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nammagualigege nassaeunfugndInnuazquauianeduaiivadsens wodh

1o Tanan CMU4-4 18 Bacillus subtilis woz 1o lastan T1-5 Ao Bacillus coagulans AT 7

MIN 7 dnsugduguineuesguauiansduaiivnsznsvesleInan cMU44 uaz

T1-5
anyay ﬁﬁnm CMU4-4 T1-5 Bacillus subtilis Bacillus coagulans

Shape of cell Rod Rod Rod Rod
Gram reaction + + + +
Spore central central central central
Catalase test + + + +
V-P reaction + + + +
Gelatin + - + -
Motility + + + +
Nitrate test + + + d
Oxidation fermentation + +F + +
Indole - < - -
Acid form

Glucose + + + +

Xylose + - + d

Mannitol + + + d

Arabinose + - + d




g1l 3 FougnANOI0S Bacillus subiilis CMUA4

71l 4 finumg endospore Y0 Bacillus subtilis CMU4-4




71 5 FugiInu1vea Bacillus coagulans T1-5

71 6 finume endospore YDA Bacillus coagulans T1-5
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2. prImanmsinnzauiemIHARIIgIRT
2.1 HavBseMIARuABMIIS yBuATiGY
SINMINIEIAOY Bacillus subtilis CMU4-4 18 Bacillus coagulans T1-5 Tuemns
#19 4 ¥iiA fie nutrient broth, tryptone yeast extract broth, Czapek's medium 123 glucose
soybean medium (GSM) ARG 2 yiipnig 1AATIgaluo s typtone yeast extract
broth TRETRIUUANAIMINADA (MARUIN 1) Tas1 optical density (OD) 1My 0.297 uag

0.313 awdu (U 7
04 —|
a 03 -
‘9 0.2 B cMu4-4
€ 01
: 15

0

ryptone NB  Czapek,s GSM
medium

i
FAYBIBMITAIAY
W
51) 7 HOUBIOMISASAUABN 5193 QYD Bacillus subtilis CMUA4-4 0 Bacillus coagulans T1-5

2.2 HAYDIDUNDLADMITHOALTAQIAL
SNMIINIZIA0Y Bacillus subtilis CMUA~4 U0 Bacillus coagulans T1-5 Tiqungi)
199 Ao guingiifes (+-28), 37, 45, 50, 55 BIFIVAAD fhuam 24 #2Tus Wudh enzyme
activity IR specific activity IRMANANNATA (M1ARUIN 3) 18U Bacillus subtilis CMU4-4 11
i1 enzyme activity HAE specific activity gagafigavgdl 45 samuaadon 1AL 0.224 univm]
A% 1,422 unithmg protein 1A% Bacillus coagulans T1-5 # 37 ssnmaiua Tty 0.107

U/ml 18 0.450 U/mg protein AU 1AY (31 8 1Az 9)
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enzyme activity (U/ml)

coagulans T1-5
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specific activity (U/mg protein)

11 9 o squiNine specific activity vouou Tl 910 Bacillus subilis CMUA~4 un Bacillus
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23 Wawed pH SUAUYDIIMIABMISHAMFAQIAT
ﬁ‘lﬂﬁ'l‘il.‘l'l'lﬁl.gﬂd Bacillus subtilis CMU4-4 Wag Bacillus coagulans T1-5 Tu
cellulose broth i pH 3UALANA AiB 3.0, 40, 45, 50, 5.5, 60, 65, 7.0, 8.0 UAZ 9.0 NUN
uuRTiEes 2 ToTsian 5 enzyme activity a2 specific activity IARANVNTDA (NAHUIN 1)
Tnnil enzyme activity LIRS specific activity §agATl pH 5.5 ¥a Bacillus subtilis CMU4-4 931111
11 0.234 U/ml 1z 1,498 Ulmg protein Wa Bacillus coagulans T1-5 "ML 0,127 U/ml uaz
0.468 U/mg protein AdA (F10 uoz 11)
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51/ 10 HAYB4 pH AB enzyme activity youeuland 90 Bacillus subtilis CMU4-4 1% Bacillus

coagulans T1-3
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pH (TUAUYEIDTNIT

