-yeast extract) vi"ll'Jtl 

�{lb61�:Wfl1161�1{16ltleJ{ 

Ji & 

2.5.1 fl1'ab6ltl{lb61.f616l 

b6/Jl;l�'<il�11mlc.1.:i1'WmV1111mBt1.:i GYP �eiru'Vl.f1:W 37°C b'Um1m 24 68'11:w.:i '<il1m!'W'<il�b�:w 0.85% 
'U q 'I 'ti 

(Optical density) i1ml°l�el.:J spectrophotometer 11Ylti1\i1'V1'° 600 nm :;f .:i1'Wm1fin'r:t11'Wflf.:ief 1� 

f11Vl'W\i11 VIV!1b �elb�:W(,)'Wm; i1m1:wb ;:W;'W'lJeNb6/Ji;l�e)�� 25 b�el l�V!1b �ei�i11°111:Wb ;:W;'W�.:Jfl�11bbGl1 'ii)� 1; 
'I) 

V!1b�eitl1m\911 1 % bit1.:i1'Wm'Vl11b'Vlm'll'Ll\i1 GY tl�mm 50 ml L\i1t1eJ1V111 GY '<il�i1fl11bbtl1m1m;:w;'W 

'llel.:J glucose, yeast extract bbl;l� NH4Cl zj.:Jb'U'W1J'<il�t1�i1�l;l�elfl11bfl\i1?f'UeJ{'lJeJ.:J B. subtilis b�ei�mic.1.:i� 

elill'Vl.f1:W 37°( b'U'Wb1l;l1 24 68'11:w.:i bbl;l�b'llt.l1�1tll°l11:Wb�1 200 rpm '<il1fltl'W'<il1i1fl11bf1'U\911el�1.:J'Vlfl 12 
' 'I) ' 

-B'11:w.:i b�el'U1:!J11\i1'U�mru glucose bbl;l� lactic acid 11i1ti1bl°l'a1�1,'1�1ml°l�el.:J glucose-lactate analyzer 

(YSI) zj.:J'<il�i1fl11'W'l.Jlij1'W1'W'llel.:J vegetative cell bbl;l� spore 11i1ti1fi plate count 'Welfl'<il1fld'<il�i1m1�n�1 

1tl�1.:i'llei.:i b6/Jl;l��i1m1 b tl�ti'Wbb 'Ul;l.:J 1 'W1�V111.:i m<a bic.1.:imc.11\9l flGleJ.:J'<ill;l'Vl11f6\'Wl\i1 ti 1 ;iim1eJeJ:W�bb 'U'Ubbm:w 
'I) ' 

Q � QJ I 

2.5.2 fl11'Jbl°l11�'Vl\9l'Jeltl1{1 
C2J I � Q.J ::, /1 .J _J  C::: r;i 

\911eltl1.:Jb6/Jl;li;l'<i)��fl�?f:Wfl'U 1 %HO '<il1fl'W'W'<il�1J'Wb'Vl1tl.:J'Vlm1:1Jb'a1'ael'U 10000 rpm b'U'Wb1l;l1 5 

'W1Vl Vl�.:J'<il1fl�'Wb'Vl�tl.:J 6'11'W1?f'<il��mbtlflelelfl:!J1b�el1\i1'U1:IJ1ill glucose bbl;l� lactic acid 6'11'W�b'U'W pellet 
ti I lJ V lJ 

'<il�tl n�?f:Wfl'U 1 %HO B nflf .:i b � ei1 \i11°111:w b 'll:W"ll'W'lleJ.:J b6/Jl;l� (OD600) 'Welfl'<il1m�h�i1 fl11'W'U'i1tJ1'W'lleJ.:J 
'I) 

vegetative cell bbl;l� spore 11i1ti1fi plate count J1vt�'Ufl11'W'l.Jlij1'W1'W spore \911elt.l1.:Jb6/Jl;l��bf1'U:IJ1 l�'<il� 

tlfl'l!:W�elill'Vl.f1:W 80°C b'U'Wb1m 10 'W1Vl b�elf11�\i1 ve0etative cell elelfll'U f1el'W�'<il�i1fl11bit1.:i'U'Wel1Vl11 
'U 'I 'U � 

bb1.:i'll'Ll\i1 NA bbGl1il11tJ'll:w�eiruV1.f1:w 31°c bum1m 16-1s -&11:w.:i V16l.:i'<iJ1m!'W'<iJ�i1m1'W'lJlij1tJ1m6/Ji;l�� 
' 'I) 
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3.1 m1�n'l?J1im�ru�'Vl1{16'1�11'Vlt.11 bb6'l��'Jbfli:J 

