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This study aims to find a suitable lactic acid bacterium for further development as 

a vehicle to deliver DNA into human body. From the isolation of lactic acid bacteria 

(LAB) from Pla Som (fermented fish) and fermented vegetable, 42 LAB isolates were 

obtained. Among them, 22 (SF-01 - SF-22) and 20 (SV-01 - SV-20) LAB isolates were 

isolated from Pla Som and fermented vegetable, respectively. Of the isolated LAB, 

only 10 isolates had antimicrobial ability against both Escherichia coli and Listeria 

monocytogenes. All of them were originated from Pla Som (SF-02, SF-03, SF-09, SF-10, 

SF-12, SF-15, SF-17, SF-18, SF-20 and SF-22). When 10 LAB isolates having antimicrobial 

activity were tested for their tolerance to acid and to bile salt, it was found that only 

LAB SF-09 was tolerant to acid at pH 2 and to bile salt at the concentration of 0.3%. 

Based on the results, LAB SF-09 was selected for further study. The identification of 

LAB SF-09 by 16S rDNA sequence analysis revealed that its 16S rDNA sequence showed 

99% homology to that of Enterococcus faecium strain LMG 11423. Therefore, LAB 

SF-09 was designated E. faecium SF-09. Plasmid isolation showed that E. faecium 

SF-09 contained no plasmid. The introduction of DNA vector pFLP1 into E. faecium 

SF-09 cells was successful by electroporation and the vector was found to be stable in 

the cells for 100 generations. Since E. faecium SF-09 was isolated from food, tolerant 

to acid at pH 2 and to bile salt at the concentration of 0.3o/o and able to use pFLP1 as 



a DNA vector, it had potential for further genetic modification as a vehicle to deliver 

DNA into human body. 
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fl1'jfl'U b U'Uitlfl1';i~~V!';h~1EJ a~VI'Jfl bL6'l~b~EJI"h 1-ff~1EJtlflEJfl11fl1';i 1-M1f'l61i'U1VI EJiTI~'U L"li'U itlfl1';i 

aV~L oU'11~~1V1'!T-:~ VI~ f) Li1l'tJ1 'Una1lJ Lde:J m';iue:J-:~ n'Uhf'l~VI b <ffmb uf'lViL~EJ LVIEJm'j1-M1fl61l'U 1 ue1 ~1>1~ 

~1'Ull Tu EJ ll 1-ff LL u f'lYi L~ EJ ri eJ 1 'jf'l ~ t~ nvh 1lXVIll V~ m 1ll a 1ll 1 ~t~1 'U m ~ ri eJ 1 ~ f'l LLa 1 VI~ eJ ~ L~ EJ n-J1 
'U 

Lb'Uf'lYlb~EJne:Jhf'l~fl'U~Yl~ (attenuated pathogenic bacteria) bU'U1f'l6ii'U 1Pi'1e:J~1-:Jb"1i'U 1f'l61i'U 

Ufl-:Jfl'Uhf'l1mYl'V'leJEJI9i (typhoid fever) ':iJ:;1-ff Salmonella typhimurium ~Qfl'Vh1lXe)eJ'U~Yl~bba1 

LU'U-!f'l"li'U (Sizemore et al., 1995) Vl~fl 1f'l61i'UUeJ-:Jn'Uhf'l1ru hf'liJ"li~ (BCG tubeculosis) ':iJ:; 1i 

Mycobacterium bovis BCG ~Qnvh1lX~eJ'U~Yl~LLa1LU'U1f'l61i'U (Wang et al., 2004) 8~1-:~hn 

IP11lJ~'U\Plfl'UflWVh 1'\XLL 'Uf'lYlb~EJ tlfl 1 ';if'!~ fl'U~Yl~ bb6'l:;~'U\Plfl'Ufl1';i~Vi Lae:Jfl bb 'Uf'lYlb~EJ~-:Jflci11iif'l11lJ 
~-:~mn1inm'U1'U Lb6'1:; hJa:;V~1n ~n~-:~m';itibb 'Uf'lYlb~EJ ne:J hf'l~fl'U~Yl~btl'U1f'l"li'Ut1-:~L~EJ-:~ ~fl fl1'j~ 
bb'Uf'lYJL~EJneJ 1 'jf'lbflV~ nm EJ~w5n~Ull1tlfl 1 ';if'l1~~n ~-:J':il~vh1-M~~1'u1F~61i'UboU1 hlbnV~ 1 'jfl1~ (Liu 

' 'U ' 

2011 (a)) ~-:~,!'U 1 'UU':il':ilU'U~-:~iim1lla'U h~':iJ:;U1LL 'Uf'lYlL~EJ~U6'leJV~i1 EJ Lb6'1:; hlne:J 1 'jf'llJ11offLtl'UIPi'1'l11 
' 

1F~"li'UL i1a~1-:~m EJlJ'U'l!lf1 Lb uF~ViL~EJ~1~1'um1lJa'U 1 ':ilL U'Ue:J ~1-:~lJ1fl~':iJ:;'l11ll11-ffL tJ'UIPi'1'l111f'l61i'UL i1a 
'U ' 'U 

~1-:Jfl1EJlJ'4'1!1fJ ~fl bb6'lf'l~flbbe:Ji!1VIbb'Uf'lYlb~EJ~'W'U1'Ufl1VI1';i Vl~fl food-grade lactic acid bacteria 
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b ti e:J\l~ 1 n bb u rrvh~tith::: b.fl'Vl.Qtln~~ 1 ~ b'U 'Wbb UflVib~ ti~ii fl111lth'le:J~.fi' t1 bb~:::ii nT~-ru b oU1~~1\l n 1 t1 
~ ~ 

1l'W~6e:J ~ L U'Wth:::~1e:J ~ LL"'1 ie:J~"lle:J\l nT~'I11LL~fl~ n LLe:Ja~ bb uflViL~tJ ~V>Ju 1 'W e:J1VI1~1l11 iL U'W~1'111 ' ~ ~ 

1fl~'W b i 1a ~1\l m t1 1l'W~6 'W e:J n ~ 1nii fl1 111'1J ~ e:J ~ .tl t1 bb"'1 bb~ fl ~ n bbe:J a~ bb 'U flVi b~ t1 ~1'W 1 Vi ru EJ''lii 
~ ' v 

fl111l?l11l1~t11'W m~'Vl'W~mtm1:::~ b u'Wm~ 1'Wm:::b rn:::e:J1Vi1~ Lb~:::'Vl'W~e:J?I1~~1\l ~ 1'W'Vl1\lb~'W 

e:J1VI1~ L"li'W Le:J'W1"1ll1~1\l ~ Lb~:::J1~ LU'WI'i''W 'We:Jn~1ndLL"'1m~~LL~fl~mLe:Ja~LLUflViL~ti~1'W1VIqj 
?111J1~tlfi ~ bm:::nu b"ll~~ b~e:J'U'Vl1\l b~'We:J1Vi1 ~ 1~nb U'Wi1~~ti?IU'U?I'W'W~£.h~'ru8 n\1~ ~ tJVitl\l~Vh 1 ~ 

' ' v 

Lactobacillus casei (Wei et al., 2010), Lactobacillus acidophilus (Mohammadzadeh 

et al., 2009) bb~::: Streptococcus gordonii (Lee et al., 1999) 

-u~~ tl~1f'1 ru'\.J~::: n 1~Vitl\l"lle:J\ln1~~1'll'W 1 bb~fl~n bbe:J a~ bb 'U flVi b~tl b yj e:J 1 i bU 'W~ 1'11 T) fl'li'Wb oU1~ 
" ~ 

~1 .. :Jn1t11l'4~6 Fle:J m~ii expression vector ~b'Vi1J1:::?11J~~:::vh1~Lb~fl~nbbe:Ja~bb'UflViL~ti?I11J1~tl 

e-1~~ 1 '\.J~~'W'vl~:::vhwLh~LU'W'Jfl~'W1~ 1~t1 expression vector ~\lmh11'i'e:J\l?I11J1~t1fl\le:J~ Lb~:::bvl1J 

lil1'W1'W 1~ 'WLL~fl~n Lbe:Ja~LL uflVib~tJ 'We:Jn~1ndbb"'1EJ'll'i'e:J'l?l11l1~t1~'Ube:J 1fi'W~ a'WhL-1i'11 'IJ e:J ~1 'W 
~ 

~1bb Vi'll\l~vh 1 ~bb~fl~ mbe:Ja~ bb uflVib~t~a11l1~tJa{1\l1 u~~'W~1nfi'W~\lmh1 1~ 1~tJ 1 u~~'W~a{1\l1~ 

~1 n fi 'W ~ \l n~ 11n Fle:J~ 1 ~~:::vr 1VitJ 1~ b u'U i'fl~'Wlf'Wbe:J\l 

m~PI n~1dii1'~ t1'1J ~:::a'lf'ib vJ e:JA~ b~ e:Jn bb~fl~ n bbe:Ja~ bb uflVi b~ti ~1ne:J 1Vi1~~iiflrua1lu~~ 
' ' 

L 'VI1J1~a1J~ f) m':it'h 1 u~M .. m th.!~1th~fl'li'UL .U1ci'i1\lm EJ1J'U'l!l'~l'ie:J 1 u ~-:Jflrua1J~ ~\ln~ 11 1~ LLri m':i 
~ ' ' 

'Vl'W~e:J?I.fl11:::fl'J11JLU'Wm~ m~'Vl'W~e:JtX1~ bb~:::m~ii expression vector .fl1t11'WL"1l~~ byje:J1m'W 

m~-ru be:J 1fi'W"1Je:J\l~\l:jj~l~"1lti~~'W L-1J'1a b"1l~~1~ bb~fl~ fl bbe:J a~ bb 'UflVi b~ t1~1~ ~ 1flfl1~flifl~1.Q'ii 
~ 

'IJ~::: btl "1l'l1~e:J m~'111l 'IJ flin~1 Lb~:::~ l'll'W 1~e:J L vJe:J 1 ~b Vi1J1:::?11J~e:Jm~'l111 tJ1 oUL U'W~1'1111' fl~'WL i 1~1\lfl1 t1 

1J'U~6~e:J1'1J 
' 
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d Q.l ~ Cit. Q. ctod. Q.l 

1.2.1 b tiBbbtJflbb"~fl~b"e:Jflbb"fliPlflbbe:J6Wlbb 'Ufl'Vlb 'W:U1fle:J1Vi1~Vi:IJfl 

1.2.2 Lvle:J Pin~1flrua:IJU~fl'J1:1J b'iJ'I.J 1 'lh1u 1e:J~mJe:J~bb"f>1~ mLe:Ji1~u 'Uf>1Vlb~EJ~R~b~e:Jn:u1n 
' 

e:J1Vi1~Villfl 

1.2.3 b vle:JPin~1e:J'Wm:IJin1'W'lle:J~bb"f>"l~mLe:Ji1~u 'Uf>"lVlb~EJ~A~b~e:Jn 1~ 
' 

1.2.4 Lvle:JIPl~'J:Uae:Jum~ilt~maiJ~ (plasmid) 1 'Wbb"f>"l~flbbe:Ji1~u 'Uf>"lVlb~EJ~R~ b~e:Jn 1~ 
' ' 

1.2.5 b~ml1 vector DNA VlbVI:IJ1~a:IJL-i!1?ib"lm~'lle:J~bb"f>"l~mLe:Ji1~bb'Uf>1Vlb~CJ 
" 

1.3 'tlfl'lH'tl~'tlfl~n1~1~tJ 

1.3.1 R'~ bLEJn bb"f>"l~n bbe:Ji1~ u 'Uf>"lVJ b~EJ :u 1fle:J1Vi1~Villflbb"~ n 1~vh 1 ~L ~e:Ju~a'Vlt 
' 

1.3.2 R'~L~e:JmL"f>"l~nue:Ji1~LL'Uf>1VJL~EJ~iJf>"lrua:IJu~ku'I.J1'lJ~1u1e:J~n ~~11 
' 

1.3.2.1 ilm1:1Ja1:1JTm 1 'Wm~Ei'u~~m~L:u~ru'lJe:J~:ua'I.J'Vl~~ne:J 1 ~f>"l 
v ' 

1.3. 2.2 a1:1J1'H1fl1~b:U~f1!b~'U LIP11m 'I.Jbfl~e:J'Il1~ 
1.3.2.3 a1:1J1~t:lil"1li1P1e:J~~e:J~1'Wam'J~~LU'Wm~ (acid tolerance) 

" 
1.3.3 -;J~"iJ1Lb'I.Jnu"f>"l~nLLe:Ji1~LLUf>1V1L~EJ 1 'W~~~u~1!aLL"~atl"1161 

1.3.3.1 1~EJmp(EJf>1rua:IJ~'V11~"'ru\11'Wi'Vlm u"~a~~i'V1EJ1 ' ... 
1.3.3.2 1~EJfl1~ibm1~-Mci'1~'UL'Ua'IJe:J~ 165 rONA 

1.3.4 IPl~'J:Uae:Jum~iJ plasmid mEJ1'Wbb"f>"l~flbLe:Ji1~LL'Uf>1Vlb~CJ 

1.3.5 l11 vector DNA L-if1~b"1m~'llmLL"f>"l~mLe:Ji1~Lb'Uf>1Vlb~CJ 1~EJifi electroporation 



..,j 

'UVIVI 2 

2.1 l.l.flfl~flLLBflflLL'UflViL~£1 (Lactic acid bacteria: LAB) 

':i!~h.J'Vl~ ~~iifl11:W~1~ru Ufl~ L~ t.JdoU8.:! rl'U n'a~'U'J'U fl1~eJ 1VI1~VIlJ fl l'J'U~'J 1 tfl 'Uli~~:W'tl1~ LLfl~l'J'U 
' u 

:W1 n1 'UJ1'U:W Liim'lfl ci'J'U1 'U~ flLL!;l~ ~·H'11JJl'l'UU1.:! L~fllJtlt.l LL!;lfl~flLL8afl LL 'UflViL~t.J'U 8fl':i11fl':il~ii 
'U'Vl'U1'V11 'Ufl1~ LL 'th~'\.JeJ1Vi1~VIlJflfleJ.:J U~'J ~.:Jiii!.J!;l1 'Ufl1~~'U ~.:Jfl1~L':il~UJ'tleJ.:!':il~'U'Vl~~ fla:W~'U LL!;l~ 

'tJ QJ q q 

vhmt.J':il~'U'Vl~~~vh 1 ~m'VI1~L thLat.J~'J:w~.:J':il~'U'Vl~ ~~ ri 8 t ~fl~n~bt.J 
' ' 

2.1.1 "'m~tru:: 1fl£Ji1l'\.J't1B.:ILLflfl~flLLBflfll.l. 'UflViL~£1 

bb!;l fl ~ flLbeJ a fl bb 'U flVi b~ t.1 ~ fl eJ ~1 'U family Lactobacillaceae ~ m.J~ flabb m:W'U'J fl ii 

~'\.J~1-:Jfl!;l:W (cocci) bb!;l~~'\.J~1-:Jbbvl.:J (bacilli) iim~L~t.J.:J~'JbbUUrl uuu~ (tetrad) bb!;l~bbUULsrit.J1'J 
'IJ 'IJ 'IJ 

LU'U~'U hh,~1-:J?t'\.J81 (non-spore forming) hJLfl~eJ'U~ (non-motile) hJa~1-:JbeJ'Uh:Wfl~l'l~b!;li>'t 

(catalase negative) ?t1:W1~f:l?f~1-:J mfl LL!;lfl~fl L U'U I!.J~I'l.firu.;j'1111Vl1t.l 1 'Ufl1~VIlJ n m11 u 1m11111'1 

Lb!;lfl~flLL8aflLL'UflViL~t.J?t1:W1~m~~'1JL~u 11'11~~.:!1 'UU~ b 'Jru~iieJeJn~ib~'U (aerobe) hJiieJ8fl~L~'U 
(anaerobe) Lb!;l~ii8 eJ fl~L ~'U u eJ t.1 (microaerophilic) ~ru'VI\)iJ~ L ~eJ?t1:W 1~m':il ~ty 1~ eJ ~1 'U"U'J.:! 

2-53 8-:Jf!11b"'l!;!b"ilt.J?t 8tlJVI.fliJ~b'VIlJ1~?t:W8~1'U•1b.:J 30-40 8-:!f!11b"'l!;!b"ilt.J?t "ti'N pH ~b'VI:W1~?t:Wfil8 
' 'IJ 'IJ 

5.58-6.20 ul9i1flt~vh1'\.JL':i!~t1J1~~ pH ueJt.Jn11VI~mvhnu 5 B'm1m~L~~t1JL~utl'l!;lfl!;l.:JL~88~1'U 
&'1.fnl'J~L thJf16'11~VI~e:J~h~ (el~\111 'Vl\1L'W"lJ';i, 2546) e.J~I'l.firusn~Lfil01~1flfl1~U'J'Wf111L:WI'l~'Ue:J~~:W"l.le:J~ 

bb ur1Vi b~ t.J nci:wd1~':il1fl m~ 1 -&'J 11'11!;1 fl!;!Lfl?tbb!;l ~J1 1'11!;1 U!;lfl bl>l?t dJ'U Lb Vlci.:Jfl11um.!1~ I!.J~I'l.firu.;j'VIa' n 
' 'IJ 

b'iJ 'U fl ~ fl Lb!;l fl ~ fl ~'J eJ ~ 1.:! 'tJ 8.:! bL!;l fl~ flbb 8 a flU U flili b~ tJ ~l'JU~'J 1 '\.J 1~ LLri Lactobacillus, 

Pediococcus, Streptococcus U!;l~ Leuconostoc (Wood and Holzapfel, 1995) bb!;lfl~flLb8afl 

LLUflViL~t.Jiifl11:W?t1:W1~tl1 'Ufl1~~U~.:J ':il~'U'Vl~Ei'ri8 b ~flLL!;l~':il~'U'Vl~~~Vh1 ~eJ1V11~LthLat.J 1~ ~.:Jd 
' ' 

b ~ 8-:!':il1flmfl LL!;lfl~ fl~ bbUflViL1t.J?t~1-:!~'U'Vh 1 ~ri1 pH 1lJ b'VI:W1~?t:WI9i8fl11L':il~'1J'tl8-:!~~'U'Vl~~ ri8L ~fl 
bb!;l~ ~~'U'Vl~~~U'U b ~8'U:W 11 'U 81VI1 ~ ~fl~.:J ~.:Jl'JU-J1 bb!;lfl~ flLL8afl bb UflVi L~t.Jii fl1~?f~1.:! ?t1~~~L Vlt.J~ii 

' 
fl~'ULill'J1~~'J b"li'U 1®"1mL~'ULU8188fl1"1l~ (hydrogen peroxide) bW~1fl8~~~!;1 (diacetyl) 

CLasen et al., 1993; Brink et al., 1994) Vl1fl~flbbU.:Jbb!;lfl~flU8afluuflVib~t.JI'l1:Wfl1~1-&'a1~81VI1~ 
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~1:W11mLtJ.:lUi\tJu 2 n~:w flt1 
' 

2.1.1.1 Homofermentative Lactic acid bacteria Ltlt!LL'UfiVlL~tlfl~:W~VIirml1~1" 
fl(;'l 1fl~ 1~ tlfl11 L 'IJ~titl1 'V>l':i L TVl (pyruvate) LL"~tl1~t.JLtJtl111flileJ" 1~ L{;'l~ (aldolase) Ltltl~'H 1\l 

" " 
'\.Jl)il~m Lb~l1~m~Lb{;'lfl~fl:W1flfl'hVl~tJL'Vhn'U 80% 1~ti~1tl glycolysis (Embden-Meyerhof 

Parnas pathway: EMP) LL"fl~flbbtl~~ Lb'Uf1Vlb~t11un~:wtl 1~ Lbrl Lb'Uf1Vlb~t11 tl~~" Pediococcus, 

Streptococcus Lb{;'l~ Lactobacillus 'U1\l"!lil~'IJ1~fltl'U~ltl Lactobacillus acidophilus bb"~ 

Lactobacillus delbrueckii 

2.1.1.2 Heterofermentative lactic acid bacteria Ltlt!Lb'UfiVlb~tlfl~:W~VIirml1~1{;'l 
' 

n" 1fl~ LL~l 1 ~fi11'UeJ'U 1~e:Je:Jfl111fl~ 20-25%, m~ LL"fl~fl 50%, m~tJ~~~fl Lb{;'l~LtJ'Vl1tltJ" 20-25% 
" 

1~t~~1tl phosphoketolase pathway Lb"fl&lflbbtl~~LL'UfiVlb~ti1un~:wtl 1~Lbrl Lb'Uf1Vlb~t11tl~~" 
Leuconostoc bb"~ Lactobacillus 'U1\l"llil~b'litl Lactobacillus plantarum, Lactobacillus 

casei, Lactobacillus jermentum Lb"~ Lactobacillus brevis 

2.1.2 fl1~lij'fl:ij1bb'Uflbbtlfl~flbLvaftbL'UfliiiL~EJ\PI111~hj'a 

1'Ull fl.l"l. 1919 Orla-Jensen L~:W~~tJ'Um~P5l51'Libb{;'lfl~mLtJ~~ bb'Uf!Vlb~tl b~tltl1~tl 
' 

"'m~J-tU~'Vl1\l ~ru~1tll'Vl m "llil~"lltl\lfl1~'Ultlfl11VIir ml1 ~1"n" 1fl~ fld1:W~1:W 11111 um1 1-il'Ll1 ~1" 
~ " 

LLI'i"~"llil~ Lb"~fll1:W~1:W1'm 1 tlfl11b:U~'1J~~ruVIiJ531'l1\l ~ ~1:w11mLD\l Lb"fl&ln LbtJ~~ Lb 'UfiVlb~tJtJtJfl Ltlu 

7 ~\(~ 'IJ':i~fltl'U~ltl Betabacterium, Thermobacterium, Streptobacterium, 

Streptococcus, Betacoccus, Microbacterium bb{;'l~ Tetracoccus l'ie:Jm1utl fl.l"l. 1995 Wood 

and Holzapfel lvl'..ij~"i\'1 bb'Uflbbf!fl~flbbe:J~~ bb1.JfiYib~E.Je.Je:JmlJ'U 9 ~'1!6'1 1..b'::.:fle:J'Uvl';lC.J Bacillus, 

Bifidobacterium, Enterococcus, Lactobacillus, Ladococcus, Leuconostoc, Pediococcus, 

Streptococcus Lb{;'l~ Sporoladobacillus 

12 ~ir~ 1vi'Lbrl Aerococcus, Carnobacterium, Enterococcus, Lactobacillus, Lactococcus, 

Leuconostoc, Oenococcus, Pediococcus, Streptococcus, Tetragenococcus, Vagococcus, 

Lb{;'l~ Weissella (Wood and Holzapfel, 1997) LbD\l~1:W"'fl1!1-UJ~'Vl1\l~tl..l~1tll'Vltl1fl1~'Ultlfl11'Viirfl 

J1~1f! fld1:W~1:W11t11 t!fl11L:U1'1J~~ml~l'i1\l ~ Lbfl~"llil~ 1eJ b6ilL:WtJ{"lleJ\lm~ LL{;'lfl~ml:W~\loVt1~"~1tl 
~u~m':i:W (De Vuyst and Vandamme, 1994) 1~Lbrl 

2.1.2.1 Genus Streptococcus 

~flfltlih'IJ11\lfl{;'l:W'Vi~tJ';i'\.Jl\l~ "lltl1~b~tl~11"1tl~fl{;'l1\J 0.8-1.2 1:Wfl1tltl :ij'~ L~tl\l 
'I 'U 'U 'U 

~lLtJtl~1tl b'li'VI~tlrl ~~~m~LL{;'lfl~fl"!liJ~ L( +) Ltltl~~~.fi'ru6fl'VI~flb'Vh,!tllil1flfl11VIiJ'flfl{;'l bfl~ ~tl\lfl11 
" " 

~11€l1'Vi11~\l1 tlfl1Wil~ru ii'VIGntl"!lU~btlt!'lJ':i~~1ufltl bL{;'l~'lJ1\l"llU~~1:wl1t1Y1'11 VfLn~ b1fl1~ L'll1ru'Vi 
" v v 



bDel1b~'W~ (Hardie and Whiley, 1995) 

2.1.2.2 Genus Vagococcus 
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bD'Wbbr;'Jfl~mbel~~bb'Uflvh~tJ~bfl~el'W~1~ (t~'Vln~1tJifut5) \J'S~nel'U~1tJ 2 •tru~ 
' ' 

~ el V. jlauvalis ~ ~ b ~hJ el ~ 1 'W streptococci n ~ lJ N bb r;:J ~ V. samoninarum ~ ~ bb tJ n 1 ~"'ill n 

\Jmbb<11Jr;:Jl.Je:J'W~btl'Whfl (Stiles and Holzapfel, 1997) 

2.1.2.3 Genus Lactococcus 

b<11lr;:J~ih\J11~nr;:Jl.J'VI1m\J'J-!l~"l.l'W1~ b~ue.h~u£1 nm~ 0.5-1 1l.lfl1e:J'W :if~ b~tJ~~1 
~ ~ ~ 

btl'Wb<11lr;'l~ b~m btlur1'VI1elt9le:Jnubtlu~1tJ 1~ e-~~~m~bbr;'lfl~n"l.l'tl~ u +) "'il1nm'S'Vi~nnr;:J1fl~ 'tltJl.l1-tlbtlu 
~ ~ 

n~1 b~el 1 ue-~~~ilruefiul.l ~1l.I1'Sm"'il~ru 1~~e:Jtu'Viflii 1 o e:J~~1 b<11lr;:Jb6/itJ~ bbt9l1~b"'il~ru~eltu'Viflii 
'II 'I 'U Ql "' 'll 

45 e:J~~1b<11lr;:Jb6/itJ~ ~'U1'Wbb'Virt~to\1~~ b"l.iu ernm~ ~1 'Vi~1 ~ueJ~~ J1ul.I~'U D"'il~D'W\J'S~ne:J'U~1tJ 
5 "l.l'tl~ Lc. lactic subsp. lactic, Lc. lactic subsp. cremoris, Lc lactic subsp. hordniae, Lc. 

l !'!") .I.-~.- ' 
garvieae, Lc. pantarum, Lc. rajjino actis bbr;'l~ Lc. piscium l.lbl.lbr;'l~r;:Jbumb<11J'W~ G+C 'S~'Vi11~ 

34-43 bDe:Jib~'WWi (Teuber, 1995) 

2.1.2.4 Genus Enterococccus 

b<11lr;:J~il~\J~1-!l1~~ ~~ b~tJ-!1~1 bD'Wb<11lr;:J~b~tJ1 'VI1e:J~1 tJ 1~~'\..l ~ e.~~ ~m~ bbr;:Jfl~n 
"l.l'tl~ L ( +) bD'We-J~~ilruefi'Vi~n"'il1flm'S'Vi~nnr;:J1fl~~e:J~m'S~1'Sm'Vi1'S~~1 'Wfl1'Sb"'il~ru ~ll.I1'Sm"'il~ru~ 

'lJ 'lJ ILl IU 

eltu'VIflii 1 o bbr;'l~ 45 e:J~~l b<11lm61itJ~ 'U1~~1 tJifufie-~~~be:J'W 1<11l&1fl~ ~~ b~~b VitJl.l 1~ bbr;'l~'Ul~~l tJifufivh 
q 'U , , 

1~d1~11fl D"'il~D'WD'S~fle:J'U~1tJ 5 "l.l'tl~ 1~bbtl Ent.jaecalis, Ent.jaecium, Ent. avium, 

Ent. galinarum bbr;'l~ Ent. cecorum iiblJb6lf16lb'\.Je.Jib~'l.!Wi G+C 'J~Vi-;ll<J 37-40 b'\.Je.Jib~'l.!Wi 

(Derviese and Pot, 1995) 

2.1.2.5 Genus Pediococcus 

b<11lr;'l~il'S\J~1~nr;:Jl.l"l.l'W1~ b~'W~l~'W~flr;'ll~ 0.36-1.43 1l.lfl1e:J'W bbD~~1~m!tru~ 
~ ~ 

2 V1~'Vll ~'U'W 'S~'W l'U b~ tJ1 nu 1~ tJbb tJ~ ~1fl~ ~~ ~el~1 uV1 ~~ l'W"l.l1li1el"l.lel ~ fl~~ bb 'Snvh1 ~ d1~ 

~n'l!tru~ bu~l~btl'Wb<11l~~~b<11l~~~~nufl~1tJ:il~'!~ 1 'W~fll1~ Hmm~e-~~~m~ bbr;:Jfl~n"l.l'tl~ DL bb~~ 
' 

L(+) "'illflfll'S'Vi~nnr;:J1fl~ 'Ul~"l.l'i1~vh1~djtJ1bbr;:J~111.h~tJ D"'il"'ilD'WD1~flel'U~1tJ 6 "l.l'tl~l~bbn 
~ ' 

Pediococcus acidilactici, P. damonosus, P. dextrinicus, P. inopinatus, P. parvulus, bb ~ ~ 

P. pentosaceus i'nl.Jbr;:J~r;:Jb\Je:J1b~'W~ G+C 1~'Vi';h~ 34-44 b\Jel1b~'W~ (Simpson and Tagchi, 

1995) 
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18 b'tJe:db~'W~ bb~~ilcl1~UbUr.HJ'W 16S rONA 1m~\RtJ\Inu~n~ Enterococcus bb~~ 
' 

Carnobaderium ~.nnn11~~m~l.l (Simpson and Taguchi, 1995) 

2.1.2. 7 Genus Aerococcus 

il ~ n '1!1' ru ~ fl1 'Hb 'tJ \1 ~ 'Jb Vi il e:J 'W Pediococcus 'tJ i ~ fl e:J U ~ ';ltl 2 "11 iJ ~ R e:J 

A. viridans bb~~ A. urinae vh1~~\l~e:JU~bl>le:Ji Ln~hFlbb~~LMm-ile:J\InUmi~~b~e:J1'WlJ'4'1!1'6 (Stiles 

and Holzapfel, 1997) 

2.1.2.8 Genus Leuconostoc 

b"ll~~il"'ru~1'Ul'Vl ti1~'W nUe:J1Vi1i b~tl\1 b ~f) 1 'We:J1Vi1i~ \lil fl~ LFl~ b"ll~~il~ fl'l!fru~ 
~ ~ 

~~e:J e:JflFl~1tlfl~lJ Lactobacilli bb~1 'WJ 1'Wl.J b"ll~~~~ili'tJ~1\Ifl~lJ fl1i:il'~ b~tl\1 ~1 b tl'Ub"ll~~b~tld e:J ~ ' ~ ~ 

biJ'WFi'VI~e:J~1tJL"Ii~'Wfi\l'tJ1'Wfl~1\l e-~al>lm~bb~Fl~n"llil~ D (-) be:J'Vl1'We:J~ Fl1iUe:J'Wb~e:Je:Jflb"l!t>1bb~~~1i 
" 

Vie:Jl.li~ b VI t1~1n fl1i'VIl!nn~ LFl~ ~\1-d'J t1 b ~l.lfl~'W i~1 'We:J1Vi1i'VIl!n~ e:J\1 fl1ib~~ru~ e:J\1 m i~1ie:J1Vi1i~\l 
~ v ~ 

u~~U'WUi~fle:JU~'Jtl 8 "llil~ b~bbrl Leuconostoc mesenteroides, Leuc. lactis, Leuc. gelidum, 
' 

Leuc. carnosum, Leuc. psedomesenteroides, Leuc. citreum, Leuc. argentinum bb ~ ~ 

Leuc.fallzx i!1l.Jb~~~b'tJe:J{b~'W~ G+C i~Vi'~1\l 37-40 bUe:J4b~'W~ (Dellaglio, Dicks and Torriani, 

1995) 

2.1.2.9 Genus Oenococcus 

~n~-d'i!LVltJ\I"llil~b~tld~e:J Oenococcus oeni ~\ILU~ti'Wl.J1~1fl Leuconostoc 
' 

oenos ~1 tJ Fl ru~l.JU~ fl1 i'Vl'W m~ bb~~ be:J'Vl1'W e:J~'tJ~lJ 1ru~ \li1lJ~\IoUe:JlJ~'Vl1\I~'Wli fl iil.J ~ 1 n ~b B'Wb e:J 
'I '\1 \J ~ 

oU~LO:V'W (Dellaglio, Dicks and Torriani, 1995) 

2.1.2.10 Genus Weisse/la 

iU~1\IL"Il~~b tl'Ubb vJ\1 bb~~n~l.J~\Iil~n'l!fru~Fl~1tl Leuconostoc ~\IL~l.J:il~e:J~ 
~ ~ 

1 'W fl ~ lJ Leuconostoc bb ~ ~ Lactobacillus 'tJ i ~ n e:J u ~ 1 tJ 7 "11 il ~ 1 ~ bL ri Leuconostoc 
' 

paramesenteroides (Weisse/la paramesenteroides), Lactobacillus confuses 

(W. confuses), L. halotolerans (W. halotolerans), L. kandleri (W. kandleri), L. minor 

(W. minor), L. viridescens (W. viridescens) bb ~ ~ "11 il ~ 1 Vi lJ ~ bb tJ n1 ~ ~ 1 n1 a fl i e:J fl Vi l1 fl ~ e:J 

W. hellenica (Stiles and Holzapfel, 1997) 

2.1.2.11 Genus Lactobacillus 

b tl'Ubb uFlV1 L~ mb~Fl ~n n~l.Jm Viru~~~ ilm1l.J'Vi~1 n'Vim tl"lle:J\I~n,.ru~'Vl1\lrn 'W 
' v ' 

b'Vl'U ~lJU~'Vl1\lil1LFli!LL~~~~i~ Ltie:J\1~1nF111l.lbbl>lfl~1\1"1le:J\ILl.lb~flm'tJe:J{b~'W~ G+C .rm.1 1 'W~fl~~\1 
' ' ~ 

~e:Ji~VI11\I 32-53 bUe:J4b~'W~ (Axelsson, 1998) ~U1'Wbb'Vi~\1~1\l'l b-d'U b~e:Jbi!e:Jfl"lle:J\Il.J'W'I!f6 ~U1'W 
' 
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(coccobacilli) ~e:J'If11'Hn~e:J1Vi1'H'I'11'Wf11'H"il~ill U~~fle:JU~1tJ 55 "UlJ\91 ~'IU.U'I1~LiJ'W 3 fl~:I.J 
\J ., ' 

(Stiles and Holzapfel, 1997) ~e:J 

1) n~:w obligately homofermentative lactobacilli 
' 

Vil1ml1\911~LU'lfll\91&'1 (:w1nn-;h 85 Lue:J·h~u\9i) LU'Wm\91LL~fl~nl191tJi~ 

Embden-Meyerhof-Parnas (EMP) e.J~\91Le:J'W1~l11,6 biphosphate-aldolase LL~bJe..~~\91Le:J'Whl1 

phosphoketolase iil..:~Vil1ml1\911m~'Wl\9l&'IU.~~n~lflL'W&'IhJ1~ 
2) n~:w facultatively heterofermentative lactobacilli 

Vil1mY1\911meml~&'IL tlum\91 LL~fl~fl~1'Wi~ EMP :i1m~e.J~~>He:J'W 1~l1~..:~ 

aldolase LL~~ phosphoketolase iil..:~Vil1mY1\911~b~'Wl\91&'11~ 
3) n~:w obligately heterofermentative lactobacilli 

Vil1mY1\911~Lem 1~a LL~~L~'Wl\91&'1~1'Wi~~e:Ja1 'V'Jn~LflL'W'Vl1~LL~flL\91 \91 
\J 

2.1.2.12 Genus Cornoboderiurn 

L~~~:i1~u~ 1..:1 L tluvi e:J'W m..:~ouu 119l~ufi..:~u 1u nm..:~Vi~e:Jvie:JuL1tJ1 "ll'W 1191 L~'W~1'W 
\J 

:il'I91L~tJ'I~1L uua1t1 1'11 e.J~\9lm\9lu.~fl~nouiJI91 L( +) fl1~Ue:J'W1191e:Je:Jn1~~ e:J~~L\91'1'1 LL~~Le:J'Vl1'We:J~"il1nm~ 

Vi l1 n J 1\911 ~ L eJ" n1 ~&'I :i1 ~'I~ 'W 6 "1l iJ \91 ~ e:J Cornobacteriurn divergens, C. piscicolo, C. 

gollinorum, C. mobile, C. junditum bL~~ C. olterfunditum ffi:wL~~~LUe:J~L~'Wtil G+C ~~Vil1'1 

31.6 -37.2 Ltle:J~L~'Wtil (Schillinger and Holzapfel, 1995) 

Salminen and Wright (1998) fl~11l1ci'1Vi1'U Bifidobacterium :i1a1~ 

~'Wum~:w~~:w~wflmi''a191tlULLUflYJL1tJLLfl~:WU1m1'1~1fl Actinomycetaceae :i1n1~V1l1nJ11911~ 
' 

LL\91 fl ~ 1'1 "il1 fl fl ~:I.J"U e:J'I LL U flYl L~ tJoU1'1 ~'W iil..:~ hJ :il \91 e:J ~1 'W fl~:I.J"U e:J'I U. ~fl ~ fl U.e:J ~\91 LL UflYl L~ tJ L ti e:J'I "il1 fl 
' \J ' 

LLUflYlL1tJ~'Ifl~T;J:\1~m~flJ~LU'WL~e:JLLUflYlL1mLm:Wmn :\1VimtJ~U~1'1 L"li'W ~U~111tJ i lFl'l (bent) 
\J \J 

m~u e:Jn (club) l\91 tJ "il~ hJ ~m ~e:J h.J~ fl'I~J-ru~ ~ L uua1 tJ tJ 11 L"il ~ty1~ 'W&'Iil11 ~ 1ll1-ff e:J e:J n"BL "il'W 

(obligately anaerobe) :\1~ n~ru~ fla 1 tJ u.~ fl~ n u. e:J~ \91 LL UflYl L ~ tJ ~1~1 n heterofermentative 

lactic acid bacteria Ltie:J'I"il1fl&'I1:W1~tml1nJ1\911~fl~ lfl&'11 ~m\9le:J~OB~nu.~~mmL~fl~fl 
\J 

2.1.3 aTHiu6-:~mcaL~'iqJL~u LIJI'!IB.:i'Jih.t'VI~~viHI~1nLLftfl~mLaa\91LL ufl-viL~~ (B"ilt.J~1 
Vi'WL~"U~, 2546) 

\J 

LL~fl~ fl LLe:J~\91 LL UflVi L~tJ'W e:Jfl "il1fl"il~:\1U'V1U1'Vla11'1ty 1 'Wfl1~'Vll 1 ~ Lil \91 fl~'WLO~ 1~ ~11 'W 

e:J1Vi1 ~Vi3J' fl bb~1 tJ '1&'11:1.J1~Cla~1'1 &'11'HJU ~'lfl1~ L"il~ill U.~~'Vhm tJ "il ~'W'Vl ~EJ ~'Vh 1 ~e:J1Vi1~ b n \91 fl1~ b tJ1 
., ' 
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botulinum, C. perfringens, Staphylococcus au reus, Listeria monocytogenes b tJ 'U ~ 'U 