31/ 11 #avpa pH Aa specific activity wnuew'lel 910 Bacillus subtilis CMUA4-4 Uz Bacillus
coagulans T1-5




2.4 HOVDIYTIAYBUIMAIMT UBUABN IHAAIOIAT
'ﬂﬂﬂ'ﬁlﬂ'lxlﬁﬂﬂ Bacillus subtilis CMU4-4 1in2 Bacillus coagulans T1-5 14 cellulose
broth ATllMAIRITUBUTTAAI AiB carboxymethyl cellulose (CMC), cellulose acetate, cellulose
uae cellobiose MRS 0.2% WU enzyme activity 118 specific activity UANANNWADA
(AN 9) Taof enzyme activity A specific activity GIi[A 1B Bacillus subtilis CMU4-4
CMC fhuumasnfuey (md 0,258 U/ml 1oz 1.524 U/mg protein 83U Bacillus coagulans T1-

5 5 cellulose acetate 1SuvMAIRITUOY LAWY 0.161 U/ml 11A2 0.545 U/mg protein AT

ARy (3112 uag 13)
03 -
T 025 -
i
S 02+
= B cmu4-4
8 015
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5 o1 W5
E 0.05 -
QT

CMC Cellulose Cellulose Cellobiose
acelate

Fiinvswass uay

71 12 HAYBIMAIMIFUBUFTAANY @B enzyme activity youewlwnl 90 Bacillus subtilis
CMU4-4 une Bacillus coagulans T1-5
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|

1.5
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FiiAYBILNTIATS LY

71l 13 wovesMAIMITUBUYIAATY si0 specific activity ¥ouou'lanl 90 Bacillus subtilis
CMU4-4 e Bacillus coagulans T1-5

5 5 Haysar TS UTBLMAIT VB URBMTHARIFAIAT
i‘lﬂmim"lulgﬂi Bacillus subtilis CMU4-4 a2 Bacillus coagulans T1-5 14 cellulose
broth 1R8 Bacillus subtilis CMU4-4 i CMC o Bacillus coagulans T1-5 1l cellulose acetate (i
inasniueufinTudududieg Ao 0.05%, 0.1%, 0.2%, 0.3%, 0.4% 103 0.5% yrinh 2 1o
Taam I enzyme activity Uag specific activity LANATINISERR (AIARUIN 9) 1AL enzyme
activity i specific activity G4gA W0l 0.2% CMC oz 0.2% cellulose acetate Shuumaa
AFUBY ¥4 enzyme activity HIT1L 0255 Ulml 1ag 0.154 U/l #7U specific activity 1111

1.465 Ulmg protein Ua 0.543 U/mg protein AMEAY (31l 14 uaz 15)
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3 14 uﬂﬁ*}*ﬁﬂi’u{uﬁmuﬂmnm \mrm activity m@kjﬂi —_—

specific activity (U/mg protein,

amududuveumasmivou (%)

nm 15 marududuveandsnfueusiia Ae specific activity 91 Bacillus subtilis CMU4-4




AN

2.6 Hnvsaxiiauvas luTassudonsranagiad

NNISINIAS Bacillus subtilis CMUA-4 18 Bacillus coagulans T1-5 T cellulose
broth fiiundeluinsisuyiian1eq Ao tryptone, ammonium nitrate, soytone, ammonium
sulphate 119 peptone nIMITTY 0.5% wuiie 2 ToTatam 1 enzyme activity 1102 specific
activity UANATINNANA (NIAHUIN 1) uazll enzyme activity IS specific activity g il
Bacillus subiilis CMU4-4 5 tryptone 112 Bacillus coagulans T1-5 i1 peptone iHuund
TuTasiou 1A enzyme activity 111 0269 U/ml az 0,163 U/ml #7u specific activity 1Ay
1742 U/mg protein LA 0.800 U/mg protein #udAY (31 16 uag 17)
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tryptone (NH,NO, soytone (NH,).S0, peptone
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unad 11 Insteu