'<il1 n n1';i'Vl\91?fe.l'U n1'a16llbb Vlr;J'1rl1fUe.J'Ll'lle.l'1 b 'e.1.vf-:i 3 6'11!:J'l'fofi'\'�'U11 bb Vlr;l'1 fl1 { 'Ue.J'Llvl b 'e.l6'11t.l'W'Ll\'5 ' ' 
TL 7-3 6'11&-l1'afl16ll�e.J fructose, glucose bb6'1� sucrose bte.1?11t.1iwf TL9-1 bbVlr;J'1fl1{'Ue.1'Llvl6'11llTrn16ll1� 
�e.J fructose, glucose, manital bb6'1� trehalose cl1mte.1?11t.1'W'Ll� S548-3 bbVlr;1'1fl1{'Ue.1'Llvl?11m"at116ll1\91 
�e.J fructose, glucose bb6'1� sucrose '<il1nn1'a'Vl\916'1e.J'Ufl1'a6'1{1-:ibe.1'Ll161Jtl'lle.J'1btm�-:i 3 ?11t.l'W'Ll�'V'l'U11 be.J'Ll161Jtl 
vlb tffvY-:J 3 6'11t.l'W'Llfi6'11&-l1'afl?lf1,:i 1\91�e.lbe.J'Ll'l61!tle.J� 1m6'l?f 1 'Llfl1';i'Vl\91?fe.l'Ufl11ll'Vl'Lln'a\91-b'U?I 'V'l'U11 b te.1?11t.1'W'Llfi ' ' 
TL7-3 bb6'l�b,e.l6'11t.l'W'Ll� TL9-1 6'11l11'aflb'<il�f;1J1m'Ll pH 5.0-9.0 cl1mte.1mt.1'W'Ll� 5S48-5 6'11l11'aflb'<il�f;1J1� 
1'Ll pH 5.5-9.0 cl1'Lle.1ruVlniivlbte.1vf-:i 3 ?11t.1'W'Llfi?11m"ab'<il�ru1�e.1d"a�Vl11-:i 15-55 °c 'Lle.Jn'<il1nd�-:ii'.Jm"a 

'\ 'U '\ V 'U 

'Vl\916'1e.l'Ufl11ll'Vl'Ll�e.Jbn�e.J 'V'l'U11 b te.1?11t.1'W'Llfi TL 7-3 bb61� 5S48-5 6'11&-l1'aflb'<il�ru1Jit 'Llbn�e.1vlr111llb 6lll16ll'Ll, 0-
, V 

7% (W/V) cl1'Llbte.1 TL9-1 6'11l11'aflb'<il�f;1J1Jit 'Ll�1'1fl11lJb;lJ;'Ll'lle.1'1bn�e.1vlue.1t.1n11�e.J'a�Vl11'1 0-6% (W/V) 
bb�b�e.1J-:i 3 mt.1-w'Lliil ?11m"am�u 1�'l\91J-:i1'Ll?1t11'V'l��e.11mfl1bb6'1� He.11mfll (�1"a1-:i� 1) ' 

S548-5 

.., d 

6'ln'l?Jru�'Vl'Vl�6'1el'U 

Cell shape 

Colony pigment 

Spore 

Nitrate 

Arginine 

Urea 

Citrate utilization 

Esculin 

lndole 

MR 

VP 

TL7-3 

rod 
white 

+ 

+ 

+ 

.., �

6'11t.l'W'W5 

TL9-1 

rod 

white 
+ 

+ 

+ 

TL7-3 

rod 
white 

+ 

+ 

+ 
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d Q.I ct ct JI o Q.I � �

mj1�'VI 2 bbflWl�f;lfl�W�'Vl1�6l.f1brl�61Je)�b•!Je) 8. subtilis \il1'W1'W 3 f11�'W'W5 rlel TL7-3, TL9-1 bbf;I� 
• 