~~?l1';i~bb~f"l~nbb8~~bbUf"lVlb~tJa11~88nlJ1~1'U1VIq!btl'Un';i~bb~f"l~nu~~m~8~6ll~n ';i1lJ~~i1a1';i 
-cJti~~'U "l ~bn~<IT'U 1 'U'U~lJ1ruu8tJ n-;hm~ u~f"l~mb~~m~8~6ll~n bbiPiiJt:.J~ 1 'Um';iE!ue~mwil~ty"Um 
bbUflVlb~CJ"1l'i1~~1~"l b-dwl''U 1~bbrl m~'V'J81Dn m~1"1l~'U~?l';i~ bb8lJ1lJbUtJ b8'Vl1'U8~ 1~1~';ib'-'l'Ub\J81 

88n1"1l~Pi1~8~"8~~ 8~6il1~~'U 8~6ilVi'~~1~\Pl bU'U1"1lb8~ b8'U1"1ll1~i1t:.J~Yh1~b"ll~~bbUf"lVlb~tlbb~n bb~~ 

bbUf"lb'Vl8~186il'U ';i1lJ~~?l1';iEJue~~E1~hla1lJ1';it1:5'~:51bb'Ufl1~~nVImCJ-cJU~ (Franz et al., 1998) ?11-;i 

E1u~~m';ib'-'l~t1J"1l8~bbUf"lVlb~CJn~lJ~'U "l ~a11~ 1~mb~f"l~~bb8~~bbUf"lVlb~CJ i1~~1Pi81ud 
2.1.3.1 m~~'U'Vl~tJ (organic acid) 

a~1~l~mb~f"l~mb8~~bbUf"lVlb~CJ 1~bbrl m~bb~f"l~n bb~~m~8~6ll~n ci'1V1-ru 

m~8~6il~fl?l1lJ1';itl~Ue~1~~nl1fl';i~bb~f"l~n bb~~iJ-d1~f11';iEJUe~~n1'1~ ?11lJ1';itl~Ue~1~~~~?1~ ';i1 

bb~~bb uf"lVIb~tJ m';i1 im~~~am¥~~8lJfl'U'-'l~ 1 'IXt:.J~m';iE1ue~~~n11m';i1 -ffm~-cJ'\1~ 1~-cJu~VIil~ b .WCJ~ 
8~1-:Jb~CJ'J ~~ mh11~11m~~~?l8-:Ji1 synergistic activity bd8m~~'U'Vl~tJb•1h 1 Ufi1CJ 1 'Ub"ll~~bb~1 
m~'-'l~bb~n~1U~8tJ hh~8'UboD11tJ1'W1"1l1 'Vl';i¥l~1?16lilJ (cytoplasm) vh1~bfl~fl11~~bU'Um~ ~~vh 

1'1Xbfl~fl1';iEJU~-!lflTH'-'11ty"1l8-!l~~'U'Vl~CJ1~ (Bojana and Irena, 1998) 

2.1.3.2 1~1~';ib'-'J'UbU8188n1"1!1Pi (hydrogen peroxide: H20 2) 

b U'U?l1';i~1~ '-'11 nm~U1'Uf11';iblJ bb 'VlU8~6lilJ 1 'U ';i~VIl1-:Jf11';ib'-'l~ty"1!8~ bb Uf"lVl b~ CJ~~ 
1'U?tfl11~~i1 bb~~ bJi1mml"l ?11lJ1';itl¥lU 1;!, 'U milJ"1!8-:J u~f"l~flU8~~bb Uf"lVlb~CJ bti8-:J'-'11fl hla11~ 

' 
b8'U1"1ll1f"l ~ ~~ b~a 1~1~ ';ib'-'l'Ub \18188 n1"1l~Pi b tl'U~~~8 b"ll~~'-'l~'U'Vl~ tT~hla1lJ1';it~ t:.J~~ b8'U 1"1!31 

' 
fl~~~ b~G'f'Vi'16'11ti')'Vl~"ll8~ 1~ lWWil'WbU8{88fl1"1l\Pl b ti8-:J:U1fl1~ l191'H:U'Ub U8{88fl1"1l\Plvi 1VItll~ biJ'U6'f1'j 

~~~'U"1!8~fl1';ibfl~ superoxide radicals (0-2
) bb~~ hydroxyl radicals (OH-) ~~bU'U~~IPim"ll~~ 

bd8f"l11lJ b oUlJoD'W"U eN 1~ 1~ 'jb '-'l'Ub \18{8 -em 1 "I! ~Pia ~alJ b U'U :il1'U1'UlJ 1 nfi '-'l~i1t]'Vlt1 'U m-;ivhm CJ b"ll~~"1!8~ 

'-'l~'U'Vl~tJ~'U., ~~8~'-'l'U bb~f"l~mb8~~mllJ';iU~1~fl~lJ bb~~';iUv\8'U (Caplice and Fitzoerld, 1999) 
'f I II \1 \1 .::, 

2.1.3.3 f"l1{U8'U1~88fl1"1l~Pi (carbon dioxide: C02) 

bfl~'-'11nm~U1'Ufl1';iVIlJml1m~ b~fl1"1lau uu heterofermentative "1!8~ 
bb~ f"l~ mb 8~~ bb uf"lVI L~tJ ~~n 1"1! m{u 8'U 1~ 88 n 1"11\Pl~ bn~off'U '-'1~ 1 u bb 'Vl'UVln1"1!8 8fl"8 b '-'l'U 1 'U a m1 ~ 

bb 1~~ 8lJ';i8U "l 'Vh 1 '\X bfl~?lfl11 ~"1!1~ 88fl6il blil'W ~~ t:.J~ 1 mlJ b VllJ 1~a1VI-rUfl1';i blil ~ty b~U 1~"1lm ~~'U'Vl~tJ~ 

~8~fl1';i88fl"8b'-'l'U 1~mu¥~1~1'Un~lJ"1!8~b~8';i1 n1"1lfl1{umJ1~88n1"1l~PiE1~vh1'1Xfi1RJ1lJbiJ'Um~~h~ 
' 

fi1CJ1'Ub"ll~~bb~~';i8U""]b"ll~~~~~~ i1t:.J~Yh1~b~8~lJb"ll~~~fl'Vll~1tJ 'U8fl'-'11fld King and Nagel 

( 1975) fl~TY;h ifiblJ~1U8~61JlJ~'U "l tl?l1lJ1';it1?11'1~ rl1{U8'U 1~ 88fl1"1l~1;(. 't.J'j~Vi'J1~m~U1't.Jfl1'j 

VI~ fl fl1 {u 8'U 1~ 8 8 n1"1l\Pl '-'1 ~ 1 U EJU ~ ~ ';i ~ UU b 8'U1"1lli"1J 8 ~ m ~ U'J 'U fl1 ';i ~ fl11 U 8 n 68 b~.ff'U 
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(decarboxylation) bb&=~:;fl1'H~:;GUJ"lleJ~ fl1~UeJ'I.J 1"il~~iJfl'J1~b -if~-if'W~~ ~ 1.'11~ 1'Hl'UeJ~ tl'W m~ b:U~qj 

"llm:U~'W'VI~8u1~"llii~1111 (De Vuyst and Vandamme, 1994) 
' 

2.1.3.4 1~eJ:;6BVi&=~ (diacetyl Vl~eJ 2,3-butanedione) 

b tlw:.J&=~[;.Ji'\l'la~Vi'1 t~~1111 :U1nm:;u'J'W m~ b~u 'VIUeJ~~~"lleJ~ 1 'W~ b 'J'VI1~ t1 LL&=~fl~ n 
' 'IJ 

u eJ ~ ~ bb Uflvh1 t~1 'W 6'1.fl1 1 :;~ij bb&=~:; hl il eJ eJ n6B b :U'W u&=~ fl~ n u eJ ~ ~ bb u fl Vi b1 tl~ ~ Lactococcus, 

Lactobacillus, Leuconostoc, Pediococcus u&=~:; Streptococcus i.'l1~1~tlG1~Lm1:;VI1~eJ:;6BVi&=~ 

1111 ~~ b tlu"1~m '!Xn~ubom:; 1 'W(;.Ji'\l'l.firuonu~VIifn bb&=~:;ilflru?t~u~1 um~EJu~~ m~L:u~ru"lJeJ~:u~u'VI~8 
' v ' 

111'Jti 1~ tJ:u:;ilm~i.'l~1~i.'l1~ 1~eJ:;6BVi&=~~'W 1 'W~:;VI'J1~fl1~ 1 iJ11'11&=~b®"fl 1"ili.'l (hexose) bb&=~:;U1~fl~~m:u 
Ln~~'W:U1nm~1 -S'6Bbml'l (citrate) 1~t~6BLI'l~l'l:u:;t~m'IJ~ti'W~1'W 1 mn'VI hh tl'Wi.'11~ 1~eJ:;6BVi&=~ u&=~:;m:u 

'IJ 'IJ 

eJ~1'W~'IJ1~bs&?ieJ eJ:;6811'1B'W (acetoin) (Caplice and Fitzgerld, 1999) 'WeJfl:U1ndbb~'J1~eJ:;6BVi&=~ 
'IJ 'IJ 

bb&=~:;bbUflb'VIeJ~1eJ6B'Wb tl'Wi.'11~EJU~~:Uil'W'VI~8u UflVh~t~rieJ 1 ~fl1 'W~:;UU'VI1~b~'WeJ1VI1~ (food borne 
' 

pathogen) (Krier et al., 1998) 

2.1.3.5 ~'Jb'VIeJ~'W (reuterine) 

il~e:J'VI1~bflil11 3-hydroxypropanol b tl'Wi.'11~~1~1 "1!1 'IJ~9i'W iJJ1VI'Wfl 1~b&=~~&'l 

~1 &=~:;&=~1ti1111~~ pH U1'Wflal~ i.'I~1~~1:U1flbbUfl'Vib~ti'W'Jfl Lc. ruterin EJU~~bbUfl'Vib~tlbbm~u'Jn 

LLm~&=~u ~11'1J~11'li'J ~?1191" bb&=~:;:uil'W'VI~8~vh1'!Xbn~bflmVI1~btl'W~~ b"li'W Salmonella, 
' 

Staphylococcus, Listeria bb&=~:; Clostridium (m1'W'VI~ balVI-r"'JI'l'I!'W'Vl, 2532) 

2.1.3.6 bbUflb'VIeJ~1eJ6B'W (bacteriocin) 

b tl'Wi.'11~'1J~:;b.fl'VI1 'IJ~9i'W~i.'I~1~:U1flbb Ufl'Vib1t1 ilt]'VI~1 'Wfll~EJ~ ~~fll~b :U~qJ"lleJ~ 

bb UflViL~ ~"llu~~'U 1~ 1~ ~vr'J 1 'IJ LL UflVi L~~~i.'l~1~ bb 'U flL 'VIe:J:S1eJ-a'U\ldtnil R:Wtl'U~ eJLL 'Ufl L 'VIe:J~1e:Jsa'U~ 
'IJ ' 

~'JbeJ~i.'I~1~~'W~1 ~~v1'11 ~bJt~n EJU~~m~b:u1ru:u 1mb UflL 'VIB11B6B'W~~'J beJ~i.'I~1~~'W m ~i.'l~1~ bb Uflb 'VIeJ 
'IJ v 

11B6B'W"lJB~ bb ufl'Vi b~t~ b ~B-J1 Ln~ :u1nm~u-ru~'J b ~Bfl'J1~ B~ ~eJ~ 1 u?tm'W u 'J~aeJ~~n L :ffeJVImn VIm t~ 
'IJ 

"llii~eJ~~'J~tl'W 'Vll1 '!Xb :ffeJ~i.'I~1~U Uflb 'VIeJ11eJ6B'Wi.'11~1~tlbb~~eJ1VI1~bb&'I:;~'W~L ~eJ 1m 'Wfll~b:U~illb~U 11'1 
'IJ v 

~'J'Wb :ffeJ"llti~ ~'W~hJi.'11~ 1 ~tli.'l~1~ bb Ufl b 'VI B11B6B'W 1111fihli.'11~1~m :U1filb~U 11'1 bb&=~:; tlflvl1&'11tl 1 'IJ1 'W~i.'l~ 
v 'IJ ' 

(Jack et al., 1995) 

bb Ufl b 'VI B11 eJ-a'Wif fleJ eJ n ']'VI~ nu bb U fl'Vi b~ t1 bbm~ U'J n~iJfl'J1~ ~~~'Whlfla~~ n 'W 

btieJ~:U1mbufl'Vib1mbm~mmh:;neJui11'JtJ(;..I'IJ~b"il6'1ci" ~~ilb 'WtJVi1~ 1n6'1Ufl'W (peptidoglycan) btl'W 

~'J'W'IJ~:;n eJUVI"'n il"'n~ru:; b tlu ~1~ bb VI vh 1 '~Xbb Uflb 'VIB11B6B'Wb -if1~.ff'W"lleJ~ b~~ b u~'W 1111 ~1 t1 1 u.ffud 
'IJ 

bbUfl b 'VIB11eJ6BulJ'nvh 1 '!Xbn~~~unu b~~b mu ~~vh 1 'IX"llmb VI6'1'J~1~ ~ ~btl'W~'J'WtJ~:;ne-Jumt~ 1 'Wb"il6'1ci" 

1'VI&=~e:Je:Jn:u1m"il&=~~ Lb&=~:;vh1'1XL"il&=~~l'l1~ CB-rf1!f1!1 G1~"llf'll2541) 
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2.1.4 'th:: ~"'lcU"'IB.:ILL~fl~nUBfl61LL'UflfiL~t:J 

LL6'1 1"1 ~fl LLe:J~\91 LL 'URViL1 t.JihJ':i~ 1EJ"'I'il1 'U ~l'U?I"ll.fll'Vl b 'Vl ':i1~ 1 'U ~~19lfiti.J,e:J1Vi1':iVi~fl'Vl'U 
' 

tJ I I I 

fl1':ib ,j 1b~EJ"ll e:J.:!e:J1Vi1':i 1~ ~ .:!U'U ~.:!lJI"l'J1l.J'UEJlJ'Vi":\l~'M'U1J1'U~1.nRe:J 1Vi1':iViiJ LL6'11"1~ fl LLe:J~\91 bb 'URVi L1EJViiJ 

"111\91 Lb6'1~bb'URViL'1EJ"'I'il\9l~'U~1mhF!EJ.:J fie:J Bifidobacterium spp. ~.:J~\9le:J~1'Ufl~1JhJ':i1'U1e:J~fl 

(probiotics) ~~19lfiru,-~1~":\11flbb6'1R~mLe:J~\91 LL 'URVi L1 EJilthdEJ"'I'iJVim EJ~1'U fie:J Ue:J.:Jtl'U 1 ':il"le:J e:J?tme:J 

1 'Vl1 ':ieva (( ':iflfl':i~\91 n~) m':i6'1m~~'UI"lm6'1ab\9le:J':ie:J6'11 'Ub~e:J\91 fl'J11J?I11J1':ifl1 'Ufl1':ivl16'11 EJ ":\l~':i'V11Eirie:J 
'IJ ' ' 

hfl 6'1\9le:J1fl1':ibboW'U1J 6'1\9lfl1':i"ll1\91?11':ie:J1Vi1':i fl1':i6'1\9lfl'J11Jil9lfltl.:J'J6'1 fl1':i~ 1'Ub"ll6'1~1J~b~.:J fl1':ibbfl~'J 

LL61~~ 1 fl1':i"ll~\91?11':i'W'l!l":\11fll'l'U fl1':i61\91Rl11J~I9l'I.Jn~1 'U':i~'U'Ufl1':i~ e:JEJe:J1Vi1':i 6119lfl1':ibb oW'mVi1':i L ~1J 

'I.J':i~~'VliT.fllYl fl1':il9ll9l6li1J Ln~mL ~LL61~li119lL Vi~fl "li1EJ 1 'Ufl1':ivl1.:!1'U"lle:J.:!':i~'U'U.fliii"11J n'U Lb61~6119le:J1fl1':i 
'U 't 'U 't 

.fli:iLLru'U~1.:!fl1EJ (eJ":\JQ':i1 Vi'Ub'Yl"ll':i, 2546) LL6'1~EJ.:!Yl'l.d1 LL6'1fl~flbbe:J~\9lbb'UflViL1EJEJ.:JlJ'U'Vl'U1'Vl~'U., ~ 
" " I 

~1~f!l L"li'U t-ffdJ'U~61"li'Vl'Vl\9l?le:J'U (test organisms) 1'Um':i1Lfl':i1~oM119l1i:i'U (~'U\916'11 ~1Jfifl~, 2544) 

'U1.:!?11EJ~'Uifl -&'~?tl.J 1 'U e:J1Vi1':i~l9l1Lb 'Vl'Ufl1':i1oUEJ 1\J~"li'J'U~ 1\91 EJLQ'Vl1~fl~1J Lactobacilli L "li'U L. 

acidophilus, L. casei, L. delbruekii ssp. bulgaricus, L. delbruekii ssp. lactis, L. reuteri, B!f. 

bifidum Lb(l~ Ent. faecium 'U1.:J'ti'U\91?111J1':iflb":\l~f!l 1 'U':i~'U'U'V11.:Jb~'Ue:J1Vi1':i ~.:J~e:J11i1U':i~ 1EJ"ll'i1~e:J 

':i~'U'U~.:J nci11 ~'J m Vi\9l'iiL"Il(I~LL(Ifl~ n LLe:J~\91 LL uflViL1m V1ci1d~.:Jflflb~1J 1 'Ue:J1Vi1':i1J'U'l!l8 LL(I~e:J1Vi1':i~l9l1 
' 'IJ ' 

1 'U':iUbb'U'U"lle:J.:J 1 'I.J':i1u 1e:J~m11Vi~'Ufl1':i'U~1.flfl 'Ue:Jfl":\11fldEJ.:J'Vl'U11 Lactobacilli EJ.:!lJU':i~ 1EJ"'I'Ub 'Ufl1':i 
'IJ 

dJ'U carrier 1'U':i~'U'UiJi:i~1Jn'U1'U"lie:J.:!U1flBfl~'JEJ (iL<tiEJ':i a(l1l"'l':i1J1!i!, 2534) LLafl~flbbe:J~\91 

bb 'UflViL1 EJ?I11J1':ifltl11J1U';i~EJ fl\9lboUU';i~ 1EJ"'I'Ul~~.:Jd 
' 

.:i 4 ~ .::.1 C\ 

~ \9l?I1Vifl ';i':il.Je:J 1Vi1 ';i bb(l ~ bfl';i e:J.:J \911J ~ \9l?I1Vifl';i';i1Jfl1';i~(l\9l EJ 1 LL(I~ ?11':i bfll.J'U 1.:!"11'1..! \91 

2.1.4.2 fl1';i~~\91VitY1Vi~fl Vi~1Vi~fl f.ie:J ~"1le:J1Vi1':i~l9l1~1.:! 1 ~Lil'U~fl'l!l11 ib'U?t.fll'Vl 

R'J11J~'U?t.:J 1 'I..! ?I m1~~bJilm m!il ~.:! fl1':ibfl'U fi'U e:Jl.J 1 'U6Y n'l!lru~ fl1':iVi~ n LL 'U'Ud?t11J1':i fl e:J ~1~\ U'U 
'IJ 'IJ 

L lm'\..!1'1..! 119l EJril'UU';i~ ne:J'U~1.:! 1 LL(I ~l")rufi1'V11.:JmVi1':i 1ll L 'I.J~EJ'ULL \J(I.:J~1Vi-ru 111 -&'L u'UmVi1';i~l9l1 

1'U"lil.:J"ll1\91 LLfla'UVItY1?t\91 LLafl~mLe:J~\91LL uflViL~EJv111 1XV1tQ'1iJFi1 pH ~1 ~.:Jv111 lXVitQ'1VI~mnu Hl~ 

'U1'UbL~1 'UVitY1lJU~1J1ti.JJ 1\911!;'1~LL61fl~mbe:J~\91 bb 'UflViL~EJ?I11J1';ifltl11 tJ1 m~'IJ e:JEJ ~.:!,!'\..!~.:!~ e:J.:!lJfl1':i 

L~l.J ~'ULLe:Javh- e:J~ 11JLaa LLa~Le:J'U 1\91 naR1L 'I..! ?I L off11 U1 'ULLa fl~flLLe:J~\91LL UflViL~m ~e:J 1 lXL ~mn1J1':ifl 
'IJ 

~~\91J1\911(1~":\J~ 1-&'L 'I.J~ EJ'UL U'Um\91 LLafl~n1~e:J~1.:JL~EJ.:J'Vle:J 
2.1.4.3 fl1';i1oULb(lfl~ flbbe:J~\91 bb 'UflVib~EJ ~'Jl.Jfl'U~?I~lb ~e:J~~\91 1J'\.J~(Ib3J 1 'Ufll':i~~\91 l'J't.J 

~a 1~~?1~":\l~b 'I.J~EJ'UJ1man (11fla1 'UJ1~a 1m 1XLU'ULe:J'V11'Ue:Ja ":\11fl,!'Uuafl~flbbe:J~\91Lb uflViL1EJ ":\1~ 
" 
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b'll~EJ'Wn'a{;)~.nan~ffi·tnh:.J~1m~b'i~h.JnWlU.~fl~n 1(;)EJ1offn·H~U1'Wn1~ malolactic fermentation 

Y111 ~iin~'WL0~1~~1 u.~~~a"ll1~~~~~~'W 
2.1.4.4 1 'll~1 u 1e:J~n fie:J ~~'WVl~~~ii~11PltJnt.i1l.n1 offb tl'We:J1VI1~ba'1lJ~nu~~ 1tJ"1!'t1~e:J ' .. 

~u11nFJ 1{;1 tJ"Ii1tJ'll-ruam~alJ(;)~"lJe:J~ milJ~~'WVl~tJ1 'W~~UUV11~b~'W€l1VI1~ ~u 1~ 'W~'ll"lle:J~e..J~I'l.firu;J 
'U q q q 'U 

'WlJL'lltmLL~dmM\91 LU'W~'W LL~Fl~nu.e:Ji'i(;)LLUF1ViL1tJ~iJtJlJ'!11lJ11offLU'W1'll~1u1e:J~n 1~LLn L. lactis, 

L. acidophilus, L. crispotus, L. omulovorus u.~~ Bifidoboderium spp. LU'W~'W 

2.1.4.5 m~e..~al'la1~'ll~~h'W~ LL~Fl~nu.e:Ji'i(;)u. uFJViL~tJu1~"1lil{;)a1lJ1~tle..~al'la1~'ll~"ih'W~ 

1~ L"li'W L. loctis e..J~\91 nisin, L. cremoris e..J~\Pl mesenteroicin u.~~ Ent.foecium e..J~\91 enterocin 

1{;1 tJ LL u Fl b Vle:J11e:J61i'WL Vlci1-d'L U'W~~~'Il1a'W he:J ~1~lJ1n 1 'W~1'W~~ L U'W biopreservatives 1 'W€l1VI1~VI~ n 

~~iioffe:J~ n-J1m~ 1 offa1~tl'We:JlJe:J1VI1~~L U'Wa1~LFliiu.~~ hlb U'WeJ'W l'l~1 tJ~ e:J ~u~1ilFJBn~1 tJ (ib ~tJ ~ .. 
~m1"1!~lJ1!31, 2534) 

Weinbers and Muck (1996) nci11~~m~1off'll~~ 1tJ"1!lJ"lle:J~U.~Fl~mbe:J~(;)bbUF1Vib~tJ 

1 'W e:J l'la1VIn ~~lJ e:J 1VI1~al'l1VIlJ' n ~~Uiilli!U'W 1~3J m~e..~a \PI L ~e:J LL~Fl~ n U.e:J~(;) bb UFlViL~ tJ LL UUL ~~~1W"1!~ 
' ' 

"lle:J~e:J 1VI1~al'l1VIl!n1 ~~,'W 1{;1 tJ U.~Fl ~ n U.e:Ja(;) u. u flVi L~tJ 6h'W1 VI qi~il tJ lJ1offn'W Iii~ b U'W~1 n 

homofermentative b"li'W Lc. plontorum, Ent.foecium u.~~ Pediococcus spp. ~~U.~Fl~n 

LLe:J ~{;) LL UFlVi L~tJ L Vlci1'0ii'll~~ 1tJ"IllJ~ e:J A 1 1"11 n u1~ L{;) ~\PI~~~~ 1 tJtl11~ (water solution 

carbohydrates, WSC) "lle:J~Yl"1! fim111'WYl"1!mVI1~al'l1ii wsc lJ1mfltJ~~e:Jm~U1'Wn1~VI~nn~~ 

Ln{;)~'WL ~1 LL~~aJ.Jmru ~~"1!1 tJ 1 ~Yl"llVI~niiFJrum~~~~~'W 1 'll~1 tJ .. ' 
Chim-anage et al. (2008) 1~f!lm~1m':i1oUtl':i~lEJ"IlU"IleJ~U.afl~mLe:Ja~mJflViL~EJ~eJ 

e:JI'la1VIm~lJm~L~ tJ~ 1n 1{;1 tJfiln"M1e..J~"lle:J~ n 1~'111u.~FJ~ mbe:Ja(;) LL uFJViL~tJ~iJFJrualJu~L U'W 1 'll ~ 1 u 1e:J ~ n 
' ' 
L~lJ~~ 1 'lJ1 'W e:J1VI1~ L~ tJ~ 1n b .Q' e:J~ €ln1~L 'lJ~ tJ'WLL 'lJ~~"lle:J~Iil~'WVl~~ il1tJ 1 'W&i 11ffin L -d'e:J ~U'J1a1lJ1~tl~{;) 

' 
'll'1lJ1t\J"ll€l~bbUF1Vib~tJrle:JhF1 b"li'W E. coli il1EJ1'W&i11~"lle:J~1nb.Q'e:J1~ 
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2.2 :j)i;'U'V1~~1'lh1'Ulv~n (probiotics) 
• 
~~'WV1~~1 '\J~:;'I.J'I.JVl1~b~'Wel1'Vl1~~ihJ~:; 1EJ-ut1~ m:[1'lJTW (host) iiflWG'il.JU~b 'Wfl1~Vl'W~eJ 
' ' 

am1:;~b tl'W m~ 1 '\Jm:;b vn:;eJ1'Vl1 ~bb~:;Vl'W~mn~mY1~1 'W&'h 1~ G'11111~tle.Jal>lm~ LL~fl~ nbba:;a1~ 

EJ''U~ ~~~'WVl~ t1 -uiJ~ ~'W 1~ v111 ~d'1~a11~a"1m~~a'WV1~6 .n1EJ1 'Wrl11~ bb~:;"ll-m L ~l.l'l.l~:;~Vl5m~"1leJ~ 
' ' ' 

eJ1'Vl1~'Vl~eJ n~:;~'WRru~1Vl1~ 1.nou'W1f11~Vl1~ en'Vl1~1 ~a~off'W ('W1a:5''UVl{ ~1-rm~1, 2533 LLa:; 
' ' 'U 

Marteau et al., 2001) 

2.2.1 fl1111'Vl111~'tlil.:i:j)il1J'V1~~1 'l.l,-1 'U lv~n • 
1 'l.l~1 'U 1eJ~n ii~1n~wvi111f1~1n.n1~1n~n iiR11l.J'Vll.J1EJ'h L YleJ~il>l ~~fh11 "1 'l.l~" 

'Vll.J1EJ5~ f11~bl>l~E.ll.J a1'W "1'\.JbeJ~n" 'Vll.J1EJ5~ ~il>l Lilly and Stillwel (1965) bU'W0b~l.J1'VlboUFh11 

"1 'l.l~1 '\.JbeJ~n, ~~'Vll.J1EJf:i~u~:5'EJ~a~La~l.Jm~b~~rub~'\.J 11>l~~al>l~'W1~EJ~a'WVl~t1 bba:; 1~ ~fh:il1n~ 
~ ' 

m 111"1leJ~ 1 'lh1 'U 1eJ~n11 L U'WG'11~~'Vl~~ eJeJf11111i11n~a'WVl~6-uiJ~'Vl-ct~l1~a 1 'l.lm:;~'Wm~L~~rub~'U 11>1 ' ' ~ 

"1leJ~Iila'W'Vl~68 nouiJ~'Vl-ct~ 1 'WL 1~1~eJl.J1 Parker (1974) 1~ off'lJ~:; 1EJ-u'l1~1 n~a'WVl~ t1 Lba:;a1~~ 
' ' 

liJa'WVl~t1e..~al>l~'W n'Ual>l1 ~'U11liBVl5~a~eJ ~a'UVl~ EJ1 'W ~:;'I.J'I.JV11~ b~'Uen'Vl1~ a1~~1il~'WVl~t1 e..~al>l~'Wdii 
' ' ' 
fJWG'il.JU~ r1~1 E.lfl'U EJ1'l.l5~1'\J:; bb~1l1Vl~1'\.Jbb 'li-a'WJ1 b U'WG'11~'tllJ~ 1~ ~ ell.J1 Fuller (1989) 1~ ~ 

m1l.J'Vll.J1 EJ"lleJ~ liJa'UVl~61 th1'U 1eJ~n11 b tl'WeJ 1'Vl1~La~l.J~-:J'l.l~:; neJ'U~1EJ ~a'WV1~6~8-:Jii~il>l b~eJ 
' ' 

'U~1.n RLL~1G'11111~tl b off1 hm ~ bn 1:;'\.J~L 1 ru~1V1ii' 1"1lm ~u~Vl1~ L~'Wm'Vl1~ a111 1~ m~~t1Jb~'U 11>1 bLa:; L~ eJ 

'lJ~:; 1EJ"1lt1~eJ~'U~1.nR L"li'W 'l.l-r'Ufl11l.Jal.J~a"1leJ~~a'WVl~m 'W~:;'I.J'I.JV11-:J L~'Wm'Vl1~bba:; 1~a1~'\.J1~eJ~1-:J 
'U ' ' 

b tl'Um~Vl~ bb Vl'W 'Vl~m u'Um~Lbri~ Lb~~n'U~a'WVl~ t1 bb 'l.lan'l.laeJl.J~boff1l.J1a~:;'I.J'I.JVl1~b~'W m'Vl1~ a1'W 
' 'U 

Havenar and Huis (1992) 1~"1JEJ1EJfh~1fl~r111l.J"1JeJ~1'l.l~1'U1eJ~n11 LU'W~~'WVl~tJ~ii~il>l1'W~'l.l"1lm 
' 'U 

b"'!aa b v-r1~ b~ t~..:~'U~?t'Vl~ Vl~m"'laa ~?t1.J 1#lm1~>~ t~m~~\Pllu 1f'lru?t1.Ju~"1Je:J..:~Iilmrn~~vliiem L~1.J bba~ii ~a 
't 'I 'I \J 

~eJm~~lll.l'W 1m~b~~rub~'U 11>1"1leJ~L~Tu1'Wbba:;a1l.J1~m.hl.l1'l.l~:; EJnl>l1 i'lJ~:; 1EJ"1l'W1 'Wal>l1'Vl~eJl.J'W'I!t6 
~ ' ' 

'WeJn~1nd8-:J~111f:i~~a'WVl~E1~ii'l.l~:; 1EJou'W1 'WYlou~-:J'V11-:J~1'Wm~~lll.l'W 1 m111G'11111~t~1 'Wm~ b ~11e..~a ~~ 1>1 
' 

1~a~off'W (Havenar and Huis, 1992) 'Vl~m1mn'Wbba~EJ'\.J~~~~'WVl~6~bU'WG'11b'Vll>lb'Wf11~rieJhR L"li'W 
'U ' ' 

L. plantarum G'11l.J1~t1EJ'U~~f11~b~~qjb~'\.Jbl>l"1lm Pseudomonas syringae ~~bU'Wb~tlbb'lJflYib~EJ 
rieJbR1'WYlOU bU'W~'W (Visser and Holzapfel, 1992) 

2.2.2 flWfll.JUiif'U~1'U'tlil-:J:j)il'U'V1~~1 'l.l,-1 'U lv~n ' ~ . 
1 'l.l~1 'U 1B~n~~ ~eJ-:JG'11111~{1-a-m111 ~bn~m1l.JG'1l.J~~Vl1-:J 1.nou'W1m~bb~:;a"1Jm~~~1~~ -:J 

' ' 
.fl1EJ'Welf1bba~mEJ 1 'Wb61lm~ 1 'Wf11~vl11 ~bn~al.J~a.fl1EJ'Welf1b61laa,!'W ~a'WVl~EJ1 'l.l~1 'U beJ~ nv\'1 hJ~~~eJ~ 

' ' 
bn~m~'U1'Wf11~'VliJf1el1'Vl1~1 m~G'11~ell'Vl1~l.J 1f1l.J1EJ'Vla1EJ'tllJ~ L"li'W G'1 1l.J1~tl~ eJ EJG'1a1t1J11>11a 

bbaR11>la1 'W 1t~ bMI>lv111 ~~1~f11tiG'11l.J1~t11-ff'l.l~:; 1t~ou1.J~ 1na1~eJ 1V11~d1~ 'W eJn~1nd8~a1111~tle.J~I>l 

G'11~EJ'U~~~a~~ G'11~EJ'U~~n1~bn~l.J~b ~~bba:;f)UJG'il.J~~'W 1 Bf1'VlalEJ'tllJ~ a1'WfJWG1l.J~fl1t11'Wb61Jaa 
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iT~ fl~iJ fltw&1l.JD~ bU'Vj1 ~ "UB~ 1 'tJ~1 u 1B ~ n B ~ ~~fltw&1l.JD~~a1~ru~1 m 'W fl1~~1i1 b~Bfl ~~'WVl~ 6 
It \1 q Ql 'I 

1u~1u1B~nil~~~eJ 1ud 

2.2.2.1 hJfiB1Vfdilii'VI~BG1'h~G11~~'t:l' iJfl11l.JU"BiilntJ (GRAS= Generally 

Recognized As Safe) CibOUtJ~ ~m1"1l~l.J1Pl, 2541) 

2.2.2.2 G11l.J1~t:l&1~1~mlilu"fl~fl vh 1 VfmtJ 1 'Wm~b'Vj1~81'Vi1~il ?l.fn'Vjb U'Wmlill.l1fl~'W 

~~dililm~~BtJ?ImtJm'Vi1~ u"~m~1 offu~~ 1tJ"UU~1fl?l1~m'VI1~~1~ 11~~~'W Cn~m~ ~fll.J1~ ~, 
2544) "1!1 tJ'tJ~ua .fnfj"tJeJ~ ~~uu'Vl1~ b~'W m'Vi1~ 1 VIB ~1 'W?Ifi1'Vj~ bb Uflvib~ tJ 1fl~vJB{l.l b~ ~ru 1~ tJ 1 n 

~ ~ 

('W'J":il'WVl{ 'Vj1~fl't:J-1, 2533) 

2.2.2.3 ?11l.J1~t:l'Vl'W~Bmli11'Wm~b'Vj1~B1'Vi1~1~~ (Kontula et al., 1998) b"li'W 

Lactobacillus acidophil us ADH ?11l.J 1 ~ t:l'Vl 'W m li11~~ n11 bb 'U fl vh ~ tJ bb"" fl ~ fl ?11 tJ ~'W ~~ 'W 1 

(Conway et al., 1987) Lactobacillus gasseri G11l.J1~mBiiiOU1~1~l.J1fl~ pH 3, 2 bb"~ 1.5 

~1l.J~1~U Lactobacillus ?11tJ~'W~ BFE 1058 bb"~ 1061 ilm1l.JG11l.J1~t:l1'Wfl1~Vl'W~B pH ~1 

~fll1&11tJ~'Wlf BFE 1059 (Toit et al., 1998) Lactobacillus sake RM 10 bb"~ Pediococcus 
' 

acidilactici P2 ?11l.J1~t:liJ~i~';iBii11~~-:]~lil~ pH 3 (Erkkila and Petaja, 2000) 

2.2.2.4 &11l.J1~t:l'Vl'W~ml1~ 11iitlbb'UflVib~tJ1'Wmil.J lactobacilli ~~BtJ1'W~11~"1JB~l.J'W't:l-6 
' ~ ' 

bb"~G1~1il fltwG1l.JD~Vl'W~eJ bfl~ BJ 1~ bb"~il m 1l.Ja1 ~ru~ B ~~uuG1l.Jiii"~~'WVl~tJ1 'W~ 11~ ~1l.Jfi~ -rn't:l-1 
~ v II 'I 

b fl ~ b n Iii~ 1 n ~ 11 ~ Erkkila bb"" ~ Petaja (2000) 'Vj u 11 Lactobacillus sake ( RM 10) bb"" ~ 

Pediococcus acidilactici (P2) ilm1l.JG11l.J1';it:l1'Wfl1';iVl'W~mn~BJ1m~~fl11l.JboUl.JoU'W{BtJ"~ 0.30 

2.2.2.5 &11~1'H1LL'1i-!!oU'WflU Loffe:J hl"11 'Uf11'i~li1 Lf11~e.J'I!~r;h l~ 11>1t~Ufl~Loffe:J1 'jfl~~L oU1lf11~ 

bb"~~ B ~ 1'W m~bfl~B'W~"11B~~11~~ilm ~uu~h 1 Vfm'VI1~bfl~ B'W~1 't.lan't:l'tw~"nfl~'W (Peristalsis) ~~ 
~ 

m~bfl1~bfl~B'U"1leJ.:] 1 'tJ~ 1 u 1B~n~e.~'I!~Vl1~b~'WB1'Vi1~d~~vh 1 VIm~ ~8 tJB1'Vi1~bb"~m~lilli16lll.J bU'W 1 'tJ 
~ 

B~1~Ufl~ (Fuller, 1993) 

2.2.2.6 bd m~~fll~'Jl.Jnu ~~'WV1~61 'W~~uu'Vl1~ b~'Well'Vi1'j ?11l.J1'jf:leJB fl')'Vlt1~~1 'W 

Vl1~L~'WB1'Vi1~VJfl~1'W Cti'Wl.lru "111qJbiiB~. 2548) G1Biilfl~B~nu~1tJ~1'W"1leJ~ Gilliland bb"~ Speck 

(1979) ~~1tJ~1'Wl1 Lactobacillus ~bU'WU~~1tJ"UU1'WV11~L~'WB1'Vi1~ RB Lactobacillus 

acidophil us, L. casei bb"" ~ Bifidobacterium bifidus ~ ~ G11l.J 1 ~ t:l iJ ~i ~ ~ eJ Iii u"" ~ G11l.J 1 ~ t:l 
b ~~rub~U 1~ 1 'W'Vl1~ b~'WB1'Vi1~"1lml.l'W't:l'tJ'1~ ... ' 

2.2.2. 7 fl1';im~~'W~~UUiJlJ~l.Jfl'W"11B~G1~1 ~~G11l.J1~f:lfj'lJ1m 'W Lactobacillus sp. ~ 

G11l.J1';it:lm~~'Wfl1~&1~1~ gamma globulin, gamma interferon bb"~~~b&1~l.Jfl~fl~'jl.J"1JB~ 

macrophage 1'W fl1~rl1~1i1 b~B bfleJeJfl~1fl~1~fl1tJ (Fuller, 1993) ~~G1Biilfl~eJ~fl'Ufl1';i~1tJ~1'W 
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-•ilia, .. 
"ll8>!1 Klila LL"~flru~ (1992) ~i1m~'l11 Lactobacillus sp. 'il1fl~"~ "fi'W~'VI~81mfH~1~~U1E.l 

hflVJ8>!1~1>!1-ruth~'Vl1'W ~u·;h vh 1 ~~1-!lmE.J~U1E.J?f1~1~tl?!'h:Jflilfi'~ntJ 1~~~\l~'W L~m ViE.Junu 
" " ' 

~U1E.J~hl1~-ruth~'Vl1'W Lactobacillus sp. 
" 

2.2.2.8 ?!1~1~tl?f~1-!IL8'Uhii pectinase, ~ - galactosidase, amylase, protease, 

lactase LL"~ cellulase i1~"vh1 ~fl1~~8E.l LL"~m~1-fftl~~ 1E.J"lltJ"ll8-!IG'f1~81'VI1~~1\l 11 ~~~>!I~'W 
(8~E.l ~'Wh, 2535) 
' 

2.2.2.9 ?!1~1~tl?f~1\l?f1~~81'11'WL~8bfl~>!i~L'iJ'W primary metabolite L-d'W m~ 
~'W'Vl~8 LL"~ secondary metabolite L-d'W hydrogen peroxide LL"~ bacteriocin (Fuller, 1993) 

vl1Vi'I!1~LU'WG'f1~LG'f~~tl~~1'W~ L ~~fl1~L'il~f:1JL~'U 1~"ll€l>!la~1 l'i'1'W'Vl1'W fl1~Ln~ 1 ~flfl81 ~Ln~tl~~ 1tJ"IltJ 

~8~1-!lfl1E.l (Klein et al., 1998) 

2.2.2.10 "~ fl1~;;r>!l Lfl~1~l1L8i1'W~ L U'I.J~~ 1 'W~~U'U'Vl1>!1 L~'W81'VI1~ LL"~ L ~~ fl1 ~1 off 

tl~~1E.J"IltJ"ll8>!1?!1~~1>!1 11'W~1-!Ifl1E.l (~~E.l ~'Wh, 2535) 

2.2.2.11 ?!~1>!1?!1~81'VI1~~ijtJ~~ 1E.J"lltJ~8~1-!Ifl1E.l L-d'I.J folate "111 E.JG'f~1\lLij~ L~8~LL~>!I 

LL"~i~1lJ'WU 2 ~"111E.JU1~-!I~~LL"~L~'U (Fuller, 1993) 
' 

2.2.2.12 L~~':ii1'1.J1'W1~~1~L~1LL"~G'f1~1~tl~>!ifl>!ii1~i~8~1 'W~11m~'W1'Wtl~~~1ru 24 
" 

i11~-!i ('W1"~'W'Vl~ ~1-rfl~1, 2533) 

2.2.2.13 hJ tlfl ~ ~611~ 1 'W'Vl1>!1 L~'W 81 'VI1~ LL"~ l:Jj ~ flfl1>!1 'VI~8'VI" \l L 'VI~ 88 ~1 'W L .Q' mm 8 
" " " 

(fl'ilm~ f!lfl~1~8, 2544) 
' 

e:Jtu'VIflljrr51-!i ?leJ 20-60 eJ-!1~1L"1fm61itJG'f (f\lilm~ ~mn~e!, 2544) 
' \J ' 

2.2.2.15 "~fl11~L~E.J\l1'Wfl1~Ln~~~L~-!1~11ffi'VIqj (colon cancer) 1~E.J1tl"~LeJ'W1svii~ 
.f'l .. 1 ~ ' Lu'WG'f1L'VI~"ll8-!lfl1'Hfl~ ~fl~~L~-!1 L"ll'W ~-glucuronidase, azoreductase, nitrate reductase 

LL"~ f3- glucosidase ~u11'W~Vltlfl'VIii'fl~1E.l L. cosei 'il~"111E.Jfl~~l'i''Wfl1~vl1>!11'W"lleJ>!I 
\J ' 

macrophage 1 'W'VI'Wb~ 1~E.Jfl1~'Vl~?f8U 1~'VI'Wfl'W'W~'VIiind Vi&r>!i'il1fl,!'W 8 1'W'l11'VI'W~1m1 LL"~~~1'il 
\J \J \J 

fl'il fli~~"ll eN L8 'W bSVlJ~~ 1 'il1 fl macrophage 1 'W fl1~'Vl~" 8\l.Q' l~ fl 'ilfl ~'a~"ll8\lL 8'W bSVll lactase 

dehydrogenase (LDH) ~U11fl1~u~1flfl'W~~i1~1'Wtl~~fl8U"ll8>!1 L. cosei 'il~i1~"1'Wfl1~L~~ 