31 16 roveauna luTaTiouiiadieg Ao enzyme activity vousu'lanl 910 Bacillus subtilis
CMU4-4 uaz Bacillus coagulans T1-5
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B cvmu4-4

W15

specific activity (U/mg protein

tryplone (NH).NO, soytone (NH,),50, peplone

unad lulasey

1l 17 waveamas luTasouyiianien Ao enzyme activity waaewu 1! 90 Bacillus subtilis
CMU4-4 U2 Bacillus coagulans T1-5

2.7 sannudiuduvsaumas luTassudentandaaguad

VINASINIEIE0 Bacillus subtilis CMUA-4 105 T1-5 T cellulose broth 1ab Bacillus
subtilis CMU4~4 11 tryptone Uag Bacillus coagulans T1-5 1 peptone ShunvdaluTasieufinn
udur199 A 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6% uaz 0.7% s 2 ToTanan 3 enzyme
activity A% specific activity UANAIMATDA (MANUIN §) T enzyme activity UaT specific
activity Q4 0 Bacillus subilis CMU4-4 i 0.3% wyptone 1oz Bacillus coagulans T1-5 i
0.2% peptone s Tu Tasiou Tay enzyme activity 171 0.275 Urmil 10 0.166 U/ml o2y
specific activity 101 1,706 U/mg protein Uag 1.159 U/mg protein mudIAY {';1] 18 unz 19)
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2.8 maaTududuYee KI PO AonsHaaagiad

‘i“lﬂﬂ‘mﬂ"r:’ﬁ'lrm Bacillus subtilis CMU4-4 Ud% Bacillus coagulans T1-5 14 cellulose
broth 111 KHLPO A U199 D 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6% Az 0.7% Wl
Bacillus subtilis CMU4-4 31 enzyme activity Ua specific activity HANANARTDA (MIARUIN 9)
§i enzyme activity 1102 specific activity GaA B3 0.1% KH,PO, enzyme activity W11 0.278
Umi a2 specific activity 1WA 1,761 Umg protein #34 Bacillus coagulans T1-5 il enzyme
activity Tiuansemeadn Fagega el 0.4% KILPO, iy 0.165 U/ml @u specific
activity IATIUIANAINIATA 111111 1.076 Ulmg protein (31 20 oz 21)
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mnnduduyes KH,PO, (%)

71 20 wanmiduduyes KHPO A8 enzyme activity Yoo 1l 910 Bacillus subtilis CMU4-
4 lia2 Bacillus coagulans T1-5
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0.1 0.2 03 0.4 0.5 0.6 0.7

anududuyes KH,PO, (%)

71 21 waramududuves KH,PO#D specific activity vostoulanl 910 Bacillus subtilis CMU4-
4 W1ag Bacillus coagulans T1-5

29 nawessozna lumsmeAsfimnzausden sHARagEe
'H'lﬂﬂ'l'ii‘l"l'wlgﬂﬂ Bacillus subtilis CMU4-4 Ua2 Bacillus coagulans T1-5 1u cellulose

broth Vuiluawee fie 6, 12, 18, 24, 30, 36 uay 42 §2T19 WU enzyme activity tag
specific activity UAAAIINATDA (MARUIN ¢) Uazll enzyme activity W02 specific activity GIgA
demeEseiinm 18 $2Tus s 2 ToTwan 10 enzyme activity 111 0.281 Urml 10z 0.168
Ufml @24 specific activity M1l 1.778 U/mg protein 1182 1.108 U/mg protein Auddy (31 22
uaz 23)

USRI IS QUBALATIS o WU Bacillus subtilis CMU4-4 T8ATIMSINI IR
fiaan 12 $2Tue Sanududuvousnd (1Y 9.65 x 107cfu/ml Une Bacillus coagulans T1-5 1l