5548-5 

"' d 

f;lfl�W�'Vl'VIW!fl el'U 

Enzyme 

Lypase 

Amylase 

Gellatinase 

Protease 

Cellulase 

Assimilation of carbon 

sources 

Arabi nose 

Cellulose 

Fructose 

Ga lactose 

Glucose 

Lactose 

Mannose 

Manital 

Melibiose 

Raffinose 

Rhamnose 

Salicin 

Sarbital 

Sucrose 

Trehalose 

Xylose 

TL7-3 

+ 

+ 

+ 

+ 

QJ � 

f11�'W'W5 
• 

TL9-1 

+ 

+ 

+ 

+ 

+ 

5548-5 

+ 

+ 

+ 

+ 
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pH 

4.5 

5.0 

5.5 

6.0 

6.5 

7.5 

8.0 

., cl 
6l f1 'l?}tlJ�'Vl'Vl � !ii el'U 

Growth with NaCl 

0% (w/v) NaCl 

3% (w/v) NaCl 

5% (w/v) NaCl 

7% (w/v) NaCl 

9% (w/v) NaCl 

10% (w/v) NaCl 

Growth at 

15 °( 

45 °C 

55 °( 

Oxygen requirement 

Aerobic 

Anaerobic 

TL7-3 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

TL9-1 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

5S48-5 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

1 'Wt111fif1'rl1flru�:wu�1 'Wf11';ib'U'W 1 '\i'j';j'l u 1a�rndeJ-:J(9)'Wil 'l�'Vl\?1�e)Uflru�:wu�1 'Wf11';i'Vl'W�e) pH �1 zj-:i 
' ' 

�� 16/j pH 2.0 zj-:Jb 'U'Wf11';i�1G'ieJ-:J�Jl1'\i'jfl'J1:Wb 'U'Wfl';i\?1.!7181 'Wm�b Vj1�el1V11';i 'WeJn�1nilE1'-:i 'l�'Vl��e)U�ru�:W'U� 

1 'Wf111'Vl'W� ml1� 611-:i1 'Wf111'Vl1?1G'ieJ-:Jflf-:i11hil.61J bile salt b � e:ii1G'ieJ-:J�f11Vj1 Vlb ,Xrii 1mf u1 W;11'liV1
°

�� 

·th�ne:iu�1mI1� l1?181'Wf111'Vl1?1G'ieJ-:J��1; bile salt �m1m6/J:W6/J'W 2 1�\91UfleJ 0.1 % (W/V) bbG'i� 0.5%

(W/V) �1f1f11';j'V]\?)G'je)-:J�dJf11';ibflU(,)'JeJt)1-:J'LJe)-:J bte:i�iif111bi8-:i1'W�f111�\9l-:Jf1l;'j1'J'Vlf1 0, 0.5, 1, 2 bbG'i� 3

.rr11:w-:i bbiTw1m bi 8-:JU'WeJ1V111bb �-:i b � e:ir11'U1ruV11 b 'lle:i{ b61l'W�'LJeJ-:J b61JG'i��ii�1m1me:i1?1�1 �bd eJeJ cJ J1181(9)
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bdeJb'lf�tJUb'Yltl'Ub61l�Gl�bitJ-:i1tJenVl11'll'Ll� GY �b�l-1 CaCO3 bbm:1:wb�l-1 CaCO3 'V'j'lJ'J1 b�eJ�bitJ-:Jb'W 

eJ1Vl11'lliJ� GY vi b�l-1 CaCO3 '<il�:d'.lm1rn;l-l;'W'UeJ-:Jb61l�Glvimnn11eJ1V111 GY vihib�l-1 CaCO3 1�tJ'V'j'lJ11 

b61l��, 'WeJ1Vl11 GY �b�l-1 CaCO3 '<i)�6'f1m1t1 L{;l1�'<il'Wilf111l-!Vl'W1bb'W'W'UeJ-:Jb61l�Gll;'f-:Jl;'f� 1�n-:i 12 bb\9lb61l�Gl�bitJ-:i 
'\J ' 

b'WeJ1V111 GY �'hJb�l-1 CaCO3 '<il�i1m1l-!V1'Wlbb'W'Wm�6'f�b'Wt1-:J'lh�mru 9 b'Vl1i1'W 'WeJfl'<il1n'llbdml1b61l�Gl'UeJ-:J 
'\J ' 

b �eJ bb\9l��mtJ�'W5m{;l11'<il6'feJ'U�n�ru�'UeJ-:J b61l�Glm ti b(,)fl�eJ-:J'<il�'Vl11f!'W 1�tJ 1 ;1in118eJl-l�bb 'U'U bbml-1 '\f'j'lJ'J1 
' ' 

b�eJJ-:iml-l'll'Ll� bdeJbitJ-:ib'WeJ1Vl11 GY �1:wb�l-1 CaCO3 b61l�Gli1'W'<il�fJ-:Jf1-:JbU'W vegetative cell eJ� bb�b�eJ� 

