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1‘316[@[‘@]5\1 ﬂﬁl%ﬂ%wﬁmﬂamﬁmmaaa@m PFIIMNNITTEINEVDI Naidu Lazntuwe (1999) WUQWLNSI““H’
a a a ia & . .o . e a
nuIUm%@lﬁﬁ&lﬂ’]Lsz.ULﬂgmﬁm'ﬁa Lactobacillus aciphilus S’mnun’ﬁﬂi’mi‘:@mﬂmaﬁL@laSaaluLaamka:
° P P ' Y e a a o
mu’Ju‘IJE]{lL"ﬁaLLaﬂIGm’]‘Iiaaaluq%’ms:‘uaa%& Nan’\sﬂ@ﬂaﬁwu')’]“%ﬂvlﬂsuiﬂLﬂ§@555uﬂ'\u’ﬂ:1ﬂln§ﬂﬂu
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TuAsastsuauazlodifandivauanlavndssldisonadanansaasoanauarlasnimalsed lwamsidsnu
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X o = Ao as da & a e
lﬁmrumawnauaa‘[mmmaam:uﬁmmgﬂuqamiwam‘k}ﬂnuIUmwwmmauaatmmmaa
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5. mﬂns:@gunuﬂunu mnmsﬂ@aaomvﬁmmﬂmsu‘lunqu lactic acid bacteria Nﬂl‘ﬁﬁﬂﬂ’llu

U q
P ] v a ¢ . 4 = o ' a -
waaananaaianistnin liniastlalalad (cytokines) Fudussinuasususideasiinnia

a « d v a o . Y aaa P a_ 4 A a o
Wiun3d anduluanafigaolwifamnuhuiusas fisopiiguiud 9 lasasdadisuuafiFouh

Y 9

' a . . A9 o 1} Al el & + ° v a
gﬁ:uumomumms (Miettinen uazatkz, 1998) Nﬂ’ﬁl'ﬂLﬁ%’)’]LLUﬂﬂLiUW\G']uﬂ'l'ﬂﬂ:l.’ﬂ"m’]ﬂ’]‘lﬂl,ﬂﬂﬂ'ﬁ

& v ]

P a a a - W i «a X a
wasuudss aﬂ{}wﬂ&lﬂuu(ﬂ HININTNEINUIWEILANUD Uﬁﬂa'n'.nLn@a:‘imulus:uu‘n'wLﬂua']“’]i I@] HaU

A

-3 e/ v -~ v v oo "~ 1 -/ A’ L% s d'd
asamsm‘lﬂmﬁwaaiﬂﬂu‘[aﬂnawns:qu‘l%m@mwammmamm‘ﬁa‘[sm”l‘asammmmLm:

o

. A a ' . o o a v % ~
(Azizpour uazamiz, 2009) Felusluladinhazmuisadinaduaiiiszuupiiduiuld insAnwmndszay

9

a vd o

° o A/ . a i« .
anudnTalunislfi@a Lactobacillus rhamnosus GG lumssnsuanfdulsanfiuwisess (Isolauri  uaz

«

@ . . Moo oa a Y a o
Atkz, 2000) LATUWEIMNT. (Kalliomki kazame, 2001) lasnatlwiduwiilusluladnaradn lunamuazaihs
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wsasdasiuluszuumaidueims adwlsfianuannisdnsiususivaunuilslulafinaradily

A

A A. ar s ' v A’ 1 )
uJauuLuJaos:uugmunu‘lé‘lugﬂuuwaomsmusmumwumwamumanakﬂluswmu (Marteau uaz

S

AL, 1997)
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6. Migadumsems 1 ldlwgrasnuwdldunidnannasriieffianududounssdie

wnuadfudne 9 Aw wihnGudwesdunidfamaaimdrurnailulamsanligndeslumadu

Al

+ A o vV o v a Qs Qs A =3 J | L x 4

IMITEIULU fnw:m'lvsmﬂmwwnua:msg}ﬂ%uwammsﬂmnmnmu fansa lasdusnoau laonsa luau

¥ 4 [V . . . . . . . ' 1 = i ar o v ,a
auaudsldn lactic acid, butyric acid Waz propionic acid &wlngazgniUfomdunasouludld @n
- o a [y & a . v & ' s &
fiisa) au (IwshRlaiuwe) uaznauila (axdian) Naidu uazame (1999) waasliiiuiinsaladusosu o
Wunanassldlunisaiandsnurs suLazesaIfanITun T insasusndnadauun iy Msnanvad

. o ° ' , a o o & 4 ° . & A
ls@uuazludulualdlngerdrnsSusiununseludumssuivaudildlng deidaiienvasann

° ' o P a t4 fl o o o a A V|
fldlngazvinigedunsalufumssustnemeads laswwznsauanfinuaznsalwsilaiin feareesly

[ VIR %)

'1hUaﬁumgumsaﬁ”'wwﬁomu‘lﬁLLnggnmﬁ‘u Turuzsiduanunsa bydusosuursaranssztiailasnuniy

e

- o a a a ' v a X A a N 9 ) P o sa
Lﬂauuu,iJaamn@mnqaumnnna'lmn@ﬂsﬂ'lumamawan‘uaamvla Low ﬂ’liﬂﬂiﬂU’J‘YliﬂLLﬁﬂdNﬂluﬂ'ﬁ

D w & a & [y o e v Vo
‘H?UUUUGﬂW?Lﬂ@L%ﬂGﬂﬂl%L‘HﬂQ‘IJBGKWULGUOQHQ’JU%Nl@]

2

“ ! a ar P ° < = v o & & e s A’
lumsifenisauanlavdasashunliidulsluledndasdrilafantifene g dail

‘A’ _ @ s e A ' " a ° & a o 9
1. uﬁaLmﬂIﬂuwaammmu’nmagsaw Waluszuuninduemis  nisiungausnlaungaaunls
o) o~ v“: ! s 1 I3 ] v
Wuluslulad@nlavu iwadindiidndudaeil
' ° [ 1 , ¥ ane & X A a o & Aaa e o~ o '
asludlfidn wazeuisanudaih@ld natunaRulamaldiseausnlsialudsuSinaddng

Fiae g\.l;i@ﬂ%ﬁﬂ'l’):ﬂ’)’)&l Lﬂuns@‘lunsnwwzmms anuiu

(Begley Wazanie, 2005; Del Piano lLazatwe, 2006)
' = ' Aad & ae A o o P
2. arwhdenufime  mnudsendfiuzasadauanlaundsslianudmdglunmsdiulys
a a a & A < o & o @ aal A ‘ a '
luladn iwmzlunsihelindademadvamislasnaluindudasldonuFue Sesulngudens
o : O] v v A o a o o f . xY ve A&

waninazldvhameranelsauddyimozedsziiiviiandveyluieme uddminnldsureluslule
P ' aa A o ' Ada | v e a o L . ¥ X P
anfinudasnu fus wananigedondaiifiseguidimuisandamsidontlumsdugdenelsnds
onassnalianudnduwlunslfufFucanas (Danielsen waz Wind, 2003)

v da °

3. §W130Lfia auto-aggregation uRza3Ng surface hydrophobicity — qassntANdaNINTuas

! a G ra‘ | a v ! @ a . L3 3
wedunidnazhandulysluladnld (radasauisnifia auto-aggregation 'lef insiznisifia  auto-