~~~'U LDH vl11~"~fl1~L~~"ll8-!ILSVm~~~L~>!i1'W~1\lfl1E.J1~ (Gilliland et al, 1997) 

2.2.2.16 "~~~~u cholesterol1'WL~eJ~ ~>!1?!8~fla8-!lnm1E.J-!11'W"ll8>!1 Gilliland LL"~ 

flru~ (1997) 1~E.Ji1m~tiL~8 L. acidophilus fl1Ufl~~~~u cholesterol 1~Lti8\l'il1fl'il~"111E.J~~sg~ 
' \J 

cholesterol1'W~11«l~ 1~mLE.JflL~8 L. acidophilus 'il1fl~'il'il1~~"lleJ\l81?!1?!ii'fl-a 9 fl'W ~u11 
L. acidophilus 016 'il~~~sg~ cholesterol1~~1fl~G'f~ ?18 50.9 f.lo/ml LL"~ 05 'il~~~61!~1~ 

't! , ;:, 'U 

liubu
Rectangle
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iim.J~a~ fie:J 28 jJg/ml 'Vl~ae:JUn1':i1-tlL~m.Jal.I"1Je:J.:I L. reuteri LL(;l~L~e:J L. johnsonii L'iJ'U 
' 

e:n'VITHa~l.lhh1u1e:J~mLn~n61mU~l.l1ru 2 x 10 12 cfu ~e:J(9]'J~e:Jl'U U':i1fl!Jl1a1l.ITHH'Im~~u 

1FJL(;laL~e:J'ae:J(;l1'UL~e:J~ Lb(;J~"lJ'JE.Jb~l.lfl'J1lJ~'U1'Ul,j(;l61fl':i1~ 
2.2.3 m-a~~LiliamLflfl~nua~tHL uflViL'iv~iiflrua:uu~L U'l.l '[ tl-a1 u 'l:a~n ua::-111'1.1::i:ijv~ • 

'Vl~ae:JUFJrual.l~"lle:J-:1 bb(;lfl~nLLe:Ja~ LL UFJVib~tl~ .:l~e:J 1 tid 
' 

(1) FJ'J1l.la1l.l1':itl1 'Ufl1':i~u5-:~L~mie:J bFJ 

(2) FJ'J1l.la1l.l1':itl1 'Ufl1':i'Vl'Um~-Lua LLa~Ln~ml1~ 
(3) m1l.la1l.l1':itl1 'Ufl1':iLm~~~L"1!m~~:.J'I!.:~a11a 

2.2.3.1 fl1':i'Vl~ae:JUFJ'J1l.la1l.l1':itl1 'Ufl1':i~u5-:~L ~e:Jrie:J 1 ':ifl 

fl1':i'Vl~ae:JUFl'J1l.la1lJ1':itl"1Je:J.:JLL(;lfl~flLLe:Ja~ LLUFJViL~tl 1 'Ufl1':i~U 5-:~L ~e:Jfle:J 1 ':ifl 

a1l.l1':imh1~'VImt~iii ~.:~d 
Supayang et al. (2006) 1-ffi 'tl agar disc diffusion 1 'U fl1 ':i 'Vl ~a e:J u 

Fl'J1l.la1l.l1':itl1'Um':i~U5-:~L~e:Jrie:J l':ifl"lle:J-:1 Lactobacillus spp. ~LLtl n1~:U1fl"lie:J.:Jfl(;le:J~"1Je:J.:I ~'VIiQ.:~ 

a"llm~~ i'tld:r~LU'Uiii~iltil.l 1 oUe:J~1.:!LL ~~'VImti 1~tifl'J1l.la1l.l1':it11 'Uf11':i~u5-:~L~e:J'Vl~ae:Ju i'~:u1n 
' 
Fl'J1l.lfl1\~"1Je:J-:J 1"1l'U1a (clear zone) Ln~~'UU'Ue:J1'Vi1':i 

Jacobson et al. (1999) bb (;'1 ~ Maragkoudakis et al. (2005) 1 ~ 'Vl ~a e:J u 

Fl'J1l.la1l.l1':itl1 'Ufl1':i~u5-:~LoSe:Jrie:J l':ifl"lle:J-:1 Lactobacillus spp. ~'JtliTI agar spot test 1~ti'Vitl~a1':i 
~eJ~t9l1~ tJ :u~uv(~~fi..:J'U'Ue:J1'1111'H~ tJ-:J~iJL ~e:J ne:J 1 'Sfl LLa'JU1e:J1'1111'S~-:J LL ~.!llJ1b VlVl'U b U'UiTI'Vl~ae:Ju~ h_j 

' 
~'Ub u~e:J.:~~umru~'U"l'U~1 Lb~ ~i:r t1 hJa1l.l1':itlfl'JUF)l.l"lle:JUL "1l~"lle:J.:Ja1':i~'Vitl~(;l.:!U'U plate ~.:~vh 1 ,X 

LLtla~:.Ja1~t~1n 

Mufandaedza et al. (2006) 'Vl~ae:Ju fl1':i~'U 5~ b ~e:Jrie:J l':iA"lJe:J-:1 L~e:Jbb(;'lfl~ fl 
LLe:Ja~LbUAViL~tl~bbtlfl1~'Ul.I~ULL(;l~'Ul.I'VilJfl1~tiiTI agar well diffusion assay ~.:~vh1~t~m':i1off 

sterile cork borer L:U1~e:J1'Vi1':iLL~-:J Lba'J'I11a1':i~i:.J~~ 1~ ti:U~'U'Vl~~l.l1b~l.J(;l-:J1 'U'Vi(;ll.J i'tldLtl'UiTI~ 
' ' 

~i :rt~~e:J.:Je:Jl~ t1 m 1l.l-d'1'U 1ru 1 'Ufl1':i L:U1~'VI(;ll.J Lb(;l~Fl'J':i':i~l-:11 'UL~e:J.:I"lle:J.:ifl1':ibfl~ fl1':iU'Ub~e:J'U 
" "' ' 

2.2.3.3 fl1':i'Vl~ae:JUFl'J1l.la1lJ1':itl1'Ufl1':i'Vl'Ufl':i~-LUa LL(;l~Lfl~e:Jll1~ 

A'J1l.l L U'Um~-Luaii~:.Ja~e:Jfl1':iL:U~'lJ"lle:J.:J LL u AViL~tl 1~ t~m1l.l L U'Um~-L ua~ 

L'VIl.l1~al.lri1wrum':iL:u~'l!L~u Lt9l"lle:J-:JLL(;lA~mLe:Ja~LL uAViL~tJ e:J~1 'U"1i1-:~~L tl'Um~'VI~e:J~ pH 5 .s-6.2 

'Vi~e:J~1fl11 ci'J'U1'U pH ~LD'Unm.:~'Vi~e:JL~l.ILU'U~1-:J'Vh11X':i~ti~LL':ifl"lle:J..:Jfl1':iL~U1~ (lag phase) ti1'J 

~'U'Vi~m~u1~(;l~(;l-:J (Suskovic et al., 1976) ~.:~,!'Um':if'l~L~e:Jfl:U~'U'Vl~tlbU':i1u1e:J~fl :5-:~~e:J-:Jiim':i 
' 
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Vll?lae:runT~Vl'UI'le:H.'I.fl1l~fl"'1EJV11~L~h.Jen'VI1~"llt~·:d1~m~ flit~ ~ pH 1'11~ 1 LL~~ 1'Ua.fl1l~~ihn~t~ 

J1~ ~~dL~ew;nm~t~:U~'UVl~EJ1 tJ~1u 1t~~n~1'UL·1h hfl 'U~1~n1EJ:U~~uam1~~~nci11 flit~ ~tl1nii 
' 

pH tJ~~1J1ru 6.8 ~m~L~1~t~1'VI1~ii pH tJ~~1J1ru 1.5-3.8 ~~iifll11JLU'Uml?lfit~'UoU1~~~ ~cl11a 
L~n lJ pH tJ~~1J1UJ 7.8-8.0 LL~~iiJ1~ fl1fll11JL"Ii1Joff'ULO~EJ"lJ€J~J1~'Ucl11aL~ntJ~~1J1UJ 0.3% 

(w/v) (Gilliland et al., 1984) 

Pennacchia et al. (2004) 1~i'imnfi:um~1J"llti~Lti'U1fllll1 bile salt hydrolase 

1'UL~mL~fl~mLt~al?lLL\JflYib~EJ1J1nd1 300 a1EJ~'U~ tJ~~n€1\J~lm~mLuflViL~EJ Lactobacillus sp., 

Lactococcus lactis, Leuconostoc mesenteroides, Streptococcus thermophillus Lb ~ ~ 

Bifidobacteri um sp. Lti'U lfllll1~~ nci 1l:U~vh 1 ~ LL UflViL~ EJVl'UI'lt~J 1~ ~~:u1 nm ~Vl 1?1 ~ti~~UJ1 LL~fl~n 

LLt~al?lLL\JflYiL~EJ:51'Ul'U 273 a1EJ~'U~ iifi:um~1J"lJeNLeJ'U1fllll1 bile salt hydrolase bl?lEJ~l'U1'VIqjLtl'U 

L~€1 Bifidobacterium sp. ~l'U1'U Lactobacillus sp. ~\Jbf1EJ~\J1~a1EJ~'U~ LLI'l1~~u!u L. lactis, 

Leu. mesenteroides LL~~ 5. thermophil/us 'Utln:U1nd1'UL~€JLL\JflViL~EJ Bifidobacterium sp. 

~~iifi:um~1J"lJ€J~Lti'U1fllll1 bile salt hydrolase ~~n~11'UL~€1 Lactobacillus sp. an~'JEJ 
Erkkila and Petaja (2000) Vll?laeJ\Jfll11Ja11J1~fl"llm~~'UVl~EJ1 tJ~1u 1t~~n1 'U 

. v 

m~Vl'UI'l€la.fl11~ml?l-b\Ja Vi pH 1, 2, 3, 4 bb~~ 5 bbt'l~bn~m.h~ (oxgall powder) fll11Jb"lil.l"li'U 

0.15% LLa~ 0.3% bl?lEJ1"1i'L~m'll?laeJutl~l.l1ru 7.4-7.6 log cfu/ml Vll?la£Jum~~tll?l:fi11Pl~Llt'l1 o, 

0.5, 1, 2.5 LL~~ 4 ilbl.J~ ~~~\J~1a1EJ~'U~ Lactobacillus sake (RM10) LL~~ Pediococcus 

acidilactici (P2) a1l.l1~meJI?l:fi11Pl~ pH 3 ua~Vl'UI'lmn~eJJ1~~fll1l.lb"li1J"Ii'U 0.3% ~ pH 6 1~~ 

Huang and Adams (2004) 1~Vl~a€J\Jfl11l.Ja1l.J'l'Hl1'Um':iVl'Um~ pepsin 

ua~J1~ "lJeJ~ Propionibacterium spp. ~bbEJn1~:u1ne.J~IPlfiru,;'U1J ~~~\J~1bL\JflVib~EJVlna1EJ~'UTI~ 
' ' 

·th1J1Vl~aeJu a11J1~f1Vl'Uml?l pepsin Lba~J1~1~ :U1ne.Jam~Vll?lt'ltl~~~ncinvh1~bb\JflVib~m'VIci1d 
ii~nEJm~~:u~ 1 ib U'Ub tJ~1 u beJ~n 1~ 

Guerra et al. (2007) Vll?lat~\Jfll11Ja1l.l1~fl"lJ€1~1tJ~1u1t~~n~1iLtl'U€11'VI1~ 

La~l.l~1'VI-ru'VI~ bl?lEJm~tJ-ruaml~fl~1EJm~b~l~eJ1'V11~~ pH 1, 2, 3, 4, 5bl?lEJiim~L~l.l pepsin 

bba~ NaCL bba~aml~fl"'1EJcl11aL~n~ pH 8 ~u~,:u~'UVl~Ei'a1EJ~'UTI~a11J1~mt~~:fi11Pl1~~~al?lflieJ 
' ' ' 

Lactobacillus casei subsp. casei CECT 4043 LLt'l~ Pediococcus acidilactici NRRL B-5627 

Toit et al. (1998) Vll?laeJ\Jfll11Ja11J1~fi1'Um~Vl'ULn~t~J1~ bl?lm~t~:u~'UVl~Ei 
' 

~'11 11J1 1-&'1 'U m~Vl\?1 a t~unu Ln~t~J ~~~ 0.3 o/o ( w/v) bL"'l\Pl ~l:U ~m ~ L:U ~ru"lJ €1~ L ~€1\J'U ~l'VItl1€11'VI1 ~ 
" v 

~\J~I L. johnsonii BFE 1058 bbt'l~ L. johnsonii BFE 1061 ~~ 2 aiEJ~'Uij btl'U:U~'UVl~Ei~ii 
' ' 

fll11Jall.l1~fi1'Um~VJ'UI'lmn~t~J,~~m1l.lb"li1J"Ii'U 0.3% 
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1'11-rru~ Vf;il.JG'I18 (2549) 'Vl~G'Ie:JUI"l11l.Ji:l1l.J1'H1"1le:J~ Lactobacillus spp. i:11tJ 

~'UTI SR36 LLG'l~ SR371'Un1';i'Vl'ULn~ml1~ 1~tJ1sULn~ml1~ 2 o/o (w!v) ~ pH 4.5 'WU';hdje:JL'"JG'\1 
' 

~1'UhJ 3 -ri'11l.l~ ~1'U1'U"llmL~eJ~~nci11 "~"~L~tJ-:~Lanue:Jmvh~'U 
2.2.3.4 m';i'Vl~ae:Jul"l'"J1l.Ja1l.J1';it11'Un1';iLm~~~nuL61mat:.~'11~a11~ 

L~mJ~'U'Vl~81 'lh1 u 1e:J~n ~1'U'V11~L~'U e:JTVn';i1 u~-:~u~L 1ru~11~~ e:J~i:11l.l1';itl 
' 

Ln1~~~ L~e:JU~11~LLG'l~e:l-:!~'"J~L~e:JU~11~ 1~8~~1"l';imL"l!G'la L~ eJUeJ'"J"lleJ-:!~11~Lan 1~ L~e:J 1'\.11il~'U'Vl~~ 
.. 'I 'I ~ 

vl1'VIU1~1 'Un1';it:-J~~c:l1';i'VI~e:JimiJ'U~':ii1L tl'U~e:J~1-:! n18 'VI~e:JLL~LL~nl';it:.J~~m~~~vh 1'\.1 pH 1 'U'V11-:! 

L~'Ue:J1'V11';i~1G'l-:! L ~mJU~~n1';iLiil~ty"llmL ~e:Jfle:J 1 ';il"l1 'U'V11~L~'Ue:J1'\il1';i1~ LLG'l~U~~~UflUU UI"'ViL~WleJ 
1 ';ii"'U'Ut:.IU-:1~11~ 1~mn~m~U'J'Un1';iUrl~U~-:!L~eJ"ll~~e:Je:Jn (competitive exclusion) 

~ ~1'Ul.J1i1n 1';i~ n'l!l11"11 1l.Jc:l1l.Jl';iti"1Jm LLG'\1"1~ n LLe:Ja~ LL UI"'ViL~ tJ'VIG'lltJ"litJ~ 1 'U n 1 ';i 

Ln1~~~flUL"l!G'lat:-J'IJ'-:!ci'11~ L"li'U 

Jacobsen et al. (1999) vl1n1';iVl~i:l€lUI"l11l.Ji:l1l.J1';iti1'Um';iLn1~~~t:.~'l1-:~ci'11~ 

"11€1~ Lactobacillus spp. ~1'U'"J'U 47 c:I18~'U~ nu Enterocyte-like Caco-2 cell ~-:!LU'UL"l!G'laci'11~ 

~-:!n1';i'Vl~G'le:J-:!vl11~m~~8l.l~~'U'Vl~~ Lactobacillus spp. 1'UU~l.J1UJ 108 celVml ULU\9\~~'U'Vl~81~ 

lil1'Ub'W1~b~tJ~ Caco-2 cell vr~H'U1'U 60 'U1Vi vl1f11';i~€ll.Ja~18 Giemsa stain solution (1:20) 

LLG'l~a1-:~lil'Um~~~h1i1a (9\ ';i11il~ t:.~G'lm';i'Vl~ae:Ju~1 8nae:J~ li!G'l'Vl';i';i P~ti eJ1'Ut:-JG'l 1~ 8;;r-:~ Ln~m';it~hm~ncil.l 
" ' ' 

n'U"lleJ-:!~~'U'Vl~81'UL"llG'laci'11~ ~~t:.~G'\f11';i'Vl~G'l€l-:I'WUl1 Lactobacillus spp. i:l1tJ~'U~ 299 299v 

DSM 1246 LGG 18911-2 19070-2 CHCC 2329 C:ICC3137 LLG'l~ BG2F04 Ln1~~~€l~1~'VI'U1LLU'U 

nu Caco-2 cell 

Tuomola and Salminen (1998) Vl~G'I€lUI"l1'1l.Jc:l1l.J11tl"lleJ-:! Lactobacillus 

spp. ~1'U'd'U 12 c:l1tJ'W''U~ 1'Uf11';iLn1~~~L"l!G'laL~m.Jci'11~ L~tJf11';j\l1LLUI"'ViL~tJ1 u~~UG'\1m~€l1'1-1 

c:l1l.J1';itl~~ml.l1~ lil1n~'U\h1'lJL'VlU'U Caco-2 monolayer Ua'"Ja1~UUI"'Vh~8~1lJLm~~~flUL"l!G'la 
Caco-2 €l€ln ;;r-:~Ln\9\n1';it\JLf11~~~"1leJ-:!LLURViL~8U'UL"l!G'la Caco-2 lil1n~"lleJ-:!UURViL~WntJ1~na€l-:~ 

lilG'\'Vl';i';iP\'l11il1f1f11 ';i'Vl~G'leJ-:!'WUl1U';i~l.J1UJ 14 o/o "1J€l-:!L"l!G'laU UI"'ViL~8'Vl~c:l€lUc:l1l.J1';imf11~~~ flUL"l!G'la 
' 
Caco-21~ 

Gueimonde et al. (2006) 'I11UURViL~tJncil.J Lactobacillus 3 atl~a 1~LLri 
' 

L. acidophilus TMC 0356, L. casei TMC 0409 LLG'l~ L. rhamnosus TMC 0503 ~-:!LLE.If11~1il1f1 

t:.~~~.firuoVi'Ul.ll.l1vl1f11';i'Vl~ae:Jum1l.li:l1l.l1';iti1 'Uf11';i~~ Lm~nuL"l!G'la Caco-2 UG'l~L~€lut:-J'I1~~11~ ~-:~ 
' 

t:.IG'\U';i1f1[ll1 LL Ul"li!ib~ m 'VIci1-d'i1m1l.lc:l1l.J11ti1 'Uf111 ~~ Lf11~nUL"l!G'la Caco-2 LLG'l~ L~el'lJt:.IU~~11~~ 
LL~f1~1-:!fl'U 'U€lf11il1f1.Q'EJ-:!'WUl1 LLUI"'ViL~tJ\~-:1 3 c:IU~~ ijR11l.Jc:l1l.J11ti~LL~f1~1~fl'U1'Uf111UeJ~fl'U 
\lJ1'1-1L:ff€lri€l1 ';jf'll.J1~~Lm~nm~€lut:-J'IJ~a11~ 'VI~e:J 1uu'Vl'U~L~e:Jri eJ 11R~Lm~~~€l~~L~€lut:.~'l1-:~a11~ 

' " ' 
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fl'J1lla1ll1'HJ 1 'U fl1'~Ej~ Lfl 1~tl\W11m~ LLG'l~L~tl'Ui:-J'Il:n;\'1 1ari€l'U L ~€l-1:U1nLL 'UflViL~ tJLL~G'l~"/Jij~ij 
' 

m1lla1ll1'Hl1 'Um1fi111 bm~nu b~G'l~ bbG'l~ b~eJu ~'I!.:Jcl11a~u~ n~1-:Jtl''U 
' 

2.2.4 n1'l'th"~'U'VI'itJ1thlule:~~nll1'1h::vniJI1iii.'U~Tu~h-:~6) • • 
1 'Uu:u:uu'UiJnT~'l11:ua'U'Vl~6ltl11 u 1B~flll11 offth~ LC!"Il'U1 'U~1'U~1-:J ~ ~.:Jd 

' ' 

m'a'l11:ua'U'VI~CJ1 tJ'a 1 u 18~ nlJ1titJ'a~ 1CJ"Il'U1 'U~ 1'Ufl1'ab ~llfl w~1'Vl1-:Jen'Vl11l1'n 
' ' 

vh L\1\C!m'a1 off:ua'U'Vl~6ttJ11u 1tJ~n1riG'l.:J1tJ1'Uen'Vl1'a ~,:j en:u1 off:ui!l'U'Vl~C!'1tl'a1u 1B~m~m 1 "llii\11 'VI~€) 
' ' 

111nn-J1 1 "1lii~11lln'Ufi1~ (Klein et al., 1998) b~81-H'en'Vl1'aiiflwauu~~~~'U LLG'l~btl'Utl'adCJ"~J1.1 
' 

~€l~'U~Lflflll1fl~'U L-d'U vh 1 '1Xen'Vl1'aiiflw~Tvn.:J 1.n"ll'U1fl1'all1fl~'U 'Vl~tJii'aaLL&=~~n~'U~~~'U ('h ~tl'a 
'IJ ' 

am1"1l1ll1Pl, 2534) "1i1C!tJ-rualli11G'l•lffi.:J:Ua'U'Vl~C!1'Uci11a (Marvin 1981) bbG'l~"li1C!G'l\1\flG'l€lbG'lab~el1eJG'l 
' ' 

fl1'a'l11~i!l'U'Vl~C!ltl'a1'U1€l~n L-d'U L. cosei, L. ocidophilus LLG'l~ Bifidobocterium spp. btl'U~'U 111 

1 iLtl'U'H'1b~eJ 1'Um1 t:..~i!l~'Ullbtl~m bbG'l~ LC!LfH~ v'h 1-H'~G'l~i!l~~1~a1ll1'at~-d1C!tl-rualli11G'l:ua'U'Vl~~"ll€l.:J 
' ' 

'a~'U'U'Vl1-:Jb~'UeJ1'Vl1'a"ll€l.:J~'U~Lflfl1~ (Nakazawa and Hosono, 1992) 
'IJ 

2.2.4.2 m1'l11:ui!l'U'Vl~C!'1 tJ11 u LeJ~n1111 offtJ1~ LC!"Il'U1 'U~1'Ufl11bb ~'Vl~ 
' 

fl11'l11:ua'U'Vl~C!'1 tl'a 1 u 1€l~flll11 offtl'a~ LC!"Il'U1 'U~1'Ufl11bb ~'VlC!LI11 C!ri1'U 1 'Vlrul!n 
' v 

b~C!1oUeNnum')'l11:ua'U'Vl~ C!'l th 1 u 1€l~nm1 i1 'U m')m~~'\.J'j~uu.n5J~lln'U"1J€l-1~1.,m t~ ~.,m :u Lfi~~'U 
~ 'I \1 'I 

1m~ t~ m'a~:ua'U'Vl~ti"t u11 u 1B~na1ll1'afln 'a~~'U 'a~uu.niJA'lln'U"lleJ.:J~1-:J m t~ 1~ ~d CJ ~1b€l.:J 'Vl~eJen:u 
~ II \1 'I 

bn~~'U 1~ t1 m 'a 1 off:ua'U'Vl~C!'1 tl'a 1 u 18~ n b tl'U~1'Vl~'l11~ L~'UbeJi'fl~'Ub oU'1ri11-:Jmm ~eJ 1 tJ m~~'U 'a~uu 
' 'IJ ' 

.niJA'lln'U"lleJ.:J~1-:JmC! ~1 €l ~1-:J"lleJ.:J.:J1'U1:5'C!~bMC!1oU'm num1'l11~i!l'U'Vl~m tl'a 1 u 1B~flll11 offtJ1~ LC!"Il11 
'IJ ' ' 

m'a1mtJ'a1u1eJ~n1'Ufl11thu~hfl Crohn's disease (CD) LbG'l~bfl dextran 

sodium sulfate induced colitis 1 'U'Vl'U LLG'l~ 1'Ufl1'a'G'l~fl11ll'a'Ubb 1-:J"lltl.:J chronic colitis 1 'U'Vl'U~ 
'IJ ' 'IJ 

"111~ interleukin-10 (IL-10) (Steidler et al., 2000) 

fl1'a1off L. loctis bbG'l~ L. helveticus1'Ufl11m~~'U'a~'U'Ufli1fi'lln'U"1JeJ.:JGY~i ~.:J 
' 'IJ ' 

:U1nm'a1:5'C!~'U11:ua'U'Vl~CJ1 tl'a1 u LtJ~n~.:J 2 "llii~ ?11ll1'at~m~~'U 1-H'Ln~fl1'a'Vl~.:J interleukin-6 
' ' 

(IL-6) 1~ (Smits et al., 2005) 
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nT;~thila'Wl1~~1 tJ'j1 u 1B~m.n1-titJ'j~ 1~"1l'W1 'W~ 1'Wn1';1Ln~l'l';l1111mh'W 1 vmh1n 
' v 

L~m-timnunWLhila'Wl1~mtJ';l1U1eJ~m.n1m'Wn1'H~:Ue.Jm.Jal'l"1leJ\lal'l1LPl';i~~fl:U L"li'W 1n 'VIlJ n\l11 
• "" \.1 • 

LU'W~'W 111l~~a'Wl1~m tJ'j1 u 1B~nm~ 1tl"ll1m ~\lm';lL~~ruL~u11'l"1leJ\l"'l'l1 L~:u.nl1~1'Wm'W1 'jfll1 'W"'I'l 1 
' v 'tJ 

(Guerra et al., 2007) al1lell'l';l1n1';1~111L~m1eJhfll1'Wal'l1 'VI~eJ~\lb~~:u~m1~bb111l~eJ:u1~L'VI:U1~~:unu 

"'l'l1L~~\l L"li'W fll1UflllJU~lJ1Wbb Ufll'Vib~~~bU'Wel'WI'l';l1~1PieJ"'I'l1J11'Wu 'VI~\lJ1 (~~1llll1~'W, 2550) 
' 

~1eJ~1\l"1leJ\l\l1'Wi~~~L~m-tieJ..:Jnum';l'l11~a'Wl1~~'1 t]';l 1u 1B~n:u11-ti'tJ'j~ 1~"1l'W1 'W~1'Wn1';1Ln~l'l';i L"li'W 
' 

n1';11otl Bacillus sp. 1~a..:J1 'WU€J€J'4U1a"ll1~ 1 ~~..:JlJell'l';l1n1';lb~~q)b~U 11'lLba~ 

';l€l\1ll'll~~..:J~'WWhn1';11otl benza konium chloride (BKC) (Shivappa and Chanratchakool, 
'tJ 

1997) 

n1';11otl Bacillus sp. lJ1e.J~lJtlU€ll'V11';ifl-.lb~eJ1~unann\lna1~?llfl'W ~u'J1 ann-.1 
~ \J , II \J II 

~1~-!u 1tl';l1u 1B~ni1ei'l'l';l1n1';1';l€ll11~il'l~1nm';lb'VI~~1'l111 ~bfl\11 hfll1111~ Vibrio harveyi ~\lfi..:J 100% 
'tJ 

1111 ~ n\l'Vl 111a eJ..:JlJ~"Ilm~ Lb ~..:J Lb ';1-.1 ua~L~~rub~U 11'l 1~~ 1 'W"IJW~~n~:ur~1ur~:ui1ei'l'l';l1n1';l';leJI11~il'l b~~..:J 
'I 't Ill , , 

26% LLa~iJmm';l~111tln~1'W~u ~ueieJ'W LLa~r;h1~ (m'!mi d-.1~~~~, 2551) 

2.3 1fl~'W (Vaccine) 

flh'J1 "1fll61i'W" (vaccine) lJ';l1n~mi:u1~1n.f11~1a~~'WI;'h'J1 vaccin-us 'VI~eJ vacca ~\lbbtla11 

cow 'VI~eJ11 1fll61i'Wb~ll~'Wb~€l fll.Pl. ~ 1770 1111~ Edward Jenner '11nil1mfd\1~1'l{"1l11el\lnt"j~ ~u11 

fll'Wb~~..:J11~bfll~~l1lb~eJtl1111~11 (cowpox) ~~hlthmu'Ul-til'l';l~~ (smallpox) b"ll1~..:Ja€l\lb€ll'VI'Wm 
"ll€l\lfll'W~fl1~-.l't.h~~ld~ 1 '.ir!tl\111~11 1tJa~f\111~~1'VIU\l"lleJ..:JL~ n'VItllJ~~1lJLRE.JthE.J~·:m 1 '.iR1JI111'efi''d 

' 'tJ 

'VI~B1 -til'l';l~~:ulne:J'W ~Ullb~ n~,!'Whithmu'W 1-til'l';l~~ (smallpox) ~..:JbU'W~lJ1"lle:J\lm';lA111R'W1fll6ll'W 
b~eJ'IjeJ\ln'Whfll (Stern and Markel, 2005) 

2.3.1 fl'l13J'VI3J1EJ"!Jil'l1fl~'W 

1R6ll'W (vaccine) LU'W~111'lt~~LI'l~~:u~'W~1m~e:J~a'W'Vl~~'VI~eJ~1'W"lle:J\lb~e:J~a'W'Vl~~ ~\l 
' ' ' 

~~iina 1n-a'n'l111 ~~1-.1m ~~~1..:J.nl11"13Jn'W~~1 L ~1~ IPieJ~a'Wl1~~"1liJ111,!'W 01 n~11fJeJlJfl'Vlt-a'n'l11m';l 
\J " " I "'I 

~~1\l.f1lJRlJtl'W el'W~lb ~1~ nu 1 ';lrl 1fll6ll'W 1111 ~ vi'11 tJ:u~tJ'j~ ne:JU~1 ~~1'WU';i~ neJU"lle:J\l~a'Wl'l~ ~~ b U'W 
'tJ ' ' 

~lb 'VI~"lle:J\l bR (Lbe:J'W~b~'W) ~-.1~nvh 1 ~eJeJ'Wt"]'Vlta\l I'll~ 'VI~eJm';l1 .U~1'W~b U'W~~~eJe:J'Wt"]l'lta-.1 

(toxoid) 1111 ~1fll6il'W :u~ m~~'W';l~uu.nl11"1:u tl'W"lleJ-.1~1\lm ~ LLa~~1:u1 ';ltl~\11 ~11~11L U'W~l';lne:J 1 'jfll~\l~~ 
' 'tJ ' 

iJna 1nm';lvhm~~Pie:J 1 tJ flltw~:uu~ nl';i~\11 ~1Lbe:J'W~L:U'W"lle:J..:J';l~uu.nl1f'1:un'W"lle:J..:J~1\lm~vh 1 ~~1\lm ~ 
' 'tJ ' 

~1lJ1';ltlfl1~111bLe:J'W~b~'W'VI1nL~eJ1~-!u€ln1wnmlf~..:J1~';11\11b~1~..:J~'W (Stern and Markel, 2005) 

~1€l~1\l"ll€l\l~111'l~ 1~Lbn ~1';ln€l.fJlJbb~ (allergens) bbe:J'W~b~'W (antigens) 1fll61l'W (vaccines) 
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®'eJ'fbJ'U (hormones) 16il1~1f'l'l1 (cytokines) be:J'U16i!l1 (enzymes) t:.l~~.nw,;-~1flb6i!G'l~~'Url1b'W~ 

(stem cells) t:.~~~.nw,;-~1mdm~e:J (tissues) t:.~~~.nw,;-~1~~1mae:J~'l-1~e:J~G'l1GUJ1"1Je:J"ll.J'4~~ 
' " 

(human whole blood and plasma derivatives) bSilil.J (immune sera) vh~~tJl.J"li'U~1flb~e:J~ 

"1Je:J"lf'l'U'l-1~mj'1 ~l.Jl.J1'U1nG'lU~'U (immunoolobulins) bbe:J'U~Ue:J~~1~~1nn~l.J"tle:J"lb6i!G'l~~bn~~1n 
~ ~ ~ ~ 

bSi!G'l~ b~ tJ'J (monoclonal antibodies) t:-1~~ .nw,;-~1~~ 1 nfl1';i'l-1lJfl'l-1~e:J~1n~ b~'Ube:J~1 tJ t:.~~l.J 

(fermentation or recombinant DNA) btl'U~'U (m~'Vl';i'J"l~1li1';iW~"tJ, 2549) 
' 

2.3.2 'tlcUfl"'leNI1FI~'U (Types of vaccine) (eJ~O';i1 ~"l~()l~';i~"l,; bbG'l::;flru~, 2525) 

u~~U'UbbU"li'f'l"ii'U1~e:Je:Jflbtl'U 2 "ll'W~ fle:J 1f'l"ii'U"ll'W~"lhi'VltJ1 (Biological types of 
' 

vaccine) bbG'l~i'f'l"il'U"ll'W~"li'Jbf'lli (Biochemical types of vaccine) li~n~ru~~"l~e:JhJd 
2.3.2.1 1f'l"ii'U"ll1i~"li1i'VltJ1 (Biological types of vaccine) bbU"le:Je:Jn1~btl'U 3 "ll11~ 

1) lf'l"ii'U"ll1l~b~e:J~1tJ (inactivated vaccine 'l-1~e:J killed vaccine) i'f'l"ii'U 

"ll1i~b~e:J~1tJ btl'Ui'f'l"ii'U~'\.J';i::;fle:JU~'JtJ~~'U'V1~~~1tJ~"l#l'J (whole cell vaccine 'l-1~e:J whole virion 
' 

vaccine) 'l-1~mh'U'\.J';i::;ne:JU'lle:J-:I~~'U'Vl~~~ljf'lW~l.J1J~btl'Ubbe:J'U~b~'U (subunit vaccine) b"ll'U 
' ' 

bbf'l'\.JSi!G'l ~~ Vl~e:Jb1u16ill.J ii5~1itJlJ1m'Um';ivi11'1X~~'U'V1~~~1tJ b"ll'U n1';ib~tJ-:~b~B1'U~m'J~~lif'l'J1lJ 
'U ' 

