
Study on probiotic properties of Lactobacillus salivarius K4 isolated from chicken intestine 

U't'Hr~Ei'il 

Lactobacillus salivarius K4 d:J 'W Ll1.J r1'VI L~tJm(iHbgj n~n~ lltJn lJ)r.nn~ 11~ri llgj :::~ll-Jl~b1~h-1~lHl1.JfI­
b'VI'El1'L'El :n 'WtJ1.J~":) LL1.J flVl b~tJ1~'\,1gjltJ'l!ij(i) 91nflru~l-J1.Ji1ic;1..:)nril')9..:)t~'I11n1~~m~1f1ru'6'll-JU~ fI,)ll-J dJ'Whl~11.J L'El ~ n"ll 'El'l. . 
b~'El L(i)tJ~m~lf1,)ll-J~ll-Jl~bll'Wn1dtJ1.J~'lbb1.JflVib~tJ'VI(i)~'El1.J~'lbbml-J1.J')mbgj:::bbml-Jgj1.J (Jl b~tJ'l b~'El(;,h'Wl~ pH 4) n1~ 
b91'!lJ~ pH 2, 2.5,3 bbgj::: 3.5 n1db"l1'!lJb~'El~l-J&1'6'lnuJl~~'lbfldl:::'" (bile salts) fI,)lW-iil-J-ii'W 0,0.3,0.6 bbgj::; 1 % 

Jl~ ox-bile fI,)lW-iil-J-ii'W 0 , 3, 6, 9 Ii,gj::: 12 % fI,)ll-Jb-iil-J-ii'W"lI'El'lJl~ lri'6'l(i) 3 % d,)l-JD'ln1~'El~~'El(i)1'Wd:::U1.J'VI1'lb~'W 
mmd~l~il'l~Jl£1'EltJ"lI'El'lm:::bYn::: pH 2,3,4 bbgj::; 7 'W'Eln"llndtJ'l'l11n1~'VI(i)~'el1.JfI,)1l-J~ lm~b11'Wn1d~1 'W'Vl1'W~'el 
m 1l5:ih'W::: t:Jgjn1d'VI(i)~'El'l~1.Jtjl'6'lldtJ1.J~'l~'6'l~1'l91n Lb. salivarius K4 '6'llmdb1i11.J~'lbbW1YlL~tJ'VI(i)'6'l'el1.J1~~'lbbndl-J 

q 1'.IJ~ J' .::::0 ~ .c.I .o:::J -=I 'U 'U.ci ~ d~ ,

u')mbgj:::bbml-J~1.J ~lmdm"ldbIJ (i) 'VI pH 3-3.5 b'l!'El~1l-Jldm9drkJl'W'Wl(i) ox-bile 'VI l-J fI,)ll-Jb"lll-J"lI'W~'lb1'l 12 % 'Wl (i) Ln 

'6'l (i) 3 % n t:Jgj'l111~b~'elii91'W')'Wgj(i)gj'lbY1tJ'lb~niJmH'YilJ'W 'el£11'lhil i9I1l-J~Urjl b~'el1aJ~lm~m"l1blJl'W'Ell'\,11d~nJl ~ 
~'lbfldl::: '\,11~ bbgj:::b~'el~l-J&1'6'ln1.JJlti'eltJ~lgj'el'l~ pH 3,4 bbgj::; 7 b~'el'6'llm~b1 ij~ l9ld'el(i)e.hwm:::b~l::: 91gj'el'l11lD 'l ~11~ 
~lgj'el ~1J) 'W'el rl91nd Lb. salivarius K4 tJ'l~lmdb1~1'W'VI1'WI9i'elmllD;n')'W::: Gentamycin , Kanamycin, Nalidixic 

acid, Neomycin, Norfloxacin, Oxolinic acid , Tetracyclin, Oxytetracyclin bbgj::: Streptomycin nl ~~ mt1~bb~(i)'l 
1~b'~'W~ 'lflru~l-J~ n1dbU'Wb~'elLlld1uL'el~n"ll'El'l Lb . salivarius K4 ~"l::;':n11l1oill'W'El19l'6'l1'\,1mnlmm~1'W'El'Wlf119l. . 

Abstract 

Lactobacillus salivarius K4 was isolated from chicken intestine. This strain produced bacteriocins 

against several bacteria. According to the effective inhibiting acti vities of this strain, its probiotic properties 

were therefore, further stud ied . The inhibition activity of cell free supernatant (CFS, pH 4) against indicator 

strains both gram positive and negative and strain survival in vitro study were determined at pH 2, 2.5, 3 

and 3.5, concentration of bile salts 0 , 0.3 , 0.6 and 1 %, concentration of ox-b ile at 0,3,6,9 and 12%, and 

also fresh chicken bile in MRS at 3% The percentage of cell survival in gastrointestinal tract model was 

performed at pH 2, 3, 4 and 7. Besides, antibiotic susceptibility for th is strain was also study. Its antimicro 

bial activity showed that this strain inhibited both gram positive and negative in CFS and survived pH 3­

3.5. ThiS strain could survival in ox-bile concentration up to 12%. However, in the presence of 3% chicken 
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bile revealed slightly decreased in cell number, but no sUNival was found in bile salts. This strain sUNived 

in gastrointestinal tract model at pH 3, 4 and 7. On the contrary, Lb. salivarius K4 was complete ly 

destroyed in the presence of gastric Juice at pH 2. Lb. salivarius K4 was resistant to Gentamycin, 

Kanamycin, Nalidixic acid, Neomycin, Norfloxacin, Oxolinic acid, Tetracyc lin, Oxytetracyc lin and 

Streptomycin. This study indicated that Lb. salivarius K4 could be used as probiotlc for food-industry in 

the future. 
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hhl u L'tl ~n l.UJ ltJ~'1 ~~'WYl~tJ1'WJ'~UUYll'1 b~'W'tll'l,11J'~ihh~LtJ'll1iI?i'tl b'~lUl'W il e.J'i'lI?i'fl ~'dl:l.H'l:IJ "l'i'l'll'tl'l~~ 
'WYl~tJ1'Wihl~ il~:lJu~1'WnnJ'Yl'WI?i'tl~m'd~~ b'Ll'Wm~1'Wm~b~1~'tl1'l,11J' bb'i'l~Yl'WI?i'tl bn~'fl~1~1'W~11~ ~l:1J1H1e.J~1?l 
nJ'~ bb'i'ln~mb'i'l~~h'l~ldiluJ'I bbU~yh~tJ'll'W~~'Wlr11 ~ n~..:IiI'Ivl11'\Xbn ~~:lJ "l'i'l1'W J'~UU nnJ'U'fltJ'fll'l,1ld n1d'iTu ,intJ 'lI'dtJ 