. X o ] ° 12 g < el & o ° L] & o
aggregation BadiTaaInav Ididasuso ldaimedumadusinud ldwgléd wananiidmania

= a o

. X oA @ P S 'Y . wa | .
nganuiuT s ldlunsivreuganalsalddndy drugmuantifinanudu surface hydrophobicity
v X Hda wa o ‘ o = a & a ° ' o . P a
wudwranilguanidaind ez liamziumssuinad ldwguaiasiems biofim afeuuiiom
o . % o . = Y € a o M v a & @ a
aansdanaliisanalse bimusoundanmenuradunadldngle msidelsaifoadunmaduaims
flazaaad (Dunne UREADHE, 2001; Vesterlund Wazatue, 2005)
a . o X a a X a aa | a

4. mwsaiiia co-aggregation nuigarialialuvmaduamis  nisfefiguaufidulusluledn
& . o a . e o X [ W ed o @ o A4
wudndudassansniiia co-aggregation lagludunuranalsatlasiuliliizaralsadunumisildlng o

«; o ¥ X ' - o . a a Y &
dunalnnisdussdaenalsagenslvidanalsn liswsaniydulald (Zhou uszams, 2004) uazirrelys
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a A v v . . &L o o Y -
Tula@nfinnuanunsalunisdadiunisinie (antiadhesion) rastsanalsauuniiadrld lasnszuiunish
a ' " . 4d « Ve = X a
\Funi1 competitive exclusion @afunalnnisdadunisinnzrasgenalsalasiralusluladn wanainaes
L% ! Q - *v ! = ar - A L] o i) ! 1
darnansinzraadianalinlumadivemislasasiudr welusluladndmdasssaduindaranalsalu

a - o [ o [ [ 4 a as 7 ° o
maduemsndly iu falalesawdessanlad, nsauaadn, nsaludumpau wazansiwanuuames
To%u 1Judu (Liliana wazamue, 2008)

& ol : A A ! - +
5. dansTeadiafiisanauazsvanzgy  nisseatieveddaluslulednlusznitenszuaunas
o o = e &t o s A aa ! - el v s a
naeuazmMsiuNAaA A UaaY Wessainmssaadievaadalisluledninadenmsiasiuuazinwlsa
A Qs aa J ~ ¥ oo ! d‘ ° I} =y =
HdarnsreadiavewdelusluladnsedesiidwrmdandruniaimunoyTunauisanauasinuizay
o o > \ - . o a A 9 wn
(Ljungh uaz Wadstrom, 2006) m3ltinaluladvirukwvuusiiianuds (lyophilization) lunisiiusherelis
- [ L A 3/ e dl | A
%1ﬂag1ﬁ‘lugﬂLLuumadNOLL%d TIfasanAuR TN cryoprotectant WLas lyoprotectant w3 afiminzay
TNUMIBaNUUY product temperature cycle waImsvuwsuuutBanuds tdunszurunisuaanvinlni

Ada

SmnFaRiTiafduntainun s swauasinans sy uanmnu@lawmsusswnalmmﬂ‘mﬁ“'ms
wRaudsnafiwes fﬂa'«azmuqulmmu’lsnﬂaﬂﬂaaU'l@i‘lua"ﬂé‘lmy (Sonaje uazAniz, 2010) lasuatgavzpn
nasumumsindsufinunsalunsziwizemslda wasansoazasluanmiiiuanele Sevnldidelusiule
anlignvmelusmwnsalunsziwizemsteudrgdnld (Wilding uaz Bruce 2000) msiaRauuaygains
Masinfounadwaiuiuaswanad toimes (plasticizer) wa’ﬁmas‘ﬁﬁnulﬁﬁqmauﬁ'ﬁtﬁuﬁszgau U
polymethylmethacrylates (Eudragit®), a‘tﬁﬁuﬁwaamafmnlﬁvag‘[aa 7% cellulose acetate phthalate
(Aquateric®) m‘%aat&ﬁ’ufmae polyvinyl 151 polyvinyl acetate phthalate (Coateric®) (uein (Ewart uazame,
2002)

a

ﬁoLtﬁiﬁlu@iwoﬂszmﬂﬁ]:ﬁmw‘amni‘nﬁmﬂﬂﬂu‘[amn‘lmﬂm DINAAN m‘ﬁuﬂﬂsﬁaamouws’mw

o — § o a

Lwi'luﬂs:mﬁ'l*nuﬂ’a‘lajﬁmsﬁmmnsumumwamL’ﬁaaaumnmnm’samwsom L'ﬁa?auﬂ“ Tonlglunng
Kaaldslula@ndnazisznaudienannnaiysuwug Uiindndaundsiusiainandniaindiasamoius
H9 o a a € Y 2 a a w ™ a & o
Ald nazvaunmInfameiuidan g Wlduasgu utaadnivannaluladlunsuiauanfvinm
J a a € v A ! o ' o b g asa N = £ L 9 | A9 ~
Warduniden asnniradanaduiudelidia (ive cel) Fvazmunsnsangnilduszdniudasd
£ o ¥ wn e & a o A o Pt A
Pnaunnwalumssanand dmuaniiiaiuanudaglunmsidoiemanazimanzauildly

ot & o

mmammaaauwsymnm')mnm Uwuﬂuﬂs: L‘Yl?l‘h’ltl

2/ -~
nsduanasIdaaudnsins

1.ndszina
ANMSFUAUENTU@T Iny ﬁpj"l@ﬁ”u%n%ﬁmtﬁ 82N probiotic, Lactobacillus, Bifidobacterium Iy
mmavmaduiulng lasaansoudainslsuslomdldiiu 2 ngu §a nada probiotic atluamnsdes
Lwatwuﬂmﬂs~Tﬂ°m (aufiEndasing 17943, 17944 uar 23388) nsiesvauanlanadmiuuuafise
o

'mm‘]aanuqmszs’wmnLLUﬂmsun'aTsﬂ (:u7ifV8 0001000704 Was 0001000705) WATHAAA TR

. . , ' o a a o A« -
Lactic acid bacteria Wwas Bifidobacterium ag‘lugﬂmtmd LLa:wuaﬂﬁummﬂumaaﬂu'lnmﬁm 119899
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- ¢ o '

P v 3 o o -~ ad a X a
\n8INY Lactobacillus sakei (LMJYIFI'I'LIEI 0601003687) ‘Hﬁ:qjﬁnﬁﬂT:U’)uﬂ’ﬁNam‘ﬁa'gauﬂiﬂﬂ\‘mm’l

v & o i a a a a v o o v
SMIUUULNMBENDUAITLNYINY probiotic ﬂ]aﬂﬂi:tﬂﬁ‘lﬂﬂﬂﬁuuaﬂuqn

2. @avdszing
a o =t =3 a A o - [ . ) [}
ludszinranigouiiminsednddasiuwiesmaniunislsluladnagiunimany dwlngas
- | 2 = “a ! a g v - o 1 s A J ]
Wunsstiguandfvasseldslulefinlunsinwniizdads Wesireduiltesnnaniengu
Salmonella (Patent number: 5308615, 5604127) siufilaaandasiisanunszuivnsndadalysiule
@nlu Genus 6199 1w Lactococcus, Lactobacillus, Pediococcus, Streptococcus, Propionibacterium,
. - 4 v, X
Brevis bacterium, Penicillium w8s Saccharomyces (Patent number: 6080401, 6468525) Faudiugelys