';i'Ubb';i-:J~-:~bbG'l~'I11~~'U'Vl~~lJ1~1~1tJii5m';i~1-:~61 b"ll'U m';i1-ffm1l.J~e:J'U m';i1-ffu~-:~erG'l~';i1b1mG'l~ bbG'l~ 
" \J " I 

m';i1-&'~1';ibf'lliU1"le:J~1"l1~uri ~'Ue:JG'l 'l-1~m·Je:J1l.J1~'U #l'Je:J~1"li'f'l61i'U1'Un~l.Jd U1bbn 1f'l61i'U1e:Jm'U 
' 

L ~l.JtJ~lJ1ru 1 'U~1-:~mtJ ~ 'IX-Jf'l"ii'U 1~ '5"1l.Jo-:~m'5"ereJnf1'Vl~'lle:J-:~1f'l"ii'UtJ'5"~L.n'Vld:u~~'U ~-:~a1m'5"mLru "ll Hi' 
1~tJm';i1-&'~1';i~1~1mbe:J~~bb'J'U~ (Adjuvant) 'l-1~e:J1-tlii5m';iu~m~~'U1lX';i~~Ubbe:J'U~Ue:J~~-:J~e:J~~~ 

'U ' 'U 

umn'Uhf'l1~ 

2) 'Vle:JflSile:JtJI?i (toxoid) i'f'l"ii'UU';i~ b.fi'Vld~1l.J1';iti:5'~e:J~1 'Ufl~l.J'lle:J-:!i'f'l61i'U"ll1i~ 
'U ' 

b~e:JmtJ1~m';it:-~~~1f'l"il'U'\.J';i~b.fi'Vldvh Ui1~tJ'I11~1';i~~ (toxin) l.J1vh1lXf'l'J1l.Jbtl'U~~'l-1l.J~ 1tJu~t1"l 
~1lJ1';it~m~~'U.niJI"i'l.Jn'U'llm 1 ';if'l1~ m';ivh 1 'iX'Vle:Jn"iJ'UVIlJ~~~1 tJm~vh 1~~ tJ~-:~~-:~11-d'J-:~';i~tJ~b 16'!1 

' 'U ' 

'l-1~-:~ 'l-1~e:Jm';i1if'l11l.J~e:J'U 'l-1~e:J1~tJfl1';iti~1';ibf'lffi'Ub~"l Lm1"lle:J~~1VIm';il.J fl1';j1-ffii5nnvh1lX'l-1lJ~ 
' 

'l'Vl~ii5m';i 1~ ~1b tl'U~ e:1-:~~ ';i~\-1uno"lm1l.J'Vl'U~m~'llmbbe:J'U~b~'U~~~ hl'l-1l.J~ 'l'Vl~~ 1l.J~~~'U 1 tJ~1 tJ 

u~~U'Uli'Vle:JnSile:J~I?i 2 "ll'W~bVll~'U fle:J 'Vle:JnSi!e:JtJI?i Ue:J-:Ifl'Uhf'lf'le:J~U bbG'l~hf'lU1~'Vl~tJn ~"lb~e:J5~1tJ 
' 

bb"''J~~ljl oDVI~e:JtJ nfi~m b0~1~~b~fltle:J tJ bb~ {{ 1 bf'l tJU~m bb"''J'l-16'l1tJ f'l~"l 'l-1~e:J~1"l mtJli.niJI"i'l.Jn'U~-:!e:J ~ 
6J '\J Ill \.1 \1 

tle:J'Ubba'J e:J1~~::;bn~tJ~n~tJ1lJ1n~'U vh1lXlie:J1n1';iU'JlJ bb~-:1 b~UU~bdW~O~bbG'l::;li1ffi~~'JlJ~'JtJ 
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3) i'fl"lhJ'lllJ\91L~mU'WeleJ'\.J~'Vl~ (Live Attenuated Vaccine) i'fl"li'W'lllJ\9lb~eJ 
LU'Wele:J'\.Jfl'Vl~ th~ ne:Ju~bEJ~il'W'Vl~EJ~~~i1~i1P1 bb~ttm111 ~ele:J'\.Jfl'Vl~g'l~ 13Jrie:J 1 1fl1 'W11~mm.J'W~EJ bb~ "'I 'II \J ul 'I 

G'f1l.J11tlni~~'WfllJ~lJfl'\.J 1~ fl1'HJiliP11fl"li'Wtb~bfl'Vl;jG'f1l.J1'Hl'Vll 1m~EJ m~~~ b~e:J fl~1 ~1b VI~ 1"1Je:J~ 
' " ' 

~il'W'Vl~EJ~iifl11l.J1'\.Jbb 1~~1b\91EJ~1'\.Jni~U1'\.Jn11~ 1~., L"li'W fl11'Vh1~Lb~~ n11b~EJ~1w:ttn1~~\91Ufl~ 
' ' I 

'\.Je:Jflb®'G'f~ (host) fl11 b~EJ~~'Wele:J'W~'Vl~bbg'l~ fl11 1-ffL'Vlfll 'iJ bg'l ~~fle:Jl.JU bb'\.J'\.J~b sU111l.J sUeJ ~"lle:J~i'fl"li'W 
'!liJI9ldu1~m1'VI~~~e:Jm1?f1l.J11m~~ruLLg'l~L ~l.J~1'W1'W 1 tJ11~mEJ 1~ vh 1 ~?f1l.J11ttm~~tJ.niJ~l.JntJ 

Ql Ill 'U Ill 

1 tJ 11~ n1EJ 1~ L U'WL 1m'W 1'\.JLLg'l~'j~~u.niJ ~l.JntJ?f~n-;h 1 tJi'fl"li'W'lllJ\91~1\911EJ ?f1l.J11tt1 Vi1 'WU~l.J1 ru~i!e:J EJ 
" ' " 

1~ bbg'l~ ~~b utJ m1 b~ EJ'\.Jbb uu m1 ~ ~ b ~e:J\911l.Ju'j'jl.J'!J1~Bn~ 1 EJ eJ ~ 1~ 11 n\911l.J1 fl"litJ'lliJ 191~1 b utJ~ ~i1 
UfYV11'VIg'l1EJ'I.J1~fl11 1~LLri m1l'l11 ~~il'W'Vl~EJeleJ'W~'Vl~~eJ~~m 'VIl.J1~ 13J~1~'Wm~~~hl?f1l.J 11tt 

m~~tJ.niJ~l.JntJ 1~ bbg'l~ L ~e:J~1L V1ci1~1~~um1~m~e:Jn~1 ~ eJ~i1fl11lJfl~~1 ~1 e:J~ 1~"1JeJ.:Ji'fl"litJ 1 tJ ncilJ 
II \1 II Ill 

di'fl"li'WL 'I.JilLeJ'!liJI9l~u'I.J1~'Vl1'W 1fl"li'W11lJ~I91-fl1-:J'VllJ-~191LEJmlJ'tJ i'fl"li'WB?fnrn?f i'fl"litJ1ru1 ~fl i'fl"li'W 
'U ' 

~EJ~eJEJ~'lllJ\9l~U'I.J1~'Vl1'\.J 

2.3.2.2 i'fl"li'W'lllJ~~1Lfli1 (Biochemical types of vaccine) bbU~1~ 4 '!llJ\91 ~e:J 

1) Component Vaccines bU'Wi'fl"li'W~~iliP1~1fl~1'\.JU1~fleJU~~1~fYb~eJ 
bbUflViL~EJ~b~EJ1sUeJ~num1m~~'WfllJ~1'\.J'Vl1'\.J ~1e:J~1-:J'1Je:J.:Ji'fl"li'W 1 tJnciud L"li'W surface antioen 

II 'U q ::> 

"lle:J.:J hepatitis B virus bU'\.J~'W 

2) Subunit Vaccines bU'Wi'fl"li'W~~iliP1~1flG11'WU1~fleJU"1JeJ.:J11~G'f~bMEJ1sUeJ.:J 

num1m~~'W1~UU.fllJ ~1eJ~1-:J"1JeJ~i'fl"li'W1tJncilJd L"li'W Subunit influenza vaccine 
' " ' 

3) Synthetic Vaccines LU'Wi'fl"li'W~1~~1flfl11~-:Jbfl~1~'VI1 'W~e:J.:JU~U~fl1~ 
~1eJ~1-:J"1JeJ~i'fl"li'W1'Wfl~lJd L"li'W Hepatitis 8 surface antigen 

4) Recombinant Vaccine b U'Wi'fl"li'W~~il\Pll\91 EJ fl111oUL 'VlfllJfl'Vl1-:J genetic 

engineering b\91 EJ fl11'111 ~'W'VI~f"lbbe:J'W~b ~'W 1G1L oU 11 U1 '\.Jbb UflVi b~EJ ~1e:J~ 1-:J"lJ e:J~i' fl"li'W 1 '\.Jfl cilJd b "li'W 
' 

1fl"li'WUeJ.:Jtl'\.JLJfl Hepatitis 1 '\.Jfl'W 

2.3.3 ~6nTal~1fi~'W 

irim1 1 ~i'fl"li'W 1'Wil~~U'W~1~~um1l.J'WEJl.li1eJ~ 5 iri 1~LLri 
' 'U 

2.3.3.1 m1-ruu1~'Vl1'W (oral route) Hm~~'WfllJRlJntJ1'W,h1~ L"li'W i'fl"li'WL'I.Jille:J 
' " ' 

i'fl"li'W~EJ~e:JEJ~ 

2.3.3.2 m1vitJ ~.:Jm~~'\.Jb sU'1m.:J'I.J1n'VI~e:Jm~~lJnn1~ ~1e:J~1~b "li'W i'fl"li'W 1-u'VIi'~ 1 'VIru 
'U ~ 

2.3.3.3 fl1~Q\9lbsU1~1VIU.:J (intradermal 'VI~e:J intracutaneous route) L191EJQ\91LsU11'W 

'VIU.:J 1 ~LU'W~lJ'W'W~'W fl11a191irldvh 1 ~LLeJ'W~ L~'WLsU11 U'Vl1-:J1~umY1L 'VI~e:J.:J1~~ ?f1lJ 11t1m~~'W 
' " ' 
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.ni3fi'1Jfl'U'1lil~b'll~~bthJ~e:J1~~ (cell-mediated immune response) L"li'U '!r~~'U'!ruhr~ '!r~~'U~~ 
... ' 
~ii'"llu1 m~5~1r~~'U1ru 1 ~r~1 'UV11~mL ~mn~ fl1~5~~~'Ubb"ll'UL~e:J1~~11J1~tl\Pl~Til~e:JtJbbe.J~L U'U 1~ 
' 
~1 EJ 1~m ~5~~~~ hm L~~1~m:uLn~m~~~ L ~e:J~1L~1J 1~~1EJ L ~ e:J.:J:u1nmJ1n~~1ei' e:111 ~.:Je:ll:UL ~e:J'U ... 

2.3.3.4 m~U~b-lh1~~1'1t1ii'.:J (subcutaneous route) ~n:u~1offntJ1fl~'U~1~~e:l.:Jfl1~ 

1 ~ijm~~~"li1JL ~1Ln'U hJ b~~1~m:uLn~tJnn~m~'Ubb ~.:) b 'li'U 1r~~'U~11J~~ -m.:JV11J-~~LEJm~'U 1r~~'U 
~ ~ q ~ 

Vi'm'J e:JEJ~ 1r~~'U Hl~1Je:l.:JeJm~uL:u ~ '!r~~'U~~n m~ 1 'U L~m~nfl1~U~tl~b 1W~.:Jn~1-:J~'U"ll1~1'UWLh 
' 

f'le:1'U 1 tJV11-:J~1'U'Ue:l'U a1'U 1'UL~n 1\Pl,~mn,ru r~1~u~~~'Ubb"ll'U ... .., 

2.3.3.5 fl1~U~b-if1fl~11Jb.Qe:l (intramuscular route) bU'Ufl1~U~~n~.:J.ff'Un~11Jb.Qe:l 

fl1~U~tl~b1W~'Ubb"ll'U 1 'Ub~ n 1\Plbb~~ en,ru bb~~tl~b 1W~.:Jfl~1-:J~'U'll1~1'U'It1'1! 1f'ie:J'U 1 UV11-:J~1'U'Ue:l n 1 'U ... .., 

b~m~n b ~~1~ijm~~~"li111r~~'U 1~ L ~1 b ~e:J.:J:U1n 1 'Uti~ nrudij1 'lllJ'U 1~111n ijb~'Ub~e:J ~111 b~EJ.:J1J1 n ... 

'Ue:Jfl:U1n0m~Lfl~e:J'U 1 'lt11"lle:J.:Jbb "ll'Ubb~~'!l1vh 1 ~~~"li11~~'U 1~bb 'U~th 1 ~u~tJ~b 1ru~~ 1 ~n L wn~m:u ... 

Ln~ei''Um1EJ~m~'UtJ~~~1V11'11Le:J~fl (sciatic nerve) 'lt1~mn~m~tJ11JLum~~ :u'U1tJn~L~w . .h~~1Vl 

1'1lbe:J~\Pl 'Ue:Jn:u1ndt~~nrudij1'lll1'U1J1n m:uvh1~5~L-if1 hJi1-:J.ff'Un~1bi!e:J (:U'V11'J\Pl.U b1Jml!~~m Lb~~ 
' 

1'l"~oUEJ 1WJ'U1'l"~b\Pl'tl, 2553) 

2.4 ~b~'IJLel'Jfl~hJ (DNA vaccine) 

~LB'ULe:J'!r~~'U ~e:J 1r~~'U~ijm'l"1 ~LLn~1-:Jfl1EJ 1 'LJ'jtJ"lJe:J.:J~LB'Ube:J 1~ EJtJn~LL~'J~LB'ULe:J'!r~~'U ... 

tf1'u1t911 'U':i~tJ ~bb ':ifl"lle:J-lfl1'l"'j<i{WJ'U1~dJ.iJLe:J11'161i'U fl1'l"1 ~11'16/i'U~·:JnaT:J~~bU\Jfl1'l"1 miPltJIPl'l"-!lL-iJ1a ... ... 
' " " ~1-:JmEJ Sli.:JijVf.:J-ife:J~ bb~~-ifmaEJ ~.:Jil 

-ife:J~'lle:J.:Jfl1'l" 1 ~~ bB'Ube:J1fl~'Ub -if1ci~1-:J n 1EJ 11Pl EJ\01 'j'J 1~ bbri ... 

c 1) ijtJ'j~aVJTim~ 1'Um'jm~~'U'j~tJtJ.niJA'1Jn'U'!Je:l.:J~1-:Jfl1EJ ..r.:Jeb ~m:u1nm'l"~~1-:J 1 th~'U~vh 
' ... ' 

,-u1~b U'Ubbe:J'U~h:u'ULn~~'U 1 'U~1-:J mEJ'!Je:J.:J~-rt~1r~~'U 1~ EJ\01 'j.:) vh1 m tJ'j~'U~~~ 1-:Je:J~1 'U~.n11~~ ... ... 

b 'lt11J1~G11J~e:J ~-rtJ1fl~'U1J1nn·;h1r~~'Ub ~m U'U bb~~-rr~~'Ub offe:J\011EJ ... 

(2) ijr~111JtJ~e:J~.flEJG1-:J ..r'~dL~m:u1n~L~'Ube:J1r~~'U~n ~rie:J1~Ln~ 1 'l"fl ~.:J~1-:J:U1n1r~~'Ub<ffmu'U ... 

~ffie:JmG1rie:J1~bniPlbr~MG1-:J (Wolff et al., 1990) ... 
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Ql Q.IQ. QG CV.c::t 

2.4.1 an~w:::u.a:::AWfl2..1\J~'l.la.:~~ba'IJba'lA'll'IJ • 
Q.l ~ q~ Vo=:l qQJJ' 

!;l fl~fi!~bb!;l~ Flfi!i:'ll.J'U\91'Ve:J.:J~ beJ'UberJFl"ll'U l.J~.:J'U 
' "' 

2.4.1.1 i:'l1l.J1'jflm~~'U.fl:iJfll.Jrl'U"!lti~~.:Jb~l.J (innate immunity) 
' " ' 

2.4.1.2 i:'l 1l.J 1 'j fl fl 'j ~ ~ WJ :iJ ~ lJ n 'U 1 ~ ~ .:J "ll ti ~ helper T cells, cytolytic T 

lymphocytes (CTLs) 

2.4.1.3 i:'l1l.J 1'jfli:'l~1-:J 1~~ CJ m .:J"il1 n ~'Ul1~e:Ji:'l 1m ui:'lti1Fl~1e:J1 Vl ~ vh 1 Vli:'l1l.J1'j" 

\1~flb~CJ.:Jfl1'j 1-ffL ~'e:Jile:Jb 'jfll~btJ'UeJ'I.J\9l'j1CJ 

2.4.1.4 i:'l1l.J1'jfl\1~m~CJ.:Jfl1'j1-ffL1flb\9leJ1"llU~b1'i:'t (viral vectors) 'U1-:J"llti~ bb!;l~ 

attenuated viruses 

2.4.1.5 i:'t1l.J1'jfl1mi11CJcJ1'U'Vl1-:Jb~€l'l.J (mucosal delivery) 

2.4.1.6 bteJI>le:Jfl1'j~~'U1btJ'U'Jfll~'U 1~Lbrl Fl11l.J'j'J~b~11'Ufl1'ji:'l~1-:JU.!;l~e.J~\91 fl1'je.J~\91 

1m 'Utl~l11rul11fl bb!;l~Fl11l.Jbi:'lnm~~rul1iJ:DVi'm 
2.4.1.7 fl1'jtl11tl1il.Vi'ihh::;~Vli5m~m"il~mm~m'Vlfll1'U1!;l~5'U"l 'li1eJ L'li'U Lfll~eJ.:JiieJ 

1 'I.Jfl1'j'lJ1L oU1~~1-:Jfl1CJ fl1'j'L ~l.Jfll11l.J bb 'j .:J\1~€lfll11l.Ji:'l1l.J1'jfl1 'Ufl1'jm::: ~'U.fl:iJfll.Jrl'U'VeJ.:J'Jfll~'U b\11 CJ 1 oU 
'U 'I 'U 'I 

iTifl1'jbi:'l~l.J5'U"l (prime-boost) (Liu, 2011 (b)) 

2.4.2 tfv~LLft~,j'il;)1fi'flCSUth1fiL~\ILil1'A8lJ\I 

t:i-:J LL~~k~'UbeJ'Jfll~'U"il:::i1ieJ~\1!;'l1CJU'j::: fl1'j u\>l fl1'j1 off'Jfll~'U~.:Jfl~ 11ni1imhn 111'!.1fl1CJ 

th:::m'j'L'li'Un'U ~-!lll?f\11-!!1'UI9l1':i1-!l~ 2.1 
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"' ... "' 0 ., 

"'lvfl "'lmnnfl 

1) A11~~1~1~~1~n1~n~~~~~~~~n~~~~ 1) r111~u, ~~ 1 ~m~m~~~~~~~n~ 1 ~r~~ 
' " ' ' " ' 

cellular m'l~ humoral 

2) A11~~1EJ1 ~m~~~1~ vectors Yl~"11~~~~1 2.) A11~-:il'1bU~1~n1~1-ff packaging cell 

:U 1nci1~"1JB~ b-r~ bbi:l~ bb 'UAVi b~E.l lines ~b'VI~1~~~~1VI-ru1r~S8~~1-ff viral 

vectors 

3) 1"111~~1EJ1 ~m~iLm1~-Mbbi:l~fi'~mB~1 ~ 3) m~L'VItiEJ1'1111~bn~~ij~~n~~B vectors 
" ' ... Vla~:U1nm~o~1AS8~vl'loff viral vectors boff1 hJ VIB~'Vl~i:IB~ 

1~~1~n1E.l 

4) m1utli:~B~nEJ1~m~'l11m'li 4) oUB~i:l~ll~A11~Ui:IB~nEJ1 ~~~E.l~E.l11 tJ'~iJ 
" ... 

~BE.! 

5) A11~ bb ~~ 1 ~m~m~~~~ij~~n~b ~mJB~ n~ 
' " ' 

5) A11~~'UiB~1~m~1-ff vectors ~1nn-J1 

m~~~b~B 1 ~"'~1m~~~~ Vl~~~~~1~mruvhm5 prime-boost 

6) mn'h~11-ff~1~nui!im~~~1 L~m~~~ 6) m1~~1Ltl~1~m~~l?ll~1m~u1~m~e.J~~ 

~i1~~n~1~:nu~~a'V1TI~1~ 
" ' 

1m~~b8~LB1AS8~1~m~1ru~1n 

fi111: ~~bbUi:l~~1:u1n Liu (2011 (b)) 

2.4.3 m·nh;hihml.:rflili'UL'ti'l~'i'l~n'lf.l (Delivery of DNA vaccine) 

m~'l11~bB~b€JboU1~~1~n1EJ ~1~1~~vh1~VIi:I1E.Ji5 ~~bb~i:~~i5niJieJ~ bbi:l~oUB~eJEJ~ 

fieJ~~~1n bbi:l~'tli:IB~nEJ bb~iJim~E.JfieJ ~bB~LeJ1AS8~~nvi1mEJ1~~1EJ bbi:I~LeJm~~~bB~LeJ1AS8~:u~ 
" 

b oU1 ci b"lli:l a ~1 'U 1 ~A~ ~iJ n1 ~ u, nl"tJi eJ b~ E.!~~ n ~ 11L~ E.! n1~'111 ~ b8~b B1 AS8~1 '\.] bA~ eJ'U'U~ 
" 

microparticles ~~iJ"1!~1~'\.J~~~1UJ 1-10 1~meJ~rleJ~ ~~:u~vh1~ antigen presenting cells 

(APCs) ~1~1~~'111~ L8~LB1A"1i~b oU1ci b"lli:li:l'1~~~~ ~~:u~ci~ e.Ji:~1 ~'\.J~~a'VlTim~ 1 ~m~m~~'W~~'U'U 
" ' " ~~~~nu~:fi'W (Little et al., 2004) 

" ' 
m~'I11~L8~LeJ1A"1i~boU1~~1~n1EJL~EJ15 gene gun ~~vi11m~EJ'l11~L8~LeJ1AS8u1'\.J 

LA~B'U'U'W gold beads riB'W :U1mYui\i~'l111'tlo~boU1ci~1~n1EJ i5~~1~1~~m~~~m~vi1~1'W"1JB~ 
" ' 

helper T cells, cytolytic T lymphocytes bbi:l~ B lymphocytes (Roy et al. 2000) 15m~~1~ 
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DNA vaccine (DNA &hwr'U hepatitis B surface antigen, HBsAg) 1~mifi gene gun 't.Jd1n!]11 

?11lJ1'W?I~1-:Jbbe:J'U~'Ue:J~~e:J HBsAg H1 (Rottinhaus et al., 2003) e:J~1-:Jhn~1lJ 115-diJimhn\9l'U1-:J 

tJ~~m~ L"li'U m~Lfl~e:J'U~LB'ULer)fl~'U'U'U gold bead LL~i:l~fl~-:J1off~LB'ULer1'fl~'U1m'Utl~lJ1ru~i!m.J 
lJ1n vh1Vf~e:J-:JiJm~o\9l~bB'Ube:J1fl~'UVli:11E.lfl~-:Jb~e:J1m~tl~lJ1ru~~e:J-:Jm~ 'Ue:Jmnn-d~b~'Ube:J1fl~'Ui!n 
bJb?l~m'U'U gold beads 

m~·t.h~ bB'ULe:J1fl~'UboU1ci~1-:Jn1EJ 1m1ifi Biojector ifi-d'WI'lJ'U1lJ1~1nim~ f.l'Ue:J-!!115 
'U 

gene gun ~'L.h~b8'Ube:J1fl~'UL-il1~~1-:Jn1E.Ibb~i:l~fl~-:J1m'Utl~lJ1ru~ile:JEJ ifi Biojector blJ'Uifim~'l11 
~b~'Ube:J1fl~'UboU1~ antigen presenting cells 1m\91E.Jm-:J1\91E.JbJ~m1tlLfl~e:J'U'U'U gold beads rie:J'U 

~ -:J,r'U~-:Jvh 1 Vi?J1lJ1 ~ t~'l11~ LB 'U LB1 fl~'W b -ihci ~1-:J n 1 EJ 1m 'Utl~lJ1 ru~lJ 1n~ e:J~ e:Jn 1~ m~ ~'U ~~'U tJ 
'U ' 

.nilfi'lJn'U (Rao et al., 2006) 
'U ' 

m~'l11~bB'Ube:J1fl~'Ub-iJ1ci~1-!ln1EJ 1\91EJ 1 ilbb'UflVJL~mlJ'U~1Vl~ (delivery vehicle) ifim~ 
'U 

-dvh 1~\9lf.lm~'l11~b~'Ube:J1fl~'U1 tlb~e:JlJ~e:Jn'U vector DNA ~ b VllJ1~?1lJn'Ubb 'UflYib~ f.!~~~ 1 oUb lJ'U 

m'VI~ ~-:J~~vh1m~ recombinant DNA ~1n,!'U'l11 recombinant DNA ~1mtJ1?JL'Ubb'UflVJb~f.l m~ 
'l11bb'UflYib~EJ~ij~bB'ULB1fl~'Ue:J~.fl1EJ 1 'Ub oU1a~1-!!n1E.lfl'U~1:W1~tl'Vi11m\91 f.lm~o\91 Vl~B~'U ifim~d1~ij 

'U 'U 

n1~'Vl\9li:IB-:J1 iln'U ~ bB'UbB1fl~'UU B-:Jn'U1 ~fl1-ilw~\911 Vlqj (Ozaki et al., 2005) bbi:l~~ bB'Ube:J-J'fl~'U 

UB-:Jn'Ubfl SIV/HIV (Lori et al., 2005) 'UBn~1ndfl'-:Jij~1EJ-!11'Un1~'l111fid1tJ1m'Wn1~'l11~bB'Ube:J 
1fl~'Ub-iJ1ci~1-!ln1EJ'Vl1-!lb~e:J'U-dB-:Jtl1n (Takamura et al., 2004) bbi:l~b~e:J'U~:Wn (Kim et al., 2006) 

'\J ~ 'I \1 

-ile:J~'Ue:J-:Jifin 1 ~-dfle:J 1 off~ b~'Ube:J1 fl~'U 1 'Utl~:w1ru~i!e:J f.l:W1n b ~ e:J-!1~1 n ~bB'Ube:J1 fl~'U?I1lJ1~t11 tJ b ~:w 
:il'1'Ud'U 1 'U~1-!In1EJ'1Je:J-!I~-ru-Jfl~'U 1tJ~~Ell.J '1 num~bb tJ'lL'1!a~"l.J e:J'lbb 'UflYiL~E.l~1VI~ LL~1~dfiiio1ie:J:il'1fl(>l 

fle:J bb uflYi b~ EJ~~~ 1 oUb lJ'U~1Vl~'l11~ bB'Ube:J-J'fl~'Ub i1ci~1-:Jn1EJ~e:J-!!b lJ'Uu uflYi b~f.l~bJ b lJ'UeJ'U~~1E.JtolB 
'U 

~1-!!f11E.l bbi:l~ vector DNA mif~e:J-!!b'VI:W1~?1:Wn'Ubb'UflVJb~E.l~1'VI~ ~-!!'U1-!!fl~-!!~B-!!?1~1-!!~'Ube:J-!! ~-!!~~vh 
1VfL~m'di:l1 bbi:l~fh1ii~1EJ:W1n 

2.4.4 m'ltl'l::anlJI1-ti~bB'Uba1f'l~'Ul'UalJI1 • 
~ 1 n n 1 ~ fli m~n~ ~1'U:W 1~'U 11ij ~ bB'U bel 1fl~'U'VIi:l1 E.! "ll'U \9l~lJtl~ ~~'VITI m~ 1 'U m~u B,:) n'U 

m~Li'i\911 ~fl1 'U~~1'Vl\9li:IB-!I 1\91 E.Jvi''d 1 tlbba'dm~'l11~bB'Ube:J1fl~'U:w11 off~'d:wntJ1fl~'Ubb'U'U~'U~~"Ii'JEJ 1 vr 
tJ~~~'VlTim~1'Um~uB-:Jn'Ubfl~~'U ~1B~1-!!b"li'W 

m~ 1 Vf~LB'IJLB1fl~'U~lJ~'Uf;i1'VI-r'U nucleoprotein 'Ue:J-:Jb~B b-r~1-il'VI1\911 'VIqj ~'d:Wn'Um~ 

1Vf recombinant adenovirus ~-:JblJ'U-J'fl~'Ub~mlJ'U"ll'U\9l'VI~-:J~1iiue:J-:Jn'Ubfl1iVl1\911'VIqj ~~-d'df.l1Vf 
tJ~~~'VlTim~1'1Jm~ueJ..:Jn'Ubfl1i'VI-J'\911Vlqjb~:W~'U (Epstein et al., 2005) 
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m"J"1~~bB'Ub8i'f'l~'U~iJ~ib8'Ub8'1J8~ Mycobacterium tuberculosis (~~bU'Ub~8ri8 1 'jf'l 

1ruhf'l) tl8'Ufl1"J"1~1fl"lit! BCG (Bacillus of Calmette and Guerin) :u:::"ll1t11~th:::~'V1TI.fl1'W1'Ufl1'J" 

U8~nt!hf'li'ruhf'lb~l.l~'U (Ferraz et al., 2004) 

m"J"1~~bB'Ub8i'f'l"lit!~lJ~b~'Ub8'1Jm Mycobacterium tuberculosis (~~bU'Ub~8ri8 1 'J"t'l 

i'ruhf'l) 'Vi~~fl1"J"1~1fl"li'U BCG (Bacillus of Calmette and Guerin) bb~1 15 fi~ 18 b~8'U:U:::"li1ti 

1~th:::~'V1TI.fl1'W1'Um"J"i1mnt!hf'li'ruhf'lb~l.l~'U (Wang et al., 2004) 

1 'Uu:u~u'UiJ~ bB'Ub 8i'f'l"lit!'VIm t~'1lil~~1~-ru8'4'1J11>11 m mm 'U~\>11 b~tl ~ b "lit! 1 fl"lit!i18~n'Um"J"~ ~ b ~8 
infectious hematopoietic necrosis virus (IHNV) 1 'U tla 1 bb'llr;t l.l8 'U (Lorenzen and Lapatra, 

2005) bba:::i'f'l"lit!i18~tl'Ufl1'J"~~b~8 West Nile virus 1'U~1 (Powell, 2004) bU'U~'U fl1'J"~~bB'Ub8 
i'f'l"lit!lith:::~'VlTim'W 1 'Um"J"m:::~'Ufliif'll.ln'U bba::: 1~~u8'Uru11>11 m mm 'U~~1b~tl~ 1~:u~tl"J":::mt~ 

~ \I II 't ._, '! 

m111V11~ 1 t~m 'j~ \JlJ'U1~ bB'Ub8i'l'l"lit~ 1-H~11J1"J"r~1 -&1~ t~i'l'U 

2.4.5 m-a1~fiLij'ULil1'f'l~'UL'Ufi'U 

nww1L 'Vll'l1 'U 1a~~b~'Ub8i'fl"li'Ul.l11 m 'Ufl'U~~iJ"Il8:il1n~ 1~ m\J\"11::: 1 t~a1'U'1l8~m1l.lu 'j~ 

(potency) 1 'Ufl1"J"m:::~'U "J":::uufliif'lwl''U :u1n m "J"~fl'I!J-1 m"J"mdft~"J":::uufliif'll.ln'U 1~ tl~ LB'UL8i'fl"lit! 
Ill 'U 'I 'I 'U 'I 

1 'U t'l'U btl~ t!U b Vi t!UtlU 1 'U'Vi'U'Vl~r;t8 ~ 'WU';h fl11m:::~'U1:::UUfliif'll.ln'U 1~ ti~ bB'U b8i'fl61i'U 1 'U fl'UlJfl11lJ 
'U " \I " 

Lb 1~~~ 8tln';h ~1 L Vi~G"11t!ViU~m:uL ti8~1J1:U1n1 'Ut'l'UlJ~~Gi1'U'1l8~~ L~'UL81f'l"lit!lPi ml1V1'l!n~1~ 8 t1 n-J1 
' 

1 'U'Vi'U'Vl ~&'! 8~ flTH ~1Jfl111J u 1~ 1 'Ufl11m::: ~'U1:::UUfliif'11Jtl'U'1l8~~ bB'Ub8i'fl"lit!8 1:uv'h 1;)[~ t1 fl11 
'U q 'U II 

tl~utl1~ expression vectors L-d'U fl11~\JlJ'U11'UGi1'U'1l8~U~b1W enhancer 'Vi~8 promoter '1l8~ 

expression vector b~81~fl11bb~~~88fl'1l8~~'U~'tJ1:::fl8U8~L'U~bB'Ub8i'l'l"lit!bn~1~~~'U (Barouch 

et al., 2005) 

t 
2.5.1 t'l111J\UJ1tl Lbfl::'ti'U~il'U'tlil-:1 genetic engineering 

Genetic engineering 'Vi1J1tii1~ fl111-ffL'VlfliJf'l'V11~~mtJ~~fl111'Ufl11~~1~ DNA ~ij 

~'U1'VI~ 1 'Vi~8lJa1~UbU~~btl~ti'U1tl ~~b~8lJn11'1.h DNA ~~mh1L"li1a~~iJ~i1>1 'Vi~e:Jb'llr;t~ n:u:::vh 
'lJ 

1~ DNA ~~fl~11~11J11rlrlfl~1ti'V18~1tJ8~~'UanlPi8 ., 1tl1~ ~~iJ~i1>1 'Vi~e:Jb'llr;t~~-rub81 DNA ~lJ~'U 
'U II 'U I 

1'VI~ 1 'Vi~8iia1~UbU~~btl~m.J1tlL"li11tl :u:::bU'U~~ii~il>l 'Vi~m'lla~~ij~'Uum"J"1J~btl~ti'U1tl ~~b~tlfl 
' 

~~iJ"i!il>lb'Vi~1'011 ~~iJ~il>l~~u tla~~'U~fl'J"'J"lJ (genetically modified organism 'Vi~8 GMO) bbr;t::: 

b~tlflb'llr;t~b'Vi~T011 b'llr;t~~~bbtla~~'U~m"J"lJ (genetically modified cell) 
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.ff'UIPle:J'U~'U~1'U"lle:J.:J genetic engineering tl1~f1e:J'U~'JEJ 3 .ff'UIPle:J'UVI~f1 ~e:J 
(1) f111?1tl~ DNA ~1m"tl~~"lle:J.:J~-:Jii"il11Pl (isolation of DNA from living cell) 

I tJ t/t/ 

iiTm11'Uf111?1tl~ DNA ~1nL"Ima"lle:J.:J~-:JiJ"liiiPl iJVI~1EJiiT Vi'-:~~"/i'Ue:J~tl'U"Il'U~"lle:J-:1 

DNA ~~e:J-:!f111?1n~11LU'U DNA ~.:JVfll{?J (total DNA) "lle:JW11"a Vl~e:JLU'U plasmid (DNA ~e:J~'Ue:Jf1 
a'd'U"lle:J.:! chromosome) 'Ue:Jf1~1ndEi.:J~'Ue:J~tl'U"lJ'U{11"1Je:J.:JL"Ima~'l11lJ1?1tl(?JLe:J1 DNA 11LU'UL"Ima 

" 
.,. ..::=( lS'.dt ~ ({Q,I ({ 

bb'Ufl'VlL1EJ L"tl""'V'l"ll Vl1e:JL"Im~?I\Pld 

(2) n11'111 DNA 1aL"li'11tJ1'U~Le:J'ULe:J'V'l1VI~ (insertion of DNA into vector DNA) 
t/ tJ I I I 

i'UIPle:J'U~LU'Uf111L~e:Jll~e:J DNA Yi~e:J.:Jf111'111L"li'1aL"'j"~"lle:J.:J~.:JiJ"liiiPlL"li'1n'U vector 
" 

DNA (~Le:J'ULe:J'V'lTVI~) Vl~e:J vector ~.:Jvh1m~ recombinant DNA Vl~e:J DNA ~tl1~f1e:J'U~"JEJ DNA 

~l11~1f1VI~1EJLLVI~-:J (l'U~d recombinant DNA tl1~f1e:J'U~'JEJ DNA ~?lfl{?J~1m"tl"a n'U vector 

DNA) 1(1JEJ vector DNA ~~"1i1EJ1~ DNA ~~e:J.:Jf111'111L"li'1aL"tl"a"lle:J.:J~.:JiJ"iliiPl?l1ll11fJe:J~ LL"~b~ll 
" " 

:il'1'U"J'U.fl1EJ1'UL"tl~a"lJe:J.:J~.:JiJ"iliiPl1~ f111L~e:Jll~e:J DNA tl'U vector DNA LMm"li'e:J.:Jn'UiiTf111'Vl1-:J 

~e:J.:Jtl~U~f111VI~1EJiiT L"li'U f111~{1J DNA e:J~1-:J:il'1L'V'l1~~1EJLe:J'U1"tl31 restriction endonuclease 

LL~~ f111L~e:Jll~e:J DNA L"li'1~1EJtl'U (DNA ligation) 

(3) m1'111 recombinant DNA L"li'1G'iL"tl"a"lle:J.:!~.:JiJ"il11Pl (introduction of DNA into 
" 

living cell) 

iiTf111'111 DNA L"li'1G'iL"'j~a"lle:J-:I~.:Jii"il11Pl ~.:J~e:J1tJ~~L~EJf111 host cell (VI~e:JL"'j~~ 
" 

L~TU1'U) ii'V1"1EJ1IT ~-:~d~'Ue:J~tl'U"Il'U~"lle:J-:1 vector DNA ffii1'Uf111?1-r1-:J recombinant DNA LL"~ 
" ' v 

"ll'U{?J"lJe:l.:J host cell L'i1e:J.:J~1f1f111'111 recombinant DNA L"l11G'i host cell Lfl{?J"Ii'ULL'U'UG'ill (random) 
" ' 

11i'-:~,!'U1'Um1'111 recombinant DNA L"l11G'i host cell ~.:!~e:J.:~'I11Le:J1 recombinant DNA :il'1'U1'Ul11f1 
" ' " ' 

lJ1j;.j?JlJtl'U host cell ~1'U"J'Ul11f1 LL"~ host cell LYlEJ.:J:il'1'U'd'UVIU.:JL'Vhu'UYi.Y'ULe:J1 recombinant 

DNA L"li'11tJ 11i'.:J,!'UVI~.:J~1f1f111'111 recombinant DNA L"li'1a host cell LL~'d~.:J~e:J.:Jvl1f1111'i'~L~e:Jf1 
" 

host cell ~.Y'ULe:Jl recombinant DNA L"li'11tl L~e:J'I11L"tl~~l1i'.:Jn~111tJ1-ff~e:J1tJ 

