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ABSTRACT

TITLE : EFFICACY OF ANTIMICROBIAL SUBSTANCE PRODUCED FROM
BACILLUS LICHENIFORMIS AGAINST PROTEUS MIRABILIS

BY : MANO CHANSAMON

DEGREE : MASTER OF SCIENCE

MAIJOR : BIOTECHNOLOGY

CHAIR : ASST. PROF. NAREERAT CHAIKONG, PH D.

KEYWORDS : ANTIMICROBIAL SUBSTANCE / BACILLUS LICHENIFORMIS /
PROTEUS MIRABILIS / AMMONIA PRODUCING BACTERIA /
HYDROGEN SULFIDE PRODUCING BACTERIA

In this study, antimicrobial substance from cell-free broth culture of Bacillus
licheniformis was prepared and tested for inhibitory efficacy on Proteus mirabilis, an ammonia
and hydrogen sulfide producing bacteria. The antimicrobial activity was assayed by disc diffusion
method. B. licheniformis was grown at 37°C in Nutrient broth (NB) pH 7.0 with shaking at 150
rpm. It was found that the antimicrobial metabolite was produced in the middle of the exponential
growth phase (12 h) and the maximum activity was obtained at the early stationary growth phase
(24 - 36 h). The effect of temperature on the growth of P. mirabilis was investigated. At pH 7.0,
P. mirabilis was able to grow in NB at temperature range between 25°C and 40°C and growth was
significantly reduced when the temperature increased to 45°C. The influence of temperature on the
antimicrobial activity was also studied. By using disc diffusion method, the maximum
antimicrobial activity of cell-free supematant of B. licheniformis against P. mirabilis was found at
45°C. Adding 5% and 10% volume by volume of cell free supernatant of B. licheniformis to the
culture medium resulted in a 59.3% and 90.9% growth inhibition of P. mirabilis at 45°C,
respectively. The findings from this study indicate that rising temperature to 45°C would be an

enhancement of antimicrobial susceptibility against P. mirabilis.
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I . Standard Deviation (SD) ¥38 #11 errors bar

SAS : Tlsuns M%lﬂﬁwﬁ‘i’l’ﬂgﬂﬂwﬁaaa’wﬁﬁ Duncan's Multiple Range Test

P>0.05 : Yoyalinanaiusdisiiivdnghszauniusoiudovas 95
OD,,,,, : MIIAAINMUYUAIVIATE Spectrophotometers NAMVLTINAU

600 U T3IAS

m : AIOATIVUNWIZNITITEY N30 Specific growth rate (h)

t, . szuznafuaadIn i ae1 3o Biomass doubling time (h)
NH, : ssuenTudiv

s :malalaneuda’lnd uie Melvni

% (viv) : jevazlavilSung
NA : Nutrient Agar
NB : Nutrient Broth
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2.1 s lilinsiufsuenludiouasMalslasnudalia

2.1.1 geuaniavesmasuenliiie
2.1.1.1 dnvaziall
won Tudiofuasilsenevdieglugil NH, TanlnAnuluaoiuz i
Tiitd il IW Snduguinise aulndezdu ldnduiirmududuluomannn s s ppm i
Sunseiioduiagniaense ua lifuasfvazay
2.1.1.2 dnuaENIMemwn

e a o = 3 o P
ﬁl.l‘Hﬁ?n\jfnUﬂjﬂlﬂwﬁl63ﬂ1°ﬁ$1§)”11‘1“ﬂﬁ11’ ]ﬁﬂﬁzﬂqﬂﬂ\iﬂ1s1‘3ﬂ 2.1

M1319h 2.1 auiamsmenmiaiivesiauoy Tuily (nsunruguuaiy, 2552)

Characteristics Information
Chemical formula NH,
CAS registry no. 7664-41-7
Molecular weight 17.031 g/mol
Physical state GAS
Specific gravity 0.6819 g/L
Melting point -77.73°C (195.42K)
Boiling point -33.44°C (239.81K)
Solubility in water at 0°C 89.9g/100ml
Ignition point 651°C
pH 11.6




2.1.1.3 dnyazanuiuiy
o ] = ar 3 ot or
Mo Tudlsdanuiuivuossunswaeuyudludrunzanmily
- as " ot o [ ) Ye  § ¥
AMAOUNAY (Acute toxic) lauliduasiwassaniy vinlasudginmememsnislaly
=y ¥ 5 s o = w <3
dsmennnnn 25 ppm Mildszamofessynuazae MlasudSnauinssmelefada wu
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¥ »
195ud19 ednmaiioaluszuzohiinaensseamufoasoiwmon196190135  (Chronic

’ o o @ ]
Irritation) ua:tﬂummanmq uazmaw‘lﬁ i ﬂ@ﬂ ua:s:nuﬂszﬁmmuﬂma

519N 2.2 dnuzanuiluiuvosmauen Tuile (MsuguIRvadunadon, 2554)

¥ v ¥} Yer as t-& [N Y4
ANMTNTY WanoRauAa szaznMNTUNT
NH, (ppm)
4; ar c:: 9 :é Qr Qs
5-9 wynisusunaula ioduria
9 ar o -4 - & Y
100 Adudaunesweniioimssznifowdnon Vs %Y
400 semufoedine winlanadn Tuans 185 uumniu
1 %Y
500 anuau Tarnamiy niwladada Vs %
700 szmufossionn nsusanu lidamy Vs WY
1,720 21073 Togunse ¥n ndalasy % wuy
midderia
[~ = = s W
5,000-10,000 | ©1M5INTIVBITTUUMAIAUTIETY HeFInun
» ¥
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Ha'lalasvudaldmduman ludd Tnauvosnauveslvning

N; 1 s ;Y

anududud daunlinnundudugaq 93 ndunau (Sweetish odorOHSA, 1995)

2.1.2.2 ANYUTNIMBNINAL
L% =t [d o o« ¥ o P
auanamenmniivesnas lalasinuda Wdagy1Ademsen 2.3

M990 2.3 audamenmonmadvenialaTasoudalie (Daniel, 2002)

Characteristics Information
Chemical formula H,S
CAS registry no. 7783-06-4
Molecular weight 34.08
Physical state GAS
Vapor pressure at 25°C 20 mm Hg
Melting point -85.49°C
Boiling point -60.33°C
Solubility in water at 20°C 4.1 g/L
Log K_, Not applicable
Henry’s low constant at 20°C 1150 x 10" mol/L-atm
Conversion factor in air 1 ppm = 1.39 mg/m3
Odor threshold in air (absolute) 0.2 ppm
Threshold limit value TWA : 10 ppm
STEL : 15 ppm (15 minutes)
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1519 2.4 anvazanuilunuvesnalalasiwudalila (OSHA, 1995)
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221 qaumidinsromluimdsvesdueingaamnssu
vmssasunmeiuivemuniiGefsausnsnyals dudv emsdn’
wazoma 1nHsudadilnwuintly aerobic bacteria l@LA £ coil, S. aureus, Bacillus spp.,
Pasteurella spp. Wag Diplococcus spp. &Aﬁﬁtﬂu Gram-negative coccobacilli 0¥ Gram-negative
small rods (Nasrin et al., 2007) wagfimsastonunguiuafiiefineflayvindumiuluyadad

aanandlunni 2.5

16 -

Percentages
[+ <]

Bactenal isolates

= 23 2 P o &
NN 2.5 nlosisuanmsasnuuuanG aimgaﬂm {William and Wambura, 2011)

a a o s ad
2.2.2 mmaﬂﬂammniwuamnfqnuma
=SR] (=Y = s o o
mmTmuﬂmuimgmﬂmnmw’mmsmmmaﬁ?mamaumunszmum‘s
1 .. < = o P = o o =t :’ [ =
#9810 (Decomposition) A1TDUNTYVBIFAUNTY msiiauey Tuitaluiiag 2 ;ﬂkmﬂﬂﬁ) un-
+. o =3 3 3 1o
ionized ammonia (NH,) 4a% ammonia ion (NH,) mimﬂumﬂumamﬁmgﬂzmmmgﬂn

anuaugavesgungiiny pH Tao pH azdiuiledvidfgnigungi
Aerobic decomposition of uric acid:

C,H,0\N, + 1.50, + 4H,0 — 5CO, + 4NH, (1)

Urea hydrolysis:

CO(NH,), + H,0 — CO, + 2NH, (2)
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Mineralization:

undigested protein (bacterial degradation) — NH, 3)

AUMINMITOUAMUAIIBUNT O tNoHAAMwiten Tulily (Hobbs et al., 1999; Aneja et al., 2001)

2.2.3 297 1ulnsoulusssuIA

= - J =) 4 a o
miﬂizﬂa‘uau°nsUuazmiﬂizﬂanauumﬁﬂmL%u"luﬁiswvm uvialy

= =)

) ' w o a a =
wiia 1wy TilsAu eyiusvesTilsiu nseezliTu nsaiinddn gise indouen Tuile inde lu

Tasat Tuwsn uazs lulaseu Fludu

Animals 4 {animals)

eat plants

NH3 + H20—>
NH4 +OH™

Nitrification
(Nitrobacter, Nitrosomonas)

Nitrospin) Noz-

2NN 2.6 2995903 11 TATI9U (Annenberg, 2005)

.« e . 4 U a o
Aminization Hunszurumsiasdsznonlsdugnissanolagydunid

. < . & [
W20 Heterotrophic 11ifluesilsznoululasiounin Amino compound ald@aaunis

= - J
0UNIY

a1sounso lulasou > nsaozd 1y, ualiv 4)

(lalsAu, uoiiTugd)  Decomposition
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Tolsuvzgniowland Proteolyic vegAunisovamuiiunsaesilu nsaexiluildaunils
gmit 11z Tomi lumsiuunaslulasounazundindnusousad vediussgn
Wasuanmeeld ydunsdlusssumadesmsmsdsznoudunialulasiou iedunsiz
a1stlsznoudumidluTasnudug Aanfu yaun3dtslivnumlunmismlsgdarsisznon
Tulasou uaztﬁﬂﬂizmumsuﬂsgﬂmsmtinfmmmiwﬁu‘lﬂ laun nszrumsdesaaty

P ~ =Y N & 3 . . . .
m‘iaumtﬂuTmmurf]umsﬂszﬂomuumfﬂuimmu H3L38N T nitrogen mineralization

Alanine
CH,CHNH,COOH + 2 O, —— CH,CO COOH + NH, )
Alanine deamination Pyruvic acid Ammonia

o 3 G b R S A W '3 o ad

nszuaumshmsilszneueiiunid lulasnudhdrad edunseiluasdssneudunis

' . . ' =4 > o ’
TuTastou (50031 Nitrogen  immobilization 0619'15Aa A eldnszuIUMINITRIRINAT
P of e 1 Y ¥ - y = =
YAuN3009n0 1 INANS 2UIUNISAIE NN 15U nszRuMsinaieu Tudlo Tuasn ms
< o é = o + ¥ 3,’ ]
#3ama Tu Tasau FaFensauduiuleeslulasiou nszuaumsanagmaniuldun

2.2.3.1 Ammonification foRTTUIUMIOBTAWNIADLH U laueuTuile
a & . . & ac o oo i
adulagunuImeoy heterotrophic  bacteria 199571 uazudAR lLUYUFN (actinomycete)

1ea 3

» ¥ 1 +
nyzurumsthia ldnsluaniwifiluagasengounde luin1d luaniwi lililuiana

DONTIVUILLIUUNLINYOS facultative anaerobes

Ammonifying bacteria

nsAozli Ty »NH, #50 NH,’ (6)

Ammonification

e 4 - ,
2.2.3.2 Nitrification WunszuIunsnimMseond lad oy Tudlo lu lasv

= 1 . . . . A
Thilulwasn TaouuafGonqu nitrifying bacteria FuTunuaRE o521 Chemoautotrophs

NH, + 1.50, — 2H" + H,0 + NO, )

NO, + 1.50,—» NO, (8)
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2.2.3.3 Denitrification 118¥ Nitrate Reduction Lﬂuﬂssmummﬁﬂ?;uﬁluszuu
sysuraluanzitinisviroondiouTaounnfi3o facultative anacrobe (1A% anaerobic

chemoautotroph nvadiu 2 uuy
1) Denitrification A8 NIZUIUMITAWAI5152NOVBTUNI O Iwasn

zfluuﬁﬁ “luimmuiﬂmmﬂﬁﬁa facultative anaerobe 182 anaerobe

Nitrate reductase  Nitrite reductase  Nitric reductase  Nitrous oxide reductase

NO, —— NO, » NO » N,O ——— N, ©)

Meot1aeed luasHinsunuanisoldun Paeudomonas, Achromobacteria, Thiobacillus, Bacillus
Was Micrococcus

2) Nitrate reduction 13un3zUIUMs AatasUsenevetiunid
Tuasnitidedlululas vie uouludio Taouunfiy Facultative anacrobe (dudng Jalu,

2528)

Assimilatory nitrate reductase Assimilatory nitrite reductase

+

NO, » NO, » NH, (10)

NI ITeRiRedes TuaiidomawsiaiidauonIdanyagns FalaImanmarin
anmausalumsndauen Tufivnnsiiavesessi Tufisradu wundmngithmuafiSoun
sna‘uﬁﬁmswﬁmﬁ’wuauimﬁvmnﬁqﬂ (¥U Proteus mirabilis, Proteus vulgaris, Budvicia
aquatic, Klebsiella pneumonia W& Pseudomonas migulae (Terence and Michael, 2004) dautly
ntjmmﬂ‘ﬁ(%ﬂ facultative anaerobe

2.2.4 niswanislelasnudalvaningdunid
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dmfumsndanialelasisudalddeingdunidivegivsiinves
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a1sdunionlFlunsdevaan Taoiallvziidsinamelalasoudaiiageonyadainie
1 4 3 2 b4
dndenlilsadamage womals Tasiudaliassudduanuduluussomaziiiunse
o a 4 aray o 1l s o 1§ n’ o
FaW3n (H,80,) Felianidlunsaunifignimsdansouge nauvostalelasioudalid
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y
o

¥ - J . » ! * .
annezilulieondiau Tasgaun3dnan Proteolytic bacteria 19U Proteus Escherichia W2

} 4 »

b4
Pseudomonas  3oml§Aseriii aAdamleisdu uuaiGonguiiluuuaiiiSosiia facultative

] 9 o & & ot $od 3 :/J
anaerobe 1aMs a1 lalaswuga lidazinaluanizn ludemeaminiy

Anaerobic
SO, + organic matter — S, + H,0 + CO, (1
Bacteria
S, +2H— H,S (12)

¥ o ad A o o @ o
M3LRUAMIANTOUNTD tNoNAANY 18 Iasiouda TNA (Arogo et al., 2000; Sawyer et al., 1978)

aa Jo 3¢ vt ) e o e : =
2242 ﬂ"lﬁﬁﬂ')"lf‘]f'ﬂlwﬂﬂ'lﬂiﬁﬁﬂ'm&'vluﬂﬂﬂﬂ"]ﬂﬁlu mﬁmmsatﬁﬁiummu
= =5 o = o - ey ) & ¥ = o
mm’mﬂ%ﬂisu‘umQaumﬂuﬂm’;sﬂunaaﬂmwas:ma "Kﬁilzﬂ'm’lﬁﬁiﬂfﬂ'ﬂﬂcﬂmuiumﬁlﬂﬂ
) [4 = o ¥ o - w o o/
Tumseendladmsdun3d nanfe MFammiludrudiannsou nadninae Famnezgn
esen  dy W o 4 o aa ; = rg & Vet o @ A A T (V-] & -
309 Idiiludalda RS ntvifatwiie lilidmsudianasouduq iu lifleendiou nie
s a o e o ]
Tumsnegats yaundnamisolunissaisdana Ao WIn sulfate-reducing  bacteria 1%
Desulfovibrio, Desulfomonas M0 Desulfotomaculum Taol Desulfovibrio desulfuricans 1y

v
o o @ =t

b d »
damsudn nazmsiiadalid lavistiiluna lnaddaigavesmaiialalasnudalraluni

v
[

4 2 L - P s 4" . ﬂ P o
Wy NAMEANYINUIToRNITeINUN 1F0  Proteus vulgaris Tluuvafienwunallu
e = é“ =) = Ui o 6F o4 nlal
5350117 19U Tuan iude noswes Tnuautalumswanmalelasusaldald Tasawiso
sovaarvluanavesTlsiunSensaozii luiiidusswiueadilsenouluanini lud
v
ponTIvu 130013019517 desulfuration (WMTINOIBUINUATANARS NATNYaTIIN, 2554)
v dy ¥y 1 - =4 =t o
WoIWIZIa03 P. vulgaris Tue 1518000 peptone iron agar (PIA) Molu 1 - 7 Susziviuddi
» » 3
DAY INS1Z P. vulgaris aanonsaezil lulavwiluleTasoudalWd ievinlfisofudesu
< - 4 o @ o ¢
mmmaﬂ%zmmﬂuﬁmmmmmc}sawﬂ (William,1990; Wistreich and Lechtmean,1980)
Ed [
HUONNUY P, vulgaris A1W130a319 Urease enzyme N3 Hydrolyze @19 urea Tuoms

nlaswiuiauen Tuiio1d
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P s ¢
2.3 msmugunaumauenlniisnazmalalasioudalia

ened a’ o a 3/ el & ﬂ i o 4; 2 o En :: ¥

FEnsawguadwini laoldmsiadll Ferwilunisiiawddlizienimarogu
a Py - 9 o Yo A ° ¥
yaun3 dluszuvinaduilunisudilavmwmn luddumsigiiaeanimaden Taommiz
34

mawanumamratvearauvEilusisunAssnduds msnfineiailuasivnd ey
mstevaaiwoIn mndnegluanmiadovervne linailymwaniizdug as'ld msld

o8 ey A'! P oy ar L4 o oy o ade; [}
malulatdmmimenrugunaufislelasoudalid uas MauonTuiioTuiluitisae

Y = ¥ W lflslj o o o oo T vlw;ﬂ A Pl ﬂ
udtlgrinnanuuda1d Tasezerdoienssuvesgdunsd mialdiilu 2 nsdl e nsdiusmiu

i £y '3 [ o8 A e ‘g 3 1 1Y =
msldmalalasouda’lig uar MauoyTudloinatund niuuvadsveandsnulumsdy

Ai«j o w o - ﬂ s oA ad né;ﬂna:adayw
Fuuniidanau nsdinasuilunismuydunidursstiasauilulfilndaegaunsoadame

o o ~ ] ° o 1 ' o ax q’:
TaTastouda e uaz Mauenuile wu Mldinamsunugeevis msadasiududinis
& 3/ A .3 [ - a'
w3y Wudu Fesadumsileatumsinanau

231 qaunsslimalalasnudalvduasMmanenbuiiodluumasve sndsanidu

= ] 2% A c‘d =2 c:i Y s o o & N
M3y 15U 1ame 15 InsHnuuaiS snlimsAnsunoanunisdmdanalalasioudalia Ao
- o ' -4 o L4
Bacillus sp. Nuon'lasnilondingagns (Yun et al, 1997) Taswuindedmwnsooondlas
o o 'S 's o = H 1o
Fa'ldd ldvnnisvisuvessulsy lalasnudaliaszeondinanioluaniieilud

ponFou TaulnandunMani 181 elemental sulfur #9aUN159 13 (Nakada and Ohta, 1999)

H,S + % 0, —» $"+ H,0 (13)

W s

o o o = A d g > o o o o ¢ A e Y o
Hegriudinsusgnaldqauniddmsuiiamelalasnudalva FedidoaluSeimsisynia
[ 9 o3 o ¥ 9 - A sy ofq Y a o Loty ’
aldswnaziinanlasaduganinsidmsmil disannidluitdszynd 199aunidntiogay
sssumdnaitediiafeomnuilywinrw liainaveSesanminadenlusssumd (@nms
iRy uas 2 dguos, 2009)

wuafiGodunsiziuaahidnlalasudaia 18 1aonseond ladda T muil§ison

HS + 2H,0 + 2CO, —» SO,” + 2(CH,0) + H’ (14)