' o g

a e . et o as . =l i} o A fl
lulefindananaziiasia (genus) indlouniuudm T (species) lutszinalnoaafianuuandranuaslid

]
I

1] a s J L 4 o L. -3 = o r-% a
nadasudIden ludrunszuinnitsniantainisaadnsiasnisndalusluladnludansmzvas
. i o e ° o
microencapsulated %38 enteric coat ﬁﬁl:u@mmua:aanqvlﬁ'lumvla (Patent number: 6706287 uac

o ot av

e . o P! a . -« Ao ad
7101565) LL@]QU'NVLT @ muﬂsznauauﬂ swﬁenszmumsﬁlﬂumsww enteric coat NLIVANARIILID

9 a

o o ;
29NAABITUIILU

P A
Favinlw sl

7) I5msaniinn13Ive
4 Qs o A
1. nsusnidauanlauBaalasis spread plate (Mirlohi uazanse, 2008)
! s o L = 1 =k =l [l v

1. usnireuaalaunddznnganszvesnimadaiienyszning 70-90 U dgvmnudousslid

sz iamssuendjmsuas Bimelilssianmadvihedslsemaduaminduszoziimadianios 3 1heu
& O o g o X 4 Py ad

Taidparadinanuuaiwisudsancnldidoatauanlaundsas (ROGOSA, Merck, USA) lasdtnszany
& g Y & ' 2] a a «
\rauueMaLRLITe (spread plate) Mnuwih lUtniwiziguwndl 37°C lusnzuneanaandian u
12 48 Talud

ddd 1 = o J ¥/ A3 A o
2. LﬁanTﬂTauﬂusﬂswanau am’;mﬁnwmmanwmzmamulcﬂummamm‘mmaz@m%unmmn
a 9

-

anwmeiduuris uszneassumsiiencaziasiusuny ﬁ’]i‘lﬁiﬂﬂ"ﬂutﬂ E]§E] an'lsnﬁ

2. ﬁmsntm%Fm‘sffuZfotgaﬁtﬂ%aﬁﬂﬁuﬁu1ﬁigﬁ% Tau35 overlay assay (Magnusson Wag Schniiver,
2001)

1. dfouanlavndsafldiunisaaidanunidosuuaimisuds  ROGOSA walwldlalafiien
mmfuﬂmm:ﬁqmﬂgﬁ 37°C luanmsUnasneandiawiiwam 72 $alus

2. @vlalaflventausnlaundssasuuarwisuds Brain Heart Infusion (BHI, Difco, USA) ((ihena
nglag 1 wafidud) Widwisnawdszanm 6 fadiuas mmfuﬁﬂﬂﬂmww:ﬁqmmgﬁ 37°c luanne
Unennaandiawdiuam 72 Talus

3.5 mt%amaﬁuﬁmmgméo'tﬁm Staphylococcus aureus ATCC 25923, Escherichia coli ATCC

25922 luamisivan BHI LLﬁmﬂﬂﬂmmzﬁqmﬂqﬁ 37°C (Juan 18 Falus
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l dl A’ g Qr 1 ! v 1 ar L g
4. uaniaostilude 3 Usuquwama’tmmnu 0.5 McFarland @2¢ phosphate buffered
saline (PBS, pH 7.4, Difco, USA) 33 ldUSanmuarrianu 10° CFU/mI nnuugaLe 1 waiidud vauden
UTuanaguud (10 a8anT) NauAUaIMITIRGY BHI (100 Uaddas)

X 4 a a < & ‘e 7 & & 4 a
5. gm‘naﬁwaunummsmLﬂuﬂ?mmmammu 10 CFU/ml LﬂadUuﬂ']uLW’]:LaUOL’D’BﬁﬁIﬂIG%

a

& ae o & 7 &, ' o , &
maowauaﬂfﬂuwaamamvb mnuum"lﬂumww:wqmwgu 37°C \fuiia 18 15’31&1\‘1

£ o & & v A o A
6. ﬁnmmqﬁmmummaamamuwuﬁmmpumamaﬂimuwamﬂnmm@mamo‘la (clear zone) 1

a &
nNaYn

J Qs H.: ¥ L - -
3. gnmgndnisdudadanalsaniaidnarnis las3s overlay assay (Magnusson uaz Schniiver,

2001)
J A’ = O 4 L a = A : &
1. BpaTausnlaundssn lasumsnaidanuuainisuds ROGOSA elildlalafiiding g annvu

' ] a a o &
ilthiuwefigoinndl 37°C lusnmzdsenaandiawiuam 72 Falas
2. \olalafiveadousnlondaassuuomisuds BHE (Adhenangles 1 wafidus) il

'
P!

A o L . ' a a P
wnaudsznm 6 Hadwas nuwihlinwizfigungdl 37°C Tusnzdmasneandiauiuna 72
T2l
& P S a P v .. . . s
3. 1auaanalsaluna@uwenisdeldun  Escherichia coli, Salmonella  typhimurium,
Staphylococcus aureus, Shigella sonnei uaz Vibrio cholerae 1481w 15twan BHI LLﬁ?ﬁﬁ‘lﬂﬂMLWﬁ:ﬁqmﬁqﬁ
37°C flwaa 18 Talue
o & a 4 o ' X v e o~
4. dureralsalumaduaimisilaluivanuguwrenteldiviniy 0.5 McFarland é28 PBS %9
v A « s 8 & P a A A e 1l [y a aa
ldSinaugairiniu 107 CFUmI Mnuugaie 1 weiidud vauefitiuanuiuuds (10 fadfas) waw
AUBMITLRa7 BHI (100 UaddaT)
Y
¥

A 4 a a ;i a & e 7 & i
5. ﬂﬂt'ﬁa‘nﬂﬁﬂJﬂ‘Ua']ﬂ']iﬂﬂtﬂuﬂ?u']mL’ﬁaL'ﬂ'lﬂU 10 CFU/MI \(NAIUUBUITULNIZLREIL aﬁﬁ

& ae A& & & o ' i a & <&
lalafivasgouanlaundaaniaoaly udnhlusiwizfigmnndl 37°C (Huaa 18 Flus

Y

-~ £ o & £ A o o a X
6. ANWNONINNTHLLITaTernalInYaILAR AL RIINIUINVDIN RN AU

4. m3umnvaBauanlauBaalag API 50 CHL kit

1. LEYUJL%aLLaﬂTmm“ﬁé’a'luamwsma‘a de Man Rogosa Sharpe broth (MRS, Difco, USA) inm{'u
ﬁ'l’lﬂﬂmm:ﬁqquﬁ 37°c lusnzUnaanaandian wam 24 $alug

2. dannda 1 ﬂi”umm@mam%a‘lﬁwhﬁu 2.0 McFarland #28 PBS #aasfiuSunaudaiinniy
6x10° CFU/mI