1'Wnn~l'J.J'Wl~'lJm~'lJ'fl'l:IJ'4jj-6bb'i'l~~1?l1l'\X~~'W (tl"'l'UJ'l, 2550) hMuL'fl ~n~il nnJ'~njj-l:IJl n~~ ~A'tl n~:lJ bbU~vh~tJ 
nJ'~bb'i'ln~n (Fernandez et ai, 2003) bbU~-Ylb~tJnJ'~U'i'ln~n~u lr11.;('d 1tJl?ll:IJj]J'J':IJ'lll~ bb'i'l~iluYlU1Yl~1r1C1J1'W'tl1mJ' 
'l,1:lJn'llU~l?il'1 1 (tl"'l'UJ'l, 2550) 'W'fln"'ll ndil'l~u<jlb'i:I'W~~'WYl~61h~"h ~'W (microflora) 1'WJ'~UUYll'1 b~'W'fll'l,11J''lJ'tl'l 
~l?lfbb'i'l~:IJ'4~6 b'll'W Lb. acidophilus, Lb. salivarius bll'W~'W (Slover, 2008) Lb. salivarius K4 bbtJnl~"'lln~11~ri 

~l:1J1J'b1~¥l..:1~lmU~bYl'tl1L'fl6]'W 2 'llU~ A'tl Sallvaricin B bb'i'l~ Salvici n K ~'1b'Ll'W bbU~bYl'tl1L'tl6]'W~~h'l"'llm~'fl 
" " ...... I QJ' ...... d T 

~..:In'i'll'd ~l:IJlnHJUtJ'Ib'll'fl Lb. sakei subsp. sakei JCM 1157, Leuconostoc mesenteroides subsp. 

mesenteroides JCM 6124 T, Enterococcus faecalis JCM 5803
T

, Bacilfus coagulans JCM 225l, Listeria 

innocua ATCC 33090 T bb'i'l~ Brochotrix campestris NBRC 1154l (Pilasombut et al., 2005) 1I1'1,1'W9'l1r11n 

nnJ'~mj"l"'lru~:lJ~nnJ'bll'WhMuL'tl~n'lI'fl'lb~'tl Lb. salivarius K4 bb'i'l~"'lru~:lJu'1l1'WnnJ'~1'WYll'Wm1..lB~'d'W~ 

L~il , ~ 'LI 'V116v;"i1 nn il1 fl~ il.:l 

Lb. salivarius K4 b"'l1C1Jlr11~1'W'tll'l,11J'm'i'l'd MRS (De Man-Rogosa and Sharpe, Merck, Germany) ~ 
'flruWliJ 37 'fl'l~lb'll'i'lb;tJ~ (Pilasombut, 2006) bnub~'tl1'Wn~b'll'tld'tl'i'l~'dl:IJboii:IJoii'W~L9l.yhtJ 15 % (v/v) ~'tlru'l,1l1iJ-

q 'lJ q q 'lJ 

20 'tl'l~lb']j'i'lb~tJ~ '6'l'd'W'tllmn~m b~'tl bb'i'l~Ml'd~nnJ'b"'l1C1J'lJ'tl'l b~'tl~~'WYl~6~1.jfYl~~'tlu'1ru~:lJu~1'WnnJ'~~1 '1~ld 
i1UJ'lbb~L9l'l1'W Table 1 

nn 'i'V1 ~ ~iltJ A'll ~~l'-1l 'i Cl1.'U nn'3l'ltJ!f.:l L~il'~'LI'V1ig'Vl LJ\~ 'tltJ 
vllnnJ'YlL'l~'tlunnJ'i1u5'lb~'tl~~'WYl~tJ1~tJ1fi spot-on-Iown (lI1~bb1..l'i'l'l"'lln Ennahar et ai, 1999) LL'ltlbYl 

'tl1'l,11J'b~mb~'tl~i11'W 1.5 % m:IJ11?lJ' 15 iJ'i'l~~l?ld 'i'l 'l1'W"'l1'Wb~1~l~'tlbb~'d~'11-n'\X1'Wlb~'1#h ~ltlb~'tlYl~l;'l'tlU~b~m 
1'W'tl1'l,11J'b'l,1'i'l'dm:IJ1I?ld 10 l:lJL~d~l?lJ' '1N1'W'tl1'l,11J'b~tJ'Ib~'tl~il1'W 1 % ~'1'l,1'i'l'tl:IJiil'dbb'i'l~il'1lru'l,1J;]iJ1..lJ'~:lJlru 45 'tl'lV'll 

b']j'i'lb;tJ~ m:IJ1l?ld 5 iJ'i'l~~m' e.J~:lJ1'\Xboiiln'Wbb~'dbYl'ilU'i'l'l1'W"'l1'Wb~1~b~'tlbiJl'l,1:IJltJ~bI?l1tJ:lJH U~'tltJ~'1HUd~:IJ1ru 
30 'Wl-Yl b~'tl1'\X'tll'l,1l d U~'1iil'd "'lln,1'W'l,1 tJL9l~1J''i'l~'i'lltJ1l;'luJ'1 ~ '''ll m']j'i'l~~hjufu pH (pH 4) bb'i'l~~l'Wnnmd'tl'l~l'W 
bbe.i'WnJ''tl'lU'i'l'tl~l~'fllb~'d m:lJ1l?ld 10 l:IJL~J'~l?ld 'i'l'lU'W~h'tl1'l,11J' d'tl"'l'W~1J''i'l~'i'lltJ~:IJ~1'W1'W 'Ill11..ll.i:IJ1'WM1'd~~, 
m:IJ1~~:lJI'\'flnnJ'b"'l1C1J'lI'tl..:l b~'tl~~'WYl~6Yl~~'tl1Jbbl?i'i'l ~'ll'W~ (Table 1) blJ'\.H'd'i'll 24 i'dL:IJ'I 1?lJ''d'''le.J'i'lL~tJ~'1bnl?lu1b'dru 
1l;'l (clear zone) 
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Ox-bile 

~fi n1J''Vl~~'flUFl,)1:!.J~1:!.J1 H1lWn1W~1bk!f11 tJ1~~f11,)::;Fl,) l :!.J bth,jm~ C'1~ bbtl~'l:!.J 1 91 n~fi'll'fl.:J Hy ronimus 

et al., (2000) LmHi1m~'fl Lb. sa/ivarius K4 m l.J11?1J' 100 1:!.JLFlJ'~I?IJ' ~.:JlW'tl1\.11db\.1~,) MRS mml?lJ' 5 iJ~~~I?IJ' 
1.J1hhjl.J~'flru\.1[1 n 37 'fl.:Jf'\ l b'll~b; tJ~ 16 .r')L:!.J'l 91m3''Wr;hm~'el 2 % ~'l1'W'fl1\.11db\.1~,) MRS m :!.J 1 1?1d' 5 iJ~~~I?IJ' ~ 
tl¥u pH fl~~l'l~ ~'el 2, 2.5, 3 bb~::; 3.5 b~tJ1.nm~11jb~d'Fl~'fl1Fl Fl,)lmoii:!.Joii'W 1 b:!.J~l'f (n~:!.J ~,) u~l-J ~'fl'fl1j,11J'~·h.l 
" lev .c:S: ..Jd ~.:::::IX tr i-' i/


ud'U pH; pH 6±02) J',):!.JC1.:J'tl1\.11dbj,1~') MRS VI:!.J'W1~'.:'i'l b Fln::;\.1 (Sigma, New Zealand) Fl,)l:!.Jb'll:!.J'lJ'W 0,0.3,0.6 