2.5.2 n1'i'l11 genetic engineering l11th::~n'l1in'ULLflfl~nuaaf!LL'UfiViL~EJ 

1 'UU~~U'Uiim1'111 genetic engineering l111 i1'Uf111tl'Y'Utl~.:J?11EJ~'U~"lle:J.:JLL"fl~f1 

LLe:J~~ LL 'UflYiL~EJL ~e:J 1 ~iifiUJ?Ill'U1iiPl1ll~~e:J.:Jf111L~e:J'I111 tJ1 offtJ1~ 1EJ"Ilt1 L"li'U iJfld1lJ'Vl'U'Vl1'U~e:J?I.fl11~ 
' 

~1-:J 11~~ iJm1ll?l1l111fJ1'Um1'111?111~1-:J 1 L"li'1~~1-:Jf11EJ~IP11 u"~l1'4~~ LU'U~'U 

~'de:J~1-:1"1Je:J.:Jf1111 off genetic engineering 1 'Uf111tl'Y'Utl~.:J?I1EJ~'U~'lJe:J.:J LL"fl~flLLe:J~{?J 

LL'UflYiL~EJL~e:J1~iifld1ll'Vl'U'Vl1'U~e:J?Ifl11~~1-:J 11~~ L"li'U 

f111tl'Y'Utl1-:J?11EJ~'Ull"lle:J.:J Lactobacillus paracasei NFBC3381~?11l111fJ?I~1-:J 
' ' 

1tl1~'U GROESL ~.:JLU'U1tl1~'U~"Ii1EJ1~LL'UflViL~EJ'Vl'U~e:Jfld1ll-re:J'U LL"~~1vl1"~mEJ~1-:J 1111-:J,!'U 
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Lactobacillus paracasei ~1tloW'Utfl l111~1~~\liifll11lJL '\.11J1~~1J~:U~ 1 oUb tl'Whh1 U 1B&l fl b vrn~ii 

fll111J'Vl'W'V11'U~e:J?t.n11~~1\l ~ 1'W'V11\lb~'Wm'\.11';i1~~ 8m~\lEJ\l'Vl'W~B~.rn1~~1\l ~ "l.IB\lfl1';ie.Ja~m'\.11';i 
1~~1t1 (Desmond et al., 2005) 

n1';iU-ruth\l~1tJW'U15'tleJ\l Pediococcus parvulus 1~~11J1';itl~~1\lbeJ'W1611~ 2, 6-, ' 
glycosyltransferase ~\l b tl'Ube:J'U 161J~~b~tJ1-ileJ\ltlUn1'm~1\l 13-glucan &11';i~\lfl~11:U~-d1 tJ'Vh 1 ~ 

bbUfllVib~tJ&111J1';iti'Vl'W~eJI"l111J~eJ'W tl1~ m111 bba~J1~Bt11'Wm~b'W1~eJ1'\.11';i1~~ ~\l,!'W Pediococcus 

parvulus &11 tJoW'Utfl l111~1~~\liil"l111J b't-11J1~~1J~:U~ 1 oUb tl'U 1 U';i1U 1B&ln b 'W';i1~ii 1"11 11J'Vl'U'V11'W~eJ 

~.fl11~~1\l ~ 1'W'V11\lb~'UeJ1'\.11';i1~~ (Stack et al., 2010) 

'WB m wt:m:u 1n fl1';i'U1 genetic engineering 1J11 -ffu-ruu1 \l&11tJoW'W~'tleJ\l LbaR&l mLeJal11 

bLuR Vi b'~t1 1~'Vl'W~ e:JG'fm1~1Pi1..:J ., u~1 E!..:J1~iim';i'W1L'Vll"l'UR~\ln~111J11-&'u-ruu';i\lG'f1tJ'Ww5"llmLLaR&ln 
I ' ' 

~1\lfl1tll"l'Ubb!;l~~\911 

2.5.3 m~th genetic engineering lJ11<ijtJi'u'tJl:~a1tJ~'W~'tle:J-.1bbafl;jmLaaf!LLUflViL'itJ1~ 

n1';i'U1 genetic engineering l.J11 -tiu-ruu1 \l&11t1oW'U~'tleJ\l LLal"l&lflbLe:J a111 bb U l"lViL~tJ 1 ~ 

~11J1';itiUT~I"l61i'Ub-iJ1ci~1\lfl1t1 Ltl'Wfl1';i'U1 DNA ~1'\.1~UbbeJ'U&lb:U'UlJ1L~eJlJIPieJnu vector DNA b~B1~ 
" 

1~L'iJ'U recombinant DNA :U1fl,!'U~\lth recombinant DNA 1ciL-il11'tJ1'WLbal"l&lmbeJai11LLUI"lVib~t1 
b~eJU1 LLal"l~flbbeJal11 bb U l"lVi b~ tJ~ii~'U~1'\.1~U bbeJ'U~ L :U'Ub -if1a~1\l fl1 t1 ~\leJ1 :uvh 1~111 t1 fl1'afl'U Vl~eJ 1111 t1 

" 
yJ'I.Jb -il1'V11\lthn '\.1~eJ :ulJ n Vl~eJ 1111 tJ m ';i'QI11 ual"l~nueJal11 bb uRViL'~EJ:u~L ~1J,)1'U1'U 1'U~1\l mEJwre:JlJ~\l 

" 
j;.Ja\91Lbe:J'U~h:u'Ue:Je:JnlJ1L fJe:Jm:::c;\'U.niJA'lJn'U'tle:J\l~1\lmEJ Yh 1 ~~1\l mEJG'11m-at~~1'U'V11'U~m~e:J 1 -al"l 

' " ' 
~1\l ~ 1~ 

1 'UU :u~u'Uii 'a-1 EJ \l1'U ,)1'U1'UlJ 1fl~ bb&1111\l1 ~L ~'Ui1\l m 11J ~1 L ~ :U'tl eJ \l m -a1-if genetic 

engineering 1 'Ufl1'a'U1 ~w;11VI-ru bbeJ'U~ b:U'WL-il1ci~1\lfl1t1 bb~1'Vi11 ~~1\lfl1EJii.niJc;\1'W'V11'W~m ~eJ 1 ';if'll 
" " 

1~ ~\lbb&1111\l1'WI911'a1\l~ 2.2 
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~1'i1'1~ 2.2 Lactic acid bacteria vaccine 

Target infective Antigen Antigen carrier Immunization Ref. 

agent (antigen route 

cellular 

location) 

Bacterial targets 

Streptococcus CRR of M Lactococcus Nasal, Mannam 

pyogenes protein lactis (cell subcutaneous et al., 2004 

surface 

associated) 

Streptococcus Pilin island 1 L. lactis (cell Nasal, Buccato 

agalactiae surface subcutaneous et al., 2006 

associated) 

Streptococcus PspA (N- Lactobacillus Nasal Campos 

pneumoniae terminal casei et al., 2008 

region) (cytoplasmic) 

5. pneumoniae PspA (N- L. lactis Nasal Hannify et al., 

terminal (cytoplasmic) 2007 

region) 

S. pneumonia PsaA L. lactis, Nasal Oliviera et al., 

L. casei, 2006 

Lactobacillus 

plantarum, 

Lactobacillus 

helveticus 

(cell surface 

associated) 

Helicobacter UreB L. lactis Oral Gu et al., 

pylori (secreted) 2009 
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(Jl1'a1>1~ 2.2 Lactic acid bacteria vaccine (~e:J) 

Target infective Antigen Antigen Immunization Ref. 

agent carrier route 

(antigen 

cellular 

location) 

5. pneumoniae PppA L. lactis (cell Nasal Medina et al., 

surface 2008 

associated) 

H. pylori UreB L. plantarum, Oral Corthesy 

alanine et al., 2005 

racemase 

mutant of 

L. plantarum 

(cytoplasmic) 

Enterotoxigenic STLTB Lactobacillus Oral Wu et al., 

Escherichia coli reuteri 2007 

(ETEC) (secreted) 

ETEC K99 K99 L. casei (cell Oral, nasal Wei et al., 

surface 2010 

associated) 

ETEC K99 K99 L. acidophilus None performed Chu et al., 

(secreted and 2005 

cell 

associated) 

ETEC F41 L. casei (cell Oral Liu et al., 

surface 2009 

associated) 
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(;ITn-:1~ 2.2 Lactic acid bacteria vaccine (lJlE~) 

Target infective Antigen Antigen Immunization Ref. 

agent carrier route 

(antigen 

cellular 

location) 

Fl 8 fimbrial FedF L. lactis None performed Lindholm 

E. coli (secreted, cell et al., 2004 

surface 

associated) 

E1 EC K88 F4 L. lactis Oral Hu et al., 

(secreted and 2009 

cell 

associated) 

Sc /monel/a Flagellin L. cosei (cell Oral Kajikawa 

en teritidis surface et al., 2007 

associated) 

Lis terio LLO L. loctis Intraperitoneal, Bahey-El-Din 

m mocytogenes (secreted) Oral et al., 2008 

Ye sinio LcrV L. loctis Nasal, oral Daniel et al., 

ps f:!udotubercul (secreted) 2009 

OS 5 

Pr pteus mirobilis MrpA L. loctis Nasal Scavone 

(secreted, cell et al., 2007 

surface 

associated) 

El) sipelothrix SpaA L. lactis Oral, nasal Cheun 

rh siopothio (secreted) et al., 

2004 
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~1'i1.:1~ 2.2 Lactic acid bacteria vaccine (~u) 

Target infective Antigen Antigen Immunization Ref. 

agent carrier route 

(antigen 

cellular 

location) 

Bordetella S1 subunit Streptococcus Subcutaneous, Lee et al., 

pertussis of PT (N- gordonii intraperitoneal 1999 

terminal (cell surface 

region) associated) 

Bacillus PA Lactobacillus Oral Mohammadz 

anthracis acidophil us a-deh et al., 

(secreted) 2009 

Borrelia OspA, L. plantarum Oral Rio et al., 

burgdorferi OspAa (cell 2008 

associated) 

Viral targets 

Human V2-V4loop L. lactis (cell Oral Xin et al., 

immunodeficien of HIV surface 2003 

cy envelop associated) 

virus (HIV) protein 

Human L1 L. casei Subcutaneous Aires et al., 

apillomavirus (cytoplasmic) 2006 

(HPV-16) 

HPV-16 E7 L. lactis (cell Nasal Bermudez-

surface Humaran 

associated) et al., 2005 
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1'11":i1~~ 2.2 Lactic acid bacteria vaccine (,;a) 

Target infective Antigen Antigen Immunization Ref. 

agent carrier route 

(antigen 

cellular 

location) 

Severe acute S protein (B- L. casei (cell Nasal, oral Lee et al., 

respiratory cell surface 2006 

syndrome epitope and associated) 

(SARS) N-terminal 

receptor 

binding 

domain) 

Rota virus VP4, VP4- L. casei (cell Oral Qiao et al., 

LTB surface 2009 

associated) 

Transmissible S protein L. lactis (cell Oral Tang and Li, 

gastroenteritis (N-terminal surface 2009 

virus (TGEV) globular associated) 

domain) 

TGEV S protein L. casei strain Oral Ho et al., 

Shirota 2005 

(secreted) 

Porcine VP2 L. casei Oral Yigang and 

parvovirus (secreted, cell Yijing, 2007 

(PPV) surfaced 

associated) 

Dengue virus ED Ill L. ladis Oral, nasal Sim et al., 

(cytoplasmic) 2008 



35 

~1'a1.:1~ 2.2 Lactic acid bacteria vaccine (~a) 

Target Antigen Antigen Immunization Ref. 

infective agent carrier route 

(antigen 

cellular 

location) 

HPV-16 E7 L. cosei (cell Oral Poo et al., 

surface 2006 

associated) 

Porcine Nucleocapsid L. cosei (cell Oral, nasal Hou et al., 

epidemic protein of surfaced 2007 

diarrheal virus PEDV associated) 

(PEDV) 

Rota virus VP7 L. lactis Oral Perez et al., 

(secreted) 2005 

Rotavirus VP4 L. lactis (cell Oral Li et al., 

surface 2010 

associated) 

Parasiticn targets 

Rodent malaria Msp1 (C- L. lactis Oral Zhang et al., 

terminal (cytoplasmic) 2005 

fragment) 

Giardia Lamblia CWP2 L. lactis (cell Oral Lee and 

surface Faubert, 

associated) 2006 

~111: Tarahomjoo (2012) 
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'U'VI'VI 3 

3.1 11'1f:J~h.J b;i'B'}ih.t'VI'id'VII'liilB\J bbfl::tJ1tJ~;j'J1J::3.111'1'l]f11J.ffim1J{I11J~~tl 
3.1.1 mvr1'avr3Jn.ffim1JnTnbtlmbfi::~~J~bilamLflfl~mbailf!bb 'Uflvib'it~ 

e:J1'\111~VIiJflvfl m1Jfl1'Hbtlf1bbB:::~~b~e:Jf1bbBfl~f1bbe:Ja~u, 'UflVib~EJ 1~u.fi ~f1b~EJ1J~e:J-:J bbB::: 

tlm~ll lil1fl~mm1~'WLI\l~rufil~ B1L.flm1~'W·Il'1~1\J :5'-:~w!~e:J\JB~1"lltiTU 
" ' ... 

3.1.2 L -i1e:r\J~\IVI;~VIflilil\J • 
b ~e:J 1\l~'U'Vl~~ ri e:J hR~1-&1 'U fl1 ~fllrnnd 1~ bbrl Escherichia coli 0157:H7 bbB::: 

' 
Listeria monocytogenes ATCC 19115 

3.1.3 tJ1tl~;i'J1J::3.111'l'a_!11J 

EJ1tl~6fi'd'W:::m~~~1'Wvfl m 'Wfl1~'Vl~ae:J'Ufl1~EJ\J~-:!b ~e:Jrle:J 1 ~fl tl~:-;fleJ'U~1EJ Penicillin 

(10 1ll Lfl~fl'Yll/disc) bbB::: Tetrecycline (30 1lJ Lfl~fl'Yll/disc) 

A J 
3.2.1 B1VI1'abfltl{lb"!!B 

3.2.1.1 Lactobacillus MRS broth (MRS broth) (Himedia, India) 

3.2.1.3 Casein peptone (Himedia, India) 

3.2.1.3 Meat extract (Himedia, India) 

3.2.1.4 Agar (Himedia, India) 

3.2.2 "" iil1'abfl3J 

3.2.2.1 Calcium carbonate (CaC03) (Fluka, Switzerland) 

3.2.2.2 Sodium chloride (NaCL) (Carlo erba, Italy) 

3.2.2.3 Hydrogen peroxide (H20 2) (Carlo erba, Italy) 

3.2.2.4 Hydrochloric acid (HCL) (Merck, Germany) 

3.2.2.5 Glycerol (Sigma, USA) 

3.2.2.6 Crystal violet (Sigma, USA) 

3.2.2.7 Saflanine 0 (Sigma, USA) 

3.2.2.8 Gram's iodine (Sigma, USA) 



3.2.2.9 Ox bile powder (Himedia, India) 

3.2.2.10 Agarose (GENEPure™LE) 

3.2.2.11 DNA marker (Hind Ill digested A DNA) (Invitrogen, Australia) 

3.2.2.12 Primer FD1 (Invitrogen, Australia) 

3.2.2.13 Primer RP2 (Invitrogen, Australia) 

3.2.2.14 Tris base (Sigma, USA) 

3.2.2.15 Acetic acid (Sigma, USA) 

3.2.2.16 Ethylenediaminetetraacetic acid (EDTA) (Sigma, USA) 

3.2.2.17 Ethidium bromide (Fluka, Switzerland) 

3.2.2.18 Bromophenol blue (Sigma, USA) 

3.2.2.19 Sucrose (Merck, Germany) 

3.2.2.20 Absolute ethyl alcohol (Merck, Germany) 

3.2.2.21 GelStar (GelStar™ Nucleic Acid Gel Stain) 

3.2.2.22 Sorbitol (Fluka, Switzerland) 

3.2.2.23 DL-threonine (Sigma, USA) 

3.2.2.24 Dipotassium phosphate (K2HP04) (Carlo erba, Italy) 

3.2.2.25 Magnesium chloride (MgCl) (Carlo erba, Italy) 

3.2.2.26 Calcium chloride (CaCl2) (Merck, Germany) 

3.2.3 1i'I~LL~::mhw • • 
3.2.3.1 DNA extraction kit (Real Biotech Corporation, Taiwan) 
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3.2.3.2 Plasmid extraction kit (NucleoSpin® Plasmid QuickPure, MACHEREY 

NAGEL GmbH & Co. KG, Germany) 

3.2.3.3 Autoclave (Cikachi, Taiwan) 

3.2.3.4 Automatic pipette (Gilson, France) 

3.2.3.5 Incubator (Lab companion, Korea) 

3.2.3.6 Centrifuge (Scilogex, Canada) 

3.2.3.7 Vortex mixer (Minishaker, Malaysia) 

3.2.3.8 pH meter (Cyberscan, Austria) 

3.2.3.9 Microwave (Sharp, Thailand) 

3.2.3.10 Water bath (Memmert, Germany) 

3.2.3.11 Spectrophotometer (Metertech SP-830+, Taiwan) 



3.2.3.12 Hot air oven (Heraeus, Canada) 

3.2.3.13 Balance (Mettler Toledo, Switzerland) 

3.2.3.14 Hot plate (Thermolyne Cimarec 3 Hot Plate Stirrer, Canada) 

3.2.3.15 Stomacher (AES laboratories, France) 

3.2.3.16 Microscope (Nikon, Japan) 

3.2.3.17 PCR machine (Px2 Thermal cycler, Canada) 
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3.2.3.18 electrophoresis (Mini Horizontal Electrophoresis system, Taiwan) 

3.2.3.19 Dark reader transilluminator (Benchtop UV Transilluminators, UK) 

3.2.3.20 Refrigerator (Misubichi, Australia) 

3.2.3.21 Sonicator (Ultrasonic cleaner, China) 

3.2.3.22 Hybaid celUet Pro (Hybaid Ltd., UK) 

3.3 1fim'lfhLihm1'11~a 

3.3.1 n1'1LLf.JnU.~:::~fiL~e:Jm~mL~fliimLe:JafiLL'UflfiL~f.llil1nV1'VI1'1'VI3Jn 
m'jm.J mLa~~l91 L~em Lbar~~ mLe:Jal91 u ur~VIL~tl ~1 n~1 eJ ~1-:JeJ1'V11'j'VIil n (~191 LL tJa.:J 1TilJ1~ 1n 

AOAC, 1990) 1191t~mTim'j~.:Jd .fi''l~1e:J~1-:J 25 n~lJ a~mtl~1e:J~1'l1'W 0.85% (w/v) NaCl tJ~lJ11Pl'j 
225 :Da~~m ~~lJ1~Loff1n'W~1tlbrl~eJ'l Stomacher vh serial dilution 1'VI1~~'j~~um1lJL~eJ~1-:J~ 

10-2, 10-3, 10-4, 10-5 Lbfl~ 10-6 ~1mT'WtlLUIP1Luvn~ri1'W~LiJ'W"1JeJ'lL'Vifl1"1leJ'l~1eJ~1'leJ1'Vi1~~fl11lJ 

b~e:Jiil1-!l W 4
, 10-5 Ufl~ 10-6 L~lJfl'lU'W~1'VIif1"1JeJ-!!eJ1'Vi1~ MRS agar ~b~lJ 1% (w/v) CaC03 1191t11off 

L'Vlr~'Ur~ spread plate thh.JulJ~f:ltl.!'VIt;Jil 37 e:J.:Jf'11L61lf1Lsatl~ Lth.JL1"'1 24 -B'1h.1-.1 LL"'~~11~"~1"'\1v1i! 

"'m~ru~~~1'l161l'W1~~e:JU1fl1aU1tJ streak plate lil'W1~fl1aiJL~t111 L~e:J1m~L~e:Ju~~'VlB vhm~ 
'Vll91~e:Ju"'m~ru~~tJ~1-:J"1JeJ'lL61lfl~ 1191E.Jn1~tJe:JlJi;iLLmlJ LLfi~'Vll91~e:Jum~~~1'lLe:J'W161l~fl~IPl~La~ lil1n,!'W 

" 
u1u~n'l!f1LLflfl~nLLe:Ja191LLUflVJb~EJ1'We:J1'Vi1~ MRS broth ~L~lJ 30% (v/v) glycerol ~~WVI3J:D 

-2a e:J.:Jf'11b61lab"lit~~ bfJe:J 1i1m'Wm~'Vll91ae:J.:JIPie:J hJ 
3.3 .2 m'1An'l!t1fJnAfllJU'iifl'l13JLtl'U 1 u'11 u le:Jiin"lle:J~LL~fliimLe:JafiLL uflViL~a 

3.3 .2.1 n 1TV1191~eJUrl11lJ~1lJ 1~ti"1JeJ-!I Uflfl~ n U e:Jat'l bb UflVJb~ EJ1 'Un1~tJU~.:J n1~b~~(\J"1JeJ-!I 
L~mie:Jhfl ~.:JIPie:J1u-d' 

" ' 
oU'WIPleJ'WVJ 1 m~LIPl~E.JlJri1'W1~ (cell free supernatant) "1Je:J.:Jbbflfl~mbe:Jal91 

"""" bb Ufl'Vlb ~E.I 

n 1~ LIPl ~E.JlJ(;h'U 1~u~1f'1~1 n L61la~v'i11~191 EJ L~ EJ.:J LLa fl~ n Lbe:Ja 191 

LLUflVJL~EJ1'Wm'Vi1~ MRS broth UlJ~e:Jru'VI.n:D 37 eJ.:Jf'11L61lflb"liEJ~ L'U'Wbdfll 24 -B'111J.:J U1b~eJ~b~~ru ' " ., 
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hJ~'Ub'Vl~tl~~1tll"l1111b~1 1o,ooo 'je:ru~eJ'U1Vi ~eJru'VliliJ 4 eJ~fi1W1!m~tJ~ LU'Ub1~1 10 'U1Vi L~eJ 
' 'U 

Lbtlm"l!~~eJeJn ~1n,!'ULnu~1'U 1~ 11'Vl~?~~eJu'lJ'j~~'Vl~m~m'j'EJ'IJ~~~~'U'Vl~6rieJ 1 'j!O)~eJ 1 'lJ 
' 

~'UI'leJ'U~ 2 n1'j'Vl\?l~eJ'Un~m'j11n1'j'EJ'IJ~~11?ltJiTI swab-paper disc 

n1'j'Vl\?l~eJ'Un:;m'j'j11n1'j Ei'u~~ b ~eJrieJ 1 'j!OJ11?1 t~1ti swab-paper 

disc (~1?1 bb 'l.J~-:1111~1n Rattanachaikunsopon bb~~ Phumkhachorn, 1998) 1~?~ml1b~eJ~~'U'Vl~6 
'Vl\?1~€1'\.J Escherichia coli 0157:H7 bb?t~ Listeria monocytogenes ATCC 19115 ~b~tJ-:~1ib'U 

eJ1'Vl1'j nutrient broth (NB) bb~~U11~eJru'VlillJ 37 eJ-:Jfi11b"l!ab~tl~ bU'Ubd~1 24 -8'1 111~ 'll1111'thti 
' 'U 

" 6 iJa~b111'\'j 11-:i~-:I'IJ'U~1'Vl1J1eJ1'Vl1'j ~1n'IJ'U'Vltll?l cell free supernatant "1.1€1-:lbb~l"l~nbbeJ~\?1 

bb 'IJ!O!Vi b~tl 'l.J~1111'\'j 20 11111"l'j~l'\ 'j ~~'IJ'Ubb~'U paper disc ~1n,T'Ull1~1'Ub~ tl-:1 b ~eJ 1 UU11~~ru'VliJil 
37 eJ~fi11b"l!~b~tl~ bU'Ub1?11 24 .ff1111-:~ n1'j'Vl\?l~eJ'Ubb~~~!Ol~-:ivh 2 ~111?lt1Hf€11'Vl1'j MRS broth~ 

'l.J~ eJ\?1 L<ffm U'UI'i'1m'Uf)11 t:.~~~'IJ (negative control) bb~~ 1 -tit~ 1U~~1'U~1111'\'j~1'U \J'j~ neJ'IJ~1 t1 

Penicillin (10 11111"l'jn-r11/disc) bb?t~ Tetracycline (30 11111"l'jn-r11/disc) disc bU'Uii(1!011'\J!Ol11 
' 

t:.~~mn ~1'Ut:.~~ 1~?~t~nw:l~?~ba'U~1'U~'U6nm-:~"1.1eJ~'IJ~b1ruEJu~~~-:~bnl?lbU'U1-:J1~ (clear zone) ~'U'jeJ'IJ1 
bbe.i'U paper disc 

3.3 .2.2 n1'j'Vl\?l~eJ'IJI"l1111~1111'jti"1JeJ~ u~l"l~n bbeJ~\?1 u ul"lVib~ t1 1 'Un1'j'Vl'Uml?l 

n1'j'Vl\?l~eJum 111~1111'jti"1JeJ~ bb?tl"l~mbeJ~I?l u ul"lVi b~tl 1 'Un1'j'Vl'Uml?lbb~~b'IJ~ 

(~l?lbbU~-:1111~1n1TI"1.1eJ-:I Jin et al., 1998) vh1\?ltJri1m<ffeJ 1 loop ~1n stock culture "1.1€1-:ibb?tl"l~n 
bbeJ~I?lbb'IJ!O!Vib~ti~~1'Um'Vl1'j MRS broth m111m 5 iJ~~~m 'l111'l.Ju11~ 37 eJ~fi11b"l!ab~tl~ bU'Ub1~1 

24 .ff1111-:~ ~1n,!'Ull1111b~ti'IJ'UeJ1'Vl1'j MRS agar U11~ 37 e:J-:Ifi11b"l!?tL~tJ~ LU'UL1~1 24 -8'1111-:~ ri1t1 

b~eJ'IJ~~'Vl~ 111"l1~iJ1'UeJ1'Vl1'j MRS broth 'l.J~111m 5 iJ~~~m u~~U11~ 37 eJ~fi11b"l!ab~tl~ bU'U 
' 

b1?11 24 i1111~ ri1m~eJ so 11111"l'j~m ~-:~1'Um'Vl1'j MRS broth 5 iJ~~am ~u-ru pH 1Vfiif11~1-:~1 
ReJ 2, 3, 4 bb?t~ 7 1~?~t~ti 5 M HCl 'Vl~eJ 5 M NaOH ib!OJ'j1~Vi'l.J~111t1Jb~€lb~11~'U~ 0 -8'1111-:~ bb~~ 

'Vltl-:1~1nU11bU'Ub1?11 3 -8'1111-:~ ~ 37 eJ~fi11b"l!~b~tl~ 1\?ltJ1Tin1'j plate count bWI?l-:ir.J~LU'UA1 
b 'l.JeJ 1b~'U~n1'jeJ~'jeJ\?l~-:~~1111'jtlf''h'Udru 1~?~ tJ 

'U 

bUeJ1b~'U~n1'jeJ~'jeJ\?l = 'lJ~111t1Jb~meJI?l~il'l~ 3 .ff111l-:~ (Log CFU/ml) x 100 (1) 

m111t1Jb~m~11~'U~ 0 -&1111~ (Log CFU/ml) 
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3.3 .2. 3 fl11'Vlt91?18'Uf'l11l.l?l1l.ITH1"1!8-:J bbf!f'l~f1bb8~t91 u 'Uf'lViL~tl 1 'Ufl11"'Vl'Ubn~ml1~ 
n1';i'Vlt91 ?18'Uf'l11l.l?l1l.ll';it1"1!8-:J Lbf! f'l~ n U8~t91 u 'Uf'lVi L~t~1 'Un11'Vl'Ubn~ ml1~ 

(~t91bbUf!-:JlJ1~1n1fi"1l8-:l Jacobsen et al., 1999; Erkkila and Petaja, 2000) vhlt91tlb~1~b~tl-:l 
bbf!f'l~mL8~t9lbb'Uf'lVib~t11'U81'V11';i MRS broth 'I.J~lJ1(?)';i 5 lJf!~~(?)';i bbf!~Ul.l~ 37 8-:!f'l1L~m'iit~?! b'iJ'U 

L1m 24 -ri'11:w-:~ ~1mT'Uri1m~8 so 1:wlf'l';i~\Pl';i f!-:J1'U81'V11';i MRS broth 'I.J~:w1m 5 lJf!~~l'l1 ~b~l.l 
Ox bile powder 1~ljm1l.lboUl.loff'U'1t91Vhmvhn'U 0.15% Uf!~ 0.3% (w/v) 1Lf'l';i1~'1-1'1.J~:w1twb~8 
b~l.I~'U~ o -&11:w-:~ LLf!~'VIa-:~~lnU:wbU'Ub1f!1 3 -ri'11:w-:~ u:w~ 37 8-:Jf'l1b~f!L'iit~?! 1t9lt~ifim';j plate 

count bb6'1t91-:Jt:.Jf!LU'UI"llL'I.J81L~'UI'im';i8~18t91 (~-:~~1~n~11l.llU~1-1i'1-:~~'U) 
" 

3 .3.3 m-afim~1£1'4 n'a3.1151'U"ll£1.:1 Ui'lfl~n uaa ~ bb 'U flfi b~ti~A~ bfl an 1~lil1 nv1'VI1'a'VIirn 

3.3.3.1 m';ifllm~naw~1'Ui'VlmLLf!~fJtw?l:wllii~1-:~1 "1l8-:JUf!f'l~mb8~t91LLtmViL~tl 

1) fl1';i(?)';i1~fl1';i~t91~hLml.l (Beisheier, 1991) 

'VItlt91 J 1mt'U'I.Jf! 8t91 L ~8ft-:! 'U'Um~~ n6'11f! il L ~ m ~8'U ~6'1'Vl~1 ~n 1~ ~ 1tl 'U'U 
' 

'VItit9ltl1n~'U vf-:~1~bb~-:J 'l..hl.I1~1'Uf'l11l.I{8'U (heat fixed) ~8l.l~1tl6'11';if!~flltl crystal violet LU'U 

L1f!1 1 'UlVi ~1-:1~1t1tl1n~'U 'VItlt9l?f1';if!~f!1t118L8~'U ~Aj' 1 'U1Vi ~1-:1~1t1tl1n~'U ~1n,!'U'VItlt91 
95% bb8f!ne:JeJ8~ b~8vh1~a"1lm crystal violet 'VIf!~8e:Jn bb~1~1-:J~1titl1n~'UVi''UVi ~1n,!'U'VItl~ 

' 
?11';if!~mtl safranin o vf-:~H 30 i'UlVi ~1-:1~1t1tl1n~'U vf-:~1~u~-:~ l111'1.Jm1~6'1e:J'Ufl11~~aLLm:w 
~n'l!fw~ ';i\J ~1-:1 L~f!~ Lbf!~ nl';i~~ L~ti-:J~1.fl1tl 1~ n~e:~-:~~f!'Vl';i';if'!U 

" ' 
2) 'Vl~6'1e:J'Ufl1';ibf'l~e:J'Ui'i (Johnson and Case, 1989) 

1-U'L~l.IL~m~e:J (needle) b~m~e:J'U~'1'VltU~1bb'Vl-:Jf!-:J'U'Ue:Jl'VIl1 MRS agar 

vl:iJI}.J-:~i'-tJm1l.Jb"UlJoU'W 0.8o/o (w/v) bb'Vl-:Ji'1rnh~:w1w 21 'W 3 "1Je:J-:Jci1'W6'1-:1"1Je:J-!le:Jl'V11';i tl:wvle:Jtw'VI.niJ 
'I \1 'I \.1 

37 e:~-:~f'llL~m'iit~?t LU'Unm 24 i11:w-:~ m1~6'1e:J'Um';iLf'l~e:J'U.ffi~t~a-:~Ln(?)~';je:JmL'Vl-:~ 'V11nljm';jm~~1tl 

"lle:J-:1 L ~e:Je:Je:J n ~1me:J ti~LL 'Vl-:J LL?I~-:J11 L ~e:J?I1l.l1';it1 Lf'l~e:J'U~1~ 
3) 'Vlt916'1e:J'Uf'l~(?)~bf!6'1 (Johnson and Case, 1989) 

VI ti~G'Il';if!~f! 1tl 1~1m L~'UL 'I.Je:~18e:J n 1~ilf'l11l.l L off:woff'U 3% f!-:J'U'Um~m'l!f 

me:~-:~'I.Jf!e:Jt9lb~e:J ~1n,!'UL~m~e:J'U~?I'Vl~f!-:J'U'Um~t911~meN ~1Lnt9l'Wme:~1mf'l LL?It91-:J'i1L~e:J6'11l.l1';it1 
' 

?1{1-:J be:J'U 1~:Wf'l~(?)~bf!?l 1~ 

4) fl1';i(?)';i1~6'1e:J'Ufl1';i6'1{1-:~fh~ (Johnson and Case, 1989) 

b~tlb~8'U~'1'Vl~f!-:J1'Ue:Jl'VI11 MRS broth ~lj'VI~e:Jt9l~nn1~ (durham tube) 

u:w~e:~tw'VI.nfl 37 e:~-:~f'l1L~~b'iit~6'1 dJ'UL1~1 24 i11:w-:~ 'V11n~'Un1~1'U'VI~e:J~~nn1~bb6'1~-:~11LU'U 
' " 

homofermentative 
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5) Vll9161e.J'UfllWil~qJ~~ruVIiJi1~1-:J 1 (Siliker et al., 1980) 

L~m~e.J'U~G1Vl~~-:J1'Ue.J1VI1~ MRS broth UlJ~fJtl.lVIiJi1 10, 37, 45 LL~:; 

50 e.J-:Jf'11b"ll~L6litJ61 LiJ'UL'Jm 24 i111J-:J !Pl~T'161e.J'Ufll~L:U~ru119ltil191fhfll~l9119ln~'Ubb61-:J~!Pl'J11Jt11'J!Pl~'U 
v 'II 

600 'U11 'UblJ\Pl~ 

6) Vll9161e.J'U!Pl11lJVl'ULn~e.J (Siliker et al., 1980) 

L~EJL~e.J'U~61Vl~~-:J1'Ue.J1VI1~ MRS broth ~L~lJ1"1lL~tllJ!Pl~e.Jb~m1lJLoUlJoU'U 
' 

6.5% LLG'l:; 18% (w/v) UlJ~fJtl.lV!i,)iJ 37 eNI"11b"llm"lit~61 bU'UL'JG'l1 24 i111J-:J !Pl~'J:U61e:J'Ufll~b:U~qJ119ltJ 

fll~l191fllfll~l9119ln~'ULL61-:J~!Pl'J11Jti1'J!Pl~'U 600 'U11'UblJ\Pl~ 
'II 

7) Vl\9161 e:J 'U !Pl 1 11J a 11J 1 ~ t:~1 'U n 1 ~ b :u ~ qJ ~ ~:; ,;( 'U 1"1 1 1lJ L u 'U n ~ 1911?11 -:J ~ 1 -:J 1 

(Wistreich and Lechtman, 1980) 

L ~m ~e:J'U~G1Vl~~-:J 1 'Ue.Jl'\111~ MRS broth ~u-r'U pH LiJ'U 4.5 LLG'l:; 9.6 UlJ 

~e:Jtu'VI.niJ 37 e.J-:Jf'11L"Il~b"lit161 bU'UL'JG'l1 24 i111J-:J !Pl~'J:U61e:J'Ufll~b:U~ru119ltJfll~l191fhfll~l9119ln~'ULLa-:J~ 
~ 'U Q,f \1 

!Pl111Jti1'J!Pl~'U 600 'U11'UL1Jm 

3.3.3.2 m~m'J:ui'W:uut~"ll'W191"1le.J-:JbL~!Pl~mLe:J~I91U'U!PlYib~tJ119ltJi5 165 rONA sequence 

analysis 

61tll91 genomic DNA "1Je.J-:JU~!Pl~mbe:Jai91Lb'U!PlYiL~tJ Ll9ltl 1-tl'"IJI9161tll9l?i1b h~U1191 t~vh 

IP111JA1bb'U:;U1"1Je:J-:l'U~,;'Vl~C-J~!Pl (Real Biotech Corporation, Taiwan) 1!1 genomic DNA ~1~1J1 

1-tl'L'\JmLlJLL'U'U (template) b~m11 PCR (polymerase chain reaction) Ll9ltJ1i primer 2 "ll'WI91 

1~LLtl 

FD1 ~-:Jlici'l,;i'Ub'UaLiJ'U 51 -AGAGTTIGATCCTGGCTCAG- 3' 

RP2 ~-:Jllci'1,;i'Ub'U61LU'U 5'-ACGGCTACCTTGTTACGACTT- 3' 

am'J:;ffim'Ufn~vh PCR fle:J 94 e:J-:Jf'11b"llm"lit~61 bU'Unm 5 'UTV1 1 ~e.J'U, 

94 e:J-:Jf'11b"llm"lit~a LU'Ub'Jm 1 'U1Yi, 55 e:J-:Jf'11L"IlG'lL6litJ61 bU'ULd~1 1 'U1Yi bL~:; 72 e.J-:Jf'11b"ll~L"liEm LU'U 

n~1 1 'U1Yi 30 ~e.J'U LL~:; 72 eJ-:Jf'11L"Il~L6litJ61 LU'Ubd~1 7 'U1Yi 1 ~e.J'U 1!1 PCR product ~Hi'lu~Pl~'J:U 

ibl"l~1:;,ci'1,;i'Ub'Ua~'Jm!Pl~e:J-:J automated DNA sequencer ua'Jthci'1,;i'Ub'UammubU~ti'ULYJti'Utl'U 

ci'1,;i'UL'U61"1Je.J-:J 16S rONA 1'U~1'U.ffe.JlJ~ GENBANK L191tJ1mu~bLmlJ BLASTN (Basic Local 
... 'II 

Alignment Search Tools) L~eJVI1Fl1LUe.J~b~'UIPi"m1lJ!PlmtJ!Pl~-:JVI~eJ!Pl'J1lJLVIlJe.J'U (% identity) 

~:;VI'J1-:Jci'1,;('UL'U61"1JeJ-:J 16S rONA "1JeJ-:lbL~!Pl~nue.J~I91U'UI"lYiL~tltl'Uci'1,;('UL'U61"1JeJ-:J 16S rONA "lle:J-:l 

LbG'l!Pl~nLbe.J~I91Lb 'UI"lYiL~tl 1 'Ui:i1'UoUe.JlJ~ GENBANK 
... 'II 



3.3.4 nT~'VIflflil'Un1'iiiWa1fliifl (plasmid) 1 'IJLLaflfinLLilflfiLL 'UFiiliL'if.l 

3.3.4.1 flTH'Itlfl plasmid ~1flU.f!Fl~flbbeJ~flbb'UFlVib~tJ 
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fl1'H'Itlf1Ym1G'I~fl ~1 fl bbf!FI ~ fl bbeJ~fl bb 'UFIVi b~m·h lfl tJ'lJ1 bbf!Fl~ fl bbeJ~fl bb 'UFlVib~tJ 

lJ1b~tJ"l1'W MRS broth tJ~m~~ 5 ~a~~~~ Ul.J~ml.I'VI.fl~ 37 eJ"lfliW1!m68tJG'I bU'WbJ£'11 24 .a-'dll.J"l 
' " 