3. LauL%aﬁﬂ§UﬂawuajuLL§3aalu API 50 CHL kit anntiudlariusas mineral oil 1itel¥iFauanlawn
ﬁﬁaag‘luamazvls”aan«?smuuﬁam‘lﬂﬁuLwnxﬁqnmqﬁ 37°C (fhwamn 48 Falua

4. Funaanindudeesinaduuanda API 50 CHL kit Wisudiniadudindes

. A a o o, . . .
5. msdwunallfsvasbauanlaundaalanly identification software database (version 5.0,

htts://apiweb.biomeriueux.com)
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5. asdlansimalBdvasananlaundaalaginain 16s rRNA (Kaewsrichan Wazabe, 2006)
& X a e A _aa r . ' i a
1. dpadausnlanddslueimsings MRS USinas 500 Sadfas anuwi liumnzigumgi

37°C luanmazUneainaandiau iwian 24 5lus

! 4 ; . 9 A 3 { 1 =l { o 8]
2 suranmasslaandan 1 Tuwynfiainuisasey 5,000 seudauh ﬁqmwgu 4°C \Juiaan 10

o o X i o v @ o A aa 2
3. ¥enia (cell pellet) Aldantef 2 nizaodrlugnsazasdif 1 USuias 0.5 Jaddas 49

]
= a

Usznaudae 50 mM Tris pH 8 waz 50 mM EDTA awnfuﬂﬂ‘lﬂl.ﬁqumﬁqu -20°C 1fJutian 30 i

4. \Bussasaudafl 2 15103 0.5 Hadaas (250 mM Tris pH 8) mntfuﬁﬂﬂa:muﬁqmﬂgﬁ a9
uneh ldnsuwiudaunm 45 wad

5. lUETaTaueaf 3 3u1as 1 83503 (0.5 % SDS, 50 mM Tris 7.5 waz 0.4 M EDTA) ua
@nawlesy protenase K iWataplusiiu Usanas 20 lulasias mm‘fuﬁw‘lﬂﬂuﬁqm%nﬁ 50°C \iuiaan 1
F1lag

6. LlBuF13azansfLsEnauday Phenol : Chioroform : Isoamyl alcohol ludasdau 25:24:1
audey U3unas 1 winwesdatauaztin lhwaduwna 1 wid

7. hluiuusnfienudiseu 8,500 saudauii ﬁqmv&qﬁ 4°C ({luaan 30 wifl gamsazaEI
laldlunasalnal

8. L\@U&"T sodium acetate (3 M) Y3u1@3 0.1 tinwassatdluda 7 uaziéin absolute alcohol
Y3nas 1.5 tihzesmadng wanldidrnulasnisidn

9. henatnafildantei 9 luduwenfinauidaseu 9,000 seudawd ﬁqmﬁqﬁ 4°C \Jwiaan 45
wift ileaneaznaudiiuie

10. azanuaznaudiduiaday ultra-pure water USanas 30-50 ulasans

11. mmaauﬂ?mmuazqmmwmaaﬁlﬁmaﬁaﬁ'ﬂvlﬁﬁmm’%‘aa UV spectrophotometer #in21316772
fdu 2601280 Tiadiuns

12, NS udL B uanana leaauinaila Polymerase chain reaction (PCR) lasld lwsiias:

LacAll-F(5’-TGCCTAATACATGCAAGTC-3’)
13H4

LacAll-R (5’-CCTTGTTACGACTTCACC-3’)
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v o &
Tagl4ia309 Perkin-Eimer DNA Thermal Cycler 9600 31171 35 381 @9l1/5un3a PCR running condition

2ot
Initial denature 94°C \Tuam 5 W
Denature 94°C  iluam 45 Fuf
Annealing 50°C  ifuiam 1 wifi
Extension 72°C  fwaan 2 Wl
Final extension 72°C  (wamn 7 WA

13. avrmaurmIaadiuenldlasds electrophoresis lugnsazans 0.5X TBE bufier lapld
[} a - = | = -t ['3 v A |
anwanseng 200 Trart nezualvih 50 Safuauud$ uiian 60 wifi lasdl 1% agarose gel innviiln
a L Ao A (% - °
ALUNTINATUINVDITUA U Tadluuratszunns 1,500 base pair uazld 1 Kb DNA ladder 1{lu marker ¥in
' A aa [y A . a o 'Y -
winiaalasasouuuiavasTudduiedlsiaias gel documentation NMEWAIINTauLAaAIY ethidium
bromide 1Jui2a1 30 wfi uazaFaandruiiiuiig 5 un
° a v a £ o . . . . .
14. ¥1 PCR product ﬂvlmﬂﬁ11MU$§fﬂﬁIﬂU1‘n GFXTM Purification Kit (Amersham Biosciences,
USA)
A . A oa v o a @ . . -
15. rondeddwathriuwaafinye p-GEM lauid Specific primer T7 uaz Spé
T7 5’ -AAT ACG ACT CAC TAT AGG-3’
uaz
Spb6 5 - GAT TTA GGT GAC ACT ATAG-3’
o A v -3 ° A o L J “a ° LE—Y
16. 1 sequence Nldudiansaauianilaindlaslfiniasiinnsiaavineilaing
- '3 ° Qo - =y -~ ] p-t o Qe -y =l
17. SinnsdnadravineilaindlasnsSouifisuanuuandrussanunlsusasdrauiinag

To'nd lauvinms BLAST Search lugnugdiayauas NCBI GenBank

6. dnwranadnisalwnisudalalasawieioanlad

1. dvsfouanlandaanlasunmssaidonunarmisuds ROGOsA alwldlalaflidior snmiu
111'11J1J'mw1:ﬁqmquﬁ 37°C lugnazdseenaandiawdluam 72 1alus

2. @olaladivanBouanlandsafiansSludaft 1 Suaunilalaladl streak sounamsuds MRS
AflEunanvasasdudiaiaasdlsznaudiy 0.01 mg/ml  horseradish peroxidase W&z 0.25 mg/ml
tetramethyl benzidine Ltﬁ'nl'z'h_lﬂmww:ﬁqquﬁ 37°c luamazUsmansandiamiuie 48 Falas
nniwhawsasadadansnalidudsameniiuam 24 4alua

3. #anamsnaalolasawefoanlodveadousalandsdaldninmautouivaslalafianniand

WuihEuaudagén
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7. dAnwziauazUIn ol lactic acid uaz short chain fatty acid

a

1. idpadausnlavrdsafildsunsdadanluaminnes MRS aﬂnmfuﬂw1ﬂﬁuLw1:ﬁqmmqu
37°C lugmasdmeansandiawiuim 72 $alas
2 vdugefildanda 1 thwandaseistuwisifinnuiasou 5,000 saudawdt (wasn 10
wifl ﬁqquﬁ 4°C
3. hasazapdaula (cell suspension) 7HldSIATERMUSuN a7 lactic acid Waza1T short chain
fatty acid ‘fiﬂﬂ"LLﬁ acetic acid, propionic acid Wz butyric acid lapa% gas chromatography (HP 6850) %\ﬂ'ff
anzdail
3.1 Flame ionization detector (FID); Innowax capillary column (Restex Packard 10623,
USA.) (length: 30 m, internal diameter: 0.25 mm, film thickness: 0.25 pm)
3.2 Carrier gas; Nitrogen (30 ml/min), air (30 ml/min)