bb~::; 1 % (w/v) bb~::; ox-bi le Fl,)l:!.J 'oii:!.Joii'W 0,3,6, 9 bb~::; 12 % (w/v) 1?I 1 :!.J~1C'1U (tl¥u pH 8) ~bFlJ'l::;"hl~mrub~'fl~ 
~ifi l?lJ''fl~\.1~'l91mjl-J~'flru\.1[1iJ 37 'fl'lV'!1 b'll~b:ntJ~ 'W1'W 16 .r')L:!.J'l b~tJ1fin1 d' standard plate count, ~ 

n1~'V1I?l~'tI U f1'l1J./~1~1~n1'U n'l 'a'V1'UIJi'tlJi~ri ~I?l 
~fin1J'VI~~'flUFl,)1:!.J~ l mJ'C11'Wn1J'VI'WI'l'el~1 ~lri C'1~bbtl~'l:!.J19 1n:)fi 'll'el'l Gilliland et al. , (1984) L~mhtJ 

b~'fl Lb. sa/ivarius K4 mml?lJ' 100 1:!.JLM~I?Id' ~.:Jl'W'fl1W'db\.1~,) MRS m:!.J11?1J' 5 ij fl fi ~l?Id' 1.J11tl u:!.J~'r.lru\.1.1JiJ 37 

'fl'lV'! lb'll~b:ntJ~ 16 .r')bl-J'l 91 n,x'W~lm~'fl'I..ITml?lJ' 1 iJ~~~I?IJ' ~.:Jl'W'fl 1 \.1 1 H\.1~,) MRS m l.J1m 50 iJ~~~I?Id' ~ jj ~1 ~ 
1ri~~ 3 % (~l WWmb~'lI'l'flmmll1J') bb~::;'fl1j,1 1 db\.1~,) MRS ~1l.Jil~l~lrimml?ld' 50 iJ~~~ I?IJ' (1~Fl,)U~l.l) Ul-J~'l 2 

.J 6 Q ."1 ~ 'i' • r;, .r d ... ~~ 
1~'Vl~~ 'fl~ 'Vl 'r.lru\.1 JJl.J 37 'el.:Jf'\ l b'll~b'lltJ~ lu 'Wb,)~ l 0,0.5, 1, 1.5,2, 3, 6 bb~::; 24 'll,) b:!.J.:J bb~::;Vl 1 ud'mrub'll 'tl'Vl :!.J'll,)1?I 

J''fl~~i'JtJ1fi standard plate count 

n1'a'V1I?l~'tIU f'l'l i )J?ll l-Jl 'itl1.'Un'l'aij~!n'a'tll?lm~1.~?I.rn 'l::;'i::; 1/U n 'i'::; bYn::;u~ ::;~h1i"h~'rN 

~lm~'f) Lb. sa/ivarius K4 tfh..nIl1d' 100 1:!.JbFlJ'~II1J' ~'l1'W'fl 1 \.1 1 H\.1~,) MRS mml?lJ' 5 iJ~~~I?Id' 'lh1tlu:!.J 

~ 37 'fl'lf'\ l b'llm~tJ~ dJ'Wb,)~1 1 6 .r')L:!.J.:J 91n,r'W~lm~'fl 2 % ~'l 1'W 'fl 1 V11db\.1~,) MRS 100 iJ~~~I?IJ'tJ:!.J~'flruVl[1iJ, '" 

37 'fl.:JV'11 b'll~ b~ tJ~ dJ'Wb,)~l 16 .r')L:!.J'l1.J11t1,J'Wb\.1~tJ'l~ 4,000 J''elUI'l'fl'W1Vl ~'flru\.1[1 i1 4 'fl'lV'11b'll~b;tJ~ 'W1'W 10 , '" 
'W1Vl1K1'lb'll~~ 1 A~'lJ1')tJ NaCI 0.9 % (w/v ) ~::;~ l m'll~~bbuFlVlbTtJ'l'l.!~ltJ 'fltJ~'lbFlJ'l ::;tf (NaCI 125 mM, KCI 7 

mM , NaHC0 45 mM bb~::; pepsin 3 % tl¥u pH b'lJ'l.! 2,3, 4 bb~::; 7 L~tJH HCI) mmm 100 iJ~~~I?Id' ;SbM1::;tf3 

tJ'hJ1rub~'fl~b,)~ l 0 'l.!lVl b~tJ~fi standard plate count 1.J1b~'il~'fl~1'W~ltJ'eltJ~.:JbFln:;\.11t1tJ:!.Jl'WbFl~'flWlJtJ1~ 
Fl,)l l.J '~'ld''flU 200 d''flUt?l'fl'l.!l Vl 37 'fl.:JV'11b'll~b:ntJ~ btl'l.!b,)~l 30, 60 , 90 b b ~::; 180 'W1Vl 91n,x'l.!1.J11tl;SbFld'1::;tfVl1 

mmrul~'fl~~~~I?Id''il~ \.1~'l91mJ1'l.!1tl 180 'W1Vl ltmd'::;b'V11::;'tl1V11d'~1~'fl'l 1.J1b~'fl ~'tl~1'W~lci'fltJ~'l bFld'l::; 'I,hJh nl?ld' 

50 iJ~~~I?Id' ltl,Jt.! bj,1~tJ 'l~ 4,000 d''flUI'l'flt.!lVl (4 'fl.:JV'11b'll~b;tJ~ t.!1'l.! 10 'l.!lVl) bVl~ltJ'fltJ~'H Fl d'1::;tf~'l1.J1b'll~~'lI'el.:J 
bbUFlVlbTtJ~1J11tllb'll,)'l.!~'fltJl'W'lI'el'lm~ ')1t.!1:h1~~1~'fl.:J (pancreatin 0.1 % ll ~::; bile sa lts 0.15 % tl¥u pH dJ'l.! 8 

b~tJH NaOH) m:!.J11?1d' 50 iJ~~~I?Id' ~bFld1::;tfm:!.J1ru b~'el~b,)~1 0 'l.!lVl 91n,x'W1.J11tltJ l.Jl'W bFl1'elWlJth~ Fl,)1l-Jl~,) 
d''flU 200 d''flUI'l'fl'l.!lVl (37 'fl 'lV'1 1b'llm~tJ~) ~l,)~l 30 , 60, 90 bb~::; 180 t.!1Vl bb~')1.J 1 1tl~ LFl n::;tf\.11m:!.J1rul~'fl~l'J 
~~ 1I1d''fl ~b-rl'l.!b~tI')nUn1d'VI~~ 'fl'l-ii1 'l~'W d'lt1'll'Wt:.J~~ l 'W,)'l.!b~ 'fl"l ~'W'Vl~ cl'~il:n;SI?ld''fl ~ b U'Wfl1 log cfu/m l (Zarate et ai, 