bitJ-:Jb'WeJ1Vl11 GY �b�l-1 CaCO3 '<iJ�'\f'j'lJ'J1b61l�Gl'UeJ-:Jb�eJJ-:i 3 6'f1tl�'W5 '<il�ilfl11b'U�tl'Wbb'U�-:J 1�tJ'<il��-:Jbfl{;lbii'W 
' 

spore m�'<il1tleJ�.fl1tlb\,l fl�eJ-:J �-:ii!'WeJ1V111vib Vlm�6'fl-lvi'<il�'W1mbitJ-:i B. subtilis zj,:imm1t1?!-:Jb6'f�l-lfl11 

b'<il�qJ6lleJ-:Jb61l�Glbb��fl11bn�6'f'UeJTI��eJ eJ1Vl11 GY �b�l-1 CaCO3 
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A A 

,, 
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bbi.J'l.Jbbm� 
Jf v� d df6l .d� 

A: b6llel?l1tl'V'l'Wfi TL7-3 'Vlf:lnbG'itJ,:Jb'WeJ1Vl11 GY 'VMl� CaCO3 q " 

B: b�el6'l1tl�'Wfi TL7-3 �f:lmiti-:i1'WeJ1Vl1';i GY vfhlb�� CaCO3 
' " 

A 

vti;i'-:J'<i]1f1�1�A f1�1 eJ1V11';i�:Wf111� b vtm�?f�m ;1 'W f11';j bi tl-:J b �m'f-:i b?f ��f11';j b'<il �'11 bbG'i� f111?1{1-:im.Je1{ 

611-:i�eJeJ1V11';i GY 1 'Wf11';i'Vl\91G'ieJ-:J1 'W6'11'Wil '<il�b'U'Wf11';i'Vl\91?fe)i.Jfl11�?11mf:l 1 'Wf11';i?f{1-:im.Je1{'lJeJ-:Jb�el'l�-:J 3 ?ntl 

�'W5 l\91mte1'<il�f:lnil1mbiti-:i1'Wmvt11bvtm6lli1191 GY bbG'i�Vl11il1'W1'W'lleJ-:J vegetative cell bbG'i�?f'UeJ{ �b�eJ 
' " 

?11m1f:l?1{1-:i�'W1��1tl15 plate count l\91tl1'Wf11';iVl1''111'W1'W?f'UeJ{ lil�ilwllm��biti-:i1m 'U'U�� 80°( b'U'W 

nm 10 'WTVJ b�eJfl1�\91 vegetative cell 1191mde1f11'W1rue:ie1nmbb�1 lil1'W1'Wb61JG'i�'<il�:Wvtthmtl'W CFU/ml 

'<il1f1f11';i'Vl\91G'iel-:Jbiti-:ib�f f�-:J 3 ?l1tl�'WITT'WeJ1V11';i GY �'LJ';j�f1e)i.J�1tlf1G'ilfl?f 10 °/L 'V'li.J11 b�el?ntl�'Wfi TL9-
o:i 'U ::, q 

1 i1 f111�?f 1�1';if;) 1 'W f111?11' 1-:J?f'U e)';j1(91,r e) tivf ?I \91 l\91 tl?f 1m1f:l?11' 1-:J?f'UeJ';i1\?l lil1'W1'W?f-:J?f \91 b 'W tl-:J 1. 7x103 

q " ' 

CFU/ml 6'11'Wb ef e1vf ?11�11f:l?ff 1-:i?i'l.Je:111\91 ?i-:ivf ?I \91fl mt eJ?f1 tl�'Wtf TL7-3 vf ?if 1-:i?i'l.Jwfl\?l 1.195x107 

" ' q 

CFU/mL (�nm 24 -a'11�-:i) b(e1�?1{1-:i?1'1.Je1fl�1e:i-:iG'i-:im�m(e:i?11tJ�'Wfi SS48-5 611-:immw?1{1-:i?1'1.Je1fl� 
q 
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i1'Ll1'Ll 1.06x106 CFU/mL (�nm 24 -&11m) ('a'U� 5) lil1fli:-J�fl1'rvl\91�e)-:)(91-:Jml1T��b�'Ll1�11 b-.i'e:ivliJ 
'U 

fn1:lJ?f1:lJ1'rn�m 'Llfl11?1{1-:i?ttle:i{ �e) TL 7-3 bb�� S548-5 191-:Jt!'U�-:Jb�e)flb�e) 2 ?f1tJ'W'Llfidm�fl'l.;1fl1'a?t{1-:i 
' 