3.3 Flammable gas mixture; Hydrogen (30ml/min)

e, a L = . o
I@Ummqquumao Injection port, column Was detector temperatures 11 300, 250 itaz 250°C aruanay

8. AnwmanaladasufBnslaslais agar diffusion (Kiare uazamiz, 2007)

a

1. Boadauanlanddaildsumsdadanluamisines MRS mntfuﬁﬂﬂﬂmww:ﬁaqquu
37°C lugmasdmaeinaandian diwam 24 $2lus

2. idaanda 1 Yiuaraguldiviiiy 0.5 McFarland ¢e PBS FoleSunoudainty 10°
CFU/mi

3. ﬁﬂL%aﬁiﬁumwgiuuﬁam streak Uuamsuds MRS 19112

4. W antibiotic disc ‘fi\i‘lrﬁuﬁ penicillin G (10 units), ampicillin (10 ug), chloramphenicol (30
ug), erythromycin (15 pg), neomycin (30 pg), tetracycline (30 pg) sz doxycycline (30 pg) NNUUIK
wsdsadafedonSande 3 mni‘fuﬁﬂﬂﬂmww:ﬁqmmﬁ 37°C luanmzdseanneandian ua
48 1l

A ; ad & a o a4 a & P .
5. ﬂﬂﬂqﬂ'fluvt?@]E)U'lﬂ{]'ﬁ?u:'ﬂaﬂL’ﬁﬂLLﬂﬂI@]quﬁaﬁﬁ]’\ﬂ’ﬂu’](ﬂ’ﬂaﬂ')ﬁ‘laﬂLﬂ@’lluIﬂﬂlﬂ UUﬂq'Nla

NUMANATIIN

9. @nmramanifarsniulysluladn
9.4 @nEImIMuNIALasNBARIBIZULNISARNIsamsiaaly upper gastrointestinal tolerance
assay (Huang uaz Adams, 2004)
9.1.1 M INweo Simulated gastric fluid (SGF)
1. szanoawlns] pepsin (8,000 unit) 478 PBS (pH 7.4) IWTinnududuwrindy 3 g snminy$ud

alile 2, 3 usr 4 drenialalasnasdn (0.1 M)
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a

P g e Ao dN se v ' P
2. idpaFeuanlannddanldiunsdadaniuamsivas MRS wasihhiuwizigunni 37°C

b

lugnzdsaanaandiau Wwian 24 Mlud

a

e J i .~ \3 J i « [l i |
3. dgefildsnda 2 Puuenfiaanudasey 5,000 seudauti Ngwnndl 4°C iluian 5 wIn

Y

Qs ‘!/ e t s 1 ! “ t Qs
4. 61T (cell pellet) nszaw@Ilu PBS (pH 7.4) mnuuﬂsumm’qumaqma'lw,mnu 0.5

v “ ! [} a
McFarland ¢18 PBS @oledSunmdairiniu 10° CFUMmI

X 4 e . o A _aa a . A _aa A o
5. @m’ﬁaﬂﬂsuquuuanﬁmm 1 fafaes tduasluanloyd pepsin Y3unas 9 Usflasnniay

' A a Y r . . i a a o A
a9 giesontlude 1 anmbwih sz fgunndl 37°clusnmizysianaandian uaziiudraden

q U

AN 0, 1,2, 3 us: 4 Falug

o aa J a s ‘!‘ 1 A o
5. ?dmH’]GJN’]?N'IT'JG]SFJG]’UE)GL'ﬁaLLaﬂI@lU'\‘HaﬁﬂL’Ja'l@l’N 9 Cplieh plate count vuam1Tuds MRS

9.1.2 N1INWAED Simulated intestinal fluid (SIF)
1% et LY % e t4 o a Y
1. azan® pancreatin (USP) &3 PBS (pH 7.4) Wilaududuwiiny 1 g sanuudiufenld
wiru 8 easladunlaasanled (0.1 M)

A

& X A Al s a ' 2l
2. LiﬂUGL"lfaLL&ﬂI@UW‘ERﬁﬂi@?UﬂWSﬂ@LaE]ﬂl%ﬂ']‘ﬂ’]ﬂ%ﬂ? MRS LLa:ﬂ’le'IJUNLW’]Z‘YIE!m‘P\ﬂSJ 37°C

U

Tugmazdsanneeandiau (unan 24 52lue
° A/ d. L 9 3 A o 1 =l d. = o | -l
3. dhugaflédanda 2 Juusniinnuiiisey 5,000 seudaunsi Ngamni 4°C (Huwan 5 wih
o v z z ° Lo I} A/ v ] a v
4. vhegenszanelu PBS (pH 7.4) nuwh lWduanutusaaseliviniy 0.5 McFarland g

v A’ [ Qs
PBS FaleUSunmmBatyinty 10° CFU/MmI

a )

X A e \ 9 a _aa a i a a :
5. gm‘ﬁanﬂsum’myuumﬂ‘%mw 1 DasanT WGualuianled pancreatin U3unas 9 Jadfasnw

]
e

. P [ t7) \ a a
rd1s gfeTouliluda 1 s lddumnzigunnil 37°C lugnzdnanaandiau waziiy

ftafien 0, 1, 2, 3 uar 4 TN

Ada 4 P ' v ad
6. ﬁnﬂ"l(ﬂﬂ'\iu"ﬁ')@iﬂ@maQL'ﬁaLLaﬂI@\Uq‘UaﬁﬁL'Jaqﬂqﬂ §) AP plate count Uua']“']suiﬂ MRS

9.1.3 MInuAanIANG

1. azan8nsaring (oxgall) lu PBS (pH 7.4) IiTiamuiduturiniu 0.3% (wiv)

2. (padauanlaundasildsuntsaaideniuaminng MRS LLﬁ:ﬁﬁ1ﬂﬁMLW1:ﬁgMﬂqﬁ 37°C
Tugmasnaanaandian Wwam 24 Fala

a

o A’ 4 v v J 4 4 [} 4 &L =l
3. direfilaants 2 Junenfieanui3asay 5,000 saudawfi ﬁqmvmu 4°C Hua 5 win

41
o w X & o ' & ¥ 4 e o
4. dFanszawlu PBS (pH 7.4) b lUfuanaduvewiseliiviiy 0.5 McFarland &2
A L. ! 1 Qs
PBS Ald1SananTalviany 10° CFU/mI

X d e o a_aa a b a_aa _d
5. @m‘naﬁﬂsummyuumﬂ‘%mm1 URARAT muaa‘lumsa:mUnmmﬁﬂ’%mm9 URRRAIN

1
ol a

o ¥ ' a s ' o
wisnlilude 1 s lduumnzngunni 37°C lugnzUsiaainaandian wastiuaIaL19nIa1 0,
1,2, 3u8: 4 Tlud