2000) 

n1~'V1~?I 'tIU fl'J l ).I ?II ).11 'in1.'U n'l'i' r;11 'UVll'U (;] 'i) tnt!i);! 'I t.l ::; 

n1d'VI~~'flUFl,)1l-J~lmd'C11'Wn1d'~1 'l.!YI1'WI'l'fltJ1tl5:n')'W::;Vl11?l1:!.J~fin1d''lI'el.:J Quinn et ai, (1994) L~tI~lt1 

b~'fl Lb. sa/ivarius K4 m l-J11?1d' 100 1:!.JL rld'~I?Id' ~.:Jl'l.!'tl1j,11dbj,1m MRS mml?ld' 5 iJ~~~I?Id' l~'fl91.:JJ1')tI~lni'W~h 
b~'fll~~ f'i 1Fl,) 1:!.J~ 'Wl'\lh n 0.5 McFarland :!.J11?ld'J 1'l.! Vl1n1d' swab b~'fl~'lUWel 1 \.11d'bb~'l MRS 9'WrT,)~'l91 t,!b'V11 ::; 
b~'el 91n,x'l.!,) 1 'llbeJ'WtJ1tl ll ~ ')'l.!::; ~'lU'W'fl1j,11d'~ l.J L~ 'fl'fl~ tJ191'Wb'V11::;b~'flltltJl-J~'r.lruj,1.1JiJ 37 'fl'lV'1 1 b'll~b:n tl~ 1'l.! 

~f11')::;~1J.J ~'el 'fln~b~'W'W1'W 16.r')Ll.l'l 1?ld',)~eJ~L~tI~.:J bnl?lu1l')rul~ (clearzone) ~ln~~'W -r~'lI'l.! 1 ~ b~'WeJ 1 'l.!~ 'l.! cl'n~ 1'l 
'lI'fl'lU~ b,) ru1 ~ btlTtJ Ub Vltl u nu fl 1:!.J 11'1 d' j1'l.!1?i'fl t.J1 tl B~ ,)'l.!::;~Hl 'W n 1 d'Vi ~ ~ 'El ulf?) bbri Ampicillins (10 I-Ig) , 
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Chloramphenicol (30 fJg), Cephalothin (30 fJg), Erythomycin (15 fJg), Gentamycin (10 fJg), Kanamycin (30 

fJg), Naldixic acid (30 fJg), Neomycin (30 fJg), Nitrofurantoin (300 fJg), Norfloxac in (10 fJg), Novabi ncin (5 

fJg) , Oxolini cacid (2 fJg), Tetracyclin (30 fJg), Su lfamethoxazo le/Trimethoprim (25 fJg /1.5 fJg) b b~~ 

Oxytetracyclin (30 fJg) 

~::'..f .. _" 

e,j~nl'iYl ~~il1J ~'l1 ~~1~1'i C'I1.'Un1'itJ1J tI \I b'ilil~~'UYl'i!lYl ~~il1J 


r.nnn1~~m11~U~I~I~t1uG'l (J'b~tJ'lb;'eJ~'l'W1;;<1 pH 4) ~~~I'lb(9Wb~'eJ Lb. saJivarius K4 ~1:!-J1HltlUG'l 
b~'eJ~~'W'Vi~~'YI~;;<1'eJu1~\-1~IU'l!U~ (Table 1) b~ Un1~~m11~~I'W:!-Jl~U~1 m~U'l'Wn1nnJn'll'eJ'lbbUflYlb1-ummb~n~n 
"\~1~m~;S'W'YI1-~~m:!-Jb~f1~'II'WI~b~nb~Ubn~fl'lU~nUn1~~~~'l'll'eJ'lril pH ~'le.i~e.i~lilb'VI~ICiJe.i'i'l1'Wn1 ~uuG'ln1~ 
b,,\~TiJ'II'eJ'l b~'eJ,,\~'W'YI1-~ n1~~~~:!-J'II'eJ'lm~;S'W'YI1-~~'l e.i~ m~'YIU(;]'eJ,,\~'W'YI1-~'l!U~~'Wb~'eJ'l ,,\1 n m~;S'WYl1-u~'1 m~'eJ ~~~ n 

~ q q 

bb~~m~ bb~ n ~ n b~'eJ'eJti1'WnJ~1~ bb lil n~'l,,\~~~~lu1'W1 'II lJ'WYll1,x~1 :!-J1Hl bb~ie.il'Wb~'eJ,x:!-J b'l!~r,;"lJ'eJ'I,,\~'WYl1-~ ~'l 
'll 'IJ q q 

tJ~~n'eJu~'luyj'eJ;;<1byj~~(Pl1~ ~'le.i~11Xmu1'W b'l!~r,;'II'eJ'I'1~'WYl1-~iJ pH ~'1n~lmU'W'eJ n bb~~bn~n1nbliln ~'l'll'eJ'lm~1,x 

h'eJ'eJ'W~Ubb~ ~btJ~Iil'eJ'W ~'l,,\:;1tJrun'l'Wm~U'l'Wn1n:!-J bb'YIU'eJ M:!-J~~1bU'Wb'li'W substrate translocation bb~~ oxidative 

phosphorylation ('eJ~'lnru, 2546) b(PlU Murry et a/., (2004) ~IU'lI'W~, Lb. salivarius ~1:!-J1dbl~~''1m~bb~n~n 

bb~~m~'eJ~'1i~n~'l~lm~bluuG'I n ln"\1ClJ'II'eJ'l E. coli, S. Typhim urium bb~~ C. perfringens ,,\lne.i~n1~Yl~~'eJ'l1'W 
flf'lCb~mmUUb'VlUUnUn1~~m11'11'eJ'I Pilasombut et aI., (2005) ~'l~IU'lI'W~1bbUflbYl'eJ1b'eJ~'W (J'b~U'lb;'eJ~'l'W1~ 

I 'lI t.; 'V 

pH 6) Yl~h'l,,\lnb~'eJ Lb. salivarius K4 ~1:!-Jl~blUUtI'lb~'eJ Lb. sakei subsp. sakei JCM 1157
T 

, Lee. 

mesenteroides subsp. mesenteroides JCM 6124 T, E. fae ealis JCM 5803T, B. eoagulans JCM 2257
T

, 

Listeria innocua ATCC 33090
T bb~~ Brochotrix campestris NBRC 11547

T "\~bii'W1rilrj1b~'eJbbUflbYl'eJ1b'eJ~'W 
Yl 1'11'Wi'l :!-J nu m(Pl~b;'eJ;;<1 ~1'1~'WYll1,xtJ~~~'YIfilll~1'Wnl~uUG'lb~:!-J~'W 

~11JJ~1 JJ1 'iC'l1.t.! nl'i b"I~ Cl.J111 t1L~~1l11~ vl bti t.! n 'i~ 
,,\lnnl~'YI~~'eJUfl'lI:!-J~lm~bl1'Wn1n"\1ClJmu1~~1l1'l~~bu'Wm~'lI'eJ'l Lb. salivarius K4 b~'eJb~U'I1'W 