?ttle:i{�e:il tl 

b�e)?f1tJ'W'Llfi TL 7-3 bb�� 5S48-5 tlfl'W1:lJ1bit1-:i1 'Llel1Vl1'a GY b\91tJVl\91�e)-'.Jb�:lJrl11:lJb;:lJ'l)e)-:}fl� 1ri?t1 'Ll 
' 'U 'U 

eJ1Vl11b'U'Ll 20 g/L 'V'IU11b-.i'mff-:i 2 ?11t1�'Ll1mm1t1?1f1-:i?ttle:iTI�b-w°:1Jmnt'Ll 1191mte:i?11t1�wf S548-5 

?f1:lJ1'atl?t!1-:i?ttle:i11� 6.10x106 CFU/mL ('V1b1m 40 -&11m) ?11'Wb-.i'e:i?11tJ�'Utf TL7-3 b'U'W?f1tl�'Llt5� 
' ' 

mm1t1?1f1-:i?ttleJTI�?f-:J�?f\91 L\91tJ?f1:lJ11t1?1f1-:i?ttleJ'ft� 2. 715x107 (�nm 24 6lr11:iJ-:i) (1tl� 6) lil�b�'Ll1�11 
'U ' 'U 

bte:i?11t1-W'Llfi TL 7-3 mm1t1?1f1-:i?ttle:iTI�?f-:J�?f\91 Ll91t11;1�t1�nm1 'Wfl11?tf1-:i?ttle:i{,!e:iv�?f\91�eJ 24 6lr11:iJ-:i 
, '\J , , 
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i.l i.l I I 

3.5 n11An�1r111iw1.1:W"i.J'W"i.leJ-:i�'l°1'W'lh°�m:1u"i.JeJ{lel1'VIU GY (Glucose-Yeast extract) 'Vi6U1a 

lil-:ib&1�:Wfl1161�1{161UeJ{ 

6'f1'Ll'lh:mffl.J'lJel..:Jel1Vl11 GY vf J1r1�\9lelfl11?1f1..:i?t'l.le:1{ 611..:ifie:i n6J bfl?f yeast extract bb6'1� NH4Cl 
d 

V t.I  I 

d 
t.l ll

'<il��nbb'U';i'Vl';i�#(um1:w b 'lJ:W'lJ'W\911..:J 1 b �e:i�n�1?1m1�'Vl b Vl:IJ1�?f:W'lJel..:Jfl11:W b 'lJ:W'lJ'W1 'WG'f1'W'U';i�flel'Uel1Vl1';i GY 

(,)e)fl11?1f1..:i?tue:i11�81 m�mb ';jfl'<iJ�:W n11bb'U';ifl11:Wb ;:w;'W'lJel..:Jfl6'1 bfl?tne:iu vt1�\9l'Ufl11:Wb;:W;'Wflel 40, 60
'U 

I I lJ V 
d 

I I I 

bb6'1� 80 g/L bb6'\�fl..:J'Vlfl1fl11:IJb'lJ:W'lJ'Ll'lJeJ..:J?f1';j'lJU�el'Llbel1H '<il1flfl1';i'Vl�6'\e)..:J'V'l'U11 1'W-U1b:w..:J'Vl 24 'Vlfl11:W 
V V V 

d lJ 
V 

b 'lJ:W'lJ'Ll'lJeJ..:J fl6J bfl?f 40 g/L b �el'<il�?f1:1J11t1?1f 1..:i?tf 1..:i?t'lle:ifl� 3.25x10 7 CFU/ml 'Vl r111m 'lJ:W'lJ'Ll'lJeJ..:Jfl6j bfl?f

60 g/L b 6ll eJ'<il�?11:w11t1?1f 1..:i?t'lle:ifl� 5.40x107 CFU/ml 6'11'W1 'Wfl11:1Jb ;:w; 'W'lJeJ..:Jfl� bfl?f 80 g/L b 6ll eJ'<il� 

?11:w11t1?1f1..:i?t'lle:ifl� 4.25x107 CFU/mL (1'll� 7) '<il�b�'Wl�11�nm 24 i11mm1:wb;:W;'W'lJeJ..:Jfl6'\bfl?f� 
'U 'U 

b6llel?t1:IJ1';i(l?ff1..:i?t'lle:ifl��..:ivt��fle) 60 g/L �..:Jb�elflfl11:IJb;:W;'Ll'lJel..:Jfl6j 1r1?1vt 60 g/L bYl el'llJ1fl1';i'Vl�6'\e)..:J 