2 ada & Ao A ' v ad o
6. ﬂﬂ'bnﬂﬂqill'ﬁ')(ﬂiaﬂ’ﬂaﬂk’ﬁauaﬂtﬂu’]‘ﬁﬂﬁﬂnﬂ']@nﬂ § 9I872F plate count YKIRITHUI MRS
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9.2 Anv1n13tiia auto-aggregation (Alander uazaniz, 1999)

a

1. BpaFauanlaundasnldiunisdadoniuamninas MRS wazin s gunn
37°c lugnasdmaenaandian iwam 24 Tl

2. vdefildnnds 2 tunsnfiaru$isev 5,000 seudewiit ﬁaqmmqﬁ 4°C 1Juan 5 uf

3. Fafianaznamn (cell peliet) nszanusalu PBS (pH 7.4) mmfuﬁ’m"lﬂﬂ?"umwmjulﬁwhﬁ’u
0.5 McFariand &g PBS a9ldUSunoudiawrinriy 10° CFUMI

4. vinasazauaaula (cell suspension) USanas 0.5 1adans nuaasunudualas

5. @n13Lfia auto-aggregation vaadauanlavrdazmelu 2 wf nnulﬁnﬁaaqanﬁm{ﬁ
fdswene 50 i Felasrialddauaalavndsmesanumuisalumsnudmnuwldaidofisuiuderil

1] a v o~ = ¥ X v & . [ X .
musnimznduiuldiiiu control fslumsfinwiaisiaclgize L. cellobiosus 1iuia negative control

9.3 Anw¥n19iia surface hydrophobicity (Alander tazfanez, 1999)

1. Bondauanlaundssfilesunssaidanluaimisinal MRS u,a:ﬂ'l'lﬂﬁmm:ﬁqquﬁ
37°C luanmzUseanaandian (i 24 talus

2. dgafildands 2 Tuwsnfieaundasen 5 soudamd ﬁqmvzqﬁ 4°C 1flwan 5 wn
miwihéaEe (cell pellet) N3=BA628 0.02 M sodium phosphate

3 hdefaduldnndad 2. U511@3 0.5 H8389T wauiL ammonium sulfate lutBanas
i (0.5 H883a3) lasanuiduduuad ammonium sulfate LYY 0.5, 1.5, 2.0 w8z 4.0 M auday

4. WTafinausy ammonium sulfate finnaidutusng 9 noassuuuruslad

5. @M3Lfia auto-aggregation 'uaaL"T;aLLaﬂTmme’Bé‘amulﬁnﬁawammdﬁﬁwé’wmv 50 ¥
Lﬁa@mﬂﬁﬂ surface hydrophobicity 2831auanlaun@s Feaansauisled 3 ngulasldanuiduduvas

a . o &
ammonium sulfate lunsiia auto-aggregation f4%

ﬂ&juﬁ 1 High surface hydrophobicity 71n37ui939% ammonium sulfate < 0.9 M
nq:uﬁ 2. Intermediate hydrophobicity #in1ududu ammonium sulfate 0.9 -1.5 M
néjuﬁ 3. Hhydrophilic  inuLIUTH ammonium sulfate >1.5 M

»
9.4 @nwn131fim co-aggregation NuIBanalinlun1al@wa1nns (Alander uazaA, 1999)

1. Bpadausalamndsaflddunmsdaidaniuomisivas MRS LLa:ﬁ'ﬂﬂﬁmm:ﬁqmﬂQﬁ
37°c luamazdnaaineandian waan 24 $alus

2. LgﬂaL%aﬁaISﬂﬂﬁoLauaﬂﬂﬂi (E.coli, S. typhimurium, S. sonnei, S. aureus W82 V.cholerae)
lugwnsnan BHI LLa:ﬁﬂﬂﬂuwa:ﬁqquﬁ 37°c {Juam 18 Falus

3. WiFauanlaundsaussianalsanmaiduemisiuueniinnauiiizay 5,000 seudaud
gonndl 4°C 1hwaan 5 wfl

4. yiTeuanlaudiauazfanalsamodueimisnszansdalu PBS (pH 7.4) 3miuiiu

[ ! o 1 Q v A L. ! . a
auuvaagaliviniu 0.5 McFarland de PBS dsldtSanoubaiviniy 10° CFU/mI
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e & d o . Y & a e « X a o
5. dgafidiuanuiuuirvenseusnlaunddsnsuiuidenalsamaduamisiudianud
1 s & 1 A = 1.5 1 - |
it nuwih luidigangl 37°C dawamaniasey 100 seudewifl uanzdeanaandiau 1iu
A 4 T
L] ! d. L% L3 L7 =t
6. Wranlaanda 5 HouFunI

§a

;o X o e & a v v
7. gmisimznguiuvasdeusnlaunddsuasizenalsamadnomisnoldndasgansamin
o W v A ' 4 X a e o v o X a ' I S '
M&NsAAL 100 vih Fassuanlaundasesidn lddunusanalsamaduemisssnaliibanalsnla
sunsaadgydulale

9.5 ANBIANNAINITOIRNIIMLIBAS NI [dVDIIBauanlauNBa =
9.5.1 NM13LATUN Caco-2 cell line

1. waztgmwaa‘ Caco-2 epithelial cell line 1%&]’1%1%5"80@&5 Eagle's minimal essential
medium (MEM, Gibco, USA) ‘ﬁﬁmuwawwm 15% fetal bovine serum (FBS, Gibco, USA) uaz 100 unit/ml
penicillin G tLaz streptomycin sulfate mmfumvlﬂﬂmm:ﬁa‘mmﬁ 37°C maldanie 5% CO,

2. neznemadiialwldiradian fiu 0.5% trypsin Insutiuusnfinuiiisay 1,250 sou
@auf ﬁqmvm“ﬁ 4°C 1 Jwan 5 wint

3. dumadiass medolenta 2 $1um 4.5x10° cellsiwell IwrziFssluawwzide
10 24 v mmfuﬂﬂﬂﬁmww:ﬁqmﬁqﬁ 37°C muldaniz 5%CO, uaan 14

9.5.2 n3tesasdauaalauIBad

a

A’ ! o s i s e ° [ {
1. LaU\‘lL‘liaLLGﬂI@YLI']‘IT&a‘ﬁlﬂiun'ﬁﬂ@Lgaﬂlua’l‘vﬂﬂ‘ﬁﬂ’é MRS LLG:%’]VLUU&JLW’]::ﬁquﬂM

U

37°C lugnmzusannaandiawiuiia 24 Talue

et}

2. dudauanlaundssildainda 1 Tuwenfinauiisey 5,000 saudauii ﬁqmvxq
4°C \Jwian 5 win

3. thédafldande 2 nszaredluemndoaisad MEM 7bifinuffue mndudiy
mw@waarfalﬁl,mﬁu 0.5 McFarland #apemnsiapamas 49 ldSunaweadawiniu 10° CFUmI