] ¥ . = o o o e
AIUNGY colorless sulfur bacteria aaﬂm"lmcm'lﬂﬁmuﬂgmm

H,S + 20,——» S0,” + H' (15)
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vaun3 dldhanoy Tuflndluimasveandsnulumsny wu eme TsInsiin
Mo A = & e o @ o N A 1 ¥
uuaRGeRinmsAnuufoadumsiiamauonTudis fio Bacillus sp. TaowuanFeawisoly
unaslulasulunisinseyinol {501 Denitrification  #a2 Nitrification 11NN 1SAMADN
An = '4 A o oA
Bacillus sp MianuanninlumsanauoyTudio Tulasn uaz Tumsn fenaaoudszdnsam
M3aA NH, - N, NO, - N itaz NO, - N luemnsdunsizd laogdun3ongu Bacillus sp.3mim
o ? o a o a o
10 WU WAUA Bacillus subtilis ST 6 AOWUT, B. licheniformis 1111 2 6WUS B. polymyxa
! o dete P
Uag B. pumilus WU B. polymyxa Wag B. subtilis Lﬂﬂﬁ]ﬂﬂﬁﬁﬂﬂﬂi%ﬁﬂﬁﬂ”ﬁﬂ@ﬂﬂmiﬁﬂ
= o e 8 @ o o v o
NH,-N 118z NO,-N ldgage Aadiuilsz@ninimnsdida 56 uaz 63% awddy eon'lspaw
¥ a o £ < Y = <
WU Bacillus sp.naonugasnantsuim NH,-N 18 (ine1ns Tanaimui naz g
' Py @ o
Aug AR IS, 2553)
232 dundadhalfiimideqgdunishafiefasnenbuiionazlelnsnudaln

4
LY

o a ad { o q’; a o o
11!ﬁﬂ'lﬂ!nﬂ'gf)ilﬁ'iii]‘]f'lﬂuuﬁﬂﬁu‘fﬁﬂﬂﬁTUﬂﬁglﬂﬂﬁ?T'm"l‘iﬂfl‘l,lﬂﬁﬂ'lﬁﬁﬁ ﬂmaﬂuua:ﬂu'lﬁ'
L]

Pey ] = 3 o ey -~ ' P o ¥ = el
AMUNGUYDITTIUYIN ITU UNTTATNATHY ?f’l‘i‘l]{]"]ﬂ‘u% "ﬁ5f]ﬁ"i'il]'lﬂﬂﬂWﬂ“ﬂ'ﬂ"liﬂi}ﬁuﬂiUﬂﬂ

& ] P Yy A o o 3 = oS Y o o - 4
szinnniiadliausansy1d nSegniatel dedivesndunsinadansadidn ldun

L1

NAY Lactic acid bacteria, Acetic acid bacteria g Bacillus sp. deonevoanuaiiSonasams

ﬂﬁ%au: R AL C"fﬂl‘i}ﬁ%ﬂlﬂdaﬂw 1un Bacillus sp., Bacillus subtilis, Bacillus licheniformis
HATNQY Lactic acid bacteria 9INMsANYIMIToTNoIoany Iwansznuvoing Induas
a3 et & 3 a q‘: = ar 7 =t ' av P a
nyanGouandnaomsdudimainalalassudalia Bsrwanuhdisazasnmniaannin
1 o e 4 : ar Q’: ar 1
Taogoyaunionduileulummimaldfudimsadeimlalasvudaidveaio Proteus
. s A t:'.{o/ u’: ar ¥ 3 o ; é find o : :'
vulgaris 18 Taswunaisazaeilignidudsssnaniifesd Fuianmsminainivialiu

E Y

Mlvinansa (Wungkobkiat et al., 1996 ; D30I550 ¥INOUINUSA LAZAMY, 2538) NNMSANY
aw aa v o ) 4 o 3 ] oy P
msenineesiumsadunse uay lalaswusalndves P wdgaris Tuomisliviaiah pH

3 e ] 9 LY o < S =
7.0 nuhing lnalaniwasemsadielalasousaiaves P, wulgaris Tasmsidung Inasziia
4 v ¥ ¥
msadanse nag fudsmsadnlelasioudald 1desnnnsalidudimsnigyveuse
¥ 1 4 * ¥ »
WUATISO P vudgaris -+ AadU maung Inagiomuanumuisolumsdudimsadis
a (4 = r 1Y 4 =] v - ar
lalasnugalva uazmadunglaanounisadelelasoudalddwzdniima@undms

b 4

Y d Y =t g AS g 2 £ o
TINNAINAD ﬂﬁuﬁﬂ\ﬂuw'ﬁ"l@ﬂ 2.5 uﬂﬂﬁnﬂuuiu‘fﬂﬂ’mﬂulﬂﬂ’)ﬁﬂTs!W'\S!ﬁﬂﬂ‘]fﬁ“ﬂﬂﬂﬁﬂ
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¥ o W g 3 b4
HAIUNT uln NANIIHINNT ﬁ!%agﬁﬁﬂiaﬁfﬁﬂ1ﬂ

a4 + 1 o - o o
WOEAUN P. vulgaris Tannsnndny 185730 (umInondomnuaseans, 2554)

A15190 2.5 Effect of glucose on H,S production of Proteus vulgaris in P1A and PIB

(03735 NTINPUINLIA azANS, 2538)

Medium and condilions

Incubabon period {days)

1 2
1) PIA control (without P. vuigars) NC NC
PtA B B
FPIA + 1% glucose +5 +G
2) PIB control (without P, vulgars) NC NC
PiB B B8
PIB + 1% glucose +5 +G
3) PIB + 1% glucose® B +G

Note : NC = No change

+ = Turbid, absence of H,5

Strong M5 producton, Black color, Bad smell

(Gas production

2.4 aNVUZYBY Bacillus licheniformis

2.4.1 QUANDMUOINUNA B. licheniformis

a o » = o
MITATUIUNHUIANYNN NGRS (Scientific classification) AU Bergey’s

manual of Systematic Bacteriology 2, 1984 - 1989 (Weigmann, 1898; Chester, 1901)

Kingdom: Bacteria
Phylum: Firmicutes
Class: Bacilli
Order: Bacillales
Family: Bacillaceae
Genus: Bacillus
Species:

B. licheniformis
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ooy F - t 9 o =t
ilunuaRGo Facultative anaerobic 1A5HUIN IadRdnuazdiuzuva aduadediugled
30 N5IN5TUBNBYNA NN INDN (central) 1NBATINAN (paracentral) 1oz agaauaY
o R £ v v ' o o - - @ ded o
108 (subterminal) ales Tl nusgiumadismSeBvadniumy wadiieiyly
:' < ° a ' '
hmang Inasedoudunsu@aminaue Jvuin 0.6-0.8x 1.5 - 3.0 Tulnswasnuegifluwad
P -] ar = [ H a8 9 ) o =] oo P
womTesvednilume vouTaTali Biaivave Hidurguinarsinlail 2 - 4 Tadwas 15y
* " v ¥
Tangangiidiga 15°C naziy lahguugligege 50 - 55°C uennimiudamuasgunii 14
) = 3 wr aa P e
74904 68°C uerasn s3Iy 14T pH 5.7 - 6.8 uaz Saamnsoiard s naldou Tl lulasy
¥
1
v a4 A A . . .
2.4.2 aVINUYRYNNNAADN B, licheniformis
= 1 ] e o
B. licheniformis 1{JunuafGofiwy ldunsnarolusssunaimsiszgnald
1uQﬂﬁ1ﬂﬂ$S UNISHUNT IS UM amylases, proteases, antibiotics, 0% special chemicals fi
armfvaluszdudnoquanimiasduandon B, lickeniformis 81115 0WAAAISA AT
{Antimicrobial substances) Vlﬁ’ﬁﬁ’lﬂ‘}fﬁﬂ 117 bacteriocin-like peptides zﬂu o nﬁ’mga%vmﬁﬂ
é 3 = 5 24
WHINHAAIN B. licheniformis ZJU12 GNN50M MRS Yvosnuni3o Gram-positive 1Az

Gram-negative Hawsuaaaaadlun1s1an 2.6 (He et al., 2006)

A3 2.6 NINTSUMIAUTOFNUI cell-free supernatant Y0 B. licheniformis ZJU12

1 pH 7.0 (He et al., 2006)

Indicators Inhibitory zone Antagonistic
diameter {mm} activity

Bacteria

Gram-positive Bacilius subtilis (bean curd isolate) 18 s
Enterococcus faecium (clinical isolate) 10 4+
Micrococcus flavus {bean curd isolate) 24 b
Staphylococcus aureus ATCC 25923 22 L
Staphylococcus aureus (clinical isolate, MRSA} 22 e
Stophylococcus epidermidis {dinical isolate) 20 4t

Gram-negative Acinetobacter baumanii {clinical isolate} - -

Branharneiia catarrhalis {clinicat isolate) — -
Enterobacter cloacae {clinical isolate) — -
Escherichia coli DH5x - -
Proteus sp. (clinical isolate) - -
Pseudomonas seruginosa {clinical isolate) - -

Xanthomonas oryzae py.oryzae Zhe 173 26 R
Fungi Alternaria brassicoe (cabbage isolate} 20 e
Fusariurn oxysporum {cotton isolate) 23 e
Guignardia sp. {shitu isolate) 26 bbbt
Pyricularia grisea irice isolate) 25 ehr
Rhizoctonia soiani {rice isolate) 25 gt

() No antagonistic activity; {+) inhibRory zone diameter within 6. t0rmum; {++} 11-15mm; (s++} 16-20 M (22 ee) 21-29mm; (24 ese)
26-30 mm.
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A13AUTWARAAIN B. licheniformis gnA313WU 1% middle exponential growth phase 1)

ninAna3 1Agaga U9 early stationary growth phase 1Az ABUAATIAMAAL IUMNA 2.7

25
20+
2E
~E
3£
£5
10
54 ———t——
6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38
Time (hour)

MNN 2.7 MINSWUAZMIHARA bacteriocin-like peptidesV0d B. licheniformis ZJU12 Tuoms

LB medium ¥ 30°C: (#) OD,,, oz (@) I§URIGUENANT inhibition zone (He et al.,

2006)

1590038 ANON B. licheniformis MKU3 vinazneuau 1ssnmahdasiannse
HAANAISAIUYATN (antimicrobial peptide) 18 1Az A1UNI5I9TYVOIVATNSO Bacillus  sp.,
Staphylococcus sp., Streptococcus sp., and Listeria monocytogenes ijﬁl ©119 antimicrobial peptide
gniIRuSgninashins e lwanams wuinfiumsi§Faue bacteriocin (Nagarajan et al.,
2010) bacteriocin like inhibitory substance (BLIS) ‘ﬁﬂaﬁmﬂ B. licheniformis HTRHR2 @13150
é"mgamsm?q;umﬁf%'vdai‘;'ﬂﬂmwﬁﬂ \¥W Escherichia coli, Salmonella typhi, Shigella
flexneri, Staphylococcus aureus, Proteus vulgaris, Enterococcus faecalis (Sharma et al., 2010)
m*sﬁ’mga@wﬁwﬁmm B. licheniformis B116 9n93539W U 11434 early cxponential growth phase
?xmwﬁwms‘lﬁ’qaqwelwﬁaa early stationary growth phase {103 daaqmm‘luﬂi’m late stationary

growth phase AUAAIIUNINN 2.8 (Guo et al., 2012)
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- 1.5

0D valoe (600 nm)

g
e
i

Inhibitory zone diameter (mm)

24 6 8 1012 14 16 18 20 22 24 28 32 36 40 44 48
Time (b)

PN 2.8 MSIVIYUATNITHAR bacteriocin-like peptidesV03 B. licheniformis B116 148113
P H o
Dextrose and Yeast extract broth 11 30°C: (a) OD,,, l10Z (W) i UAITUENAG

inhibition zone (Guo et al., 2012)

o 3 A
2.4.3 DONITUMIAIUYAYN
ax et - . . I s g - . -
mﬁﬂgmuz (Antibiotics) HU1B03 AINTAINIINYATN (Microorganism) LT
o3 Q( » -~ a o’: o = Jg ¥ 9 =t . . . =&
ugmilumsaei n3e sudemsesyau Tavousonalsn 15T (Antimicrobial) 391D
e = y A W 3 2y =3 dy ] 3 = < et et s o
ashtigns lumsamSeiudimsniyauTavoudons Isa HeidlunlFne msed dansey
¥
uay AsAUFoNVATISY (Antibacterial) A3 UYATWIMSs 19 TdMa 101U (Anderson et al.,
2012)
14 1 a:a" kY dy s+ 4 + 3 1 o
2431 nsuanguagns wmsduFenuniis ouieenladiu 2 ngunan
>
[ - o =t ¥
1) Bacteriostatic agent @W1306U03N15195 VB AaAUnTISulAuA
() ¢ ar 12 ¥ . . . . .
Timarueas dr0019 ru Chloramphenicol, Tetracyclines, Erythromycin, Lincomycin,
Sulfonamides 1182 Ethionamide
o o o o o
2) Bactericidal agent @115000ngniRIMwyaduuanis o Idisan
A0 A0819 1Y Penicillins, D-cycloserine, Cephalosporins, Bacitracin. Rifampicin, Polymyxin
B, Colistin {181 Vancomycin
2.4.32 manisnguaunalnamsesngnivesmsansonisldiu 5 ngu
{Allison et al., 2002)
b
1) asnguiudanisadieniuwan (cell wall synthesis inhibitors) 11
o o= » Y e g o o o ¥ [
IWaduuaiiSunamsuan (lysis) Uazasiziinanolpuuniits s/ 1wsn1eda A1o619 190

. gy . . . . . ot et o &
Penicillins, D-cycloserine, Cephalosporins, Bacitracin, #8% Vancomyein UWUANIIOY cell wall %
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a

o ot ¥ '3 o o vet o o o
lﬂuﬁﬂymgﬂllﬁﬂﬂ10ﬂ1ﬂ!ﬂfﬁaﬂlﬂﬁnu‘}40 (E‘Kﬁalﬂg‘ﬂml’ﬂ cell wall) @QﬂﬂﬁSﬂﬂU‘Vlﬁ'lﬂﬂJ‘U'ﬂq

<

¥ c;d J . » ¥
cell wall voauuniizelaun polymer M380171 “Peptidoglycan” Peptidoglycan 1sznouniy

4 o ' . -
polypeptide 1L0¢ polysaccharide % polysaccharide 1ulduA  amino sugar 2 yiipfo N-
¥
. 3 . ol 9 oy
acetylmuramic acid 118% N-acetylglucosamine @731 polypeptide Huilsznevalunsaozl Iy
(amino acid) 5 ANFounony N-acetylmuramic acid 1102 Glycine s "Enmqa 81 Antibacterial
3 Q" 3 H of (-3 .

amsanezeengnisunulutuasuaenueIns a1z Cell wall uazi ¥ bacteria mu

Tungn
za."qz 3 ¥ e 0,: o o

Bacitracin 00nNBIUHINISA31 cell wall 1ANISHVEINIINAVUINIIIUVOR lipid

R w a2 P L . ¢ @

carrier M99 NA 1Ad9m15MTY building block ¥93 peptidoglycan 000 lJusniradudd

e A

' ¥ Q( ¥ -4
Bacitracin YRy 1NWAOND nephrotoxicity flimﬁﬁﬂﬁﬂ gram-positive

eI ycing (gly) 1esdues

l?—um»
3‘/{\@« Cycloserine

£ Aming acids of the peptice
\(- I side-chaln on muramic acid
. [g»uvp UMP [Guor  upP lohvls
4 3 \ /f \ /7( \ Inside
¥
 @HCalipid)” N MHE-PH{Cutipd [EHMFE-PH{Cstoidy.  “[GHMHPHPH Caslipid)
Su E '2 :El; RIS
S bl o =
s - v
. .
Bacitracin-f "t = - EHPH Calipid BHEHCodlipid) =~~~ Cell membrane
Vancomygin ~- |G Dutside

& ~lactam anitiblotics
Penicilling
Cephatosporins (The accepton
Monobacta

N 2.9 Schematic diagram of biosynthesis of peptidoglycan in a bacterial cell with sites of

action of various antibiotics (Allison et al., 2002)

;4 3

o s b . .. vy x Al
2) asdudanisaiialilsau {protein synthesis inhibitors) YUADUNTS

ar IS « 24 ey s = & :: 3 @ @ .
dunsied sauveuunnG o nanIfanIwi 7 satuneu lavagilie SuALNSA Ribosome 11
UL mRNA uaz1uuSIIMY3 P-sites 102 A-sites ¥4 ribosome 32U IMNTA (RNA 11
SUVSIIN P-sites Y9I ribosome 1 tRNA Na10983n35A0<d lun1d01nn1591uIH e codon VU

mRNA 1569026901 @911 Ribosome 19AaUN 1A mRNA 91 A-sites 499 ribosome 9%
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(RNA 113194 (RNA Fnduiiussinmnummziaizasi codon DU mRNA (Sendaufitinnu
IRWIZ1912 997 codon 1 anticodon) 39 RNA 921110105001 TR 121912097 codon VU
mRNA 17147Y %1n1§utﬁﬂﬂ§ﬁ‘§mmsv§au¢iaﬁuswiwmmxﬁiunu tRNA U319 P-sites
uag A-sites (10567 transpeptidation) ﬁﬂﬁ'nsm:ﬁ’imfwmmaém; {RNA fioguu A-sites
U&7 (RNA vu P-sites 119 (hifinsaeziilusu) venaaoenlll imanisindonves RNA 910
Asites 19 P-sites &9 RNA ﬁyﬁmwmnmazﬁ‘[uﬁamj 18 Ribosome Adoud laluy
mRNA 91U codon ﬁ'a"h]uamﬁmmﬂwiﬁs‘iui{cgfému"lﬁlﬂumamm peptide 1A% protein ¥4
£ Antibacterial #iDONANS 1AUNISSUN UM FaATIEH I‘]JSglu'é)‘f)ﬂi}‘vl%ﬁﬂ(Jﬂ“lS%ﬂﬂl’)N’ﬁﬂﬂ@ﬂ

> & 9 ¥
laduapunilatnedu

Competition with 1RN.A for the A site
BNA O racyclines; selectivity iargely due
to selective uptake, by active transport
into prokaryotic celis

= Abnormal codon ; antivodon recognition leads to
e misraading of the message
6.. aminoglycosides : streptormyein, ete.

e fORibilON Of Hranspeplidation
e.g. chinramphigracol

- Prematuce termination of peplicie chain
8.9. puromyce, which resembics the amino
acid end of tRNA (it algo aftects mammalian
cells; used as expermentai toc:

- Iphitinon of ranstocation
6.g. v o {algn srerny o

MMN 2.10 Antibioitcs which inhibit bacterial protein synthesis (Allison ct al., 2002)
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o o 5 ] s N
3) Unmﬂﬁmwmﬁaﬁuwaa (cell membrane function inhibitors)
H 4 Q‘I ] o X ) 9
wihiiveateRuisadiall fe Wy Osmotic barrier Apvavtlosiulildmsargdmiesen
1 oa as Y da 3w v A oA ot ¥ A
ynsaanmnu 1l vennniilinihnnerdesnussuuvudanaienmsihaIa 1S esen
3 % d 3 s [
NNFAA INTUNIUMSATINTIRUFAAND 8INGY Tryrocidins (U Tryrocidin A)  NQY
Gramicidins (1Y Gramicindins) ﬂfjn Polymyxin (1%U Polymyxin) Polymyxins Wuaswon
. o 1 .4 3 g
Decapeptides 1 1U8uassdruusnveamuiusu uazdlmedndraszunsmdn i lusuwmuosu
s q o ' o RN KT
Mldmsaegireennnirandesinge 1o
b 4
a e ar I'4 = e .. R
4) JUBINTAIATIZUNIAUINGEN (nucleic acid synthesis inhibitirs)
U c’:\’ﬂl Q’/’ ©
ﬁﬁi?l’WuQ’c‘l‘?MﬂQN Quinolones %50 Fluroquinolones 88NNBHUVIINITNINIUYOI DNA gyrase
. o E4 I . . =t ? . .
1182 Topoisomerase 11 1114 1419A DNA replication HUANIS 039810 15U Ciprofloxacin t1ag @15
AaFWAGY Rifampicin 7131503 subunit Y89 RNA polymerase iNo¥au13msiiuilsm
' ] o
Tuszvmamsudasaa
5) SUMUYLIUMSIWANIBDAY (antimetabolites) A15ATUFATHADDN
c{ d’ ] A b4 ¥ ot ¥ ar - R 3
gnsuvutidinlvg Danvue Inssaduadieaistnerdosdunssurumsmamueddy s
@ P 3 b4 o u’a’ o dy [ 3y ar 1 = A
Juou lsaififeadecld uazmsivdavesdnvaziinunamnsaelunduganimaumie
USurueranas omuagnsd n5oil Substrate Mo land ludefuiuinnniné Sulfonamides
Tave92118930 Dihydrofolic acid synthetase ¥ 1RuuaNG o140 Folic acid Aidaauir Tl 1gase
¥ } 4
DNA Trimethoprim (TMP) Adudduda Dihydrofolic acid synthetase IFURBIAY sulfonamide
> v 4
uazdudinsiasy Dihydrofolic acid 11y Tetrahydrofolic acid 1iin 143 auiuazannsosn
=~ ¥
nunnisela