~1m!'Wvhfl1~G'Itlfl plasmid ~'dtJ"qfiG'Itlfla1L~~~tJ (NucleoSpin® Plasmid QuickPure, 

MACHEREY-NAGEL GmbH & Co. KG, Germany) lfltJ'Vi1~1l.JiTI"lle:J\l~~~\Pl ~1fl,j'Wth~bB'WbeJ~1~ 

1tJiLm1~'VIbfltJifi agarose gel electrophoresis 

3.3.4.2 fl1~\Pl~'d~ibFl~1~l-h"lfi1G'IlJfl lfltJifi agarose gel electrophoresis 

'VIfle:Jl.Ji''W agarose 1% (w/v) 1~a~mmtl'WLi1'm~mn'W1'W~eJ'U1lJLFI~b'd'W 11\l 

H~mu'VI.niJVfe:~"lb U'WL'dm 1s 'W1Vi 'd1"l'VI1aTvi~'U'Vi1"1le:~"l1a~'de:~~1\l1 'Wb~aa"l1 'Wmfl b\Pl~tJl.Jb~G'lbb~'db 'Vl 
' " 

i''W agarose 1% (w/v) ~'VIfle:Jl.Jfl~fl1tlb U'Wb dm~m tl'W~ U.~'da"l1 'Wtnfl b\Pl~ tJl.Jb~fl tJ~eJ tJ 1 Vii''Wb~ 'W 

LLa~Lb~\l~'dtJ~~lJ1ru 20 'W1Vi LL~1~\l~"l'VIiGi1'VI-ruvh"llm1a~1eJ~1"leJeJn 'l11~'W1'We:~e:~n~1ntnfiL~a 
' 

bb6'1~11\lb~6'16'l"l1'WeJ1"lGi1'VI-r'Uvi1~b~fll'Vl~l'W~68G'I U.~'db'VlG'I1~6'1~6'11tJ Tris-acetate buffer (lx TAE) 1Vf 

vl'dl.Jbb~'Wb~fl ~1fl,!'W~G'IlJ~'deJ~1\l~ bB'WbeJ 121l.J LFl~~\Pl~ nu Loading dye tJ~lJ1m 3 1l.J LFl~~m 
bb~'d'VItJeJfl~'deJ~1\l6'l"l1'W"IieJ"l1ci~'deJ~1\l'W~e:ll.Jtl'U'Vitle:lfl DNA marker (Hind Ill digested A DNA) 

tJ~lJ 1 1'1~ 51l.J tm~m 6'1 "l1 'W"IieJ"l ~1 eJ ~ 1\l tJ fl eJ1F!~ e:J'U bbfl~l'i mY1 1 'W nmb 'VI~"l f11L 1J fl1 'W.Yh L tlfl 

m~LLG'I1'W.Yh L ~eJ 1~~bB'WbeJLFl~eJ'W~bU'WLJm 1 .a-1ll.J"l 'll1L~a1 tJ~eJl.Ja~'dtJ GeLS tar vi1m~EJeJlJLU'W 

b'd£'11 1 .a-'dll.J"l rie:J'WU11tJ~fl~1~'dtJbFl~e:l"l dark reader bb~'dU'WVinmw DNA 

3.3.5 n1'i1h vector DNA L'Yi1aL'l1ail"'Jil.:ILLaflfinue:~aflu'UFiiliL'if.l .. 
' " " 

(transformation) 61i"li1oU'W\PleJ'Wii'"li1 

3.3.5.1 fl1~b\Pl~tJlJ~b6'1Fll\Pl~FleJlJ~b'Vl'WI'ib'l!G'lci' (electrocompetent cell) 

Electrocompetent cell f'ie:J b'l!6'1~~~1'Wfl1~b\Pl ~tJl.Jb Yl eJ 1 ~'W~e:Jl.Ja1'VI-rum~ 

transformation lfl tJiTI~bG'!Fl Lml 'Wb ~.a-'W (electroporation) 

fl1~b\Pl~tll.J~b6'1Fl l\Pl~Fle:Jl.J~b'Vl'WI>ib'l!G'!ci' lfltJb'Wl~b~tJ\lbbG'!Fl~flbbe:l~fl bb 'UFlVib~tJ 1 'W 

eJ1'VI1~b~tJ"lb~eJ MRS broth ~b~l.J 0.5 M sorbitol tJ~m\Pl~ 50 iJG'l~~\Pl~ 'l111tJulJ~eJt\J'VI.fl~ 
' " 

37 eJ"lfl11b'l!flb68tJG'I dJ'Wb'd6'11 18 .a-'dll.J"l ~1fl,l'Wvi1m~ri1m~eJ (inoculation) lfltJU1b~eJ~b~tJ"llJ 

tJ~lJ1m 20 iJa~~\Pl~ 1tJ1G'Ib'WeJ1'VI1~b~tJ"lb~eJ growth medium (MRS broth, 0.5 M sorbitol, 3% 

glycerol, 40 mM DL-threonine) tJ~mm 800 ~6'1~~\Pl~ 'l111tJulJ~eJt\J'VI.fl~ 37 e:l"lfl11b'l!G'lb68tJG'I ~'W 
' " 

L~moff1~~~tJ~ mid Log phase bb~'dbfl'Ub'l!flflbfltJfl1~~'Wb'VI~tJ"l (centrifugation) ~Fld1l.Jb~'d 
5,000 ~eJ'U~eJ'W1Vi bU'WbJ£'11 5 'W1Vi ~1\lb'l!aci'ii'"lfl~11G'IeJ"lFl~"l~'dtJG'I1~6'l~fl1tJ washing solution 
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(0.5 M sorbitol, 10% glycerol) mlJ11'1~ 25 iJaaal'l~ u.a~bb"ll'Jt!aeW (suspend) b~aaU.Uf'lVib~tl 

1'W?t1~a~a1tJ electroporation buffer (0.5 M sorbitol, 1 mM K2HP04, 1 mM MgCL, pH 7.0) 

tl~mmLvhnu 1 iJaaam U.U-!l1~VIae:J~ microcentrifuge tube Vlae:J~a~ 80 bJ1mam ':illfl~'U 
'1111 UbtlU 1i'~e:Jt\JVI.fliJ -20 €l-:Jf'l1b"llab~tl?l ':il'Ufl~1':il~tJ11 tJ1 m 'Ufl1Wl~ae:J-:J~Pie:J1 'I.J 

' 'U 

3.3.5.2 m~'l11 vector DNA L·ih~EJbafllmf'le:JlJ~L'Vl'UI?i'L"llaa 

fl1~tJ1 vector DNA Li1a8Laf'1Lmfle:JlJ~b'Vl'UI?i'b"lla~vhL~E.JtJ1EJbaf'111'1~ 
'U 

f'le:JlJ'WL'Vl'UI?i'b"lla~~bl'I~E.JlJti'mlJ1m 80 1lJLf'1~al'l~ bLa~ vector DNA tl~~lJ1ru 1 1lJLfl~al'l~ 1~a-:~ 

1'WVIae:J~ electroporation cuvette ~i1"1l'W1~"1Je:J-:J electrode gap b'Vhnu 1 iJaablJI'I~ f'111lJfli'1-!l 

2 iJa~hlJm electrical field 12.5 kv/cm ':il1fl~'UtJ1VIae:J~ electroporation cuvette #i'-:~nr;i11 1 'I.J 

1ai.'ULf'1ie:J-!l Hybaid celUet Pro (Hybaid Ltd., UK) ~-:~~-:~Fi1a1V1-rum~v'h electroporation #1-:~.0 
Fl1f'111lJ~1'W'Vl1'WLVhnu 200 n Fl1f'111lJ~lwrh (capacitance) Lvhnu 25 f.!F Fi1 Voltage Lvhnu 

v ' 

2,500 V bba~b'Ja1Lvhnu 5 ms VI"'-:J':i11fl'IJ'UtJ1VIae:J~ electroporation cuvette e:J-elfl':i11flLf'1~-eJ-:J 

Hybaid celljet Pro LLa~b~lJ€l1VI1~b~E.J-:JL~e:J recovery medium (MRS broth, 0.5 M sorbital, 

20 mM MgCL, 2 mM CaCl2) mlJ11'1~ 1 iJaaam a-:~1'UVIae:J~ electroporation cuvette #i'-!lnr;i11 

LL~1'1111'1.JulJ~e:JruVI.niJ 37 -eJ-:Jf'l1L"llaL~E.Ja Ltl'Wna1 1 -&1LlJ-!l -:u1n~'WtJ1L"lla~'I.J~m~'~~Lvhnu 
' 'U 

100 1lJtmal'l~ lJ1L~E.J-:JU'WmVI1~~LVIlJ1~?tlJ ulJ~-eJruVI.niJ 37 e:J-!lf'l1L"llab~t~a Ltl'Wnm 72 -&11lJ-:~ 
' 'U 

~-!lLfll'l Lf'l 1ai1~tl~1fl!JU'W~1VIii1€l1VI1~ ~-:~ Lf'1Lai1#1-:~nr;i11':il~LU'WL"lla~~1~~u vector DNA L~E.J n 

bLUfiViL~E.J~1m 'W.ff'Wl'le:J'Wd~1 "transformant" ~-:~-:u~'l111 tlan~ plasmid L Yi-eJI'I~'J':il?l-eJU~1i1 vector 

DNA -el~~~-:~\Ple:J1tl 
'U 



d 
'U'Vl'Vl 4 

4.1 nTHbtlmbii'l ~ ~~b~eJmbii'lfll~mbeJ~~ bb'UfliVib~tl~1m:nvn~'VI~n 

m~'Vl~~eJ'rdbU'Ufl1~bbt!flbb~A~mbeJ~~bb'UfliVib~mnmJm~l.l bb~~~m~tJ'U~eJ,:J'Ut!mVl1~ MRS 

agar ~ilm~b~l.l 1 o/o (w/v) CaC03 b~m11hJ1-lftum~'Vl~~eJ,:J~PieJhJ t~m~eJnbQ'W1~bb~fl~mbeJ~~ 

bb 'UflVlb~t1~6'11lJ1~tl6'1~1,:} b"IJ'U 1?th1 

~1flfl1~'Vl~~eJ,:Jd?t1lJ1~tl~~ b~eJnbWfl~ fl bbeJ~~ bb 'UflVlb~t!~~~th 1 'tJ1-lfl 'Unl~'Vl~~eJ,:JI?ieJ1 tJ1~ 
~,:J'VIl.J~ 421-eJhb~l'l t~tJmJ,:JbU'Ubb~fl~mbeJ~~bb'UflVlb~t!~bbtJfl1~~1ntJm~l.l-;;l1tl'd'U 221-eJl"llb~l'l 

bb~nb~fl~mbeJ~~ bb'UflVlb~t!~bbtJn1~~1n~m~tJ'U~eJ,:J-;;l1tl'dtl 20 1B b"llb~~'~ (1'11~1,:}~ 4.1) ~1n,X'U'tl1 

bb uAV1 b~ t!~1~~,:)Vll.J~ 1 tJI'I ~1~ ?teJu Aru?tl.lU~'Vl1 ,:}~ ru l'i1t!i'Vl t!1bb~~ ?t~~i'Vlt! 1 1~ bb n n 1~'Vl ~ ?teJu n 1~~~ 
' "' 

~bbml.l (Gram's stain) fl1~'Vl~?l8'UA~I'I~b~?l (Catalase test) fl1~1'1~1~?18mtJ~1,:Jbb~~m~~~b~tJ,:J 
\1 

1'11'1JeJ,:J b"ll~~ ~,:J'W'Ul1bb~fl~ n bbe:J ~~ bb u AVl b~ tJ~,:)VllJ~ bU'Ubb u flVl b~t! bbn ~ l.l'U'd n h]?t ~1,:} be:Jtl 1"1l~ 
fl~l'l~b~?l iJ~tJ~1,:}'1JeJ,:Jb"IJ~~bU'Ubb'U'Ufl~lJ (cocci) (m'W~ 4 .1 bb~~I'I1~1,:J~ 4.1) 

\1 
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B1'Vi1'a'VI~n 

Gram 's stain Catalase test 

SF-01 coccus positive negative 

SF-02 coccus positive negative 

SF-03 coccus positive negative 

SF-04 coccus positive negative 

SF-05 coccus positive negative 

SF-06 coccus positive negative 

SF-07 coccus positive negative 

SF-08 coccus positive negative 

SF-09 coccus positive negative 

SF-10 coccus positive negative 

SF-11 coccus positive negative 

SF-12 coccus positive negative 

SF-13 coccus positive negative 

SF-14 coccus positive negative 

SF-15 coccus positive negative 

SF-16 coccus positive negative 

SF-17 coccus positive negative 

SF-18 coccus positive negative 

SF-19 coccus positive negative 

SF-20 coccus positive negative 

SF-21 coccus positive negative 

SF-22 coccus positive negative 
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Gram 's stain Catalase test 

SV-01 coccus positive negative 

SV-02 coccus positive negative 

SV-03 coccus positive negative 

SV-04 coccus positive negative 

SV-05 coccus positive negative 

SV-06 coccus positive negative 

SV-07 coccus positive negative 

SV-08 coccus positive negative 

SV-09 coccus positive negative 

SV-10 coccus positive negative 

SV-11 coccus positive negative 

SV-12 coccus positive negative 

SV-13 coccus positive negative 

SV-14 coccus positive negative 

SV-15 coccus positive negative 

SV-16 coccus positive negative 

SV-17 coccus positive negative 

SV-18 coccus positive negative 

SV-19 coccus positive negative 

SV-20 coccus positive negative 



.. 
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f11'i'Vl~ ?18UAJ1ll?l1ll 1'itl'll8'l LL~fl~ n LL8~~ LL u Avh~t!~ Lbt! n 1il:u1n81VI1'i'VI~n ~'l'VIll~ 
-;JTUl'l.J 42b8b'll b~VI1'l.Jf11'i8U ~'lf11'ib:U~11j'IJ8'lb~8ri8t'ifli'h~'l.Jf11'i'Vl~?I8U -;J1'\.J1'\.J 2 'tl'W~ ~'lbilbb rl 
Escherichia coli 0157:H7 bb~~ Listeria monocytogenes ATCC 19115 l~t!iTin1'i swab

paper disc ~Ul1iJ bb~fl~nbb8~~ bbUflVlL~t1~?11ll1'it18'U~'lf11'i b:U~11j'IJ8'lb ~8rl8 l 'ifl~'l.Jlli1'Vl~?I8U \i) 
~'l'VIli~-;J1'\.J1'\.J n18L'Ilb~\?l (A~b'U'l.J~8t1~~ 64.29 'll8'lb~8~LLt!n1il~'l'VIll~) ~'lbLU'lLD'l.JLL~A~n 
bb8~~bbUA~b~t1~?11ll1'iti8u~'lf11'ib:U~11J'Il8'lb~8ri81'iAbil~-!l 2 '1lU~ -;J1'\.J1'\.J 10 b8L'Il b~VI (A~LD'l.J 
~8 tJ~~ 23.8 1 'IJ8'lb~8~bb t1 n \i\~'l'VIll~) bb~~ bb~fl~ nbb8~~bb U fl~b~t1~?11ll1'iti8U ~'lb~8ri8 t'i"Abil 

Ly;t1-!l'1lu~L~t1l-;J1'l.Jl'l.J 1718L'Il L~ VI (A~ LD'l.J~8t1~~ 40.48 'll8-!lL~8~LL t1n1il~'l'VIll~) ~1'\.JLL~A~n 
bb8~~LLUA~b~t1-;J1'\.J1'\.J 15beJL'Ilb~VI (A~LD'l.J~8t1~~ 35.71 'll8'lb~8~LLt1n1il~n,ll~) h1?~1ll1'iti 
8u~'lf11'iL:U~11J'Il8'lL~8ri81'iA~'l 2 '1li1~1il (m~~ 4.2 LL~~\?11'i1'l~ 4.2) 

1 'l.Jf11'i'Vl~~8'l~8b U :U~ 1oULQ~1~bb~fl~nbb8 ~~ bb Ufl~b~t1~?11ll1'iti8U ~'lf11'i b:U~11j'IJ8'l b ~8 

ri8t'i"A1il~'l 2 '1lU~ 

.f11'W~ 4.2 im~HU~"lle:J-IlbSZI'Ub~ (clear zone) ~bi1~~'U'ae:JU paper disc :U1nn1"a'VI~~e:JU 

fl'J1~~1~1'at1'1l e:J~ bb~ fl~ n bbe:J a~ LL U A Vi L~Elb 'iJ n 1'aflU t~ L~e:J rle:J b 'aflb~ EJ1G swab-

paper disc 



.. 
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(;11~1{1Vi 4.2 ~~m~'VI(;laB'Ufl11~a1~1~f:l"!JB{Ibb~fl~nbbBa~bb'UflVib'1~1'Um~v'U8{Jm~b:v~'1!"!.1B{J 

b~BriBhfl1~~15 swab-paper disc 

LAB Diameter of inhibition zone (~~~~(;}~) 

isolate E. coli 0157:H7 L. monocytogenes 

SF-01 ND ND 

SF-02 22.5 21 

SF-03 24 24 

SF-04 ND ND 

SF-05 ND 26 

SF-06 ND ND 

SF-07 ND ND 

SF-08 ND ND 

SF-09 21.5 21.5 

SF-10 21.5 20.5 

SF-11 ND 28 

SF-12 21.5 21.5 

SF-13 ND ND 

SF-14 ND ND 

SF-15 22 26 

SF-16 ND 24 

SF-17 21 22 

SF-18 21.5 23 

SF-19 ND 22 

SF-20 23.5 22 
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LAB Diameter of inhibition zone (i3~~1l.l\9l'a) 

isolate E. coli 0157:H7 L. monocytogenes 

SF-21 ND NO 

SF-22 23.5 30 

SV-01 NO 11.5 

SV-02 NO 10.75 

SV-03 NO 13.5 

SV-04 NO NO 

SV-05 NO 13.25 

SV-06 NO 12 

SV-07 NO 11.25 

SV-08 NO 14 

SV-09 NO 12 

SV-10 NO 10.75 

SV-11 NO NO 

SV-12 NO NO 

SV-13 NO 10.5 

SV-1 4 NO 10.5 

SV-1 5 NO 13 

SV-16 NO NO 

SV- 17 NO NO 

SV-18 NO NO 
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(;11'a1~Vi 4.2 ~!;ln1'a'V1(;16'1BUA11~6'11~1 'at:l"'J B~~~!;l A~n ~~B~\11~~ UAVib~EJb 'Un1'a~U ~~n1'a~'\l~t)J"'JB~ 

~~BriBhAb\11EJ15 swab-paper disc (!>iB) 

LAB Diameter of inhibition zone (i)!;l~~(;l'a) 

isolate E. coli 0157:H7 L. monocytogenes 

SV-19 ND ND 

SV-20 ND 11 

Penicillin ND 30.5 

Tetracycline 22.5 24.5 

4.2.2 n1'a'Vl\116'1BUA11~6'11~1'at:l"!JeN~~!;JA~n~~B~(;l~~UAVi~~EJb'Un1'a'Vl'Un'a\11 

~~e.J't.Jl ~~!;'lrl ~ n ~~e:J~~ ~~ UAVi~~t.J~lJAJl:IJG'Il:Wl'H"l 1 tltll'i tJU ~'lnlWil~f1!'1Je:J'l ~ ~e:J neJ 1 'irl~'l 
2 '1JU~:Wl"Vl~G'Ie:JUA1l:WG'Il:Wl'it11'Um'i"Vl'Wm~~ pH 2, 3, 4 ~~!;1~ 7 ~U'Wb1m 3 i11:w\l ~u-:hilwvn~ 

~~!;'lA ~nb~e:J~ ~ ~~UA Vi ~~t.J'i'iX£'1 SF-09 b'VlltY'W~G'Il:lJl'itlVl'Wn'i\1lb~~\l~ pH 2, 3, 4 bb!;'l ~ 7 bb!;'l ~Vlln 
~'lbn(;leJ(;l'ilnl'i'ie:J~:fii(;l (% survival rate) 'Ue:J\lbb!;'lA~nbbeJ~~~bUAVi~~t.J'i'iX£'1 SF-09 Vi pH 2, 3, 4 

bb!;'l ~ 7 :v~~u-hilrhmnn1l 100% ~\l'Vl:Wlt.JA1l:Wllb~!;'lA~mbe:J~\1lbbUAVil~t.J'i'iX?~ SF-09 hhv;t.J\lbbl'i 

Vl'Wm~1~~ pH 2, 3, 4 bb!;'l ~ 7 bvhtY'W bb l'itJ'l?ll:Wl'im:V~f1!1~~ pH l?l-:Jn~l1~1t.J (~l'il\l~ 4.3 bb!;'l ~ 
d 

ill~Vl 4.3) 

4.2.3 n1';iV1\116'1BUA11:1J6'11:1J11WlJB~~~!;lA~n~~B~\1l~~UAVi~~EJb'Un1';iVl'U~n~mJ1~ 

b~eJ't]l bb!;'lA~ n bbe:J~\11 bb UAVib~ t.J~lJAJl:IJG'Il:Wl'W1 'Wnl'itJU e\lnl'i b:V~f1!'1Je:J\l b ~eJneJ 1 'irl~\l 

2 "IJU~:IJlVl~G'Ie:JUA'dl:lJG'I1:lJ1'it11 'W nl'i"Vl'Wbn~ e1J1~~ 'i~l?lUA'dl:W b i:wi'W'UeJ\l ~n~ e:JJl~b vi 1nu 0.15% 

~~!;1 ~ 0.3% bU'Wb'dm 3 i11:w\l ~Ul1lJ bb!;'lA~nbbe:J~~~~UAVil~m)l'U1'W 10 beJ1"1f b!;'l ~~G'Il:IJl'itlVl'W bb!;'l ~ 

l:V~ f1! 1m 'W£'1 m1~~il bn ~ e1J 1~ ~\l ?I e:J\l m l:lJ lilli'W (~.:J bn~ linn m 'i~il e)~ 'il nl'i'ieJ ~ :Si ~ m n n'J1 

100%) ~\lb~bb ri bb!;'lA~nbbeJ~~bbUAVib~t.J'i'iX£'1 SF-02, SF-03, SF-09, SF-10, SF-12, SF-15, SF-17, 
~ ~ 

SF-18, SF-20 bb!;'l~ SF-22 (~l'il\l"Vl 4.4 bb!;'l~ill~'Vl 4.4) 
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LAB (% survival rate) 

isolate pH 2.0 pH 3.0 pH 4.0 pH 7.0 

SF-02 0 100.00 100.17 100.65 

SF-03 0 100.25 100.95 103.45 

SF-09 108.80 108.85 109.47 110.82 

SF-10 0 102.23 103.41 105.02 

SF-12 0 95 .99 101.41 101.50 

SF-15 0 95.44 97.62 98.80 

SF-17 0 97.44 105.00 105 .31 

SF-18 0 74.65 95.35 101.68 

SF-20 0 88.51 91.28 100.00 

SF-22 0 92.88 100.00 104.07 

120.00 

100.00 • pH 2 

• pH 3 
80.00 

Q) pH 4 
+-' 

~ 60.00 • pH 7 Iii 
> 
2 40.00 :J 

"' 
£ 0 

20.00 

0.00 

SF-02 SF-03 SF-09 SF-10 SF-12 SF-15 SF-17 SF-18 SF-20 SF-22 
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0 ~ 

~111 ~Vi 4.4 el'VJ11n1caca eJ\9l:U1Vleu B~ bb~ fl~n bbeJ ~\11 bb u flili blEJVica~~u fl113.1 b~1JiJcu tStJ B~ bn~ e1'tJ1 fi 

bvhnu o.15% bbG'l~ o.3% 

LAB (% survival rate) 

isolate 
0.15% bile salt 0.3% bile salt 

SF-02 105.50 105.95 

SF-03 103.06 102.09 

SF-09 105.73 105.47 

SF-10 103.56 104.26 

SF-12 104.96 101.24 

SF-15 83.79 73.75 

SF-17 96.87 96.43 

SF-18 103.00 102.11 

SF-20 99.03 97.56 

SF-22 107.39 103.53 

120.00 

100.00 

• bile salt 0 15% 
80 00 

<II 

~ 
60 00 -;;; 

• oile sal 0 3% 

> 
~ 
;;1 c.ooo 
~ 

20.00 

000 

SF 02 SF 03 SF-09 SF-10 SF 12 Sf 15 SF-17 SF-18 SF 20 SF 22 

d IV qQ. .Q. .Q. Q Q d CV Jl iJ ~ l;' d 

.fl1V'I'Vl 4.4 eJ(;l'nnT'a'HJ~"!J'J(;l"!J£Hibb6'lFI(;lnbbB6'1~ bb 'UFI'Vl b'H.J'Vl~~~'U Fl'J13J b"!Ja.J "!..'U"!JB~bn6'1B'U1 ~ 

bvhnuo.1s% bb~~ o.3% 
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'Jlfle-.1~ fll~Vl\9l~e:J-:J~~Tl.Jjjl b~'W 1~--JliJb'Wt!-:Jbb~A~ f1bbe:J~\9l bb 'UAVlb~m'\X~ SF-09 b l'il~'W~ 

iJfldlj.J~lm~fl1'Wfll~cJ'U~-:JM~-:J E. coli 0 157:H7 bl~~ L. monocytogenes iJAJ l jj~lm~fl1'W 
m~Vl'Wm\9l~ pH 2, 3 bb ~::; 4 bb~ ::;iJm ljj~ljjl~fl1'Wm~Vl'Wbf1~mJl~~mljj~::;~'lJ A1ljjl-if:w-ii'W-veJ-:J 

bf1~ eJ ~ l~ l 'Vi l rl'U 0.1 5% bb ~::; 0.3% ~-:J~'W 1 'W fll~Vl \9l ~ eJ -:J ~ eJ hJ ~ -:J b~ eJ f1 1-lf bQ'\'1l::; bb~ A~ fllle:J ~ \9l 

lb'U A'Yib~t~~'\X~ SF-09 

~ Q.l Q Q.I.Q, I .Q. .Q. d q Q.J 

4.3.1 m-aAmni;uu~1'W1VI~1ll6'l~FJru6ljj'UI'll'll'l6] "l!e:J'lbb6'lfll'lnlbe:J6ll'lbb'Uf1Vlb':i~':i'Vl6l SF-09 

m~\91 ~1 'J ~ e:J 'U ~ m~ru ::;VJl-:J ~ ru.)] l'WlVl t~ l lb ~::; FJru ~ :wu~ ~ l-:J 1 'll e:J-:J bb ~ A~ m l eJ ~ (91 

bb'U fli'ib~m'\X~ SF-09 '1'1 'U ll bb'U A'Yi b~ti~-:Jf1"l1~\9l~blmjj'U'"Jf1 iJ~Lbl-:J coccus (ill'\'1~ 4 .5) hj~~l-:J 
" 

l"llm<lit~~ ll~~~l:Wl~ flb'J~qJ1~'We:Jl'Vll~ MRS broth ~b~:W NaCl 6.5 l'Ue:J1 l~'WI'i b~m1le..J~f1l~ 

Vl\9l~ e:J'U~1~ tJ b tJ~t~ 'Ub Vi ti'Url'U bb e..J'W~-:Jm~-o5l bb 'W f1'lJU\9l ll~A~ f1lb e:J~\9llb LJAVi b~tl <ve:J-:J Sch i llii nger and 

Lucke (1989) (.fll'\'1~ 4 .6) 'vh1~Vl~l'Ull lb~A~f1lbeJ~\9lbbLJ Ai'ib~t~~'IX~ SF-09 iJ A ru~n~ru::; 
' 

bVIiJeJ'WrlLJ Enterococcus 
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I .AB : gram +, catalase -

gas from glucose 

- Jrgin .ne + 

cocci rod 
D lactate Dl 

Lauohacillus 

tetrads COCCI 01 rods 

coccoctdal roos 
Pediococcu.1 + 

+ IO"C - - 6.5°or\acl + Thermoba.:terium Leuconostuc LactohrJ.-rifu, 

hcli:rclfemcntJ.tivt: 
Lacwcoccus Streptococcus Emerococcus Streprabacterwm 

(1989) 

4.3.2 nT~I'l11:;J1 1j :;JQ'~"lli111l"lleHibb6l~~nue:~al1lll'U~-vil~~1111~ 1 6 165 rONA sequence 

analysis "lJB'lll6l~~mle:Jal1lll'U~-vil~~1~6'1 SF-09 

llJenl'lll~~~mle:J~I'lll'U~Vh~tJ~~G'I SF-09 l.J1G'Ifll1lbe:J1 genomic DNA b~e:JHl'btltJ 

template DNA 1wn~vh PCR bl1ltJ1-if universal primer 2 "UU\11 Ae:J FD1 bb~~ RP2 ~ -Htl\J 

primer vi<S1b'W1~1'18 165 rONA 'W'trJ1 PCR product vi1vi'ihn.J11?1U';i~l./1ru 1,500 bp (m'Wvi 4.7) 

b~m.h PCR product lt.JI'l~10JVI16i1(1)'Ub'UG'I 'W'U"h:iJ6i1(1)'Ub'UG'I:0'1tJ1\J 1,512 bp (1)'lbbG'111l.:J1um'W~ 

4.8 bb~~ b~ m.l16i 1 (1)'\J b 'U G'l (1) 'l n ~ 111 tJ b'U~ t!'U b V1 t!'U fl'U 6i 1 (1)'\J b u G'I'U e:J 'l 16S rONA ~ e:J ~1 \J ~1 u-iJ e:Jl.l~ 
" "' " 

GENBANK 'W'Ul16i1(1)'Ub'UG'I'1Je:J'l PCR product ~1~:iJm1l.lfl~1t!fl~'ln'U6i1(1)'Ub'UG'I'1Je:J'l 16S rONA 

'1Je:J'l Enterococcusfoecium strain LMG 11423 (accession NR NR_042054.1) (fi1'W~ 4.9) 

~1mtJe:J{b~ul'im1l.lfl~1t!fl~'l (o/o homology) bvhn'U 99% ~~OJ1nn1~Vll1l~e:J.:Ji1bbG'111l.:J1~bi1u11bb~ 

fl~f1bbe:J~I1lbb'Uf!Vlb~t!~~G'I SF-09 :iJf!11l.lbtlu1tJ1~~0J~btlUbb'Uf!Vlb~t! Enterococcus faecium (1)'-:J,!u 

~'l1~~e:Jbb'Uf!Vlb~tJ(1)'.:J n~11l1 Enterococcus faecium SF-09 
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1 2 

1,605 

mv-lVi 4.7 agarose gel bb6WHI PCR product ~1~~1nn1'H~11~1'U'J'U 165 rONA "UB.:!bb6Wl~n 

bbfli;i(;)bb'UrtVib~~·n~' (;l SF-09; Lane 1 = pGEM DNA marker; Lane 2 = PCR 

product "U fl 'lbb~rt~mbfla(;)bb'UrtVib~~ -al1(;1 SF-09 

agagtttgatcctggctcaggacgaacgctggcggcgtgcctaatacatgcaagtcgaacgcttctttttccaccggagcttg 

ctccaccggaaaaagaggagtggcgaacgggtgagtaacacgtgggtaacctgcccatcagaaggggataacacttggaa 

acaggtgctaataccgtataacaatcgaaaaccgcatggttttgatttgaaaggcgctttcgggtgtcgctgatggatggacc 

cgcggtgcataagctagttggtgaggtaacggctcaccaaggccacgatgcatagccgacctgagagggtgatcggccaca 

ttgggactgagacacggcccaaactcctacgggaggcagcagtagggaatcttcggcaatggacgaaagtctgaccgagca 

acgccgcgtgagtgaagaaggttttcggatcgtaaaactctgatgttagagaagaacaaggatgagagtaactgttcatccct 

tgacggtatctaaccagaaagccacggctaactacgtgccagcagccgcggtaatacgtaggtggcaagcgttgtccggatt 

tattgggcgtaaagcgagcgcaggcggtttcttaagtctgatgtgaaagcccccggctcaaccggggagggtcattggaaact 

gggagacttgagtgcagaagaggagagtggaattccatgtgtagcggtgaaatgcgtagatatatggaggaacaccagtggc 

gaaggcggctctctggtctgtaactgacgctgaggctcgaaagcgtggggagcaaacaggattagataccctggtagtccac 

gccgtaaacgatgagtgctaagtgttggagggtttccgcccttcagtgctgcagctaacgcattaagcactccgcctggggag 

tacgaccgcaaggttgaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggtttaattcgaagcaacg 

cgaagaaccttaccaggtcttgacatcctttgaccactctagagatagagcttcccggtcgggggcaaagtgacaggtggtg 

catggttgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccttattgttagttgccatcattcag 

ttgggcactctagcaagactgccggtgacaaaccggaggaaggtggggatgacgtcaaatcatcatgccccttatgacctgg 

gctacacacgtgctacaatgggaagtacaacgagttgcgaagtcgcgaggctaagctaatctcttaaagcttctctcagttcg 

gattgcaggctgcaactcgcctgcatgaagccggaatcgctagtaatcgcggatcagcacgccgcggtgaatacgttcccgg 

gccttgtacacaccgcccgtcacaccacgagagtttgtaacacccgaagtcggtgaggtaaccttttggagccagccgccta 

aggtgggatagatgattggggtaaagtcgtaa 
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agagtttgatcctggctcaggacgaacgctggcggcgtgcctatacatgcaagtcgaacgcttctttttccaccggagcttg 

ctccaccggaaaaagaggagtggcgaacgggtgagtaacacgtgggtaacctgcccatcagaaagggataacacttgga 

aacaggtgctaataccgtataacaaatcaaaaccgcatggttttgatttgaaaggqctttqggtgtcgctgatggatgga 

cccgcggtgcattagctagttggtgaggtaacggctcaccaaggccacgatgcatagccgcacctgagagggtgatcggc 

cacattgggactgagacacggcccaaactctacgggaggcagcagtagggaatcttcggcaatggacgaaagtctgaccg 

agcaacgccgcgtgagtgaagaaggttttcggatcgtaaaactctgttgttagagaagaacaaggatgagagtaactgttc 

atcccttgacggtatctaaccagaaagccacggctaactacgtgccagcagccgcggtaatacgtaggtggcaagcgttgt 

ccggatttattgggcgtaaagcgagcgcaggcggttcttaagtctgatgtgaaagcccccggctcaaccggggagggtcatt 

ggaaactgggagacttgagtgcagaagaggagagtggaattccatgtgtagcggtgaaatgcgtagatatatggaggaaca 

ccagtggcgaaggcggctctctggtctgtaactgacgctgaggctcgaaagcgtggggagcaaacaggattagataccctg 

gtagtccaqccgtaaaqatgagtgctaagtgttggagggtttccgcccttcagtgctgcagctaacgcattaagcactcc 

gcctggggagtacgaccgcaaggttgaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggtttaatt 

cgaagcaacacgaagaaccttaccaggtcttgacatcctttgaccactctagagatagagcttccccttcgggggcaaag 

tg aca g gtg gtgcatggttgtqtca gctcgtgtc gtg a g atgttg g gtta a gt ccc gca a c g a gcgca a cccttattgtt a gt 

tgccatcattcagttgggcactctagcaagactgccggtgacaaaccggaggaaggtggggatgacgtcaaatcatcatgc 

cccttatgacctgggctacacacgtgctacaatgggaagtacaacgagttgcgaagtcgcgaggctaagctaatctcttaa 

agcttctctcagttcggattgcaggctgcaactcgcctgcatgaagccggaatcgctagtaatcgcggatcagcacgccgc 

fl1'¥li'i 4.9 6h~m'U~"UB\I 165 rONA "!..B\1 Enterococcus jaecium strain LMG 11423 
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4.4 n1'aVl'a'J:ijli'le:J'Un1'aii'W~11i'llJV1"1JB-1bb~fl~nbbB~Vlbb'Uf1Vib~E.I'a~li'l SF-09 

b~ m.l1 bb61 fl~ nbb8 ~M bb Uf!Vlb~t.J ~~?! SF-09 m'Yl1m ~?I nM~61l?til M bb~lth hJ 9'i m~l~'.Jt.J1B 

agarose gel electrophoresis ~'Ullbb61fl~nbb8~M bb 'UflVlb~t.J~-!Ifl~ll1~ii~m?tiJM ~-:~ bb?IM-:1 h.!.fll~~ 

4.10 

1 'W fll~Vl\9161 8-1-rl\~ -ti' Lactobacillus plantarum N014-FLP ~-1 b U'Wbb 'UflVl b~t.J~i'i~61l?ti'JM 
pFLP1 ('li'Wl\91 8.1 kb) bU'W positive control by;eJbb?IM-lb~b~'W-:h1Tifll~?lnM~m?tiJM~1-ti'?tll.ll~rl 

?lrl\91~61l?llJM"illfl bb61fl~ fl bb8~\91 bb 'UflVl b~t.J b~ 

9,416 bp 

6, 557 bp 

4, 36 1 bp 

1 2 3 

fi1'W~ 4.10 m-a1 bfl'a1 ~~'W~11i'llJ Vl~li'l n Vlb~ :ij1nbb~ fl~nbbB~ Vl bb 'U f1Vi b~EJ'a~li'l SF-09 bVlE.I 15 

agarose gel; Lane 1 = DNA marker (Lambda DNA cut with Hindlll) ; 

Lane 2 = 'W~11i'llJVl~li'lnVlb~:ij1fl L. plantarum N014-FLP; Lane 3 = 'W~11i'l 

iJ Vl~li'lnVlb~:ij1 nbb~fl~ nbbB~ Vl bb'U f1Vi b~E.I'a~li'l SF-09 

Vl~Hln~'Yllfll~Vl\91618-11.11 pFLP1 boUl~b'1l61~'ll8-1 E. faecium SF-09 LMt.J1B 

electroporation bb~l1.llb'1l61~~1~hJb~t.J-l'U'WeJl'Vll~ selective medium (MRS-Cd agar) DlJ~ 
8WVI.fliJ 37 8-ll"llb'llm~t.J?I bU'Wbl61l 24 .a-1hn ~u1liJ1A161iJ'll8-lbb'UflVlb~t.J~?Ill.ll~~wiJ~ill 'U 'W 

q ~ ~ 

MRS-Cd agar bU'W E. faeciumSF-09 ~b~l.ll"illflfll~'Yll electrotransformation ~-1,}'\.J~-lb~t.Jfl 

E. faecium SF-09 transformant 

fll~IP1~'J"il?I8'Ullbfl L61'i1'll8~ bb 'Ufl'Yib~t.J~?Il:l.Jl~m"il~f:1J'U'WeJl'Vll~ selective medium ~~fl~l'Ji'i 

pFLP1 Vl~81~'YllbMt.Jfll~b~8flLflL61'i1'll8~ E. Faecium SF-09 transformant bb'U 'U ~lJ~l'W'J'W 
q 
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2 'IJ'UI?l A8 Kpnl bbr;l~ BamHI ~~bU'Wb8'Wb'1l~~~1lll'H1~111 pFLP11~1~bU'W DNA 2 ~'W ~~'IJ'W1111 
5.2 kb bb[;l~ 2.9 kb 

:V1f1f1l'~~nl?l~m~iJm~'tJl1 E. jaecium SF-09 transformant ~~ 3lfll[;lU~~m?JiJI?l~~ 
'IJ'W1111th~mru 8.1 kb (~~bU'W'IJ'W111l'IJ8 ~ pFLP1) Crn~~ 4.12) bb[;l~b~8l-11f11'j\91'jl:V~8Ul1~ 

m~iJI?l~~nl?lb~bU'W pFLP1 ~~8h1 ll?lt.Jf11'j~~~m~iJ~~~n~1~~ltl Kpnl bb~~ BamHI ~Ul1~ 

m~iJ~ ~~n~T"d~1lJ1'jt~t~ n ~~?J1~btl'W 2 ~'W ~'IJ'Wl~bvhnu s.2 kb bb~~ 2.9 kb ~~bU'W~£;1f11Wl~?J£;18~ 
" 

... ... 
.f11'WVi 4.11 f11'Jb~~~"IHl.:l E. foecium U 'IHl1'VI1'Jb~:ifHb~B MRS-Cd agar 'VI~.:I~1fln1'J'Vh 

electrotransformation; a "'l~WJ 'I.HUJ ( bU'IJn1'J'Vh electrotransformation • • 
~i.-HJ1ni'Utl~BI?lb~Bbb'VI'IJ pFLP1); b "'l~'VI~~B.:I CdJ'IJn1'J'Vh . 
electrotransformation .ffii pFLPl) 
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1 2 3 
9,416 bp--

6, 557 bp 

4, 361 bp 

.n1-wVi 4.12 m-a::hr1-a1::~-w~1~lJ~~~n~ll11~1n E. foecium SF-09 transformant 1~£J15 

agarose gel electrophoresis ( bb ~ ~ 'I ~ ~ "1.1 B 'I E. foecium SF-09 

transformant b .W £!'I 1 il 'J); Lane 1 = DNA marker (Lambda DNA cut 

with Hind Ill); Lane 2 = 'W ~ 1 ~ iJ ~ ~ ~ n ~ 1111 ~ 1 n E. foecium SF-09 

transformant; Lane 3 = DNA ~ll11~1nn1-ail~ -w~1~iJ~~~n~ll11~1n E. 

foecium SF-09 transformant 1111£! Kpnl bb~:: BomHI 

4.6 n1'abtnm.JbVi£Ju~ru~~U~"l.IB'I E. foecium SF-09 nu E. foecium SF-09 transformant 

:Ulflfl1~ti1 E. faecium SF-09 transformant mP\m~lfl1'ib'il~~b&i'U1(>1 fn1:W?Il:Wl~tlb'Ufl1~ 

tJ'U~~ E. coli 0157:H7 bb~:: L. monocytogenes fnl:W?Il:Wl~tlb'UflWYl'Um\91~ pH 2, 3 bb~:: 4 

bU'Ubdm 3 -&1 1:w~ bb~::ml:W?tll.Jl'it11 'Ufl1'i'Vl'U bn~ml1~~1"111m::~'Uml:wb.U:w<U''U"l.l eJ~ bfl~e:1J1~ 
bvhn'U o.1s% bb~:: o.3% btJ'Un~l 3 i11:w~ 'W'Ulle.J~~H1h.JiJml:wbb(>)n~l~n'Ue.J~~1~'1leJ~ E. 

faecium SF-09 (.fll'W~ 4.13 (>11~1~~ 4.5, 4.6 bb~:: 4.7) ~~,l'U:S~?tl:Wl'it1?11U1~llfl1~ti1 pFLPl 

boU1~b'll~~'1JeJ~ E. faecium SF-09 hJiJe.J~~eJ~ru?t:wu&i~~nci11'1JeJ~bb'UI"lVlb~t.J ncil'JAeJ E. faecium 

SF-09 transformant tJ ~ 1"1 ~ ii f1 1 1 :w ?I 1 :w 1 ~ tlb 'U n 1 ~ tJ 'U ~ ~ E. coli 0157:H7 bb ~:: L. 

monocytogenes fnl:W?Il:Wl~tlb'Ufl1~'Vl'Um\91~ pH 2 , 3 bb~:: 4 bb~::ml:W?Ill.Jl~t11'Ufl1~'Vl'Ubfl~eJ 
v ' v 

ti1~Vlf111:W'i::~'Uml:WboV:WoU'U'1JeJ~bn~eJtil~b·vhl''U 0.15% bb~:: 0.3% 
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3tl 

-, ') 

" ]:;- "- J -+- SF 09 
Vl 

c s (].) 