'eJlt.nn~U'lb;'1l~ iJril pH 2.0 , 2.5, 3.0 bb~ ~ 3.5 bU'Wb'l~1 16 i'lb:!-J'l ~U~, Lb. salivarius K4 ~lm~m"\1ClJ1~'W 
'eJ1Vlln~U'l b;'eJ~iJril pH 3.0 bb'i'l~ 3.5 b~uiJnln"\1ClJ'II'eJ'I b;'eJD'l 7.23 bb'i'l~ 7.63 log cfu/mllil':!-J~'Ci1u 1'W'IIru~~ 
~luYr'WfCi1'1n~ I 'l1~~lm~m"l1flJ1~'W'eJ1Vl1d~iJril pH 2.0 bb~~ 2.5 (below the limit of detection) (Table 2) 

fl'lI:!-J~I:!-Jl ~bl1'Wn1~Yl'W(;]'1l m~ b1j'W~:!-JU~~~1 ~ClJ'II'1l'l bbU fly] b1-U~iJ ~ ru~ :!-J U~ bU'WbtJ~1Ub'1l ~ n (Vinderola and 

Reinheimer, 2003) ~'lril pH 'II'eJ'lJ,ti'1lu1'Wn~~b~I~'eJ1"\"\~bbliln(;]I'ln'W~'lbb(;] 2.0-3.5 ~'W'1l~nm~U~b'l~11'Wn1~n'W 
'eJ1Vll~ ~~U~n1m1ClJVl1'eJ'l!U(Pl'll'1l'l~Iil(n~u~urjlril pH 1'Wm~b~l~bb-Xbb~~~'W'II'eJ'l1ri iJril~'lbb(;] 2.5-4.74 bb~~nl~ 
ti'eJU'1l1Vll ~"l~H b'l~1 1-3 i'lb:!-J'l ~'1C~'W'1l~nU'II'W1(Pl'll'eJ'I'1l1Vll~ (Musikasang et aI., 2009) "ll nn1~~m11flf'lC 
'l,n n~"lI ~rulril pH mu1'W~~UUYlI'l b~'W'eJ1Vll~1ri ~Urj, Lb.salivarius K4 iJ%n1 ~ffil~ 1il~'eJ ~~'1~ pH 3.0-3. 5 bb(;] 

1~~I:!-Jl ~bliJ~Iil~'eJ(Pl1~~ pH ~,n~ , 3.0 1'W'IIru~~ll1u1'Wn~~ b~I~'1l1Vl1~'II'eJ'Ifl'WiJfh pH '1l~~~Vl~I'1 1.0-2.5 

(McDowell et al., 2007) Erkkila and Petala (2000) d1U'lI'W~ 1b~'eJiJ'eJ1Vll~ril pH 1'Wm~b~I:;'eJ1Vl1d"l:; b~:!-J~'W 
~'l~~Ci1u pH 3 bb~:;'1l1Vl1~"\~Hb'l~I'1l~1'Wm~ b~I~'eJ 1 Vll~'II'1l'l:!-J,,*~~'WI 'W 2-4 i'lb:!-J'l 'eJtil'lhnlill:!-J1'Wn1~Yl~~'1l'lflf'l 
~~U~1 Lb. salivarius K4 ~lm~bliJ~~Iil~'1l~1'WM1'l:;Ci1'1 m-il'l 

nI"iYl~~'!l1JfI'l·nJ~l aJl"i Cl1.\ml'ib"li'llL'U Jl~-i\lLfI'i1t: ~, ox-bile, U~!:J1~' rli'llPl 

"\lnn1~'YI(Pl~'1lUfl'lI:!-J~I:!-J'~bl1'Wn1n"\1ClJ1'WJ'~~'lbfl~I:;'If ~U~, Lb. salivarius K4 1~;;<11:!-Jl~m"\1ClJ1ril 
b'1l1Vlln~tJ'lb;'1l~iJJI~~'1bfl~I:;'lf (below the lim it of detection) bb(;]'1ltil'lhnlill~ ~U~, Lb. salivarius K4 
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~llJ1J'C1b''j1 rkJ llPi1u'fl I'Wm~mb;'11~rJ ox-bile r1'JllJb'~ilJ oiiu!9l1'1 1 A'11 3, 6, 9 bb'i'l::; 12 % bbl'irJnln"l1rkJ'i'l(i)'i'l'lb~'11 
bVluunub:fi'fltumilJr1'Jur1lJ (TarJlc 2) , 'iJ'11n"lln~b;fi'11 Lb. salivarius K4 ~llJ'nl'11tJJ''11(i)l~b~'11~lJer~nU~,~lri~(i)~ , ~ 

J'::lf1lJ r1'J l lJb'lllJoii'iJ 3 % blJ'iJb'J'i'l1 24 i'JblJ-.1 b(i)m~'11b;fi'11~lJe:r~nu~' ~lri~(i)~b'J'i'lII'i'-.1 1 i1"i1hhL~nl?ll-.1n'iJlJlmrn 
tJ m~'iJ L~ '11L;fi!l~lJer~nlJ~,~lri~(i)'iJl'iJ 24 i'JLlJ-.1 ~Un1J'~(i)'i'l-.1'l1'11-.1b;fi'11 2.91 log cfu/ml L~'11LmtJlJbi1tJlJnU n~ lJ 
r1'JUfJlJ (Figure 1) ~-.1r1'JllJ~lmJ'1:ll'iJnlJ''11~J''11(i)mtJl~n1dYll-.1 ' 'iJ'lI'11-.1~' ~ biJ'iJVI~nnlJ'i'JhJ ~Hb~ '11~(i) b ~ '11 nhh 
ltJt'11~n bC'11-.1"l l n~' ~bU'iJ~IJ'·lhtJtJ'11tJ~ l J'mVl'J'lh::;bllYll'l1~'iJlwh l ~d~n'll'11-.1 r1 'iJbb'i'l::;~lwr (Taranto et al., 2006) 

J'~~ C1nVl'~'-.1 boii,~~ ,1~b~n~'J 'iJrX'iJ"l::;rJ r1'JIl-HilJ'll'iJ'11 tJl'iJ'ri'J-.1 1.5-2.0 % 1'iJi'J blJ-.1 bbJ'n'll'11-.1 nlJ'tJ'11 tJ'fllV11J' "ll nt!k\ 
~ ~ ~ 

fl'J llJL'lllJ oii'U "l ::; 'i'l(i)~-.1 "l'Un -.11h::;mru 0.3 % (Noriega et aI., 2004) ~'J'iJl'iJ~ , 1~b~n'll'11-.11rinr1'JllJb'lllJ'll'iJ'lI'11-.1bn~'11 

J '~lh::;lJ l ru 1 0-11 ~'i'l~blJ~!9l'11m'i'lnflJ'lI'11..:l'11 1 V1 1 J'~n'U (Knarreborg et aI., 2003) ~lPlf!9l 1 ..:1 "11-n (i)n'iJ1l"l::;n 
'11-.1V'llh::;n'11u'lI'11-.1~'~b b lPlnl'i'..:1n'iJ b'll'iJ l'Ulri nbn~'11~'~ taurine conjugate blJ'iJ'11-.1V'llh::;n'11u 100 % ci'J'iJl'iJbr1rJbn~'fl 
J, ~ taurine conjugate bU'iJ'1l-.1r1-1h::;n'11lJ!l~ 50 % bb~::;l'iJr1'iJnLn~'11J,~ glycine conJugated bUk\'11..:lV'llh::;n'1lu'I-I~n 
t(i)uii taurine conjugate LlJ'iJ'11..:lV'llh::;n'11u'11tJ 16-27 % ~..:Ibn~'11J, ~~il taurine conjugate bU'iJ'11 -l V'llh ::;n '11lJ "l::;il 