2.4.4 wulAiNKARN B. licheniformis

WUATSY B. licheniformis MAUBTATIHA @115 0HS Iytic enzyme
anns adesaaradas saduunfiGounsuananameg uazdnniovveusaduuniiGoun
supIn InAsAnEnlseAninmees Proteolytic enzymes FHBANIN B. licheniformis A swavusad
P. vulgaris W% P. mirabilis TAUNSIASUNETHITINAIVDSE B, licheniformis (S, 103 uag 60.4)
W3 mewut naufuaad P vulgaris WQ P. mirabilis Frmmsaindeudainfenssy
bacteriolytic activity laun1sianinausu waveusy lxmivilinisanasvessigandunas
YOIMFALNHVIUABLUUATIZE 0.01 Umin 174 1 Unit v8aR9N35Y bacteriolytic activity 49
B. licheniformis 3eNdszans nmlunms lysis aduBde P, vulgaris WAL P. mirabilis 190

» + b 4
UNT8198anaN  Tipopolysaccharide N5z 30y VUK uFUUBNUBILLATIG BIINs VLA


http:4.'!:i.cv

26

. . 3 aaen ¥ o o o +
bacteriolytic enzymes N511}329090 YRz vdenmsmsmauveson leluazdevaay
> ] ] b4
anY¥UYDI peptidoglycan 1BZ ANUFOUVDUFAANLFIATVAIU AT 1NvBTEuTUNEN
voauuanisounsuaumli  hydrolytic  enzymes amsaidfannzdevaasmiagad 14

(Ryazanova et al., 2005)
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3.1 Ao IR uYB B Bacillus lickeniformis WY Proteus mirabilis
o £ ot ot ¥ =2
3.1.1 ;wWusveuaiseflylunisfnm
B. licheniformis \Wunuai3ofimunsonanaisaugainidumsiniyves
a =8 a ¥ 4 24 a1 o &
aun3d Idmaterila 1y 51 uuafiGounsuuan naznuafisounsuau launueynsizy

o

EN [~ =) A o @
910 USHN 1Bwean lulamalulad 31

H
=8 o8 8 23 QRN

P. mirabilis \dunuansendaudutialuniseaanisuey il naziie

a

* ¥

Vl G o £ a’: ﬁ [J 3 o = © stas 4
aimwuma"lﬂﬂ BINTHNITOU umqmﬂaﬂtuuﬁmawymaﬂaumuu vlﬂﬁ'ﬂﬂ')”lllﬂulﬂﬁ 1TH

nnlsamonnaasswandlszaes saniaguasissii

3.1.2 MsdeUTHUVUNSY (Gram’s stain) (UM INNAYUAS 135111
o o o o3 e & -4 & I's
Manuazoinalas vazdaliuds wsousesadloniye lnnialaduaznse
¢ 3 4 : Prpa
[F0an0ANY5 U MoAT Crystal violet 1MIusovaiios Ais 1w 1w mdnmdedawu
¢ U : o : ]
a'lasaslueini udrzdrvmsazainle ledu ndsnmiureamsaisazainlo leduldniuy
a ¢ ay ¥ o 3 s .-:
soumBes uazmaPuiu 1w mifwmesazaeleTefuns udrvzdrwarsazaiw
o &a et 12 v ) = oy =1
woanasoanNuduTUovay 95 sunsen LA Uarmwoony usom 1Ay 20 Jur uda
4 oy o 9 :‘ v o § o 3y o 9 P . ¥
Maiuilauldimumme  Fudrenszaudu uazdouiudion1snuad Safranin ¥y
o"ﬁr a t-g, : o a g o
soomBosna 13w 1w mane ddami ndrvudonszamay Mnans B Idude 'l
A3299AIUNADITANS SAMINAIAIVOIW 1,000 191
3.1.3 M3NATOY Biochemical test (W1 INVIAVYUDTI¥EILI)
3.1.3.1 Triple sugar iron test (TSI) nagouANNEIITo luNIINERA H,S Ay
¥ ¥
TSI Avsgnsuaviimia 3 ¥iia Ao glucose Jounz 0.1, lactose Jovaz 1 182 sucrose SovaL 1
a4 o o . ¥ & o g Y
TAoiurFoaIUURT slant ANYUE tail fish #AWNS loop Hunzaaslifsdunasa 1) incubate
a o o 3 4 ° a5 esen o ot 1
#137°C Wuszoziat 18 - 24 ¥31us udeadra B,S 1iNIFAT0WN Ferrous jon #itiegu

. o -3 5 Ag
media 18 ferrous sulfide ¥ AR UAZNOUTR T
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3.1.3.2 Urease test 1WUNISNATOUNT Urease enzyme f“xfw:mmm Hydrolyze
urea 11 8uonTanfloF s 195 pH qa%ﬂmﬁ]uvﬁemuuﬁa slant 147 incubate 71 37°C 1ilu
szoziaan 18 - 24 $2 TN Tnoeztansaoud indicator (Phenol red) iufunnseod
FUY

3.1.4 M51A38U Fresh culture

Fresh culture YOUS B. licheniformis W30 P. mirabilis gmsonTasniouang
139910113 NA slant naluems NB U3inas 50 faaaasyirlihimwiriannda 150 seu
aoufiii gungil 35°C Wunan 24 FaTuatniuniansinsaduaanugu (0D, ) uda

susanugusuduilu 0.5 reufienii ¥ lunsnanesdugde

3.2 5 INASEIUNI5I03 YV YD B. licheniformis Was P. mirabilis

ﬂﬁMmmgmmm?agﬁnﬁ"wwmmﬁnﬁuﬁmmmsm‘%tﬁa 3 uny Tdun Arwnny
YU (0D, ) ﬁymﬁﬂuﬁa (mgCDW/L) LAz AR (CFU/ml) Favzlinnwazain
59a157 910 uag Ysgndanardmiunisnaaosianisies o 1Av Fresh culture voudo
WUANISY B. lickeniformis N30 P. mirabilis maziaoeTuoms NB USuas 100 Taaans (3 91)
Uufigungi 35°C 150 souaenidiuna 24 Frimmniudendunsuastsaeunsiuidion

HANIINSII0919A 315190 3.1

A1519N 3.1 BA3INI5190919 Cell culture (B. licheniformis N3® P. mirabilis)

8731015190913 | Cell culture (B. licheniformis %30 P. mirabilis) NB

limdeas 100 Hadans 0 Jadans
2.1 50 Hadans 50 Haaons
51 20 Hanans 80 Naaans

10 1911 10 Uadons 90 BADAAS

25 1M 4 1a8an3 96 A0 ANI

50 1M1 2 Uaaans 98 NS

100 171 1 aa0ns 99 HAAANI
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+ »
W damsniy 3 uun 18us Jamanugu (OD,,,) Fuiminune (mgCDWL) #3529

INOUTAANLFIA (CFU/MI) 1A MANUTURUSv0InI3 9 3 1)

3.3 MNIYUAZNSHANTISATUAFNUBUTS B. licheniformis NQLgi 37°C

£110 Fresh culture 903 B. licheniformis 3ouaz 1.0 lagdSinasaedsunsemis NB
50 iadanss M 12 Hanart o 3 4 il 150 souRpwiTigungil 37°C
ifuiiadianne 4 #1709 UL 48 i?ﬂmﬁmﬁﬂmm?q,mmnga B. licheniformis 001530
fINNUYY (0D, ) Fafminuds (mgCDW/L) asamfuswaumadniiain (CFU/mI) 1oz
Aamumsidouinlasvean pH nnhnidennlines 1 fadaasuihuimisfinnug
10,000 SBUADUIAUI 15 UM LENIBIAIU cell free supernatant (CFS) 403 B. licheniformis 31
N3IRIUNTEAINNT0INA 0.45 TuTAswasaz dms CFS dand To - T48 udufn135aiEs
Ysumvoams CFS Tagnadounanssun15@adn (Qualitative antimicrobial activity) Auf

RUNLI -4°C

3.4 QUNINAINAABNINT I IUYAFNUBZ NSN3 YV B. licheniformis Waz P. mirabilis

3.4.1 QUMINAINANLNINI SHAUYAINUBINTS CFS 01 B. licheniformis
»
11 Fresh culture 1¥® P. mirabilis 300az 1.0 laodSuasaed/sunasemis
¥ > ¥ >

vapy NA 15 fanansweuldiduilofoddy vimiumasuusuemsidoureseaueIns

« 9 ] . o ' e o e ey c:‘ ;
HAI HAINAY paper dish IFURIGUINANN 0.6 UAAIWATUURIOM 13 TUIIUDIMISIABUFD

Ed ¥ ¥
VINUURAA Fresh culture YOUFD B. licheniformis 5110520 TuTnsdns uazers CFSvousoe

& o @ r £ 1
B. licheniformis (31090 3.3 uAnm 24 $21u9) U51nas 20 TuTasansveaaavuiry paper
R st LY W & o ' ot P Vo @ ¥

dish o T¥rmthemsuissni ldungungiivanaradu 6 szau dun 25, 30, 35, 40, 45, 50

uag 55°C 1t 24 - 36 ¥3Tus ud23a Inhibition zone 1AL Growth zone 1Awn3 14 scale

milhimeter (ﬁm:ﬂmmmﬂ He et al., 2006 1102 Guo et al., 2012)
3.4.2 QUWINNAINDAGNISNINYVBA B. licheniformis UDY P. mirabilis
¥

11 Fresh culture W0U¥0 B. licheniformis W30 P. mirabilis 3008z 1.0 1ay
UsuinsaetSinasomts NB 50 Haddasduau 7 danad 0113 4 duwemanusy 150
souReuAngungiinanaeiy 7 sedu 1dun 25, 30, 35, 40, 45, 50 uag 55°C HVFIVLIN

3 4
nm 24 $1ue ﬁTlJ'\’Jﬂﬂ']‘iﬁl‘iig‘U@Ql%ﬂ B. licheniformis WQT P. mirabilis ?’f’wmmmﬂju
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¥ ¥ » ¥ -
(OD,,,..) wazdam pH fldsunilasalTaviimsnanes 3 $rlhudazsundnsizvdoya
» 3
wanInanes 2 ase uaztihdeyai 18l Tns1zvadales1¥1)sunsu SAS @203% Duncan’s
multiple-range test HszAuaNMFoIUSOUAZ 95
3.4.3 m3dasafSuavesms CFS "NanvIn B. lickeniformis 1ngnaaoaunanssu
v L)
NI3AIUGITN
o Ay b 4 & » =
111 Fresh culture 1¥0 P. mirabilis 3000z 1.0 lavdsuasastsuimsomns
¥ ¥ ¥ »
vaou NA 15 adaaskayhiithuiiodondy 1niumauunuemsidsusesovueIms
b ¥
ud9 HAINURY paper dish I@UMIgUENA1 0.6 HadwasuuAiomIslus e Mmsiiouie
¥ *

IMIURA CFS U104 B. licheniformis (11099 3.3 thufi To - T48) USuims 20 luTasdas vupas
' . E 3 ¥ & o v a . o ;ﬂ o
VUMHY paper dish 3019AMTe M NdTRi W ufiguniidsc Wunm 24 - 36 $2lua
113239 Inhibition zone 18 Growth zone 1au1d scale millimeter (AALLAIWININ He et al., 2006

1o Guo et al., 2012)

3 11 ¥ ©3 ‘g
3.5 pH NAINANDNI3I0IYUBNYD B. licheniformis WAz P. mirabilis

3 \ ¥ L) &
3.5.1 pH NAIHAABN 3103 YVOUTS B, licheniformis
] Ty @y e ‘; o G )Y v
W30u01M13 NB 131193 50 indansignusy pH il 4 sz 1dun 3.0, 5.0,
> ¥
7.0 1Az 9.0 9INUDY Fresh culture 10 B. licheniformis 3ovaz 1.0 TavdSuasaelsuins
¥ v
871113 NB 50 daaaas lasuaazszau pH M 12 vanad 3 91 i lvuwiianus
¥ a = g w ) o o v ¥ a
150 spUARLINNYUUYT 35°C HUAILE1INN 4 F2Tuunasy 36 93 Tunhndaainsniyg
k4 » 2
VOUFD B. licheniformis AIBANNYU (OD,,,, ) nazIani pH Nulaoumlasll Tashinisneass
¥ » b 4 I3
3 frlhhudazduninsizideyananmsnanes 2 afuhdeyai 18 liswusaunamans
o ¢ o 9/ 3 et . A Y A @
nazInszvana laols1)sunsu SAS @263 Duncan’s multiple-range test 152AUANUITDIY
$ovaz 95
3.5.2 pH NdIWanems193yvouse P. mirabilis
= Iy a oo - o < o s
1A3010M13 NB U511as 50 adansngniliv pH v 6 szau 1dun 3.0, 5.0,
» 3
5.5, 6.0, 7.0 102 9.0 9INIUDY Fresh culture 150 P. mirabilis Sovaz 1.0 TaodSuiasaelSins
¥ ]
81113 NB 50 findans laouaazszan pH M1 12 danad ¢ 1) i T vuvoriianuso
13 1 ) o < o ' o o ° @
150 59 UADMNNUNYI 35 Uaz 45°C MUAI9613NN 1 52 1uaunsy 24 3 Tuainnianins
3 ¥ *
WSYYOUFO P. mirabilis AILAMMYU (0D, ) uaziam pH Milasunilasll Tavins

davae s S - ey S o w S0 M e
naany 3 %11ﬁu1llﬁﬁ$°ﬂ1ﬂ'l’llﬂi'l%’,ﬁ“)ﬂy,ﬁﬂaﬂ'ﬁﬂﬂﬁﬂﬁ 2 mauway,ﬁﬂ"lﬂ"lﬂmu’zm
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vaunarans uazdinseraon 1noldTUsunsu SAS #1073 Duncan’s multiple-range test 9

sEAUnNITONUSDuaz 95

’ ¢ s =y ¥ = & . . .
3.6 uriadAIIYOU llﬁ%!!ﬁﬁ@‘uiﬂﬁ!ﬂu'ﬂaﬁﬂﬁﬂﬂﬂ’lﬁlilsq}ﬂlﬂﬂ!ﬁﬂ B. licheniformis uax

P. mirabilis

:; ' o 1 )
MIMN 3.2 Lmmmsnauuazzmaa‘luiﬂmuﬂﬁﬂm

unaIMsueY uvaslulasion
NB NB
NB 173 glucose $000% 1.0 NB (fi% urea $000Y 1.0
NB 1§ sucrose 3800 1.0 NB 1@ peptone $ouny 1.0
NB 1AU starch (potato starch) %’ puay 1.0 NB @1 Ammonium nitrate %'aaaz 1.0
- NB 1y Ammonium sulfate 30092 1.0

L) Ty o e o o a & L 1
930891115122 NB US1as 50 tiadansnususudwilu pH 7.0 Aaa1s19di 3.2
»¥
&6 Fresh culture 150 B. licheniformis Wag P. mirabilis 3000z 1.0 TavUSuasaodSuas
o e o 3 4 o 4 s P ] o @ w [
21173 NB 50 Hadans (1 3 §1) Yuve1inuis) 150 soudouinguvgil 35°C Nudeen
3 » M
0 24 ¥ 191 IANI9S YVOUFD B. licheniformis WAz P. mirabilis A30A1N 1YY (OD,,, )
ar t P = : ¥ o ¥ : = gy
nazdan pH Adasuwnlasly Taonisvneass 3 drldiwdazdnimsizvdoyanams
: ° $ Y VN £ e o,
nAand 2 59 nazihidoyahn 18 TS evaia leol¥11sunsy SAS #9035 Duncan’s multiple-

range test N3zAVANWFONUSDUAL 95

3.7 ﬂﬁ%’nﬁv’msﬁuﬂszﬁwﬁnmmsmnqummﬁmm P. mirabilis
371 MIMziaee B. licheniformis KHOHER Cell-free supernatant (CFS)
i1 Fresh culture Y09 B. licheniformis Wz a0e1ueMIsMad NB i pH
SuduMAY 7.0 tufigungd 35°C AN 150 seudewd ieasuat 24 FaTuwinnga
M3 YAAINNUYU (0D, ) Hondunsunsrvaoumsthution uas Jasn pH finfdoulag
9 iiunsnerday crs Taoi et 10,000 soUARLIN nduemeraulauinies

3 A =3 ’ - oy o
HIuNszauNsed 0.45 Tulnsmas 1duan sterile nunsuiie3nguingi - 4°C



32

v 4
3.7.2 BmamsimnzaslumseongnEMuUMSISYVe P. mirabilis
11 CFS Y04 B. licheniformis 91NMINAA0IN 3.7.1 1MIMSHANAI gy
o A P ¥ e vooA =y ¥ a as F o d
aeinaaaluaisied 3.3 udnih liufgamglinanaran 2 szdu Tdun 35 uaz 45°C A5

150 seuURRMIMDUM 12 F21ue Mniwinndasimsnsydioanuiu (0D,

M350 3.3 sasnsHanaIsazawlumMInaaouYsuIn CES 10 B. lickeniformis MAWZ Y

n‘a} o
Tu MIBNONBMNUMSIVIVYDI P. mirabilis

‘CFS ‘CFS Joun: 7.5 NB Sterile distilled Fresh culture of
(%) (ﬁﬁ%m) pH 7.0 (ﬁm??}m) water (ﬁaﬁ%m) P. mirabilis (bliﬂiam)

0 0 2 7.9 100

5 0.5 2 74 100

10 1 2 6.9 100

25 2.5 2 6.4 100

50 5 2 2.9 100

75 7.5 2 04 100

HUTUINS " CFS 10 Cell-free supernatant of B. licheniformis

3.7.3 asanynlszanEmmmsaiuguniseSyves P. mirabilis
An¥1 CFS w04 B. licheniformis Andndudovaz 25 fiomngi 35°C uaz
amdudaudeuas s fganai 45°C Tuems NB Tasnaumsazanofansed 3.2 ududuido
P. mirabitis $ov0z 1.0 lavySinasaeluinsemms NB tufinawiis 150 seurewniinda
Aamunisindane 1 42 s laniuniasimsinigdonnugu (OD,, ) iazAniue pH o
A3V 12 $2 10 Taoiinmsnanes 3 éﬂﬁ’ﬁm@iazegmﬁmmxﬁ%gawamswﬂam 2 afain
Foyait 13U wamsaunarand nasdinsizriata laoldTsunsy SAS 42658 Duncan’s

multiple-range test NszAUANUITONUS DUAY 95
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3.7.4 MSANHIGNEVRITIS CFS NHDADINIYD B. licheniformis Tumisduye
=4 ot .
HUANLI8 P. mirabilis
+ v b 4
11 Culture ¥83 P. mirabilis 91098 3.7.3 a1 12 %7 1030 UWIZIR0IR0 Y
211115 NA 11 ldungamgil 35°C wiw 18 - 24 FrTuuasdunaNUNISINTYVBL P. mirabilis

- ]
11915 NA 3ol

a 49
3.8 myuRsIzHveya

° o = ¢ =an 9 Y a5
ATUINIDUNDMITAT tlﬁS'JlﬂﬁRﬁ‘Hﬂﬂﬂiﬂﬂi‘]ﬂﬂiuﬂﬁn SAS #7879 Duncan’s

multiple-range test AszAUANMFDIUSBUAZ 95
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HanN1IAnIIznIdYya

. X .
4.1 msﬁnmﬂmamﬁwmﬁwm Bacillus licheniformis Wag Proteus mirabilis

~

td H
VIPMTNZIABS B. licheniformis U9 W13 Nutrient Agar (NA) figamgil 37°C i

a

¥
¥ ]

a1 24 $2lus wuninleiildnvuznay vy voulalaiiluaiueane Fmdnguiunn

<3

a & e 3/ ¥ 3 ﬂ ] P P!
DINMTITLIAUUTD LHUNINUUING 'UN‘I‘LI& umaﬂmuammﬂﬁ

i 4.1 anvae InTatlvequuniie B. lickeniformis M3ayuueIMIs NA

A o ¥ e v ¥ ¢ A o .
IHBHNUNEBUALNIULIAT AT ’maaumuiﬁﬂamgamsﬁu m@ﬁnmanyngﬂsmmz
@ o 3 = a . . . ' S a ey o o
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sluns adnelosoghdumiasinms (central) Indnsenans (paracentral) tazegaoulaty

3 T 1 1 4 -4 4
1% (subterminal) ?/e$ vty wusgilumadinom3eiFoaduilume
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4 o ‘ 1 o ‘ do @ v
M 4.2 Apuuz s 19waa Ve B. lickeniformis Mo ldndvaganssmimasvey 1,000 i
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I 4 [ 3
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4 o o o ::y

diethumaaeumsadumeslalasiwudalnd laomizidos P. mirabitis Tuams

4 : =Y 3
Triple sugar iron NUsznUdIsiinIa 3 ¥iia Ao glucose 30082 0.1, lactose 308aZ 1 UAZ

L d +
sucrose Sovaz 1 lagnaasumsadiamauen TuHumieidoely Urea agar base Uuf 37°C
o ' ' ¥ A 3 o
Wunm 18 - 24 93189 WU P mirabilis aunsoseeiihmaniimaniuesnilseneunelu
] - @ a 3 3

anne hifleondsuadafluialeTasnuda Iddwansdunmi 4A emisdduuasezgn

- . e - 4 ' 3 [2d
wlaouiluddr uezaunsaadne Urease enzyme Mazdougelummsi/asuilufmmieon Tuily

L4 { 1 4 o
daaadlunnd 4B orms Smdesdurrgnalfowiudauy @unubu)

PN 4.4 Manadoumsadanalalasedalnd (A) waznaaeumsadamanonTuile (B)

a &
4.2 navlinasgrunmsie’ YUBIYD B. licheniformis Waz P, mirabilis

¥ ¥ 1

VWD B. licheniformis Wz P. mirabilis wiwzinoaluensimad NB Nguvgil
o i o 1 ~ o & o 4 -3
35°C innutiaseu 150 soudoutiuma 24 93 Tue iminhuBoasdaee1m1s NB (ilu
6 szeu 1aun ludeis, 5 M, 10 191, 25 191, 50 Wi wag 100 v uAIAMSTY 3 LY
Y 1 w1 ] o :; Y EY o @ e S ed
1Aun Jamnmugu (0D, ) Fuhminuisveusan (mg CODW/L) asrnivimiuadiil
1%

S @  a ) - LY v @ w o

¥3a (CFU/mI) udmanuduiutvesmsdanmsniyni 3 uuy wuidinnuduiuiveams

winaaanlunmin 4.5, 4.6, 4.7 uaz 4.8
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Turbidity (OD_,, )

4 o o & a ] 1 1 Qs °
JTI‘N‘?I 4.5 ANUAUNUINITINIYVDI B. licheniformis 3 INANIIVYU (ODm ) AU I

IFAANUBIN (CFU/mI)
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000 - /‘
3500 - e
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4 [ o o a ] 1 ' LY : o
JTI‘N‘?I 4.6 ANVANNUDINITIVIYVDN B. licheniformis 3THINAINIIUYU (ODmm) AUUINUN

HAIVBIBAT (mgCDW/L)

Y] 4 2 s o 4 a
VNHANIINAABIANAAITUMNN 4.5 19T 4.6 WUNVANUAURNUTNISINST YD
] w ¥ s LY o a 5
B. licheniformis nuundsAuasanu ilonsivanuduiusveinisinsyudinsnaassluass
¥ = = v a =1 = ¢§ o s o o @ a
ap Tdvedwsadonianmsias oo no M 1uIUNIANUAUA U AUMSIS YU D
4 o [ LY w 4 a
ouq Taoldaumsidunssy = 0.9744x + 5.6898 (R’= 0.9549) dmSumanuduiusmsnsy
1 [ [ [V o P a
Y04 B. licheniformis 321N x = AMNNUYY (OD,,, ) T y = IIWIUBaNUBIA (CFU/m)
o as Qs v o a
wazldaunisiduns y = 1372.3x — 32.866 (R= 0.9996) A5 UM IANUFURUTMS 105 yvoa

»
' ' ’ Y ° @ 4
B. licheniformis 3¢¥1704 x = AMNIWYU (OD,,, )NV y = iminuisveurad (mgCDW/L)
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14 -

0 ¥ y=26320% +7 9116
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8 I'//L Rz=09728
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Turbidity (DD, )

$ o o o < t 3 1 e 5
PN 4.7 ANUTURUSNISIITYUDI P. mirabilis SEMINMIANNYYU (0D, ) HU §1UY

CDW (mg/L)

o
NN 4.8

2.6329x + 7.9116 (R’= 0.9728) S MFUMIANUFUWUEMSNTYVDI P. mirabilis 5N x

AANLITIN (CFU/mI)
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e
- /
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/
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Turbidity (OD,,,..)

¥
ANUFURUTNSS VB P. mirabilis STMINANNNGU (0D, ) Mnimiinuts
VBUBAA (mgCDWI/L)

nnranIsnanosnsnaadlunmi 4.7 uaz 4.8 awnseldaunmsidunsey

il

i

AMNWYY (OD,,,,) MU y = SIMwaailizsn (CFU/m) naz Idaunisidunse y = 518.15x

— 2.8365 (R'= 0.9995) #M5UMIANUFUNUTNISOS YUY P. mirabilis TTNIN x = AN

L4
YU (OD,,,,) M y = ImMPuRavo 8 s (mgCDW/L)
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0= = ¥ A A . . . .
4.3 MSISIPATMTHAATIIATHYAY NYDIYD Bacillus licheniformis

2 b d » 3
WOINIZIAUUT B. lickeniformis Tu8M15 NB 1 pH 6.8 - 7.0 UuNguugil 37°C
b4 » +
AU 150 5PUABU WUIUFOI95 11T Lag phase 121 0 - 4 2 Twa 1955y lug73 Log
1:’ e'.v T ol M o ¥ o
phase 1981 4 - 24 %2119 191 Stationary growth phase 183910 24 $3103 uAIABLAAAIN

uanslunnm 4.9

180 - = 200
E i
S 160 180
B * 1.60
T 140 \ ~ L
E 120 - , - 140
‘ ' - 120 o
Y 100 - z
= 100 T
S —+— A CDW (mg20mD 080 =
E -
E 60 2
E‘:’h ; —m-B: Log Count {CFU.nl) ~  0.60 EE'
g o0 o
z 20 -t C ¢ Turbidity (ODS$90nm) 020
3

0.0 0,00

0 4 8 12 16 20 24 32 3 40 44 48

Incubation thme (h)

AT 4.9 MIV5YVI B. licheniformis TuoMI3s NB Nigangil 37°C

mstasui)as pH ¥8381113 NB TUsevINmsinswyuos B. lickeniformis 310
+ v [ } 4
pH 5uAulu¥49 6.8 - 7.0 wuh pH Iimsudsumlaslun Wuiuaaiuvudaansly

a
NINN 4.10
20

8=

pH
]
Fai

yv= 00324 + 67011

R*= 09328

0 4 8 12 16 26 2% 28 32 3¢ 40 44 48

Time(h)
M 4.10 Madoulas pH veseIms NB Tusznhensiwnsyvos B. lickeniformis
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4.4 QUNGITAINABNINTINMIAIUYAYNYDIAS cell-free supernatant (CFS) Uaz N3

w?q;mm B. licheniformis Waz P. mirabilis

4.4.1 QAMgANdINaABNINTINNIAIUYAYNYSIES CFS 90 B. licheniformis
MNINATBURINTTUMIAUYATNYOINS CFS AWANIN B. licheniformis
uaz FC 04 B. licheniformis fguvniiaraiuluemis NA A1 pH 7.0 wuhiigungil 45°C

} 4
Qo o = * 4
CFS uaz FC Huthin1sin3eyues P. mirabilis Tdgaga Taetiduriiguinaisues Inhibition zone

]
~

Y 16.3 + 0.41 Hadiuas uag 16 + 0.90 Tadiuas AW AD yshgungil 30, 35, 40 uag

v ¥ ] ¥
50°C Gudan1sISyues P. mirabilis I8 lusgaum daungungl 55°C Tunufsnssududa

MSI950Y P. mirabilis \i09910 P. mirabilis 11aAIM IS qyaanIng 4.11 4agasnn 4.1

- 280
g‘ W CFS o4 B hicheniformis
S 200 W FC vou B. /icheniformis
4
g
N 150 -
=
-
=
= 100
e
o
5 R0 -
F
&
a 0.0 leT-"T -,--i :
30 35 40 45 50 S5 60
Temprature(*C)

MNN 4.11 gungiiidwansnenssumMsAIugadnuesans CFS uag FC 910 B. licheniformis

M3 4.1 QUHUHAIWARBAINTIUMIAUIATWYOIAS CFS Az FC 91N B. lickeniformis

gaungi ('C) 1 1g1INA19v04 Inhibition zone (Hadmns/20 Tulnsans)
CFS FC
30 1.0+ 0.09" 0.4 +0.09"
35 1.7 + 0.09° 0.6 +0.19°
40 33+0.10° 2.7+031°
45 16.3+0.41% 16 £0.90"
50 2.0+0.30° 1.3+0.39%
55 0.1+0.01° 0.1+0.00°

nuuve Aundeniisnysmiloudu liuanmsiunadanszduaiuisedudevas 95 (P>0.05)
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4.4.2 gamgiifidananensio3aea B. licheniformis Wo P. mirabilis
NnNsAnEguvTifdaReMIINT Qe B. licheniformis LA P. mirabilis
luew1s NB A1 pH 7.0 figumgiuanmefiu 6 sedu'ldun 30, 35, 40, 45,50 1AZS5°C W
P. mirabilis 3eylRatigamad 25 - 40°C Taefimstn3ay1dqegaiigungd 25 - 30°C uaziims
win 8 luszdugqefioamgll 35°C uar 40°C daugamadl 45°C nuhimsnigluszaud
waz TinwumsioSaues P. mirabilis igamadl S0 - 60°C A5 B. licheniformis 13ay1AA

gangd 25 - 45°C Tasnuidfinsniylagegaiguvgll 25 - 35°C uaziimaeia1dly

»
o

raugengungil 40°C naz 45°C aufigaungll 50°C wunimansyluszaud wagliwy
MINIYVOI B. licheniformis NN 55°C Asaaalumni 4.12 uazasnen 4.2

3

28

Bl P. mivabilis

B B. licheniformis

Turbidity (OD,,,)
o ~
< a — h [ 193

I Ty T T ¥ i !

% 30 35 40 45 S0 55
Temprature (*C)
MNA 4.12 QUUITIAINARBNISINTYVOI B. licheniformis Wag P. mirabilis

M13197 4.2 QUNINANAADNIINTYYOA B, licheniformis LAz P. mirabilis

Qv (C) msm?q,ma«éa (ODy, )
P. mirabilis B. licheniformis
30 2.26 +0.067" 234 +0.02"
35 2.15 +0.002" 2.32+0.09"
40 2.00 +0.048" 2.27+0.007"
45 0.55 +0.047° 1.91 +0.015°
50 0.046+ 0.004" 0.33 +0.004°
55 0.03 +0.003° 0.03 % 0.005"

+
o &

AszAunnuoly

ar = B

nnomg Aundeilisnusmideusulunuiaaus linanasumeada

fouay 95 (P>0.05)
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443 myTawalSinaas CFS ZWana1n B. licheniformis laanaaaunanssy
Y = ‘
PMIMUYa¥N
4 o = o =3 @ o '
Woensdugadn CFS Ngainumng 4 42 1usAaua T0 - T48 1 MAOY
14 ]

AINTSUMSAMYATN (Qualitative antimicrobial activity) VYD P. mirabilis NUAINIUYY
SuAUIMINY 0.5 HuRigaungl 45°C WUNTSAIATNIN B. lickeniformis UAAININTTUNS

1 4 v
o o ~ y A o/ ~ PO w
YUYINTIVIYVDN P. mirabilis Y192 AUNAVINNITLNA Inhibition zone aataaslumni 4.13

[ v 1 4 14
MNA 4.13 AINTINYBININUTAINIWEANN B. lickeniformis Tumsdutaimsnigyveuie

P. mirabilis 14®1%13 NA il 45°C (T: Time (h))
A o 3 ] o e . ' ] P
o TadurIguINa139ed Inhibiion zone WUNMIPNATINWY TUFININA

521 319M15195 9y 14429 Exponential growth phase 11181 12 47113 naziimswands launiige

Tuseni1ams195ey 11929 Early stationary growth phase a1 24 - 36 %2 Tue uarmalunngi 4.14

200 -
15.0
10.0
5.0
0.0 T 2 e e e e —

0o 4 8 2 16 20 24 28 32 36 40 44 48

]

h

(=]
i

1

Inhibition zone diameter (mm/20ul)

d’ o 3 { o o/ n’: o 4
NNN 4.14 ﬂ%ﬂiiuﬂﬂﬁﬁWiﬁ]u@ﬁ%WﬁNﬁﬁﬂWﬂ B. licheniformis 1uﬂ'1’iUUU\1ﬂ']5ﬁ]5ﬂﬁli’J\1!.‘§ﬂ

P. mirabilis 14913 NA figuunql 45°C
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_/F H ¥ % s
4.5 loduvos pH NEINANONISNIYVONNO B. licheniformis Was P. mirabilis
; . - P
4.5.1 pH NAINDADMINIYVOUNO B. licheniformis
1 » [
1INNISANY pH NAIHARBMSIISWVBUTD B. lickeniformis TW8IM15 NB W
¥
gavindl 35°C A1 pH uANANAY 4 53AU1ANA 3.0, 5.0, 7.0 AT 9.0 WUINYD B. licheniformis
“ 9 - “ 9 o a © kY a4 & 3 13

w3y 185 Mgad pH 7.0 Taoldszozna 6.58 1 lusfisgi Idinatinmmviuduaeah
(Biomass doubling time) Tuduves pH 5.0 uag pH 9.0 dawald B. licheniformis 1ims lﬁl?iuu
i IaolFszozna iy 11.30 uaz 13.83 %3 Tus awdwy luvnsilinumsieSyvos

» v v 1
1%0 B. licheniformis 91 pH 3.0 autaaslunInd 4.15 uaza1519n 4.3

35
3
~
225
g
e * ——pH 3.0
£1s ~8-pH 30
CERRE —4—pH 70
bt
04 e pH 9.0
R D A < < —
0 4 8 12 16 20 24 28 32 36 40
Time(h}
AN 415 pH NAWAARONIS193 V0 B. licheniformis W15 NB Nigunnii 35°C
M13197 4.3 pH NAWaABNISNI YV B. licheniformis Ngannll 35°C
pH M5I93YVOUND B. licheniformis Tigaungd 35°C
-1
nh) t, (h)
3.0 0 0
5.0 0.0613" 11.3074°
7.0 0.1053" 6.5825°
9.0 0.0501° 13.8352"

J o Aa o - o o ¥ 1 ar Aeed o A o
HUIVIA mmaﬂmaﬂysmnauﬂuiuumﬁﬂm bliJlmﬂﬂNﬂu‘ﬂNﬁﬁﬁﬂﬁSﬂﬂﬂ’ﬂlll"’]iﬂllu

Fouay 95 (P>0.05)
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45.2 pH ?;dmafiamsm?aﬂmaéa P. mirabilis
nnnsnadouilevuves pH ﬁﬂ'madamm?aﬂmmz%a P. mirabilis 1u
21113 NB ganail 35°C fi pH uanaeiu 6 szdu1dun pH 3.0, 5.0, 5.5, 6.0, 7.0 1AL 9.0
WU pH 7.0 50 P. mirabitis Smswiy1dsasaTneldszoznaniio 0.74 Falusies
ﬁﬂﬁma%ummﬁui‘fuL'ﬂuﬁmwh (Biomass doubling time) ‘Iwmzﬁ P. mirabilis ‘71 pH 9.0,
pH 6.0 uazpH 5.5 1953021081 1.21, 1.54 1oz 2.28 $2Tue mud1ay dufi pH 5.0 ez pH 3.0
¥szoznanin e immimusudureainniige vifu 463 naz 465 $2lug

MU AuaaalunInm 4.16 uaza1319n 4.4

2 .
18
16 -
514
a1z ~g—pH 3.0
e
z 1 —m—pH5.0
E 08 Hss
~ali— 20
S 06 d
04 —2—pH 6.0
02 . % —w—pH 7.0

<&

0 2 4 6 8 10 12 14 16 18 2 22 24

Time(h)
/NN 4.16 pH NAIKWAADNIIVIYVDL P. mirabilis 1THDIM15 NB Nl 35°C

M135190 4.4 pH NAWAARDNISIVTYVDI P. mirabilis NYaMI 35°C

pH M393RVeue P. mirabilis igumaii 45°C
() t, (h)
3.0 0.1497° 4.6302"
5.0 0.1489" 4.6551"
5.5 0.3033" 2.2853"
6.0 0.4493° 1.5427°
7.0 0.9260" 0.7485"
9.0 0.5695" 1.2171°

' A At oo A LY (4 * 4 o P o a4 o
HUUNUNR ﬂ1!ﬂﬁfﬁflilﬂﬂyﬁlﬂui’)Uﬂuiuu‘U?ﬁﬂNﬂ 1ﬂllﬁﬂﬂ’NﬂumTQﬁOQﬂﬁzﬂﬂﬂ'J']lll‘lfﬂiJu

Fouvaz 95 (P>0.05)
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45

iionaaovuilesuves pH ﬁdwa&iamm?mmw‘gﬁ P. mirabilis Tue W15 NB 1
gaivndl 45°C A1 pH uana19i Y 4 53Au’lAuA pH 3.0, 5.0, 7.0 UaZ 9.0 Wy pH 7.0
‘30 P. mirabilis Timsw3ayTauldszozion 2.35 TuefesiBunainwiuniuaes
¥ (Biomass doubling time) 1uvmie® pH 9.0, pH 5.0 uaz pH 3.0 I¥3zoznanilduaa
%’Jmmﬁm‘fusﬂuﬁaa;ﬁmm?}qa IR 3.97, 5.43 Uz 5.86 $2Tue mudidy dewaliing
wigylussdudigaiiafossumsndaluanizindfigumaii 35°C A1 pH 7.0 Aauaaalu

P =
MAN4.17 HDZAIT NN 4.5

03
o2
] —m
< —¢—-pH3.0
:2; 01 - ——pH530
- " "
= 4 -m-pH70
* * ~d—pH 9.0
0.0
0 2 4 6 8 10 12 14 16 18 20 2 24
Time(h)
MATN 4,17 pH NAIHAADNITI YUY P. mirabilis 14813 NB Nigeunqil 45°C
MINT 4.5 pH NAINaADNISI9TYYDI P. mirabilis NYUUNT 45°C
o~y 5 o o
pH P393 QYVOIND P. mirabilis Ngamgil 45°C
-1
p(h) t, (h)
3.0 0.1181° 5.8691"
5.0 0.1275° 5.4364°
7.0 0.2943" 2.3552"
9.0 0.1744° 3.9744°

vnomg Aundsilisnusmidoutulunaaus hinsasuiumeaianszduninudoliu

$ouaz 95 (P>0.05)
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1 [

' 3 1 a1 ' = & . . .
4.6 unaanrsueu nazunaslulnsnuidinanensIyveuse B. licheniformis naz
P. mirabilis
' ¢ ' = 1 1 a A . .
4.6.1 UMaIMIveU uaz unad uInsUNTIHORBNISINI Y UBIND P. mirabilis
» b 4

NNMSINIZIROUTD P mirabilis 1U01%15 NB 1duuvaavosmivoy
UANANAY (glucose 00a21.0, sucrose $00021.0 1AY starch 300a21.0) 1 pH 7.0 QuUnl
35°C vt 150 seuswfiilunal 24 2 Tus udninndanamswin laemsaninnugu
(OD,,,..) 1NN MA 4.18 1o 4.19 dydnuel A - D HunamsTinszvidoyaneadalaols
Tasunsy SAS #2638 Duncan’s multiple-range test z’{wim%mmfi*m'nmju (0D Al
onusiileunuuaad inanarsnuneadassniivodidgiszavnnuFeiuiovas 95

¥ ¥
Taafisunuluntdaznin wanmsAnMIMUINYD P mirabilis udaan15195 yiuanaanueonad
@ o e - Y A @ $ =y ¥ v d' S
vedngfszauanuderudosas 95 Tnsuanusiylddesigaluonis NB 1@y giucose
% td
Sovaz 1.0 Samnnuguld 1.45 + 0.02 Wemizidesluemis NB Samnnugu'ld 165+
* ¥
0.02 oz 1ue M3 NB 1AW sucrose 30uaz 1.0 Jamnnuyula 1.76 + 0.02 luvuzimzidos
a 1 ¥ ; = vdaé @ ' 1 W

Tu81M15 NB 183 starch $00021.0 WUINFS P. mirabilis 1959y laangaiannnugu’la 2.13

+0.01 uaadlumnn 4.18

o
Lh

Turbidity (OD,,, )
[aw] ok
[ ' [ ¥ [ O]
i | H
- Q
- U
- m

1 1 b d v
MNA 4.18 UNBIVBINT UBUNAINARBMSINTQYUBUFD P. mirabilis 1 pH 7.0 QN 35°C
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P. mirabilis TwrziAusluens NB aumas Ty Tasisufiuanem (urea Jouns
1.0, Ammonium nitrate H 88n 1.0, Peptone $ovaz1.0 1az Ammonium sulfate 3pUAZ 1.0) ﬁ pH
7.0 gumgd 35°C Yuweh 150 sousoiiuna 24 42T udnhwn JanamsniTaoms
SARIAIUYM (0D, ) WU P. mirabilis wanamsia3ay Iduandafiueireiiiuddayiisedy
anuiFoiiudovas 95 Taunuman3aafiqavos P. mirabilis Tuo 113 NB 1Y urea Jov0z
1.0 Jann2myu1d 0.69 + 0.01 iz FimzEualuo 1T NB 1182 NB 1#4 Ammonium nitrate
$ouaz1.0 uaasmsininy iuandieiu Samnnugu’ld 1.65 + 0.02 uaz 1.63 + 0.03 Mud Ay
uazlueMs NB 1Ay Ammonium sulfate $08821.0 Jamnmyuld 1.53 + 0,03 Tuymeido
P. mirabilis Wiy dqefiqaiomziioalueimis NB @ Peptone $00a21.0 Sasanuguld

2.76 £ 0.02 nansluninm 4.19

3

)
T -
~ B
2
= 15
._E
g D

0.3 1

0 .
» o
‘é@ o s » * \-00 ‘Sb\?
N LN c,‘Q :5.0
x & K Q&
NY & N &
% Q‘v\ Qx e’("
@6’ N\ &6‘
Q\Cg.' o' v
N N
& *\
< X

¥ v ¥ I3
AN 4.19 unasluTasnuidwanomsi9syuouso P. mirabilis # pH 7.0 guugil 35°C

Ed »* v
dmSunmsmizidvaie P mirabilis TWeIM13 NB flduunasmiveu uag
Tulasvuuanamadudiua pd Sudwiilu 7.0 Wedam pH MdvuntaslvmeAting

wigdiunm 24 $3Tus vinn i 4.20 dydnvel A-F WunamsTinazidoyannadalau
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1%715un51 SAS #2038 Duncan’s multiple-range test NUI P. mirabilis ﬁm?q}x‘lumma NB
1 glucose $0uaz1.0 warnsAt pH 1funsmnniigaiac’ld 4.65 dauluemts NB, NB 1w
Peptone Jounz 1.0, NB 1AW sucrose JovAZ1 0, NB 1A starch Founz 1.0, NB 1AL Ammonium
nitrate 300AZ 1.0 4AZ NB 1AY Ammonium sulfate 1.0 3aA1 pH Td0d1u%13 8.09 - 849

3 “ - Ay <3 ¥ A a ¥ F 4
Tuvaed P. mirabilis 1w591u0M13 NB 18w urea $00az 1.0 A1 pH 1iluangangainn1a

9.33 uana lunInn 4.20
10 ~ A
9 - C B
D D . .
8 -
a5
f~%
6 -
s F
4 -
* c°€c Q\"%@ #’v R 4’3@ & \&’5@
el & & K <& N o
-{’1& \0\"' x\e Q;‘ . ‘)@ \013 . o@
{:bx ‘k%x ‘é% < 6500“ %‘Q’x 6\0@
oﬁx 3‘3&
; K
® N

M 4.20 m3ndaounas pH 49991135 NB Aliuumasnti ueu naz unaslulasiou

-

-4 »
uanaanu lusen IS RSV UTD P. mirabilis NgMvnil 35°C

ay

4.6.2 usam3veunazimashinsiouiiiinanensio3yvoase B, licheniformis
mnmsmaemma'am%’nau?’ifimaviamm?tgmmw‘f?a B. licheniformis 1u

91113 NB FUfiuvdeuon15 Uouuana1aiu (glucose 200821.0, sucrose  $00a%1.0 UnE
starch 300a21.0) A pH 7.0 gaum gl 35°C tuwd 150 seuapuilunm 24 42 a9 ud i
Sanansniny Taon1sTamarmugu (0D, ) 1INAINH 4.21 uas 422 dydnuel A - D 1y
Han15 IR I Yoyan1edta laoTasunsu SAS #2033 Duncan’s multiple-range test )

g

ANRALYDIAININYY (OD,,,, ) SNy MiousunaasI hidisfunmsaddedaiiioding
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o

fsviuamumiesidovaz 95 Tanouduluudoznim vinnisinymyide & licheniformis
fiwrzi30e1ue1M13 NB 1AW starch Jounz1.0 Imswia@iqe Jamanuuld 352 + 0.04
o3y 183 ue M3 NB 1@ sucrose Jovaz1.0 Saminamyu 14 3.14 + 0.05 uaoRMIAN
B. licheniformis Fimzidoaluoimis NB uaz 01113 NB 13 glucose 30002 1.0 WUNINS

*
o @

w3 liuanafuedihivddanssauanuiyetudovas 95 uaaslunini 4.21

4.0

A
35 B
C
30 - C
i
Qw 2‘5 -
e
ps 20 -
£
2 L5
>
= 10 -
05
0.0 - —
,eg’ ‘:‘OCQ‘* @é‘ \6@0
o Q° &
% o\F N
N N <&
® X N

¥ 3 ¥ 3
MM 4.21 11aIN3 UoURTINAADMSISYYBUTD B. licheniformis i pH 7.0 gaungil 35°C

E 4 b4 x 3

FMSUNMSINIZIAUED B. lickeniformis TupIM15tMad NB Miduumas luTasu®

HANAINY (urea gﬂUﬂSI.O, Ammonium nitrate %’aua::].o, Peptone %ﬂﬂ’d:l.O Har Ammonium

b4 v td

sulfate 300021.0) WUIWH® B. licheniformis Mw121a091491%115 NB 1f Ammonium sulfate

b d ¥

Sounz1.0 IMswsygaqe Jannnuyu i 4.67 £ 0.06 o3y lddassacnluemis NB #

1A% Peptone 3000%1.0 Jannnuyu'ld 4.53 + 0.22 nazluomis NB MtAu Ammonium nitrate
3 [ 4 ] 3 az; év = ¥ ¥ o 4 +

$ounz1.0 Jasmuuld 4.41 £ 015 Tusaziionsy idiosluemis NB fanmaugu

14 2.64 + 0.15 unzriooiigaluems NB 1@y urea Souaz1.0 Sammnugu'ld 2.0 + 0.02

uaasluninn 4.22
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30 - B AB A

45 -
- 40 -
g 35 -
a 30 - c
8§ 3.0 5
= 25 -
£ 20
T 15
= 10 -

0.3

0.0 . -

N > & & na
D S A
& S
”? @ &L
& <~ &
€§°Y~ g“r.\.?’
x> Y
& &

¥ + 3¢ ]
Mt 4.22 undsluTnsnundananonses yueusse B. lickeniformis 7 pH 7.0 gunfil 35°C

-dy <§' . . . = ] o A

VINNIZIROITO B. licheniformis TU©1M13 NB 1dnunanis vaumas ulasui
uanaduliuay pH Sududiu 7.0 diedam pH Anddoundaslllusuziimswsadiu
o P 9 @ ¢ o ER e 3

na1 24 $1Tue 1w 423 dydnue A-E WuramsTinszideyanaialaeld
TU56n50 SAS #7033 Duncan’s multiple-range test WU B. licheniformis ﬁm“ifg“lu 81113 NB
A o b4 . b4 8 ¥ P vy as 'Y 1 9
AN urea $00021.0 AL Ammonium sulfate Tovaz 1.0 U pH Hua1a#i Tudrady Jam 14

> [
8.11 uaY 8.15 MNSWY 180 B. licheniformis M58 1U9IM15 NB 116z NB 1AL Ammonium
nitrate 50002 1.0 A1 pH g1 luA1ady Jan114 8.03 uaz 7.98 mudeu dmSunmsinsyves
>

1¥0 B. licheniformis 149115 NB 1/ Peptone 300a2 1.0 a1 pH 14 7.86 azluomis NB
LAY glucose Sovaz 1.0 Jaa1 pH 14 7.33 Tuvmz? B. licheniformis M3eyluoms NB 1&u

9 v o ¥ ¥ G ' ot oo o
sucrose 30002 1.0 1142 starch $00az 1.0 {is pH M lnanaeiuedsiitoddghssaunnu

Wweludevaz 95 a1 pH 14 6.82 1az 6.84 muday uaasluninh 4.23
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10.0
90 - N
80 -
7.0
e
6.0
50
40 -
3.0
L &F F F F &
& & o S . &
N N ~ & S O .
& & L = & & &
S & F S
0\5" eﬁf
x> O
L Y

H

d‘ A o4 o » s '
2 4.23 NMsulasulas pH ¥8991M15 NB Niduunasmsueu uaz uras lulasiou

» ]
nana 19U Tusz1 719IMs I YVOUFD B. lickeniformis N pH 7.0 QUHAN 35°C

4.7 todunyrumiaudszanEmMnnMsaILguNISNI VeI P. mirabilis

4.7.1 MWL B. licheniformis oK Cell-free supernatant (CFS)

b d
9INN15U1 Fresh culture Y04 B. licheniformis vuwizavslueIisimal NB

=%

Py 3w 1 = o ¥ 4 &
A% pH SuAuLIIY 7.0 Unfiguugl 35°C A5 150 seUADUTT oAUl 24 H2 109
" a o 1 ' Y A A a FAAna Y
wu sy Jamanugula 2.56 + 020 wSe ounsnSyveuraanlFIa laminy
¥
1.528x10° CFU/mlI vinnstoudunsuluwunmsdudlounawuingadvyea B. lickeniformis 3
L3 o s i 3 o y 3 3
myadnadefiludoumndaaaalunimi 424 s ludundseianuissou
v ] ] L3 o i
10,000 39URDMT nomoaula laonsoeriunszauniea 0.45 lulasiwas udunuldvan

3 v
Yaoai¥ie uonusamuuIam pH ¥99e13 CFS 1amiiu 8.56 + 0.12 funauda’l3n - 4°C
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- ¥ o s 4 & Y
ai 424 miadradesveawad B. lickeniformis lueimamadiinal 24 42 Tuanwld

AADIgANS SAIMATVEIY 1,000 11 (Bar = 10pm)

472 Banamsimnzalumseenqnidumsidaves P. mirabilis

mﬂmiﬁﬂmﬂ?mmmié’huﬂa’%wﬁwﬁmm B. licheniformis MWL AUAD
MSOONANEATUMIINI YUY P. mirabilis iguugil 35°C naz 45°C Tautuens CES #aaon
B. licheniformis Auanmanu s szav1dus fszauanuduiudovas 5. 10, 25, 50 uag 75 aq
119113 NB (1824AY Fresh culture Y04 P. mirabilis A1A14u 0.5 $ovaz 1.0 TavilSuasde
USinasormsman udnihhliuwiiinnudsew 150 seudemiifhuna 12 $2Tus nuh
figuund 35°C MIBUMSAHEANN B. lickeniformis TiszAuaududuifivsdovas 25 dawa
14 P. mirabitis s luszavd Jamnnugu'ld 038 « 0.029° uaziimsndgluszdvd
fiqaifoduamsiinaann B. lickeniformis Tuszauanududuosaz so uaz 75 Fauanaly

o <
AN 4.25 Hasas 1N 4.6
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18 -
16 -
14 -

212 -

a

310 -

208

5

£ 06

504
0y l ]
0.0 I

0% 3% 10% 35% 0% 75%
2V YU IMs CFS 910 B. licheniformis

1 o . 3 m’g} =
MNA 4.25 USuaans CFS 90 B. licheniformis MuNZAuABNI 00N NTATUNISINS QYUDA

P. mirabilis WMl 35°C

5 o o a a a a
Wothny I NuF RIS Yo NTNTUFIS CFS ARAANIN B. lickeniformis HU
¥ 4 + .
Use@NENMNISEUTINTSIISYUDITD P. mirabilis IIOWANA1S CFS NWAAIN B. licheniformis
¥
anudutudevay 25 wunihdsz@ninmmsdudimsieiavea P. mirabilis 1a3ouaz 76.52

aanaasluning 4.26

100 -

80

60

40

%o Relative growth inhibition

0% 0% 20% 30% 40% S0%  60%  70%  B0%

ANUANHYD IS CFS 90 B. licheniformis

¥ [ 4 3
M 4.26 sz AnTnIMu0ats CFS 90 B. licheniformis GUSIMSIA3YUDA P. mirabilis

UMl 35°C
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§ = o = A a R R . = o ¥
v Hguugil 45°C MSIAVTSAHAAYIN B. lickeniformis N3zauA NN
Mivadovas 5 Adawald P, mirabilis Imsnsyluszdudi Samanuguld 0.10 £ 0.038° uaz
& @ o & a o a N . . o ¥y v ¥
uaasmswsgluszaudgalio@uaisIkanIn B. lickeniformis luszauanududnies

az 10, 25, 50 uag 75 aataaalunIni 4.27 uazanseh 4.6

03 -

Turbidity (0D, )
o © )
o] faad w

I — g S g, ...

0% 5% 10% 2504 50% Tiba
AIINVUTUUOINS CFS 010 B. licheniformis
MNd 4.27 USuans CES 90 B. lickeniformis PIMANEANABNISOONONEAIUIMSINS QYYD

P. mirabilis NQMNN 45°C

Wevhumanuduiusvesnnududuas CFS NHANIN B. licheniformis A1)
» ¥
Usz AN A TUTINISS Y03 P. mirabilis o1@Ua1s CFS WARIN B. licheniformis
»¥
anududuions s nuniidse@ninmmsdudnisissyves P. mirabilis 1d3ouas 59.33 §a

uanalunni 4.28

100 - * & ey

80

60

%o Relative grewth inhibition

O

0%  10%  20%  30%  d40%  30%  60%  TU%  S0%
INNT Ui CFS 00 B. lickeniformis

[] ¥ »
MNN 4.28 UszAnEnMU0Ias CFS 910 B. lickeniformis GUTIMITNT YYD P. mirabilis #

PUNQN 45°C
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: ﬁ. ¥ Q( 3
M3 4.6 YTWIUNS CFS 910 B. licheniformis AMUILAUADNITDONONEA NIV QYUDA

P. mirabilis NQUANN 35 4az45°C

ANMANIUTIS CFS (%) aautgi (°C)
35 45

1.45 % 0.048" 0.24 +0.012"
5 1.64 £0.014" 0.10 £ 0.038"
10 1.39 £ 0.012° 0.02 + 0.003°
25 0.38 + 0.029° 0.007 £ 0.001°
50 0.19 + 0.010° 0.006 + 0.001°
75 0.11%0.016" 0.006  0.000°

-

nuwma Aundohiiidnusmousulumnnaaus liuaamedunsadinszaua e
$ovay 95 (P>0.05)

473 sAnunlszENEMMMSMIURNMSIIYVOI P. mirabilis

vinnsAneilesefiaoulss @nEMAIsAILRUNISINSY P. mirabilis A

3

qun il 35°C TauAua1s CFS NINAAYIN B. lickeniformis RAszAuanududuiovas 25 uag #

guUnll 45°C BN CFS MNRIN B. licheniformis Nszaunnudududovas 5 udrdanu
M35V P. mirabilis INVURUNISIVTYVOI P. mirabilis QU1 35 uay 45°C NitAvdrs
¥ v
WU P. mirabilis 'W1z1a03lugunal 35°C MAVA1S CFS 910 B. licheniformis 1UszAUAY
3 rd s
Wududevaz 25 n15195yF10 91 P. mirabilis ivnazidoalugaingdl 35°c Alidueas Taold
& @ P s q ¥ ~ & 4 ' . . R A
sToz09 1.92 93 luanzi Iuasmmwiuduiluasan (Biomass doubling time) (N©
3 v v
NOVAY P. mirabilis wizidoalugumgl 35° #'luduasldszeznaufive 0.72 $21ua s

wand lunNImn 4.29 nag 159N 4.7
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L6 -
——P. mirabilis + 35C
1.4
—W-P. mrirabilis + 35C + 25%CFS
1.2 -
- —de— P. miivabilis + 45°C
-]
21 -
g’ i P. mirabilis + 45 C + 5%CFS
o8 -
b}
0.6 -
=
0.4 -
0.2
0 ARy

1 1 2 3 4 5 6 7 8 9 19 11 12 13 14
Time(h)

MR 4.29 HAVDIGUNYLHATAIIATUYOTN (CFS) NUARDNSINTYVD P. mirabilis

3 ¥
lud v P. mirabilis MWIZIAEIQUNNA 45°C AV CFS 90 B. licheniformis

P o 4

nszaunnudududovar 5 HouFUMSNSRVOI P. mirabilis gungil 45°C H luiAvaIs wa

Y

b . I3
ANYIYNUA P. mirabilis iINzia0alugungll 45°C NANA CFS WWAAIN B. licheniformis
wialAnh 2. mirabitis Aldiduans Taoldszoznaits 4.49 Frlusfiezildiuiadnm
5 ;‘] ) . R . A o o . ye o s o A
INUYBUADUNT (Biomass doubling time) IUBINOUNY P. mirabilis IN1CIAUQUNHY 45C 1

TuduaslFszoznauies 2.16 ¥ 1ua asnaaslumnid 4.29 uazasan 4.7

M3 4.7 Jadofisronndszdnsnmmsaiugun1sesywes P. mirabilis

QuMfiiazms CFS HARBNISI YD P. mirabilis

910 B. licheniformis OD,,,.. p(h') t, (h)
35°C 1.41 +0.033" 0.9590" 0.7227°
35°C + 25% CFS 0.41 +0.004" 0.3609° 1.9206°
45°C 0.35 +0.029° 0.3200° 2.1660°
45°C + 5% CFS 0.12 + 0.006" 0.1543° 4.4922"

]
o e ey o

' 4 e o @ o« ' ' ar ) 8 o
nnume Auntenlonysmiloudulunwaaus linanandunaianszadun nuireiu

Fovaz 95 (P>0.05)
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$N CFS 90 B. licheniformis AMSOSYU03 P. mirabilis wui luemshimsiduasan
sadnian pH Gudu1dmfy 7.70 oz msldsuulasnislu 12 #2Tus S pH oglug
7.70 - 7.90 dauTuemsmani Widuasdugainwuiia pH Sudy 7.01 wazwu pH
manfdouuladlussdugeeglugae 7.01 7.80 iilesninitgungd 35° 0 P. mirabilis ims
wSldR doufieunad 4s°c fimsnldoumnlames p luszdudiogludie 7.01 - 732

1030 nliMsvSnyves P. mirabilis Juszdudmdamasluning 4.28

1.8
e ——P. mirabilis + 35C
’ ——P. mivabilis + 35C + 25%CFS
E 14 e P. mivabilis + 45C
1.2 —i P. mivabilis + 45 C + 5%CFS b
-
6.8
) 2 4 3 8 10 12 14

Thure(h)

AN 430 Msulaounlas pH TusenemsaugunISS Qe P. mirabilis

4.7.4 m‘saﬂ‘mqﬂéﬂma Cell-free supernatant %ﬂ%ﬂmn B. Iickenij‘ormis1‘l&ﬂ1‘§
drusenuniie P. mirabitis

1§03 Culture Y03 P. mirabilis ﬁrhumsmm‘?;mTﬂuxﬁumsﬁwuqa%w

(nde 4.7.3) nan 12 F1Tus wimsmz@oseluoms NA vuil 3s°c iflunan 18 - 24

$2Tus WU P mirabitis awnsonieyld dafuasdnnaiwiingann B, licheniormis

qn%diuﬂww’huv‘gmmﬂﬁﬁs P. mirabilis 111 Bacteriostatic agent c??wxmmsnﬁ'ngmwm?tg

I4 ] - ¥ 1o o ar P
YOUBAQAUVAYTY P. mirabilis Qlﬂuﬁ'llm”Ifi"lfﬂ“]fﬂﬁﬂ\i!iﬂ'ﬂﬂiﬂﬂ’ﬁﬂﬂ 4.29
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MNAN 431 MITYVOI P. mirabilis DINUMsinzde laoiduaisduyadn uaztiun

4
Wzaee lue1n1s NA
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NN 5

o 87
agu eAdseuazvelauenus

YouUFIINNITUIUNITNNGATIMNIITY H30UDUTUINNTZUIUMIATATBUNYN
3 » 3
Yassgdwradonlusssuand vinveudomaniulimsiuidlonTsdu nie sziilulu
< = o * o o a v d
Puuanududugs ydunionfieglusssumauesiaszamnsaniyuazanilaseniy
o Ay a ] ’ o 3
uawynﬂﬂﬂiyﬂ1ﬂaumuuimwmmanm§ﬂ Proteus mirabilis, Proteus vulgaris, Budvicia
aquatic, Klebsiella pneumonia W6 PSeudomonas migulae (Terence et al., 2004) %zm?tyuas
| @ A s Py 2 a O w :ii] A o 4 a o o o
niedannsaulasiais snnssailuFeaunghined yninduniauen Tudisuaz e
¥ » »
leTasisudalda smidoil 1ddnu naz Jaiuldfinsmuaunisesyveudeaunane
o Py ¥ 28 2 - d’ <X o g Y 3
Jynmwansnianaualoma luladdnm Taoidon¥o P. mirabilis U MNUTOAUNAND
a a [ c’: -: 5 P! we & 3 124
Pyvwanumendumulumsdnuind sl 1103910 P, mirabitis Tamauianan Tdneny
¥
s 4 aray d
uonTufionasMaslaTasioudalva mnnsinuviguauifidosduvos P. mirabitis wirsuily
A I o v g ' J A d ¢
upafiounsuay aatanvaziluzlunsdu amwnsedenimaniimanilussmlsznou
bt L) o 4 @ 1
moluane lufisondiau adradlumalalasisuda’lid deandosiudosaasluanaves
' + »
Tsauniensaozii Tunfiduzduiluesndsenouluanmwilifioendiou Sonilfnseriih
< ar L4 = a
desulfuration (UHINIBUINYASANTRNS, 2554) IN51Z P. vulgaris vzaaansaozil Tunldowilu
o & A © o ety o o o = " @ o 4 .
loTasudand FudionnljnsodudeouveamansuinailuddveanandalWd (William,
b
1990; Wistreich and Lechtmean, 1980) UonN3NUU P. mirabilis dedmsna’ng Urease enzyme
= 0 ot -t oy ]
wezdevgi3oluomsnldoudiumasonTudio
. . . A A o ¥ o Ay a
B. licheniformis Wunuafii sfamnsondamsMmuainidimsnigves
o a Yy ¢ o 1 oo e et 4? ot $ e
yaun3dldnaroriia 1y 51 uuafiSounsuun uazuuaiGounsuay Huiven1¥naalu
ar 3 s L4 Y =3 = A o @
s2AUQAdIMNIsu 1A UAMUo YA 1IzRIN ViEN Wwweadi luTomaTlulad §iia 910
=2 e A E4 . . . ' ﬂ 2 g gt o
MsANINUANTMLDIAUYI B. lickeniformis wiinilununiis sunsuuin iwadtanuuzily
1 d 1 3 t 1
Jiuns adnalesegidumisns inats (central) 1ndnsanana (paracentral) oz ognoulaty
a ' a =
1500 (subterminal) B. licheniformis mmmwaﬂmﬁ@l’mqa%w (Antimicrobial substances) m’ﬁu

NSI93YUDAUVANIIY Gram-positive UAZ Gram-negative HAIWHHA (Guo ef al., 2012)
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"‘ABQ ar15a mi;a?m bacteriocin-like inhibitory substance (BLIS) ﬁwﬁ NN B.  licheniformis
HTRHR2 mmsm'ingqmsLix?a,;mamnﬂﬁﬁtmmwﬁﬂ 1% Escherichia coli, Salmonella typhi,
Shigella flexneri, Staphylococcus aureus, Proteus vulgaris, Enterococcus faecalis (Sharma et al., 2010)
&0 B. licheniformis Safnmnhalelumsi hAmnnsaougumsinsaeude p. mirabilis
NN %’mmmsm?igua::mﬁwﬁmmsﬁwuqa%wmmﬁ;a B. licheniformis Tuo1m1s
NB fi1 pH 6.8 - 7.0 igungii 37°C tuwirfinnunda 150 souanuiinyinwadinialuge
Lag phase ﬁnm 0-4 ‘i‘?’ﬂlN m%“mjmha Log phase VEL) Exponential growth phase ﬁnm 4-24

%2119 1419423 Stationary growth phase %89910 24 %2114 ndrnevanas TusenNINSINS QY

*
4

409 B. licheniformis 310 pH 13414429 6.8 - 7.0 Wy pH Imsulasunilaslunudlriy
v ¥ > ¥ 3
wuduian 14 825 1eiims cFs Ngnidunng 4 $2lusuImeaeuiuy  Qualitative
¥
ar v A & =y t
antimicrobial activity ¥ P. mirabilis ‘mJ'Jm’rsgnmn‘wumﬂa'mSxﬂawmsmsmﬂumo
Exponential growth phase #1281 12 ¥21us uaziimswndaas lawinhgalusgninaniseiy
11%29 Early stationary growth phase oM 24 - 36 2114 deandesnumsAIuainindaeIn
B. licheniformis ZJU12 gﬂﬁi‘)%ﬂﬂ1ﬂ‘ﬁ’3~i Middle exponential growth phase finswanasla
93 11u%29 Early stationary growth phase (He ct al., 2004) 15WIR0INY B. licheniformis B116
gnA3IINDENSATUYaTNIUTI9 Early exponential growth phase Iinswaams Idgagalusos Early
stationary growth phase L1192 fiﬂtl"] ana9lu% Late stationary growth phase (Guo et al., 2012)
FMSUMISIOS YYD B. licheniformis NYUMYUUANANAUNYT LTAINSI9TY 1AAN
f) o v et P 4 = o P =
gungli 30 - 45°C Taonunlimssylalugegaigungil 30 - 35°C uaziinisesyldlu
4
f

zaugafigungll 40°C uaz 45°C daugangi 50°C wuhiimsinigluseavdi uaz linsae

WUMINS VO B. lickeniformis Ngunaili 55°C Tuvagh B. lickeniformis lisunsonigld

o

=

TuoM13 NB 1 pH < 3.0 upansainsny 1811929 pH 5.0 - 9.0 uazuaasnsi oy lAafigad
pH 7.0 ua:i]mm:iﬁﬂmm{uauﬁﬁwaﬁﬂmm%‘mﬂmn% B. licheniformis WuM UM339A
fiqalup 13 NB 1 starch (potato starch) 3000z 1.0 Tamnnuau'ld 3.52 + 0.04 fif pH
6.84 11199910 1D1M115 potato starch SMidudavveahma glicose iilunslsznonieduady
51959y 199 mstziavaie B licheniformis TueM13Ma1 NB iduumdslulasnuiiuand1e
fununinmsinsygegaluanduluemsmarfiiu Peptone 30082 1.0 1BZ Ammonium

sulfate 30003 1.0 IannuYyu 1R 4.53 £ 0.22 uag 4.67 +0.06 AWE 1Y T pH 7.86 - 8.15
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b A
o a3

] ¥ 1)
Aot ladne uag Jaiulhinsarugumsiniyusauso P. mirabilis 118990

o g =3k a = % o o q’: <
dhudunuieaumaineilgmindumauen Tumdionaymals lassudalid daiu msenun

4 ¥
ilo¥v gaunail pH unasmiveu nazunaluTasisuiidwanon 15103 yveuse P. mirabilis 92

¥
Y -~

FromuszAntnmmuesasagadinhindnniniie B. lickeniformis 19n0unsSyves

¥ ¥
3 ¥

4

10 P. mirabilis 10 310MsANYIQUNYINAINAABNISNTYYD P, mirabilis WO INguNDT
45°C dawal¥ P. mirabilis nananisnigy ldluszaud Janimsindy (0D,,,) 19 0.55 + 0.047
y - » - v
TuvmgNans CFS WAANIN B. licheniformis 0ONONHEVEINITNTYVOI P. mirabilis TAgIgad
gamnil 45°C TaewunHiiduriguona1aues Inhibition zone IMAL 16.3 + 0.41 HARIUAS/20

> 1 % Q‘V 3 “)
TuTnsdas Aniufigungll 45°C rwlumsiaSugns Iimsausosengnidudansieigues
9 P P ] r-'; CV = | “ned ] b4 =]
P. mirabilis lagega msfiny13imsaruquaduluilegiviinanna e3s wunrs ldmsnl

5 et ¥ o e =S b1 =3 ] N

FBmenmionin 015 19598un3d souldfems Ias snfsayu Tns u msfayifanssunis
= a 4 o da
ﬁ'mgawmm Lactobacillus murinus (LbO2) ﬁ'mmsmiwm P. mirabilis WAz N UDN

bd 4
gur il 37°C WU LbO2 113 05UHIMIITYUDUFD P. mirabilis a10WUT Pr6515 g XT2

* W

] 4 £ o Py 1 w o
ﬁtﬁ'umﬁuﬂﬂmwm Inhibition zone 14 WDDIUAT/2.5 'lnjﬂﬁﬁﬁ‘i TIUTWAHUD Pr2921 oz

Pr4149 Hidur1gudna1aves Inhibition zone 12 Hadiwas/2.5 lu1asans (Fraga et al., 2005) U
NquUUATISY Lactobacillus sp. litsnnie wazamuannizluanizniadeuiivannaild
iosananiizluTandlegthufih Iugamgiigety

Tudumsaniiledvves pH ﬁﬁauaﬁamsﬁusfanﬁm?aﬂm P. mirabilis WU
pH i P. mirabilis Tigmnsan3y1dluemis NB fle pH < 5.0 dauundsvesmsveufinade
mm%’iymau%ya P. mirabilis wuiminmzassluemsfay glucose 300A% 1.0 HAAINS
winldluszdudinhiimedodluems Ne Samnnuguld 1.45 +0.02 dio¥ad pH wuh
fianudlunsageiamld 4.65 Lﬁiuzﬁvaﬁuﬁnﬂ1smm§tja P. mirabilis 149 M3 Glucose broth
S0 Wide P. miravitis 1§5zuznanude 4 - s $2lueftessi Iuadamwiniuiuaoah
(Tas38 §uns3, 2555) dofousunsmzdsaly NB figanz@inaduldszoznaniivs 0.74
21w uazﬁaﬁaﬂﬂﬁmﬁumsﬁﬂmmm:wmmngiﬂmmztmﬂﬁf%'mmﬂéﬁ‘nﬁnae{amsﬁuga
nstinalalasoudalia ﬁswam'hmiaxawmmfmmﬁﬁﬁ'ﬂ‘iﬂwﬁagﬁuﬂ?ﬁﬁﬂmﬁaﬂu
mnthaalddudinsadeialsTasiaudalidvos P vulgaris 18 Taowuhaisazarwiil
qmﬁlﬁugﬁandnﬁ pH 1 Fupannmsuinmmimanliidanse (Wungkobkiat et al.,1996 ;
BIMITIU NNNOVINGA HazAmE, 2538) Fafun1sian glucose TuemIsMaIFIvannsHan

o a o o ¢ A v & a & o
mwuouTudio uaz Melalasnuda Mdiissninnsasy ldudanisiyveuse p. mirabilis



o

» F-4
dmSumsAnyumnasved luTaswuhiinanen1saSyueuse P. mirabilis WUTMIITQYMN

A 3 oo

fiqavea P. mirabilis 14813 NB 1 urea Jouaz 1.0 Jamnmugu'ld 069 + 001 iisnniFo
P. mirabilis annsonlfou urea TidludeSadion pH Humagefiqaian1d 033 R
mm‘s’agmméa P. mirabilis 194

msfmuuafideiiademnsdfFue uie msdugainuneciasmduiledetug
wu gangil iudnmadennilsdmiunsniugumsniauos P mirabilis NMSANEN
Nasofigaoiinlss AnSnmmsnIuqumsiniaues P. mirabilis igaunil 45°C wuhmsidy
15 CFS AiINAAN B, licheniformis anundusuiiivadovas 5.0 ¥l P. mirabilis fimnisioiey
Sadaonmuyuoniy 0.12 + 0.006° nazl¥szuznonnuis 4.5 #2lusitezdildurednm

R )

] ¥ *
muiuiduaeun dwmald P mirabilis 85yanasdevar 593 Jeromuaszanininnis

¥ '
AIVAUNITNIYVOL P. mirabilis IAgenmsmzidssnuy lidums ifisimswiygaioni

31l 0.35 + 0.029° naz WinmRos 2.16 $21u3 wonmaudsdnusz@niamnsaiugu
M5 YV P. mirabilis NQUMQR 35°C WUNMSIAUASAIUAINTAWEANIN B. lickeniformis
anudududosaz 25 WA P. mirabilis Tnnisinsayindroanuyuiiny 0.41 + 0.004° uag
Wszoznomis 1.9 $rlusfezilfinadmminduiuaearin dewald P, mirabitis
winanasdouay 76.52 SermAulszAninwmsaruqumsieiawos P. mirabilis 18gend
msmwslﬁyvmnn"lihﬁums‘?iﬁﬂ'mﬁm‘%‘iﬁﬂ%’wmmﬁjmﬁﬁu 1.41 + 0.033" uaz l¥naudios
074 $rluohlfusaFmmimuuiugewi Fafunsiduans crs ain B licheniformis
Anwiwsuiledvvesquugiizdromudscdnsamninouqunawiaves P mirabilis
Lﬁaa%1ﬂmsﬁaﬂﬁnﬁqn§ﬁug@ﬂﬁm?zgmmumﬁﬁU?’;Lﬂué’umafiai”]auxmuaﬁumaﬂ?iuﬁw
wouTudle uazialaTasiouda g 1dusnnniumsnldoumlas llvos pH lusgning
misfnuiledfigrimlsz@Aninmmsnaugumswioues P, mirabilis igumgd 35 waz
45°C Wu pH Sasldoumlaslunn Idufitiudwde P miabiis uaaInIsRs i
wasuuilasly ﬁm%’nmﬁﬂszﬂammﬂﬁ%ﬂﬁmmﬁnﬂsxf‘?‘ﬂ%‘mwmsmmumsm?igmmﬁ;a

P. mirabilis WAAIAINT 1N 5.1
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M31an 5.1 esrtlsznevvesilesongrumuilsednEnimmsniugunIsT Ve P. mirabilis

Factor Specific growth rate (h") Biomass doubling time (h)

pH 3 0.1497° 4.630°

35°C pHS 0.1489" 4.655°
Nutrient broth pH 5.5 0.3033" 2.285"
pH 6 0.4493° 1.542°

pH7 0.926" 0.748"

pH 9 0.5695" 1217

25% CFS 0.3609° 1.920°

pH 3 0.1181" 5.869""

45°C pH5 0.1275"” 5.436"
Nutrient broth pH 7 0.2943" 2.355°
pH9 0.1744> 3.974"

5% CFS 0.1543' 4.492°

Glucose broth pH 30°C 0.147% 4.706"
6.8-7 35°C 0.154™ 4.516"
(Tas3d §ums3,  40°C 0.160™ 4.327"
2555) 45°C 0.059" 11.768"

1 4 14 o LY L4 ] 3 o s ed ar 5w
nnumg Anndenldnysmilouiulumnaaus liuanaiuneatanssduaiuyeiu

Fouag 95 (P>0.05)

VoL HBIUY

L4 ¥ ¥

) i lums el 1Amzides B. lickeniformis dmiunskanarsdiuganiigungl
35°C Y 150 soudowImIIa1 24 2153 mininsanelesensranulszansamlu

- o ﬁ - P - 3ot ¥ 4 4 2
mMskanmsmudnuImInianasiunseaads IS nuanududugIvune vz Ny

b4
Usz@ANEMANISEUTINSIITUVDY P. mirabilis
a v o { o & = ] a
(2) MU glucose 3NUDS CFS NndaIN B. licheniformis Wudnuuimanilanazsiomy
3 ¥ 14
YszANTMMNISAIVAUMISIIS YD P. mirabilis iiosninmismiinmnibmainmdiiansa
Y n’: =y t o o =] ¥ @ o
AITUMSIAY glucose  TUDIMISIMAITIWAANsHOAN BN Tulolasiy laTasuda’lra
3 ¥

Wosnnnsnaz Tiudinsisyuos P. mirabilis

o’: c? Voo = [ A o J | a
3 Tunifinuadailli1idiinsnasssmunulSnaiisiinedu uadnuiiledonisaiugu

s o

MISIIYVOI P. mirabilis oI MMsAIvguFoaungiineilymindumaueou Tufiouag fe
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Talasiouda WMaliimswsyanasiitudnitnilsdmivamuquiidumalumsteyanie
namINIINLUARISY

@  lumahlhlzgnalddednsinuiuny wunswamiusadesidnir’hllsoly
vinainedlywindunenTuilouas lslaswudalid nie naafuiademaudninlia
wuuSnafneilynngy e nnsies yres B. lickeniformis Tuanzlndannsaniams
uvaSn'ld 8 B. licheniformis iSuuyafisei line lsauazdafhuTns luledin

) wniinmi‘hhlszgnd 15 luszuniniaveudo wu szuNB A URUIUY bioscrubber
biofilter 0% biotrickling filter (Syed et al, 2006) ﬁﬂ'm‘]am naunenTwiionaz
Talasousalrd Taolaide 5. licheniformis nnasluszuudanazsromulszaninm

nsmuguuansnenauten luilouas lalasieuda ira 14
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NIUMIURNLARY NIzNTIMINNINsHAT FaAdon. EAMISIHOUNINIINNITM NN

o M e [ & &
ANVANIZTUYDINTMNNUAMIUIAITIUUNSIFNIIAT ’J“i}’lﬂﬂﬁumﬂﬂﬁnﬁﬂ 3.

o o ¢ o = ar
NFANN - FNTDNUALMIPHNINTIUNIINGINY, 2552.

. IPNASIHIUNI NN InsIn15ISuRauNn Tu Tadns fan1suasaiugy

& & s - e ¢ @ o 4 '
ﬂﬁwyiuﬂ']ﬂ'lﬁ (FXUUNMIANDUBLYFININ). ATUNNT - ATUNNUNUNI

s aiunInedy, 2554,
N3ENITNYATMNGSU N3N T530MgAaMNssY. Hilonssanisdunadoueadnnisy.
nyamwa : dninmaTuTaddanadou, 2542,

NOAGUINVIATUNIAGOY. IPNAISWINNINNIFINMINITamsanuilasaiuazasIu

anulaeade. NFUNNA - dninouIlY 1.1-5, 2554.

o s « = 5 = w ar $
s Tanaimun uasganu augdawus. n1sdden Bacillus sp. NTA UMDY

= o P = g 1o = v .
msaaueu ludio Tu'lasi uaz luasn, Inontiwuidsyyrimemaasuniiudia ;

INAINIBUNINNIAY, 2553

= o & =Y o e & 4 o o o -
HANTINT WIUY, LAITUR WIUY Uz IUYe 3’31“14?10. AT VUUNIAUANHOINIA,

o @ & g v s - o

NTANNA : FNIARUNUMITNDINTMUNTINNF, 2550.
WTAINGdunBAIMAns. a3 inemlfiams. njunwa : madngadiine amg

Inoenans, 2554,

=y os ] ) & gren el o -'-‘? ¥ ! “

UMIMIaeUaY5il. flelfiiamsyaiinguiiewnu. aua¥sIl : MAIN

a o <8 o L

IMNMARTTINN A INeemaas, vl 1.

T 4

anms niadsnsy nazag Yguerid. “nisiiiamalalaseuda ldaidudoulufudinm

Trogdun3d”, KKU Science Journal. 37(2) : 130-136, 2009.

o o o = L4 =y = 6 ar &y a S
TUANA 'NTL!. @auﬂ?mmsﬂﬂmsuﬁluﬂu. NTUNNA : ﬁ']uﬂWiJ‘Vﬂ‘YIU’JWN'IWWUW, 2528.

A d @ o 5
Tﬂ'ﬁfl ﬂu‘ﬂﬁ'ﬂg miﬁnm%auwamﬁmmsmimﬂm Bacillus licheniformis lL‘Uﬂﬂziuﬂ'lﬁ'l‘i

o 7 = = L = s
a2, Uy Innnans tinds : uIINOIREaURTIFEIN, 2555.
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ar o oy or 1
1alasmuda’lna, Iasan1sits EM uasHavesms l¥nen1sinyns iag
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1. Nutrient Agar (NA)

i d
)

gAI9IM 13 NA | dnsiaulsznouasil

Meat extract 3.0 NSY
Peptone 5.0 N5U
Agar 15.0 N3N
pH 6.8-7.0

5 T
azawamrauag luindulsuins1,000 Hadans USu pH MWogluge 6.8-7.0
4 . } 4 »
490 0.1 M HC1 %30 INNaOH udni1liainden 121 ssramFoa 15 uia 15-20 w1 Aana

b d ¥
Pigamaiieglugae 50-60°C ndmaawusmemisidouse

2. Nutrient Broth (NB)

¥
g"391113 NB 1 anstidamilsznouasil

Meat extract 3.0 N5Y
Peptone 5.0 W
pH 6.8-7.0

» »
azawdunaua 1) hinhindudTues 1,000 iaddes 151 pH 1Weglugae 6.5-7.0

b 4 s
%16 0.1 M HCI %58 IN NaOH udnirldaiudon 121 essmsmdoa $unat 15-20 uin

3. Glucose broth (Dextrose broth)

qn39IM13 GB 1 ansfidnlsznoudad

Meat extract 10.0 N

Peptone 10.0 N5U

Sodium chloride 5.0 N3

Glucose (Dextrose) 20 35U

pH 6.8-7.0

DL IWAIUNAN Meat extracts, Casein Peptone 10 Sodium chloride 1u1§1ﬂ 5u

» ¥
151195 800 WaAAAS AU Glucose (Dextrose) azats luiihmauasuias 200 Naaansiiill
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v339vIanuniund )5y pH Teglusas 6.8-7.0 430 0.1 M HCI w5 IN NaOH tdnirlolain

A 4 =t ﬂ a ¥ ¥ o o
18N 121 93U asua 1UInT 15-20 u1“§aﬁlﬁlﬁullﬁ3u1n1ﬂﬂuﬂu

4. Urea Agar Base (UAB)

b d
ot

493501113 UAB 1 anstaulszneudad

NaCl 5.0 NSu
Na,HPO, 1.2 AU
Peptone 1.0 N5u
Glucose 1.0 NSY
KH,PO, 0.8 Ny
Phenol Red 0.012 N3U
Agar 15.0 N3y

» 3
rarwdaunaua1e lhindud3uins 1,000 Tadans U5 pH Ineglusae 6.8-7.0
9 - Y o ' g P ] <3| 1 g 2
70 0.1 M HCI ¥50 IN NaOH udnirliain¥eon 121 sssmyafoa iilunm 15-20 wiii daiis

P gungiiogluga 50-60°C 1du 40% Urea solution 1311@5 50.0 indansudunasuusiu

£ &
211151009150
b4
40% Urea solution 100 diadansiarudizneudsi
Urea 40.0 N5u
) Q'J « ey c{l & ooy
17303 40% Urea solution 1AUT Urea 40.0 g iduiinaudSudsuasiv 100

a aa o k4 4 o k4
uﬁaﬂﬂﬁﬂ'ﬂﬂﬂﬂ@ﬂ!%ﬂu'ﬂﬂﬂﬁﬂ\iﬂ?ﬂﬂ'jgﬂ'lyﬂﬁﬂﬁ 0.45 blﬁﬂ?flu

5. Triple Sugar Iron Agar (TSI)

o

»
qA30IM13 TSI 1 Anslidulsznoudail

Beef extract 3.0 N5Y
Yeast extract 3.0 N5Y
Peptone 15.0 N5y

Protease peptone 5.0 nN35u
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Lactose 10.0 N5 Y
Dextrose 1.0 N3y
Sucrose 10.0 N5U
FeSO, 0.2 N3V
NaCl 5.0 N5u
Na,$S,0, 0.3 N3y
Agar 12.0 N3
Phenol Red 0.024 NSu
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» 3
azawdunauae luhndulSuias,000 faddes Usy pH Idegluee 6.8-7.0

1Y A ¥ 1 P v A 4 o
&9 0.1 M HCI 50 IN NaOH utislanasaudnitllausod 121 sssnaamsoa tumnar 15-

o o =1 Y
20 W UIBBNUTINIBBIY ﬁﬂﬂif)ﬁ)ﬂiﬁlﬁl%‘!’)

6. gunsal

Spectrophotometer (WPA, Colourwave, UK)
Spectrophotometer (Perkin Elmer, USA)
Centrifuge (Hettich, Germany)
Incubator shaker (Innova, USA)
Autoclave (ALP, Japan)

Hot air oven (Memmert, Germany)

pH Meter (Metrohm, Switzerland)
Water bath {Contherm, Newzealand)
Auto pipette (Gilson, France)

Test tube (Pyrex, USA)

Erlenmeyer flask (Pyrex, USA)
Cylinder (Pyrex, USA)

Beaker (Pyrex, USA)
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o8
1. aynu

Glucose/C H,,0, (Fluka, Switzerland)

Sucrose/C,,H,,0,, (Merck, Germany)

Starch/ (C;H,,0,), (Fluka, Switzerland)

Urea/ CO (NH,), (Ajax, Newzealand)

Dextrose/CH,,0, (Fluka, Switzerland)

Ammonium nitrate/NH,NO, (Carlo Erba, Italy)

Ammonium sulfate/ NH, SO, (Fluka, Switzerland)

Casein peptone (HIMEDIA, India)

Yeast extracts (HIMEDI A, India)

Meat extracts (HIMEDIA, India)

Magnesium sulfate/MgSO, (Ajax, Newzealand)

Potassium dihydrogen phosphate/K,HPO, (Carlo Erba, Italy)
Absolute ethyl alcohol/C,HOH (Merck, Germany)

Ferric sulfate/FeSO, (Riedel, Germany)

Sodium chloride /NaCl (Carlo Erba, ltaly)

Sodium hypochlorite/Na,HPO, (Carlo Erba, ltaly)

di- Potassium hydrogen orthophosphate/3H,0(KH,PO,) (Riedel, Germany)
Phenol red/C | H,,,S (Fluka, Switzerland)

2. MITONTUNTU (Gram’s stain)
24 4
2.1 MSIASHNT IS

2.1.1 Crystal violet

158018 A: Crystal violet (85 % dye) 2.0 N5U
Ethyl alcohol 95 % 20.0 indans

azaod luneansgodaudazaiunua
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TIT02018 B: Ammonium oxalate 0.8 P51
¥ 3
HINaU 80.0 11anans
ar ] ' k4 Y et Y
WALTIAZAN0 A NUAITAZAI B 01ALNBUNIDINOUMS 1% uastudvy
wuldoriPensaisazan A il 1:10 feunauduasazals B

2.1.2 Safranin (Stock safranin)

Safranin 2,505
Ethyl alcohol 95 % 100.0 Joaans
¥
ez 1¥a lumsdon1M139919 1:10 (Stock safranin 10 HaaAs HANADLN
ar A aa ¥ oo ' 3 H
AU 90 Badans) MUALNOUNTDINBUMS 1FYNATI

2.1.3 Gram’s iodine solution (mordant)

lodine (crystal) 1.0 N5U
Potassium iodine (K1) 2.0N5U
WInau 300.0 Uadans

S 4 a o ' ¥ a d
AYn10 lodine 1AE Potassium iodine 1WindwTinalesqnou udnauiin
3
Wasu udanu Bluviadn
2.1.4 Alcohol
Ethy! alcohol 95 % 100.0 Tadans
2.2 3smsfia
o o I~ ¥ ¥
2.2.1 anuazoiadlasd uazidaliudis

25 IS 4 Jﬁ k4
2.2.2 138U DUAIUYILAZATUY DN VAU DU

=X . Vo « o g ¥ =1
2.2.3 voad Crystal violet Iinwseoeiios Helduiu 1 1
H 'd ] : w
2.2 4 manmastauua lasasluerni ud e dromsazarnlelodu nisen
3 =] Y or =5 o ay 9 =1
Tunoaaismsazaw e loauldvusooadios uazneliuu 1 ud
4 .: 3 FY o &
2.2.5 mansazanelo TeAuns udrvedomsasaloonnodsd 95 % 130
o o ™ totat ¥ T ] W ooy o &8 ¥ ¥ : s
1OANDEBADT lau unseNe ludFusazaweonuy uaoo 1Ay 20 Surh udrdraiviun
4 oy v
Touldimwuineg

} 4
2.2.6 FUAWNILANT LaZToUNUAIWNTITHOAT Safranin NINSOUENOI NS

WY 1 U
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3 L4
2.2.8 11 llasr9gdaendesganssemi

3. 35 MnumavaunanIans (Kinetics)
3.1 MOATIWUNIZNTNTY (Specific growth rate; w)

o :j N @ w ¢
PNAUMT y = pX + b Aetiudeamnsamia p Taosunsiuaasnnudunus

s 4 ) ¥ o o P =t
CHINUNY X 719 1387 (1) NHH’JUL?‘N%”)TNQT‘!UKWN y 618 Inx (In Y2IUIFINTN)

18 -
16 4 y=0.5695x + 2.0137
~
14 R2=0.9876
12 -
« 10 -
| -4
= 8
. ot
4
2 o
0 H H 7 T ° H H
0 5 10 15 20 25 30

7 Time(h)
M8t 13 N3 AR U FURLETENI19091(h) 11 InX (In Y9ICDW (mg/L)) Y84 Proteus
mirabilis ﬁqm'ﬁqﬁ 35°C pH 9.0
VINNINAIBINILATNNTOVBNSAT UMz veIMIIsey Idonaunis v = 0.5695x + 2.0137 adl
"t e o &

1 ¥
AU 0.5695 AU Proteus mirabilis MW128891481M15 Nutrient broth gagil 35°C pH

9.0 HMPAT T UNIZYBINISIIS YIIAY 0.5695 b

3.2 szvznafunadan i uae (Biomass doubling time; t,)

INAUMS ;= In2/p Fartuazamnsamn t, Teonmsumua p v nde 3.1 asly
aumsez14 1, = 1n2/0.5605 b TAUARY 1.217115 h §9u Proteus mirabilis fimizidoalu
81115 Nutrient broth gl 35°C pH 9.0 Idszezina1 1.217115 Frlusfuradn iy

Fua 24N 1(Biomass doubling time)
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4. m3InnzvdeyamaadduTusunsa The SAS System for Windows 9.0 (English)

4, 1. The SAS System for Windows 9.0 (English)
SAS 1HuR16921917 Statistical Analysis System F309f1)5znDUVBINTIAIE
4B SAS system 1U5TUL SAS 92UaAI 3 NIAS
4.1.1 PGM (Program Editor) : 19ifivuda sas uazudlvdoyaian 1l
412Log: dauﬁuﬁmﬁﬁumﬁﬁmummﬂmﬁ‘lﬁma:ﬂmﬁﬂwmﬂ

4.1.3 Output : uaasdan ldvnmsdszuianavesyamde SAS

LI Y
RN

i GAME AVFW

Do oottt | Eliog-owesiont | [ e Bommiet =

4.2. m3hnnzvideyon19adid 18T Duncan's Multiple Range Test

=4

421 Mmdoyandafos Budr lusealoudids sas

SRd r@0 DR AXOS

INPUT TRT ¢ REP Fw &§;

CRRDS ;

30 1 2.4%

30 2 Z2.43%

a3 2.395

30 4 2.38

3 3 2.385

w & 2.38

L S 2.38

s 2 2.37%

s 3 2.321%

35 4 2,208

38 5 2.4

38 & 2.58%

40 1 2.26%

40 2 2.28%

4 3 2.28%

10 4 2.271

4G 8 2-275

4 & 2.274

RON;

~PROC OLM DATA=RY;

CLASS TRY:

MODEL FWIRTy

MERSS TRI/DUNCAN LINES;

TITLE "AVIFW':

now;}
& o i vl [| Bovps-gesen | £l iog- Wnite 1[5 i - Gt ~
U




4.2.2 adaydnual Submit Tunaunesiie e ldlszuanamudids
PEW SR e PRU[FOe

t #
4.2.3 @enmii A1 Output azanaveyatilszuianadail

{ iDmll& TR PER O

AFR 12729 Tuesday, June 15, &
B&uum

The GLR Procedors §
gim :::x Duncan's Multiple Range Teast for |L

w C

) [ GLM AVFW

NOTE: This test coolrols the Type | compar isonwise orror rate. nul the sxper imeniwise
rote.

Alpha .05

Error Degrogs of Froedom 15
Ervor Mesn Scuers 0.002908
Fembar of Means 2 3
Critionl Ranpe 06836 OBBSE

Maans with the zame letter are not significant |y differant .

Duncan Geoup ing Bean N TRY
L] 2.39M7 [ 30
s 2.92667 6 a5
1 2.27588 B 40
) [ ]
%E
L
‘ 3
B ronte (v ] [owem-Chdt Eliog- dreing | B et - et + |
— o @R 4

4.2.4 1 deyah Iduulswa

Temperatures 'C)  Growth of bacteria () ) 3N

30 240" + SD
35 2.32°: SD
40 2.27°+ SD

winumeg mmasiinsnysmifeutulunnaaus liuandefuneadaiszdunnunyeiu

fouaz 95 (P>0.05)
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1. M3 YNAZNIHAATIIAUYATWYBUT® B. licheniformis

83

CDW(mg/20ml) log CFU/ml OD,,,.... pH
Time(h) | Mean' | SD | Mean' | SD | Mean' | SD | Mean | SD
0 0.7000 | 0.2646 49182 | 0.0639 | 0.1250 | 0.0138 | 6.7033 | 0.0103
4 1.1000 | 0.1000 6.9815 | 0.1784 | 0.3900 | 0.0179 | 6.8433 | 0.0216
8| 29333| 03512 | 7.6128 | 0.2080 | 0.5783 | 0.0392 | 6.8417 | 0.1280
12 3.8000 | 0.2646 8.8140 | 0.1148 | 07117 ] 00523 | 6.9067 | 0.1335
16 | 84000 | 0.1000 | 9.8261 | 0.1686 | 0.8100 | 0.0283 | 7.3750 | 0.0468
20 | 10.9667 | 0.5859 | 10.6180 | 0.1404 | 0.9917 | 0.0354 | 7.4333 | 0.1858
24 | 13.2333] 0.5033 | 11.6659 | 0.2042 | 1.3967 | 0.0969 | 7.5100 | 0.1614
28 | 14.2000 | 0.4583 | 11.8162 | 0.2061 | 1.5490 | 0.1012 | 7.5983 | 0.0733
32| 15.4000 | 0.4000 | 11.8583 | 0.1200 | 1.6367 | 0.0698 | 8.0567 | 0.1194
36 | 15.6333 | 0.2887 | 11.8039 | 0.3177 | 1.7167 | 0.0599 | 7.8050 | 0.1037
40 | 150000 | 1.0583 | 105272} 01815 1.7600 | 0.0438 | 7.8150| 0.3182
44 9.0667 | 1.2503 7.6484 | 00449 | 16933 | 0.0589 | 8.0950 | 0.2141
48 | 12.7667 | 0.1528 8.8050 | 0.0239 | 1.5000 | 0.0179 | 8.2383 | 0.0677
2. @ﬂmgﬁﬁéamﬂ'a?‘mmsum‘iﬁmga?wmmms CFS 10 B. licheniformis
Duncan Grouping Mean’ N TRT ('C)
A 16.3333 6 45 (CFS)
A 16.0000 6 45 (FC)
B 3.3333 6 40 (CFS)
B 2.6667 6 40 (FC)
C 2.0000 6 50 (CFS)
DC 1.6667 6 35 (CFS)
DE 1.3333 6 50 (FC)
FE 1.0000 6 30 (CFS)
FG 0.6000 6 35 (FC)
FG 0.4000 6 30 (FC)
G 0.1667 6 55 (CFS)
G 0.1000 6 55 (FC)
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3. QUMINAINAARBMSINIYYOI P. mirabilis
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Duncan Grouping Mean’ N TRT (C)
A 2.26483 6 30
A 2.15983 6 35
B 2.00367 6 40
C 0.55383 6 45
D 0.04617 6 50
D 0.03762 6 55
4. QUNINTINAAONIIVI YOI B, licheniformis
Dunecan Grouping Mean’ N TRT (C)
A 2.39917 6 30
A 2.32667 6 35
A 2.27583 6 40
B 1.91750 6 45
C 0.33833 6 50
D 0.03845 6 55
5. pH idananen 13193 uoTe B. licheniformis NQuugi 35°C
Time pH 3.0 pH 9.0 pH 5.0 pH 7.0
(h) | Mean SD Mean SD Mean SD Mean’ SD
0 | 0.008383 | 0.000778 | 0.003533 | 0.000344 | 0.003467 | 0.000761 | 0.006267 | 0.000314
4| 0.008117 | 0.000728 | 0.00705 | 0.001084 | 0.008317 | 0.00153 | 0.095333 | 0.005715
8 | 0.005733 | 0.001469 | 0.006967 | 0.000589 | 0.060917 | 0.014008 | 0.95355 | 0.027219
12 | 0.00595 | 0.001332 |  0.0405 | 0.016046 | 0.849817 | 0.017227 | 2.15295 | 0.018575
16 | 0.01015 | 0.001595 | 0.208383 | 0.060539 | 1.424567 | 0.040197 |  2.6646 | 0.058181
20 | 0.007233 | 0.001317 | 0.4099 | 0.049457 | 1.7038 | 0.0559 | 2.8576 | 0.036058
24| 0.0051 | 0.001538 | 1.1826 | 0.022418 | 1.81725 | 0.051643 | 2.439667 | 0.028473
28 | 0.008267 | 0.001216 | 1.719767 | 0.07886 |  2.2696 | 0.023357 2.484 | 0.024697
32 | 0.008433 | 0.001255 | 1.8497 | 0.022636 2.664 | 0.051131 | 2.4026 | 0.01549
36 | 0.009133 | 0.000121 2.228 | 0.121576 | 27663 | 0.056367 | 2.39415 | 0.011422
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5.1 APATINUWIZNISINSYVOUTD B. licheniformis NOUNRI 35°C
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Duncan Grouping Mean’ N TRT ('C)
A 0.1053 1 pH7.0
B 0.0613 1 pH 5.0
C 0.0501 1 pH 9.0
- 0 1 pH 3.0

3 v b d k4 2
5.2 szuznamnamwinuiuaesinveude B. lickeniformis igumaii 35°C

Duncan Grouping Mean’ N TRT ("C)
A 13.8352 1 pH 9.0
B 11.3074 1 pH 5.0
C 6.5825 1 pH 7.0
- 0 1 pH 3.0
1 M A o 5 4 5 o
6. pH NAIWDABM 193 YVOIND P. mirabilis NAUWg 35°C
Time pH3.0 pH 5.5 pH 6.0 pH 5.0
h) Mean’ SDh Mean’ SD Mean’ Sbh Mean’ SD
0 0.00245 | 0.000513 | 0.002267 | 0.000459 | 0.002267 | 0.000339 | 0.003083 | 0.000376
4 0.005833 | 0.000579 0.0402 | 0.003503 | 0.135317 | 0.004676 | 0.040937 | 0.000258
8 0.007817 | 0.000611 | 0.152633 | 0.03188 | 0.78865 | 0.009272 | 0.121583 | 0.001114
12 0.01305 | 0.001809 | 0.65985 | 0.028812 1.3581 | 0.021409 | 0.122167 | 0.000931
16 0.017583 | 0.001367 1.21 | 0.033014 1.6442 | 0.016581 | 0.185167 | 0.000931
20 | 0.020217 | 0.002739 1.5979 | 0.045204 | 1.60585 | 0.015835 0.205 | 0.000707
24 0.011067 | 0.000779 1.5769 | 0.060278 1.55135 | 0.013814 0.215{ 0.00114
6.1 MEATIIUNIZNISNIYVOUYD P. mirabilis NQunal 35°C
Duncan Grouping Mean’ N TRT (C)
A 0.9260 ] pH 7.0
B 0.5695 1 pH 9.0
C 0.4493 1 pH 6.0
D 0.3033 1 pH 5.5
E 0.1489 1 pH 5.0
E 0.1497 1 pH 3.0
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pH 7.0 pH 9.0
Time (h) Mean SD Mean SD
0 0.001708 0.000188 0.001667 0.000204
0.5 0.012458 0.001728 0.031875 0.049303
1 0.027167 0.002897 0.024167 0.002143
1.5 0.055667 0.001708 0.041125 0.001928
2 0.097 0.003947 0.055375 0.001928
2.5 0.191333 0.007431 0.073 0.002646
3 0.289778 0.006337 0.085708 0.004454
3.5 0.387167 0.012809 0.105292 0.003662
4 0.4905 0.010095 0.121583 0.00629
4.5 0.665167 0.016437 0.155042 0.011882
5 0.816167 0.027169 0.238167 0.017466
5.5 0.975 0.082678 0.35025 0.009648
6 1.12775 0.043052 0.490417 0.051188
6.5 1.20475 0.098692 0.621833 0.009579
7 1.32775 0.062616 0.858542 0.078714
1.5 1.373667 0.125942 0.974842 0.023399
8 1.458667 0.024582 1.086979 0.123514
9 1.585167 0.014442 1.39625 0.044357
10 1.657333 0.029494 1.568258 0.04057
12 1.720417 0.050755 1.665267 0.044829
14 1.683333 0.036765 1.652625 0.073403
16 1.660083 0.033979 1.604625 0.046139
20 1.682542 0.011721 1.574375 0.069717
24 1.537 0.044137 1.197167 0.043747

{ < & : $ i = o
6.2 szeznnaintatnmiiniuiluasaiveaie P. mirabilis Hgungl 35°C

Dunean Grouping Mean N TRT ("C)
A 4.6302 1 pH 3.0
A 4.6551 1 pH 5.0
B 2.2853 1 pH 5.5
C 1.5427 1 pH 6.0
E 0.7485 1 pH 7.0
D 1.2171 1 pH 9.0




7. pH idaNOADM 3103 QYVB P. mirabilis NGUNGA 45°C
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Time pH 3.0 pH5.0 pH7.0 pH 9.0
(h) | Mean | SD Mean | SD Mean | SD Mean | SD
0 0.0062 0.0008 | 0.0067 | 0.0008 | 0.0068 | 0.0008 0.0067 | 0.0008
1 0.0160 0.0006 | 0.0173 0.0023 | 0.0387 | 0.0028 0.0217 | 0.0010
2 0.0197 0.0019 | 0.0312 | 0.0029 | 0.0987 | 0.0027 0.0467 | 0.0025
3 0.0258 0.0023 ] 0.0583 | 0.0028 | 0.1530 | 0.0035 0.0750 | 0.0015
4 0.0287 0.0112 | 0.0590 | 0.0029 | 0.1733 | 0.0026 0.0782 | 0.0073
6 0.0413 0.0008 | 0.0623 | 0.0012 | 0.1768 | 0.0029 0.0727 | 0.0076
8 0.0427 0.0008 | 0.0762 0.0020 | 0.1830 | 0.0021 0.0858 | 0.0012
24 0.0431 0.0015 | 0.0705 | 0.0019 | 0.1753 | 0.0027 0.0822 | 0.0015
e 2 = Ay d‘ o o
7.1 MOATITUNINTITIRTYVBIUYD P. mirabilis ngungy 45C
Duncan Grouping Mean’ N TRT ('C)
A 0.2943 ] pH 7.0
B 0.1744 1 pH 9.0
C 0.1275 1 pH 5.0
D 0.1181 ] pH 3.0

[ ' ¥ ¥ 3
7.2 szgznmmatimwiniuiluaeaviveudie P. mirabitis gungi 45°C

Duncan Grouping Mean N TRT (°C)
A 5.8691 1 pH 3.0
B 5.4364 1 pH 5.0
C 2.3552 1 pH 7.0
D 3.9744 1 pH 9.0

8. UWAIMIS VOUNTINAABN IS YVDINO P. mirabilis NQaimigdi 35°C

Duncan Grouping Mean N TRT (°C)
A 2.13215 6 NB+1%starch
B 1.76145 6 NB+1%sucrose
C 1.64995 6 NB
D 1.45225 6 NB+1%glucose
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9. uwadlulnsouiidiwanensio3 o ule P. mirabilis Ngumf 35°C

! Duncan Grouping Mean N TRT ('C)
A 2.76960 6 NB+1%peptone
B 1.64995 6 NB
B 1.63325 6 NB-+1%ammonium nitrate
C 1.53695 6 NB+1% ammonium sulfate
D 0.69255 6 NB+1%urea

10. pH infasumlasdl)sznnamsioSaveuse P. mirabilis igamagii 35°C

Duncan Greuping Mean’ N TRT (C)
A 9.33417 6 NB+1%urea
B 8.49533 6 NB+1%peptone
C 8.45367 6 NB
D 8.33767 6 NB+1%sucrose
D 831083 6 NB+ 1%starch
E 8.10817 6 NB+1% ammonium sulfate
E 8.09100 6 NB+ 1% ammonium nitrate
F 4.65883 6 NB+ 1%glucose

é 3 oy 2 4 = ™
11. unaamsveuiidInanen 1303 Qe B. licheniformis Ngamgii 35°C

Duncan Grouping Mean N TRT (°C)
A 3.52220 6 NB+1%starch
B 3.14450 6 NB-+1%sucrose
C 2.79270 6 NB+1%glucose
C 2.64867 6 NB

12. inaslulasounadInanen 103 UeuYe B. lickeniformis NQungi 35

¢

C
Duncan Greuping Mean’ N TRT (C)
A 4.67833 6 NB+ 1% ammonium sulfate
BA 4.53247 6 NB+1%peptone
B 4.41000 6 NB+ |%ammonium nitrate
C 2.64867 6 NB
D 2.10595 6 NB+1%urea
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13. pH ﬁsﬂgwuﬂaﬂﬂsm:;'nmsm‘%qwms#a B. licheniformis NQatvigi 35°C
Duncan Grouping Mean’ N TRT ("C)

A 8.15833 6 NB-+1% ammonium sulfate
A 8.11083 6 NB+1%urea
B 8.03833 6 NB
B 7.98917 6 NB+1% ammonium nitrate
C 7.86117 6 NB-+1%peptone
D 7.33367 6 NB+1%glucose
E 6.84867 6 NB+1%starch
E 6.82317 6 NB+1%sucrose

v o

14. 33a15 CFS 90 B. licheniformis Nz aunon150engnsmumsios yues

P. mirabilis ‘?‘!qu‘}‘iiﬁlfl 35°C

Duncan Grouping Mean N TRT
A 1.644633 6 5%
B 1.457433 6 0%
B 1.396667 6 10%
C 0.38905 6 25%
D 0.1977 6 50%
E 0.115117 6 75%

* #
15. Y3maiens CFS 90 B. licheniformis MANZaNRon500ngnEA LMY P.

mirabilis NQUNZA 45°C

Duncan Grouping Mean N TRT
A 0.241567 6 0%
B 0.1002 6 5%
C 0.0244 6 10%
D 0.007067 6 25%
D 0.005967 6 50%
D 0.006183 6 75%
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16. M3ANSZANEMNMIAIVNMINIYYOI P. mirabilis

Time 35°C 35°C +25% CFS 45°C 45°C + 5% CFS

(h) Mean SD Mean sSD Mean’ SD Mean’ sSD
0 | 0.009433 | 0.000797 | 0.009567 | 0.001669 | 0.007817 | 0.00096 | 0.007533 | 0.001331
1] 0.007133 | 0.000575 | 0.010033 | 0.032202 0.007 | 0.0008 | 0.007433 | 0.000779
2 1 0.011267 | 0.002201 | 0.011033 | 0.031687 | 0.008233 | 0.00072 | 0.006917 | 0.000655
3| 0.01985 | 0.00181 | 0.012533 | 0.001017 | 0.008383 | 0.000705 0.0081 | 0.000681
4| 0.051783 | 0.002194 | 0.031267 | 0.00068 | 0.015017 | 0.000922 | 0.012817 | 0.000412
51 0.128933 | 0.006616 | 0.068867 | 0.002509 0.024 | 0.004301 | 0.016933 | 0.00035
6 | 0.255933 | 0.007403 | 0.131683 | 0.014768 | 0.103583 | 0.000371 | 0.076083 | 0.009169
71 0.512767 | 0.016533 | 0.246833 | 0.049291 | 0.178717 | 0.017329 | 0.12205 | 0.018089
8| 0.8295 | 0.010401 | 0.286967 | 0.044716 0.2106 | 0.022537 | 0.12725 | 0.01347
9 0.9881 | 0.025993 0.3825 | 0.009732 | 0.339617 | 0.013716 | 0.121867 | 0.010838
10 | 1.228967 | 0.029577 | 0.404083 | 0.004343 | 0.35545 | 0.029992 0.1174 | 0.004352
11| 1.380033 | 0.028738 | 0.41125 | 0.004752 | 0.347467 | 0.012224 | 0.124083 | 0.006129
12 | 1.417633 | 0.033279 | 0.401983 | 0.007896 | 0.330233 | 0.006725 | 0.120183 | 0.008876

16.1 BRIV UNIZASW5YVOUTD P. mirabilis
Duncan Grouping Mean’ N TRT ('C)

A 0.9590 1 35°C

B 0.3609 1 35°C + 25% CFS

C 0.3200 1 45°C

D 0.1543 1 45°C + 5% CFS

4 - P 4 , 2 o

16.2 5% znammammwmuWs‘ﬁuﬁmmwmma P. mirabilis
Duncan Grouping Mean’ N TRT ('C)

A 4.4922 1 45°C + 5% CFS

B 2.1660 1 45'C

C 1.9206 1 35°C + 25% CFS

D 0.7227 1 35°C

] ¥ 7 (4
HUIBING : Mean’ A0 Aundoh 1d01nn1snansl 3 1 uaassiins e vdeyananisnaans 2
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Efficacy of antimicrobial substance from Bacillus licheniformis
against ammonia and hydrogen sulfide producing bacteria

Mano Chansamon® and Nareerat Chaikong™*

“Department of Biclogical Sciences, Faculty of Science, Ubon Ratchathani University, Ubon Ratchathani 34190,
Thailand

*e-mail: manonaluk@hotmail.com

Abstract
Large amounts of ammonia and hydrogen sulfide producing from bacteria are generated and

released from industrial processes, such as petro-chemical refining, food preparation,
wastewater treatment, treatment of fuels, and including livestock farming, could cause bad
smell to environment. In this study, antimicrobial substance from cell-free broth culture of
Bacillus licheniformis was prepared and tested for inhibitory efficacy on Proteus mirabilis, an
ammonia and hydrogen sulfide producing bacteria. The antimicrobial activity was assayed by
disc diffusion method. It was found that the antimicrobial metabolite was detected in the
middle of the exponential growth phase and the maximum activity was obtained at the early
stationary growth phase. The antimicrobial activity of cell-free supematant of B. licheniformis
was high against P. mirabilis at 45°C. Although too many P. mirabilis displayed good growth
at 30-40°C, P. mirabilis was lower level of growth at 45°C and no P. mirabilis growth at 50-
55°C.

Keywords: Antimicrobial Substance, Bacillus licheniformis, Ammonia and hydrogen sulfide
producing bacteria.

Introduction and Objective Pseudomonas migulae (Terence et al.,
2004). In particular, volatile fatty acids,
volatile amines, ammonia and indoles are
well-known as offensive odorous materials
that are volatilized from livestock waste
and its treatment systems (Mackie et al.,

1998). Carbon to nitrogen (C/N) ratios in

Recently, the large amounts of
ammonia (NH;) and hydrogen sulfide
(H,S) are generated and released from
industrial processes, such as petro-
chemical refining, food preparation,

wastewater treatment, treatment of fuels,
and including livestock farming. These two
odor problems were caused by ammonia
and hydrogen sulfide producing bacteria.
Many bacteria decompose  protein
compounds to end products such as
ammonia and hydrogen sulfide. A large
number of bactenial isolates from stored
swine manure were recovered that could
grow on a variety of amino acid sources,
such as tryptone, casamino acids and
casein. These isolates varied in their ability
to produce ammonia from the different
amino acid sources. Most of the Gram-
negative strains were found to be most
ammonia production, such as Proreus
mirabilis, Proteus vulgaris, Budvicia
aquatic, Klebsiella  pneumonia  and

the environment may affect the microbial
assimilation of ammonia and the microbial
degradation of organic nitrogen (Zehr and
Ward et al, 2002). The compound
hydrogen sulphide is toxic to animals and
plants and its formation in the environment
occupies a great attention. The hydrogen
sulfide in environmental samples could be
the product of bacterial anaerobic
decomposition  of  organic  matter
containing amino acid with sulphur such as
methionine, cysteine, and  cystine
(assimilatory sulphate reduction) or the
product of reduction of sulphate, sulphite
or thiosulphate (dissimilatory sulphate
reduction) (Bitton.. 2005). The 64 isolated
pure cultures of hydrogen sulfide
producing  bacteria  were  isolated.


mailto:manonaluk@hotmail.com

Microscopic examination of the isolated
colonies of aerobically grown proteolytic
sulfide-producing bacteria (PSPB)
confirmed  gram-negative  non-spore
forming rod shaped cells and gram-
positive sporogenic rod shaped cells in all
cases. The common feature of isolates was
gelatinolytic  activity and  facultative
anaerobic type of metabolism. Isolates
mainly belonged to the genera Aeromonas,
Shewanella, Proteus, Bacillus and in few
cases Erwinia and Citrobacter (Bozidar et
al., 2009). The aqueous foam, containing
microorganisms and the two chemical
additives, attained about 88.3 and 70%
ammonia and hydrogen sulfide emissions
suppression, respectively. The data show
that the aqueous foam was effective in the
control ammonia and hydrogen sulfide
emissions, and the suppression capacity
can be markedly enhanced by the addition
of appropriate  microorganisms and
chemical additives (Ryong Lee et al,.
2007). Biological control of ammonia and
hydrogen sulfide volatilization is required
for odor problem reduction and
preservation of environmental gquality.
Bacillus licheniformis is a saprophytic
bacterium that is widespread in nature. It
has been applied widely in the
fermentation industry for the production of
amylases, proteases, antibiotics, and
special chemicals with low risk of adverse
effects to human health or the environment
(US Environmental Protection Agency (US
EPA), 1997). It exhibited antibacterial
activity against various species of Gram-
positive and a few species of Gram-
negative bacteria (Korenblum, 2005).
Antimicrobial substance are secondary
metabolites, and insensitive to various
proteolytic enzymes (Froyshov et al,.
1975). Antimicrobial substances are
ribosomally  synthesized  antagonistic
peptides produced by bacteria, which kill
or inhibits the growth of the related
bacteria (Tagg et al., 1976; Joerger, 2003).

In this study, an antimicrobial substance
was produced by B. licheniformis in liquid
culture. Antimicrobial activity of the cell-
free supernatant of B. licheniformis against
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P. mirabilis and growth of P. mirabilis
were tested at different temperatures.

Materials and Methods

2.1 Strains and culture condition

A bacterial strain of B. licheniformis was
used for  antimicrobial substance
production. This strain has been
implemented in industrial production by
NST Biotechnology Co. Ltd, Thailand.
Bacterial strain of P. mirabilis was
decomposing protein compounds to end
products such as ammonia and hydrogen
sulfide. Ammonia and hydrogen sulfide
producing bacteria were used as indicator
bacteria for the antimicrobial spectrum of
the inhibitory substance. Both strains were
grown in nutrient broth (containing
peptone 5 g/ and meat extract 3 g/L)
under aerobic condition with constant
agitation.

2.2 Growth and preparation of
antimicrobial substance

B. licheniformis was grown in 50 ml
of Nutrient Broth at 37°C in a rotary shaker
at 150 cycles per minute. Sterile nutrient
medium was used as control. Cell densities
were measured as turbidity at 590 nm after
growth for varying, the number of colony-
forming unit (CFU) per mulliliter was
determined by plating the samples on
nutrient agar and measurement of dry cell
weight. Those were determined at 4 h
intervals. Cells were harvested by
centrifugation at 10,000g for 15 min, and
culture supematants were sterilized with
0.45 pM filter membranes and stored at
4°C until utilization.

2.3 Antimicrobial activity assay

The antimicrobial activity against P.
mirabilis was detected by agar disc
diffusion method (Motta and Brandelli,
2002). 150 pl of fresh exponential phase
culture of P. mirabilis was mixed with 15
ml of melted nutrient agar. The mixture
was poured into an empty plate and
allowed to solidify. An aliquot of 20 pl
cell-free supernatant was added to each
steriled discs (6 mm diameter) placed on



the bacterial inoculated agar plates. The
plates were incubated at optimal
temperature for the test organism. The
plates were observed for clear inhibitory
zone and measured using zone scale
millimeter.

2.4 Effects of temperature on
antimicrobial activity and growth of P.
mirabilis
The antimicrobial activity of cell-free
supernatant of B. licheniformis as
compared with fresh culture B
licheniformis (BL) against P, mirabilis and
growth of P. mirabilis and B. licheniformis
were tested at different temperature. Those
were incubated at 30, 35, 40, 45, 50, 55
and 60°C in a rotary shaker at 150 cycles
per min. Antimicrobial effect was
measured by the appearance of zones of
inhibition. Bacterial growth was measured
by turbidity as the optical density at 600
nm.

2.5 Determination of antimicrobial
substance production

Cell-free  supematant of  B.
licheniformis were collected at 4 h
intervals. Those were tested for
antimicrobial activity. An aliquot of 20 pl
cell-free supernatant collected at different
times, fresh culture B. licheniformis (BL)
and nutrient broth (NB) was added to each
steriled discs placed on the bacterial
inoculated agar plates. The plates were
incubated at 45°C for 36 h. The
antimicrobial activities of substance
produced by B. licheniformis at different
times were measured by the appearance of
zones of inhibition.
Results

3.1 Growth and antimicrobial
substance production

B. licheniformis was grown in nutrient
medium at 37°C. Cell growth reached the
stationary phase after 24 h of cultivation

(Fig. 1).
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Figurel. Growth of B. licheniformis in
Nutrient medium at 37°C for 48 hour A:
colony-forming unit (CFU) per milliliter; B:
turbidity (OD590nm); C: dry cell weight.

The antimicrobial substance was detected
in the middle of the exponential growth
phase at 12 h and the maximum activity
was obtained at the early stationary growth
phase at 24 h-36 h (Fig. 2, 3).



Figure2. Zone of growth inhibition against P.
mirabilis T0-T48: cell-free supernatant of B.
licheniformis were collected at 4 h intervals;
BL: fresh culture B. licheniformis; NB: nutrient
broth.

Cell-free supernatant of B. licheniformis
was showed largest inhibition zone (18-20
mm/20p1) in stationary growth phase at 24
h-36 h (Fig. 3).
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Figure3. Inhibition zone diameter (mm) of

antimicrobial substance production by B.
licheniformis against P. mirabilis (T0-
748).

3.2 Effects of temperature on
antimicrobial activity and growth of P.
mirabilis

The antimicrobial activities of cell-
free supernatant of B. licheniformis and
fresh culture B. licheniformis were high
against P. mirabilis at 45°C. Low level
inhibitory effect against P. mirabilis was
observed at 30, 35, 40 and 50 °C, whereas
no effect was observed for the 55 and 60
°C (Fig. 4).
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Figured. Effects of temperature on
antimicrobial  activity  of  cell-free
supernatant produced by B. licheniformis
as compared with fresh culture B.
licheniformis (BL) those against P.
mirabilis.

Although P. mirabilis displayed good
growth at 30-40°C, P. mirabilis was lower
level of growth at 45°C and no P. mirabilis
growth” at 55-60°C. B. licheniformis
displayed good growth at 30-45°C, B.
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licheniformis was lower level of growth at
50°C and no B. licheniformis growth at
55°C (Fig. 5).
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Figures. Effects of temperature on growth
of P. mirabilis and B. licheniformis.

Discussion

The genus Bacillus has many
commercially important species including
the ones producing  proteinaceous
antibiotics. It exhibited antibacterial
activity against various species of Gram-
positive and a few species of Gram-
negative  bacteria  (Korenblum, 2005).
Antimicrobial metabolite was detected in
the middle of the exponential growth phase
and the maximum activity was obtained at
the early stationary growth phase. (Lili He
et al. 2006). As the bacteriocin-like
substance was produced during the
exponential growth phase it can be
considered primary metabolites, like
antimicrobial substance produced by B.
licheniformis (Cleveland et al., 2005;
Fernanda et al., 2011). It is established that
temperature optimization are essential to
regulate antimicrobial substances
production in liquid culture (Sharma et al.,
2010) and efficacy of exhibits
antimicrobial activity against ammonia and
hydrogen sulfide producing bacteria,
Proteus mirabilis. The antimicrobial
activity of cell-free supernatant of B.
licheniformis was high against P. mirabilis
at 45°C. P. mirabilis are mesophiles that
grow optimally at temperatures of between
25°C and 40°C. (Murray ez al,. 2003) The
effects of temperature on growth of P.
mirabilis were studied. It found that P.

M P. rrobilis
X8 licheniformis

2
i
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mirabilis was lower level of growth at
45°C. These are enhancement of
antimicrobial susceptibility high against P.
mirabilis. Biological control of ammonia
and hydrogen sulfide volatilization is
required for odor problem reduction and
preservation of environmental quality.
These initial findings - indicate possible
application of antimicrobial substances
isolated from novel source that is, B.
Hicheniformis  against ammonia and
hydrogen sulfide producing bacteria.
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