-o -+- SF-09T 

ro 
u 
Q_ 

:' 

0 
<:; 

I 1' 

1C 20 )\) 

Time (h) 

flTWVi 4.13 growth curve "UB'l E. faecium SF-09 bbG'I~ E. jaecium SF-09 transformant 

d 
1'11'a1'l'VI 4.5 t:-~an1'a'VII'Ir;IB'Ufl11~r;l1~1'afl"UB'l E. jaecium SF-09 (SF-09) bbG'I~ E. jaecium 

SF-09 transformant (SF-09T) l'Un1'aV'U8'ln1'ab~~ru"UB'lb~BtiBhflbl'lt.~15 ... 

swab-paper disc 

LAB Diameter of inhibition zone Cila~~l'l'a) 

isolate E. coli 0157:H7 L. monocytogenes 

SF-09 22 20.6 

SF-09T 22 20.2 
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\91111~Vi 4.6 eJ\9111n1';i';ie:J\91~1191"!.1e:J~ E. jaecium SF-09 (SF-09) bb~~ E. jaecium SF-09 

transformant (SF-09T) Vi pH !Ji1~6J 

LAB (% survival rate) 

isolate pH 2.0 pH 3.0 pH 4.0 pH 7.0 

SF-09 102.40 103.81 104.76 105.62 

SF-09T 102.24 102.69 103.16 105.15 

\91111~Vi 4.7 eJ\9111n111e:J\91~1191"!.1e:J~ E. jaecium SF-09 (SF-09) bb~~ E. jaecium SF-09 
' v 

transformant (SF-09T) Vi1~~'U~11:1H"!i':w"!i''IJ"!..e:J~bn~m11~hvi1n'U 0.15% 

bb~~ 0.3% 

LAB (% survival rate) 

isolate 
0.15% bile salt 0.3% bile salt 

SF-09 102.62 101.93 

SF-09T 104.41 101.57 
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'U'VI'VI 5 

~~tl~i't v.fiti~1U~i'lbbi'l::;;m~'Wmb'W:: 
~ 

m11J~1bU'Ue:J~1~~~~~e:J~l1e:J~fiu'j~fle:J'U~a1~qj 2 €1~1~ ~f) 

(1) LL 'Uf'IVI L~EJ~1~-r'U fl1'jEJ e:JlJ -r'U-J1tJae:J~ .n EJ LLa~a111 1'jt~\Jwu1a~1~ m EJ'lle:J ~lJ'U ~EJ1~ ~~ 1~ EJ 
" ' 

b Vl~hOL tl'ULL 'Uf'IVI b~EJ~1J'U~8-ru b -1i'1~~1~ mEJ b tl'U'I.J'j~ ~1€1 ~ Lba'J 
' " " 

~'Je:J~ 1~'/Je:J~ u 'Uf'IVJL~EJ~LLEJfl1~:;J1fl e:J1VI1'j ua~l1fl1'jU11J1~~'U1 L U'U~11l1 DNA L-1i'1~ 
" 

' . ' 
'j1~fl1EJ1J'U~EJ b"ll'U 

' 
( 1.1) Streptococcus thermophil us Lba ~ Lactobacillus bulgaricus ~ ~ u EJ n1~ lil1 fl 

1mrH~ (Roberfroid, 2000) 

(1.2) Lactococcus lactis ~~LLEJfl1~1il1fle:J1VI1'jVIJJfl (Pontes et al., 2011) 

(1.3) Lactococcus ladis ~~LbEJfl1~1il1fle:J1VI1'jVIJJfl (Lu et al., 2013) 

(2) vector DNA ~1~-r'lJfl1'j EJe:J1J-r'U-J1ua e:J~.fi'EJ LLa~?t11J1'jflU1L-1i'1~~1~fl1EJ'lle:J~1J'U~EJ1~ 
" ' 

"' v ' 

l!m~EJfl vector DNA bV1~1tl'J1 food grade vector DNA 'Ue:Jfllil1flU~fl~UJ~Vla1~qj'lle:J~ food 

grade vector DNA ~e:J~e:J~1:Wl1~'U~Vh1~bb'Uf1Vlb~EJ~e:J~e:JEJ1U5 61h'U~ (antibiotic resistance 

gene) LU'U~'J'UU'j~fle:J'U 1'Liillil~U'Ul1 food grade vector DNA Vla1EJ"1liJ~~~fl?I~1~~'U1J1b~e:J1m'LI 
fl1'ju-ruu'j~?f1EJ~'Ui5'lle:J~ LL 'Uf'IVJL~EJ L "lit! 

' ' 
(2.1) pFM011 ~~~fl?I~1~~'UL~e:J1-tia1VI-r'U Lactococcus lactis (Froseth and McKay, 

1991) 

(2.2) pVS40 ~~~fl?I~1~~'Ub~e:J1-tia1VI-r'U Lactococcus lactis (von Wright and Raty, 

1993) 

(2.3) pMYLl- f3 gal ~~~fl?I~1~~'Ub~e:J1-tia1VI-r'U Lactobacillus acidophilus (Lin 

et al., 1996) 
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(2.4) pLEB590 ~~Qf1?1~1~~'UL~€l1-ll'c;hvr!u Lactococcus lactis (Takala and Saris, 

2002) 

(2.5) pND919 ~~Qfl?1~1~~'Ub~€l1i~TVi~'U Streptococcus thermophilus (Wong 

et al., 2003) 

(2.6) pBSt1, pSLb1 bbc;'l::: pSintA1 ~~Qf1?1~1~~'Ub~€11-ll'~1'Vi~'U Streptococcus 

thermophilus (Sasaki et al., 2004) 

(2.7) pND632, pND648, pND969 pND965DJ bbc;'l::: pND965RS ~~~f1?1~1~ofi'UL~€l1off 

~1'Vi~'U Lactococcus lactis (Liu et al., 2005) 

(2.8) pFMN30 ~~Qfl?I~1~~'UL~e:Jtici'1'VI~'U Lactococcus lactis (Jeong et al., 2006) 

(2.9) pLEB690 ~~~fl?l~1~off'Ub~e:J1-ff~1'Vi~'U Lactococcus lactis (Li et al., 2011) 

(2.10) pSIP603R, pSIP603P, pSIP609R bbc;'l::: pSIP609P ~~~f1?1~1~~'Ub~e:J1off~1'Vi~'U 
Lactbacillus plantarum (Nguyen et al., 2011) 

(2.11) pFLP1 ~~ ~ fl ?I ~1 ~ ~'U 1J 1 L ~ e:J1 off ~1'Vi~'U L~ e:J Lactbacillus plantarum 

(Rattanachaikunsopon and Phumkhachorn, 2012) 

1 'Ufl1~flifl'l!f1-d'1~vhm·nb~flbbc;'ll"'~flbbe:J~\9lbbUI"'Vib~E.Fil1fle:J1'Vi1~ 2 "llil~ Ae:J crn~e:J~ bbc;'I:::Uc;'l1a1J 

~~ bb UI"'Vi b~~~bW n1~~~'Vi1J~jj~tJ~1~ flc;'ll.J LLc;'!:::jjafl'l!ffil:::.fl1 ~ 1~ nae:J~~c;'IVI~~~'I11"1a1 ~ 1"1~~ fl'U ?11b Vi~~ 
"IJ ~ ' 

Ltlub -dude:1 1:v b tie:1~1J 1 :v1n~ 1u 'Ju~i""d e:1 ~ 1~e:1 1'Vi1~~1 mum~ Lb~ n b ~m! e:J~ 1 u ~~vh 1m~ bb ui"'Vi b~ ~ 

Lovn:::mil.J 1~ n~l.J'Vi~~ b vh~'U LL~ L ti €!~ :v1nm1f'i fl'l!f1-d'1l11~ll~ b U'U~ m1f'in'l!f11"1'J11J'Vimn'Vim ~"lle:J~ 
' ' ' 

bbUI"'Vib~~~~'U 1 'Ue:J1'Vi11 ~~ 1lJjjm11J~1b U'U~e:J~ 1~L ~e:J'Vic;'11~ 1 n~l.J 
:V 1fl fl1~U1 LLc;'ll"'~ flbLe:J~~ U UI"'Vi L~~~~'Vil.J~~U~ n 1~ :U1fl eJ1'Vi1~1J1fli fl~11"l'd11J?f11J 1'H11 'U~U~~ 

bb'UI"'ViL~~ ~u-J1jjbbc;'ll"'~f1Ue:J~~u 'UI"'ViL~ti'Vic;'l1tl isolate ~?111J11mJ'U~~ b~e:Jfi€1 1 11"11~~~ LLml.J'U'Jn 

(Listeria monocytogenase) LLa:::LLm1JaU (Escherichia coli) 1~ :U1flfl1~aufluoffe:J1Jc;'I~U'Jl 
"IJ 

bbc;:ll"'~ flbbe:J~~ Lb UI"'Vib~ti?I11J1~?1~1~?11~'Vic;'11~"1!\l~ 1 tJ EJ'U~~fl11 b:U~qj'lle:J~ bb UI"'Vib~tl ~'U 1~ b "1J'U m~ 
B'UVI~~ 1fllmb:U'Ub tle:Jie:Je:Jn1"1l~Pi' bbc;'l:::bb UI"'LVIe:J~le:J~'U L U'U~'U ~~'Vi1fl~e:J~fl11VI~1'U11bbc;'ll"'~mLe:J~~ 

Lb 'UI"'Vib~ t1 1~?111~?111e:J::: 111 tJ EJ'u~~ u 'UI"'Vib~tiVI~ ae:Ju~~ae:J~"llil~~1L U'U~ mv11n11f'in'l!f1~€l1 tJ 

'U e:Jfl:U 1fl'crt 'Ufl11f'ifl'l!f1dEJ'~ 1~vl1fl1~VI~?Ie:JUI"''J 11J?I11J1~tl"lle:J~ bbc;'ll"'~ fl bbe:J~~ bb 'U I"'Vi b~~ ~~'Vil.J ~ ~ 
LWfl1~:U1fle:J1'Vi1~1 'Ufl1~VI'Um~ Uc;'I:::VI'Ubfl~e:J'Il1~ 1u~:::~u~3Jfl~'U 1'UVI1~b~'U€l1'Vi11 b ~e:Jf'1~b~e:Jfl 

bb ui"'Vi b~tl ~1"11~11't.i1:u:::VIu~ e:J?Im~bb 1~ae:J1J 1 'UVI1~ b~'U€l1'Vi111~ u~~'U1 b u'U~'J'l11 oNA L -&'1~ 
~1~ fl1 tll.J'U'I!f~ ~ e:J 1 tJ :U1 flfl1~f'ifl'l!f1~U'J1 bbc;'ll"'~ fl Ue:J~~ bb UI"'Vib~tJU1~"llil~?I11J1~tlVI'U 1~ bu~1:::m~ 

' 
Uc;'ll"'~ fl bLe:J~~ U UI"'Vi b~~ U1~"1Jil~?111J 1 ~tlVI'U 1~ bum::: bf1~mJ1 ~ bbc;'ll"'~fl bb€1~~ bb UI"'Vi b~ti'U1~"11\l ~ 
?111J11t1VI'U 1~~~m~ bbc;'I:::Ln~ml 1~ :U1fli:-Jc;'lfl11VI~c;'le:J~.nLL?I~~1 ~b~'U111"1'J11J?I11J1~t11 'Ufl1~VI'Um~ 
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bba~ bn ~ ml 1 ~"UEJ·m u flvh~ ~ hi1~ b tl'W m1lJ G'f1lJTm~ ~1 b tl'W ~ e:h'liil'l~ BlJ n'W bG'flJ EJ 1 'Wbb u flvh~~ bb~ a~ 

"IJil\?1 ~,nf'W 1'Wm~Fi'\?lb~e:Jmbufli'ib~~~';ij~'\.h 1 tfl. -at 'W'Vl1'lb~'WmVI1~~'l~1 btl'W~e:l'l'Vl\?IG'fe:Jufl11lJG'f1lJ1~tl 
.. 
IV I ,!=f~ 

'Vl'l?fme:Jm'l"Ue:J'l bb 'Ufi'Vlb ~m?flJe:J 

';ij1 nn1~\91~1 ';ijG'fe:J'UG'f1~ 'W'w5"Ue:J'l Lbflfl~n bbe:Ja\?1 LL ufli'ib~ ~ ~~G'f 5F-o9 ~'liifl1 1lJG'f1m~t~1 'Wm~ 
' 

Ei'u ~'l u ufli'i L~~ riB hfl 'Vl'Wm\?1~ pH 2 ua~'Vl'WLfl~ml1~~~~~'Ufl11lJ L -fflJ.ff'W Lvhnu o.3% L\?1 ~1TI 
165 rONA sequence analysis Yl 'Ul1 ~ 1 ~'Ub 'U 6'1"11 e:J 'l 165 rONA "11 eJ 'l Ufl fl ~ flbb eJ a \?I bb 'U fli'i b ~ ~ 

' " 
~'lfl~11fl~1~nu 165 rONA "Utl'l Enterococcus jaecium Vi~~~'Ufld1lJLVIi1eJ'Wb'Vhnu 99% ~'lU'W 

~'l1l1'~eJUflfl~mLe:Ja\?!Lb'Ufli'ib~~~'lfl~11l1 Enterococcus faecium 5F-09 

fl11lJG'f1lJ1~t11 'Wfl1~'Vl'Wm\?l Ufi~'Vl'Wbfl~ml1~ 'We:Jfl';ij1fl';ij~Yl'U 1m 'W E. faecium 5F-09 Lb~1EJ'l 

G'f1lJ1~tiYl'U1m'W E. faecium G'f1~oW'W~~'W ~ L"li'W 

(1) E. jaecium BDU7 ~'lilfl11lJG'f1lJ1~t11'Wfl1~'Vl'Wm\?l~'lGl\?l~ pH 3 bbfl~bfl~ml1~~'lGl\?l~ 
~~~'Ufl11lJLoDlJoD'WLVhnu 5% (Abdhul et al., 2014) 

(2) E. Faecium AQ71 ~'llJfl11lJG'f1lJTH11'Wfl1~'Vl'Wm\?IG'f'lG'f\?l~ pH 5 bbfl~bfl~ml1~G'!'lG'f\?l~ 
J' \I " 'U q 

~~~'Ufld1lJboDlJoD'WbVhnu 3% (Ahmadova et al., 2013) 