�el 'l 'll zj.,:i'<il�:Wfl11bb'll1m1m ;:W;'W'lJeJ..:i yeast extract bb6'1� 1 V!fl11:Wb ;:W;'W'lJeJ..:Jfl6j bfl?ffl..:JVi'H� 60 g/L

Vll;1..:J'<iJ1m!m61l6'l�'<il��rnitJ..:i1ue:i1vt11 GY vtbb'll1m1:wb;:W;'W'lJeJ..:J yeast extract (YE) 1�tl6'\�fl11:W 

b;:W;'W'lJeJ..:J yeast extract 6'1..:J'<il1fl 15 g/L b'U'W 7.5, 3.0 bb6'1� 1.5 g/L '<il1flfl11'Vl�6'\el..:J'V'l'U11 vf b1m 24
I d lJ t.l t.l V ' V 

-B'11:w..:ib:we:i1'lJ yeast extract fl11:IJb'lJ:W'lJ'W 7.5 g/L b�eJ?f1:1J11t1?1f1..:i6'l'lle:i1'1� 8.60x107 CFU/ml d'.le:i1'lJ 

yeast extract fl11:wb;:W;'Ll 3.0 g/L b6lle:i6'!1:1J11t1?1f1..:i?t'llm'1� 1.065x108 CFU/ml bb6'\�bte:i6'\�fl11:W 

b;:W;'W'lJeJ..:JG'!UeJ{b'U'Ll 1.5 g/L b(el6'!1:IJ11t16'lf1..:i6'l'lleJTI� 8.85x107 CFU/ml (�'ll� 8) '<il1flfl11'Vl�6'\eJ..:J'<il� 

b�'Wl�';h yeast extract �1�#(ur111m;:w;'W 3 g/L b'U'Ll1�#(ur111m;:w;uvtvh1vfb�eJG'lf1..:i?t'lleJTI��..:i�� �..:i 

b�e:inr111m ;:w;uilv11n11'Vl�6'\eJ..:J\9leJ l 'll 611 ..:J'<il�:W fl11bb'll1r111m ;:w;'Ll'lJeJ..:J NH4Cl bb6'1� 1 vf r111m;:w;'W'lJeJ..:J 

fl� bflG'l bb6'1� yeast extract r1..:ivfl 1� 60 g/L bb6'1� 3 g/L \911:W�1#(u 

fl11:Wb;:W;'Ll'lJel..:J NH4Cl 1umvt11 GY 'lln�vt1;1'Wfl11'Vl�6'\eJ..:Jil :Wfl11:IJb;:W;'LlAel 4 g/L bb1911'Wfl11 
I V tJ tJ t.l V 

9J d t.l 

'Vl�6'\el..:J b � eJ bb 'll1r111m 'lJ:W'lJ'Ll'lJeJ..:J NH4Cl '<il�'Vl�6'\eJ..:J bb 'll1r111m 'lJ:W'lJ'W'lJeJ..:J NH4Cl 1 'Ll1�\9l'Ufl11:1Jb 'lJ:W'lJ'W'Vl'Vl..:J 
I 9J I 

lJ 
i.l 

6'1�6'1..:Jbb6'\�b'W:W�'Ll fleJ 2 g/L bb6'1� 6 g/L \911:W�1#(u '<il1flfl11'Vl�6'\el..:J'V'l'U11 fl11'Vl�6'\el..:Jb�:WVl�eJ6'\�fl11:IJb'lJ:W'lJ'Ll 

'I.Im NH4Cl liiv\'11vfi1u1'W?t'lle:i{b'�·:wmn.ff'W 1�tJ1m1m 24 i11:w..:i b�e:i1;m1m;:w;'Ll'lJeJ..:J NH4Cl AeJ 2
lJ 

d lJ 
V t.l V 

g/L b�eJG'l1:1J11t16'lf1..:i6'l'lle:ifl� 6.20x107 CFU/ml bb6'\�b:WeJ1'lJfl11:Wb'lJ:W'lJ'W'lJeJ..:J NH4Cl Ael 6 g/L b�eJ?f1:IJ11t1 

6'!{1..:iG'l'lle:ifl� 4.45x107 CFU/ml #(..:i1!'W1�#(ur111:wb;:W;'W'l.lel..:J NH4Cl �bvt:IJ1�?f:WAeJ 4 g/L
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