~ru~lJu~~~n 'CllJJ, (hydrophilic) lJ,nnrhbn~'11J, ~~rJ glycine conjugated bU'iJ'11 -.1 V'lth::n'11lJ 1f1..:1 ,r'iJbn~'11J, ~~ii 
'11 ..:l r11h::;n'111J'lh 'U1V1 ClJbij'iJ taurine conjugate ~..:Iehw,,'l1..:1L'l! ~~'lI'11 -lLLlJr1Yil~moii,1tJYlI'i'l l m'll'i'l'i'l1~'i'l(i)~-.1 (Oomen et 

aI., 2004) 1f1-.1 ,x'U1'iJnlJ"VI(i)~'11..:lr1f..:l ~~..:Il~YI'n1J'Yl(i)~'11lJJ' ~I'iI..:1"11U(i)n'iJ~'11 J, ~ bile salts, ox-bile bb'i'l ::;~, ~1ri ~(i) 
~-.1~lJ~1 bile salts ~lmnl'1J1J tT..:InlJ'L"l1rkJ'lI'11..:lb;fi'11 Lb. salivarius K41~ l'iJ'lIru::;~ ox-bile bb~::;J, ~1riM) n C-l'i'l!9l'11 

" " ~ Gf G'ioI I ~ ,dq <V I 

nlJ''i'l (i)~..:I'lI'11-.1 b'Jl'11 b~ tJ-.1 b~ n'iJ'11tJ b Yll'iJ'iJ blJ'11 b'VltJUnUn ~lJ r1'JU r1lJ, , 

eJ'a nl':!'V1 r;)~'il'\J FI'lI).1~1 ).I '':!!;)1.'U m'iij~ 1Pl 'i'il r;) r.;''Un''i:: t'Vi, ::: LL'i'I:::~lli~1'a'il.:l 

"llnn1 J'Yl(i)~'11 U r1'J l lJ~lmJ'C1'l1'11..:l Lb. salivarius K4 1'iJn1J'il~1m'11(i)~I'iJJ, ti'11tJm::; lYn::; ll~::;~, tJ'11tJ 
~ll~~ , ~'11..:l t(i)tJJ,ti'11tJ~I~'11..:l~HiYl(i)~'11U i1fil pH !9l 1 -.111~b b ri 2, 3, 4 bb~::; 7 ~lJ~1 Lb. salivarius K4 hJ~llJ 1 J'1:l 
rJ~m'11(i)l'iJJ, tJ'11tJ'lI'11-.1m::;b~ I ::;~n fi' pH 2 ~'J'iJl'iJJ, ti'11tJ~il~1 pH 3 ~ U':l 1 b;fi'11~ l mJ'1:ln~11PlJ''11(i)1~'iJl 'iJ~'iJ bbl'i 

~U ':l 1 ~1'iJ'J'iJ l;fi'11~(i)~..:I b ~'11~lJe:r~nuJ, tJ'11u1'iJm::;b~ 1 ::;bU'iJb'J~ I ~'iJl'iJ~'U b~'11~ l lJ1J'1:l iJ~fj lPlJ''11(i) b~m 4.40 log 

cfu/mll~ 'il ~lJe:r~nuJ,tJ'11tJ1'iJm::;b~I::;'iJI'U 180 'iJ1Yl bb~::;il:Jl11PlJ''il(i)b~tJ..:I 1.29 log cfu/ml b~'ilb~'il~lJer~nlJJ,tJ'11tJ 
l'iJ~' U'iJ''iJ 180 'iJ1Yl lUJ,tJ'11tJ~il~1 pH 4 ~J'::;tJ::;b'J~I~lJer'6'lJ, ti'11tJm::;b~I::;'iJ' 'iJ 90 bb~::; 180 'iJ1Yl b~'11 
Lb. salivarius K4 il:Ji1 1PlJ''11(i)lJ1nn-.1 7. 25 bb~::; 5.07 log cfu/ml [;11lJ~'If1U (Figure 2) ~, pH Yi~ 1bb~::;n1J'Yll~ IU 

bbUr1Yl b~U'll'11-.1b'11'iJl'l!~ltJ lJ 'li 'iJ~..:I~lJl'iJm::; b~1 ::;'111V11 J' il e.J~I'i'11 m J'il:Jl11PlJ''11 (i)'lI'fl-.1 bbU r1Yl b~tJ ~ ' 'iJm::; b~ l ::ltJ?i-.1~,1~ 
(Huang and Adams, 2004) n~lnlun1J'~m~nJ'::;lf1u pH 'lI'11-.1bbUr1Ylb~tJ~'ilnlJ' tJ ~'11tJttJJ'IPl'11'iJ'11'11n"l l nl'lltlPl~~I'6'l~lJ 

t(i)tJ'11l~tJnlJ'Yl l ..:1 I'U'll '1l -.1 b '11'iJh lS H+- ATPase bb~::;H~~-.1..:1 1 'iJ"lln ATP ~, pH ~~'~ l lJ1J'mrlJtT..:Inln"l1rkJ"lJ'il..:l 
bb U AYl b~ tJ be 'il..:l"l1 n bb lJ Y'lYl b~tJ ~'il-.1 'loj] ~ ~..:I..:II'iJb~ lJ lJ1 n~ 'iJ b~ 'fl ~n1:tl J'::: If1U pH II I tJ 1'iJ L'lI~ ~11X'flU1'Wlll'J ::; ~lJ (i) ~ " , 
(McDonald et aI., 1990) b~'11 Lb. salivarius K4 ~llJ1J'C1il~1[;1J''il(i)'11tJl~b~'fl~lJe:r'6'lnuJ,ti'11tJ1'W~11~~I~'il..:l bb!9l n 

~ 

~1 'iJ 'J'iJ L~'f)~ (i)~..:I'11til-.1I'i'11 bC'11..:lbri'11~W:r~ nuJ'~'11mU'iJb'J~ I~'iJl'iJ~'iJ (Figure 2) 1'iJ~,1~ b~n tJ J'::n '11U ~'JtJbn~'11~1~ 
bb~::; pancreatin l'iJ~,1~b~nn ri, pH tJJ'::;lJlru 8.0 (Huang and Adams, 2004) b n ~'il~'~ r1'J 'lJb'lll-Joii'W~-.1'6'lIlJ1J'1:l 
~::;~ l tJ 1'lI ~'iJ'lI'il..:l b~'11~lJ b'll~~"tJ1'il~I..:1J''J(i) b1fniJ 'iJ b'I-I17J 1mtJJ'~ 'iJ bb'V1J'n~ b~'11~lJ b'll~~ (integ ral membrane protei n) 