9.5.3 Anwn1sdainizrasidouanlauBSaa
. & A o o ' v 1o S a P
1. dugausnlauddanyivanaguudsiunas 500 lulasias W@uasluonaiwiziaes
i i [ XY . & ' A a « &
1adNTlees Caco-2 filesualidhadu nnuwihluduwizigoingd 37°C (ium 1 L9
J o A F‘ 1 Qv ; ¥ v */ o
2. gm‘nauaﬂ‘[mmmaaw'l,ummmﬁ@Lm:nwnaé Caco-2 NIudId19628 PBS 3711434 3
¥ & (% . & o ' P a I a
A9 MNUBLBLLTRA Caco-2 978 0.05% Triton X-100 u,mmvlﬂumww:ﬂqmmgu 37°C utian 5 wi
s o J a o o
3. @nwrdarmiidinsesveidouanlaundsauwaas Caco-2 las3T plate count Un
2713ud9 MRS
= L . X . | - o & .
4. msanwasailgiZe L. casei TITR 1463 (ilu positive control wazlBiTa L. cellobiosus
i) negative control
a s a e A 1 [ & 13 g
5. @’anwmmaaLLaﬂTmuwamumm:agum«namww:mm Caco-2 I@Unaaoﬁgamiﬂu

flnesauLULFRINTI® (Scanning Electron Microscope)
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k2 kb L 3
9.6 Anvnstudinisinzigasmian ldvandanalialumadnomislasdouanlaudas
9.6.1 nMstauaBanalsaniduonts

& A a " \
1. \RpaFanalianiauduainns (E.coli uaz V. cholera) luam1sinal BHI wazvi iy

iwzfigmnndl 37°C 1w 18 9

° ! 13 o i %/ g 3 d’ I =
2. u"ll,’ﬁaﬂaIiﬂﬂ’Ntﬂua’lﬂ’liﬁiﬂ%ﬁﬂﬁ]ﬂ 1 duusnfanuiiiseu 5,000 sauaauIn

gomnil 4°C 1w 5 w1

o o & dv e @ a P AW et ad 2 a
3. hdaugafildninds 2 nszasarluamsidsssss MEM AlaifiondfFue anuudiy
. X [ 1Y X A v X e 8
ﬂ'J']JJ?Ju'UaGL'UE]‘lV\WnﬂU 0.5 McFarland mﬂmm?mmimmmaﬁ ‘Hdvlﬂlﬁll']m’ﬂaﬁlﬁalﬂ'lnu 10 CFU/mi

2/ 2/ L 3
9.6.2 An®ANTSTUSINITINZIEadRIbIaT [duasiBanalsaluniaiGuaivislasdo uaala
SIRLILL

L ] [ ' a O ;
lunsann ldutonisanweanidu 3 nqmma’lﬂu
1. @nw1n15iia Exclusion

') J - d' v 1 2 = =3 )
1. dudeuaalannd@asiivanuguudilianes 500 lulasdas @uasluoia

; d‘ L2 & ° L] A' o o) =)
InzEBead Caco-2 laiuyly inuwih luduiwizigamndl 37°C ifluiian 30 wrfl

= l! + =y i v 1 v a &
2. @nderalinlumuduemsidiuanuguudinsiunes 500 lulasias nuu

iltumnzfigangd 37°C wa 1 a9

! { 1 s ﬁv | %/ L [ g
3. glmmaﬁ"lummmﬁmm:nmmaﬁ Caco-2 N9LdI819078 PBS  §147% 3 A9
& 1Y . v o ' i a <
NnUutioBIaas Caco-2 b 0.05% Triton X-100 udnhlUvuwizigoiwndl 37°C 1w 5 wifl

P’ @ Ada & a e & a
4. ANWIBATINMINTINTOAVSITOURN I AU TARLAZLTONALTA IUNILARDINITUY
ad o« o o X a e o s
(88 Caco-2 laeAT plate count Uua1wIsuds MRS fMuiuidauanlavnidasuaruuainisuds BHI &wsy

X, -
Wanalsalun1a@nainig

s a A ! ' =3 A’ L
5. Q51ﬂmeL%aﬁ‘LLaﬂI@lU’l‘ﬁaﬁLLG:L‘ﬁaﬂE]I?ﬂ‘(]’NLﬂ%ﬂ']%ﬂiﬂ%L‘ﬁﬁéLW’]ﬂﬂUd Caco-2 97t

1 §a o U N .
NABIPANTIAUDLAAATAUUVUFBING (Scanning Electron Microscope)
2. @nsn13tia Competition

0 X Py P G a A o ' v a
1. Mirsusalanddauazirenalsalunaduamisivivenuguudidussluly
A’ € d' G v¢§ a . a c‘; ! Q‘; o A’ 5 v [
MAWIZIREILTAE Caco-2 Masuy iTsasiduasldwiaunungasida antuwihonawzstaudoadanidu
lthiswnzfigunnl 37°C (fluam 1 Talas
A/ i 1 Led : *« </ L o 8
2. gadafiliausndaimziuiwad Caco-2 MIUFITNEIL PBS  $1w7u 3 A3%
L, 9 N [y ‘ i P I P
NNUUganLTas Caco-2 3 0.05% Triton X-100 udnhlviswizNigaunnil 37°C iilwiaa 5 wifl
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a A ddes ! - s ! . -
3. @nmidarniiifiesanvandausnlaundssuazidonslynluniaduanisun
ot ° o X - e s
1988 Caco-2 lae3F plate count U#aIMITUTI MRS #nsulBauanlaundaauasuua1wITwdy BHI dmsy

X, -
Waralsa lun1a@ua1nis

a § a e P ) a L3 &
4. g]anwm:maauaﬂ{mm‘namm:L'ﬁanaTSﬂmoLﬂummsuuwammuam Caco-2

ﬁmna”aai;amsﬂﬁﬁLﬁﬂmammudaansm (Scanning Electron Microscope)
3. @nwn19iia Displacement

1. ﬁnL%aﬁakﬂ'lumoLaummsﬁﬁ%’umwmjuuﬁaﬂ?mm 500 lulaseias duaslu
MaMNzRBILTad Caco-2 fiasenly mmfuﬁﬂﬂﬂmww:ﬁqmwnvﬁ 37°C (fulaan 30 w

2. LauL%au.aﬂT@m%é‘aﬁﬂ%’umwmjuuﬁ’:ﬂ%mm 500 lulasdas svmiwiona
Lmztﬁrﬂomaﬁﬁwﬁﬂﬂﬂmww:ﬁqmﬂgﬁ 37°C {uam 1 7alus

3. gm‘fa?ﬂ'[&immsnﬁmm:ﬁmmé Caco-2 faudadrase PBS $vmau 3 ady

L2 [y . v e ' d a &
mnuuﬂammaa‘ Caco-2 @78 0.05% Triton X-100 LLﬂ?HWiﬂUNLW’]:ﬁQW“QN 37°C \Juian 5 wii

Y tan & o o & a
4. ﬁnmam'}mm%msamaoL'naLLaﬂTﬂm‘ﬁamm:mana‘[sa'lumomummmu
ac & ° o X a e Py [
I.‘IIEIE: Caco-2 I@U'Jﬁ plate count Y#a1% 15U MRS H’I%TUL’HE]LLE‘]ﬂI@]U'I‘HaﬁLLﬂ:U%E]'}“A'WLLﬁG BHI 8%y

x -
Waralsalumaduoinns

o & a e X a (3 &
5. ﬂanﬂmnmau,aﬂ'[@mwamm:manaISﬂmaL@lua'lmsuumamm:mm Caco-2

MundasganssmiBlinasauuuudainiia (Scanning Electron Microscope)

b 4
10. AnwranasdrzasBauaalaudaslugluuuuadya
= o as ¥
101 mae3vanBauaalauiBaalugunouds