(3) E. Foecium MMRA ~'lilfl11lJ6'11lJ1~fl1'Wfl1~'Vl'Wm\?IG'f'l?l\?l~ pH 1 bbfl~bfl~ml1~G'f'll;'f\?l~ j( \1 'I \1 'I 

~~~'Ufl11lJboDlJoD'WLVhnu 0.3% (Rehaiem et al., 2014) 

fl1~'1.h E.faecium 5F-09 lJ1oW~'W1b~eJ~';ij~U1hJ1offLtl'W~TU1 DNA boD1~'i1'lfl1~lJ'Wb>~ 
'IJ ' 

~1btl'W~e:J'llJfl1~U1 vector DNA 1ciL.ff11tfl.'Wbb'UfiVlb~~~'lfl~11 b~e:J~e:J'lfl1~U1 DNA ~G'f'WhboD1ci 
'IJ 

~1'lfl1~lJ'Wb>~flG'f1lJ1~tl'Vh1m\?l~U1 DNA ~G'f'Whbb'Vl~moff1h.lm~1'W vector DNA ~eJ~m~1'WLSZffla 
' 'IJ 

bb 'UI"!Vlb~~ LLfi~L~EJU1 L"lffli:hL'UI"!VlL~tJ~.:mciT:JL •iha~1'lfl1ti:IJ'U~~ (Ell:Uiil~ l\91 tlfl1'5"fi'U fl1'5"0\91 Vi~e:Jfl1'5" 
'IJ ' 

W'Wn1~) DNA ~G'f'W1';ijfl';ij~?l1lJ1~moff1ci~1'lfl1tllJ'Wb>~1~ 
'IJ ' 

fl1~';ij~U1 vector DNA boD1ci bezffl~bb 'UI"li'i b~ ~lJI"l11lJ~1b tl'We:J~ 1'l ~'l~';ij~~ e:J'l\91~1 ';ijG'fe:J'U\?ll1 
'IJ 'IJ 

bb'UI"!VlL~ ~~ ';ij~U1lJ1b tl'W~1-ru vector DNA lJYlfl16'1lJ\?leJ~m~ 1 'Wbezffi~Vi~e:J hJ Vi1flbezffl~bb 'UI"!Vlb~~ij 
'IJ 

'VlfllG'flJ\?leJ~ ';ij~vh1l1'iloffe:J~1n\?11'Wm~b~e:Jfl1-ff vector DNA n~11fie:J vector DNA ~';ij~U1lJ11m~ 
'IJ 

~e:J'lb'IJ1n'W 1~n'U'Vlfi1G'flJ\?l~bSZfflaLL'UI"li'ib~~iJeJ~ Vi~e:Jfl~11BflU~Vi;j'lflfieJ vector DNA ~1ciLoD1 hJ 
'IJ 

n'UYlfllG'fiJ\?l~lieJ~L~lJ';ij~~eJ'lG'f1lJ1~tleJ~~1~ n'W 1~ m~ 1 'WLSZffi~LL ufli'ib~~ LL~Vi1flbezffl~bb'UI"li'ib~~ 1lJil 
'IJ 'IJ 

ilY~fl1?1lJ\?leJ~ ';ij~vh1l1-ffe:Jiil'1n\?11 'Wfl1~b~e:Jfl1-&' vector DNA ue:J~fl'l L~eJ'l';ij1fl1lJ~eJ'lfl'l1fli1'lfl1~Loff1 
'IJ 

n'W1~~~Vil1'l vector DNA fficiL'IJ1h.ln'U'Vlfi1G'flJ\?l~iJeJ~b~lJ 
'IJ 
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Foley u.m~flru~ 1~vi1fl1'a'Vll'l~B~ 1111 ~th Lactococcus lactis subsp. lactis UC317 ~~b'iJow 

bbUflVib~~~ii~m&'liJI'l pCI305 l-11bU'I.JI'i'';l'ru vector DNA 'Vlmn'Vl~1~"/JUV11~bbrl pAM401 pll253 

pGKV110 u.~~ pGKV210 e.J~U'a1n~]'J1 L. lactis subsp. lactis UC317 6'111.11'atl-rubm pGKV110 

bb~~ pGKV210 boU1~bBil~~'1~ bbl>ihJ6'111.11'atl-rubm pAM401 bb~~ pll253 boU1~bBi!~~'1~ b~€1 Foley 

bb~~flru~Pin'l!l11>ie:J1tJn~u11 pCI305 LU'W theta replicating plasmid (~~16'1iJI'l~bl~1.1~1'W'J'W~';m 

n~1n~b~~n11 theta type replication) L"li'Wb~mnu pAM401 bb~~ piL253 ci'J'I.J pGKV110 bb~~ 

pGKV210 LU'W rolling circle replicating plasmid (~~16'1iJ~~d~1.1:il'1'1.J'J'W~'J~n~1n~b~~n11 

rolling circle replication) e.J~fl1'5"Pin'I!I1.Qbb6'1~~1~L-H'W11li'1 vector DNA ~~~tJ11.111ciboU11tJm~1'W 
bBi!~~ bb u flViL~~ 1 offn~ 1nm'a b ~1.1:il'1'W'J'Wbb uu b~~'Jnu~~16'1iJ~~iie:J ~.n1~ 1 'WLBi!~~ bb UflVi b~ ~ 8 ~ bb~'J 

vector DNA ~~nri1'Jl1n~n'\Ji)b6'1u11.11~LoU1~LBi!~~bbUflViL~~ b~8'\JB~n'WhJ1mtJLL~~~~u~:D~I>i1~ 1 

L"li'W 1'\.J'a~'W 'Vl~me:J'W1Bilii~:il'1LU'WI>iBm'aL~mh'W'J'W~m&'liJ~ 

fl1'a'Vl~~B~'1JB~ Tomita et al. (2003) bU'I.J~nl'i''JB~1~'Vl~~~bb6'11'1~1~L-H'W11~~16'1iJI'l~ii8~ 
'U 

m~1'WLBil~~bbUflVib~~6'111.11'at1-rr~'1J'J1~fl1'5"-ru DNA "IJU~~'WboU1cibBi!~~bbUflVib~~ 1~~ Tomita bb~~ 
'U 

fltu~ 1~th Enterococcusfaecium BM4105RF 6'18~6'11~~'W~ fJ€1 6'11~~'W~~ij~~16'1iJ~ pMG1 

bb~~6'11~~'W~~13Jii~~16'1iJ~ pMG1 1.11bU'WI'i''J-ru~~16'1iJ~ pHTa pHT~ bb~~ pHTy ~Ul1 

E. faecium BM4105RF 6'11~~'W~~13Jii~~16'1iJI'l pMG1 6'111.11'atl-ru~~16'1iJ~~~6'111.1"/JU~1~~n11 
E. faecium BM4105RF 6'11~~'W~Viii~m&'liJ~ pMG1 

~1nfl1'atJ1 E. faecium SF-09 1.11~'a'J~6'18U'hii~m&'liJI'l'Vl~B1lJ ~Ul1U. UflVib~~~~nri111lJii 

vm1?1iJ~ ~~vi11~m'ab~Bn1off vector DNA ~1'Vl-rut11boU1ci E. faecium SF-09 iiiB:il'1nl11'1!8~~~ 
'U 

b ~mU'Wfl1'a~'WtJ'Wl1fl1'a?ltll'1~~16'1iJV1~1n E.faecium SF-09 bb~'J 1lJ~u~~16'1lJI'l LU'WL ~'5"1~ 

bb uflVi b ~ ~~ ~ nri 11 1lJ ii~~ 16'1iJ 111 ~ ~~ 1lJ1~ b U'We.J ~1.11~1n6'1 1 b VI~ ~'W L"li'W "IJI'l &'In 111 ~~ 16'1iJV11lJii 
' ' 

th~~'VlTim~ 'Vl~B ~6'1nl'l~m&'liJV11lJii m 11.1'1l'1'W 1ru 1 'W fl1'a'Vll'l~B~d~~1~vi1m'a&'lnl'l~m?liJI'l ~ 1n 
'U ~ 

Lactobacillus plantarum N014-FLP ~~bU'I.JbbUflVib~~~ij~~16'1iJI'l pFLP1 ('1J'W11'1 8.1 kb) fl'JU~ 

1tJnum'a&'ltll'l~m&'liJV1~1n E. faecium SF-09 ~~~1nfl1'a'Vll'l~B~'Vlnfl~~?l11.11'atl&'ltll'1~~16'1iJI'l~ii 
' 

'1J'W11'1 8.1 kb ~1n L. plantarum N014-FLP 1~'Vlnfl~~ ~~J'I.Jm'a~1lJ6'111.11'atl?ltll'1~~16'1iJ~1~~1n 
E. faecium SF-091'Wm'5"Pin'I!I1.Q ~~bU'W1tJ1~B~1~1.11n11LLUflVib~~~~mi1'JllJii~m?liJI'l 

1'Wm'atJ-rutJ'a~~'WTin'5"'5"1.1'1JB~ E.faecium SF-091~6'111.11'atltJ1 DNA ~6'1'WhboU1ci~1~fl1~ 
' ' 'U 

1.1'W'I!I~L~:il'1bU'W~B~'Vl1 vector DNA ~b'Vl1.11~6'11.11.111cib oU11 UbBil~~'1JB~bbUflVib~~~~nri11 1~~ ~11.1 
' 

'Vl')'l!l~bb~'Jfl1'ab~8n vector DNA b~BtJ11.111offLU'WI'i''JtJ1 DNA boU1~~1~fl1~1.1'4'1!16ii'Vlamnrusvi ~~.Q' 

(1) ~8~bU'W food grade vector DNA 'Vl~B DNA ~bU'W~~81.1-ru11tJ~B~fi~l>i8~~-rub81 
'U 
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"lHN u, UfrYi L1EJ~ bbEJ n 1~ ~n mnvn~ 1.1.6'1~~ eN 1:Ui1~u~vh 1 ~bb UR'Yib~ EJ~ eJ~ eJmtJl)6lbu~ (antibiotic 

resistance gene) d]uci"Ju'lJ~~neJ'U 

(2) f'l'J~?I~1"l:W1:U1 nvm 1?1iji91"1J eJ"l bb 'Uf'l'Yib~EJ"lli!l91 b~ EJ'J flu bb 'Ufl'Yi b~ EJ~:U~ 1 -&'b uul'i'"Ji''U vector 

DNA 1'11mhwllu tl1bb'Ufl'Yib~EJ~:u~1-&'Ltlul'i'Tru vector DNA bUU Enterococcus vector DNA~ 

1-llfi fl'J ~?1~1"llJ1:U1 n~m?lij191"1JeJ"l Enterococcus 

bb~ b ti eJH 1 n 1u i1 :u~ uu if EJ"l1:Ui1 food grade vector DNA ~ ?1~1"l:W 1 :u 1 n~6'11 ?lij 191"11 e:J "l 

Enterococcus b~EJ ~"l,!um~tJ1'utJ1"lytu~m~:W"'Je:J"l E.faecium SF-091~?11:W1~tl'l..h DNA~ 

?Ju1:uL·ihci~1"lmEJ:wu~EJ1~ ~"liJ 2 'V11"lbae:Jn fie:J 
" ' 

(1) ?1~1"1 food grade vector DNA :U1nl'm1?Jij191"1Je:J"l Enterococcus be:l"l 'VI1"lbae:JndEJ1n 1-ll 

b16n:W1n bbfl~ 1e:Jm?l~:u~tJ~~?I'Ufl11:Wa1b~:UUe:JEJ Ltie:J"l:U1nm~?l~1"l food grade vector DNA ~e:J"l 

m~EJm1:w~ tJ~~ ?lum~ru bbfl~ m1:w"li1u 1 rue:J~1"l:W1n " ~ 
I I I I 

(2) 'L'h food grade vector DNA 'Yiiie:J~bb~'J (~"l?l~1"l:U1n~6'11?1ij191"1Je:J"lbb'UR'Yib~EJ?I~6'1BU'Yi 

l:w"l."'i Enterococcus) :W1'VII916'1eJ"l'Lllbi1~b"ll6'1~"1Je:J"l E. faecium SF-09 'V11"lbae:Jnifvh~1EJ bb~e:J1:U~I91 
uqJvn fieJ food grade vector DNA ~iJe:J~1uu:u~uu'Vln"llil1911:UiJm~~1VIU1 EJ 1ub:a"l~1ru"ll6 Vl1n 

~e:J"lm~ ~m1iR"J1:wa:w~whll~flm1:w~"J:wlieJ~~vr11"lvt'Li1EJ"l1u 1um~"llflfl'4q]1~ 1-ll ~"lUeJEJR~"lii'n 

~191"1l1911Ub~e:J"lb1e:Ju1"ll~~"l1191m:il'1"lle:J"l food grade vector DNA 

1um~~n~1.Q 'VI1"l~i~EJI'i'191~Uh1i'VI1"lbae:Jn~ 2 fie:J 'V11916'1fl"l1i pFLP014 (~"lbtlU food grade 
' v 

vector DNA 'Yi?l~1"l:U1n~6'11?1ijl91 Lactobacillus) tl'U E. faecium SF-09 ~'Jmvt~e.Jfl ~"liJ 
' 

(1) pFLP014 btllJ food grade vector DNA ~?1~1"l~U1191EJ'Yi:wi~EJ~vhm~~n~1d ~"l,!lJ~"l 
b.JlJU(\!VI1b~eJ-:In1'J'"llflfl'4(\!1~1-iJ L~e:J"l~"lJ~Vl~ LLa~L~e:J.:JL~e:J'l.J1 "lJtoh.:J "] ~L~m-ife:J.:Jtl'I.Jn1';i"lJe:J1-iJ 

pFLP1 (il1~~ 5.1) btllJ food grade cloning vector ~i1"lllJ1191 8.1 kb 'W'I'l!U11191EJ 

Rattanachaikunsopon and Phumkhachorn 1utl R.fll. 2012 b~e:J1mum~tJ1'utJ~"l?11EJ'W'ufi"lJe:J"l 
' ' 

Lactobacillus plantarum N014 ~"11-llbtllJ~'Jb~e:JL~:W~lJ (starter culture) 1um~VIii'nLbVIlJ:W 
(Rattanachaikunsopon and Phumkhachorn, 2012) ~ 1 EJ LVI~~ a1 lJ tJ ~ ~ n eJ 'U ~ "l VI :W 191 "lJ e:J "l 

' 
cloning vector "llil191.Q'1~:W1:U1nbb'Uf'l'Yib~EJ~~'U1Ue:J1VI1~ ~"l~lJ~"l1~-rum~EJe:J:W-ru1 m m Un1~ 
u~1ilfl vt~e:J'IlwD'1a~1"1 mEJ:wu~EJ1~e:J~1"1Ufle:JI91tlEJ l.l.fl~b VI:W1~~:u~'l111 tJ1 m um~tJ-rutJ ~"l'W'UTI"'lfl"l 

\1 II q 'I 

pFLP 1 tJ~~ne:Ju~"JEJa"JutJ~~neJu~a1fi'qJ 3 ci1ufie:J 

(1.1) origin of replication (repA) 

origin of replication i1'1~:w1:u1n Lactobacillus sakei btlUci"Jua1fi'(\!~ 
vh1 ~bb 'UR'Yib~EJ?I1:W1'J'tlb ~:W"ii1U'JlJ pFLP1 il1EJ1Ub"ll~~"llfl"lbb'Uf'l'Yi L~EJ 1~ :U1nm~~n~1~~1lJ:W1 
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YfU';h:i1LL 'lH'tVh~tiV1~1tl&'11tioW'U~~&11lJ1'H1 1-ff origin of replication ~\ln~111 'Ufn'H ~lJ:6'1'U1'U 
pFLPl fl1t11'UL"V~~'lle:J\ILL'lJI"'ViL~tiL~ ~\ltT'U pFLPl ~\1&11lJ1'Hl1-ffL'iJ'U cloning vector 1~n'U 

""" """ QJ d' LL 'lJI"'VlL it1VI~1tl&11 ti~'Uli 
' 

(1.2) cadmium resistance gene (codA bb ~ ~ cadC) ~ 'U dl ~ lJ 1 :U 1 n 

Streptococcus thermophilus vl1VI'I!1~L'iJ'U selectable marker 'lle:J\1 pFLP1 

(1.3) multiple cloning site b'iJ'U~'J'U'lle:J\1 pFLP1 ~&11lJ1ifll.ll~'U DNA ~&'i'Uh 
bbVlim-&'1hJfl1t11'U pFLP11~ u~nru6:W~~P~I'i'IPI'lle:J\I restriction enzyme Vl~1ti'1JUIPI b"li'U EcoRI 

Pstl Smal bb~~ BamHI 

(2) lii1ti\11'Ufl11lJi:l1b~:U1'UnWU1 vector DNA ~&1~1\I:U1n~~1&1lJIPI'lle:J\I Lactobacillus Li1 

l:iLOV~~'lle:J\1 Enterococcus ~\11~uri 
" 

(2.1) mi'l11 vector DNA pLAB1301 ~\1&1~1\I:U1n~~1&1lJIPI'lle:J\I Lactobacillus hilgardii 

bi1;;ibov~~'lle:J\I Enterococcus faecalis (Josson et al. 1990, Shareck et al., 2004) 
" 

(2.2) mi'l11 vector DNA pLAB1304 6li\1&1~1\I:U1n'Ylm&1iJIPI'1Je:J\I L. hilgardii Li1~b"V~~ 

'lle:J\1 E. jaecalis (Josson et al. 1990, Shareck et al., 2004) 

(2.3) n1i'U1 vector DNA pLAB1321 6li\1&1~1\I:U1n~~11:flJIPI'lle:J\I L. hilgardii Li1~L"V~~ 

'lle:J\1 E. jaecalis (Joss on et al. 1990, Shareck et al., 2004) 
0 .::f v .q, 

(2.4) n1i'U1 vector DNA pGT633 OV\Ii:fi1\I:U1n~~11:flJIPI'lle:J\I Lactobacillus reuteri 

Li1~b"V~~'lle:J\I E.jaecalis (Tannock et al. 1994, Shareck et al., 2004) 

(2.5) n1i'U1 vector DNA pLFM2 6li\11:1~1\I:U1n~~11:flJIPI'lle:J\I Lactobacillus jermentus 

L-ih~b"1lflci""1JEN E. faecalis bb":; E. faecium (Aleshin et al., 1999) 

(3) limiVliPI~e:J\I~bb&i~P~\11~Li1'U11~'U repA 1'U pRV566 (~\IMe:J~'U repA 1'U pFLP1) 1:11lJ1ifl 

'Y111~~~11:flJIP!b~lJ:6'1'U1'U1~hho~1~1'U Lactobacillus bYhtT'U bb~EJ\11:11lJ1iflvl11~ ~mi:fiJ~P~L~lJ 
:6'1W'U1~'U Enterococcus ~'Jtl (Crutz-Le Coq and Zagorec, 2008) 
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Kpnl 
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Bam HI 

fl1'WVi 14 LL~'Lifl1'WnTifli1.:i pFLPl 

~:!.J1: Rattanachaikunsopon and Phumkhachorn 

(2012) 
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:U1f1f11'Wl~"e:J\l'l.ll pFLP1 b·ih~b6il"6i''lJe:J\l E. faecium SF-09 1~t~i5 electroporation h.1 
f11'jPimnd 'Vf\.rJ1 E. faecium SF-09 ~1:1J1'j!J-r\Jbe:J1 pFLP 1 bi1~bll1l""'1~ bb"~b~m'\.J1E.J\JbVlE.J\J 
fJU.!~lJ~'lJe:J\l E. faecium SF-09 transformant (E. faecium SF-09 ~ij pFLP1) rl\J E. faecium 

SF-09 1 'W~TWf11'jb:U~qjb~\J1M Fl'J1lJ~1lJ1'jiJ 1'Wf11'jEJ\J~\Jf11'jb:U~qj'lJe:J\l L. moncytogenes bb"~ 
E. coli FtJ1:W~1lJ1'j~J1'Wm'j'Vl'Wm~ bb"~'Vl'Wbfl~mJ1~ ~\Jl1b~mr\l~e:J\l'\.J'j~b.fl'Vlijf'lru~:w\J~'Vlf1~1'W~ 

' ' 
vl1f11'j'Vl~~e:J\J1:!JbbMf119i1\lrl'W :U1m.Jaf11'j'Vl~"e:J\ldbb~~\l1~d~'W'J1 f11'j-r\Jbe:J1 vector DNA pFLP1 ~ 
E. faecium SF-09 -r\Jbi1~b6ilaa'1:!Jijt;m\9ie:Jm'jb:U~qjb~\J 1M f'l'.l1:W~1:W1i!J 1 'Wf11iEJ\J~\lbb \Jf'lVlb1E.J'lJU~ 
~'W i1:1J~\lf'l11:1J~1:1J1i!J 1'Wf11ie:J~ie:J~ 1 'W~.fl11~~b~E.I'Wbb \J\J~.fl11~ 1 'W'Vl1\lb~'We:JTVI1i ~\JJ'W ~\le:Jl:U 

"' 
~1u1~11 E. faecium SF-09 transformant ~1~:U1f1f11TVl~"md~\lbVilJ1~~lJ~:U~'I.h1'\.J~I'!.l'W119ie:J 
b~e:J 1sffbtJ'W(;)'1'l11 DNA bi1~~1\lf11E.I:W'W~~ 

"' ' 
e:J~1\lhnM1lJ 1'We:J'W1f'lMi1\lVith Vi1f1ijf11'j~~1\l vector DNA :U1f1~m~il~'lle:J\l Enterococcus 

~'W:W1b~e:J1offn\J E.faecium SF-09 n'l..h:u~Vi11~f11'j'\..h vector DNA bi1~bll1la6i'lJe:J\l E.faecium 

SF-09 bb"~f11'jb~:W:il1'W1'W'lle:J\l vector DNA mt~1 'Wbll1la6i'lJe:J\l E. faecium SF-09 lj'\.Ji~~'Vlfim~ 

:W1f1~'W :U1f1f11'jauf'lw1im.Ja fi'lbbm:!J~\Jl1bf'lE.Jijf11i~~1\l food grade vector DNA a1V1-r\J 
I I ~1:11 V oC:\ cf 

Enterococcus :W1f1e:J'W bbMf1:Wi1E.I\l1'Wf11i~i1\l vector DNA :U1f1~a1~:W~'lle:J\l Enterococcus Gil\l 

'j1E.J \l1'W~\l mh1~1 ~b i1'Wfi\lf'l11:Wb U'W1 '\.J1~'lleJ\lf11i~\J~a1~il~ 1 'W Enterococcus bba~f11 iU1 

~"1~il~~\lf1~11:W1Hlb'Wf11i~~1\l vector DNA a1Vi-ru1inu Enterococcus 19ie:J1'\.J m~~ 5.2 

bb~~\lbbe.J'W.fl1~f11'j~~1\l vector DNA pHW112 :U1f1~m~il~ pMBBI ~1~:1J1:U1f1 E. faecium 226 

(Wyckoff et al., 1996) 
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Mbol2.05 

Mbol4.38 

Mbol1.14 

Mbol0.99 

Mbol2.94 

d "' .fl1'W'VI 5.2 Ut:-.I'LI.fl1'Wn1'iiil'i1~ pHW112 

vh.n: Wyckoff et al. (1996) 

':il1nm~Pin'l!l1d'\I\'11~?~1Ub~11 pFLPl ?!1lJ1~{)'111ll11-ffbiJ'LI vector DNA 1'Lim~u-ruul.:~ 
~'Uum~3J"lle:J~ E. faecium SF-09 b~e:J1~?~13J1~{)'\I\'1ViU1~btl'L1~1'111 DNA b"li'1a~1~mt~3J'U'l!lm~ bb~ 

' 'U ' 

8~1-!1 hn~Pm.Jfl1'a'il~·t.'h E. faecium SF-09 viii pFLP 1 hfl. oU'l1'W'il~'lEJ'le:J1'il~eNiinT~f'in'l!l1b~3Jb~3J 

~n3.11n b~e:J 1~m~ 1-ff~1'Wlj'l.J~~~'Vlfim-w?~~G'I~ 
'U ' 
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... 
mnf11. !'!1..!~1:5'EJflrum'V'Ii1~r5th lJVI11'VlmiA'm~-l"1Jm1.Jfl~1.J'Vl{ 2544. 

• '\J ' 

m:;'Vl'i'Nli'!TB1 ~UJ?!"IJ. n1'aflTVI\Afl'a1Vi'I::LaV fiL~ V'ltlu'VIfl mn w'ti ua:: 1fim-a L \An1'a ~flfl V1LL~ 
' 

Ulii~U\.1 th'VIi'UV11b1fl~ f11~n~'V1~1v·h;(1vv1 vu1. 2549. n~-ll'Vl'V'I"1: 

mll1'Vlm!'!1?!111inT:ill'V'I'Vl~, 2549. 

~1..1111m ~wl'n~. m-aAfiLi1e:JnLLa::m-aAm~1 fl'm;w::LQYn::'U eHLLUAVi L~V ua A~n~ ~flflfl1-avuC.:~ 
~a1IVilil1n~flfiJiW'titJ-a::~ {1~{1 LL u-aaill fiVn'a::'U'l\.1 'VI~mLa::n 1'a'l.h 1 UI.-Hu-a:: W"'ltA. 
i'Vl81lJ'V'IWhJ~qjqJ1i'Vl81!'!1?!111~lJVI1UUJsfil11: lJVI1i'VIEJ1iA'mm~W1~!'!1?!111{ 2544. 

~sn11'1111l Lll~ir~~m LL~:;i~:;-ti'EJ llill1.Ji~:;u~1"1!. "i'r161i1.J", 11..1 ~ija1A.ij\A 2010-2011. 

'U~,;'Vl -um:J1.J~ L~1.JL'Vl'erfl'V'I~i ~1n~. 2553. 

f1d-ll'Vl'V'I"1: 
' 

1.J1~:5'1.J'Vli 'V'I11'm.~n. "a1~:;·t.hrL~mn'Uhh1'U1e:J~n", fln-afl1ffi.!. 16(19): 6-13,2533. 
'\J • 

1L~t.J~ ~mi'"ll~ll1!'!. "m~t:.J~I11e:J1VI1~VIirmnmL~fl~mle:J~flll'UflVh~t.J ", 11..1 1'1J-a.ijfi~.:J~LLi'lfl~n 

LLaflflLL'UflViL~VL\A~flfi1'VIn'a"a~fl1'VI1'a1'VIV Af.:~~ 1 28-29 PJi'l1fl~ 2534. n~-ll'Vl'V'I"1: 
lJVI11'VlmiA'mmm~!'!1?!111{ 2534. 

. "e:J1VI1~~1 mL~fl~mle:J~I'Ill'UVll~EJ 11.Je:JI11?!1VIf1d~lJ 1 'Vlt.J ", 'l1'afl1'alil1i'Vi1 .n1A1"111 
------ ' 

L'VIflL\.1 1a~11'l.n1'Vi Aw:::~flfi1'VIn-a-a~ Ln'l;fl'a ~'VI11'VIV1flVLn'tlfl"af11 flfli. 8( 45 ): 

48-52, 2541. 

tl1.JlJru "IJ-'Jfllllje:J-l. "fJill?flJ'Ifoi"IJe:J-lla1.J1EJmVI1~11.Jm ~LtJ1..1 functional foods", 'l1"afl1"alil1i'Vi1. 

11(76): 50-54,2548. 
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" " 1. e:J1Vi1'H~~..:J btie:J 

1.1 Lactobacillus MRS broth 

6W1"i8TI·n''i MRS broth 1 ~l'l"i iJ~1'U'll"i~f18'U~-:J.Q' 
'U 

Proteose peptone 10.00 n-r11 

Beef extract 10.00 n-r11 

Yeast extract 5.00 n-r11 

Dextrose 20.00 n-r11 

Polysorbate 80 1.00 n-r11 

Ammonium citrate 2.00 n-r11 

Sodium acetate 5.00 n-r11 

Magnesium sulfate 0.10 n-r11 

Manganese sulfate 0.05 n-r11 

Di-potassium phosphate 2.00 n-r11 

-ti'-:J MRS broth 55.5 n-r11 ~~mtJ1'Utl1n~'U1mlii'mll1ru 1,ooo iJ~~~I'l"i th1tl~-:JOJJ1b~8 
~ 121 8-:JI"llb'll~L'Ilw:1 bU'Unm 15 'U1Vi 

1.2 Lactobacillus MRS agar 

~1'1"i81Vi1"i MRS agar 1 ~l'l"i iJ~1'U'll"i~f18'U~-:J.Q 
MRS broth 55.5 n1ll 

Agar 20 

.fi'-:J~1'UD"i~fl8'U~-:JVIlJ~ b 'tlllii'1tJtl'Ub~lltl1fl~'U 1 mtii'tJ~lJ11'1"i 1,000 iJ~~~I'l"i 1 ~rld1li~8'U 
~'Ul'U~~mtJ ~1n~'Uth1tJ~-:JOJJ1b~8~ 121 8-:JPllb'll~L'Sm'l LU'Ub1~1 15 'U1Vi 

' 
1.3 Nutrient broth 

~1'1"i81VI1"i NB 1 ~l'l"i iJ~1'Utl"i~fl8'U~-:J.Q' 
'U 

Peptone casein 3.00 n-r11 

Meat extract 5.00 n-r11 

.fi'-:J~1'UU"i~f18'U~-:JVIll~boU11ii'1tJtl'U ~~mtJ1'Utl1n~'U1VI1tii'tJ~ll11'1"i 1,000 iJ~~~I'l"i ~lfl~'U 
't111tl~-:J~1b~8~ 121 8-:JPllL'Ilm'lltJ~ bU'Ub1m 15 'U1Vi 



1.4 Nutrient agar 

GWl'HJ1VI1~ NA 1 ~1'1~ :iJ~'d'UU~~m:ru~-:rQ 
" 
Peptone casein 

Meat extract 

3.00 n-r11 

5.00 n-r11 

Agar 20.00 n-rll 

.a-~~1'UU~~fleJ'U~~VIlll1lb-iJ1~1tJrl'U G1~G11tJ 1 'Utllfl~'U 1 m~tJ~llll'l~ 1,000 lJGl~~l'l~ 1'\X 

mlll~eJ'U:V'Ul'UGl~mtJ :V1ml'U1111tJ~~'Ji1b~eJ~ 121 eJ~I"11b'1lm"1lm1 btl'Ub1m 15 'UIVi • 

2. 6'11'Hflii 

2.1 fl1'H~~tJll~t:i'e:Jllbbm"ll (Gram 's stain) 

2.1.1 Crysta l violet 

Solution A: Crystal violet 

95% alcohol 

Solution B: Ammonium oxalate 

2 n-r11 

20.0 lJGl~~l'l~ 

0.8 n-r11 

80.0 lJGl~~l'l~ 
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t:.J~ll~I~Gl~mtJ A bbGl~ B b-iJ1~1tJfl'U ~~vt~H 24 -&1 lll~ •tlill1meJ~~1tJm~l111~ 
meJ~ 1-2 A~~ bn'U1it'U'I.l111l~'U1~:W dropper 

2.1.2 Iodine solution 

Iodine 10.0 n-r11 

Potassium 2 0 n-r:w 

300 lJGl~~l'l~ 

""'"' 'UTVlll dropper 

2.1.3 Safranin 0 

Safranin 0 2.5 n-r11 

95% ethanol 100 lJGl~~l'l~ 
" ' 

'l11fl~'U 900 llG1G1G11'1~ 

Gl~G11t1611~ Safranin 0 ~lt! 95% ethanol t:.l61ll1'!Xb-iJ1n'U u-r'UtJ~ll11'1~~1tJtl1 

n~'U1'1XA~'U 1,000 lJGl~~~'~~ th1tJmeJ~ bb~1bn'U1~L'U'I.l111l~'U1~:W dropper 



2.1.4 Decolorizer 

m.:J 95% ethanol 100 il~~~l?l'i Lnu1?~l'W'U1(91~'1J1~il dropper 

2.2 n1'~bl1l~mJ~1'HfliJb.yjB1bfl'a1~~'V'Il;t1~iJ~ bl1lt~15 gel electrophoresis 

2.2.1 SOX Tris-acetate buffer (SOX T AE) 

Glacial acetic acid 5.4 n-rl.l 

Tris base 24.2 n-rl.l 

EDTA 3.7 n-rl.l 
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.rr~~1'W~G1l.l~~mtJ~1tJ~~n~'W1m~tJ~ml1l'i~(91Yf1mvhnu 100 il~~~m u-ru pH 

L'U'W 8 LL~~th1tJ~~'JJ1L~e:J~ 121 e:J~1'111L"Ilm6ilt!G1 LU'WL1m 15 'WIVJ 

2.2.2 lX Tris-acetic buffer (lX T AE) 

't,hG11'i~~mt1 SOX TAE tJ~l.J11Pl'i 20 iJ~~~I?l'i l.l1b~l.l~1t1~1fl~'U 1 Vl1~tfll.l11Pl'i 
G1(91Yl1mvhnu 1,ooo iJ~~~IPl'i 
' 

2.2.3 gel electrophoresis 

2.2.3.1 6X loading dye 

Bromophenol blue 

Sucrose 

2.2.3.2 1% agarose gel 

0.025 n-rl.l 

4 n-rl.l 

i.:J agarose 1 n-rl.l fl~m~1'U~1"ifl~m~ lX TAE 'IJ~l.l1\9l"i 100 :Wflfifim 

th1tJ1~m~l.l~e:J'W~'W~~mmu'WLdm~tJ1n'W 
2.3 ;;:t11bfliivfl .;;'!, 'U m 'aV111l~ B'Ufl11~~1~1 1t11 'U fl11Vl'U n 111l 

MRS borth 

0.1 N HCl 

0.1 N NaOH 

ss.s n-rl.l 

.rr~e:J1Vl1'i MRS borth ~~mt11'W~1f1~'W1Vl1~tJ~ml?l'iG1(91Yl1m'Vhnu 1,000 iJ~~~I?l'i u -ru 
' 

pH 1m~l?l1l.l~e:J.:Jfl1'i "il1ml'Wt111tJ ~.:J'JJ1L~e:J~ 121 e:J.:J!'111b"llflb6ilt!G1 LU'WL1m 15 'W1Vl 



MRS borth 55.5 fl'h.J 

Bile salt 3.00 fl~~ 

i'l~l~u~:;neJu~1\l 1 6l:;mtJ 1 ~J~n~~ 1 m~u~~~\>l~~~vhmvhnu 1,ooo iJ61~~\>l~ 
~1ml~u11u~\l~lb~eJ~ 121 eJ\ll"llb'llm'llm~ bU~nm 15 ~~Vi 
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1. ~'JB~1'm1'afh\!'JQ.r5V~-a1m-a·r8V~"81 V~"!J e:J{jbb~fl~mbe:~a W~bb'UflVib~t~Vi pH 1'i1\l 6J 

bb~fl~flbbB~~bb1JflVh~m~~ SF-09 nu~mrub~Bb~lll'i'\!b'VllflLJ 5 Log CFU/ml bdm.Jl!~ 
e:~ruvtf1:iJ 37 B'l~1b'llm6/lt.J~ bU'Ubdm 3 illll'l 'l"l'Ul1nu~l!1Wb~mvhn'U 5.44 Lo~ CFU/ml til'.:J.Q' 

' 'U 

;v1n~l!m~ bUB4b~ul'lm~mhB~ = 'lJ~l!1Wb~me:~~:U11P1~ 3 i1 lll'l (Log CFU/ml) x 100 
'U 

mll1Wb~Bb~lll'i''U~ 0 illll'l (Lo~ CFU/ml) 

= 5.44 Log CFU/ml x 100 

5 Log CFU/ml 

= 108.80 bUB4b~'U\Pl 

' "' CV I 0 C'V d~ Cl Q d dl .c::t i/ i/ d 0 d 

2. IP1'J BtJ1{jn1 'aflTU 'JI:UBIP1'a1n1 'a'a'BWI"ll'J IP1"!J B'l bb~ fl V1 fl bbe:J~ WI bb 'U fl'VI b 'af.J'VIfl'l1ll b "!J~"!J'I.J"!J B'l bfl~ B'I.J1Vl 

l'i1'l6J 

bb~fl~flbbB~~bbLJflVib~t.J~~~ SF-09 ntJ~l!1Wb~Bb~lll'i''Ub'VhnLJ 5.48 Log CFU/ml bdm.Jll~ 

~ruvtJJ:D 37 e:~.:Jmb'llm"llt.J~ bUunm 3 i1 Lll'l 'I"'LJ11nu~mrub~mvhnLJ 5.78 Log CFU/ml til.:Jd 

bUB{b~'UI'lfl1~B~~B~ = tl~l!1Wb~mB~:U11P1~ 3 illll'l (Lo~ CFU/ml) x 100 

mll1Wb~Bb~lll'i''U~ 0 i1 lll'l (Log CFU/ml) 

= 5.78 Lo~ CFU/ml x 100 

5.48 Log CFU/ml 

= 105.50 bUB4b~'U\Pl 
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FOOD DERIVED LACTIC ACID BACTERIUM WITH POTENTIAL AS A HUMAN VACCINE 

DELIVERY SYSTEM 
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Pongsak Rattanachaikunsopon* 

Department of Biological Science, Faculty of Science, Ubon Ratchathani University, 

Warin Chamrap, Ubon Ratchathani 34190, Thailand 

*e-mail: rattanachaikunsopon@yahoo.com 

Abstract: The development of a human live oral vaccine requires an acid and bile 

tolerant bacterial strain carrying an expression vector that is safe for oral 

administration to be used as a delivery system. The main focus of this study was to 

find a food derived lactic acid bacterium having such characteristics. Ten isolates of 

lactic acid bacteria (LAB) isolated from Pla Som, a traditional Thai fermented fish, 

were tested for their acid tolerance and bile tolerance. Of all isolated LAB, the isolate 

SF-09 was found to be the only LAB isolate that could tolerate and grow at pH 2 and 

in the condition with 0.30% bile. It was identified by the 165 rONA sequence analysis 

as Enterococcus faecium and named as E. faecium SF-09. The 8.1 kb food-grade 

vector pFLP1 was successfully introduced into E. faecium SF-09 cells by 

electroporation indicating that pFLPl could be used as a DNA vector for E. faecium 

SF-09. Since E. faecium SF-09 was derived from food, tolerant to acid and bile and 

able to carry a food-grade DNA vector, it might be a potential bacterium for further 

development as a delivery system of a human live oral vaccine. 

Introduction: A vaccine is a biological preparation that improves immunity to a 

particular disease. Most of the traditionally produced human vaccines are often made 

from attenuated or killed forms of pathogenic bacteria. Although they are effective, 

their several disadvantages have been reported. 1 For live attenuated vaccines, there 

is a high risk for attenuated pathogens to undergo reversion to cause diseases. For 

killed vaccines, great care must be taken to ensure that pathogens are inactivated 

completely otherwise they may cause diseases. To overcome these disadvantages, 

recombination technology has been used to produce genetically engineered bacteria 

that carry genes encoding antigens capable of triggering immunity of recipients. 



100 

Among genetically engineered vaccines, the live oral vaccine is one of the most 

promising vaccines because it is easy to use and causes no pain for recipients. In 

order to obtain a live oral vaccine, a genetically recognized as safe (GRAS) bacterium 

with a food-grade expression vector is needed as a vaccine delivery system to ensure 

that the live oral vaccine are safe for oral administration. Furthermore, it has to be 

tolerant to acidic condition and to bile in order to survive in human gastrointestinal 

tract. The objectives of this study are the isolation of lactic acid bacteria (LAB) from 

food, the selection of a LAB strain tolerant to acid and bile and the examination of 

the ability of the selected LAB to carry the pFLP1, a food-grade DNA vector. The acid 

and bile tolerant LAB strain capable of carrying the vector pFLP1 obtained from this 

study is useful for further development as a delivery system of a human live oral 

vaccine. 

Methodology: 

Isolation LAB from food 

Lactic acid bacteria were isolated from Pla Som, a traditional Thai fermented food as 

follows. Twenty five grams of the food sample was homogenized with 225 ml of 

0.85% (w/v) sterile physiological saline. The liquid part of the homogenate was 

tenfold serially diluted in the sterile saline. One hundred ml of the dilutions were 

plated on MRS agar plates and then incubated at 3rC for 24 h. Separated LAB 

colonies grown on the plates were selected for acid and bile tolerance tests. 

Acid tolerance test 

The acid tolerance of the isolated LAB was determined by the method described by 

Jin et al. 2 with some modifications. LAB were grown in MRS broth at 3rC for 24 h, 

and subcultured in 5 ml of fresh MRS broth adjusted to pH 2 with 5 M HCl. After 

incubation for 3 h at 3rC, cells were tenfold serially diluted in phosphate buffer in 

order to neutralize the medium acidity. The residual viable count was determined by 

plate count method. The survival percentage was calculated as follows: o/o survival = 

[cell concentration after treatment for 3 h (log cfu/ml)/initial cell concentration (log 

cfu/ml)] x 100. 
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Bile tolerance test 

The bile tolerance of the isolated LAB was determined by the method described by 

Erkkila and Petaja3 with some modifications. The LAB cells were harvested from the 

24 h LAB cultures by centrifusation at 5,000 x s for 5 min. The cells were washed two 

times and resuspended in fresh MRS broth. A 50 ~-tl aliquot of bacterial suspension 

was inoculated into 5 ml of MRS broth with 0.30% of bile prepared from ox bile 

(HiMedia, India). The residual viable count was determined by plate count method 

after incubation at 37°( for 3 h. The survival percentage was calculated as follows: % 

survival = [cell concentration after treatment for 3 h (log cfu/ml)/initial cell 

concentration (log cfu/ ml)] x 100. 

Identification of LAB 

The acid and bile tolerant LAB isolate was identified by using the 16S rONA sequence 

analysis according to the protocol described by Weisburd et al. 4 The genomic DNA of 

the LAB was isolated by usins Genomic DNA extraction kit (Real Biotech Corporation, 

Taiwan). The conditions used for amplifyins the LAB 16S rONA was described 

previously by Weisburd et al.4 The sequencing of 16S rONA was conducted by 

BioDesign Co.Ltd. , Pathumthani, Thailand. The sequence of 16S rONA was compared 

to those of bacteria in GENBANK database by using BLASTN (Basic Local Alisment 

Search Tool). 

Plasmid isolation 

The presence of plasmid in LAB cells was determined by plasmid isolation using the 

NucleoSpin® Plasmid QuickPure kit (MACHEREY-NAGEL, Germany) accordins to the 

protocol of the manufacturer. 

Transformation of LAB 

The introduction of pFLP1, a 8.1 kb food-grade vector, into LAB cells were performed 

according to the method described previously. 5 The LAB cells were transformed by 

using electroporation with a CelljecT PRO (Hybaid, UK). LAB transformants were 

isolated on MRS agar plates containing CdCl2 (0.30 mM). Randomly selected 
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transformants were subjected to bacterial identification and tested for the presence 

of pFLP1 by plasmid isolation. 

Results and Discussion: Ten separated colonies of LAB isolated from Pla Sam on 

MRS agar were tested for their acid and bile tolerance. When all of the isolated LAB 

were tested for their acid tolerance at pH 2 (the gastric pH or the pH in human 

stomach), it was found that the isolate SF-09 was the only LAB isolate that was 

tolerant to such acidic condition. It survival percentage of 108.80% (Table 1) which is 

higher than 100% indicated that the isolate SF-09 was not only tolerant at pH 2 but 

also able to grow at that pH. For the bile tolerance test, 7 isolated LAB (SF-02, SF-03, 

SF-09, SF-10, SF-12, SF-18 and SF-22) had survival percentage above 100% (Table 2) 

which indicated that they could tolerate and grow in condition having 0.30% bile 

(concentration of bile normally found in human small intestine). Since the isolate SF-

09 was the only LAB isolate that had ability to survive and grow at pH 2 and in the 

medium with 0.30% bile, it was selected for further studies. The isolate SF-09 was 

identified as Enterococcus faecium SF-09 because its 16S rDNA sequence (Figure 1) 

showed 99% homology to that of Enterococcus faecium Aus0004 (accession NR 

102790.1). E. faecium strains tolerant to acid and bile have been previously reported 

by several research groups.6.7·8 Prior to electrotransformation of E. faecium SF-09 with 

the food-grade vector pFLP 1, plasmid isolation showed that the bacterium had no 

plasmid . A transformant obtained from the electrotransformation of E. faecium SF-09 

with pFLP1 (named as E. faecium-pFLP1) was examined by plasmid isolation and 

found that it carried a plasmid with a size of 8.1 kb which is the size of pFLP1 (Figure 

2). This result suggested that the electrotransformation was successful and pFLP1 can 

be used as a DNA vector for E. faecium SF-09. Since the acid and bile tolerant E. 

faecium SF-09 and the vector pFLP1 are food-grade and safe for oral administration, 

they can be used for development as a delivery system of a human live oral vaccine 

which may overcome disadvantages of live attenuated vaccines and killed vaccines as 

mentioned earlier. 



agagtttgat cctggctcag gacgaacgct ggcggcgtgc ctaatacatg caagtcgaac 

gcttcttttt ccaccggagc ttgctccacc ggaaaaagag gagtggcgaa cgggtgagta 

acacgtgggt aacctgccca tcagaagggg ataacacttg gaaacaggtg ctaataccgt 

ataacaatcg aaaaccgcat ggttttgatt tgaaaggcgc tttcgggtgt cgctgatgga 

tggacccgcg gtgcataagc tagttggtga ggtaacggct caccaaggcc acgatgcata 

gccgacctga gagggtgatc ggccacattg ggactgagac acggcccaaa ctcctacggg 

aggcagcagt agggaatctt cggcaatgga cgaaagtctg accgagcaac gccgcgtgag 

tgaagaaggt tttcggatcg taaaactctg atgttagaga agaacaagga tgagagtaac 

tgttcatccc ttgacggtat ctaaccagaa agccacggct aactacgtgc cagcagccgc 

ggtaatacgt aggtggcaag cgttgtccgg atttattggg cgtaaagcga gcgcaggcgg 

tttcttaagt ctgatgtgaa agcccccggc tcaaccgggg agggtcattg gaaactggga 

gacttgagtg cagaagagga gagtggaatt ccatgtgtag cggtgaaatg cgtagatata 

tggaggaaca ccagtggcga aggcggctct ctggtctgta actgacgctg aggctcgaaa 

gcgtggggag caaacaggat tagataccct ggtagtccac gccgtaaacg atgagtgcta 

agtgttggag ggtttccgcc cttcagtgct gcagctaacg cattaagcac tccgcctggg 

gagtacgacc gcaaggttga aactcaaagg aattgacggg ggcccgcaca agcggtggag 

catgtggttt aattcgaagc aacgcgaaga accttaccag gtcttgacat cctttgacca 

ctctagagat agagcttccc ggtcgggggc aaagtgacag gtggtgcatg gttgtcgtca 

gctcgtgtcg tgagatgttg ggttaagtcc cgcaacgagc gcaaccctta ttgttagttg 

ccatcattca gttgggcact ctagcaagac tgccggtgac aaaccggagg aaggtgggga 

tgacgtcaaa tcatcatgcc ccttatgacc tgggctacac acgtgctaca atgggaagta 

caacgagttg cgaagtcgcg aggctaagct aatctcttaa agcttctctc agttcggatt 

gcaggctgca actcgcctgc atgaagccgg aatcgctagt aatcgcggat cagcacgccg 

cggtgaatac gttcccgggc cttgtacaca ccgcccgtca caccacgaga gtttgtaaca 

cccgaagtcg gtgaggtaac cttttggagc cagccgccta aggtgggata gatgattggg 

gtaaagtcgt aa 

Figure 1. The 16S rONA sequence of the LAB isolate SF-09. 
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1 2 

9 ,4 16 bp 

6 , 55 7 bp 

4 , 36 1 bp 

Fisure 2. Agarose gel electrophoresis of the vector DNA isolated from E. faecium

pFLPl. Lane 1: lambda DNA digested with Hindlll; lane 2: the isolated vector 

DNA. 

Table 1. Viability of the isolated LAB after treatment at pH 2 and with 0.30% bile for 3 

h. 

LAB isolate Survival percentase (%) Survival percentase (%) 

SF-02 0 105.95 

SF-03 0 102.09 

SF-09 108.80 105.47 

SF-10 0 104.26 

SF-12 0 101.24 

SF-15 0 73.75 

SF-17 0 96.43 

SF-18 0 102.11 

SF-20 0 97.56 

SF-22 0 103.53 



Table 2. Viability of the isolated LAB after treatment with 0.30% bile for 3 h. 

LAB isolate Survival percentage (%) 

LAB isolate 

SF-02 

SF-03 

SF-09 

SF-10 

SF-12 

SF-15 

SF-17 

SF-18 

SF-20 

SF-22 

Survival percentage (%) 

105.95 

102.09 

105.47 

104.26 

101.24 

73.75 

96.43 

102.11 

97.56 

103.53 
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Conclusion: E. faecium SF-09 is a food derived lactic acid bacterium that has 

potential to be used as a delivery system of a human live oral vaccine 

because it is considered to be safe, tolerant to acid and bile at the level 

normally found in human gastrointestinal tract and able to carry pFLP1, 

a food-grade DNA vector. 
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'U'Vl~~ciB 

ESBL-producing Escherichia coli Atl E. coli ~~1lJ1'it:1~hnt!'IJh:W'b'U~1bb~fll'l1blJ~'1JiJ~ 

ni\:~ (extended spectrum beta lactamase, ESBL) 1~ bb'l.Jfl'Yib~t.J'tJ'i~Lfl'Vld~m•i mn'tJi]~ .. :ru~1~ 
Vim t.J'ilU~ ~\lci\le..J~vh 1 ~m'i-rrn~1f11'i~~b~tl"il1flbb uAvh~ t.J'tJ'i~ b.n'Vldvh 1~ t.J1n f11'i~f1'1!11diJ 
i'l'lq'tJ'i~~\lrlb~tlA~L~eJn1~~flbb'Urlb'Vltl~Lm'\"J"il~~1btn~~tl ESBL-producing E. coli bb~~b~tl~f1'1!11 

Aru~~U~'Vl1\l~ru~1'1Ji'Vlm bb~~'W\J(H'11~1'11'1leJ\I 1.1. ur1 b'Vlt!~Lt! 1. '\"J":ilb Vl~1,r'IJ ":il1f1nl'i'Vl~~tl\l bbt.J m1. u 
' ... ' 
Ab'Vlt!~Lm'\"J":il~'U':hl'l1mJ1\Itl1t.~t.J 3 1'11t!~1\lil1~~mb'Urlb'Vlt!~Lm'\"J"il~~tl\lf11'i ~\11~~t! .. :h NP1, NP2 

bb~~ NP3 ":il1f1nl'i~f1'1!11~1 t.Jf1~tl\I~~'Vl'i'il"l'l.J~:ib~AI'I'itl'Ubb 'U'Ucitl\1~1'U~'LJ':hbb 'UAL 'Vle:J~Lm '\"J\1~-:1 3 1'11 

ib'tJ~1\IA~1t.Jn'IJmn At! il~'J~n'l!lru~Vimm Vi~ t.JlJ LL~~il'Vl1\l t.J11bb uu8~Vl~ hJ1~ ~1'i'W''IJLif1'i'ilJ'Utl\l 
" ' 

be.l'IJ1sil:0~~~1bm~ EcoRI bb~b.Jt;~n\il~~'Jt.J RNase A bb~~ S1 nuclease ":il1 f1 -iJtllJ~'V11\I~ru~1'Ui'Vlm 
" " "' 

bb~~'W''Util"11~1'11~1~vh1-M'611lJ1'ifl:5'~~1bb'IJflbb'Urlb'Vltl~Lm'\"J"il NP1, NP2 bb~~ NP31ltu61n~ 
' ' 

Siphoviridae bb 'Urlb'Vltl~Lm '\"J":il~1~":il1 f1nl'i~f1'1!11d1l1":iJ~il'tJ'i~ Lt.J'1l'IJ1 '1Jf11'it111 tJ1 m '\Jm'i-rn'\!11 t 'iA 

~~b~tl"il1f1 ESBL-producing E. coli 

f'11a1~qJ : Bacteriophage, Bacteriophage therapy, ESBL-producing E. coli 
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Abstract 

ESBL-producing Escherichia coli are E. coli that can produce extended spectrum 

beta lactamase (ESBU. Their resistance to a number of antibiotics makes their 

infections much more difficult to treat. This study aims to isolate lytic bacteriophages 

specific to ESBL-producing E. coli and to characterize them morphologically and 

genetically. From the bacteriophage isolations, 3 wastewater samples were found to 

contain the lytic bacteriophages, designated NPl , NP2 and NP3. By using transmission 

electron microscopy, all of these bacteriophages had very similar morphology, an 

icosahedral head with a long non-contractile tail. Their genomes were determined to 

be double stranded DNA which were cleaved by EcoRI restriction enzyme, but not 

Rnase A and S1 nuclease. Based on their morphological and genetic characteristics, 

NPl , NP2 and NP3 can be classified as members of the family Siphoviridae. The 

bacteriophages obtained from this study may be useful for treating ESBL-producing E. 

coli infections. 

Keywords : Bacteriophage, Bacteriophage therapy, ESBL -producing E. coli 

'UVItJ1 

Escherichia coli strains that produce an enzyme called extended-spectrum beta 

lactamase (ESBL) are named as ESBL-producing E. coli. The enzyme contributes to 

multiple drug resistance characteristics of the bacteria. They are resistant to a wide 

range of antibiotics, especially members of cephalosporins such as cefuroxime, 

cefotaxime and ceftazidime. ESBL-producing E. coli cause a number of health 

problems including urinary tract infections and bacteremia. The infections most 

commonly occur in the elderly, people who have recently been in hospital, and 

people who receive or have received antibiotic treatment. Since most antibiotics are 

ineffective in treating ESBL-producing E. coli infections, alternative therapeutic 

approaches against the bacteria are required. One of the potential candidates is 

bacteriophage therapy, an approach using one or more bacteriophages (bacterial 

viruses) to treat bacterial infections. Several reports have shown the ability of 
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bacteriophages to kill drug resistant bacteria [1 -3]. Therefore, it is of interest to find a 

bacteriophage for using as therapeutic agent to control ESBL-producing E. coli. 

This study aims to isolate bacteriophages specific to ESBL-producing E. coli from 

wastewater and to examine their morphological and genetic characteristics which are 

useful information for bacteriophage classification. With further characterizations and 

clinical trials, the bacteriophages from this study may be useful as potential 

therapeutic agents for controlling ESBL-producing E. coli infections 

1. To isolate bacteriophages specific to ESBL -producing E. coli from wastewater 

2. To examine morphological and genetic characteristics of the isolated 

bacteriophages 

1. Bacteriophage isolation 

Wastewater samples for bacteriophage isolation were collected from various 

sources such as hospitals, animal farms, industries and houses in Ubon Ratchathani, 

Thailand. Each sample was subjected to bacteriophage enrichment by mixing the 

sample with an equal volume of double stren~th nutrient broth containin~ ESBL

producing E. coli, kindly donated from Sanpasitthiiprasong Hospital, Ubon 

Ratchathani, Thailand. After incubation at 3rC overnight, the culture was centrifuged 

and the supernatant was filtered through a membrane with a pore size of 0.45 ~-tm. 

The presence of a lytic bacteriophage in the filtrate was examined by using the spot 

test method. Overnight culture of host bacterial strain was smeared thoroughly on a 

nutrient agar plate by a sterile swab. Five Ill of the filtrate was spotted on the 

bacterial lawn. The plate was incubated at 3rC overnight. A clear zone in the plate 

indicated the presence of bacteriophage. In all cases, positive tests were confirmed 

by plaque assay which were performed as described by Lu et al. [4]. 

2. Study on bacteriophage morphology 
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Bacteriophage morphology was studied by transmission electron microscopy 

which was performed at the Scientific Equipment Service Unit, Mahasarakham 

University, Mahasarakham, Thailand. 

3. Study on bacteriophage genome 

Bacteriophage genome was extracted by using Purelink Viral RNNDNA Mini Kit 

(Invitrogen, USA). It was subjected to enzymatic digestion with RNase A (an enzyme 

digesting RNA), S1 nuclease (an enzyme digesting single stranded DNA), and a 

restriction enzyme EcoRI (and enzyme digesting double stranded DNA) and then 

analyzed by agarose (0.8% w/ v) gel electrophoresis at constant voltage of 100V. 

t:-J~fl1~1~~ 

Filtrates prepared from 3 wastewater samples were found to produce clear 

zones on lawns of ESBL -producing E. coli by spot test. By using plaque assay, clear 

plaques were obtained from all filtrates indicating that bacteriophages in the filtrates 

responsible of antibacterial activity were lytic bacteriophages. The bacteriophages 

were designated NP1 to NP3. A clear zone and plaques produced by NP1 is shown in 

Figure 1. Transmission electron microscopy of all three bacteriophages revealed that 

they had very similar morphology. Each of them had an icosahedral head with a long 

non-contractile tail (Figure 2). Enzymatic digestion of NP1 , NP2 and NP3 genomes 

demonstrated that all of the genomes were digested by EcoRI, but not by RNase A 

and S1 nuclease indicating that it was double stranded DNA. The EcoRI digestion 

patterns of the genomes of NP1, NP2 and NP3 are shown in Figure 3. 

a. b. 

Figure 1 A clear zone on ESBL-producing E. coli lawn (a) and clear plaques on ESBL

produc E. coli lawn (b) produced by the bacteriophage NPl. 



a. b. c. 

Figure 2 Morphology of NPl (a), NP2 (b) and NP3 (c) as studied by transmission 

electron microscopy (Bar = 50 nm). 

I • 
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Figure 3 EcoRI digestion patterns of bacteriophage genomes analyzed by agarose gel 

electrophoresis. M = lambda DNA digested with Hindlll (Thermo Fisher 

Scientific, USA); 1-3 = EcoRI digested DNA of bacteriophages NP1-NP3, 

respectively. 

In this study, we intended to find bacteriophages for using as therapeutic agents 

to control infections caused by ESBL-producing E. coli. Therefore, only lytic 

bacteriophages were required because of their ability to ki ll and damage the host 

cells. Based on their morphological and genomic characteristics, the bacteriophages 

can be classified as members of the family Siphoviridae according to the International 
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Committee on Taxonomy of Viruses5
. Although NP1, NP2 and NP3 are in the same 

family and have very similar morphology, they are clearly not the same 

bacteriophage because their genome have different EcoRI digestion patterns (Figure 

3). The bacteriophages obtained from this study are in the process of testing for the 

ability to control ESBL-producing E. coli both in vitro and in animal models. In 

conclusion, this study provides a preliminary data showing that NP1, NP2 and NP3 are 

potential candidates for use to treat ESBL-producing E. coli infections. However, more 

experiments are required for further characterization of the bacteriophages before 

being used as therapeutic agents. 

We are grateful to the faculty of Science, Ubon Ratchathani University for the 

financial support throughout the study. 
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