LbtJn '11'11nlJl ~ ..:I~..:Ie.J'i'l 1,x~'J'iJtJJ' :::n'11ull1tJl'Wb'll~~1V1~'11'11nmbb~::;b'l!~'Hf[;11 tJ1tJl'iJ~~(i) (Beg ley et aI., 2005) bbl?l 

'11~ I-.1hn lPl' l-JbbUY'l YiiS tJ~'11~ll1tJ ·l'iJ~lltt ri ~'llJ1J'1:le.J~lPlb't)'iJl']~~'t)tJJ, ~ (bile salt hydrolase) (Knarreborg et ai, 

2003) YIll 1XJ, ~'6'lllJ lJ'1:l ~1'Wb~'11~lJb'll~ ~b ii1 1tJ Yll~lm'll~~1~~ (i)~..:1 bblJ r1Yl b~tJ~..:I~llJ l J'1:lYl'WI'i'11~1~1~ (Erkkila 

and Petala, 2000) 
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Table 1 List of indicator strains, growth condition and antimicrobial activity of Lb. salivarius K4 against the 

strains 

Temperature Antimicrob ial activity of 
Indicator strains Media 

(C) Lb. salivarius K4 

Lactic acid bacteria 

Lactobacillus plantarum A TCC 1491 i r 
MRS 30 

Lactobacillus sakei subsp. sakei JCM 115l MRS 30 + 

Lactobacillus sakei TIST f.; 890 MRS 37 

Lactococcus cremoris TISTR 1344 MRS 30 

Leuconostoc mesenteroides subsp. MRS 30 

mesenteroides JCM 6124
T 

Leuconostoc mesenteroides TISTR 942 MRS 30 

Enterococcus feacalis JCM 5803
T 

MRS 37 

Enterococcus feacalis TISTR 888 MRS 37 

Streptococcus sp . TISTR 1030 MRS 30 

Other gram positi ve bacteria 

Bacillus coagulans JCM 2257
T 

TSB-YE 37 

Bacillus coagulans TISTR 1447 TSB-YE 37 + 

Listeria innocua ATCC 33090
T 

TSB-YE 37 + 

Brochotrix campestris NBRC 1154l TSB-YE 26 + 

Staphylococcus aureus TISTR 118 TSB-YE 37 

Other gram negative bacteria 

Pseudomonas f/uorescens JCM 5963
T 

TSB-YE 26 + 

Pseudomonas fluorescens TISTR 358 TSB-YE 26 + 

Aeromonas hydrophila TISTR 1321 NB 30 + 

Salmonella Typhimurium TISTR 292 TSB-YE 37 + 

Escherichia coli TISTR 780 TSB -YE 37 

ATCC American Type Culture Collection, Rockville. Md 


JCM Japanese culture of Microorganisms, Wako, Japan 


NRBC National Instilute of Technology and Evaluation (NITE) Biological Resource Center 


TISTR Thailand Institute of Scientific and Technological Research 


TSB - YE = Tryptic soy broth ( Merck, Germany) + 0.6% Yeast extract ( Merck, Germany) 


NB Nutrient broth (Merck, Germany); MRS De Man Rogosa and Sharpe (Merck, Germany) 


+ Inhibition zone; = No inhibition zone 
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Table 2 Surviva l of Lb. saiivarius K4 grown in MRS broth at 37°C for 16 hr under va rious pH, 

concentration of bile sa lts and ox-bile 

Treatments Viable cells count (log cfu/ml ) 

pH value 


control 


2.0 


2.5 


3.0 


3.5 


Bile sal ts concentration (%) 


o 
03 

0.6 

Ox-bile concentration (%) 

o 
3 

6 

9 

12 

1045±004 


Below the limit of detection 


Below the limit of detection 


7.23±O.17 


7.63±O.12 


11.55±1.BO 


Below the limit of detection 


Below the limit of detection 


Below the limit of detection 


1077±003 


64B±0.18 


6.91±0.30 


747±0.25 


643±0.26 


~~ n1~L9l~'tI'Uf'I'lI j.J~I)Jl ~Cl"ll'tl~~:ff'tl Lb. salivarius K4 "l'Um~1P11 \4VI'l'U9i'tltJ1 tJ D:a'l'U~ 
r,n n n1~'Vl(f)~'ElUf)'lIW;'l1mn1"l1'E1'1 Lb. salivarius K4 lUn1~!?llu'Vl1UI?1'E1mulj~'lu:::~1U'lU 18 "llv'(f) oa-lLUU 

tJ1 U5;'lu:::lun~l-J~tl1~.J1H1um~fm~1f'1u LLf1:::~lil'l ~U~1 Lb salivarius K4 ~1l-J1Hl!?lIU'Vl1UI?1'E1mu5~ 'lu::: 
Gentamycin, Kanamycin, Nalidixic acid, Neomycin, Norfloxacin, Oxolinic aCid, Tetracyc lin, Oxytetracyclin 

bbf1::: Streptomycin i'l~1tJ'I1U~1n1~!?l1U'Vl1UI?1'E1t.nUB~'lU:::"lI'E1'1 bbUf'1Yl b~tJi'l~u~1um91n 2 lh~tJ~'ltJrlU ~'1l m~ 
i1~U~!?l1U'Vl1UIii'ElmtJB;'lu::: LLf1:::mrufuiil'llU~fl1'l:::~ i:JtJ1tJB~'lU::: ~U!?l1U'Vl1U~i1'E1~ b'EI'I"lI'EI'I LLU f) Yl b~'m :::'ll'ltJ 

ltXbLU f'1 Yl L1m'l1l-J1HIb"l1ClJ1~1U'i;'lfl1'l:::~i1mtJB~'lU:::l"ltJhi'i;'lIl-J1Hlci1tJ'Vl 'EI i9l1u~ bbU f'1Yl b~tJ~U11~ ~'lUf'1'l1l-J 
elf1U'VllU~ LU f'1 Yl L1- tJ1 MUl-Jl'E11"li'ln1~ci1tJ'Vl'EI i9l1U~LLUf'1Yl ~tJ~U1~ f'1'lIl-J!?l1U'Vl1u~1~fum'li'ltJltX LLU f'1Vl b~tJ 'i;'l1l-J1~f1 
elf1U'Vl '~ulii'Elm tJ {] ~'lu::: 'l~Lti 'El'l"l 1 n'l111 tX Ln i9l m m f11tJ~U("lI'1l'l~1Ul-J VI~'EI n1 ~1~fu~u~i1 f'1'lIl-J !?l1U'Vl1U 1?1'El tJ1 

tlB; 'l '\.!::: ~-l n1nU~m.j LLtlf1'1'Vl1-l~U~mm"l:::'li'ltJltXbni9lm~U'El'l nuiil'l b'El'l "lI'E1 'I LLUf'1Yl b~tl1!?lbti'El'l"l1 n"l :::vl1 '1iftn i9l m~ 
LU~lIULLU f1'1 bihvu..nuL'Wm ~LojJ1~U"lI 'EI-ltJ1ulj'D"'lu::: 1~i1n1~~m~IL~mnu m ni1tJ'Vl'EI i9l8U~ !?l1U'Vl1ulii'El mu5~ 'lU::: 

'lI'E1'1 bLUf'1 Vl L~tJ1u ~~lil'fbbf1::: l-J'u~6 li9ltJ L 'U~ 1:::i1tl1'1~'11Ur.I~ InnrueyfL~i1V1~n~ '1hi ~ 1Wl'lIl-J~i1U ri 'EI un1~U~Lll f)~'1 LUU 

~1V1:::~~h l'i'ryl'i~n1 ~ci1 t1'Vl '1l' i9l ~U~ !?l1U'Vl1UIii'ElmuB~'lU:::91 n LLU f'1Yl (~tJ1tJ ~L~'EI' ~U'Vl1tJtJ ~:::~1 ~ '\.!1u~lwfLL'i'l:::lu 
~:::UU'Vl1 '1 L~U'1l1V11~l-J~l1tJ bLIii'Eltl1'1LJr'1 1i11 mJ'I1:JJilntJ'I 1Un'l m~cilt1'Vl'El i9l8U~ elf1 u'Vl1'W1ii'1ltJ1 tJli ~ 'l 'W:::91 n 

LLUf'1Yl L~tlmi9l LLf1 n~nhJ~9~'W'Vl~tJtJ~:::91~'W1'W~:::uu'Vl1'1L~'W'EI1V11~'EI'Il-J'W~tJ LLf1 ::: LLU f'1Vl L~tJ~ ri'ElltX hi'1 i9l hf'1 (Mathur
~ . . 

and Si ngh , 2005) Lactobacilli U1'1'i;'l1 tJ~'W(i1U'Welf1'W'Vl1'W~i1'E1~L'EI'I~'I'i;'l1m~f1!?lI'W'Vl1'WI?1'El tJ1U B:n'l'W::: bacitracin, 

gentamicin, metronidazole, notrofu rantoin, norfloxacin, gentamicin, metronidazole, nitrofurantoin, 
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norfloxacine, streptomycin, sulphadiazine, teicoplanin, trimethoprim/sulphamethoxazole llgj~ vancomycin 

(Danielsen and Wind, 2003) 'W'Elnronn~VlgjltJ 1 'i'lltJ~'Wf'll'1l'l Lb. salivarius l'l8'W~~1'W'Vl1'WI9i'1ltJ1UB~'d'W~~'llih.J 
8'W~l'l'1l~l'1l'l llgj~'i'llm~61~1'W'VI1'W19i'1ltJ1UB~'d'W~ vancomycin (Elisha and Courvalin, 1995) llgj~ D'Aimmo et 

al., (2007) ~ltJ'll'W~l f1,)1:W~1'W'VI1'W19i'1ltJ1UB;lh'W~'lI'1l'lbu~l1Jb'1ltin lll'Wf1,)11.H'11m~61'l1'1l'll~'1l1'Wm~~"'l~'1l~ ~'1l !>11~ 
6~'1l b91th'Wl~fum~fmnb!>1tJ1ojftJ1UB~'d 'W~ 

12 

10 

1: 7.99.82 7.76'il 8 7.66 

10.24 

cr> 

0 
 7 .81 7.337.697A~ 7.5= 
C 
::> 6 
8 
1l 
OJ ~ :0 
ro 
'> 

o+-----,----,,----,-----,-----,-----.--~ 

o 0.5 1.5 6 2~ 

time (hr) 

-- control -- fresh chicken bile 

Figure 1 Viability of Lb. salivarius K4 in the presence of 3% fresh chicken bile 

Control =viable cell count (log cfu/ml) of Lb. salivarius K4 in control group 

fresh chicken bile =viable cell count (log cfu/ml) of Lb. salivarius K4 in 3% fresh chicken bile 

E 7 74 

'3 
'tl 6 
0) 

.Q 

C 5 
.11 

:::1 
0 
'-' 4 
Qj 
'-' 3ill 
:0 
ro 

2'> 
1.63 1.29 

o 30 60 90 180 o 30 60 90 180 

simulated gastric juice (min) simulated intestinal fluid (min) 

-+- pH 2 -- pH3 - pH 4 -- pH? 

Figure 2 Viability of Lb. salivarius K4 in the presence of simulated gastric Juice pH 2,3,4 and 7 (0-180 

min) and simulated intestinal fluid (0-180 min) 
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ronnmJ~m~n1uV'I¥-.1d ~1J~lll1JV'lYlC~\JnJl11ll!iln~nI:'l1\J-Wuf Lb. sa/ivarius K4 ~Z1lmJb1I:'l~1-.1Z11m1JV'll'l'l'tl 
1L'el :n U~-.1ll\Jnl~"lln~11~1ri Z1lmJm"l1b1.J ll!il:;'I'lU~'tlmI111~~ pH 3-3.5 'I'lU~'tl~l~ ox-b ile ll!il:; ~l~lril:'ll11~V'I'n~ 
l-L'~~\.lZ1 -.11~ J'mD-.1n llU1 Li.i~1umnUUl~'tlbun'i.'i~hM1J1'tl ~n ~'tl'l'lUll!il:;~;~ I91J'tl l11'tltJbunJ:; l ~1:; ll!il:;~11~91!il'tl-.1... . ... 

1;; u'tln"llnd Lb. sa/ivanus K4 ~-.1'6'llmJb1'6'l~1-.1~lJ~1JJ-.1"l~'W'I'l1-cl''I'lI11~'tl1Jl~VI!ill\J'1l\JI11~~ ~~m·~1J1n ll!il:;llm~!il1J 
J'd ),J~'l~'l~ 1~lJb1~lU'I'll UI?i'tl\JltJD;1U:;~1oj]yf1 hJ1uV'lm:!il:;~I91'r~ n ~'l\J ~'l9 1ne.J!il ~~ fi~l~ lU'W-L''tll;l!ill~'tl-.1 ~U~n 
V'I'llwijuhJ1~umJUl Lb. sa/ivarius K4 1tJ1oiiluun~ll~'flltJ J11Jl'tl~n~'tlltJ1'W'tlU1V'1I91 

n~~n'i'i2Jtl'i::m1 f'I 

V'1ucl'lV'l'%'tl'lil\Jn1J~~m'l'lV'llul!il~ ld'fl~I911' LI11\Jml~i'l~~'flJ:;VI~l-.1 I:'lb11JJU l'l'lV'l L'WL!il~~J:;"1'tl ~ m~lV~lV'1ru ... . 
'I'lVllJ!illl11m:;JJ'I (Z1"1!il) ll!il :;~ht1n 'llUn'tl'l 'l'l UZ1111JZ1UUlllJ1~\J (M 1) ll!il :;V'1ucl'V'I'll),JlUUl~ V'1JilUl'l'l V'llul!il~.. ... 

;'lIll~ ln~I91J ~l11n-wIiJ-JU1JJru-n f,9J~ n~l bb!il:;1~\JJilU1'1'l\J1V'11'6'1l91flb!il:;b'l'lV'l lul!il~ ~liln'llUV'lru:;mJ~n1JmJ 

'tl111~~n~l m:;'I'lJ'l-.1~n~lfimJ. 
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