Sarmaedggegatin 26 $lu Sarmiduduveusad iy 8.6 x 10" cfwml (31 24)
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31 24 HaVBUIMABMTINTYVOY Bacillus subtilis CMU4-4 tm../-paqﬂngi coagulans T1-5

: j.-nﬁﬁﬁmiqmﬂhu“ﬁ‘nuﬂi;a%&sjim
3.1 HAYEY pH AT MYBAGIAT
311 wowea pH Fmnzaudemminuvesewlasd wudenlaivn Bacillus

subiilis CMU4-4 s Bacillus coagulans T1-5 3 optimum pH A6 5.0 Taoi} enzyme activity 0
11 0.281 U/l tiag 0174 Usml msddy (31 25)

31 25 warwea pH Aon s BB Tan




3.1.2 Hawns pH Horiadosveaey 1l wuduouleinn Bacillus subtilis CMU4-4

fiautedesh pH U9 4.0-8.0 ua Bacillus coagulans T1-5 Uarwiadivsde pH oglusae
4.8-6.0 (71l 26)
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31 26 wawea pH donamiaBosvouowTanl

32 nmmqmuauﬂanwﬁmﬂuﬂumm

mmmummmmmmmn-&ﬁ optimum temperature 19 60 BIFUTEUTTS ‘Inﬁ
enzyme activity W1 0.296 Ul staz 0,182 Ujml wudndy (31 27)

enzyme activity (U/ml)

qaimgil (arusaIFue)

71l 27 pavesgaingiisenmihuvsaou Tl




321 wavesnamgiAeaTwindosveneulenl wudvewlwion Bacillus subtilis

CMU4-4 uag Bacillus coagulans T1-5 TnuafesAoguugiieglusnelifiu 60 oem

o (31 28)
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Ml (BarIFaIFue)

71l 28 pavnsgaingiineaundos veou il

3.3 savosnamemstiauvesey lanl
WA 'IT‘!J'HI.EIH'I'H‘ﬁﬁ &9 Bacillus subtilis CMU4-4 Uaz Bacillus coagulans T1-5 ﬁ
1INAT WU Bacillus subtilis CMU4-4 1] enzyme activity qqqm"tmm 5 w1 uaziSunsTiide
a1 60 Wit S0 Basillus coagulans T1-5 T enzyme activity gagaiiiam 15 wi unziFuach
diera 50 i (51 29)
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3.4 paAma TN IZABFUMAIN
111 crude enzyme 9nde 2 yminlfisefudumasmyiiaiie itenagouAI
§umzaeduimasn wudnoulwinm Bacillus subtilis CMU4-4 ansofinlfsodiu
FuenaTnnnRIfl 14mANeY a2 Bacillus coagulans T1-5 ﬁnlﬂﬁaﬁumdc, LBG ung xylose
ud livinl A5 eniu Arabic gum
34 m:"ﬂﬂmHﬁﬁﬁmﬁﬂfuﬁaiuimﬂﬁﬁmuw@imﬁﬁ
iﬁanniﬁﬁuﬂﬁﬁﬁ'ﬁiﬂﬁtﬁﬂguimﬂﬁﬁﬁmaﬁm%ﬂlnﬂhﬂ Bacillus subtilis
CMUA4-4 102 Bacillus coagulans T1-5 #1638 Thin layer chromatoghaphy il glucose A
cellobiose {ufanfoufioy wuiwanfusiii¥anmshoeuenluifi 2 Tolman
1l glucose uaz cellobiose upsAllszne (31 30)

51 30 Hﬁﬂﬁﬂﬁ%ﬁﬂﬁﬂﬂﬂﬁ_ﬁﬂﬁﬁﬁhwwhﬁﬁ'u-ﬁuﬂnm NABUAILIT TLC
A:Glucose  B:Cellobiose C :Bacillus subtilis CMU4-4 D : Bacillus coagulans T1-5