A‘ A/ - ﬂ' W« Qe 9 t A =
1. \fpnTauanlaundaan lasunisaadanluaminnal MRS LLa:m'hJumwnzﬂqmﬂgu 37°C
lugnzdsiaanaandian (waan 24 $2lug
o ! 4 L3 'S L d' [} ~ ﬂ' = |
2. dwgaildands 1 Juusnfianuiiisey 5,000 seudewifi fgungll 4°C 1w 30 whil
o X b4
3. nsznudTsluaTarany 8% teauanlas
a ! P Ly L% o [ @ as = ° @ :‘ d‘ & §
4. vugafldande 3 Mlwukelas3s Freeze dry Imuaﬂqmv\quaoaum’lmmmﬂuaoﬂﬁs:nau
o 3 &) : I3 A a g‘ - & :’ I3 -3 I 4 as
wiednaeduiuds mgumnniiazdiiis 40°C nuwhudsziienaodulodlasnisaannudua
- by Y o« 4 ¥ a a ¥ g Y dao Y o .
Wadaadaniudesan Taiudassnidalunua waznuuganNNIUWIahnduagiumsaaatie
A ‘! A V& et ] A v a
WasaLSuneaNuTu snw:'l.mﬂumamqmmma:uzw;u
Qs =) A/ a e ¥ Led 9 asad
5. damIiiTinTeavenausnlandaanauuaznaanihuielassas plate count Unamns

uds MRS
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102 msaspaBauaalavdaalugduvvualea

o & A d .
1. WU TBURALAUNBRANENUNTZLIUNNT Freeze dry mussaﬂaaolmmﬂqmuas‘ 1 u,szgaa: 125
§an58 A18LAIaY Capsule Filling Machine-Model (Prolabo, France) 3142w 5,000 uas
o Ao A a . - P ~ . (Y .® ]
2. mLmﬂfgaﬂwmaLmﬂImmmaavl,ﬂmaaumlﬂUmﬂuﬂ Enteric coat @79 Eudraglt L-100 magm

(%
- |

lunaadavulsznaueiy At

Eudragit” L-100 12 %
Propylene glycol 3%
Sorbitan monooleate 1%
Ethyl alcohol 45 %
Acetone 39 %

3. m?z'ammﬂsgaﬁmm%ao spray gun %wmmﬁumuﬂuﬁnmwaaﬁuﬁmmwﬁu 1.0 UadLuas
(Walther Pilot, Germany) fisamslng 3 Sadaassaurfl lua3as convention coating pan

4. Y17 Acetone USNas 20 Hadfas mﬂsﬁaﬂﬂlum%ﬁaamé’ia‘uLﬁ@lﬁtmﬂﬂgmnma:ﬁmm
(Sou mnifw,ﬂﬂﬁuUﬂaﬁuaw%’auﬁqquﬁ 40°C LﬁalﬁLLﬂﬁsgaLLﬁaLﬂunm 10 Wi

5. LﬁmmﬂﬁgaﬁmumimﬁauﬁaLL@T?VH?{QMMQQ 4°C \HanarounnuAseIasdauanlaunSaw
daly

10.3 AnvIANNAIAIVDIITOUAALALNT A

1, fmLLszgaﬁmsgL%aLLaﬂIﬂm%é'a uaztadoudadie 12% Eudragit®L-100 3113w 100 uwayea
usaqlummﬁ'ﬁuuao

2. Lﬁumm@”\méﬂvﬁﬁqmwgﬁ 4°C

3. @é‘mwmsﬁ%ﬁmamaoL"gaLLaﬂImmG'Bé”a'meﬂsgaﬁLﬁuvl,ﬂ@zﬁ% plate count UKa1MITUT9

MRS 711381 0, 1, 3, 6, 9 L&z 12 Lfan

10.4 ﬁﬂ‘l&’\ﬂ’]’]&la’]&I’litﬂ%ﬂ’]?ﬂaﬂ‘ﬂa'aElLL%QuaﬂT@)U’\%ﬁﬁi%EﬂLLUULLﬂU‘Q&

miﬁﬂ'mmw;JmmsnlumaﬁaarTuLLmJgavlaﬂﬁﬂa@ﬂa'amﬁL%raLLaﬂT@uwsﬁa”aluanwa:Lﬂunmlu
nmm:mmm@'\mmsmja@ﬂéiausﬁv’gaLLﬁﬂIﬂUﬁ%ﬂ”ﬁ@”@ﬂénaaﬂmnLLszga"L@Tamoaugsm“luamquﬂu
ma'lus:uuéwvléhfimﬂﬁauLmﬂsga@ﬁ"m 12%Eudragit™-100 lunms@nwnsUsaddenidouanlaudaaiu
atillFinedia dissolution method Fadiduaaunsii

1._ﬁnLmﬂs‘njamsgﬁ'gL%auaﬂi@mq“jé'mmzl,ﬂﬁauﬁw‘ﬁm2% Eudragit™L-100 $1147% 900 walgald
aslumsazanorwinaiAdanznsalunssiwizenwisiiiies 1.2 Usunas 900 Hadsas ﬁqmvm“ﬁ 37°C
wazwyUeIBANLEITAY 100 soudaw? ilwaan 2 Falus

2. ﬁmﬂﬂgamiqéﬁL%aLLaﬂImm%ﬁaua:mﬁauﬁm"w12% Eudragit™L-100 37431 900 uaiegs
laaslussazatiinasfdenizansludldinias 7.4 YSunas 900 Jaddas ﬁqmwgﬁ 37°C uaznyu

fenL5ITaL 100 saudauf 1waad 2 Talud
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o o o | 4 o
3. ENLﬂG]ﬂ”liLWlﬂGI'JLLﬂﬁﬂW?&ﬁa']EHJEN@I'JLLﬂﬂ‘gal%ﬁﬂ'l’J:ﬂ'ﬂNLU%ﬂ?ﬂl%ﬂi:LW'WE}'WVIS‘IN@’J
v ] o o A . < A v o &
LLﬂ‘iJsganmaﬂuumsumnmuaza:mU‘luamd:mna’nmanmmu’lﬁ 2 ‘D"JIEJGLWaﬂaﬂﬂuﬂ’lL’ﬁaLLﬂﬂI(ﬂU"l
A o ' = ' ° v o v o A
PIFIINRFNIIENIA mu‘luanﬂ:mwLﬂumolum‘lamLLmegaawaommimmnmma:a:mmwa
] o X a e v (3
ﬂamJaaUmLﬁaLLaﬂI@mwaaaanmmnl,mﬂfgavl@amoaugsm
o A & ae A ' v ad &
4. ﬁﬂﬂ']‘il@ﬁ'lﬂ’l?ﬁ‘ﬁ'l@lfa@"ﬂE)\?L’ﬁaLLﬂﬂI@lU']‘ﬁﬂﬁﬂﬁﬂ']'J:@]'N‘] AT plate count UHaIWITUI
MRS

8) HamIALWIIUAADAlATINNS
1. Hamsuanidauanlaundad

& Y o & a o o i« o = a
luﬂ’ﬁﬁﬂwﬂﬂ‘a‘x‘]uvlmmﬂL’EaLLaﬂIﬂUWGﬁaaﬁlﬁﬂq%aﬁiz’}Ja\‘lmmawﬂi‘ﬁtﬂuﬂdgqu LLa:&Jq"UