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· "~ ,d, d 1 "" 'jJ '" 
m';jI'l)';jru'Ufl~ P. mirabilis 'YIm'lJm';jIVil::mtl~ fltI!~lIff1';i~l'lJ'i)ft')fViv , 

" 1I~1lh1l1IVil~lntl~~()i 'lJfl1'Hl';j NA 

57 

58 
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1JYltlA£Jt) 

._I ~ ~ IjJ Q cS Q 

1J'J~ffl1llml'l'llt).:Jffl'JfllU~"'lfl'll1N'Wl~lfl Bacillus licheniformis 

e:(" Q1Uf)1'Jt)t)flql1llfllUf)1'JI'il'Jty'llt).:J Proteus mirabilis 

lv'lV lJ~1U 'lfltyfflJ'J 

~t)t1j tytyl 111V1fflfffl'JlJ'Hl-UWeYlfl 

ffI'll 11'lfl 111fllu l,,(i;-Jnll'1 

Antimicrobial substance Bacillus Iicheniformis Proteus mirabilis Ammonia 

producing bacteria Hydrogen sulfide producing bacteria 

Q Q.I ~,!)I& ,£" d.d ~ r: 
.:J1U 1~UU fI fffl'Mlf)1'J t)t)flql1ll 'II t).:J ffn fllU ~"'lfl'll1 N"fI 'illfll"1ft) Bacillus licheniformis .. .. .'" J!I 1 t ~"f Q.I J1flUll'Il~mU.:JI'lft) B. licheniformis UDl'H1U""1 Nutrient broth (NB) fl1 pH l'JlJflUl111flU 7.0 UlJ . .,. 

l'Ilf.h~1Ufl11lJl~1'Jt)U 150 'Jt)lJAt)U1Yi Yi~W'HlJil 37 t)'Jfflltl1"ltiUff 'illf1irullumDl,hu'ffYihiij 
., .. . 

ICJI"tfltlfilf)1'Jl1f1 fft)Ulhtffl11lml'lf)1'J UlJU'Jf)1'J !'ilj ty'llt).:J!~t) Proteus mirabilis 9i.:JlllUlIlJflYiI~ U 

.d ,,~ 1 d ~, 1 .... , . .1 ~ " .... .1'" J!I '" " l1ffl1J1'Ji,lff'Jl'Jf)1CJ1IWlJ lJIUUlI"Zf)1CJ1 ~ fI'JI'IlUCJI" nfllfl fln'il1fl1JnJ1Wffl'J'H'Jt)fl~f)'j'JlJfllU 
., . .. 1 ~, Q"".«:!:'lId ~ 4 

~"'lfl'l flU11i Disc diffusion 'illflf)1'Jflfl'Mll'1U111'lft) B. licheniformis l'JlJff'JHffl'JfI1U~"'lfl'l 
., . 

lU'lf1.:Jf)1'JI'iljty'J~V~ Exponential growth phase (mV'Hcl.:Jf)1'Jll'I1Zlftv.:Jl'llul1'Cn 12 i'11lJ.:J) tI,,:; 

. ., 
('lf1'J11"124 - 36 i'11m) ~lflf)1'Jfffl'M16111ll'l"'Ilt)'J~W'HlJilAt)f)1'JI'il~ty'llt).:JI~t) P. mirabilis . ., ., 
l'IlJ';h Yi pH 7.0 I~t) P. mirabilis ffllJl'Jm'iljty'~Ut)l'Hl'J NB lu'lfd'J~W'HlJil,)'.:Jllfl25 t)'Jffl 

., . 
ICJI"ltiVff i).:J 40 t).:JfflICJ1'CUtiUff U"~f)1'JI~jru'llt).:JI~t)'il~"fl".:Jmh'J!ifu '~i'fll1it)t)w'Hnil'llt).:Jf)1'J" . ... 

Il'Il~liU.:JI~lJlllU 45 t).:Jffl1CJImtivff 'illfltT U'~fffl'M16111ll'l"'IIt).:J ~W 'H 1J1J ~ff.:JN"flt)f)1'J t)t)flql1i 
., 

'IIt).:Jff1'j~lU~";l'I1Uf)1'JVuV.:Jf)1'JI'iljty'llt).:J P. mirabilis l1flfffllJ1flvln Disc diffusion l'IU';h 

n'ilf)'j'J lJ'Ilfl.:Jffl'J ~lU ~";l'I!nfl'~~.:Jllfl~~W'HlJil 45 t).:Jffl1CJImtiuff f)1'Jl&llJffl'J ~lU~";l'I~t)~1u. ., ., 
.1 I .. J!I .... I'll"1"'" 1~1J'IIfl.:Jff1U ffl1 fl'illflflnll'll~mV.:JI'lft) B. licheniformis Uffflff1'U1t)V"~ 5 !I"~ 'JflV"~ 10 

;t )I, 'j/ 

tljlJlf1'lflt)tljlJlf1'l'llt).:Jt)1'Hl'JI~V.:JI~flYit)W'Hnil45 fl'JfflICJ1"ltiVff ff'JNtll,rI';t) P. mirabilis l'iljru. .. " 
" )1)1 • 

"fl"'J.ft)V"~ 59.3 llm~.ft)V":: 90.9 flllJihi'1lJ N"f)1'Jfffl'Ml1ufli'.:Jij;1,rl}jUl1flT.iI~lJflW'Hnihllu
• 'II 

~ .. 
45fl.:JfflICJ1"ltiVff 'il~'lf'lVlffjlJf)1'J flflflql11l'llfl.:Jffl'J~lU ~";l'I1 Uf)1'J UUV'Jf)1'JI'ilj ty'llfl.:J P. mirabilis 



ABSTRACT 

TITLE : EFFICACY OF ANTIMICROBIAL SUBSTANCE PRODUCED FROM 

BACILLUSUCHENlFORMIS AGAINST PROTEUS MIRABILIS 
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KEYWORDS : 	ANTIMICROBIAL SUBSTANCE / BACILLUS UCHENIFORMIS I 

PROTEUS MIRABIUS / 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 supernatant of B. licheniformis against P. mirabi/is was found at 

45°C. Adding 5% and 10010 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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tJ't1't11 

tJ't1ih 

W' f:'I .d f:'I Q,I rI jJ J 
''UiI'iJ,\!1J'Ufll9fIWlJllJl'Uu (NH ) ml~fll9flo lf1'H'il'U9f(l1~'iI (H2S) \lfU'n~'U'UU(l~3

tJ (lfltJ "OVOOflml~'U ~1'U 1'U mfl'iJ1flm::::1J 1'UflT'i 'YIl~ ~f1ff1'H m 'llJ '';lJ h ~fl~'Uillf1'llfllj fll'l 

" " 
IfllVlJOl'H1l l:!1J1J1h'Ufl1htffv flu'Ihufll<jOlytii~ 1I(l:nlJn~flllYiTrh{lJtJt!ff~l') (Chung et aL, 

..l "":: ... ?I "" , M "" 'I , '" '" '" ,2001) 9f~fll9f'YI~ffO~lJfl11lJl1J'Uyt'll ff1lJ1HlflOuty'H1'i :1J1J'YIHlfl'U'H 1tJ ! 'iJ 'UlJ"!'lIVU(l::ff,.1 1'lf'U 

A ... "'" 0'" "" .... 0l' "" 1..ll'UtlItJ01J,.l 'illJfl H(l:'YIHlfI'U'H1V 'il'YI1 'Hlflflfll'j'j:fllVlflO~ 9f~'iJ:;'U1 tJ"lfll'llflfl lfl'YI1~l:;1J1J 
j/ j/j/,,, 

'YIHI~'U'H1V''iJ tn'iJljfll"j'lI'Ulilo'U '1J'\h~lJlh''* 'H~Oliifl Eutrophication 1Juih1hri~F'ml,.rffl'H~lV 
" . 

\1lJ U(l:;f,!f;umyttll(lfl(l~ nl9fUOlJ llJlilvlm: nl9flolf1"j'I'iJ'Ucj(l1't'l~liifl1l1flU1Jfl.yhlV'HmV'lfiJflll 

ff1lJll(lVOVffmVff1"j'tJ"j':;flO1J ltJ"j'~'U 1I(l: mfloijl'U~h~"lI';'U tryptonc, casamino acids, casein, 

.d dd .:::. dQ.# Ill"
methionine, cysteine ,m:; cystine (Bitton and Wiley, 2005) lJU1Jfl'YIllU'I1mU'lf'UfI'YIflflUVfllfl'iJlfl 

lJ(lllm ~~1019fl(l'YIm rllti'ljfl11lJffllJl";i(l l'UfllHlii,. nl9fUOlJ llJliltl'i)1fl'lfiJfI'Uo~mflo:ijl'U~ 
~Hn'U yt1J 'h,h'U' 'HtYlll'Uu1Jflllll mlmlJ(l1J~ljfll"j'Hii,.nl9f'WlJ llJlUVlJlfl~llfi ''If'U Proteus 

mirabilis, Proteus vulgaris, Budvicia aquatic, Klebsiella pneumonia 1m: Pseudomonas migulae 

...... d "" "" I/) 1 '" 1/) • .1 "'. , 'd] 1" ,(Terence et a1., 2004) U1Jfl'YInU'YIH(l,.fll9f 10 f1"j'I'iJ'U9ff'l mflff'l'U 'Htyl1'U Gram-negative f1Ufl 

Aeromonas, Shewanella, Proteus, Bacillus Uf'I:::: Citrobacter (Sti1inovic and Hrenovic., 2009) 

6f1nth'U,,0~m{1J0'U~01'U 1,.'l nl'U (CIN) ri ~N(l~Ofll"j'fll"j' ''iJ;tyllf'l~ Nii,.ffl"j' fl~'Um)j'U \l1fl 

...... d ')J "" 1 '" "" I/) 1 .., 1/) • .1 '" "'I M '" "" U1Jfl'YIllU'YIff"j'Hfll9fllOlJ lJl'UUlIf'I::::fll9f leY f1'iI'iJ'U9ff'l mfl U(l:::nlJfHu'iJ'iJtJ'UO~~tu'HlJlJ U(l~ 

fl11lJ11l'U fl"j'f1fh~''U ffmytu 1f1~OlJ~1U \l1flfll"j'tJ"j' :::L1J'U fl'lllJff1lJl"Hl' 'UfllnlfltJ;lJ1tunl9f 

&lOlJ i lJlil uuf'I:""j' 'l'ilff01Jff1V-W1J1i 'UO~U1JflllllV~ ff1lJ1"j'(l (lfltJ;mtu n19fIlOlJ llJ,ilu~otu 'H flij. . .. 
o • .ct .c::t QJ c' 

55 C yt1J11111Jfl'YII"j'UfflUyt'U1l Bacillus sp., Bacillus thermosphaericus, Bacillus smith;; Uf'I:::: 

'" • I'" "" i'" 11 !IIThennoactinomyces candidus lJfl'lllJffllJU(l(lflullJltufll9fUOlJ lJl'UU.I'l"l~ (Sasaki et a1., 2007) 

- I"" "" 1 '" "" I/) i '" '-.1 "'.. <:It '" '" ..l dflllfl'l1Jf}lJullJ1tu fll9fUOlJ lJllW 1If'1~fll9f 10 f1"j' 1\I'U9ff'l Tlfl'YI1~'l11fil'VH 'lJ'U Ofl'YI1~mOfl'l1 'IN'YI'iI:::: 

'If'luf'lflilty'l11lJ(l-W'll'Yll~fl~'U II m::v~,ll'Uij""j'~oii~Infl~OlJ Bacillus licheniformis 11l'UU1JflllilU~ 
yt1J 1~&I yt '.i '11 (llU' 'U 1j "j' "j' lJ'lf1~ljfll";i tJ "j'::: Qfl~' '*, 'U ~f1 ffl'H m "j' lJ fll l 'H irfl ffl'l1 i'1J Ni1f1 amylases, 

proteases, antibiotics 1m: special chemicals ljfl11lJlaU~''U''j':fi1J~1~01l''1Jmytlm:;ii~lnfl~mJ 
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.. . 

... Q. '}J d ••. d'}J 

l'IHl B. licheniformis ff11ll';imHWlffl';imtJ~ft'lfl'l (AntimIcrobIal substances) l1~ltJf1l'.i .. 
"" ... "" 1"":::::' Go' IVl'il'.ity'llV~Utlfll1l'.itl Gram-positive Uft~ Gram-negative ~l1ft1U'lftJfI (Yaoqi et aI., 2012) fI~tJtJ 

.. . 
~ltJ1iuu~~1Iifffnnihitlllff~fjft~Vfll''illllty'llV~ B. licheniformis Uft:::: P. mirabilis ltJVT111'.i 

111 ft 1 ffmnihl itl~ ff ~ lfflllf1l'.i vVflql1i'llV~ ff1'.i 1tJ f1l'.i Ii1 tJf1l'.i I 'illty'll V~lltlflllil tI~fjil~nlClf 

llVll lmUUllft::n1Clf 131f1'H'iltJtJfft hM (P. mirabilis) IIft::ffmni1'ilitl~!~1l1.hd111ihlll'l"JV~ffl'.i 

1i1tJ~ft;l'l'il1fl B. licheniformis ltJf1l'.iVVflql1iIi1tJf1l'.iI'illty'lltN P. mirabilis 

d' Q,I d , I Q 

1.2.1 fffl'Uli111'ilUl1ff~Hft~Vf1l'.il'il'.ity'llV~ B. licheniformis Uft:::: P. mirabilis 

1.2.2 ffmni1'iliu~ff~Hft~Vf1l'.i vVflql1i'llV~ ffnli1tJ ~ft;l'llll fl B. licheniformis 

1.2.3 i1'ilitl~r~1l1h:::ffl11iml'l'llV~ff1'.i1i1tJ~ft;l'l'il1fl B. licheniformis ltJf1l'.ivvflql1i 

'lJ ... 

~ltJf1l'.il'il'.ity'llV~ P. mirabilis 

11'.i1tli1'ilitl~ff~Hft~Vf1l'.il'illty'llV~ B. licheniformis Uft:: P. mirabilis Uft:: i1'ilitl~ 
J' .1::1.4' '}J d <i '}J Q 

ff~Hft~Vf1l'.iVVflql11i'llV~ff1'.i~ltJ~ft'lfl'l'il1fl B. licheniformis LtJf1l'.i~ltJf1l'.iI'il'.ity'llV~ P. mirabilis 

l~V~'il:: 'U11tJffmni1'ilitl~.j1U1~1l1h ::ff111ml'l1 tJf1l'.i t)vflql1ili1tJ flU llllty'llV~ P. mirabilis 

(lltlfllli1 tI~ff~1~fl1ClfllVll11l1il till ft:: fl1Clf131 fI'.i I 'iltJ tJfft h"~) l~m~tJll 'W 1111-31tJf1l'.i fl1tlfJllf1l'.i 

'" .J"'t'lJ 'I '~ "" d(;l> 1"" (;l>
l'il'.ity'llV-3 P. mirabilis Clf~llJtJ ~tJ 1111.1 LtJ f1l mv IJty1111lftl'li:J 111~ flft'W fll ClfU Vll 1l1tJ mm::: f1lClf 

131f1'.il'iltJtJfftlvM 

'" :II :II1.4 'Utl'UI'Uflfll1Afllt lfl'Uflll 

.. .. 
IVQ.4 '}J .4 ~ 4 

11f11H)tJfJWfflltl~ltlV-3~tJ'IlV~!'lftJ B. licheniformis Uft::: P. mirabilis Mfli:J1f1l'.il'il'.ity ... . 
Uft::: f1l'.iHil~ff1'.i1i1tJ'ilft;l'l'llV-3!<;V B. lichemifiormis YiVW'I1,fllJ 37°C ffmJlVW'I1,fllJllff~Hft~Vf1l'.i 

q q tIJ"qJ 
~ '}J ~ ..::9 

tJVflql11i'lltJ~ff1'.i (cell free supernatant of E. licheniformis) ~ltJf1l'.il'il'.ilY'IltJ~ P. mirabilis ffflm . .. 
~ W4' J 4 4. 4 , Iff 

IJ'il'ilUl1ff~Hft~Vf1l'.il'il'.it!1'1lV~I'lfV E. licheniformis Uft::: P. mirabilis (pH ~Wl1fJll ll'l1ft~fll'.itlVtJ 

lIm;~ ltJ l~'.il'iltJ) lIft:::fffli:J1i1'ilitl~I~1l1.h:::ff111ml'lf1l'.ifl1tlflllf1l'.il'ill(U'IlV~ P. mirabilis . " 
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... IV'1.5 \UJ11JfI'W'nlft'Wl:: 

CFS 


FC 


T 

I 

SAS 

P>0.05 

OD6OOnm 

H 2S 

% (v/v) 

NA 

NB 

: Cell-free supernatant ofB. licheniformis (mmI20/lL) 

: Fresh culture ofB. licheniformis (mml20/lL) 

: Time (h) 

.or • 
: Standard Deviation (SO) 11m m errors bar 

... 1 .c:. o'~ .c:t.~" Q.Q 

: 11J'illmll1tfln::11'Uf):I,J'Cl"1~fffl~~1t111i Duncan's Multiple Range Test . . . 
" \/)' • (V I q<vocv.cl Q,.I 4!Q,.I"

'Uf):I,J'Cl IIIu~n~l~nl.J f)tI1~1JlH.lfflflfl!"'i::fl1Jfl11ll! 'lff)lll.J 'i f)tI'Cl:: 95 


m'i1flfilfl11ll~l.J~1t1tfl~f)~ Spectrophotometers ~fl11lltll1fl~l.J 


600 l.Jl1\J!ll\9l'i 


• Q,I 0 .e..4 ~1 

: fllt)\9I'il1l1IVn::m'Hll'ifl! 11'if) Specific growth rate (h ) 

d '" .d & .:It ..or 
: 'i ::tI::I1'Cl1"ll1'Cl'lf1flTVU'Vfll'Ul.Jl1Jl.J fft)~t"l11HI Biomass doubling time (h) 

r:i d1: mC]fUf)ll lltl.JtI 

: nlC]f1~1fl'itlll.Ji'Cl1w~ 11~f) nl'1S1'tin,h 

: f'OtJtl:: 1fltlll~1J1\91'j 

: Nutrient Agar 

: Nutrient Broth 

http:q<vocv.cl


...1 

UYIYI 2 

...... /J!J 'i <=t
2.1.1 flOUnJUfI'VMfllCJU81U1Jl'UtJ 

2.1.1.1 5f1'1HU~,.t1i'iJ 

ttVlJ huiimn'Uffl'j'iJ'j ~flD'lJ~Ddi'U1. 'iJ NH3 hw'iJflii'W'lJi'UffmW:~fhGH 

illiH'1 illi1 i-n ljflg'U~'Ul'UUH f1'U'iJflii\l::a~lJi~flg'U~f111lJt.ulJ.u'Ui'UmfllfflJlf1f1·:h 5 ppm In'U 

fJ'U~nmrlDfflJHffl..lfllAtl~H uAilhiJ'Uffl'jytllff:::fflJ 
... .. 

2.1.1.2 nflllW::'YI1~fIltlfll'Wlf1lJ 

fflJvii'YIVlfIltlfll'Wlfllj'llfNnlGHUDlJ llJtiitlff1lJl'j()ffl'iJi~~{I~ln~~ 2.1 

Ch aracteristics Information 

Chemical fonnula NH3 

CAS registry no. 7664-41-7 

Molecular weight 17.031 glmol 

Physical state GAS 

Specific gravity 0.6819 giL 

Melting point -77.73°C (I 95.42K) 

Boiling point -33.44°C (239.81K) 

Solubility in water at O°C 89.9g/100ml 

Ignition point 651°C 

pH 11.6 
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2.1.1.3 llfllJW:::fl11t1lrJ'UfllJ 

nlCJfuutl1 tIIlhJij fl111Jl1'l'U WlJ Ut1::: 6'U~'nV~UtIt.J 1J 61 'U IIfl1JW:::fl111u1'l'U. 

" d d ~ .1 A' ... 1 ' d
l1'U1Ufl l1'W~HUJ1I1I lflH tllfftll1:::m'l:::1JU~1I1lJ lJNft~Ul:::1IUul:::ffl'Vlff1'Uflt1H U1111V'U fl11lJ . ... 
~'U hrH~lWlJ l1lflfflJHff'Vll~ibl1lr.:l1m:::i~i'1IVllJ1WlJlfl1 'Ul:::v:::nftlff'U'1 'til 1,",lfl~Ulmlfl'Un 
"" ... ~ '" 

. 
~!II "I!II", _ I"" !II .. 3J!II 0 1 !II"" ... 

N111'U~ 11J'UN'U!I~~ 1I1lJ lU'UI!Nt1 f:}'I !~l1l1Jl1JlWlJlfl'l Uft:::mlJfl1llJl'UlJ'U'ULl~1I:::'Vll l1N111'U~ 
~ ~. 

'1mj'mY1I 1I1lJ trJ'U'lhmftM m1fflJHffQfl~1'til1,",1~1Im ~1111lJ 'lhm'1l1ft fl'Unm:::lIflm 01 . ~ 

bt)/r.J" 1'.t9, , " Q a 4 QI' t0

!~11l'lfl'l UVH~Ut'UU"I 'UnaJ:::tI11'Vll 111fl~U1mn:::flltl1flU~11UH~fl~lUV1"1m11 (Chronic 

Irritation) Im:::I1'1'U ffl'lfiUlJ::: 11 "I Im:::'tilft1V'1~ ~11 vu~ Im:::1 :::1I1IV1 :::fflY1 n1'U flftl~ 

(0.5-1%) 

, 
v v ""'" '"fI'Jl1JI'U1J'UU 1:::fJ:::nOl'flil1JNU 

NH3 (ppm) 

5-9 

100 

400 

1 'lflJ 

500 

700 

1,720 1111~'~i'1I1h 'lflJ 

'til'..rlffV:jr)~ 
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2.1.2 t.}llnnnm'\la~nl'l1'31f11&\lWitl'ft~ 

2.1.2.1 	 ~mHu::'fhitJ 
nl91 ifl1~'H'il'Ucifti'W,)'!~'Unl91~ i,jiHl ijfl~lI'UO~fl~'U'UtHi';!lll~ij .. 	 . 

" 1J 0 ,.cd.d "" .d .Q ..fl11lJl'UlJ'U'U~1 ff1'U'YllJfl11lJl'UlJ'U'U'il~'l 'il::lJflft'U'I111'U (Sweetish odor)( OHSA. 1995) 

... 	 .. 
2.1.2.2 	ftflllW~'Yl1~01U.flTrUfllJ 

fflJ1J~'YlH01U.fl1'f'Uflij'UO~nl91ifl1~'H'il'Ucifti'l~~ffltJi~fl~~l'n:J~ 2.3 

Characteristics Information 

Chemical formula 

CAS registry no. 

Molecular weight 

Physical state 

Vapor pressure at 25°C 

Melting point 

Boiling point 

Solubility in water at 20°C 

Log Kow 

Henry's low constant at 20°C 

Conversion factor in air 

Odor threshold in air (absolute) 

Threshold limit value 

H2S 

7783-06-4 

34.08 

GAS 

20mmHg 

-85.49°C 

-6O.33°C 

4.1 giL 

Not applicable 

1150 x 10-4 mollL-atm 

I ppm 1.39 mglm 
3 

0.2 ppm 

TWA: 10 ppm 

STEL: 15 ppm (15 minutes) 

2.1.2.3 	~flllW~fl11lJI1l'Unll 

nl91ifl1~'j! 'il'Ucifti'W,)'I~'Uff1')nll~ijq'Ylil 'UUH I!ft:;I~'Unl91~.yh i t1'ln~ 

O1n ::fI1mflO~V1111ft:;') ::1111'Yl1~I~'U'I11Ui'il ~~.yhit1'ln~m01,) 1'lf'U i 0 tJ1~11~nW 'illJfllrl0'l11Ui'il.. 
11ft:: tJ 1~11~nw ihflO i 'U fl'HU~ i ~i'11nl91 i fl1~') I 'il'Ucift i 'W,)'fI 11 lJI,j'lJ ~ ~'l m 'il'til i t1'V11 (J 1~ (J 

1~(J1J'rHr'U l;jtl~'il1flnl91'il:; i tJ511 &~m::111'U 01') ff~1~ OOfl~1 'il'U'\JOW'lfft ftt'd'otto 11ft::ft~tJ~ lJ 1W 

http:I!ft:;I~'Unl91~.yh
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" fi1'HhU'fI'fIflCHt~lJ'\I'fI~t~'fI~ i~i1~1 tJfl~imfflJth::ff1fl tirlJHCl "'1'tn~{)1fi1'n)1I'Vf1V1 tm::'i:::'lJ'lJ 

v v '" 1 1 .., 1.w •fl"ll1JI'lJ1J'lJUOl"lf EJ fI~Ii)U"Ifa fI 

I 1 v I(ionU UD1Utr"lU) 

010l~~tJ~lfl{J 

10 "" ... a 
t'i 1111 'fIlm'J 'J :::fl1Ulfl'fl~Vl1 
. 

50-100 
~ 1.Q .~" Q,I 

'i:::lJlJflHt~lJ 111U 'Hfl~{)1flln:::: fI1mfl'fl~H'IfllJ 'flU 11 Cl~ 

ffllHff I i1111~ 

100 ln~'fIlfll'J'J:::fI1mfl'fl~~Vl1 1'f1 fftlUffUlh:::ff1flffllHfffl1'JllJ.. ., 

fl~lJl1il~ffllHfftillJnCll 2-15 "... ... <l tJ
\J1fl 1l1fllJlJll:alllJ 1~ 

lJ1nWVl1 ft1f1'f1 trl'flffllHfftillJncn 1 ~ 1 4 "'In 1I~ fl'JW m 

...... r:I .-1 il,9J' .1
ffllHfffllttrll1flfl11lJ ~:a lJHCl 11'f1lfi1HIH"11lJUH'\IlJ 

o "&d.d~' ~ ~tm::::'fIl'ilmi'l1lffU'lI1V1 ,1 lJ 48 'lI11lJ~ 

200-300 
Q ~ oJ Q 1 J 

tfl~ 'fI1fll'J 'J:::: fl1Ulfi 'fI nn::: 'lJ 'lJ'VIl~ t~lJ111U 'il1l1fl'\llJ 

1~Ullin'l1:::'lJ1nwihfl'fllrl'flffllHffllh,H1Cl1 I i1111~ 

500-700 1111~ff~ HCl:::{)11l1ffU~1V1 1,;'m;~ffllHfffi1ttrl1llJn,n 

1 i1111~ 

700-1000 'i:::'lJ'lJflHI~lJ111U'~l1u~'thnlJ l1lJ~ff~ uCl~:affu~1V11~u• 
"" ... 

t~W'lJ 'Vf CllJ 

2.1.3 mu;'uhtilfl nl"lfU01J11Jtuoua:::nl"lf1EJlfl~ !i)wva1.w~ 

rllttrll'flll 111d'1uuft::: n1ttr1 ~1~'J I 'illJ ift1 vJ~flfltJc\'fIU'fI'fI flll1'il1fl'Vh111tJffiYVl11illJ.. . 
" , ", "'JI " 

11 ftfl Uft::: U-31 illJ ff1'J1I ft-W1J' lJ 1.hii "Ylft'tyff111l'J fl'Yf'lJ 1,;'i~, lJ 1.hlih lhih ~lJ II ft:::th i~~ lJ 

. " " 
!I'fIlIll1!'uuum~1eJ 1~'J l'illJift 1 vJ~~h.JlJ liI'fIlJ ilJlhln~'il1fll1 CllUff1111 ~ l'lflJ 'il1fl' ~ffl'J ft::: mu 

1 

" . 
Il'fIlI 1 1IlijUl1~ 'fin1ttrU'fl 11 1111UfJ' lJfI1f1'f1V1ff111 m'J 11 1l1flli1V1'f1l111'J 11ft:::: 111'J 'fI I'll1'J'lJ1I'\1 c\ ~lhii 

ff1111'Jmt.l~UlJlnlJll'flll111tUU1,;' 'il1flfllnhvJ1111t.lf!ffVl11m::: 'il1flfll'J 1~~fJ i lJfI1f1lfl1J~'Jm'JlI 
" "J} " 

11llJ,;'lJ 1.hlffU'\I'fI~ 1H~llJQVlff1'\1m'J1I'lJ1-3t.l'J::::lfl'VII'lflJ 'I.hlfffJ'il1flh"~llJ'Ihu1~~lJ lhlffU'il1fl 



• • 
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Q,I : d.Q "f/ Q,I.I d¢V 1'" r:1h H11"rrJ vnl1lJ ~ IHI::lJ llffUYlln~1l1nm'j "'Hfh'j 1Jt.lfH\,~11l:: 1J mIlJUV1J 1JIlJ un",:: n11lJ. 
" "" 1~1~'j I'illJci", 1rJ~t.IlJtilfllJ1lJ t.Il1J1W ff~ t1'l()nt.l~vu",~ fft!l1 ~nh~h~lJl1~m!l1 ~~th1~~lJ ~ .... .. 


. " 
ln~H"'m::Y111~m::lllJ'unf11Y1U11"lflJ lrJlJtrlJ~'j1tJ~flff~lJ;$1~1lJthl~UI'lH tm::rifl111'ln~iliYl11 

" " n1'j 11lliY'Ufl~ff1l1 i 1U ~~lJn1'j fhl1lJ~fl11J1~'j!llJ'UV~UV1J11Jlu U 1 lJthil~ 'il1n1H~llJ 'Q~ ff1l1 m 'j 1J 
JI JI JI " 

thil~'iI1n·JflJ'lSlJ 1m:: 1lJU1t.1'j:::t.I1111'lJttfl1J11J1UU1JlJlilfllJ1~1ulnlJ 100-200 mgIL, 10-25 mgIL 

tl"':: 0.05-0.1 mgIL m1J~l~ll n~lJ~tn~'iI1n'Q~ff1l1 m 'j1JlJ1J1n1J1Ul1 '''It'Jt.I'j::tflYl ff1'i~rhl11'ln~ 
." . 

nfllJlJl1 mU'lSlJ~ ff1lJ 1 my,r lJ irmrJlJt.I'j::lflYlff1'jt.l'j:: nV1l6lJYI~6ih:: mU~lU (Volatile Organic 

compounds) ~1~1lJ'Q~ff1l1m'j1J ~1mh~'Ufl~'Q~ff1l1m'j1J~irn'il::"hl,rln~lJn~lJ1~uri h~~llJ 
" " ih,j~U11ffU rJ1{1Jt~U~ff\91'5 h~~llJt.lmillJ h~~llJrJflnl1,r~ h'H1lJHfll'llfllJtiWcH~1~'1 

" 2.1.3.1 1H1h,j~U11ffU 
JI.. JJ JI 

thlfftJVilJffU 6lJ Y1~ 6t.1lJ ,ilfllJ l11nn~1~1Utl1,j~l~m~ 1't11111'ln~ 

m::1l1lJn1'jOVUff"'lUl~Ull11flVil~U l'lilJ t1l'j dflu 1t.1'j~lJ,,111l1~lJ1ml'inUm::fh1J::olJ1lJ1t.1'j~lJ 

It.I~tJlJlrJlJ n1llJtlV1J11JlutJ Im::nlIlJ1~1~'j11llJci", 1rJ~ .." 111'ln~n~lJtl1~lJtm::J1tfftJlJffm""lrJlJ 
. " 

m~ llH ff1lJ'U V~1lJ 1~'j 1'illJ nmmrJlJ nfllJfI11,"~ ,'lilJ WlJlJ 111~ ffTW 'Uv~n11J::OlJ 1lJU11fftJ 

" JI JI " " 

UlirlJ t.I1~1J 'j 11J YIn:: llllU1!fftJ'j 11J llJ lJfl1J 'Q~ffll1 m 'j1J !lJ'fl~ ""':: !Y1 i1'1l 1'" ~H'1 nfllJ Viln~~lJ 

ff1lJ 1l1qj!rJlJnlIlJ1~1ml'illJci", 1rJ~ u",:::vnlJm ~ 1'UirlJV(jTI1~ h~~llJ~lJJ1!fftJYlHlfllJ~V~ 
" .. JI , 

~'j 1'i1ffflllflW ff1J,j~'Ufl~U11ffmm::lj1J1'Ufl~l.h1 fftlin::ff11J1'j m:m'lStJ fl 'Ufl~ ffl'j I fllJihil 1 11'ln~ 

http:ffmm::lj1J1'Ufl~l.h1
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.. J 	 ., .. 
2.1.3.2 VhnJmU~ff~1 

.<:)0 d 	 d QI ~ A ~ 
U'H1W'VItfl1H)\l\l1'j::m'l::ilffff11::ff~1 1H'I~m'U~lmH'l \l::lfl~flCl'UflH. 	 .. 

nlllffU fl~'U~tn"~'U\l:ai'l'Uvt1fl mii'U nlCJSuo1l111l'UU UCI::nlCJSlH1,,'jt\lWiCilTl" 'j:i:UUihu"ti'l 

d 	 _.I" J "'.., i I !'It .., ..i !'It I =" 'J1 lIJ • "" 
I ffU'IJ 0 ~ TI l'j 11 I ClU ~ ff~ 1ff1'U '11 tym 'U 'j:: uu U O'l1l1flCJS ~l lJ 'U lJ m1J" fJ lflU ~UCI'j::: uu lllll 

1h::ff'VIifllvt '!Jiin~Ul~'n"~'U fIlU i 'UUO\l:::,i'l'U1'!Jmh~ ltiffll\lnUvhh1'lfl"nlCJS~iifl~'U ,'li'U nlCJS 

lH1,,'jI'il'UerCi 'Tl~ 'I1~O nlCJSl';llh 

• 	 I'" 
.fHrtn 2.2 m:::U1'Um'jHft~l1fhiM'tn"flft'U'illflTll{1IIftU,:aY~1 (mllfl1lJfJlIlICll1l1, 2554) 

2.1.3.3 	h~~l'U'!Jm{l'U h~~l'Um:::~fl{l'U 

m::lJ1'Um'jt~Ul~Q~U '!JCll 'IJ'UIi'l" m:::~tl 'i)::;iimntlllfftJ iifl1l1l4'U 

",.,;",J'!'It f3 f3 	 .. 
tlCl'UVUtl"'IJ'U\l:::llJ'Uvt1fl mii'U mCJSU01l1111UU Im:::mCJSlH 1"'jI'il'UciCllvl,, m:::U1'Um'j~1I '11~0 

'jUfl1'U 



10 

------_._----------------, 


(fi'n1f1111fjlJlJill111,2554) 

. '" 
2.1.3.4 1Hmi'Uthir'U 

d :QI~ ..:::t~ a 111 ... ,"fl'j~'U1'Ufl1·Htl'U'U1lJ'UfI'U'il~lJtlil'U'UB~fl1"lf u WH'il'U"lfil nfl lIil~ . . '" 
,~1f1'Hl1{'UB'U'il1tltl~I~11 tlnmi'U'il~iitlft'U'UB~thir'U'Vntlh 1WHl1{'UfJ'U Methyl Tertiary-Butyl 

Ether Uil~n1"lf'~1f1'H'il'Uiil'n~l!lliitl~lJ1WUfJm'Vfn~fI'llJl'Hlfl111fjlJ 1~ iJty'l11tlfi'Uirmf)fI'il1tl 
I • " , • 

tl11 I~ 'U Uil ~ 'U '1..1 ri ~ lJl tl l1 fI'•fI mj-h tl 1'$tl €i'U ill iJ'U 't11 i '1..1 fl'j ~ 11 1'1..1 tl 11 l111 fI iJ fI ~fI , '1..1 Reactors l1 

l1'UfI'iro i'U 1 H~1'UlIlltl111~'U11n'HilHftfl'l11B1f1Q~11 (J1ir'U~11) i 'Utl't ~~iifl1'i i ~fi1'lfiJflllH"l 

J~II1111fi1~Vfl~flfI'iil1 'I11Bfi1{lfm'~ 'il:::iifl1'i 'l:::1110 1t)'Ut)~fI'l'i'fJ1 fI'jfl'l{11t)'U~I~111 1'1~~1'U 1'1..1 

'I1ii~Idt)H1tlIt)'il~iifl11lJ~'U~ItI~0'U1Ufl1lJfl11lJ~B'Ulm:::fl1'l11n 'il1.u'lfJt)tl'il1tlU..a illi'l1~ t)fI'11. 
'" 111..ari1'U'i::: l'I1 fWBtllJ1fl10'UBtl 1~ 'Ut)tl'il1tlU'U , 'U'l :::wh~fl1'j'U'U(ho i riu~ '111 t)'j(l1J'j'j "'ltl~'il::: ii 

, 31"'" &, , 31& i!il': "".J.. 0 '" '" I "'" "' • .1 "lIJ• dfl1'j'j::: l'I1 tI flt)tlfl'1'U'I1 'U..a 'Ufl1'j !H1 'I1lJ"lf..a '1fl'1fm~il..al1lJfl1lJ~ 0'1..11 lilt) u'U 'il:::lJfl1"lf"lfillnt)'j !fI 

\Ii 11&:::0 ~ 0 'V :' C\ .e9 ".dQ,I 

t)t)tl !"lfflltlfl'U'U fl1lJ:::0'Ui'U'U1lJ'UfI'U'il:::Otlfl..at)Btl1f1t1 Claus Process 11'1t1i'1fleJ1ml'il'UfI~t)t)tllJ1.. 
'" i 'Ul tI'Ut)..afl1"lf 1~1f1'j 1 'il'Uiil hM 1111 f11"lfri1'U U'il:::\jmh'tlIH1'111 t)'t11rlllJ:::tl'Ul'I1 il1'111t)H~ i'U 

. '" 
fl'j ~'U1'Ufil';i!H1'l11mhn1lJ:::tl'Uiitlft'U'Ut)~ f11"lfiil !nt){1f1t) t)tl '''lf~ lIil::: nllJ:::tl'Uih~ 'j::: 'U'U1.hl fftl 

.. "'" lIJ 1 '" lIJ"" , 1" .;, : '" .. : ..'il:::lJfl1"lf!~ fI'jl'il'U"lfil !-nfl llJBmfltlUl1'U 1Iil::: eJ fI'lfl'l'i'Ut)'U i'U 1H't 1'1..1 tlil '1..1 '1..1 1lJ'U 'il:::lJ '1..1 1lfl'tI 

'" '" . 
'I11tlVlnhlfffJHllilhufl1f1m~'nh i ~If)flfl'j::: 'U1'U fil'l V~JtI fI'{l10 1 flmmfl flt5 011 'lii~t) t)tlcii! 'il'U 'l1 1 

i~n1lJ:::U'UltI~tI'Ulil'Ufl1"lf'~1f1'il'il'Uiil 1-n~ 111-:Jri1'U'UB..an1lJ:::U'U i'Uthfftl'il:::,tI~O'U,il'U'lJ fl { 
UfI tI II 11 '1..1 'l11i ~1f)fltlfi'Ul'I1~'U 
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, 1" t " 

ill'Wn 2.4 m::tJ1'Wfll'H"ilVI'Vilhhflf))O)f)il'WhJ 1Hf)~'WlhiJ'W (mlJfl1tJfl:IJ1H'lfl'l:l, 2554), 

o.o:::tQ q d <1.:9 .o:::t ~ QJ ~ 11] ~ Q 

f11'J)o)lH'lf1V1'lltH~~'Wl'I'HJ 9f..'.llJl'I..'.Im::tJ1'WfllH1lJf) t'WffflWf lHH)f)'lfI'UU (Anaerobic bacteria) 

'I "" "" 1 ., .,; "l !II 1!II'I "" "" 1U~:::: l'Wffflll1mH)f)')H'iI'W (Aerobic bacteria) )o)Ol1~Hl'Wl'I t)o)'iI::flf) 'If l'Wf11'JI'il'JflHVltJ VI... .. 
"" """'1 I ~,., "".,.'" '" '" , ,'I '"ffl'JO'Wl'I'JO lJmfl~ ll1ty"1'i1::'Jf)ffftlOllJ'Wm)O) 'lllJ'W m)O)o'Wmo UO~f)Vi'10~ fI1'JtJo'W )O)OOf) 9f)O) . 

nl9f'31)O)'JI'iI'Wcir~1yJ~ U~:: nl9f IIOlJ llJ1u 0 'W Of) 'ill f)U 
~ 

'W O..'.llJ 1 'ill f)Ul1 ri ~ 'QVI ffll1 f)'J 'J lJ O'W "1 1'1f'W . ~ 

m::tJ1'Wfll'Jm..'.l'QVlffll1m'JlJ 1'1f'W h..'.lmt'Wil1m lflii, fll'JIVI~OlJ01l11'J, 'J::::tJtJ1h-u)o)'1hlffO, f11'J 
~ . 

ih-u)O)!tifml1il..'.l !I~::'J1lJO..'.lfll'JlhyJl{lJtlflffVl1 (Chung et aI., 2001) f11'J!f))O)f)il'W 1)O)of)'ilm'JlJ'llO..'.l 

1Jil'W l'I~ U tn1Jllti..'.lOOf) ',)'f)~H"1 !~'W 2 'lfU)o) 'lfU)o)~ 1 f)~'W~lf))o)1Jlf)ffTJ OUU l'Il U oril 'W'j tI'llO..'.l• lU .. 

nl9f ',)'wi nl9fllolJ1lJrnmm::nl9f131)o)'Jl'il'\.JCi'~'yJ~ (Dague, 1972) l1U)o)~ 2 f)~'W~If))o)1Jlf) 

ff1'JU'Wl'I~U 0~1'Wltl'llO..'.l10'J::::1l10 ',)'un IlJO{lIfltlUl'l'W (mercaptans) UU 1)O)~ (indole) fff11 ll'1~ 
_I ";"""l 1 · "" ~ '" A"""" '" ., ""II) '"(skatole) !!~::ffl'j1J'j::f)OtJl'IlJ!'U VI'jI1J'WU~::::flllJ::::tl'WllJ'WO..'.lfltl'J::::f)OtJml"1 m)O)o'Wl'I'Jo o~)O) !3)O) 

'I • I I " 

fi1l'1'U nOlilnOlM'If))O)f)il'W ',)'10..'.1 l1rO~1lJOtJfll'J 1 ~ffl'J tI'J :;::f)otJo'Wnnv 1M',f))O)f)ft'U 1,)' 'WOf) 'illf)U 

'" !:If '" II) '" .,; II) !II
O..'.lllJ'U1l0~f)030~u~::::m~ l'lllJ'Um::::mo l)O) 
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"" .oI .. .-t ~ t .01 
2.2.1 '''U'fl1t1'f1~1'JilfnJ lUU'H"-3"U0-3U;nJilln~~t11'Hn11t1 

• >I 

'illnflll 11ft iilH'Unffltn~'tJ£1Jfl~U 'UflY1t'l tlY1fi~H!tIn'illn'J,j~ lti 'l~hlfftJ fll'l11l ffll { 

!!~~fllfllfl 'illn'Vh{lJffll{iln'V'l'U'h!~'U aerobic bacteria 1~uti E. coil. S. aureus, Bacillus spp., 

Pasteurella spp. !!~~ Diplococcus spp. ~~1~'U Gram-negative coccobacilli U~~ Gram-negative 

A I QQ d f ~ 4 i "' ..
small rods (Nasrin et aI., 2007) U"::;lJfllllll1'il'V'l'Un'llJH'Ufl'YIlltJ'YInflilty'l11n"'U!'I1lJ'U 'U'J,j"ff1l1 

~~Uffft~ i'Ufl1'V'1~ 2.5 

16 

14 

12 

~ 10 

~ 8 

~ 6 

If 4 


2 
o 

Bacterial isolates 

.-t .. c;I .. ......... .. 

IlTW'fI 2.5 ltJflllqf'Ullfllllll1'il'V'l'UU'Ufl'YI!ltJi'U\I"ff~1 (William and Wambura, 201l) 

... ..: ".01 "".01"
2.2.2 m1N"~n"UUOtlltiIUtlilln'''U'fl1t1 

11 mJ llJ!U tJ1;Y1'U i'l1 qjlflft 'illnm ~'U 1'U flll 11..1 1l1'U flit~:tJ 'U fl,:j ~~ 'U 'YI'1vm::;'U1'Uflll 

~fltlff"ltJ (Decomposition) ff1'jfl'U'YI'161Jfl,:j~~'U'YI'16 fllllfl!flHfllJ llJlUl'Jl'UJln 2 ,tJU'U'Uflfl un

ionized ammonia (NH3) H"::; ammonia ion (NH4+) fllllnftUfllJ lmwm~,:jfffl~ltJ1I'U'U~'lJfldti'U 

fl111JfflJ~"1Jfl,:jfJW'l1fJiJti'U pH hw pH 'il~I~'U1I'il11tl~~hfityn11fJW'I1fJiJ 

Aerobic decomposition of uric acid: 

(1) 

Urea hydrolysis: 

(2) 
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Mineralization: 

undigested protein (bacterial degradation) --.~ NH) (3) 

I ~ do'" J. ~ ~ ,. do • 

~lJfl1'.ifl1'.H.mtJ~ClltJ~l"H)'Wl'1'.HJ I'VH)~'Wlfl1G1H!fllJ ~lJI'WtJ (Hobbs et aI., 1999; AneJa et aI., 2001) 

2.2.3 1'l;)~'U1Vl~A;)U'Ufinll'U1Pi 

~1'.i1.h~flfllJfl'W1'1~6!!Cl~~1'.i1.h~flfllJflU'W1'1~tl 'W LIPI'.i l'il'W ''W'Ii'.i'.ilJ'lI'l~ ii'l1 ClltJ 

'lI'U\PI 1'lf'W hh~'W fl'W-W'W'li'\Jfl'l hh~'W fl'.i\PIfl~iJL'W fl'.i\PIU1~~flfl tJ!~tJ lflilmlfllJ LlJIUtJ Ifl~fl1'W. ~ 

AnI..,... 
eatpl8llb 

take up nitrogen 

111M3 + H20-. 
Mt4+atr 

(NitlObac:tw. 
Nitrospira) 

IlTW~ 2.6 1'1'il'.i'\Jfl'l1'W LIPI'.iI'il'W (Annenberg, 2005) 

Aminization 11'J'Wfl'.i~lJl'W fl1'.i~ ~1'.i1.h~ fltllJ hh~tJ i:)fl~t1tJ~ClltJ L\PItJ'il~'W 1'1~ 6 
'U • 

'Vnfl Heterotrophic hh1'J'W~1'.i1.h~fltllJ1'W11P1'.i1'il'W'Vilfl Amino compound ~'11~~'1~lJfl1'.i 

"""i ..~l'.ifl'Wl'1~tl'WLml'il'W -------+~ fl'.i\PIfl~lJ ~ 'W, !!t1lJ'W (4) 

(hh~'W, !!t1iJL'W1~1) Decomposition 

http:lJfl1'.ifl1'.H.mtJ~ClltJ~l"H)'Wl'1'.HJ


• • 
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1 _1 "" ~ " '" "" " • <:It "'1 "'1 ef. ..llJ'H9l'lH)::::Qfl1VlJ 19f1J Proteolytic 'tJv~~nlJ'Vl'HJVVfJffn1m1JlJmflV::::lJ 'W mflV:::lJ lJ'Wff1'WlfW..!! 

Qfllh i ulfu'jz 1V'li'oUl lJ fll'j 11'JlJU'Hri~ ilJ hnt~'Wun:::tm rin'f~H1lJ'tJ V~l9fm' 'UHth'W ~:::Qfl 
.Id • III. I '" "" "1 '" j)/ .1 '" "" "III 1 "'" " tlJnfJ'Wffflln~v IlJ ~nlJ'Vl'jtJ lJ1)'j'jlJ'li'1~~V~fll'jff1'jlJ'j:::flV'UVlJ'Vl'jV I'W ~'jt~lJ lnVff~tfl'j1:::'H 

. '" 
ffl'j U'j:::fl V'UVlJ 'Vl~ 6ilJ1 ~ 'j t ~lJ t) lJ''l A~'I!lJ ,illJ 'Vl~ 6~~ij'U'Vl 'U 1'Vl 1lJ fll'j U U'j 1Uff l'j U 'j::: m)'IJ 

.. '" 
ilJ 1~'j t~lJ IIn:::tfl~m:::1J1lJfllmU'j'jUff1'jmri1'1!lJLI~miHnlJ1U '~Ufi m::::'U1lJfll'jOVfJffn1fJ 

Alanine 

(5) 

Alanine deamination Pyruvic acid Ammonia 

o _I '" ""d'IIJ 1 j)/'''''''' "<:It .1 '" """ m ::::'U1lJfll'jlJ1ff1'jlJ'j::::flV'UVlJlJ'Vl'j fJ AlJ ~'j t~lJl'tJ1"lI9fnn tnVff~lfl'j 1:::'H rulJff1'j lJ'j :::flV'UVlJ'Vl'j V 

III 1 d' '\lid Y ! QI'

!lJ mt1llJ t'jfJfl11 Nitrogen immobilization VVH l'jfl~llJfIlVl~m:::'U1lJfll'j'Vl~ffV~fl~fln11 

~illJ'Vl~6v..!!nv hrlfl~m:::'U1'Wfll'j~1~"1 amJlfllJ1fJ t'lflJ m:::'U1lJfll'j tflflllVlJ llJtUV 1 lJtfl'j'Vl fll'j 

-"I a III 1 ..l "" '" <:It III 1 .. :; IIIJ' ' 
~Hfll9f IlJ ~'jt\llJ 9f~1'jVm1lJfllJl1JlJ1~\l'j!lJ fl'jl~lJ m:::'UllJfll'j~H"1mmlJlJ I~ntfl 

2.2.3.1 Ammonification flVm::::'U1lJfll':iOVVffn1Vm flvziJ1lJ 1~IlVlJ llJtUV 

'" .I 1 A .. ~ ... "" 
tflfl'tJlJ flV'U'Vl'U 1'Vl'tJ V~ heterotrophic bacteria l'lm'j 1 I1n::::u VfI ~ llJ lJV'li''Vl (actinomycete) 

)I " , t 

fl':i:::: 'U1lJfl1'jUlflfl 1 ~..;~1lJ fffl1nl1ij 1lJtnfln VVflc1f' ~lJ 'H1V 1 ~ij ~1 ¢I1lJ fffl1nl1 1 ~ij llJtnfln 

VVflc1ft\llJ \l::::ltllJ'U'Vl'Ul'Vl'tJ V~ facultative anaerobes 

Ammonifying bacteria 

~ 'U~'" NH + (6)fl""""'~::l".r.u_~ H -------.....NH3 r •• u 4 

Ammonification 

2.2.3.2 Nitrification ,tJlJm :::'U1lJfll'j~ijfll'j vVflc1fl flftnl9fUVlJ llJtU fJ IlJ1m..;' 

1uttllJ1 'Wtfl':i'Vl1flVLI'Ufll1I1 fJmllJ nitrifying bacteria ~~,tllJU'Ufll1t~VU'j:; IfI'Vl Chemoautotrophs 

NH4 1.50 --..... 2H+ + Hp + NO ' (7)z z 

N02' + 1.502--""" NO, (8) 
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" Denitrification U?l~ Nitrate Reduction lih.Jm:::;U1\Jfl1lln~;j\J"J'j::1.11.1 

1)nlJ'lfl~hJ'ftm1:::;~itfl1l'\l1~tH)f1'~1~\J l~fJU1.1flfh~fJ facultative anaerobe um:; anaerobic 

chemoautotroph Ilti~!~\J 2 U1.11.1 

1) Denitrification fifl fl':i::1.11\Jfl1l'ftmfJ'ftlltlJ:::;flfl1.1flij\J'YI~6L\Jt~'.il'1 

1~\Jufi'ft'\J l~lt~\Jl~fJU1.1flli!~fJ facultative anaerobe 1m:: anaerobe 

Nitrate reductase Nitrite reductase Nitric reductase Nitrous oxide reductase 

(9) 

.... "" ~et Q,I d d , 'JI • 
~1flfJl~'IJfl~~ \J~lTHfl'.ll\JIl1.1fl'YI!lfJ ~Ufl Paeudomonas,Achromobacteria, Thiobacillus, Bacillus 

U(\:: Micrococcus 

~ 11 do"">2) Nitrate reduction !1J\Jm::1.11Ufl1'j 'ftmfJ'ftl':i l:::;flfl1.1flU\J'YI':iU 

'JI"> .::ft " """ '" "'''' ... 4 ... "I, \Jl~l'YIhHfl~l1J\J \J ~'.il'll1lfl UfllJ IlJl\JU I~UIl1.1fl'YI!lU Facultative anaerobe ('ftlJflfl~ 1~ &\J, 

2528) 

Assimilatory nitrate reductase Assimilatory nitrite reductase 

------... N0
2

- -------~.. NH4+ (0) 

..e9 Q(Vd..J 31 .=t.t!:i4 ;Q.Jr,w,'JI .611)1 .d4 
~1fl1lflfl1:l1~1\J1~U'YIlflU1'\lfl~ lJU1.1fl'YIllfJl1mfJ'.II\J~'YIfl~IWfl ~~lfllJ?lrrm C)j'~ &f} C)j'm'YIm?ll\JlJ

'II , 

fl11lJ'ftllJ1HI1\Jfl1lNil~lIfllJIlJ1ihJ,\)lfl'lfij~'\lfl~fl:::;iJl\J~~h~n\J 'W1.1'hri1\J111 qjl~\Ju1.1flfil~ fJHfl 

d-=t .Q CJJ 1.c:::t .d , 
llJ?l1.1'YIlJfl1lN?I~fl1'.11HfllJ lJl\JfJlJlfl'YIf!~ 1'lf\J Proteus mirabilis, Proteus vulgaris, Budvicia 

aquatic, Klebsiella pneumonia U?I:::; Pseudomonas migulae (Terence and Michael, 2004) <O~t~\J 
. "'''' fl?llJH1.1fl'YIllfJ facultative anaerobe • 

0" ... <:'I , 1 ... '_.1" ... d ".1 . ... ...
'ftll1l1.1flnN?I~fllC)j' f} ~ll'\l\JC)j'?I n~'\llfl~(\\JYllU'\l\JflfJfl1.1'.II\J~'\lfl~

• 'II 

'ftll{j\J'YI~u~i..n\Jfl1l l'iflfJ'ftmfJ l~fJ.,t1 't1~:::;ittlllJlrufilC)j"~lml'\l\J~fl 'vJ~'ft~'\llfllJ?lff~1l11fl 
'II 'II 

" ., " 
\hfffJfiittlllJlru~mvJ~~~ li'iflfilC)j"~ 1~'H~\J~?I'vJ~nlJ~1nUfl11lJtM\!1\J1.1llfJlfl1fl'\l:::;liJ\Jm~ 

i?lvhlfl (H2S04) ~~it'ftlJ1J~I~\Jm~uri~itq'YItfl1ln~fl~fl\J~~ fl ~\J'\leJ~filC)j"~ l~ll'il\Ji?l'vJ~ 
iJmn~'\llfln'\lflnlJ'lJeJ~'lilu'YI~U ~~In~'~ 2in fifl 

Administrator
Rectangle

Administrator
Oval



16 

dll] .et 4 1 ~ d tI ,
ffin1~11 &lJlJOOflCJI1l'U flU~ft'U11':;;U'Y41fl Proteolytic bacteria 1'If'U Proteus Escherichia I!ft~ 

v • v 


Pseudomonas IIUm.J601U1U-h ~ciIftl,"OI':;;'i'U U1Jt1'Vh1 Ufl~lJUI1:I'UmJflYiI~ U'lfUfI facultative 

. " 

anaerobe Ill'ifll':;;ff~l-3i~1f1':;;I1l'Ucilft1,"~1l::aofll'Uffin1~Yil,jiiOlfllRnhtJ'U 

Anaerobic 

(II) 

Bacteria 

(12) 

, ~ do' cd .t::l:Io r:I 1IJ 1 ., lIJ 0' 
fll':;;UOUffftlUffl':;;O'Ul1':;;U 1'Y40f.lftllfll'lt &~ fI':;;I1l'UCJft &,"fI (Arogo et aI., 2000; Sawyer et aI., 1978) 

'" '" d ~i d"l '" .J i " '" i ., ..1'" 'dIflfl1l1flfl1lfl'j':;;lJ'll 0-3 ~ft'Ul1'i U 'U ffin1:; 11 IlJlJOOflCJI1l'U ft~ ftlU CJn:; 'Ill II l'H"I 'ltOOflCJI1l'U 'UCJftll1ll 

i'Ufl1'iOOflciiflciffl'l fl'U 111Vflrll1flO i ,*ciIftl,"1l11:l'U~hi'1Jfllftflll'i O'U f.lf'li:\'Y4;~flO cilrll,"ll1l:;\lfl 
~ Y I , 

1~hcii..rlll'Ucilf'll,"~ tl601 fJ1U1l~IOfl~'Ulijo i,jii~1i'1Jijmflmo'U 6'U"l l'lf'U i,jiiooflcil1l'U 'I1~0 
1IJ tV do'.d i.d.ca t/QI ...I •C':I 4 
!'U11l':;;110~fl1U ~ft'Ul1':;;Ul1ffllJ1Hl 'Ufl1nfl1CJCJml1ll flO 'Y41fl sulfate-reducing bacteria 1'lt'U 

Desulfovibrio, Desulfomonas IIft~ Desulfotomaculum 1f1uii Desulfovibrio desulfuricans 11:I'U 

". " ~1fll':;;'11 ciflllft~fl1'.ilOficilft i,"~1f1U1bUI1J'Uflft iflftfflflWiifffl'llO-3fll':;;IOfii~1f1':;; 11l'Ucilfti '"~, 'U'l.h" . , t" I l 

d Li ~ Q,I d d!ll I ~ ~ d d d 0... 111 .... 1' 
IfftJ 1llflfl1'ii'1fl1J1-31\n1lUl1lfltJ1'll0-3'Y4'U11 1'lt0 Proteus vulgaris 1lJ'U!I'UfI'YII':;;Ul1'Y41J111 DJ 'U 

v 

1i'i'ilJ'lfl~ 1'lf'U ''U~'U ,hlnu flO-3'lltJ:; ijfJWfflI'U~i'UfllmiillfilCJi~1f1':;; ImJcilft i,"~~ 1f1Uff11J1':;;() 

UOUffftl tJ III I ftfl ft'lleH 1 tI'i ~'U '11 ~Ofl'i fI 0:;iJ1 'U ~ijnl mal'U 11I'U 0 -3tltl n flO'U' 'U ffm'Y4~hiij 

" 
OOflcil1l'U l~tJfltl601U1U':h desulfuration (ll'l1l1'Y1fJ1cltHfl1J1l':;;Rlfflll fllfl1'ltl~ft;}1111Ul, 2554) 

." )I '" 
'" d , d '" QI d.do1
IllOI'Y4l~ICW-3 P. vulgaris 'UOl'l11':ilftU-3I'ltO peptone iron agar (PIA) flltJ 'U I - 7 1'U1l::!'I1'Ufffll 

" . . 
10fl~'U 1'Y4'il:; P. vulgaris ffftlUfl'jflm:jj1'UltI~tJ'U11:I'U i~1f1'iI1l'Ucilft''"~ ,fjofhtl601Ult1'UflOO'U 

Q '" eft '" Q., "1 • .1 0'0 

'llO-3l'11ftfl1l::!flflllJ'Ufffll'llO-3l'11ftflCJft 111f1 (William, I 990; Wistreich and Lechtmean, I980) 

'UOfl1llmr'U P. vulgaris ffllll'i()ff~H Urease enzyme ~1l~ Hydrolyze ffl'i urea i'UOl'l1l'i 

ItI~U'U11:I'UfilCJIIOll 1llluul~ 
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2.3 nl1tllUtJlIflaUn1Cf l!allllllilrnla~n1Cf'~lfl11fJw.a'-n~ 

1ifl l'H11tJfllJfl~U :iJmh hw1~ffl'Hflii ~~ fl1 llltlUfl1'i n 1'i,)1vii .;Jii;}1\i1 ~.;Jl1 Cll m,fu. 
~ilu'YIlvlUl :::tJuunff;.;JltlUf)1'lUolltyl1llltJtJ 1 li~.;Jliu l'rl'll~nl CllfJfffI1'WU1~'"()lJ 1 ~fJl\l'Wl:; 

. " 
n lCllfJfl1llJl1 Cllfll1 Cl 1V'\I fH llilu 'YIl vlUti l llJ"lfl~mh~ffUl';~ ffl'j lfliitJ1~'I1ij~ltluff1'ilhm '-lmtlu 

$I~ ,,;, $I 1$I 1 ... "" "" eO " '1 $I cit eO "I ... citUfl1Jtul1l'YIflCl111J111Cl1 ~ ~fJll:::()lfffJfl'ilm'jlJ'\I()~llClU'YI'jfJ utJ~ ~l1JU 2 mw fl() mwu'jf1!l1U
~ . 

.J ~ 0 Q.I"::: d d. ~ Q .c:I tI Q.& =::It ... 1Q~ ~, .cd rI " C'iQ Q

C)f.;Jl1JU f)1'j f)1'il~flClU mill 'YI fffl.;Jll1Uf)1'j l\illJ llClU'YI'j fJtJ l.;J")fU ~C)f .;Jl1JU 1Jt)1J fllJ~ ()llCl U'YI l fJffl Hf)1C)f 

" 
1eJl'fl'j!'iluci'n iYM IlCl::: nlC)f!UllJ llJlijfJ l'lfU nlllf'ln~f)1l uti.;JUU~fl1l1ll f)1lff!HffllTtlJUtJU.;Jf)1'j 

IIIItyltlU~U ~~')~ltlUf)1l itfl.;JtlUf)1l In'flfl~U 

2.3.] ilDU,"1m,rnlCf'~lfl11fJu"a'-n~ua~n 1Cfllallllllilrnllul!'H"~'lIa~Tf~~~1U1U 

nl11fJ1ty !'lfU leJl'Ylfl 1'1 hn;Jf1!1tJfllM fJ~iifl1'ifffllJll~lntltJf)1'j fll ')'flnlC)f101~'jlllUci'Cl1 yJ,r flfl 

,,; 1$I + ... 1 ..K ""i " Bacillus sp. 'YI1Wfl 'fllllfl~fJl1lJfl\!Cl,!m (Yun et a1., 1997) 'flfJ'WtJ'111"lfflff11J1'lf:I()flflC)f ~"lf 

ci'Cl i yJ,r1 ~II lfl f)1 l n H 1 U '\I fl.;J ltlU i C)flf 1 eJ 1 ~ 'j Ul U ci'Cl 1 yJ,r II ~ fl () fl~l fI ff fI1 fJ i U ff fl n::;~ 1 li ii 

flflfl~!'ilU l'flfJiiNil\ilililltt1l1ftfl~1~,tlu elemental sulfur ~.;jfflJf)1'j~ 13 (Nakada and Ohta, 1999) 

(13) 

lIlllltlU iifl1'l til ::;~fl~l~llilu 'YIlv~hl1i'tJih')'flnlC)f ieJ 1 'fl'j I 'ilU ci'n 1 yJ,r ~-aiJ"j'fl~lUl~().;Jf)1'j tI'j ~l1U'fl 

rill~~lmlCl::;iifl11lJtlCl fl~ilfJff.;Jwllfl1'li ~ffl'j lflii l-afl.;J II lf1!i'JU1itl'j~ ufllP11 ~'il ilu 'YIlv~iiflU\illlJ
4J q q '\I 

'Ii l 'j lJ"lfl~u~ii,rfl~ltl'flfltJfl1ll'WtJlItyl1lfl1llJ1liffJllfflJfll~fl~fffl1'Wlll'flt1'fllJ 1 Uti 'j'j lJ'I11~ (,!fI1'Wl 

l1'l~ffl!lllty UCl:; 1'1 tI)llJfl1l, 2009) 

lItJfl~itllJff~lfl'jl~l1Uff.;Jtil,)'fl101'fl'jl'iluci'niyJ'fll~l~lJf)1lflflfl~i'flc;ci'Cl tlvM \illlJtI~nlU1 

-2 +
HS + 2Hp + 2C02 --.... S04 + 2(CHP) + H (14) 

,humjlJ colorless sulfur bacteria flflfl~i~c;ci'CliyJ,rmlJtI~filfJ1 

(15) 
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'iI~'U 'YI~ U1~fil9f!lOlJ ilJtihnn'Uul1 ~~'UO~'Wti~~l'U1 'Uf11'l 1'iI~ru L'li'U LSI'YIO h i 'YI'JYlf) 
, 

• . u 

" 
I1Ufl-rll~ tI-rliim'lftmnltitl1nUm'ifhi~fil9fLtOlJ1lJd:jtl flO Bacillus sp. 1~tI'WU111';O'inlJl'ifl1~ 

l1l1~ ~ 1 'U 1~'l HI'U 1'U nl'l L'iI~ ill 1 ~tI,jfifi~ til Denitrification U~:: Nitrification 'illflmHl~l flOfi 

Bacillus sp ~iifl1llJffllJl'jfli'UfIl'l~~UOlJ1lJl'UtI 1'U 1\9l'i.,;' U~:: 1'UI\9l'j'YI trlo'YI~ffou,j'J::ii'YIim'W 

Q.I ci"l)l • 0 Q.I <I G Q.I rI 
10 ffltl'W'U~ !~L1f1 Bacillus subtilis 'ill'U1'U 6 ffltl'W'Utj B. licheniformis 'ill'UTW 2 fflV'W'U~ B. polymyxa 

• ~ Q,.t rldd ~ ~ i
1m:: B. pumilus 'WU11 B. polymyxa LL~:: B. subtilis 11J'UfflO'W'U~'fllJ,j';l::;ff'YI1im'W"l~ 'Um'l~~ 

NH3-N LIft:: N03-N 1tl'''l~''l~ fl~ln'U,j'l::;ii'YIim'Wm'lfhi~ 56 1m::; 63% mmhflU Oth~hfi\9lllJ 

'WU1l Bacillus Sp.llflffltl-n'U'{ffllJl'jflft~,j~lJ1W NH3-N 1tl' (l1'Y'Wl.fl'i i (lflW-nWl'Un'il LIft:: ftln'U 

• Q QI rI 
~1'U~ff\9l1'W'U1i, 2553) 

" ." 
i 'U ffm'W111~n'OlJ1i'j 'jlJ'lfl~hr'U ii~~'U'YI~Ul1 Clltl,j 'j::;Ul'YI-rl ffllJ l'iflVUV.;jmJ 1'0~ ttl'U O.;j n'Ulm::; n'U 1 tl' 

\9l1lJfI~'Uo.;j1inlJ'lfl~ lcM'U iim'l ff~l.;j ff1'jVflJ ffl'i ,jfi:ff1'U::; 11 ~ tJff1'jUl-:J oth.;j~li11l1'~~'U'YI~VOfi 

,j'l::;lfl'fl'l1it~ 1liffllJUfll'il~UI 1 ~ l1~Oflfllil~ltl1,j fl1tJUH'UO.;j'il~'U'YI~ 6~ff!Hm ~,hflUi1tl'uri 
tJ 'U q U . 

t Q,I' .dd ~ " 
fI'llJ Lactic acid bacteria, Acetic acid bacteria Uft:: Bacillus sp. \9l1tJtI1-:J1JtJ.;jLlUfl'YI1'jtl'YIff'iHffl'j 

... 1..:'/t;4 4' " d !II It,
1J{)'lf1'U:: 11'lOffl'jm'U~ft'lf'WU1~Otll~ ~UfI Bacillus sp., Bacillus subtilis, Bacillus licheniformis 

lm::;fI~lJ Lactic acid bacteria 'illflnl'lftfllJH1'U1itl~1~t11~tJ.;j'WU 1lrlftm::;'YIU'UO~fltliflffU~::; 
" " ,llUfl-rll~ t1L1~fl~mlOm'lVUfJ.;j n1'jlfi~' ~ i ~'ll'ilwift11M ii'lltl~l'U11ffT:i ft::~ltlmflUl\9l1ft-rlmj'fl 

.,"'Q QI d.::::. d'fll l1tfl~m~ (Wungkobkiat et aI., 1996 ; 0lW1'l'lW 111.;jnOUmtl'l\9l11~::ilW::;, 2538) 'illf1f1l'lf'fnlll 

~1'U1itl~1~tl1~O~nUfIl'jff!1.;jm~ ILCl::; '~1~'l!'illJCiftin~'Uo.;j P. vulgaris 1'UtJl'l1l'liiJl\9l1ft~ pH 

7.0 'Wu11ntl1fliliii)'YIi'W~~Ofll'lff~1.;ji~1~'l1'il'Ucift in~'UtJ.;j P. vulgaris l~t1f1l'll~lJn\liflff'il::;ln~ 
JJ ,J,) JJ 

nl'l ff~Hm~ L1~::; fJUfJ~nl'lff~H i~1~'ll'il'Ucift1n~ li1tJ~'illflm~ i lJfJUv.;jm'jl'il~ill'UtJ~l~O 
II "1 l )I 

UUfl-rll~t1 P. vulgaris· ~}'~ir'U nl'llnlJfl\l iflffcM1mnml"l1lJffllJlJfli'UflUfJUfJ'Hl1'lff~H 

iffi~'ll'il'Ucift1n~ Uft::m'l1~lJflft1flffritJ'Um'jff!H'~i~'ll'il'Ucift 'ny{'Il::;~fl11m'll~lJml~m'j.. 
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Vll'n~~ 2.5 Effect of glucose on H2S production of Proteus vulgaris in PIA and PIB 

(D~W1nW 'M1-11flD'UlnO'i9l UfI::flW::, 2538) 

Incubation period (days) 
Medium and conditions 

1 2 

1) PIA control (without P. vulgaris) NC NC 

PIA B S 

PIA -l 1 % glucose +G +G 

2) PIS control (without P. vulgaris) NC NC 

PIB B B 

PIS + 1% glucose +G +G 

3} PIB + 1% glucose" B +G 

Note NC = No change 8 Strong production, Black color, Bad smell 

+ Turbid. absence of H2S G Gas production 

2.4 il'fl'YW::"tH Bacillus licheniformis 

QI' C ,.c::t <I 
f)1'i \)rl\) 111'\.J fl'M 1I1fl'M \!')11-111')101ff1'ff~'i (Scientific classification) ~111 Bergey's 

manual of Systematic Bacteriology 2
Cd 

, 1984 - 1989 (Weigmann, 1898; Chester, 1901) 

Kingdom: Bacteria 

Phylum: Firmicutes 

Class: Bacilli 

Order: Bacillales 

Family: Bacillaceae 

Genus: Bacillus 

Species: B. lichel1iformis 
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~ '" '" 	 """ '" ~ tIUlH ' tl'jHtltI" ~ tI 1~'j1lI1Hlllft'Yll'W Facultative anaerobic Ufl'HJ1l1fll"1H'1C111C1fl'l:lW::::llJ'U'j 
~ 

" {)'j1ll'U'j 
~ 

"" 

'HlU 'YlHm;:mUflUU~\9hu'H'lj~"HflC11~ (central) 'fl~"Hflm~ (paracentral) UC1::: {)UflU'Utlmti
~ .. 

" 	 tI "-.' iI . ~ " d ... "" '" ~ "d "" 'I1"ltC1C1 (subtenninal) tl U'j 11I1l1111 .:J vtllUglll'UI"ltC1~H~tl1'H'jm'jtl~"JtlJ'Utllti 1"ltC1C1'YlI'ilHY I'U 

Jl"lC1fl'Jifttl'il::~UlIffUmll~~tl~lltlllU 1j'll'Ul~ 0.6 - 0.8 x 1.5 - 3.0 1111mI1l,,'jvtllUYl1:1'Ul"ltmf 

l~tl1'Hlm~tI~1'l111:l'Utllti 'IlUll1ft1C1ill~tl~1Itlll{) 1jlff'UHlr1'U6flC11~1fthil 2 - 4 iiC1nlll"'j !'illill 
.. u 

•• , !II 

1,)'~~W'HlliiI9l1q~ 15°C UC1:::I'illtyl,)'~~W'HfJii'tl~q" 50 - 55 °c 'UUfl'illfltr'UU~'Yl'Ul'iu~W'HfJiil,)' 
~ ° '" -. """ d '" '" "" «"I tid lIIti ~ III -. " 'tl.:JtN 68 C Utl~.:Jfll'jI'il'jty 1~~'Yl pH 5.7 - 6.8 UC1::: tI~ff11l1'jm~1"lt 1'U!"1'Y1! C1t1'U I 1lI'U I'U 1"'j'Yl 

1,)' 
, 

v q q '" 
2.4.2 	 iJ11f11Y'i}"Y't'f'nfU1f191fl B. Iicheniformis 

~ '" "" dill'" 1 ""'" tI "1 " B. licheniformis llI'UUllft'YlLJtI'Ylvtll I~Uvt'j'HC11t1 'Uti'j'j1l'l11"lIfll'j 'jr::Qfl" '11 

''U~''tll'Hm'jllfllnnjmh'Hi'm~n'' amylases, proteases, antibiotics, UC1:: special chemicals 1j 
, . 	 . 

dG} fVO' ..:::.,., 	 ~ ,., d 

ft1111tfftl.:J I'U 'j ::~ll"l"uq'llmvtHC1:::ff.:JU1~C1UlI B. licheniformis ffl)Jl'jONC1" ffl'j "1'U ~C1'11vt 

(Antimicrobial substances) ',)''Hmtl'l1iJ~ ffn bacteriocin-like peptides ,1:I'U ffl'jl'l'l'U ~C1;vt'l1iJ~ 
~d~ 	 " .Q .d~ 

'H'U~'YlHC1"'illfl B. licheniformis ZJU12 ff11l1JOm'Uflnl'il'jty'llU~Ullft'Yl!'jtl Gram-positive UC1r:: 

Gram-negative 'HC11tl'l1iJ",)~utl~~1'U"1'jl~~ 2.6 (He et aI., 2006) 

.:t 	 "'.c:IQ

flnn'n 2.6 fl'ilm'jllfll'j"l'U~C1'11vt'UU~ cell-free supernatant 'IlU~ B. licheniformis ZJUl2 . 
.d 

II pH 7.0 (He et aI., 2006) 

Indicators Inhibitory zone Antagon istic 
diameter (!TIn) activity 

8act.f!fia 
Gram-positive 8acmius subti/is (bean curd isolate) 18 +++ 

Enterococcus /aecium (dinical isolate) 10 ++ 

Micrococcus f/aVIJs (bean curd isolate) 24 
Staphylococcus oureus ATCC 25923 22 ++++ 

Staphylococcus aureus (dinical isolate, MRSA) 22 ++-++ 

Staphylococcus epidermidis (dinical isolate) 20 +...... 

Gram-negative Ac;netooacter houman;; (clinical isolate) 
Branhamella catarrilalis (clinical isolate) 
Enteroboaef cloacae (clinical isolate) 
Escherichia coli DWh 
Proteus sp. (clinical isolate) 
Pseudomooas aeruginosa (cl inical isolate) 
Xanthomonas oryzoe Pv.oryZGf! Zhe 173 26 +++++ 

Alternaria lJrossicae (<:abbage isolate) 20 +++ 

Fusarium oxysporum (cotton isolate) 23 
Guignardla sp. {shihu isolate} 26 + ... ++. 
Pyricularla grisea (rice isolate) 25 .......... 
Rhiroctonia soIoni (rice isolate) 25 ++++ 

(-., No anta!JOOistk activity; (.) inhibitory zone diameter within 6· 10mm; ( •• ) n 15mm; (H') 16·2Dmm; ( •••• ) 21- 25mm; ( ••••• ) 
26·-30mm. 
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" atdoQ. i' 	 '" ff11mU,fl'lf'YfYlf'HW1'iJ1fl B. licheniformis \!fl1111'iJ'Yi'1J U'lfl-3 middle exponential growth phase lJ 

fllmiil1ff11 '1i''l-3'l~It.1'lh-3 early stationary growth phase IIfl~ fitHJ"1fl~fl~~-3Uff~-3ium'W~ 2.7 

20 
! oE
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d 	 1fl1W'fl 2.7 	fll11'i1ltyl1fl~fll1Hiil1 bacteriocin-Hke peptides'UtN B. lichenifbrmis ZJU 12 Ufll'H11 

LB medium ~ 30°C: (+) OD
600 

t!fl~ (.) u~ufhi!J'uVflfll-3 inhibition zone (He et aI., 

2006) 

Q 'j) .c::t 	 'IfI" " Q dd

Hfll1ffl1111U,fl'lf'W (antimicrobial peptide) I~ Ufl::: ~lUfll11'iJ1ty'UO~!!'Ufl'VU1l1 Bacillus sp., 
.,j

Staphylococcus sp., Streptococcus sp., and Listeria monocytogenes 1lJ01:'l'11 antimicrobial peptide 

o 1" "'" 	 .,{.. ",,; '<:It  I "" '" \!fl'YI1 'H'U1'l'YIliHfl:::11flll:::'H tlJlflfJflff11 'W'Ul11'UUff11lJ{)'lflU::: bacteriocin (Nagarajan et aI., 

'" "" 2010) bacteriocin like inhibitory substance (BLlS) 'YIHfl~'iJ1fl B. lichenff()rmis IITRHR2 ff1lJl10 .. 
V'UV-3fll1!'iJltyH'Ufll1iltinO hfl'Hflltl'lfiJ~ ~,sU Escherichia coli, Salmonella typhi, Shigella 

jlexneri, Staphylococcus aureus, Proteus vulgaris, Enterococcus faecalis (Sharma et aI., 2010) 

" ~dQ 	 i'ff11~lU'fl'lf'W'YIHfll1'iJ1fl B.licheniformis B116 \!fl~11'iJ'W'U U'lf'N early exponential growth phase 

ljfll1Hii~ff11 '~'l-3'l~lU,sl-3 early stationary growth phase Ufl::: fiOtl"1fl~fl-3 lu,sl-3 late stationary 

growth phase ~-3Hff~~1um'W~ 2.8 (Guo et at, 2012) 
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fIlftJl 2.8 fll'n~ltyllll~flllNcWI bacteriocin-like peptides'IHN B. lichenifi)rmis Bl16 l'lHl1111l 

dO :V1,r
Dextrose and Yeast extract broth II 30 C: (.) OD600 Ull~ (.) !rY'WN1tl'WtJflllH 

inhibition zone (Guo et aI., 20]2) 

ffl111fi;1'W~ {Antibiotics} 'H'lntJo'l ffl1~ff~1'1~lfl'1l~11 (Microorganism) Ull~ 
, v v 

ih)llnl'WflllcUl 111U U'lJU'Iflllt~ltyl~'IJ11'1'UU'It-ifUflUhfl ffll~l'W'll;r'l (Antimicrobial) l1lJO'l 
to''' "" , 

ffll nut)llnl'W fllHh111 UU'lJU'Iflll l~l tyl~'IJ11'1'UU'II-ifUflUh fI n'Int11'WtJ1ufi;1'lJ~ mll~ ff'llfl'}1::..1 

'jJ ~ 
v 

dd 'jJ ddt "1 'j) 

lin::: ffll 1'1 1'W l'lfUU'lJflllll tJ (Antibacterial) ffl11'11'W ,1l'lf'VUJflllll'IJ'I 11'111 flltJU'IJ'IJ {Anderson et aI., 

20]2} 
, v 

2.4.3.1 flllll'li'lfl~lJl'lllJt)llnl'Wflll~l'Wl-ifuU'IJflni~ £l1l,j~UUfl1~til'W 2 fl~lJ11 ~fl 
v 

I) Bacteriostatic agent ffllJl'H1U'lJU'Iflll I~lf1)'UU'I1Clfllclll'IJflnlj U 1~1I~ 

1,j."hnltJIClfllcl ~i1mh'l I')$'W Chloramphenicol, Tetracyclines, Erythromycin, Lincomycin, 

Su]fonamides 1I11~ Ethionamide 

e,{o <fI dd0Gt" ~ 
2) Bactericidal agent ffllJ1'}(WUflt)ll1illlnlm'1fllllU'lJfllllltJll1 t'HlClfnn 

1'I1U ~lmh'l 1'li'W Penicillins, D-cycloserine, Cephalosporins, Bacitracin, Rifampicin, Polymyxin 

B, Colistin Ull:: Vancomycin 

2.4.3.2 fllll!,j'lfl~lJl'lllJflll1flllflll UUflt)lli'UU'IfflH'i11Jll tlll'li'l 1~11:J'W 5 fl~1J 
(Allison et aI., 2002) 

, Q,I ~ ,,(,V tI 0 

I) ffl1fl'l1JtJ'lJU'Iflllffl1'1N'W'IIClfnn (cel1 wall synthesis inhibitors) 111 

l11"Clfnclll'IJflnlj mnVlflll IIl'1fl (lysis) un~ffl1 \l~UHll~tllrltlll'lJflnlj tJiht1'-l~::1I'li'l~1 ~lUtil'1 '';'W 

Penicillins, D-cycloserine, Cephalosporins, Bacitracin, un~ Vancomycin U'lJflntjtJu cell wall ~'1 
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.. "" 1)1 , -J,d, ...1 JI
cell wall 'lJfHU1JfI'YII'W fino polymer 'YII'W011 "Peptidoglycan" PeptIdoglycan 1J'j~OU1Jfl1t1 

d; ~ 1;11 , '" 4
polypeptide IH'~ polysaccharide Gtf~ polysaccharide tn..! fllIO amino sugar 2 'lfUflflfI N

" 
acetylmuramic acid UH~ N-acetylglucosamine ri1U polypeptide trtnh~ou1J,;'1t1mflfl~iJlu 

(amino acid) 5 ~11~mJfifln1J N-acetylmuramic acid UH~ Glycine 00 5 llJlHflH til Antibacterial 
. " " 

C11lJ1'.ifll1'1l::flfloq'YIi'm01tJ1tJ;JUflUufiH'l'IJfI~0l'.i-ff~lfI'.il~ff Cell wall UH::.yh 1,", bacteria f11t1 

1u~'lfl 
" " " Bacitracin flUf)q'YIiU1JU~Ol'jC1~l~ cell wall ifitlOl'.iU1JU~f)TmamJ1fh~lU'lJfI~ lipid 

... "Ii;ll I "I dt 1_1 .r ;II
carrier '}1H~,\)lf)'YI flC1~C11'.i'YII1JU building block 'lJU~ peptidoglycan uuo 1JUflntGtfHHUH1 

. m! Q'.e!t"dQ4ocv4' " 
Bacitracin lJ'WlJ'YIC11f1ll1f1f10fl nephrotoxicity lJq'YItifltJI'lffl gram-positive 

'tUOP 
:: Amino __ or !he ~ 

.\8~-rCyclo.serlne t ~~on~cadd 

~UDP UMP @-UDP 

§\ J 

Outside 

.... 
fiTn", 2.9 Schematic diagram ofbiosynthesis of peptidoglycan in a bacterial cell with sites of 

action ofvarious antibiotics (Allison et aI., 2002) 

" " 2) C11'.iU1JU~0l'.iC1~Hitl'j~u (protein synthesis inhibitors) ;JUflflUOl'.i 

-ff~lm1~ffitl'.i~U'lJfI~lI1Jfli1ilu 1IC1f1~')~fI1'W~ 7 CJ1~~UflUU ifltlC1'ltifiv e)U~1JIlm Ribosome lJ1• 
,)1J1JU mRNA Im~1u1J~I1W'IJU~ P-sites UH~ A-sites 'lJfI~ ribosome 'Il::llJu1J~nw~1,", tRNA lJ1 

')1J1J~nw P-sites 'lJfI~ ribosome 1j tRNA 1jC11t1'IJfI~mflu~iJlu~1,;'1l1flOl'lfhun1C1 codon 1JU . . . 
d cv' <V • a d1- 1 '" ..mRNA l'.itl~f11f1UOU f1f1lJ1 Ribosome IflHflU'YI 1Jfl1lJ mRNA 'YI A-sites 'lJfI~ ribosome '\)~lJ 
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SOSsubul'lil 
of ribosome 

misrBading of the message 

I;V d d Q.I ~ d tv d , odd 
tRNA :t.n~lJ9S-.3 tRNA YI:t.n~lJ'U'U~::1Jfl111JlilVn::l\l1::\l-.3fllJ codon lJ'U mRNA (l'Wflff1'UYl1Jfl111J 

Q.I r .d 0 Q'1 .,; ..,
lill'll::1\l1::MfllJ codon 11 anticodon) 9S-.3 tRNA \l::'U1Wlfl'i'flf)::1J 'UYllilvn::l\ll::\l-.3fllJ codon lJ'U 

v • 

mRNA :t.ncA'1t1 ~lflt!'Ulfl'fltliifl1t1lfll'il;1mJ~flfl'U'i::l'r:h-.3fl'i'flf)::iJ1'U1J1~ tRNA lJ1t1W P-sites 
v • 

t1 .Q~4 C) 'l " ""1 • dQ.I fua:: A-sites ( gfl'itll transpeptidation) Yll 'l1fl'i'flf)::1J 'UYI-.3'l11J'fllJ1f)~lJ'U tRNA Ylf)~'U'U A-sites 

U()'1 tRNA lJ'U P-sites ~1H <,,j)jfl'i'flf)::iJ1'UilJ) \l::'l1'tl'flf)f)fl11J Ifl'flfll'ilfl~f)'U'lJf)-.3 tRNA \llfl 

A-sites ,t1iJ-.3 P-sites ~-.3 tRNA rl')jfflt1'IJf)-.3fl'i'flm:iJ1'U~f)f)O.. U()'1 Ribosome lfl~f)'U~'t1lJ'U 
. . ,.Q J: 4 ,,,? dtI , 

mRNA 61'U codon 'flf) t11U'l::lfl'fl1'l1'lfll'iWl"l:S'U'U9S1f)fl\l'U 'flllJ'Ufflt1'IJf)~ peptide ua:: protein 9S-.3 
t '" ,I JJ 

til Antibacteria] l1f)f)flq'YIii 'flfJfl1'i 'i'Ufl1'U fll'.i ff-.31fl'i 1::11'1tI '.i ~'Uf)f)flqYl ~ '1 'fltlfll'i 'li'fl'IJ1H'li'U 'flf)'U 

"I~l'fl'IJ'U'flf)'U'l1 'Ud""-.3'IJ1-.3'fl'U 

:;/ 

..-.-_.~.---•.--.-..-.
V 

~'=\~- ...~... 

Comp4Itition with tRNA for tM A site 
e.g. tetracyclines; selectivity largely due 
to selective uptak&. by active tfansport 
into prolwyollc cella 

Abnom1aJ codon : anticodon recognition leads to 

e.g. aminogly¢oside&' strepIO"'{cin. etc. 

Inhibition 01 transpeptidation 
e.g. Ch;!Jran~phenlcoi 

Pr&mature termillatioo ofpep/joe cham 
e.g. puromyCIn, Which resemble.s !he amino 
acid end of IRNA (il also affQC1$ mammalian 
cells; used as experimental loC; 

Inhibit!on of trans'ocation 
(also 

.,t 

.fnn'fl 2.10 Antibioitcs which inhibit bacteria] protein synthesis (Allison ct aI., 2002) 
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l1lJl'Y1'\JU.:JtfJUl1lJl9$ftft'YI1!lJ flU tlJlJ Osmotic barrier flU'lf1t1lJU.:JfllJ ~lJ !l1'1.Yl'j~l.:J"lt'\Jll1'jUUUfl 

)I t, tI 

3) O'UO.:Jl1Ulli'\Ju.:Jtuut!lJt9$ftft (cell membrane function inhibitors) 

if ,,; d if ".:.. ''I. I'" .::tf ". , _!iI '" lIJ ''I if , if'" 

• 
tit Q lIJ efd ~.d.d " , .4 4 f "4(lI 0 

'illfll9$ftft.:JltllfllJ ~ tllJUfl'illfllJlJl1lJl'YIlfltl1'\JU.:JfllJ'j ~'U'U'\J1Hf .:J Il'W1ftUfl fll'j lJlff.:Jffl'j 1'\J111 'jUUUfl 

tI .d " A" tla. • • 
'illfll9$ft ft tIl'YI 'j'Ufl1lJfll';; ff'j HtfJU11lJt9$ftftfl U tllflqlJ Tryrocidins (1'lf'U Tryrocidin A) mpJ 

Gramicidins (l'lilJ Gramicindins) flQlJ Polymyxin (!'lilJ Polymyxin) Polymyxins l~lJffWrnfl 
" Decapeptides til1tI~'U~'j .:J1l1lJlJ Ufl'\JU.:JllJ1HlJ ';i lJ Uft:::tlftltlDfl'l11.:J 'il~m'l1 fll1i'l lt11lJ 'i'lJtlJlJl'U'j lJ 

o , " t ~ tlzt , ~ lit 'JI 
'YIl l1ffl';i~H"l'j1UUfl'illfll9$ftft~W)Jll'lfU!~ 

w ~ Q,! tI Q d~ ... • .. • ~ • 

4) tI'UtI.:Jfll'jff.:Jlfln:::l1flHllJ1f1ftUfI (nucleIc aCId synthesIs Inhlblhrs) 
~ " " .c::t ,,. 4.'!:i.cv Q.I' 0 

ffl'j~llJ'ft'lf'WflqlJ Quinolones l1';iU Fluroquinolones UUflq'YI1WlJtI.:JfllTVIl.:JllJ'\JU.:J DNA gyrase 

o'''lIJ'~ dd~ 111ft::: Topoisomerase II 'YIl 11 ~lJlflFl DNA replication U'UfI'YI!'jtl'il.:J~ltl 1'lf'U Ciprofloxacin 1m::: ffl'j 

~llJ'ft;'WflQlJ Rifampicin ffllJl'jt:l~'U subunit '\JU.:J RNA polymerase I~D'liFl'\J11.:Jfll·H~lJtl1'lJlru , , ."
lJ'j :::1111.:Jfll'Hl'U.:JI9$ftft 

~ 'JI d ~ 
5) 'jlJfl1lJ'\J'U1lJfll'j!lJ~1'UUftfflJ (antimetabolites) ffl'j~llJ~ft'lf'W'YIUUfl 

q'YIifUlJ'Uri'1l1lJ'my ihlfl'hlru:::1flHff!HfI~ltlffl'j ~1~ln1i'u.:Jn'Ufl'j ~'UTl! fll';i llJ~l'UuilfflJ ~.:Juti.:J 
, , " JI 'j;I • 

~'J.J!UlJ19$JJli In tI11i'U.:J ,;; uft~fll';i O'UO.:J'\J U..'ltllnfl'hlW~il'W'U11ffllJl'j fl WlJ fln'U II.. ff.fll'Wl~mllu 

tl1'lJ1rutllftFlM tlll1lJFlq'YIif l1~uii Substrate ~!UlJ'9$lJ1t1uti..'lnlJ~'UlJlf)fl'htlfl~ Sulfonamides 

' '" 0 , if "" '" lIJ '''' ,,; if 0 ilL I, if if1Fltltll'il~!tfJ.:J'il'U DihydrofoJic acid synthetase 'YIl l1U'UfI'YII';itl IlJlJ Folic acid 'YI~U.:JlJl!lJ 'lfffn.:J . .. 
DNA Trimethoprim (TMP) lil~lJ';10'UO.:J Dihydrofolic acid synthetase l'lilJl~tl1n'U sulfonamide 

" . . 
Uft~O'UO.:Jfll';;!tI~tllJ Dihydrofolic acid 'tll~lJ Tetrahydrofolic acid 11IDi"~';llJnlJ'il:::ffllJl';it:l9h 

d d lit"
lI'UfI'YI1';itl ~Fl , ,..., '" 

2.4.4 16U "II)JlIfnlfl;no B. Iicheniformis 

dd ~.d tI ~ .d 
1I'UfI'YI1';i tI B. licheniformis 11 ftltl'lflJFl'YII9$ftftffllJl'Hll1 ft.:J lytic enzyme 'YI 

1 <I'd tI tI d d I' 'J1 tI d d 

ffllJl';i m.mtlffftlm9$ftfttlff~ !9$ftftU'UfI'YII'j tlUfl'j lJft'UffQft~l.:J"l !1ft:::ff1lJ lJ Otl'\JU.:J 19$ftftU'UfI'YIl 'j till fl 

d ... 1 ~ Q ~ Q .d t tI 
';ilJ'U1fl 'illflfll'jft'fl'hll1J';i:::ff'YI1im'W'\JU.:J Proteolytic enzymes 'YI~ft~'illfl B. licheniformiS 'YIff.:J~ft'UlJl9$ftft 

, .. 
'" "" P. vulgaris 1m::: p. mirabiliS 1Fltlfll';iI~'jtllJm111'jmft1'\JU.:J!'lfD B. IichenijiJrmis (S, 103 1m::: 60.4) 

", Q.ftl q" tI .:if I~ "QI~ 
l1.:J 3 ffltl'W'U1i ~fflJfl'Ul9$ft" P. vulgaris UftZ P. mirabilis 'YI~1'UfllHJ1t'lfU!!"11Flmlfl';i'jlJ 

bacterio1ytic activity 1Fltlrn';i 1Flfllfl11lJ~lJ ~ft'\JD.:JmlJ i9$JJYlli 11iirn1 lWI ft.:J'\JU.:Jfll~Fl flillJU ff.:J 

d'" .::tf "" ..§
'\JD.:Jffl';i"ZftltlU'\J1lJftDtllI'UfI'YIt';itl 0.01 U/min llJ'U 1 Unit '\JU.:Jfl'ilfl'j'jU bacteriolytic activity 9$.:J 

~ ~ ~ ~ ~ 
B. Iicheniformis 'il:lJ'I.h:ff'YI1im'W'lJrn'j lysis 19$ftft'\JD.:JI'lfD P. vulgaris 1m: P. mirabilis hw 

. ." 
tlijn1' tll'\JD.:JflQlJ lipopolysaccharide liiitl'j~ ~ft'U 'UlJIUUt!lJ'i'lJlJ Ufl'U fl.:J!!'Uflli!~ m!fl';ilJft'Un'U 

http:4.'!:i.cv
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dd ef 1 0'QAA d 0 .
bacteriolytic enzymes 'YIlJlh~~'U1fl tJ,gm U1'IJ 'il~mrf)f)fl1'Hn1 'YIH1'IJ'Uf)~If)'IJ C]flJlI'(1:;Uf.)UfHnU 

'(1fli'IJ 'Uf)~ peptidoglycan 11'(1:; fl11lJff.)'IJ'Uf.).:jlC]f'(1 ,,~ij;i~1'Ufl1'IJ1m.:j'fffH'Uf.).:j!gf.)~lJi'IJ 'IJ f.)f) 

"'''' 01" ".,jI.... 0'1"'Uf.).:j U'Ufl'YIl 1 U!I m lJ'(1'U'YIl 'H hydrolytic enzymes '(1'11111 fH'U1{H U a:; (Jf.)U'(1''(11UH'IJ.:j! C]f'(1'(1 fl 

(Ryazanova et aI., 2005) 



, 
.." 

1J'tTYI 3 

, .... i .-.J t:J:; eli t:J .d, "" ~ t:l lIJ "... .
81~<H"'l.J9Ifl -n~ 91'10l9l'YI'HHHt'U'l.J0l9l'YIOflilty'H llJfl'Ynn1HOfl'I.Jl'HlJ'U I~'j 'Ufl11lJfl'4tfn 1:'H 

"101H'YWl'Ulflffn 'Yiff'YIihh ~ff 'Iff ~'I'H 1~fJ'Um 1'll'1nU 

d fI e! i" e:l).l Y 

'jfltlff!lJtI'j ltfl:'YI'I 1'Ul'I.J I 'l.Jl'YI "lOt!'Ut'YIffl'jfl~flltl'tJ 1fl~'UVi~ UA'1'11':~1t1ffUfl:fllU 
tI """ ~ , f"e:t.d. , ! ~ Q d "'i"ttflflOflHflflfl11lJt'UlJ'U'I.J'jfltlfl: 95 "'l.Jm:n~ lJlJfflJ1'1fl~mUflflOlJl UfltJUl mo'I.J 20 1'I.J1'YI Ufl1 

., ., 
if 0 d1 i "0 O!' " Q,I" Q,I" .d. i " , <V 1m'l'I.Jl'YI'U'YI ~'I.J 'H'l.Jl~l'I.Jt'Ul'1 91'U~1t1m:~111191'U Ufl:tltJlJ'YI1J~1UOl':i'HU~ff Safranin 'H'YI1lJ 

""'-,!i" "",!",,: " ... " ... ,!lIJ""" lIJd':iflUfftlJU':i'YI'l 1'Ul'U I 'Ul'YI t'YIff'YI'l m'l~1t1'Ul Ufl191'U~1um~~11l9l'U 11'1'Y1'1 ni'HH'H'I 1111t1 

")1 <I'd 0 Q.I , 

fI':i 1"~~1t10flfl'l~flm ':iff'U 'YIOlfl'l'UUlt1 1,000 !VI1 

3.1.3 m1f1~f,n)U Biochemical test (lJ'H 11'Y1UlcitlfJ'Ufl':il'lf1i li1) 

3.1.3.1 Triple sugar iron test (TSI) 'YI~fftJ'Ufl11lJffllJl':itl i'Uon Hiifl H2S ~1U 
. " 

TSI 'YI""t1 "0 ." "''' " " ':i~Ofl1J~1t1'I.Jlmfl 3 'II''I.J~ flfl glucose ':iflUfl~ 0.1, lactose ':iflUfl:;:; 1 Ufl~ sucrose ':ifltlfl~ 1 . " ., 
d ~ ~ Q,.I " Q,I itl dl " "1~Ul'Um'lfflfl'l1J'U~1 slant flOllW: tail fish mnu'YI'I loop 'I.J'U'YI:Cifl'l fI:tO'I.J'Hflfl~ tlfl1 incubate . ..,

l1 37°C trl'U':i:U::nfl118 - 24 "111lJ.:j ~lt<iltJff~l.:j H2S ,,:yhtlijn~Ulilu Ferrous ion ~iifl~1'I.J 

i ~ " °1"" eli ""0.1media ferrous sulfide 'YIl 'Htn~I'U'l.JfI:Ofl'I.Jffm'U'I.J 
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3.1.3.2 Urease test 1~'Wm'S'VI~fff)UHl Urease enzyme ~~\)::ffll11'Sf:l Hydrolyze 

!!"I 3/ .. ~ 0 'I 3/.. ,J 1 d': .. 9J • d ° <:It 
urea ''H t~Uf)lJ1lJl'WUC)fn::'VIll'HlJ pH tl.!J'U'W ~m'Um'1ff)MU'WN1 slant urn mcubate 'VI 37 C!U'W 

'S::u::r:nn 18 - 24 i11lNfh'WN"1~U\)::an~m'SltJgu'Wff indicator (Phenol red) 1~'WffU~~'Hlf)ff 

3.104 01'UA1fJlJ Fresh culture .. 1<'t <'t .. t t

Fresh culture 'Uf).!JI'lff) B. licheniformis 'H'Sf) P. mirabilis QmmUlJ ~umulI~":: 

14f)\)lfHJ1'Hl'S NA slant ".!J''Wf)1'H1'S NB tJ~1.I1~'S 50 iJ"iHl~'S'.h1tJlhJl'IJrh~frnlJl~1 ]50 'Sf)U 

1'if)'Wlii~ ~nm~iJ 35°C 1~'WI1"1 24 i11lJ~~.!J'\JllJT!j'~m'Sl\)lOJ~1t1fhf)11lJ~'W (OD6OOnm ) tI~1 
tJfmhfl1llJ,j'WI~lJ~'WI~'W 0.5 rif)'W~\)::'\Jl1tJ'~''Wm'S'VI~''f).!J~Wll'if)1tJ• 

.,
_.I ... 4 

3.2 fl1ln1J1A1!lU011Iil10J'UMI'Vtl B. licheniformis U~::: P. mirabilis 

. " 
mlnlJl~'S!1'Wm'Sl\)lOJlhn1tJ'Hlf111lJfflJ'ti'Wn'Uf).!Jm'S!\)~OJVl~ 3 I1UU 1~lIri fllf11llJ 

, -: lJ} 0 cf4.c1 dQ .e9Q,t d 

,\!'W (OD ) 'Wl'H'Wflll'H.!J (mgCDWIL) 1I"::\)1'W1'W1C)f""'VIlJ'lf1~ (CFU/m1) C)f.!J\):::lJfl1llJff::fl1fl6OOnm

" 'S1f11~1 ~lUII"::: tJ'S:::'HOfln"1"h'H'rum'S'VI~"tJ~1~m'SI\)~OJ 1~U'\Jl Fresh culture 'UtJ~l~tJ 
., .. 

uUfliit'ju B.licheniformis 'H~tJ P. mirabilis l'Wl::I~U.!J''Wm'Hl'S NB tJ~lJl~'S 100 iJ"i1ii~'S (3 til) 
, ..v »I 

UlJiif)W'HfliJ 35°C 150 '.if)ul'itJ'Wliiltl'Wnm 24 <ih1lJ.!J\)lfltt'W~tJlJffllmlJfI'.i1\)fftJUm'.itJ'WIlJtJ'W. .. 
3J (I 0 4 ,.., d 

U"1'Wll11'Vl1m'.i !\)U\)l.!JfI~fll'.i 1.!J'VI 3.1 

~ Q.I ..!I ..!I 

Al1H'fI 3.1 UfI'.ilm'.i!\)f)\)1.!J Cell culture (B. licheniformis 'H'.itJ P. mirabilis) 

! .... 4 
tlA11011AiltlilH 

4 
Cell culture (B. licheniformis ",tl P. mirabilis) NB 

1:UI~U\)1.!J 
...... 

100 lJ"""fI'.i 
...."" olJ"""fI'.i 

21l'h 
... "'.. 

50 lJ"""fI'.i 
......... 

50 lJ"""fI'.i 
I 

5 1'VI1 
...... '" 

20 lJ"""fI'.i 
...... '" 

80 lJ"""fI'S 

i 

, 
101'Vl1 

......... 
10 lJ"""fI'S 

.. """" 
90 lJ"""m 

I 

251'Vl1 
... ...... 

4 lJ"""fI'.i 
........ 

96 lJ"""fI'.i 

50nrh '" "'...
2 lJ"""fI'.i 

'" ...... 
98 lJ"""fI'.i 

I 

1001'Vl1 "" ... '" 
1 lJ"""m 

"" ... '" 
99 lJ"""fI 'S 
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. ., 
ii1lJ11~m'H'il~ty 3 II1J1J '~llf; 1~fhfl111l~'U (OD6OOnrn) i'~iin1'lrmn1'~ (mgCDWIL) ~n'I'U1J 
o if"dd..:tA IJI <V QI d' A ~ 
'il1'U1'UIClmft'Yl1l'lf1~ (CFU/mJ) IIft1111fl111lffll"'U1:i'tHJ~m'jI'il'Jty'Yl~ 3 U1J1J 

I Y ~ _I~ I .I~ 
tntl Fresh culture 'litH B. licheniformis 'jtltlft~ 1.0 l~tl1J'J1l1m~tl1J'J1l1~'Jtll111'J NB 

.,. . 
50 iJftnn~'j~l'U1'U 12 -nftlffO (lil 3 ~1) ii1'tJ,j1l1'Ulhf1fl111l1~1 150 'jtl'U~tI'U1f1f1~W11fJiJ 37°C .. ., 
!o1J~1mh~lJn'l 4 i'111l~ 'il'Ufl'J1J 48 i'111l~ii11l11~m'jI'il~ty'UtI~IGMtI B. licheniformis ~1t1m'j1~ 
,. ~: Q,I " QI 0 o'4ddc::t. 

fl1fl111l't.!'U (OD ) 'If~'Ul11'Um!11~ (mgCDWIL) ~'j1'il'U1J'il1'U1'UI"1ffto'Yl1l'lf1~ (CFUlmI) IIft~59Orun
• '" , , I 

9l~~11lm'j ItJHtJ'UlltJft~'UtI~fh pH 'il1nU'U ii1~1mjHtJ~1l1~'j 1 iJftnnm1l1il'U 1111t1~f1fl111l1~1 

I d d r 

10,000 'jtl1J~tI'U1'Yl'U1'U 15 'U1'YlIWmtllff1'U cell free supernatant (CFS) 'UtI~ B. licheniformis 111 

I " jI ! f " d , y.., ~f)'jtl~H1'Uf)'j~~1)Jf)'jtl~'U'U1~ 0.45 1l1f1'JI1l~'j'il~ ~ff1'j CFS ~~II~ TO - T48 IIft11f11J 11~1'I1~ 

tJ~1l1W'UtI~ff1'J CFS l~tI'Yl~fftl1Jn'ilf)'j'jllm'j~l'U~ft;}" (Qualitative antimicrobial activity) I01J~ 

~W11fJiJ _4°C 

.
Q.q , , Q V I:t:I 

3.4.1 tlWll<lUlIi:r.:JNIlVltlflilfl1'JUVll'U'lIl'lr'ft'Utl.:Ji:rl'J CFS illn B. licheniformis ., 
ii1 Fresh culture IGMtI P. mirabilis ~tltlft~ 1.0 1~tliI11l1~'j~tltJ~1l1~'jtll111'j 

" " )I JI 

11 fttlll NA 15 iJftnn~'j Hff1l111'i1:J'U 1'i1t1I~tl1n'U 'illnU'U Il1ft~1J'U 'il1'U til 11 1'J Intl~IGMtI'j tI'il'UtIl111'j 

d", "t".Qo Q J ~c::t.11'U~ IIft11HIIH'U paper dish Iff'UH1ti'UtJnft1~ 0.6 llftftlll~'j1J'UH1t11111) i'U'ill'Utll111'Jlfttl~I'lftl 
.,., ., 

'il1nir'U~~ Fresh culture 'UtI~IGMtI B. licheniformis tJ~1l1~'J20 '1l1f1'Jnm IIft~ffl'j CFS'UtI~IGMtI 
y d d .;, 'i "" , 'i "" I

B. licheniformis ('il1n'UtI 3.3 In1J'Yll1ft1 24 'lf1lll~) tJ'j1l1~'j 20 1lIflHI~'j'tW~ft~1J'UIIH'U paper 

GJ "e:." ,,& 0'... f ' d Q 'Q,f Q,I ,"I Xldish 'jtlI11H111'U1tll111'j1l11~M'U1 1J1Jll'Yl~W11fJll!l~n~Hn'U 6 'j~~1J t~Hln 25, 30, 35,40,45,50 

Uft~ 55°C a1J'Ul1ftl 24 - 36 i111l~ mh1~ Inhibition zone 11ft:;: Growth zone hwm'jl'* scale 

millimeter (~~U!tJft~1l1'il1n He et aI., 2006 IIft~ Guo et aI., 2012) . 
4Q , , .Q 

3.4.2 tlWll<tUlIi:r.:JNIlVltlfll'Jlil'J'!I'Utl.:J B. licheniformis Ull~ P. mirabilis ., 
1o 4 4 "'Ul Fresh culture 'UtHI'I1t1 B. licheniformis 11'jtl P. mirabilis 'jtltJft~ 1.0 ~tI 

" .
tJ~1l1~'j~tltJ~1l1~'jtll111'j NB 50 iJftnnm~1'U1'U 7 -nftlffO (yh 3 cJll) ,j1l1'Ulhf1f1111l1~1 150 

'Jtl1J¥itl'Ulf1~QWl1fJiJlI~n¥il~n'U 7 'j~~1J '~llf; 25, 30, 35, 40, 45, 50 !lft~ 55°C ,omhmh~~. ., 
I1ftl 24 i'111l~ iil1l11~m)I'il~ty'UtI~IGMtI B. Iicheniformis IIft~ P. mirabilis ~1tJfilfl111l~'U 
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. . . 

.e:t Q,I ,4 Q.I " 

multiple-range test 'YI'i:;fl1Jfl11lJl'lUllJ'W'H)tI~:: 95 

3.4.3 fl1ll~U;;~m1J1W'U8·Ufn CFS ~NiifHnfl B. licheniformis lYloniunmO;)fllUJ 

" '\.h Fresh culture 1'Hf) P. mirabilis ~£It1~:: 1.0 lfltl'll~hJ1fl'i~mJlmfl'i£lTI1l'i 
" " " " 

'Yf ~£IlJ NA 15 ii~iiiim fHYlJ "flf1'Wl{j£ll~tl1fi'W ;)lfllJ'Wl'YI~~1J'W lll'W01'111'i lfttl','U'H£I'i £Ill'W01'Yf 1'i 

d)J' .1! r 0' Q Q Q GJ .e:t " 4 " 
U'\l~ !t~11HUH'W paper dish rC1'WH1f!!''Wtlfl~1~ 0.6 lJ~mlJfI'i1J'WH1£1TI11'i L'Wll1'W01'Yf1'imtlW}Sf) 

;; " ~ d • I'" "I 1 '" ;)lfl'W'W~fl CFS '\I£I~ B. licheniformis (;)lfl'\l£l 3.3 !fl1J'YI TO T48) lJ'ilJ1m 20 IlJ m~f1'i 'YftlflM 

1J'WU~'W paper dish 'i£l'l1'ih'Yf'u"'Ol'Yfl'iul1'~~~lll''ll,j1J~fJW'Yf1Jii45°C !f1'W11ft1 24 - 36 i11lJ~ 
Uft11fl Inhibition zone U~:: Growth zone hw'~ scale millimeter (~flU'llMlJ1;)lfl He et al., 2006 

t1~:; Guo et aI., 2012) 

..t , , ... A 
3.5 pH nU~Ni:lfl8fl1ll;)l,!!'U8~1'lf8 B. licheniformis 1Ii:l: P. mirabilis 

..t , , ... A 
3.5.1 pH nU~Ni:lfl8fl11I;)l,!!'U8~1'lf8 B. licheniformis 

lf1ltllJ01'Yfl'i NB 'lllmfl'i 50 ii~iiiifl'i~\lfl'lli'1J pH ,f1w 4 J:;~1J i~W) 3.0,5.0, 

" " 7.0 U~:: 9.0 ;)lfllJ'W(lltl Fresh culture 1'H£I B. licheniformis ~£It1~:; 1.0 lfltl'llllJ1m~£I'llllJ1f1'i 
" . 

01'111'i NB 50 ii~iiiifl'i lfltlu~~::'i:;~1J pH fh~1'W1'W 12 ~ft1ffn (3 911) 'l.h''lltilJl'\lfhl1fl11lJl~1 

150 'i£l1J~f)'W111~fJW'I1lJii 35°C l~m11Ofh~lJfl4 i11lJ~1l'Wm1J 36 i11lJ~llllJ11~lfllfl1'il;)1,!!
" . . 

'\If)~1'H£I B. licheniformis ~1t1fl11lJ~'W (OD6OOnm) U~:::lflrll pH 1111jfttl'Wu'll~~i'lllfltl111fl1'i'YIfl~f)~ 

3 ci1'l1'lllu~~:;ci1m11m l::"',;'£IlJ~H~fl1 'i 'YIfl~f)~ 2 flf~lll,;'£IlJ~~ '~'1 'llrl1'W 1W ;)~'Wn~f(lfffl{.. '" 
lm:11fln:"'ff(i~lfltl'~1'llmmlJ SAS ~1t11~ Duncan's multiple-range test ~'i:;~1Jfl11lJl~mt'W 

~£It1~: 95 
• y
4' , .Q 4 

3.5.2 pH nU~Ni:lfl8fl1ll;)l,!!'UIHI'lf8 P. mirabilis 

1f1ltllJ01'111'i NB 'llllJWI'i 50 ii~iiftfl'i~\lfl'lli'1J pH I~W 6 'J::~1J i~uri 3.0, 5.0, 

" " 
5.5,6.0, 7.0 tl~:; 9.0 lllfllJ'Wiiltl Fresh culture 1:f1£1 P. mirabilis ~£It1~:; 1.0 lfltl'llllJ1f1Hlf)'llllJ1fl'i 

" . 
01'111'J NB 50 ii~iiiifl'i lfltlu~~:;J:;~1J pH Y'h~1'W1'W 12 ~ft1ffn (3 911) lll''ll,jlJl'\lfhl1fl11lJl~1 

150 J£l1J~f)'W111~fJW'Yf1Jii 35 U~:; 45°C l~m11Ofh~lJfl 1 i11lJn'Wm1J 24 i11lJ~lllmlflthfl1'i 
" llll,!!'\I£I~l:f1£1 P. mirabilis ~1Vfl11lJ~'W (OD6QOnm) U~:;lflti1 pH ~l'll~tI'WU'll~~'tJ lflV111fl1'i 
,,~ ~ t 

o '1 " 0 f 0 Q ." j} IV 0" ..::t tq Jli. I • 
'YIfl~£I~ 3 C)f11'Yf'W1Ufl~:;C)f1lJl11m1:;'Yf'\l£l'.!~H~fl1n1fl~f)~ 2 flHW1'\1£1'.!~'YI Ifl lJfl1'W1W 
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. 
'Hl'W'YHlffl(f~{ ",,~11fl'jl::..1(f(l~1~o1~hJ'.mmll SAS ~101i Duncan's multiple-range test Vi 

P. mirabilis 

, If 
U'HD~m':itltlU U'Hu.J1ul,,'uilU 

NB NB 

"" " NB 1~1I glucose'S fW":: ].0 "" "NB 1~1I urea HW"~ 1.0 

"" "NB 1~1I sucrose HW"::: 1.0 "" " NB 1~1I peptone 'HlI'J":: 1.0 

"" " NB 1~1I starch (potato starch) 'Suo,,::: ].0 NB 1~1I Ammonium nitrate ~UO"::: 1.0 

- "" " NB 1~1I Ammonium sulfate 'Suo,,::: 1.0 

" • a 
., 

"1 .1"" I .1""""1tnO Fresh culture l'lfU B. licheniformis 1m:: P. mirabilis'iUO"::: 1.0 ~01J'illl~'iIPlU1J'S1I11Pl'i 
.,. . 

Ul11l'S NB 50 iJ"ijijlPl'S (,vh 3 til) tilll'llthnfl1l1J!~1 150 'iu'U1iU'Wlnnuum.niJ 35°C Ifl'Uvi1mh>J . . ., q '" 

"" "'1 QI .a I0 Q 'jI ,

'VI 24 'lf1 1I>J 'W11l111Plf)1'illl'Sty'llU>JI'lfU B. licheniformis n"::: P. mirabilis Vl10fllfl1111"l'W (OD6OOnm) 

"":::1flfh pH ~Ill~o'W"llM11l iflOf)1Hlfl"U>J 3 Jl'll1'lh"1i,,:::JllJ11Ifln:::..1~tJ\!m.mf)1'j 
~ 0" ,,"11)"1 '" ........1 1"1 ')/ ..."" 
'YIfl"tJ>J 2 fl'i>J ""::'Wl'lltJ\!"'YI Ifl 1l1Ifl'il:::11(f()1Pl flO 'If llmmll SAS fl1011i Duncan's multiple-

d Go' .,;. ~ " 

range test 'YI'i::fl'Ufl11111'lftJlI'W'SUO"::: 95 

~ ."" .. ...3.7.1 rn':iI'ftl:::IaU~ B. licheniformis 1'fttlND" Cell-free supernatant (CFS) 
., . 

lit .e::t G'J ..:::ta 

'Wl Fresh culture 'IIfN B. licheniformis lIll'Yt1:::I"O~ !'Uml1l'i!11" 1 NB 'YI1I pH 

I~lI~'Wryhn'U 7.0 till~tJWl1.niJ 35°C fl1llll~1 150 'S()'lJ1itJ'Uln trlumlH1Cl1 24 'ih111>J\h1l11fl. .. 
" . . 

f)1'i11l~ty~l'10fhfl1lll~'U (OD6OOnm) ~tJlIff"mlllPl'i111(ftJ'Uf)1'i1l'Wlilu'W ""~ 1flfh pH nlll~t1'WlIllM 
'11 • , , 

111 lllf)"j'WIWflItJTti1'W CFS 1flt1Ulitlil'U111mn ]0,000 'itJ'U1itJ'Wln "lhuOfllmff1'W1(f1l1mtJ>J 

rh'Wm:::fllllmtJ~ 0.45111 1ml1llPl'i1ff'll1fl sterile Ifl'UlI"liU~>J11'~tJWl1.niJ - 4°C . .. 
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. . 
_~ '" !II ... v ...

3.7.2 u'UJlflUf11t1I11Ul::iUII'lUl1188flqtlIVilUfll'Uil1i!l'UtH P. mirabilis . 
o d • 

tn CFS '\JV~ B. licheniformis 'illf)f11'JVI~(lV~V1 3.7.1 lJlVllf11'JHffllffl'J(l::(llU 

~~~uff~~l'U~l'Jl~~ 3.3 m;"n.hhJ,j1l~VUn1f1iJu~f)~Hn'U 2 'J::~U '~l!ri 35 tm:: 45°C fl111lth. .. . )/ 

150 'Jvu~v'UliMI'Unm 12 oi11lJ~ 'illflt1'UthlJll~f11f11'Jt'il7ty~1Ufl11lJ~'U (OD6OOnm) 

'CFS 

(%) 

. 
CFS 

... ...... 
(UMilVl1) 

.r8t1il:: 7.5 NB 

... ...... 
pH 7.0 (UMilVl1) 

Sterile distilled 

......... 
water (UilililVl1) 

Fresh culture of 

P. mirabilis i1ul~VI1) 

0 0 2 7.9 100 

5 0.5 2 7.4 100 

10 1 2 6.9 100 

25 2.5 2 6.4 100 

50 5 2 2.9 100 

75 7.5 2 0.4 100 

. '" 11lJltn11Yl] CFS flV Cell-free supernatant ofB.licheniformis 

.d 'j/ 'j/ :JJ d Q 0 

fffl1:11 CFS '\JV~ B. licheniformis fl11lJl'\JlJ'\J'U'JVU(l~ 25 V1QW11fJlI 35 C 1m:: 
)/ 

'j)'j/j1 d. ~ 0'1 1 Q/ e::t 
. 

"~.dt
fl11lJl'\JlJ'\J'U'JVU(l:; 5 V1QW 11 fJlI 45 C 'UVl111'J NB ~UHfflJffl'J(l:;(ll(Jf1~~l'JHVI 3.2 U(l11~lJl'1fV 

P. mirabilis !V(J(l:; 1.0 1~utl7lJl~'J~V'lHlJl~'Hn11l'J NB ,jlJ~fl11lJ!~1 150 'JVU~V'Ul;111K1 

~~~llJm'Jl'il7tyllf)"11 -i11m 1~uthlJll~f11f11'Jl'il7ty~1{Jfl11lJ~'U (OD ) Im:;~mlJfh pH 'il'U600nm
, 11)1 W 

mu 12 oi1111~ l~{Jnlf11'JVI~(lV~ 3 ~1'1'H\hU~(l:;tjhlJl1!ml:;..r,j'VlJflN(lf11'JVI~(lV~ 2 fli'~th.. 
031 ,,;Wi 31Wi_1 ,t '" .. "''''1 '1"1- 1 " "'d

'\JV\!(lVlI~ nJm'U1W'ilfl'U"'(lfflff~'J Ufl:;11ml:;l1fftl~ ~{J '1f lJ'JunUJ SAS ~1(J11i Duncan's . . . 
d Q,I' 4 Q,I j,J

multiple-range test V1'.i:;~I'Ufl11lJl'1fVlJ'U'JV{Jfl:: 95 



33 

.::t"; d ... .& • • • , ",.&
3.7.4 nnftmnqnfi'U8~U11 CFS nNUfUllml8 B. llchenijormls 'Ufl11Al'U1I8 

44 
UUfln~nJ P. mirabilis 

. . " 
111 Culture '\ltl~ P. mirabilis 1l1fl.u'O 3.7.3 fll'nll 12 ~111H1J1l'Wl::lilfH,)tl1JlJ 

tll'l1Ti NA ihitl,j1J~ml.!'\1niJ 35°C lJllJ 18 - 24 i111J~1l'i'l::ff~lflfl'hijfll'HlllW'\ltl~ P. mirabilfs. .. ., 

lllJtll'111'j NA 'I11tli,j 

. . . 
~ Q,f .e!l00I" 

multiple-range test 'fl'j:: flllfl111Jl'lf01JlJ 'jmm:: 95 



, 
.eI 

1J'n'n 4 

4.1 fll1ftnlJlt.lQn"'1J1Wh~6'U'~''U\l6~ Bacillus Iicheniformis ua~ Proteus mirabilis 

., . 
~lflfll';jI'Vn:~a~[l~ B. licheniformis l'\,.W1lf1-:i Nutrient Agar (NA) iit2W'HfJ1J 37°C 1~'W . .., 

nm 24 -M1ill~ 'Vt'lyj, 1ft i,l'wihlfl1:IW:;:flClll a'Ul1~'W 'UellliftiClil'~t'nhtffllel fl1'H'lhlJ'W;j'W~lfl 
J ,I • "" 'jI 'jI 'jI ;:It A "" '" m'H1-:ilCl[l~I'1fel Uf.l'Wf.l1'H'W1U'H~ 'UH i'Wm'WllIelfll'H'W[l1ff'U11 iff 

QI.cl Q,I tI ct d '91 d, do tlLi OJ .::'1 
fll';j ~~U'j [l~911'UtHIC)fClClUllft'YII'j [l B. licheniformis 'Vt1l1111J'WUlIft'YIl';j[lUflUJ1I1fl lC)fClClllClfl1:lW~lu'W 

ltJuvi~ ff!l.:JfftJelfel~~~lU'H'll~91HflCll.:J (central) ifl~91Hflm.:J (paracentral) UCl::::el~flel'WtJm[l 
" _1""'1' iJ .;:It "d A'" "'~IlC)fClCl (subterminal) ffuel'j 11l1l1:1J1 ~ 'Vtllel~I1J'W1C)fClm"[l1'H'jt)!'jtl~911Iu'Wfflt1 



• 

• 

• 

• 

35 

.J QI .. I' cI 	 i'jJ'jJ cloQl ,
iIl'Vtfl4.2 	Clm:IW~llJ'jl'l!C)f'Hl'\Jtl'l B. licheniformis.fl1t1 ~nCltl'l~Cl"YI'jHn.JnlCl'l'\JtJ1t1 1,000!"YI1 

(Bar = 10llm) 

'illnmuvmaitl'l P. mirabilis i'Utlll11'j NA ~tlWl1.f):iJ 37"C !~'Unm 24 i11:tN 
• OJ 

'Vny,h 1f1ICliHhrn~w~!~'U~~nm.H~n"l !VhtJCllm~lJl1lJ~ 1f1IClUff'\J111ff '\JtllJ!~mJ tbl1'W/l~'U 
J.::. J ~ J. 0 ~ 	 i9J 'jJ QI'jJ 	 cI 0 

'\J'U 'II lmntll111'j !Cltl'l!'lI'tl !lJtl'U llJ1t1tllJffUm lJUCl~~'j1 'ilfftllJ.fl1t1 ~nm)'l ~Cl"YI'j 'j ff'U (mCl'l'\JtJ1t1 

1,000 !Vh) !v1tlffn~1~n~W~'jtJil'lUCl~m'j;ij~!~tI'l~1'\Jtl'l!C)fCl~UlJf1lit~tI P. mirabilis 'WlJ',h!~'U
OJ 

.c:I.c:I c/~ I ! I~ c/d ~ QI 

UlJf1"Y1!'j tlUmlJCllJ !C)fClCl!lJ'U 'jtJU"YI'lff'U 'WlJtlm1J'U!C)fClCl!~tl111'j tlm ~ 'iI~ m ~ 'illtl 
OJ OJ 

. •.. - • 
'" • ... • I 

..... '} • • .
1\• '" .. ·• • • 

~ 

tf 

.... • " '..,. , .".... 	 '" ... 	 ,. .
• .. .. ••• , . • 

~ ,f 
• -

.. • 	

I 
« .. • 

" •,"•. " 
~.. , . 

" 

t. ... 
.. 

.., 
.. • • 	 " .• - .. a· 

• 1 •.~ .., . • • 
~ 	 " . 

"• "... . • - • . --• •. . .. . • • .. .. .• • : .. T .. 
.•• .. •. , t'·"'· '" • • •• .. ...... . •.......... :
• • •• • 

~ 

ci I' 	 i'jJ'jJ o'OQl ,QI .. c/
iIl'Vtfl4.3 	 Cln~W~llJ'jl'l!C)fClCl'\Jtl'l P. mirabilis.fl1t1 ~nCltl'l~Cl"YI'j'jff'Un W'l'\Jtlltl 1,000!"YI1 

(Bar = 10llm) 
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d !tI: ~4" 'j)

Triple sugar iron YltJ~::::flfJ'U~1f1Ul~lCl 3 'lfU~ flfJ glucose ~fJflCl:::: 0.1, lactose ~fJfI(;'I:::: I UCl:::: 
., . 

91 'i 91<:1 'i"" ""'I ."" 0 
sucrose ~fJflCl:::: 1 L~f1Y1~fffJ'Ufl1Hnl~fl1G]fUfJll ~lll\;!mVil::::mfl~ tU Urea agar base 'UllYl 37 C 

~ .:., 'i' • : d"",z ~ "'.1 i
tlml1(;'1l 18 - 24 'lf1 tm Vi'U11 P. mirabilis ffl11l~{WfJflUl~lClYl1l1l1Clm1JUfJ~fllJ~::::flfJ'Ufl1f1 U 

fffl11:::: '~ijfJfJfl9iI1JUfffl~!~U filG]f'~L~~I1JU ci'Cl1vJ~~~Uff~~ i Ufl1Vi~ 4A fJl111~ff~llU~~1J::::\Jfl 
ItJ~f1UI~Uff~l UCl::::ffllJ1~f;)fffl~ Urease enzyme ~'il::::tifJfI~I~f1iufJ1l11~ltl~f1UI~ufilG]fUfJllLlllUfI 

~~Uff~~iUfl1Vi~ 4B fJl111~ ffmiifJ~ffll'il::::\JflItl~f1U!~Ua'lfll~ (a'lJ1U!~U) 

• .1 ....;
4.2 n11n1Jlf11!1'Ufll'Uil1f.Y"O·UtiO B. lichenijormis lAD:::: P. mirabilis 

., .,. 
o <!II "" i "" ....Ull'lffJ B. licheni"ormis UCl:::: P. mirabilis lJl!Vil::::mV~ UfJ1111~1l1Cl1 NB YlfJWl1flll'.1< , .. 

35°C ~fl11111~1HI'U 150 ~fJ'U~fJUTril~ul1m 24 .g1Lll~ 'illm.futll11ll~\'l'ill~~1f1fJ1111~ NB !~U 
6 ~::::~1J h~urlll.iI~fJ'iJ1~, 5 Il'h, 10 nil, 25 A'l'h, 50 l'Vh UCl:::: 100 I'l'h !!ti'11~fl1~I'il~ru 3 !I'U'U . ., " . 
'~url 1~~lfl1111~U (OD600run) i~tJll1Um!~~'\IfJ'lIG]f(;'lti' (mg CDWIL) m1'ilU1J~lU1UIG]fClti'Vii1 

., 
~1~ (CFUlmI) !lti'1111mllJii'llWUt1'\1fJ'lfl1~1~fl1~!'il~rul1~ 3 ItUIJ Vi'Ul1i1fl1111ii'lJWUt1'\1fNfl1~ . " 
~ Q;' Ci ..e:t 

!'il~ty~~!lff~~ tUf11ViYl 4.5,4.6,4.7 !!Cl:::: 4.8 
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10

9 
8 	 .J _____----+ 

7 -.: . 	 ------____----* y= O.9744x + 5.6898 

~ - 6- -.~~ 	 R2=O.9549ii: 5 
U 
I)Ij 4 
~ 

3 

2 	 .. < 

I 	 j 

0.1------,...- ....-..--...,.........--.--..-..- ......---.--r.---.----,-. ..-,-----..l 

o 	 05 1.5 2.5 3 

Turbidity (ODn .....) 

.:::t Q,I Q,I tI .Q I. I Q,I 0 

m'Vt'JI 4.5 fl11lHnJ'rnJ1ifll':i!'il':ity'lJtl~ B. licheniformis ':i::l111~mfl11lJ~'W (OD6OQrun) fllJ 'il1'W1'W 

d'd.e.t.e.t.Q 
19HHl'YllJ'lS1f1 (CFU/ml) 

4500 

·1000 

3500 

~ 3000 

~2500 
-::. 
::: 2000 R"= 0.9996e	1500 

1000 

500 

o 

600nm

o 0.5 15 2.5 3 35 

Turbidity (ODmarn) 
.:::t 

m'Vt'JI 4.6 
Q,I Q.I d' .Q I I I 

fl11lJ{1lJ .... 'W1ifll':iI'il':ity'lJtl~ B. licheniformis ':i::l111~mfl11lJ~'W (OD ) 
Q.I : Q,I 

fllJ'W1l1'Wfl 

'J} " !!l1~'lJtlWIHHl (mgCDWIL) 

, 	 " 
B. Iicheniformis IIlJlJlllh fl'W f1':i ~n'W l:Utl'Yl ':i1lJfl11lJffm1'W1l'lJtl~fll':i! 'ill t\! U~1fll':i 'YlflCltl~ i 'W fll~ 

\?itl , tl~~ {11lJ 1':i fII i'i tlfll11fll':i! 'illUlIl1 £NlIlJlJl~tl11i4 tlfl 1tJ 1Wl11fl11lJ~hJ Yr 'W £nlJflU I'illUJlIlJ lJ u 	 u 

.,iJ i i'J} 'J} 	 2. '" '" "''' "" tltJ"l 1ItI 'lS{1lJfll':im'WflH y = 0.9744x + 5.6898 (R = 0.9549) {11l1':ilJl1lfl11lJ{1lJ.... tJ1ifll':iI'il':ity 

• " 	 Q.I 0 tI.::L::::!da 

'lJtl~ B. Iicheniformis ':i::l111~ X = mfl11lJ~'W (OD ) fllJ y = 'il1tJ1W'11ClCl'YllJ'lS1f1 (CFU/ml)60Onm

i iJ j} 	 2 0 Q,I Q,I Q.I d' .Q 

IICl:: 'lS{1lJfll':il{1tJflH y = 1372.3x - 32.866 (R = 0.9996) {11l1':ilJl11fl11lJ{1lJ.... tJ1ifll':iI'il':ity"tl~ 

I •• 	 Q.I j) d'Q.I:
B. Iicheniformis ':i::l11H X = mfl11lJ~tJ (OD ) fllJ y = 'W1l1'Wfl!Il1~'lJtl\lI9fClCl (mgCDWIL)600nm
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14 

12 

4 

2 

o ···················1 

o 02 0.6 0.8 12 1.6 

Turbidity (OD ........ ) 

. 
q Q.I <V tI ~ t, 1 Q.I 0 

illl't'rl4.7 f111:IJff:IJl"t'Utifll'H'il'H1f\uH P. mirabilis l:;111HfIlfl11:IJ"l'U (OD ) n'lJ 'ill'U1'U600nm

800 

700 

600 

~ 500 
y= :-18.I~x - 2.836~j, 400 

:s R'=O.9995 e 300 

200 

100 


0 


0 0.2 0.4 0.6 08 1.4 1.6 

Turbidity (OD...om> 

. " q OJ' Q,I fI ..:::t. '" Q,I 0 Q,I " 

ml't'rl4.8 f111:IJff:IJl"t'Utiflll!'illf\!"~H P. mirabilis l:;111HfIlfl11:IJ"l'U (C)D6OOnm) nlJ'Ull1'Uf1Ul1~ 

"U~!9HHl 
", 

(mgCDWIL) 

'illnHi'lf11'j'YI~i'lU~~~Uff~H''Uml''t~ 4.7 1m:; 4.8 ffl:IJlltl 'cMff:IJf1111~\J~H y 

2.6329x + 7.9116 (R
2 = 0.9728) ffll1i'lJ111fl11:IJff:IJi'U;fllll'il'if\!"U~ p. mirabilis l:;l'rh~ x = 

fllfnl:IJ~'U (OD6OOnm) TilJ y = ~1'U1'U!C)fi'l~~iHi1~ (CFU/m1) Ui'l:;'cMff:IJflllt~\J~H y 518.15x 
2 (I Q,I Q.I Q,I tJ' Q l' 

- 2.8365 (R = 0.9995) ffl111lJ111fl11:IJff:IJYi'Utifll'jI'illf\!"U~ P. mirabilL~ 'j~111H x fIlfi1 1:IJ 

1 tI<V:Q.I""l'U (OD6OOnm) nlJ y 'Ull1'UnUl1~"U~IC)fi'li'l (mgCDWIL) 
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18.0 

f "" I 

t'rifllVn:a~U':'I~fl B. licheniformis lufll111'.l NB ril pH 6.8 7.0 'I.hJ'rl'QWl1lJiJ 37°C .. .. 
fl11111~1 ISO '.lfl1Jvlmnn 't11J111~fll1l~tlJl'W,b.:, Lag phase nncn 0 - 4 9l1111':' 11I~tlJl'W')b.:, Log 

phase ~ncn 4 - 24 ;h111':' l.u'l~ Stationary growth phase l1nn10 24 i111N H~1riflUftflft.:,~.:, 

m'.lI'I.Jgu'WmJft~ pH 'tIfl':'fll111'.l NB 1'W'.l~11-)1~m'.l11l~tlJ'tIfl;j B. licheniformis 1110 
, , I 51 

pH 1~1I~'W1'W'lb.:, 6.8 - 7.0 't11J-)1 pH ijm'.l 1'I.J~U'WII'l.Jft.:,1'W11'W11 U'lIln'U~h~I'WlI~'W~':'II'f1'fl':'1'W 

o ... 8 12 16 20 2-1 28 32 36 40 44 48 

TInuOl) 
d .1'" ~I 'I....

ill't'iTl4.10 m'.lllJftU'WHlJiN pH 'tIfl':'fll111'.l NB l'W'.l~1111~m'.lI'i}'.ltlJ'tIfl~ B. licheniformis 

lI'f1'fl':'1'Wfll't1~ 4.9 

.:a 
~ 16.0

5 l·to ....... 

1: 12.0 ~ 
U 
!;I,I) 10.0 
C> 

..J 
8.0 

-= 
= 1:1 6.0 

~ 4.0$ 

?:t 2.0 


8 0.0 

___ B: log COllnt (CFUUll) 

-->k-- C : TlHbidity (OD590Illn) 

...............L_ 

o 4 8 l~ 16 20 24 ~8 32 36 40 44 48 

Inmbation time (ltl 

. . 
.:t ~ GI /!.':I ~ 0 

ill't'iTl4.9 m'.llll'.ltlJ'tIfl~ B.licheniformis l'Wfl1111'.l NB l'l'QWl1lJlI 37 C 

'"fll't1l'l 4.10 

9.0 

85 

8.0 

::z:: = 75 

7.0 

6.5 

6.0 

y= O.03:::1x + 6.-•.)11 

R2 0.93:::8 

2.00 

180 

1.60 

140 --I 
1 "'0 ;..- Qo 
1.00 ;:.c. 
0.80 :s 

.=.. 
0.60 ~ 

0.40 

0.20 

0.00 

http:ill't'iTl4.10
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, 
... .::1 , ,... Y.::l 

4.4 ~tl.!1'i.fJ'JJ'rIf:I'~NaVl0fl\lfl11'JJm1V11U'i!a'lf't't"Mf:I'11 cell-free supernatant (CFS) ua~ flU 

1\11ty"0~ B. Iicheniformis ua:: P. mirabilis 

_-=' , , .Q. qV 
4.4.1 ~f.U1'i.fJ'JJ'rIf:I'~NaVl0fl\lfl11'JJm1V11U'i!a'lf't't"0~"U CFS \llfl B. Iicheniformis 

.c::. .d"Q ~ 
lllnl''j'l1~ff6'Um)m'nJfll'j'l91l'Utll'lf't't'\l'fHffl'j' CFS 'l1fli:'ll911lln B. Ucheniformis 

Ull:: FC '\I6~ B. Ucheniformis ~~W'l1fJiJ~h~ti'U''Um'l1'' NA Til pH 7.0 ....'U1l~~W'I1fJiJ 45°C 
v ~ 

CFS Ull:: FC ~'U~~fll'.il1l~ty'\l6~ P. mirabilis '~ll~tl~ 1~f.lijlffwhU'UfJfHn~'\I6~ Inhibition zone 
, c::v .«::'II Q Q Q 0 OJ d Q 

tmn'U 16.3 ± Oo4llJllllUJI91'j' till:: 16 ± 0.90 lJllllllJm I91llJlll~'U '\Iw::m~w'I1fJlJ 30,35,40 till:: 
" , , 31 

50°C ~'U~~fll'.ill1~ty'\l6~ P. mirabilis '~''U'.i::~mh ri1'UVi~W'l1fJiJ 55')C 'll.... 'Unllm'.ilJ~'U~~ 
, " 

"" ... , I Q Q.I o!::l d 

fll'.il1l'.ity P. mirabilis t'U'fHlIln P. mirabilis lJUff~~fll'.ill1'.ityfl~fl1""'l1 4.11 ttl!::l91l'.il~'l1 4.1 

__ 25.0 
:i.. • CFS'YfJ-J B hcllm(li:mtljs 
~ 
~ 20.0 • FC'Yo-J B. liclul1ifol711is 

... -= = 15.0 = 
i~ • 10.0 

....• 
~ 5.0 

i 
~ 0.0 ';---T~T 

30 35 40 45 50 60 
Telllprature(tc) 

, 
4 Q , f Q "t:::l

Vll1H'rI4.1 ~W'I1fJlJff~flllI916nllm'.ilJfll'.im'U~1l'lf'W'\I~Hffl'.i CFS ttl!:: FC 1lln B. licheniformis 

CFS 


30 

35 

40 

45 

50 

55 

EF
1.0 ± 0.09

1.7 ± 0.09CD 
8

3.3 ± 0.10

16.3 ± Oo4I 
A 

c
2.0± 0.30

G
0.1 ±O.01

FC 
FG

004 ± 0.09
FG

0.6 ± 0.19
8

2.7 ± 0.31 

16 ±0.90
A 

1.3 ± 0.39
DE 

0.1 ± o.OoG 
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4.4.2 ~w".Qil~u~~uui8m'm11ty'\l8~ B. lichenijormis !Ai,'!:::: P. mirabilis . 
~ ~..c:t I I -=:t. 

'illnnl'jf1n'J:Jl~W11fJlJ'Vlff~Hl!l1Hlf11".i!'il".ity'Utl'l B. licheni{ormis Ul!l~ P. mirabilis 

hWlm".i NB fh pH 7.0 ~~w11fJiiullnlPil'lntJ -6 ".i~~lJi~un 30, 35,40, 45,'50 Ul!l~55°C 'WlJ'.h . . 
.e::; lI) ild 4 Cl 0 "1 £i ~, 91 ~ Q 0 .Q 

P. mirabilis !'Il".ity ~llll'Vlf-lW11 fJlJ 25 - 40 C L~f.JlJf11".i!'Il".ity ~'l'l"l~'Vlf-lW 'l1 fJlJ 25 - 30 C Ul!l~lJf11".i 

1'il~ty'~itJ".i~~lJ'l'l~~W11fJij 35°C Ul!l~ 40°C ri1tJ~W11fJii 45°C 'W1J·:hiifll".i!'il~tyitJ".i~~lJ~l 
, '.e::; d ~ 0 0 Q \11"'4 .dQI 

Ul!l~ lJ'W1JfIl".iI'll".ity'Utl'l P. mirabilis 'Vlf-lW11fJlJ 50 - 60 C ffl11".ilJ B. licheniformis U)".ity !~~'Vl 

f-lW11fJij 25 - 45°C 1~f.J'WlJ'hiifll".i!'Il~tyi~'l'l"l~~f-lW11fJii 25 - 3SoC Ul!l~iifll".iI'il~tyi~'tJ 
".i~~lJ'l'l~f-lWl1fJii 40°C Uft::: 45°C ri1tJ~f-lWl1fJii 50°C 'WlJ'hiifll".i1'il~ty'tJ".i:::~lJ~l Uft~hj'WlJ 
f11".iI'll~ty'Utl'l B. licheniformis ~~Wl1fJii 55°C ~'lUff~'l'tJfI1'W~ 4.12 Ufl::::1l1".il'l~ 4.2 

3 

25 

1 2 

~ 15b 
lit P. 111 h'abilis 

lei 
:.iii 1 
~ 

05 

0 

25 30 35 40 45 50 55 

TelDlJrahlre (OC). . 
;e:c Q..:ot , f Q 

1ll'W't1 4.12 f-lWl1fJlJ'Vlff'lHl!llltlfll".iI'll".ity'Utl'l B. licheniformis Ul!l::: P. mirabilis 

, . 
~ .e:'!\,d, t , ~ 

fll1H't14.2 f-lWl1fJlJ'Vlff'lHftlltlf11".iI'lllty'Utl'l B. licheniformis Ul!l::: P. mirabilis 

P. mirabilis B. lichenijormis 

30 2.26 ± 0.067
A 

2.34 ± 0.02A 

35 2.15 ± 0.002A 2.32 ±0.09
A 

40 2.00 ± 0.048
B 

2.27 ± 0.007
A 

45 0.55 ± 0.047
c 

1.91 ± 0.015
B 

50 0.046± O.OO4
D 

0.33 ± O.OO4
c 

55 0.03 ± 0.003
D 

0.03 ± 0.005
D 

l1lJlf.J!11~ film~ f.J~iifln1:J'H'l1:UtltJ ntJ i tJ IttJ 1ff~:U.n ,~UllnlPi 1'l ntJ 'Vll'lffn~~".i ~~m111lJ!~tl1ttJ 
ftlf.Jl!l~ 95 (P>0.05) 
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, 
u oQ _~ .:.t 	 oQ .. oQ 

4.4.3 fl1n~&'V.:J'U"nI1QHn1 CFS YlNt'lVI;)lfl B. Iicheniformis &~tlYI~tH)'Ufl;)fl1nl 

" 	 ,
n11fl'j'j:Ufl1'jlPll'U~€l;'Vl (Qualitative antimicrobial activity) nlH~fl P. mirabilis fiihhfl11:U~'U 

!~:UIPl'Urvhn1J 0.5 ~:U~fJW'VitJil 45°C 'Vl1J'h~1'jlPll'U~€l;'Vl111n B. lichen(formis !!fffl~n11fl'j'j:Ufl1'j 

iJ1J5~fl1'j!11lUl'Ufl~ P. mirabilis ~~11~ff~!f1fl1l1nfl1'j!nfl Inhibition zone 1'l~!!fffl~1'Um'Vl~ 4.13 
" 

..t , 	 "" 
.fIl'VtYl 4.13 n11fl'j'j:U'Ufl~ ffl'j IPll'U ~€l;'Vl'¥iHil\Pl1l1n B. licheniformis l'U nTJ iJ1JiJ~fl1'j !11lty'Ufl~!~fl 

P. mirabilis l'Ufll'Vil'j NA fJW'VitJil 45°C (T: Time (h)) 

4Q1~1 ." 	 'ql~
!:u fl1fl! ff'U HltJ'UtJnm~ 'Ufl~ Inhibition zone 'Vl1J11ffl'j\j n\Pl'j 111 'Vl 11 &'U 'lf1~n~nm~ 

'j~'Vi';h~fl1'j!11ltyl'U'H1~ Exponential growth phase ~!1m 12 i11:u~ !!€l~~fl1'jHil\Plffl'jllPl:lJln~,,!fl 

l'U'j~wh~fl1'j!11ltyl'U'lh~ Early stationary growth phase ~!1m 24 - 36 i1 1lJ~ !!fffl~l'Ufn'Vl~ 4.14 

2:'.0 
Q 
=. = M e 20.0 

S ~ ..-QO 

15,0 

i 
QO 

:a 

I 
IQO 10.0 

~ 
N 
1:1 

:5 5,0 
I 

:S I:s i 
----------"10,0 i---;-~ T

o 	 4 8 12 16 20 24 28 32 36 40 44 48 

Time (b) 

~ , 	 ~ ~ 

.fIl'VtYl 4.14 n11 fl'j'j:u'Ufl~ffl'jlPll'U ~€l;'VlllHil\Pl111n B. licheniformis l'U nl'J iJ1JiJ~fl1'j !lllty'Ufl~!~fl 

P. mirabilis l'Ufll'Vil'j NA ~flW'Viflil 45°C 
• <u 
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.J • • .... A 
4.5.1 pH YltHNDf'lOm'Uil1'Y'UtHl'lIO B. licheniformis . ., . 

d d. J ~ a G) d 
1l1flflT'H1fll:ll pH l1ff~H{\~flflT'Hll'j'ty'llfl~l')ffl B. lichenijormis L1Wl111'j' NB 11 ., 

~Wl1fJij 35°C fll pH u~mh~ou 4 'j'~~'U1~lIri 3.0, 5.0, 7.0 U{\~ 9.0 'WU111.yfl B. lichenijormis 

"'1 Vd .J.J 1 'IV ':'1.J .'1 V " .o:..J'<:Ij ,l'il'j'ty ~ll'Jl1"lfll1 pH 7.0 flV L')f'j'~v::;nm 6.58 ')f1 lNl1ll~m !lnJ1{\')f1m'WI'YnJ'lIUI1JUfffl~lm 

(Biomass doubling time) luri1U'llfl~ pH 5.0 II{\::; pH 9.0 ri~H{\1..r B. licheniformis i1m'j'i'il1ty 

<Nlfl111flVl<N'j':::tJ::n{llll'hn'U 11.30 U{I::; 13.83 i'J llJ~ vnmh~'U lu'llru::~11i't'l'Um'j"'il1ty'llfl~
" , . ,

4 d. Q,f G) d d 

l')ffl B. licheniformis 11 pH 3.0 fl~lIfffl~ !Ufll'W114.15 1I{1~~ln~114.3 

05 

o 

-+-pHl.O 

_pH:-.O 

.......-pH7.0 

-M-pH9.0 

o 4 8 12 16 20 14 28 36 40 

Time(b) 

mw~ 4.15 pH ~ri~H{\flflm'j'I'il1ty'llfl~ B.licheniformis iUfll111'j' NB ~~rul1fJij 35°C 

. . . 
.c:t .dt t Q d Q 0 

f'l11HYl4.3 pH l1ff~H{I~flm'j'I'i)'j'ty'llfl~ B. lichenijormis l1~Wl1fJlJ 35 C 

Ii • 
~ a Q.,at 

pH m1191'Y'UO~I'lIO B. licheniformis YlfJW't'i.fJU 35 C 

fl (b-
I
) td (b) 

3.0 o 0 
5.0 0.0613 

B 
11.3074

B 

7.0 0.1053
A 

6.5825
c 

9.0 0.0501 
c 

13.8352
A 

l1lJ1VIl1 \9l ~hm~tJ~i1ti'fll:l'j'1l11iflUOU lu 11U1fffllJfl 11i1I~flflHOU111~ffi1~~'j'::;~'UfnllJ!~m:rU 
'JI 
':ifltJ{I::; 95 (P>0.05) 

http:Ufll'W114.15
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• 	 w 
a::S , , Q 4 ,. 

4.5.2 pH 'fla..U"'ft8nl1191ty"MIV8 P. mirabills 
• 	 v 

1l1001'l11f1fffl'UV1l.QtJ'IHH pH firi~Hft~flO1'lI1l7f1!'lJfFH~fl P. mirabilis 1u 

m111'l NB Qtl.Il1fJiJ 35°C ~ pH UI9l0~HOU 6 'l::~'U'~uri pH 3.0, 5.0, 5.5, 6.0, 7.0 Uft:: 9.0 

rd. ~ 	 1i1 i'jJ d oJd Q d", 	 ~~ 
.... 'U11'Yltll pH 7.0 l'lffl P. mirabilis lJ01'lI1l'lf1! fI'l1f11'l1 ~l9ltJ 'If':i::tJ::nftlmtJ~ 0.74 'lf1 tlJ~'Yl1l:: 

oil "" ~.Kc:it' 1 d d
m111lJ1ft'lf1m....l.... lJ'lJUl1JUfffl~lm (Biomass doubling time) U'lJW::l1 P. mirabilis 'Yl pH 9.0, . 	 . 

,	 QI,)1 	 OQ.l l.d 

pH 6.0 Uft::pH 5.5 'If':i::tJ::nftl 1.21,1.54 Uft:: 2.28 'lf1 tlJ~ 19l1lJftll9l'U ff'TWl1 pH 5.0 1m:: pH 3.0 
• JI, 	 • 

1<M'':i::tJ::nftl'thh1'lJ1ft9}1m.... lfflJ;julilufffl~I'YhlJlofiffl9l nho'U 4.63 11m: 4.65 <ibllJ~• 

:! I 
1.8 

1.6 
j 
!11.4 

Q" 1.2 l-, 
g I 
;;...- 1

•..J;; 0,8:.Ei... I::::I 0,6 -1 
Eo-< 

0.4 


0,2 
 l.....~~~=::!===::===:: 	

-ll-pH5,0 

~pH6.0 

.. ....:.._:...:,-.:.....:: __:......:=::=:_PH7,0
° 

0 2 .. 6 8 10 I:! 14 16 18 :!() :!:! 24 
Time(b) 

m'n~ 4.16 pH ~ri~Hft,jflO1'll1l7f1!'lJtH P. mirabilis 1Um111':i NB ~Qtl.Il1-QiJ 35°C 

. . 	 . 
~ d.. Q 	 d Q 0 

ftl1H'fl 4.4 pH 'Ylff~Hftl9lflO1'lI1l'jf1!'lJfl~ P. mirabilis 'YlQtl.Il1fJlJ 35 C 

v , 
Q,4 d Q 	 6 

pH 	 nl1191iY"MIV8 P. mi!abilis l'lflW11<Q'» 45 C 
l

f.1 (h' ) 	 td (h) 

3.0 	 O.l49l 4.6302
A 

5.0 	 0.1489
E 

4.6551 
A 

D B
5.5 	 0.3033 2.2853

6.0 	 0.4493
c 

1.542l 

7.0 	 0.9260
A 

0.7485
E 

9.0 	 0.5695
8 

1 

l1lJlml1~ film gtJ~ij flOll 'j 111 }jflUOU 1 uuU1fffllJft 1,jul9lo,j HOU'Yl H ff()~~'l:: ~'Ufl111Il4fl1i'u 

~fltJft:: 95 (P>0.05) 

http:1.21,1.54
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t • !II 	 I 

IliOl1~{H)1Jil'il.ijtl'UtH pH nff~H"~On1'H'il~ty'UO~l~O P. mirabilis hWl111':i NB n 

t:2W11.fJ:U 45°C fh pH lIY'1n~Hn'U 4 ':i~~lJ'~uri pH 3.0, 5.0, 7.0 Ufl~ 9.0 'nlJ'h~ pH 7.0 

.: '" ""'1 1" ~1"'; °1" '" d.d~l'jm P. mirabilis 1Jn1':il'il':ity ~tI 'If':i~tI~I1''l 2.35 'lf1 1J~11'il:::'YI1 111J1fl'l:f1m'nI'Vt1J'U'UllJ'UffO~ 

, 1 ...; ~" .. , V 
1m (Biomass doubling time) 'U'UW:::'YI pH 9.0, pH 5.0 ""::: pH 3.0 !'If':i:::u:::n''1'Y11 111J1" 

, JI t 	 , 

;1m'VtIi11J~'Ulll'UffO~tlh1J1nnff~ 11'ilnlJ 3.97, 5.43 U"::: 5.86 i111J~ Y'll1Jih~lJ ff~H"1,fnn1':i• 
1'il~ty1'U':i~~lJ~1~i1~lrlmntllJnlJn1':iI'il~ty1'Uffm1~11n~~t:2W11.fJ:U 35°C fh pH 7.0 ~~UffY'l~1'U . . 

'" '" m'Vt'YI 4.17 U":::Y'lln~'YI 4.5 

0.3 

~pH3.0 

-+-pH5.0 

_pH7.0 

......... pH9.0 

0.0 

o 4 6 8 10 12 14 16 18 20 "V) 24 

Time(h} 

. , 	 . 
.r:::t .e:t f f Q 	 .e:t ~ 0 

fll'Hl'tl 4.5 pH 'YIff~H"Y'lOn1':iI'il':ity'Uo~ P. mirabilis 'YIt:2W11.fJ1J 45 C 

pH 

3.0 	 0.1181° 5.869I
A 

c
5.0 	 Qln5 5.436~ 
7.0 	 0.2943

A 
2.3552° 

9.0 	 0.1744
B 

3.9744
c 

'1:11J 1tI111 'l fill 'I) ~tI~noml':imlio'Un'U 1 'U1l'U1ff~1Jn '~1191n~1.:jn'Um~ffi1~~':i:::~lJfl111JI~mt'U 
v 
':iOtl,,::: 95 (P>0.05) 
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. ~ 

,~ .",. at. , .Q 4 
4.6 Ul1iUft11U8'U 1I11:::Ul1ll·H'Ulfl11'i)'U'fIt1'U'llfl8fll11'i)1'!1'V8.:i1'l8 B. licheniformis 1I11::: 

P. mirabilis . ~ 

f II 'tt,. 4' J -4Q

4.6.1 Ul111.:ifl11U8'U Ull::: Ul1ll.:i 1'U Ifl11'i)'U'fIt1'.:iNllfl8fl111'i)1'!1'U8.:i1'l8 P. mirabilis 
4 .a G} ~,tI " " \11flfll'lI'Vt1::;IiHHI')H) P. mirabilis 1'W01'H1'l NB t~llU'HM'UO'H'l1'l1HI'W 

tQl 3J " 'jJ.d Q 

Uflfl~nm'W (glucose 'lOU,,::; 1.0, sucrose 'lOU,,::; 1.0 II": starch 'lotm: 1.0) YI pH 7.0 ~W'H.fJll 

35°C 'lilll'Ulh 150 'l01J~0'W1filiJ'Wnm 24 ~11ll~ u~1'\hlJ11~F-l"fl1'lI\1jru 1~tlfl1'l1~Thfr.nmj'W
u • 

(OD6OOrun) \11flm'Vt~ 4.18 1m::; 4.19 ff'tytifl'MW A - D liJ'WF-l"fl1'l11Tl'l1::rf.u0l.d"flHflO~1~tll~ . .... 1 " ~d <j} I d ., de::l1lJ'lUn'lll SAS ~1t111'i Duncan's multiple-range test mfl1m"U'U0~fl1fi11m.!'W (OD6OOrun) fill 

Ofl'M 'l1'H UO'Wfl'W ItfI~wh1,jIl~fl~Hil'W flHflU~odHihruri1flru~'l::;~1Jfl11lll~mi'W f Otl,,::; 95 
" " . 

lf1mfiv1Jil'W 1 'W1I~"::;m'Vt F-l"fl1'lfffl'M1'Vt1J111-lf0 P. mirabilis 1If1f1~fl1'l1'il1tyfilt~fl~l~fl'WOlh~ii 

irtlri1flty~'l:~1Jfl11lll~mi'Wfov,,:: 95 lf1VUflfI~l\1j ty 1~'t!ou~,!fll'W V1'H1'l NB I~ll glucose 
. " 

f VU"::; 1.0 1f1Ti1f111lJ~'W1~ 1.45 ± 0.02 lum'Vt1::ll1u~1'WVl'H1'l NB ')\ilTi1f111ll~'W'~ 1.65 ± 

,:V . " 'I '" :v .... • 'I "" "" 
0.02 um: nW1'H1'l NB l\?IlJ sucrose 'lVU":: 1.0 1f1f11f111lJ'\!'W fI 1.76 ± 0.02 !'W'UW::;fll'Vt1::mtl~ 

G} ClIo iJ I 4: " Q 1Ydd. QI' I lIJ"
I'WVl'H1'l NB l\?Ill starch'lVU"::1.0 'W1J11l")fV P. mirabilis 1"'lUl \?I~flfI\il1f1f11f111lJ'U'W!~ 2.13". . 

2.5 
A 

,-.. 2 B
Ii c-

Q -'" 150->. 
:.a- 1.... 
,.Q... 
E-4= 05 


o 
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• 'jI • 

P. mirabilis iil'Wl::;l~V~1t.lfl1111'J NB l~lJuml.:jllJ ifl'Jl~lJiiu\9n~HnlJ (urea ~elva::; 

1.0, Ammonium nitrate ~mm::1.0, Peptone ~elVa::;1.0 ua:: Ammonium sulfate ~elvm:1.0) ~ pH 

7.0 eltlmniJ 35°C 'lilJl'Uth 150 'Jel'U~ellJliil~lJna124 -i1im uft'1t!llJll~Hafl1'H~1W imJfl1'J. ... " 

.A~'j/ .e:.:.d Gf ~ y
fl11lJt"lSfllJlJ'Hma::; 95 i~V'W'Ufl1'JI~'HYfll'Y1"'l~'Uel~ P. mirabilis IlJell111':i NB l~lJ urea 'Jelva::; 

• 'jI 
tV' f 111" .d.d q ~ 

1.0 1~fI1f111lJ'UlJ L~ 0.69 ± 0.01 'tIW::;'YII'Wl::;!aU~ IlJfl1111'J NB l1a:: NB t\9lJ Ammonium nitrate • 
~flva::;l.O Uff~~fl1'Jl'il1whjuflfl~1~nlJ 1~filf111lJ,jlJl~ 1.65 ± 0.02 ua~ 1.63 ± 0.03 flllJ,h~'U

u • 
• 'jI 

'I '" iI.., f 11) iI 'I '" '"f

11m; IlJelTH1'J NB IfllJ Ammonium sulfate 'Jelva::; 1.0 1~fI1f111lJ"llJ L~ 1.53 ± 0.03 It.I'tIW:::'YII"lSfl 
•• 'jI

'" 1<JJ .d ~ .d Gl 11 , ~"A Q,.I'

P. mirabilis l'il'Jty ~1il~'YI"'l~llJfll'Wl:::mV.:j IlJell111'J NB IfllJ Peptone 'JflV{l::;l.O 1~fllf111lJ"llJ L~ 

2.76 ± 0.02 IIff~~1lJm'W~ 4.19 

3 A 

2.5 

'-'1 '2 

ct 
:>- 15 ~ 
;<;:: 
-= := 
S 

E-< 

0.5 

0 

, • J), 

inn," 4.19 ll11ri~llJ ifl'Jl'illJiiri'3Ha~elfl111~1ty'tlel~l:jel P. mirabi/is ii pH 7.0 ~Wl11JiJ 35°C 

" 'jI

nl11i''Ufl1'H'Wl::;lilu~l:jel P. mirabilis 1lJfl1111'J NB ~l~lJUl1ri.:jfl1{'UfllJ lIa:: 

llJ ifl':iI'illJUflfl~HnlJtJi''Ufh pH lilJ~lJl~lJ 7.0 ,rlel1~rh pH ~ltJ~(JlJlltJM ltJ'tIw:::~ijf11'J 

1'il1tyl1'llJl1a1 24 -i1ilJ~ 'illflm'W~ 4.20 fftynmH,U A-F l1'llJHafl1'J11fl'jl::;..r~el:yml1~ffO~i~v 
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1!lI1- I !lI ...'" • d ... 1'If lJ'HIflUJ SAS 1I1tJ1li Duncan's multiple-range test ....1J11 P. mirabilis 'YI1\l1ty 'UDl'l111 NB 

l~hJ glucose !fltJ"~LO uffll-nh pH In'UmlllJlfl~1l1l111rh'~ 4.65 ,i1Ul'UDl'l1l1 NB, NB l~lJ 
" ,Q " ~" ,Q ..Peptone lfltJ"~ 1.0, NB l~lJ sucrose HltJ"~ 1.0, NB l~lJ starch 'JfltJ"~ 1.0, NB l~lJ Ammomum 

" .:::'lo QI' ,,::JI '1 Initrate 'JtW"~ 1.0 "":; NB l~lJ Ammonium sulfate 1.0 111f1l pH ~lID~ 'U'lf1>3 8.09 - 8.49 

l'U'Uw:;~ P. mirabilis 1'il~tyl'UDl'l1l1 NB l~lJ urea !tW"~ 1.0 u,h pH !~'U~1>3tl~~1l1l111fh'~ 
9.33I1ffll~1'UfI1""~ 4.20 

10 A 

9 C BD D 
E E 

8 

-; 
:x= 
c.. 

6 

F5 

4 I3 

" . 
U~fWh~tl'U l'U'J~'I1'h:Jflll 1'il~ru'Ufl~l<jffl P. mirabilis llflWl'l J1:iJ 35°C

" . '" 

. ... 
" ' ... "i qq' Q 4

4.6.2 U'HiHfll'm61-ma~U'Ha~ I'UIVl119'U.,.t.I,.,aVl601'UDlqJ'lHH1V6 B. licheniformis 
. " 

'il1nnWYl~ff{l1JII'I1ri~fI1{1J{I'Ullri~H"~{lflll1'il~ty'Ufl~ !l$fl B. licheniformis 1'U 

.,l "" • .. I ",!lI !lI 
{lll'l11 NB 91~I~lJIIl'l "~'U{I>3f11nHl'U lI~fl~Hfl'U (glucose lfltJ"~ 1.0, sucrose lfltJ"~ 1.0 II":; 

starch !eltJ":; 1.0) ~ pH 7.0 ~Wl'llJ:iJ 35°C lilJl'Ufh 150 lfl1J~D'Ullll~'Ul1m 24 i11m u"tl"1ihm 

111H"fll'JI'il~ty 111tJfl11111fhfl11lJ~'U (OD6OQnm) 'illflfl1....~ 4.21 11":; 4.22 fftyc1f)'}nU A - D I~'U 
Q f/" .Q.Q1 1.... 1 " "QdH"flll 11f11 l~'I1'UDlJ"'YIHfffl~ lItJ lJ1UnHJ SAS 1I1tJ1li Duncan's multiple-range test m 

film ~tJ'UD~filfl11lJ~'U (OD6oOnm) ~Ufln1l1 I'll ijD'U tl'Uuffll>3'h':.j~Htl'U 1'1 Hffil~Ddl~UUtJfflflty 
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,J 	 Q,.t A ~ 'JI <r ~ Q# i t &, l 
'YI';i::~1Jfl111JI'l1fl1J'U';ifltln:: 95 I~VI'YIV1Jfl'U 'Uu~n::fll11 'illflfll';ifffl'lJ11111111'l1fl B. licheniformis 
~ J 	 Q 'jJ oCt Q dd. cv, I \1)"
'YI1111::mt'.l~i'Ufll'Hl';i NB t~1J starch ';iflt'.ln::l.O 1Jfll';il'il';ity~'YILl~ 1~fllfl111J"''U!~ 3.52 ± 0.04 

y 	 • 
,4 	 .<:::). "I "di Q 'jJ Q,I I . ttt" Qt.e!t

l'l1flt'ilHU !~~ 'Ufll'Hl':i NB 1~1J sucrose ';ifltln::1.0 1~fIlfl111J'Il'U !~ 3.14 ± 0.05 lI~l1Jfl11'ill';iWl
u 	 • 

d ~ 	 Q j} t&:! 

B. licheniformis 'YIt111::11W~ i 'U fll'Hl':i NB 1m:: fll'Hl':i NB 1~1J glucose lfltln:: 1.0 111J111Jfll';i 

l'il~ru hiu~mh~il'Uflcil~ihrtlfflflru~';i::~1Jfl111Jt~flii''U~flt'.ln:: 95 Uff~~i 'Ufll11~ 4.21 
OJ 	 " 

4,0 
A 

3.5 

'") 3.0 
:: 
'" 2.5t:l 

0 
2.0 

:a.. ~ 15,.Q 
a..:: 

Eo-< 	 1.0 

05 

0.0 

B 

~~ 04- ~4- ~ ~ 
~r:.; r:.; ~:1>' 

-""'i.!Q\&>~ '\.."'\"'~:'\ :\ " f?;J'J( ~gJ ~ ~~ 

d J If d. t Q ~ ~ ~ 0 

1ll'ft'JI4.21 U'Hn~fIl';i1Jfl'U'YIff~Hn~flfll';il'il';ity'llfl~I'l1fl B. licheniformis'YI pH 7.0 tlW'HIJ1J 35 C 

" 	 JI l, 
ffl'Hi'1Jfll';iI111::Ii1V~1~fl B. licheniformis i'Ufll'Hl':il'Hn1 NB Vll~1JU'Hri~''U 1~';il'il'U-n 

• .., ( 0jI 10 .. 0jI 1 0jI 0 .
l!~fl~Hfl'U urea ';iflvn:: . ,AmmonIum nItrate ';iflvn:: .0, Peptone ';ifltm::l. un:: AmmOnIum 

y • y 

'jJ 1 4. d..:e:l i "

sulfate ';ifltln::1.0) 11'U11t'l1fl B. licheniformis 'YI1111::mv~ 'Uflllll':i NB !\il1J Ammonium sulfate 
y 	 • 

~flt'.ln::l.O ijfll';iI'il~ty1J~Ll~ 1~fhfl111J~'U'~ 4.67 ± 0.06 t~flt'il~ty'~~nD-!ln-!l1Jli'Ufll'Hl':i NB -n . 
~ " 	 '''Ij! i "'QwI
l~lJ Peptone ';ifltln:: 1.0 1~fllfl11lJ"''U !~ 4.53 ± 0.22 un:: 'Ufll'Hl';i NB VH~lJ Ammonium nitrate 

• y 
'jJ Q,I' I 	 i" "'! ,0jI0jI i <V",0jI 	 Q

';iflt'.ln::l.O 1~fllfl111J"''U ~ 4.41 ± 0.15 'U'IlW::'YII'l1flt'il';ity ~'Uflt'.l 'Ufll111';i NB 1~fllfl11lJ"''U . 	i ,0j10jI 0jI .. 	 Q 0jI "" • 

~ 2.64 ± 0.15 un::::'UflV'Ylff~ 'Ufll'Hl';i NB 1~1J urea ';iflVn::l.O 1~fllfl111J'Il'U ~ 2.10 ± 0.02 

'Uff~Hi'Ufll11~ 4.22 

http:1ll'ft'JI4.21
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_. AB A5.0 

4.5 ~ 
4.0 


35
1,. 1 
Q 3.0
0 
'-' D .... 25 j
:a- 1.0 
:Ei... 15 
~ j

1.0 


05 

0.0 

• t JI I 

In'nll 4.22 Ul1rl~''W 111'H,,'Wiiff-3N!.wivm1!ll$ty'\ltHl~V B.licheniformis ii pH 7.0 ~rul1fJiJ 35°C 

,1 .: i '" I 0' , 1 d
lllm'Wl~Ultl~!"IfV B. licheniformis 'WVl1111 NB !1IlJUl1"~fIl')iJV'W!Ul~ 'W 1I1!ll'W'YI 

!!1Ifl\9il~n'WtJi'iJTh pH !~lJ~'W!1'1'W 7.0 !flV111fh pH ~!tJ~tI'WUtJ,,~'tJ'h~'\Iru~~lim1!ll$ty!1'1'W 

n"l 24 i11lJ~ 11lfl.fll'W~ 4.23 ffty~mHlr A-E !1'1'WN"fll11!m1~11',rV\!"'YI1~ffU~1\9lt1i~ 
-Iii.',,,,. • d '" i1lJ1Ufl1lJ SAS \9I1t111 Duncan's multiple-range test 'WiJ11 B. licheniformis 'YIl11':ity 'WVl1111 NB 

d. ~ " ,,~ • ~'~' ,. <vQ.I I' iI'YI!91lJ urea 1VtI"~ 1.0 u,,~ Ammonium su1fate 1VtI"~ 1.0 lJfIl pH l1J'W<fl H'YI lJ911~fl'W 1<flfll \9l 
:tI , 

o Q,I ~ 4 .oQo iii .::::. 
8.11 u,,~ 8.15 9l1lJCIl\9liJ !"IfV B. licheniformis 'YI!ll':ity t'iW11111 NB Ul:'l~ NB 111lJ Ammonium 

nitrate ~mJ"~l.O liTh pH 1:.!~"'j~l-3n'W 1\9lfh'~ 8.03 u,,~ 7.98 mlJ!.h~iJ ffll1i'iJm1111lty'\lV~ 
:tI 

!~V B. licheniformis 1'WVl1111 NB !~lJ Peptone ~VtI"~ 1.0 1\9lfh pH i~ 7.86 um:i'WVll1l':i NB 

Q,I',iI i.et. . 
,Q " <'d Q; GI ,Q!1IlJ g1ucose 1VtI"~ 1.0 1\9lfll pH \91 7.33 'W'\Iru~'YI B. licheniformis 'YIl"':ity mVl1111 NB 11111 . ,

" "d' O¥]' r Q.J '~<VoQl d <V 

sucrose ':iVtI"~ 1.0 u,,~ starch 1VfJ,,:; 1.0 lJfIl pH 111 ~lIU1lfl1lHfl'WVfJl.uJ'WfJfflf1ty'YI':i:;\9liJf111lJ . . .i"~ Q.I " IV' 0 QI 9, 4
1"1fVlJ'W1elfJ":::; 95 1\9lfll pH \9l 6.82 It,,:::; 6.84 1IlllCll\9liJ Uff\9l~ !'W.fll'W'YI4.23 

http:W.fll'W'YI4.23
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10.0 

9.0 
AAB B C 

8.0 

7.0 
:z: 
c. 

6.0 

5.0 

4.0 

3.0 

1 
1 

--I 

¢J~ "-~ ~<- <.;;.~ oc!' oc!' ~ t§ ~ .,,--& ~o ~~ 
~vc; Ct~ "'\~ I!;~ ~ is ~ .",I"'\~<>\$0 

x""" 
0\:> x""" .,#' o\~ .,#'8Jx .;;.<9 x.....x""" ~ ~.;;.<9 .;;.<9 ~ ~o ~<Q #0 

~ 
<>\o't' 

x""" 
"'\~ ...... 

.;;.<9 8! ~ 

y • 

n~fl~vJtlu'l.u'.i::;,.,rh'Jfl1·Hll~qJ'UU'lI~U B.licheniformis 11 pH 7.0 tlru'l1t;lii 35°C 

. . 
iII::l .. .. • 4 -=-.

4.7.1 fl1·.u'rfl::'DtI~ B. llcheniformls t'rffJNDA Cell-free supernatant (CFS) 
y 

1l1flfl1'.i'l.h Fresh culture 'UU'l B. licheniformis lJ11l11~ la.fH 'l.Utll'l11'.i t'I1 Cll NB 

~ij pH 1~:IJ~ul')'hnll 7.0 ti:IJ~tlru'l1t;liJ 35°C f1l1:IJ1~1150 '.iUll~UU111 !rlUfl'.illl1Cll 24 il1:IJ'l 

fill'll ijt11'.illl~qJ 1~fllf1l1:IJ~u11i' 2.56 ± 0.20 'I1~U It1Vllt11'.i11l~qJ'UU~IC)fCl~~ij;1~11i'lYht111 
8 " 

1.528xI0 CFU/ml 1l1flt11'.i ~f):IJffUm:IJ ',jl111t11'.ill'UlilUUU~l111":hIC)fCl~'\JU'l B. licheniformis ij . ".,. 
t11'.i ff~l'lffll u{d1u ~ lU lUlJ1fl~'lnff~'l1UfI1l1t1 4.24 111 fliru '11 1111tlU '111 V'l t1 f1l1:1J1~ l'.i Ull 

10,000 '.itlll~tlUlt1 lIummt'Y1uiffl~um u'lFhum:::~l'MmU'l 0.45 1:IJ1fl'.iI:IJ~'.i 1Ic)'11~1l 'I. ff'Ul~ 
" .

lIClD~!~u UUfllll'lfflUlJ11~fll pH 'Utl'lffl'.i CFS '~nhnll 8.56 ± 0.12 l~llll'liI!~'lHt1 - 4°C 
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.;. 'j) 0' 0' ~ d ~ Gi31 
IIl'YtYl4.24 f)l'.iff'i1~j,n.lV'.i'llV~l'·lHH'l B. licheniformis 11.Wl'Hl'.ili11.'l1V1l1!'l1 24 'lf11lHfllfJ I~ 

jI do Ct.t I 

fl1.'lm~1.'lVl'.i'.iftUf)l1.'l~'lI{Jl{J 1,000 lVll (Bar 10J..lm) 

. . 
~ ... I~ "'...:::I JQl ~ JQl I

\'Ilflf)l'.i"fl'l:llu'.i 1JllU fflHIlU ~1.'l'lfVl VlP.H'I~\'Il n B. licheniformis Vlli11Jl:::; ff1J~V 

f)l':ivvnqVlf~lUf)l'.il'illty'llV~ P. mirabilis ~tJlUl1fJii 35°C lI1.'l:::; 45°C l~tII~1Jffl'.i CFS Hft~\'Ilfl 

B. licheniformis ~H~fl~HOU 5 '.i:::;~1J'~llrl ~':i:::;~1Jf1111J1.jj'1J'ii'ui'V{J1.'l:::; 5. 10,25,50 111.'l:::; 75 1.'l~ 
'I jI '" , , jI 1 -I'" •
1UVl111':i NB lI1.'l1l~1J Fresh culture 'lIv~ P. mirabilis f1lf1111J~U 0.5 ':itHJ1.'l:::; 1.0 ~l{Ju':i1Jl~':i~V 

t.Il1Jl~'.iVl111'.ill11.'l1 un'11.h't.Iti1Jl'lldl~fl111J1~1':iV1J 150 ':iV1J~VUl')1!1:IUl11.'l1 12 ~111J~ Vl1J';h . . . 
.c:t Qo oC:l. 4~ 4Q./ jJ!SJ4'j) , 

VltJlUl'IfJ1J 35 C f)l':i!~1Jffl':iVlH(l~'illn B. licheniformis VI':i:::;1I1Jf1111J!'lI1J'lIU!Vl{J~':iVfJ(l:::; 25 ff~H1.'l 

1J) ..:::t Q ~ Q.I ~ q,; I 1 \.1J1 C..:::I Q 1 ... ~ 
11 P. mirabilis 1Jf)l'.i!'il':ity 1U':i:::;1I1J~1111f1lf1111J~U 111 0.38 ± 0.029 U(l:::;1Jf)l':i!\'I',ity U':i:::;1I1J~1 

.d .d 
fllVl'YI 4.25 1l(l:::;~1':iHVI 4.6 

http:IIl'YtYl4.24
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1.8 

1.6 

11.4 
: 1.2 

Q
g 1.0 

£·0.8 
-= 
:=i 06... . 
:= 

E-t 0.4 

0.2 

0.0 

0% 5% 10% 25% 50% 

, ' .. 
.c:t _ I.Q Q t Q " Q

iIl'rt't14.2S lJ'i'lJ1Wffn CFS 111f) B. licheniformis 'YItt1'lJ1::ff'lJ~Df)1'iDDf)q'YIti~lt.!f)1'i!l1'iqJ"D.;J 

P. mirabilis ~Dw'YInii 35°C. .. 

" " , ,
lI'i::iY'YIi.f11'V4f)l'iUUU.;Jf)l'i!l1~qJ"D.;Jl~D P. mirabilis !ljm~'lJffl'i CFS llJ:.lfl~111f) B. licheniformis 

" " I a ~ Q Q.t t.Q "JI'jI
fl11'lJt"'lJ'I.It.!! DOll:: 25 'V4U11'lJ1I'i ::ff'YIti.f11'V4f)1'i UUU.;Jf)1'it11'i W'I.ID.;J P. mirabilis i~'i DUll:: 76.52.. 

100 

.c -<:> 

80 
= 
.... .... .... 
..: 

-= --= 60 
~ 
<:> 

6iJ ... 40 
;>.... 
c:I--... 20 
~ 
,0 
0' 

0 

. ". 
iIl'rt" 4.26 lI'i::iY'YIi.f11'V4"tHffl'i CFS 111f) B. licheniformis UUU.;Jf)1'itl1~ty"D.;J P. mirabilis II 

t;jw'YIi,Jii 35°C 

http:fl11'lJt"'lJ'I.It
http:iIl'rt't14.2S
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0.3 

.d ~ 0 ~ d ~ .d (V j) " 

'UW:::'Vlt;!W'HfJlJ 45 C f)1'Hl'llJff1'j'VlH1'1I'l'il1fl B. licheniformis 'Vl'j:::~'Ufl11lJL'UlJ'UU 

otd.il d.~" Q ~ tl QI ~ ~, t lI]ljJ B 
t't'HH'H1V1'1::: 5 flff'lH1'1 &'H P. mirabilis lJf)1'jL'iI'jqJ !U'j:::~'U1'l11~fl1f111lJ"fU !~ 0.10 ± 0.038 Lm::: 

~'l OJ:d J~ .d.4Qo ~ Q,I .iI'JI" 
Uff~'1f)1'j L'iI'jqJ lU'j:::~'U1'l1'Vl'l~LlJtHl'llJff1'j 'VlH1'11'l ll1fl B. licheniformis I 'U':i :::~'Ufl111JL'UlJ'U'UHlV . . 


QJ GJ ~ .c:t 

1'1::: 10,25,50 Lm::: 75 ~'1Uff~'1lUfI111'Vl 4.27 U1'1:::1'l1'j1'1'Vl 4.6 

0.0 I II1II- ..... 

<;0'0% ..", 10% 25~~' 50% 

ft'lUJI'll'u'll'''''UO..'lnn CFS i11f1 B.lir/,..ni/IITlfus 

1ll'W~ 4.27 t1~lJ1Wff1'j CFS ll1fl B. licheniformis ~mlJ1:::fflJ~0f)1'jtIOflt)'Vli~lUf)1'Hll~ty'UtH 

P. mirabilis ~t;!W'HfJ1J 45"C 

.40 Q,lQlt! 'JJY d.Q Q.I 

LlJOU1lJ1'H1f111lJfflJ11UTi'UO'lfl11lJt'UlJ'UUffn CFS 'VlH1'1I'l'illfl B. licheniformis fl'U 

" . 
t1'j:::iY'Vlnfl111f)1'jiJ'UiJ'Ifl1'jLll~ty'UO'l P. mirabilis LlitH~lJffl'j CFS Hi1I'l111fl B.licheniformis 

" 'JI " • ~ .... I A QI" ~ IIJ "" (VQ. QJfl11lJL'UlJ'UUHW 5 11'U11lJlJ'j:::ff'VlTifl111f)1'jV'UfHf)1'jL'iI'jqJ'UO'l P. mirabilis L~'jOV1'1::: 59.33 ~'1 

Uff~'1'UfI111~ 4.28 

100 
= :.; 

80 ~ -= .=- 60i.. 
~ .ro.. 
~ .s 20'" ~ 
;;r~ 

0 

O·~ 10% 20··~ 301\" 40'!. 50"/0 60~" -U"" 80,\" 

l'llJUI'lfu'lfU'UO,r':Wl'J CFS ilO B.lirhenifol7";5 

.,cI ... 1"'::'.oCIo Q,I' 
".tV.c,. Lot 

1ll'W'n 4.28 lJ'j:::ff'VlTifl111'UO'lffn CFS 'illfl B. lichelliformis lI'UV'If)1'jtll'Jty'UO'l P. mirabilis 'Vl 

t;!W'HfJ1J 45"C 
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, . 
at ... I.c'!I. .cot'.Qt;I 

~ 

.Q 

"l1Ull 4.6 lJ'JlJ1Wffl'J CFS ~lf) B. licheniformis 'YIll1lJl~fflJ~OmH)Of)q'YI1i~llJm'J!~'Jty'UO-3 

P. mirabilis ~~Wl1lJiJ 35 m\~45°C 

v v 
ft'l1'Ul'U'U'U\Uf11 CFS (%) 

35 45 


0 1.45 ± 0.048
B 

5 1.64 ± 0.014A 

10 1.39 ± O.012B 

25 0.38 ± 0.029
c 

50 0.19 ± 0.010
0 

75 OJ 1 ± 0.016
E 

0.24 ± 0.012A 
B

0.10 ± 0.038

0.02 ± 0.003
c 

0
0.007 ± 0.001 

0
0.006 ± 0.001 

0
0.006 ± 0.000

!OU"~ 95 (P>0.05) 

.e:t ... 1 ~ Q, Q.

4.7.3 nl'',jf'lmnu'i~iJllfimftm'ift'l'UfJ'Um'ilil'ity'U8~ P. mirubilis 

~1f)m'Jflmni:11l~U~';';lV!iilJ,.hdY'YIifll't'tmH11'UfllJm'JI~~ty P. mirabilis ~ 

~Wl1.fJiJ 35°C 1~W!~lJffl'J CFS ~Hil~~lf) B. licheniformis ~'J~~'Ufl11lJt.,JlJ.u'lJ!OU"::: 25 ",,:::: ~ 
.Q 0'::::" d.e... .d QI fj)'.11'j1 ,,~ 

~Wl1.fJlJ 45 C !~lJffl'J CFS 'YIH"~~lf) B. licheniformis 'YI'J::::fl'Ufl11lJl'UlJ'UlJ'JOU":::: 5 !!"1~fl~llJ 

f)l'J!~~tu'UO-3 P. mirabilis 111U'Uf)'Um'J!1l1tu'U0-3 P. mirabilis OWl1fliJ 35 !!"~ 45°C ~i1il~lJffl'J 
U eJ q, <u 

~ . 

I "'" "::::"od..Q , ...

't't'U11 P. mirabilis !'t'tl::::l"U-3 lJ~Wl1lJlJ 35 C 'YI!~lJffl'J CFS ~lf) B. lichelliformis lJ'J~~'Ufl11lJ 

. 1 . 1~ 

" " " .d.e... " , d.eli .e... 0 .ditil 1 .c::t. 'I !II
l'UlJ'UlJ'JOU"~ 25 lJm'J!~'Jtu'lflf)11 P. mirabilis 'YI1't'tl::::'''U-3 lJOWl1fllJ 35 C 'YIllJ!~lJffl'J flU &'If 

u • ~ 

QI ':"1.d o 'I !II "" .ci.J'?i I ..\

'J::::u:::n"lM 1.92 'lf1 lJ-3'Y11l~'YI1111lJ1"'lf1fll't't!'t'tlJ'UlJ!lJlJff0-3I'Y11 (Biomass doubling time) IlJO 
~."" ... "" 1 Q 0 e:t-, t Q 1!II '" ... 

. 1 ...l'YIU'Uf)'U P. mirabilis !'t'tl:::mU-3 lJ~Wl1.fJlJ 35 C 'YI1m~lJffl'J 'If'J::u::::nftll't'tU-30.72 'lf1 lJ-3 fl-3 
. . 

'I '" '" Ufffl~ &lJfll't't'YI 4.29 "":::: ~ln-3'Y1 4.7 

http:If'J::u::::nftll't'tU-30.72
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1.6 -

1.4 

1.2 

.--~ 

=1 -

@: 
;...,0.8
:a 
~0.6 
~ 

0.4 

0.2 

o 

___P.III;rll6;';s + J5C + 25'!fJCFS 

o 
~P. 1I,;,.II6;n6 + 45 C + 5r.cFS 

, ,1 2 4 s 678 10 11 12 13 14 
Tillle(h} 

, " 
hH11'U'Ufl'l P. mirabilis ilrrm:aiiv.;J'QiU'YIfJ1J 45°C 19l1HYll CFS \lltl B. licheniformis 

" . ,<9 I "'" ~ 0 d~ d.::::. 

fftlln'W1J11 P. mirabilis l'Wl~!cHJ'I 'U'QiU'YIfJlJ 45 C 'YI!;)lJffll CFS 'YIHCl;)\lltl B. licheniformis 

'" '"'' , d, • '" l' " <9 .:, 1 d ., " ..Llllty ~'lfltl11 P. mirabilis 'YI lJL;)lJffll ~v 'lfl::v::ntntH 4049 'lf1 lJ-:J'YI\l::'YIl 'YIlJ1Cl'lf1f11'W 
• 'jI t ", 

Q .dl ~ I 4 Q Q,I .e:I.Q 0 aJ 

!'WlJ'U'ULlJ'UffML'YIl (Biomass doubling time) llJfl1'Y1V1Jtl1J P. mirabilis !,yn::mV'I'QiU'YIfJlJ 45 C 'YI 

'liL9IlJffllioNl::v::nClllf4v.;J 2.16 -i11lJ.;J ,r.;Jt!ff~.;JhJfI1'W~ 4.29 UCl::;)lll'l~ 4.7 

Q 

flW'H{Jl.IUD::Ul~ CFS 
, 

'" NDflf)m~I;)~ty'UM P. mirabilis 

;)ltl B. licheniformis OD'!llnm f.l (h- I 
) td (h) 

35°C 1041 ± 0.033
A 

0.9590
A 

0.7221
D 

35°C + 25% CFS 0041 ± 0.004
8 

0.3609
8 

1.9206
c 

45°C 0.35 ± 0.029
c 

0.3200
c 

2.1660
B 

45°C + 5% CFS 0.12 ± 0.006
D 

0.1543
D 

4.4922
A 

'YIlJ1V!'YI~ film~V~ijfltllllmlifl'Un'U, 'U U'U 1ff~lJn 'Ii!!;) tl~1'ln'U111.;J ffO ~~l::,r1Jfl11lJl~mr'U 

l"mill:: 95 (P>0.05) 



~.... CFS 'ill11 B. lichenifonnis ~l\Jm'H'illty'U{)~ P. mirabilis ....'I.r'h'\Jmm'l~ijf)1'll~hJifl'J~l\J 

~(l~""1~fh pH 1~lJ~\J1$i'lvhn'lJ 7.70 U(l~ f)1'JltJ~O\JlltJ(l~mfJ'\J 12 il1lJ~ ijfll pH {)~11.J'j1~ 

7.70 -7.90 ff1\J'\Jm'Hl'Jn1(l1~11il~lJffl'J~1\J~(l~""'lJ"hijril pH l~lJ$i'\J 7.011l(l:: ....'lJ':h pH ij 
11 •• JI 

11l'HtJnO\JUtJ(l'l'\J'J::~'lJff~{)d'\J,th~ 7.01 7.80 lU{)~'ill11fi{)tll'Hf)ij 3SoC l'lf{) P. mirabilis ij111'J
1\1 .. q ~ 

l'illty1$i'~ ff1\J~~iU'HfJij 4SoC ij111'JltJ~fJ\JlltJ(l~'U{)~ pH '\J'J::~'lJ~1f)~'\J'li1~ 7.01 - 7.32 . .. 
4 ~"'" , ",0 ... , "" 

1\J{)~'ill11lJf)1m)'Jty'UfN P. mirabilis. \J'l::~'lJ~l~'1Uff~~ \Jm....Vl 4.28 

8 

7.8 

7.' 

~ 7.4r::. 

7.2 

7 

... 

-, 

o 
-+-P.m;rabi/;a + .'15 C 

(j,8 

0 8 III 12 14 

" ,
4 Q 4 Q 1

4.7.4 fl11ftfl1J1Qtlfi'UtH Cell-free supernatant tlNlI9hllfl B. licheniformis llfl11 
.. 

"4 .ct ... 
9l1l!I1ftlAl'UtltlI1t1 P. mirabilis 

• • 'JI 

lljmh Culture 'U{)~ P. mirabilis fiNl\Jf)1'Jl.... l::lilfJ"ll~fJ1~lJffl'l~l\J~(l~~ 
,t ", I 

('ill11~{) 4.7.3) finen 12 <M1 hH lJT)hf)1'l1.... 1:;:tilfJ'I~{)1\Jm'Hl'l NA .ulJYl3SoC It!\Jnm 18 - 24 
• 'JI • .... 1· ""'1"Q.I'Q.f " dd~ .od'111 IN ~'lJ11 P. mirabilis ifllJ1'lfll'il'lty ~ ~'1\J\Jif1'J~l\J~(l'lf~VlFmWul11 B. lichenifonnis lJ 

t/ """'1 ".e!i I"
Q d .r:!l QI" 'IV .Q

qVl1) \Jm'l~l\Jl'lf{)ll'lJflVll'lfJ P. mirabilis H'lJ'lJ Bacteriostatic agent C)f'l'il:::; {11lJ1'JtlfJ'lJfJ'If)1'lI'il 'lty 

0' "" "" 1It)l ". 0 0'... 1 d'U{)'1IC)f(l(lU'lJflVll'lfJ P. mirabilis l~lI~ lJVllmfJ1C)f(l(l~)'IUff~'1 \Jm....Vl 4.29 
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· . '" 
fI1..,;14.31 nl'H'illflJ'tIfN P. mirabilis i1vhUm';jl~l~lfttl~ lflfJl~lJffl';j~TU 'ilH;~ lm~'llllJl 

u • 

'" t~1~tftm~t)hJm'VI1';j NA 



, 
q 

UYlYl5 

"ltJ i)1itJ'ntlUiU~'i)A"Ui)UU~ 

. 
d .t!I ~ Q,I ~ d 

'lJa.:slffmllflm::lJ1'Uf11'i'Vll.:sa~ffl'HmnJ 'H'ia'IJa.:slfftHnflm~lJ1'Ufl1'ifn11'ia'U'nOfl. ~ 

• y y 

t1elamiiY.:su 1f1~alJ1'U 'fi 'j'j lJ~l~ 'H 1fl'IJa.:s1fftH'H el111'U 11 fln t1miJa'U hh ~'U 'H~a a:: iii 'U 1'U.. 
t1~ lJ1Wfl11lJ1.u'lJ.u''Uff.:s 11 iii'U 'n~ 6~ijau' 'Uti 'i 'i lJ']j'l~lJ H~lJfl1l::ff1lJn fH 'j) ~wlm::t1elfltl elaUnl9f 

<u q <u u 


~ d, ~ d l' I ~
Q,I 

lJel'VfM'nflailty'H1flel'Ul'HlJ'U tflUV.lJ11'Helfl11']j'a Proteus mirabilis, Proteus vulgaris, Budvicia 

aquatic, Klebsiella pneumonia 1m:: heudomonas migu/ae (Terence et aI., 2004) 1l::I1l~tylm:: 
I JI)J" t 

mJ.:sl'hI'VilJ~1'U1'U' ~'i 1f11~1 amhU.:sl1.'1'U1tMaff1l'H ~Yinoil ty'H 1fliii'U nl9fll OlJ ilJl'U mm:: nl9f 

, lit 6' Q,I J~!lId ~ jJ lIJ d ~ fQ",I Q .Q 

erifl'il'\)'U9fel t~fI .:s1'U11lU'U Iflflfl1l1 Uel:: ~.:s1'U'U ttl'nfl1':ifl1lJfllJf11'i!,\)':ity'IJ0.:s1']j'Off11'H~fla 
Q ~" l' "i AA "l ~ A ~ OJ ~ IjJ I 

ilW'H1lJelV.1I'n1.:sflel'Ufl1U1'nflt'U telU']j'1fll .... IflUtelOm']j'O P. mirabilis rll'Ufl11l'n'U1']j'0~'Ul'H~flO.. . 
.Q ~ d ~ .ci ! ~ A A Q,lQ Q "t"! c:I 

ilW'H1lJelV.1I'nHflel'Ul'HlJ'U t'UflUflfl1l1flH'U l'UO.:s~J1fl P. mirabilis lJflWfflJlJflflel~ IfI'n.:sf119f.. . 
4 t:'J Q,I lit tI ,c:Q Ole:::. i )I t ~ 

tHJlJ im'UUtm::f119fier ifl'il1l'U9fel tyjfl 1l1flm':iflfl1l1flWfflJlJ~!mHfI'U'IJ{N P. mirabilis V.lJ1111J'U 
Y Y. 

IIlJflYi{1U!! m lJellJ !9fel ~ijclflllW::a1.'1'U ~t1!l'n.:sff'U ff1lJU ouau'ihm elYi ill 'H gm1.'1'U 0.:sri't1':i ::flO lJ 

fllU1'U fffl11:: hjiJaofl~!1l'U ffr1.:s!1.'1'Ufil9f'~ifl'H1Iwieliyj~ ffOflfl~0,:jf1lJUOUffmUilJlelflel'IJO.:s• 
• • y 

1t1':i~'U'H~omflo::iil'UYiijfhlJ::t1'U I1.'1'U O.:sfl't1':i::flOlJ1'U fffll .... YiiliiioOflclfl1l'U l~ ufltlfin~u1il 'il 

desulfuration (lJ'H11'nU1clmflll~':ifl1ff~{ 2554) I.... n:: P. vulgaris 1l::ffellfJmflo::iil'UltI~U'Ul1.'1'U 
, 'i ., llJ ••I""k It 0.1""""''''' ., "" d "" dt "",0 d., llJ •.I" 
~ tfl'n1I'U9fel rnfl 9f.:sllJO'n1u{lm U1fllJOOO'U'lJ0.:sl'Helfl'\)::mfll1J'Ufffl1'IJ0'll'H elfl9fel mfl (William, 

y 

1990; Wistreich and Lechtmean, 1980) 'Uafl1l1fll1'U P. mirabilis U.:sff1lJ1':iOffr1.:s Urease enzyme 

~'\)::uou~i1ul'U 01'H U ItI~U'UI;'j'Un1']j'1l0lJ ilJlilU 

~ dd d Q 91 d d:)l .eo 

B. licheniformis l1J'UUlJfl'n1"J U'n ff1lJTH)flelflffn ~1'U ~el']j'v.'n~l'Um ';)I 1l':i ty'IJO.:s 
y • 

1liii'U'n~ 6i~'H el1U']j'lJfI 1'l1'U n UlJflYil~u!lmlJlJ1fl llel::lIlJflYiI~ uumlJolJ 11.'1'U ItMaYil ,*fliii~1'U. 
"J:: ~lJ ~flff1'H m "J lJ i~rlJfl11lJ 0'4!fln::,.r'\)1 fl lJ~f1 'n 1~'U lOffYi i lJ 1DI'n fll 'U 1elV ~ltifl '111fl 

y 
.di' Q,lQ ~ 'jI • ~ Q ..:::t tle:l (V ~ 

m':iflnll1flWfflJlJ~I1JO.:s~'U'lJO~ B. licheniformis V.lJ111lJ'U!llJfl'n1"JUUflUJlJ1fl !9felellJelflllW::1lJ'U 

"Jtlm1.:s ffr1~fftlO{Ou~~hl!'Hll~~HflelH (central) lfl~~HflelH (paracentral) 110:: OVrlo'Utlmu 
~ ~ .. 
!9fm{ (subterminal) B. licheniformis ff1lJ1"JflHiiiflffTj~1'U~el;V. (Antimicrobial substances) ~~1'U 

Q -=14 Q 

m"J!1l"Jty'IJO.:sUlJfl'nI':iU Gram-positive Uel::; Gram-negative 'Hel1U']j''UfI (Guo et al., 2012) 
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~..:sffl'.ll'i'l'U~ft;'W bacteriocin-like inhibitory substance (BLIS) ~Hi'i~'illfl B. Iichenifonnis 

" IITRHR2 ffllJ1'.lt1U1JU..:sf11'H'illty"-ltHU1JflYlilU'HftlV'lfiJA 1'1f'U Escherichia coli, Salmonella typhi, 

Shigellajlexneri, Staphylococcus aureus, Proteus vulgaris, Enterococcusfaecalis (Shanna et aI., 2010) 

" " 1~t1 B. lichenifonnis i..:slifl11lJ'I..hff'Ui'ill'Ufl1'nh1tJfffllJlf11'.lfl11Jf'llJf11'.lI'illty"-lt1..:s1'ift1 P. mirabilis 

~ ~ ~,., d i!t " 1
'illflf11'.l f1fllJlf11'.l1'il'.ltyllfttf11'.lHftAffl'.lAl'U~ft'lf'W"-It1..:s1'lft1 B. lichenifonnis wn'H 1'.l 

NB fil pH 6.8 - 7.0 ~t;!W'HtJiJ 37"C 1ilJl"-1th~fl11lJl~1 150 '.lt11J,}t1'U1Yi'W1J111G]fft~I'illtyi'U'lb..:s 

Lag phase ~nftl 0-4';1ilJ..:s l1Iltyl'U'1f1..:s Log phase 'Hlt1 Exponential growth phase ~nft1 4 - 24 

';1ilJ..:s l~lti'1S1..:s Stationary growth phase ml'..:s'illfl 24 ';1ilJ..:s 1I~1flt1Vftr&ft..:s i'U'.l:':'H11~flTH'illty 

"-It1..:s B. Iichenifonnis 1I1fl pH '~lJl'i''Ui'U'M1..:s 6.8 - 7.0 'W1J11 pH lifll'.lltl~U'UlltJft..:si'UII'U1 i"j'lJ~ 

antimicrobial activity fl1Jl'lft1 P. mirabilis 'W1J11ffl'.lf:JflA'n'il'W1Jfl..:sflftlUt'H11~fll'.l1'il'.lty 'U'lf1..:s 

, jI ,. t • 

l"'lJ.u'U1Afh11'i' 8.25 IJJmhff1'.l CFS Ylf:Jmn1Jl'Jfl"14 -M1 ilJ..:slJll1~fft11JII1J1J Qualitative 

Q.lA , ,d • Qi' 

Exponential growth phase ~nft112 ';1 ilJ..:s l!ft:.:lifll'.lHilAffl'.l1I'i'lJlfl~~Ai'U'.l:;wh~fll'.ll1llty 

l'U'1S1..:s Early stationary growth phase ~nft1 24 - 36 i1imO't1AfI~t1..:sn1Jffl'.ll'i'l'U'ilft;'W~HilA1Ilfl 

B. licheniformis ZJU12 f:JflA'.l1'il'W1Jl'U'1f1..:s Middle exponential growth phase lifll'.lHilAffl'.l11'i' 

\1..:s~Ai'U'1S1..:s Early stationary growth phase(He et at, 2004) 1';'UI~U1n1J B. licheniformis B116 

" "" i ' "" "" "I" i'f:JflA'.l1'il'W1Jffl'.lAl'U~ft'lf'W 'U'lf1..:s Early exponential growth phase lJflT1HftAffl'.l tA\1..:s~A 'U'lf1..:s Early 

stationary growth phase Uft:: flt1V"1 ftAft~iWli1~ Late stationary growth phase (Guo et aI., 2012) 

ffl'Hi'1Jf11'.lI'illty"-lt1..:s B. Iicheniformis ~t;!W'HtJiJl!Afl~h..:sn'U'W1J11 Uff~Hfll'.ll'illty'I'i'~~ 

t;!W'HtJiJ 30 - 45°C i~v'W1J·hlifll'.lI'illty11'i'l'U\1..:s~A~t;!W'HtJiJ 30 - 3SoC IIft:.:lifll'.lI'illty11'i'l'U 

'.l::~1J\1..:s~t;!W'HtJiJ 40°C 11ft:; 45°C ff1'Ut;!W'HtJiJ 50°C 'W1J11lifll'.lI'illty1'U'.l::~1J~1I1ft:.: hiA'n'il 

.Q d Q 01 d \It I Q"1"
'W1Jfll'.lI'il'.lty"-lrN B. Iichenifonnis l1t;!W'HtJlJ 55 C 'U"-IWtl1 B. lichenifonnis IlJffllJ1'.lt11'il'.lty tA . . 

i 'Ut11'Hl'.l NB fI1'<'pH _ "" "I "i "" """"" ""3.0 UAffllJ1'.l{)!'il'.lty tA · "I'U'ln..:s pH 5.0 - 9.0 IIft::l!ffA..:sfll'.lI'il'.lty tAAl1~Al1 

~ " d.od r X t oCt Q 4.Q

pH 7.0 IIft::'illflfll'.lMfllJlf11'.l1Jt1'Ul1lJHftAt1fll'.l!1I'.lty"-lfNI'lft1 B. Iichenifonnis 'W1J11 lJfll'.l!'il'.ltyA 

~~A l'Ut11'Hl'.l NB l~lJ starch (potato starch) ~(Wft:; 1.0 1Afhfl11lJ~'U 11'i' 3.52 ± o.04lifll pH 

6.84 !dt1..:s'illfli'Ut11'Hl'.l potato starch lim.hvVt1V"-It1..:sJ1Alft glucose !1Ju t1..:sr1tJ'.l::flt11J~..:sri..:slffllJ 
" " . 

fll'.ll'illty 11'i'~ fll'.lI'Wl:':lflV..:sI'ift1 B. Iicheniformis l'Ut11'H 1'.ll'Hft1 NB l~lJl!'Yirl..:s1'U iA'.l!'il'UYlUAfl,}H 

n'U'W1J11lifll'.lI'illty\1..:s~A1:aJ~h..:sn'U1'Ut11'Hnl'Hft1~I~lJ Peptone ~t1vm: 1.0 !Ift:; Ammonium 

sulfate ~mJft::: 1.0 1Arilf111lJ~'U'~ 4.53 ± 0.22 11ft:.: 4.67 ± 0.06 ~lm'h#l1J liril pH 7.86 - 8.15 
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", • v, 
""'''' "" ~ SI<4 SI SI ~ _I "" <> <'I '" nU1'ilV'U Iflffm:l1 U~~ ~~1'U'U IUYlf)1'jflTUf.}lJOl'H'il'j\y'UrHl'lffl P. mirabilis l'Ufl~'illf) 

" t • " 

ll1'U9i1uYI'U 1~m11111f1-rirlflilru111f)il'Unl91UfllJ llJli1vUf.'l::;nl911~1 fI'j l'ilwif~hM Pl~ir'U Ol'j i1mn. .. . ~ 

illl~tJ qWl1fJii pH um'i~fI1{'lJfl'U Im::;1111~~1'U lf1'jl'i)'U-rirl~NMiflOl'jl'i)jf!!'Ufl~l~fl P. mirabilis 11::; . . ~ 
• ~ ... I .c::lto Q jJ d: d: ~ a <l 'j} Q 

'lf1fll'VtlJIJ'j::; J;1'YlTifl1'Vt'Ufl~ J;1'1'j f11'U ~~'If'VtYlN~f1 'i)lm'lffl B. licheniformis!11f11'IJ'llJOl'j 11I'j\y'Ufl~ 
~ . ,

.dt ~ ild 4' Qd , 'Q , ct A 

l'lffl P. mirabilis !fIfi 'illf)f)1'jfff)'UlqWl1fJlJYlJ;1'~N~f1flOl'jI'i)'j\y'Ufl~ P. mirabilis'Vt'IJ11YlqWl1l.llJ 

° • 1" Q ~"'1 Q.I 0 

. 
Q,I t Q rt"45 C J;1'~N~ 11 P. mirabilis UJ;1'fI~Ol'jll1'j\y!fI 'U'j::;~l'I.Jfl11f1f11Ol'j11l'j\y (OD ) Ifl 0.55 ± 0.0476OOnm

, " 'JI , 

l'U'UW~-riJ;1'l'j CFS Hilfl1l1f) B. licheniformis flflf)flYliiU'IJiJ~f)1'jll1j\y'Ufl~ P. mirabilis 1~~~llflJi 

qWl1fJii 45°C lf1v'Vt'IJ'hlhft''UHlt!1mJf)m~'Ufl~ Inhibition zone I'fhti'IJ 16.3 ± 0041 ii~n!lJfI'jl2o 
'JI • " " 'JI 

1lJ1fI'jnfl'j Pl~ir'Unqwl11Jii 45°C 'lhtJl'UOl'jIJ;1'jlJflYliil~J;1'l'jJ;1'llJ1'.i flflflf)flYliiiJ'lJiJ~Ol'j ll1j\y'Ufl~ 
, 

.. " oII.'9.t::.\d Qlil Qld .:::u:t I lSI "" P. mirabilis IfI~~llfl 0l'jfff)'Ul1TiOl'jfl1'IJf.}lJf)~'U 'U 1I~'IJ'UlJl1~1f)l1mtJ1Ti 1'If'Uf)1'j 'lfJ;1'l'jlf1lJ 

l1iYlHOltJfI1'Vt f)1'j l~~il'UYljV'j 1lJ1 t10~0l'j 1~J;1'1'j 'i)lf)fl'lfJ;1'~'U1 'Vt'j l<JftJ f)1'j fff)'U lnllf)'j 'jlJf)1'j 

9J d cfd"Q. Q,I 

f11'U~~'If'Vt'Ufl~ Lactobacillus murinus (Lb02) f11'Uf)1':iI'i)'jiY'Ufl~ P. mirabilis Ufl~::;J;1'lV'Vt'UTiYl 
~ ~ 

qWl1fJii 37°C 'Vt'IJ';h Lb02 mlJl'jflu'lJiJ~Ol'jI'i)j\y'Ufl~l~flP. mirabilis J;1'ltln'Un Pr6515 11~:: XT2 

dil' If QQ))l A' Qlt/
lJlJ;1''UHlt!1'UVf)m~'Ufl~ Inhibition zone 14 lJ~~llJfI'j/2.5 IlJ fI'j~f1'j J;1'1'UJ;1'lU'Vt'UTi Pr2921 11~:: 

oI:!!IJ,I" tI AQ "1'" .
Pr4] 49 lJ1J;1''UNlt!1'UUf)m~'Ufl~ Inhibition zone] 2 lJ~~llJml2.5 !lJ fI'j~\i1J (Fraga et aI., 2005) 1If1 

. """" ~. '" 1 SI '" ~SIf)'llJU'lJfI'nt'jtJ Lactobacillus sp. !lJmHl1l1'jiY 1I~::fI~YI'UJ;1'fI11:: 'UJ;1'f111::;!l1f1~fllJYll1~1f)11~lU!fI 

..! 1 1 il ... "" "1 SI "" Jl'Ufl~1I1f)J;1'fI11::; 'U ~f) 1I~'IJ'UlJl1tJ1 'UlJqWl1fJlJ~~'U'U 
, ~ 

1'Url1'U0l'jfff)'Ulilll~V'Ufl~ pH -rirl~N~~flf)l'jU'IJU~Ol'j!lIjty'Ufl~ P. mirabilis'Vt'IJ'll 

d 11) • .. .!'Gt a t rI 4d •Cl. I 

pH YI P. mirabilis tlJJ;1'llJl'jfllll'jiY !~l !'Ufll111'j NB flfl pH ~ 5.0 J;1'1tJlIl1M'Ufl~fI1'j'IJfltJYllJN~f1fl 
~ ~. 

Q 4: 1 "'''''J.c::::t SI
f)1'.iI'il'jiY'Ufl~I'lffl P. mirabilis 'Vt'IJ11111m'Vt1::;mtJ~ 'Ufll111'jYllfllJ glucose 'jflV~:: 1.0 UJ;1'fI~Ol'j 

• , 'JI • 

L'iljiY'~'U'j::Plmhf)';hJiI'Vtl::I~V~1'Ufl1l11'j NB 1f1filfl11lJ~tJ1~ 1045 ± 0.02 Ilifl1f1fh pH 'Vt'IJ'h 

lifl11lJ111'Uf)'jfl~~1f1fh1~ 4.65 1<Jf'UI~V1ti'Uti'IJ0l'j!'Vt1::;liv~ P. mirabilis 1'Uflll1l'j Glucose broth 

& °lS1J 1" dl ~1 '" °1" d ~.l ~ •91~Yll l1I'lffl P. mirabilis 'If'j::V::!1~l'Ul'UfI~ 4 - 5 'lf1 lJ~YI'il::Yll l1lJ1~'lf1f11'Vtl'VtlJ'U'UllJ'UJ;1'fl~IYll 

dt/OJ .c::t A.d QI :f 1 d d ~1" "" 1( J;1'nv 'il'UYI'j11'j, 2555) IlJflIYlV'lJf)'lJOl'jI'Vtl::mv~ 'U NB YlJ;1'fI11::lfI[J1f)'U 'If'j::;[J::!1ml'Vt[J~ 0.74 . ~ 

'111 llJ~ U~:: iJ~ J;1'flflflft'fl~ti'IJf)1'.i fff)'U1N~f)'j ::YI'IJ'U fl~ f)\11 flJ;1',,~:: ll'IJftJitj IJ11~fI~f)liN~~ flm'j U'lJU~ 
"1 1")J 

m'jtnfl,~1 fI'j!'il'U oi~I vM' li'.ilfJ~ l'U 11J;1'l'j~:n1vmmh\i11~Jil1:Uf) lf1m'l7u'ilil'U YI~ v-ril1wtlfl'U 1 'U• 
: 1SI... ~ ~ ~ ~ 1 .... ~ II IIJ ~ l' "''''' mf)'Ulm~ 'lfV'lJfJ~f)1'jJ;1''jHm91!~ fI'jI'il'U91~ IvJfI'Ufl~ P. vulgaris !fI fI[J'Vt'IJ11J;1'1'j~::m[JYllJ 
~ " I • " 

flYliiu'lJu~Pl~mh1ij pH ~1 Ci~!nfl1l1f)m'j11:Uf)Olmh~lmhl~tf)flf)'jfl (Wungkobkiat et a1.,1996 ; 
~ 

fl1~1.n'j'jW 111~f)fl'l.J!ih~ lIa::flW:, 2538) Pl~ir'Uf)l'jI~lJ glucose 1'Um111'j111~1'1hfJ~flm'jHn~ 
~ 1 "" ~ 1111 "'~ II..! ~ '" ~ '" Am'lfllfllJ lJl'U[J II~::; m'lf!~ mlll'U91~ lvJfll'UU~1I1f)f)'jflll: !l1fJ'IJ[J~f)nl'il'jru'Ufl~t'lffl P. mirabilis.. 
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. '" . 
d111j1JflllffmnU'\H'~'Ufl~''U1m 11)'Ul1ih"l'I~flfllll'i}1l\!'Ufl~l~fl P. mirabilis 'Vmihnll'i}ll\!~l 
d , ~" • VJ;V A %Q,I" 

'YI~~'Ufl~ P. mirabilis 'Ufll111l NB Il'1lJ urea lfllJl'I:: 1.0 1~fI1fl11lJ".!'U I~ 0.69 ± O.oI l'Ufl~'i}lm'.lffl 
. . '" 

P. mirabilis ff1lJ1lOlU~lJ'U urea 'ulrJ'U,h~;~ijfh pH lrJ'U,h~"l~11~~1~fh'~ 9.33 ;~'UfJ1JfJ~ 
... .... '" 

Olll'i}ll\!'Ufl~I'.lffl P. mirabilis lfl~ 

OllffmnU1Jfl1111lJ~ffr1~ff1lUii;1'U:: 111fl ff1l~1'U'l'I;'Vt1Jl~mh~~1lJn1JiJ'i}11lJt'U''l 
• ~ ?t 4 .c!'J .A Go QI 4- .dl 

l'.lf'U ~W l1iJlJ llJ'Uflfl'YIHmflfll1 'U~ff111 'j1Jfll'jfl11JfllJfllll1)ll\!'Ufl~ P. mirabilis 'i}1 fl flU fffl1l1 

iJ'i}11lJ~'111lJ1~lJUl~ff'YIifl1'Vtfll'jfl11JfllJOll''i}1l\!'Ufl~ P. mirabilis ~~wl1t.Jil 45°C 'Vt1J':hOl'jl~hJ 
d Q $I Y .Q Yo," d , Q 

ffU CFS 'YINl'Il'I'Il1fl B. licheniformis fl11lJl'UlJ'U'Ul'VtlJ~lfllJl'I~ 5.0 'YI1 11 P. mirabilis lJfI1fllll'1lll\! 

Q,I' " ,. Q.I D,!JI ~ '" 
. 1 .. . .., !JI '" 

11'1~1lJfl11lJ".!'\.Jl'Yl1fl1J 0.12 ± 0.006 um: '.If'j~lJ~nm'U1'UtH 4.5 '.If1 :lH'YI'i}~'YI1 l1lJ1l'1'.1f1f11l't . '" Q" . 
.c'::t; ~ ='t ,., " d' Q .... I 4.'!:t;.or. 

l'VtlJ'U'UllJ'Ufffl~l'YI1 ff~Nl'I 11 P. mirabilis l'illl\!l'I~l'I~lfllJl'I:: 59.3 'il~'.If1lJl'VtlJ]Jl~ff'YI1ifl1l'tfln 

.or. d Q() • j} .::::td.QQ 

Olll'illl\!'Ufl~ P. mirabilis 'YI~Wl1iJlJ 35 C 'Vt1J11fll'jll'llJff1l911'U~l'I'.If'Vt'YINl'Il'I'i}lfl B. licheniformis 

""" 0'''' .e:t, QQI'jJ t 'QIfl11lJl'UlJ'U'UlfllJl'I~ 25 'YI1 11 P. mirabilis lJfI1fll'jl'illl\!11'1~1lJfl11lJ".!'UL'VIlfl1J 0.41 ± 0.004B IIl'1:: 

'~l::lJ::nm'U1'Ut)~ 1.9 411lJ~~'i}~'th''lflJ1l'1;1f11l'tl~lJ~'ULrJ'Ufffl~I'Vh rl~Nl'I''If P. mirabilis 

l'illl\!l'I~l'I~rfllJl'I:: 76.52 ;{I'111lJ1~lJU'j~ff'YIifl1'VtOllfl11JfllJOl'jI'lllty'UfN P. mirabilis '~'i,l~fl'h 
'" . AOlll'Vt1::1~lJ~U1J1J l1il~lJ ff1'jl1ijfhOl'n'illl\!11'1~1lJfl11lJ~'Ul')'hn1J 1.41 ± 0.033 1m::'~nml'~lJ~ 

~1 ~J~ 'Qlt .or.",".d0.74 '.If1 lJ~'YI1 l1lJ1l'1'.1f1f11l'tI'VtlJ'U'\.JllJ'UffD{lI'YI1 ~~'U'UOllll'1lJff1l CFS 'il1fl B. licheniformis 

fffl1l1l1lJ n1JiJ 'il11lJ'U D~DW11 nil 'il::'111lJ1~lJUl:: ff'YIim'Vtfllfl11JfllJ Ol'B 'illUl'U D~ P. mirabilis 
1I 'V 'Ii u 


, fI' JI ,. , 


It;fl{l 'il1flff1'j,)~mh1ijQ'YI1l fJ1J fJ~Ol'j I'illl\!'Ufl~u1J fll1,1lJl1 1rJ'U~'Ul11 ~ nD1J ty111lJl'IVill 'YI1~flil'U n111JJ 

'" . 
IlfllJ llJ!UlJ um:n111JJ'~1ml'il'Ucil'l1rM'~'U Dfl'il1fltr'U fll'j!U~lJ'U UUl'I;'J 1U'Ufl~ pH ''Ul~W:h~ 

flllfffl1l1il'il11lJ~'111lJ1~lJUl~ff'YIim'VtOll fl11JfllJfllll'illty'UD~ P. mirabilis l1~Wl1iJil 35 um: 

o • .d ... I~ , )J d .c:J. J A .or. .d 
45 C l't1J11 pH lJfllll]Jl'IlJ'UUUl'I~ 'Uu'U11'UlJ'YIll'tlJ'U'UllJD P. mirabilis lIffl'l~flUL'illl\!'YI 

IU~lJ'U IIUl'I{I' U d111 r1JD·:jflUl::flD1J'Ufl~il'i}11lJ~'lf1m~lJUl:: ff'YIi n1'Vt0l':i fl11JfllJOll ''illUI'U fl{ll4D
• u 

P. mirabilis llff~~')~1'I1l1{1l1 5.1 

http:4.'!:t;.or
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Factor 
-I

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

35"C 

Nutrient broth 

pH 3 

pH5 

pH 5.5 

pH6 

pH7 

pH9 

25%CFS 

O. 

0.1489
F 

0.3033
E 

0.4493
c 

0.926
A 

0.5695
B 

0.3609
D 

4.630" 

4.655" 

2.285
b 

1.542
d 

0.748
f 

1.217
c 

1.920" 

pH3 0.1 181E' 5.869
al 

45"C pH5 0.1275
D1 

5.436
bl 

Nutrient broth pH7 0.2943
A1 

2.355
el 

pH9 0.1744
B1 

3.974
dl 

5%CFS O.1543
C1 4.492"1 

Glucose broth pH 

6.8-7
1 .::t fI ;;v .::t

( ff11fJ ~'W111111, 

30°C 

35°C 

40"C 

0.147
C2 

0.154
B2 

0.160
A2 

4.706
b2 

4.516"2 

4.32l
2 

2555) 45°C 0.059
02 

11.768
02 

l1lJlfJ111~ fhllJ ~fJ~ih)fl1l1m lio'W tl'W1'W1I'W1ff~ml hjll~mh~tl'W 111~ fffl~~1:::~Ufl11lJl~01i'W 
fJJ 
10fJfI::: 95 (P>0.05) 

" " . 
(1) fl11fffl1ll 1'Wfl111ifJil i~I'Yn:::l~fJ~ B. licheni"ormis ffl11i'Ufl11 f4iil'l ffl1~l'W 'ilfI~Vf¥lOt;Ul1 fllJU"l q q q,t 

35°C -UlJI'\Jth 150 1 OUV;O'W TyhrJ'W11f11 24 i'1 i lJ.:j 111flijfl11 fffl1l1il\lifJ~~1fJ!~lJ1h :dfl1iiflTyt 1 '1..1 

fl11 f4ii~ffl1 n!l1'W 6ml'W111H11'd.:j~ ~:::'~lJfl11f4ii~ ffl1 1'lfijmlJ1W fl11lJt~lJ~'W tl.:j~'WI~o~;:a~lJ 
" 1h:::iYl1iim'ytfl1'Jffuff.:jfl1'H~jty'\JO.:j P. mirabilis 

~ 'OJ d <Q ~ .::t d.d. ~ 
(2) fl1'JI~lJ glucose 11lJflUffl1 CFS l1f4f1~~lfl B. licheniformis 11J'WOflH'W111Hl1'W.:j11~~'l11fJ1'ytlJ 

. "" 
1h~ iYl1iiflTytfl11fl1UfllJfl111~jty'\JO~ P. mirabilis tUO.:j~lflfl1'Jl1,jflfl1f)ih~lf1,:r'Wlh1'If!f)~m ~ 

" ~.:j,:r'Wfl1'J l~lJ glucose 1'1..1 01111'Jmfl1'jhfJfI~fl1'J f4ii~fi'1'Jf1l0lJ ilJ!'UfJHn:::fi'l'Jfi~i~1 !~tJCiflivM 
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~ d ..c!a 

fl'(llJ 1'1'''.1 lJ 'il1flll1Jfll'U 'HI 

(4) 1lJf11'llhi tltI'l:ivflr11 ~~O'lijflTl ftmn !'rh.ll~ll l'tflJf11'l f-lil~l~lJf-l~f1t10{U~1'lh'tlh v1 lJ . . ~ .. 
'U~nrufhioilty'H1flillJuolll1Huml'(l:i'~ lPl'lI'illJeH'(l ivM 'H10 Hil~ltllJ'1hl;$tll'H'(l1n~1'lhitl~Pl 

yjlJ'U~nru~noilty'H 1fl~lJ tdt)n1flf11'l1'iI'if1!'Ut)'1 B. licheniformis 1W:1 m1:: tI fl~f1 Ul1HIHil~ f11'l .. . 
~llJ~'(l;""'~ ~m1'1 B. licheniformis ltllJu'Uflnt'1vni,jnt)hfllm::rlutllJ1....'l i'U 10~fl .. 

.,. 0 l'It1t1 .." ",,, 0.... .,.. 0 .... .. d
(5) 'H1flllf11'llJ1l 'l:ifJfl~ l'lf llJ'l::'U'U'U1'U~'Ut)'Ilf1V l'lflJ 'l::'U'U'U1'UI'IU11f1Vll'U'U bioscrubber 

biofilter Utl:i biotrickling filter (Syed et aI., 2006) ~nOill1!ii1fl~lJllOlllmuvu'(l:i .. . 
i~hl'll\llJeHtl iTl" lPlV1-Ni11;$0 B. licheniformis I~lltl'l1lJ'l::'U'UA'Iflril1'il::'tf1VI'Wlltl'l ::ffflnm.... 

f11'lfl1'Uflllll'(l);lIf11'1fl~lJnOlll111UVU'(l::'~lPl'lI'ilUeH'(l iTlPl"'~ 
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~ QJ ~" • Q d 
m llfl1'UfllllH'lYfH m :::'YI~ 1-3'Y1~ 'YHnm un::: ff -31 11fl n 'Oll. !flflff1~ lHtlU.... ~ 'YI1n'tr1m~ fllj fffl'H 1• 

fl11111 'H 1l1~ ffll'U'O-3m~ fb'H 'W flfhll1~n:i1'W!1n~11im~fl~ 1~1flfl~'W 'il1f1yh11111fl ~. 

.. "" ..,
~W1n-3mWll'H 11'Y1t11ntl, 2554. 

fll-31l1 .... "1 : ~hWfll'YIfll'Wlnv~-31!1fl~'Oll, 2542. 

fl'O-3~'nfl'U1n~-3U1fl~'Oll. !flflff1~ lHtlU.... ~'YI1-31'tr1m~m~iflm~ fl1111tll:l 'Ofltlm m::ll1fl~ i 1'W 

fl1111tln'Ofltltl. fll-31'Y1 ...."I : ~hUfl'O'W1,rtl 'W.1-5, 2554. 

i1....fl1.... ~ lfffiwitm'WO\l IIn::q1~'W fh'W~iYfl1it'W{ m~flfll~'Ofl Bacillus St!. ~ijfl1111ff11l1~()1'W 

m~nflU'Olllll1'Wtl 1'W 1fl~l'i' un:: 1'Wlfl~'YI. 1'Y1t11U....'W£tl1tytyll'Y1t11mfffl~1l'H1'I.'Jwcf1fl: 
.. "" '" 

~Wln-3mWll'H11'Y1t11ntl, 2553. 
< ~ 

'W'Wfl1.... ~ .... lU'l1, Uff-3ff'W~ .... lU'tr un::1witl111.....ytlfJ. ~hn~::'U'U1.hu~lln~'H'01mff. 
OQ,l.::::t\f!, <I ~ QI 

fll:J1l1.... "I : ffl'Wfl....ll.... U'H.:j~Wln.:jmWll'H11'Y1t11ntl, 2550. 

1l'H11'Y1t11i:ltllfl'H1l~mff1l{ ~n'h1'Y1t11t16'I.'J~m~. fll-31'Y1 .... "I : fllfl1'l11~'i:l~11'Y1t11 flW~ 
"" ..
1'Y1t11fflff1l~, 2554. 

~ 

1l'H11'Y1t11i:ltlf2'Un~1'l11nU. ~!i'Otl6'I.'J~m~ ~n~11'Y1t111i'j'O.:j~'W. f2'Unn'tr'lilU : fllfll'tr1 

"" .."" "" .. tI tI1'Y1t11ff1ff1l~'tr1fl1"" flW~1'Y1t11ff1ffm, ll. . . 

~fl1""~ 'H'l-3fl11'il7ty un~1~ tI!llfll"lU. "m~fhifln19$1~ l~~I'il'\..l'-i'n hM~tllun'O'W1'Wn1'l1~1fl1"" 
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"l .t=tt/Q,I d d tI.<::::::i 1 
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1. Nutrient Agar (NA) ., 
ffVl"HlTHT'j NA 1 ilVl'liiri'l'WtI'l~nt)"UY1-3.u.. 
Meat extract 3.0 ni'lJ 


Peptone 5.0 ni'lJ 


Agar I5.0ni'lJ 


pH 6.8-7.0 

., . 

"Cl::-fllUri1'W NfflJ9i1'1"1 1'W lhml'Wtl1lJ1Vl'l 1 ,000 iJ"ClililVl'l t1i'''U pH l,rt)~l\J'.Ih~ 6.8-7.0 
y • ~ y 

~1U 0.1 M HCll1~t) IN NaOH lIft1'th't1'J.ill'~t)fi 121 t)'1ffll(.]ml~Uff lrl'Wnm 15-20 \Jlfi ~'1n'l ., ., 
"I~ y .. ''I' 0 Y "" '" n tltt)Wl1fllJt)U t'W')11'1 50-60 C 11"Cl'll'Yl"Cl'l"U'W'ill'W61111'l1"ClU'Il"lft)

~ .. .. 

2. Nutrient Broth (NB) ., 
ffVl'l61l1n NB 1 ilVl')iiri1'WtI'l~nt)'lJY1-3.u.. 
Meat extract 3.0 ni'lJ 


Peptone 5.0 ni'lJ 


pH 6.8-7.0 

., . 

"Cl:::"CllVri1'WNfflJ9iH"l1'Wlhn~'Wtl1lJ1Vl'l 1 ,000 iJ"ClililVl,) t1i'"U pH 1 ,rt)~1 'W,s'l'l 6.8-7.0 
., , 

y '" Y 0 "I_I ' '" "" "":>i "" Vl1U 0.1 M HCll1')t) IN NaOH l1"Cl'l'Wl UJ1.I1I"lfDl1 121 t)'1ffllCJ1"ClICJ1Uff l'lJ'Wnm 15-20 'W111 

3. Glucose broth (Dextrose broth) 
., 

~Vl'lDTI11'l GB 1 ilVl'liiri1'WtI'l:::nD'lJY1'1-U 


Meat extract 10.0 ni'lJ 


Peptone 10.0 ni'lJ 


Sodium chloride 5.0 ni'lJ 


Glucose (Dextrose) 20 ni'lJ 


pH 6.8-7.0 

" . 

"Cl:::"CllVri'l'WNfflJ Meat extracts, Casein Peptone 11"Cl:::Sodium chloride l'W'thn~'W 
., . 

t11lJ1Vl'l 800 iJ"ClililVl,) ri'l'W Glucose (Dextrose) "Cl:;"Cllvl'W'I11n~'Wtl1lJ1Vl';j 200 iJ"ClililVl'l'l111tl 

http:l,rt)~l\J'.Ih
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.... ".1'" i" 'i . " '" " 0 ,.1 · 'U".i".i~'\l1flUUnn'UU"nu".i'U pH lH)Q 'U"Jn~ 6.8-7.0 ~nu 0.1 M HCl 'H".it) IN NaOH mn'Ul u"lll 

.A'd L't ~ ~ i"d Q,I'j) 0

1'lft)V1 121 'fHfl'llclHU9fUff 1'U'Unm 15-20 'U1Vl".it) 'H1U'Ulm1'U11Jlf.lfflln'U 

4. Urea Agar Base (UAB) 

" ff~Hn'Hl".i UAB 1 il~".iihY1'UtI".i::ntl'Ufl~il 
'II 

NaCI 5.0 ni'lI 
... 

Na2HP04 1.2 f1111 

'" Peptone 1.0 f1111 


Glucose 1.0 ni'lI 


'" KH2P04 0.8 f1111 

'" Phenol Red 0.012 f1111 

'" Agar 15.0 f1111 

" .
fI::muri1'Uf.lfflllPil~"11'Uthml'Utl1111~".i 1 ,000 iJflilil~".i tli''U pH 1,.rtlYi'U"li1~ 6.8-7.0 

~ , y ~ 

<111U OJ M HCI 'H~tl IN NaOH 1I~1lh'tl9J11~t)fi 121 t)'lfl'll9ffll~Uff 1~'Unm 15-20 'Ulfi ~~ii~ 

'" "i " ". 'i' 0 ~ IQ .Q fj}"" QQn 'H~ru'H.fJlItlQ 'U'lf1~ 50-60 C 1~1I 40% Urea solution u".i1l1~".i 50.0 1If1f1f1~".illfl11V1f1~'U'U1l1'U 

" 40% Urea solution 100 iJflilil~".iijri1'UtI".i::f)tl'Ufl'lil 


Urea 40.0 ni'lI 


. " . 
1~~UlI 40% Urea solution lflui'~ Urea 40.0 g l~hJ'Ihml'Utli''Utl1111~''.iliJ'U 100 

5. Triple Sugar Iron Agar (TSI) 

" ll~".i{)1'Hl".i TSI 1 il~".iijri1'UtI".i::ntl'Ufl~il 

Beef extract 3.0 ni'lI 

Yeast extract 3.0 ni'lI 

Peptone 15.0 ni'lI 

Protease peptone 5.0 ni'lI 

http:U1Vl".it
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Lactose 10.0 nl1J 

Dextrose 
.,

1.0f)';i1J 

Sucrose 
.,

1O.0f)';i1J 

FeS04 

.,
0.2 f)';i1J 

NaCI 5.0 nl1J 

Na2S20 3 
'" 0.3 f)';i1J 

Agar 
., 

12.0 f)';i1J 

Phenol Red 0.024 nl1J 
" .

1:l:1:l1[JthuHff1J~H"lltJ\hm,'tJtl'i1J1V1'H,000 ij1:lllllVl'j tll'U pH 1..rD~1tJ'lf1~ 6.8-7.0 

!J} a I 1 t " 0 "I_I • Add ~ 
Vl1[J 0.1 M HCI 'H'jD IN NaOH U'U~ ff't11:lD~II1:l1tJl m'llll'lfD'VI121 D~f1WlS"'CJS[Jff l1JtJ!11:l115

Spectrophotometer (WPA, Colourwave, UK) 

Spectrophotometer (Perkin Elmer, USA) 

Centrifuge (Hettich, Germany) 

Incubator shaker (lnnova, 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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.::t 
1. tY',1flll 

Glucose/C6H,P6 (Fluka, Switzerland) 


Sucrose/C IZH2Z0 I J (Merck, Gennany) 


Starch! (CSH100S)n (Fluka, Switzerland) 


Ureal CO (NH2)2 (Ajax, Newzealand) 


Dextrose/C6H1P6 (Fluka, Switzerland) 


Ammonium nitrateINH4N03 (Carlo Erba, Italy) 


Ammonium sulfatel NH4 S04 (Fluka, Switzerland) 


Casein peptone (HIMEDIA, India) 


Yeast extracts (HIMEDIA, India) 


Meat extracts (HIMEDIA, India) 


Magnesium sulfateIMgS04(Ajax, Newzealand) 


Potassium dihydrogen phosphate/KzHP04 (Carlo Erba, Italy) 


Absolute ethyl a]cohol/CzHsOH (Merck, Gennany) 


Ferne sulfate/F eSO 4 (Riedel, Gennany) 


Sodium chloride lNaCI (Carlo Erba, Italy) 


Sodium hypoehloritelN~HP04 (Carlo Erba, Italy) 


di- Potassium hydrogen orthophosphate/3HzO(KH2P04) (Riedel, Gennany) 


Phenol redlC.)-I14osS (Fluka, Switzerland) 


V .::t 
2. fll1UOlltYUtl111 (Gram's stain) 

.::t .::t 
2.1 fll,lfl,UlItY',ltlll 

2.1.1 Crystal violet 

tYWQ::anu A: Crystal violet (85 % dye) 2.0 nllJ 

Ethyl alcohol 95 % 20.0 :lJflftft"'l 

od'l fI d 

fI:flltJff t 'Ull tlflfltlfJOfl1l'U fffl: fI1tJl1lJ~ 
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trl·H'~inr.t B: Ammonium oxalate 0.8 fli'lJ 

80.0 iJ~iiii,,'j 

... ~"" ,~~ ~""""" HfflJff1'jCl:tmu A fl'Uff1'j~~mu B mlJ"~flVUflHI-3flVUfll'j 1"11 UCl~mlJffl'\llJ 

tnu'llv1"t~mn-3ff1'jCl~Cl1U A tilU 1:10 nVUHfflJti'Uff1'jCl~Cl1U B 

2.1.2 Safranin (Stock safranin) 

Safranin 2.5 fli'lJ 

Ethyl alcohol 95 % 100.0 ijCliiii,,'j 
., 

"Ci"d~ """~ ~~.q QI 0
m"~ l"IIff IUfll'jUVlJ I'Ht"V"l-3 1 :10 (Stock safranin 10 lJClClCl"'j HfflJfl'UU1 . ., 

mlu 90 iJ~iiii,,'j) 01)j"~flVUmV-3nVUfll'j1~llflVli'-3 

2.1.3 Gram's iodine solution (mordant) 

Iodine (crystal) 1.0 fli'lJ 

Potassium iodine (Kl) 2.0 fli'lJ 

300.0 ijCliiii,,'j 
., , .,

'1 0 _ I.c:::t. " • "..:::. 0(i.I

Cl~Cl1U Iodine ltCl~ Potassium iodine IUU1flClUlJ'jlJ1lliUVU'1flVU ltCl1t"lJU1 

2.1.4 Alcohol 


Ethyl alcohol 95 % 


2.21fitl1'~lliiUii 

2.2.1 Yi1Vl11lJff~m"ff'Cl,i U~~t:j"1l1'ul1'-3 

.e:t v' 1=t<f~V .,::::I

2.2.3 lW~ff Crystal violet il1'Y11lJ'jVUff!:JJU'j 'YI-31-lU1U 1 'Wl'YI 

1=t4 .. " , '" , I : "" , '" ...2.2.4 t'YIff'YIl'tlClVVll-3'UUff Cl~Cl'l Um'lU1 UCl1"11:t~1tJffTHI~mu Viv~u l1Cl-3"lfl 

" i~u1 l1'thr-hul'U1'1 

"" U1U 1 U1'Y1 
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.q4:S 0 , d 

3. lfifll'UlW'Hlfll\U1'U'VtDflUIVl1 (Kinetics) 

3.1 f'iltl"11~1!l'l1~f11'H'il1\1l (Specific growth rate; fl) 

'illfH'I'1Jf111 Y= JlX + b ~'nft.!~~ffl1Jl1f1'tllf'il fl hUll~vt.!mlvJUff~~fl111Jff1JWt.!tf 
1::11'll~Uflt.! x fltl nm (t) ihnhm~t.!i111J'U)iJUflt.! Yfltllnx On '\JtI'I1J~}fI:}f1ml'l) 

18 


16 


14 


12 


)II 10 
.5 8 

6 

4 


2 


0 


y = 0.5695x + 2.0137 
R2 = 0.9876 

0 5 10 15 20 25 30 

Time(h) 

m'Vtii'-ulth'l mlvJUff~'Ifll11Jff1JWt.!tfl~ldl~nfll(h) 01J InX On '\JtI'ICDW (mglL» '\JtI'I Proteus 

mirabilis ~m,lfl1fdj 35°C pH 9.0. .. 
Q"I, QI a ~1II" drd 

'illflml'l"1t1VWil~ffl1Jllf11Jtlfltl"11'illIl'l1~'\JtI~f1111'ill\1l !~i11flff1Jf111 y = 0.5695x + 2.0 137 C)f~1J 

" ." 
f'iWl'ilOiJ 0.5695 ~~irt.! Proteus mirabilis 111l'l1~1~V'I''UtIl'l111 Nutrient broth t1w'I1flii 35°C pH. .. 

. . " 
3.2 1::::V~nflll11J'JfI:}f1ml'll'W1J;jt.!1~t.!fftl~nll (Biomass doubling time; t

d
) 

" 'illflff1Jf111 td = In2/fl ~~irt.!i1~ffl1Jllfl'l1lf'il td '~'illflf111Ullt.!f'il Jl 'illfl~t1 3.1 "~'t.! 
ltJ 'j) ~l d' • QI Q.I' QI" d."d GI 

ff1Jf111'il~ !~ td = 1n2/0.5695 h 1JflllV1lfliJ 1.217115 h ~~t.!t.! Proteus mirabilis YHl'l1::::1fIV~ riA 

• "=:\ 0 l' jI J... 1 d d ~ J
tIl'l1l'i Nutnent broth ~W'l11J1J 35 C pH 9.0 !'lfl~V~nm 1.217115 'lf1 ~H't11J1"'lf1ml'l1l'l1J'\Jt.! 

1~t.!fftl'm11(Biomass doubling time) 
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4. n111Itl11:::,"~8\j'L'l'm-.1tT0f1A"'UJ1t.hun:l1J The SAS System for Windows 9.0 (English) 

4. 1. The SAS System for Windows 9.0 (English) 

SAS ,1jufhvm..ml1fl Statistical Analysis System ~"HHfhh:;:fl~U'lJ~~'I1t!l~l~ 

'lJ~~ SAS system lU';i:;:uu SAS ~:;:UffyH 3 'I1t!1~1~ 
'lgJd. • .:, YII] gJ .:, 11].1

4.1.1 PGM (Program Editor): 1']H'lJVUfl1ff~ SAS U~:;:Ufl L'lJ'lJ~\!~'VI1'1 LlJ . . 
I d 0 Q,i' 0 0 QI -=:::t. 

4.1.2 Log : ff1U'VIUff~~~1~UfI1';i'VIH1U'lJtl~'ll~fl1ff~U~~mllJH~'V'I~1~ . . . 
.... d.lI]gJ.1 • ..,

4.1.3 Output: Uff~~ff~'VI L~~lflfl1'jU'j:;:lJ1~H~'lJtl~'ll~fl1ff~ SAS 

~rii""""'fW
lfiilP- '~PNfiLa. GI.M. AV;r:"-If 

....... 

... • !II ...... jI ...... 
4.2. mnltl11~fl'U8\jaflHtTaVlYJlUlfi Duncan's Multiple Range Test 

iJ .:tQl d 1I}iJ jJ 1 t d 0 ~ 

4.2.111~'lJtl\!~'VI"~t'jV~ nU~1 UIJf~~t'lJVUfl1ff~ SAS 


-Iii. lAM AY-:FW 

",IdPGIM Av,FW 
Iii • GU.t: AY:FW 

. 01#.'. 11: > 
'~DA'fA AV; 

HlPOT TRT • u. 
CARDS; 

3. 1 2~.1. 

so 2.135 
3. 2.3953. • 2 • .19 .. ;/.385

•• 2.38 
3. 1 2.38 

3. 2 2.375
3S • 2.215.. 2.205.. ,.. 
3. • 2.385

•• 1 2.2~S

•• 2 2.285

•• 3 2.285 

•• 2.271.. .1.275 

•• • 2.274 
RIJR, 

cuss Tn; 
MO~L n'-1'l\T: 

nil; 

M.t;ABS nIT/DUNCAN LIN~S; 

11ft.!: 'AV:f'W': 

""",I 
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'" "''' 1 4 Il!t A 1iI.. 1 0 ~ 4.2.2 nfllYtlff'ltulW Submit lJlIOlHfI'HHlJa rna 'I1u'.i~lJ1orH'f11lJfllfH 
" 

,,

NOTE: This ttrst C()l1l,.lll. the Type I cOtMpl':rISm'Jlllistt I'WTtw rete IIU," t.he !t:lltJ)CiWllWlIrltwise 
rate. 

ftlpho •••s 
Err... ~ of F~ 15 
Ern..- ....... a.,.-... •.••2'09 

•••&136 
3 

.0695& 

l'Iaena with the 111_ lette.. are not .'gnificarl1 I~' diffl!rent. 

....... 
!.anl1 

2.32657 

2.2750 

N mT 

,.. 
6 35 

IliiIh---' 
·-·····.f,\ji;liil~, 

•• • 

; 

o 'Ji di'Ji .14.2.4 'Ul'\la:yflVl fllJll!ulHfI 

Temperatures ("C) Growth of bacteria (OD6GGn.J 

30 2.40A ± SO 

35 2.321l± SO 

40 2.271l± SO 

'I1lJlt.lm~ ,htu~ tI~iitJtul'.im ualJnlJi lJIllJ1lYfllJrl i ,jllfln~ l-.3nlJVlHlY(j~~'.i ~"1Jfl11lJl~mllJ 
'Ji 
latl"~ 95 (P>0.05) 

http:I1lJlt.lm
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Time(h) 
I 

0 

4 

CDW(mg/20ml) log CFU/ml ODs'Hlnm pH 

. 
Mean 

0.7000 

1.1000 

SD 
. 

Mean SD 
. 

Mean SD 
. 

Mean SD 

0.2646 

0.1000 

4.9182 0.0639 0.1250 0.0138 6.7033 0.0103 

6.9815 0.1784 0.3900 0.0179 6.8433 0.0216 

i 8 2.9333 0.3512 7.6128 0.2080 0.5783 0.0392 6.8417 0.1280 
I 12 3.8000 0.2646 8.8140 0.1148 0.7117 0.0523 6.9067 0.1335 

16 8.4000 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 15.0000 1.0583 10.5272 0.1815 1.7600 0.0438 7.8150 0.3182 

44 9.0667 1.2503 7.6484 0.0449 1.6933 0.0589 8.0950 0.2141 

48 12.7667 0.1528 8.8050 0.0239 1.5000 0.0179 8.2383 0.0677 

Duncan Grouping 
. 

Mean N TRT (GC) 

A ]6.3333 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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Duncan Grouping 
. 

Mean N TRTtc) 

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 

Duncan Grouping 
. 

Mean N TRTtc) 

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 

Time 

(b) 

pH 3.0 pH 9.0 pH 5.0 pH 7.0 . 
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 2.7663 0.056367 2.39415 0.011422 
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.'OJ ~.a 
~ 

d ~ 0(>

5.1 fIl0i91'jl"ll'nl~m'jl\)'jty'\JO~l'lfO B. licheniformis 'Vl~W'HiJlI 35 C 

I 
Duncan Grouping · Mean N TRT (DC) 

I A 0.1053 1 pH 7.0 
i B 0.0613 1 pH 5.0 

C 0.0501 1 pH 9.0 

- 0 1 pH 3.0 

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 

Time pH 3.0 pH 5.5 pH 6.0 pH 5.0 . . * . 
(h) Mean SD Mean SD Mean SD Mean SD 

0 0.00245 0.000513 0.002267 0.000459 0.002267 0.000339 0.003083 0.000376 

I 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 

Duncan Grouping ·Mean N TRT(C) 

A 0.9260 1 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 ] pH 5.0 

E 0.1497 1 pH 3.0 
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I pH 7.0 pH 9.0 

Time (b) *Mean SD *Mean SD 

0 0.001708 0.000188 0.001667 0.000204 

0.5 0.012458 0.00]728 0.031875 0.049303 

I 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 0.00743] 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.]2]583 0.00629 

I 4.5 0.665]67 0.016437 0.155042 om ]882 

I 5 0.816167 0.027]69 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 

7.5 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 0.044l37 1.197167 0.043747 

d d ~J~ ,~ d ~ 
6.2 ')::::v::::rrtHYllJ1ft'lfJflTrUfUJ'Il'U!1J'UfffHl'V11'1lf.FH'lf'O P. mirabilis Vl'OW'HfllJ 35°C. .. 

I Duncan Grouping 
. 

Mean N TRT ("C) 

-" 
A 

A 

B 

4.6302 

4.6551 

2.2853 

1 

1 

I 
"""-"" 

pH 3.0 

pH 5.0 

pH 5.5 

C 1.5427 1 pH 6.0 

E 0.7485 1 pH 7.0 

D 1.2171 1 pH 9.0 
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~. 'Q al.Q 0 

7. pH ""~N"ftOfl1'UQ'j'Y"'O~ P. mirabilis "~Wl1.fJlI45 C 

Time 

(b) 

pH 3.0 pH 5.0 pH 7.0 pH 9.0 

. 
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 0.002] 0.0858 0.0012 

24 0.0431 0.0015 0.0705 0.0019 0.1753 0.0027 0.0822 0.0015 

'JJ • 

7.1 fh6ml~lt'Wl:::m'it"'7ru'\Jfl,n1ffl P. mirabilisnflW'I1f1iJ 45°C 
u • ~ 

I Duncan Grouping · Mean N TRTtc) 

A 0.2943 ] pH 7.0 

B 0.1744 1 pH 9.0 

C 0.1275 1 pH 5.0 

D 0.1181 1 pH 3.0 

f t " " ,d d ~ d.~ '4 d Q 0

7.2 j::m::::!1Cl1't1lJ1Cl'1flfl1'Wt'WlJ'\J'UI1J'Ufffl~lm'\Jfl~1'1ffl P. mirabilis 't1flW'I1f1lJ 45 C . ... 

· TRTtc)Duncan Grouping Mean N 

A 5.8691 I pH 3.0 

B 5.4364 1 pH 5.01--.. 

C 2.3552 1 pH 7.0 

D 3.9744 ] pH 9.0 

I 
Duncan Grouping · Mean N TRTtc) 

I 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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. ...
''Ul ~ .ctl , .Q 4 .4 A 0

9. ll'tU'l-3I\hfl1A'ilUTliI-3FUlfltlftl'U91ty'UMA'JItl P. mirabilis 'fI~iU't'I.fJ'" 35 C 

Duncan Grouping 
. 

Mean N TRTtc) 
1 

A 2.76960 6 NB+ 1 %peptone 

B 1.64995 6 NB 

B 1.63325 6 NB+ I %ammonium nitrate 

C 1.53695 6 NB+ 1 % ammonium sulfate 

D 0.69255 6 NB+l%urea 

, t 'II' 
.ot _I.ot _I 111_1' ... £!II .ot... Q 

10. pH 'fIAu"UUllutH m1:!'t'I"lHftl1A'il1ty'Utl-3A'JItl P. mirabilis 'fI~iU't'IIJ'" 35 C 

! 
I Duncan Grouping 

. 
Mean N TRT(C) 

A 9.33417 6 NB+l%urea 

B 8.49533 6 NB+ 1 %peptone 

C 8.45367 6 NB 

D 8.33767 6 NB+ 1 %sucrose 

D 8.31083 6 NB+ 1 %starch 

E 8.10817 6 NB+ 1 % ammonium sulfate 

: E 8.09100 6 NB+ I % ammonium nitrate 

F 4.65883 6 NB-t- lO/<!&lucose 

. .. . 
r J .4' , ~ 4 .::I Q 0 

11. ll't'lil-3fl111JtlU'fIiI-3Nilfltlftl1A'il1ty'UMA'JItl B. licheniformis 'fI~iU11lJ'" 35 C 

Duncan Grouping 
. 

Mean N TRT (0C) 

A 3.52220 6 NB+ ] %starch 

B 3.14450 6 NB-;-] %sucrose 

C 2.79270 6 NB+ 1 %glucose 

C 2.64867 6 NB 

. .. .
'It ~ .4' , .Q #:'I .c:I.Q 0 

12. 1I't'I"-3 &'Ulfl':H'iI'U'fIiI-3Nilfltlftl1A'il1ty'Utl-3A'JItl B. licheniformis 'fI~iU11{l'" 35 C 

Duncan Grouping 
. 

Mean N TRT(C) 

A 4.67833 6 NBt I % ammonium sulfate 

BA 4.53247 6 NBH %peptone 

B 4.41000 6 NBt- I %ammonium nitrate 

C 2.64867 6 NB 

D 2.10595 6 NB+1%urea 

http:fI~iU't'I.fJ
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.:t.ct 14 ' At A ~.clt.&
13. pH fllt1t1t1\U1'l.hU Itl1!:'HlHfll1191'Y'\JMI"6 B. Iicheniformis fI~tlIt'i{J1J 35 C 

Duncan Grouping 
. 

Mean N TRTtc) 

A 8.15833 6 NB+ I % ammonium sulfate 

A 8.11083 6 NB+l%urea 

B 8.03833 6 NB 

B 7.98917 6 NB+ I % ammonium nitrate 

C 7.86117 6 NB+ I %peptone 

D 7.33367 6 NB+ I %glucose 

E 6.84867 6 NB+ I %starch 

E 6.82317 6 NB+ I %sucrose 

. . 
.... ~ .:t f ~ JJ ~ 

14. lJ11J1tl1tJ11 CFS 91ft B. licheniformis fll'H1J1:::tJ1Jft6fll166ftqflfift1Ufll1191'Y'\J6~ 

P. mirabilis ~~tlI'H{Jij 3S·C 

Duncan Grouping 
. 

Mean N TRT 

I A 1.644633 6 5% 

B 1.457433 6 0% 

B 1.396667 6 10% 
I C 0.38905 6 25% 

D 0.1977 6 50% 

E 0.115117 6 75% 

_~ .. f 4 j) ~ 

15. lJ11J1tl1tJ11 CFS 91ft B. Iicheniformis fl1'H1J1:::tJ1Jft6fll16tlflqflfift1Ufll1191'Y'\J6~ P. 

mirabilis ~~tlI'H.Qij 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% 

http:fllt1t1t1\U1'l.hU
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4 -.1 ~ A A
16. rn1f1n'YllJ1::'j;J'fIfi.fl1't\Ull1tll'UtJlIrn1IQ1i1!'II6~ P. mirllbilis 

Time 3S"C 3S"C + 25% CFS 4S"C 4SoC+S% CFS 

(h) * Mean SD * Mean SD * Mean SD 
. 

Mean SD 

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 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 

5 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 

7 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 

f<V 0 CI.,a" 16.1 mO~jl'ill1nl:::m'H'ilH\J'\IfHl'lm P. mirabilis 
" 

Duncan Grouping 
. 

Mean N TRT (0C) 

A 0.9590 1 35"C 

B 0.3609 1 35"C + 25% CFS 

C 0.3200 I 45°C 

D 0.1543 1 45°C + 5%CFS 

.d d dJ'dj • J' 
16.2 j::[I:::!1ml1lJ'H'I'II1mn!VflJ'\I\J!1J,\.HnH!'YI1'\10~1'110 P. mirabilis 

Duncan Grouping * Mean N TRTtc) 

A 4.4922 1 45°C + 5% CFS 

B 2.1660 1 45"C 

C 1.9206 I 35"C + 25% CFS 

D 0.7227 1 35"C . . ., ., 
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Efficacy of antimicrobial substance from Bacillus lichenijormis 
against ammonia and hydrogen sulfide producing bacteria 

Mano Chansamona and Nareerat Chaikonga,* 
uDepartment o/Biological Sciences, Facu!tyo/Science, Ubon Ratchathani University, Ubon Ratchalhani 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 supernatant 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 

Recently, the large amounts of 
ammonia (NH3) and hydrogen sulfide 
(H2S) 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 bacterial 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 Proteus 
mirabilis, Proteus vulgaris, Budvicia 
aquatic, Klebsiella pneumonia and 

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 (CfN) ratios in 
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 bact eria were isolated. 

mailto:manonaluk@hotmail.com


Microscopic examination of the isolated 
colonies of aerobically grown proteolytic 
sulfide-producing bacteria (PSPB) 
confimled 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, 
Shewanel/a, Proteus, Bacillus and in few 
cases Erwinia and Citrobacter (Bozidar et 
a/., 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 quality. 
Bacillus licheniformis is a saprophytic 
bacterium that is widespread in nature. It 
has been applied widely in the 
femlentation 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 a/,. 
1975). Antimicrobial substances are 
ribosoma]]y 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. Iicheniformis in liquid 
culture. Antimicrobial activity of the cell
free supernatant ofB. 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 gIL and meat extract 3 giL) 
under aerobic condition with constant 
agitation. 

2.2 Growth and preparation of 
antimicrobial substance 

B. licheniformis was grown in 50 m1 
ofNutrient Broth a1 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 milliliter 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 supernatants were sterilized with 
0.45 J.1M 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 III of fresh exponential phase 
culture of P. mirahilis was mixed with 15 
m1 of melted nutrient agar. The mixture 
was poured into an empty plate and 
allowed to solidify. An aliquot of 20 J.11 
cell-free supernatant was added to each 
steriled discs (6 mm diameter) placed on 
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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 growtb of P. 
mirabilis 
The antimicrobial activity of cell-free 
supernatant of B. lichenifonnis as 
compared with fresh culture B. 
lichenifonnis (BL) against P. mirabilis and 
growth of P. mirabilis and B. lichenifonnis 
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 supernatant of B. 
lichenifonnis were collected at 4 h 
intervals. Those were tested for 
antimicrobial activity. An aliquot of 20 f.d 
cell-free supernatant collected at different 
times, fresh culture B. lichenifonnis (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. lichenifonnis at different 
times were measured by the appearance of 
zones of inhibition. 
Results 

3.1 Growtb and antimicrobial 
substance production 

B. lichenifonnis 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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FigureJ. Growth of B. licheniformis in 
Nutrient medium at 3r>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). 
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Figure2. Zone of growth inhibition against P. 
mirabilis TO-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 
mmI20~1) 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 (TO
T48). 

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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Figure4. Effects of temperature on 
antimicrobial activity of cell-free 
supernatant produced by B. licheniformis 
as compared with fresh culture B. 
licheniformis (EL) those against P. 
mirabilis. 

Although P. mirabilis displayed good 
growth at 30-40°C, P. mirabi/is 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 oftemperature on growth 
ofP. 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 ai., 2005; 
Fernanda et ai., 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 et al,. 2003) The 
effects of temperature on growth of P. 
mirabilis were studied. It found that P. 

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 ~nd 
preservation of environmental quahty. 
These initial findings - indicate possible 
application of antimicrobial substances 
isolated from novel source that is, B. 
licheniformis against ammonia and 
hydrogen sulfide producing bacteria. 
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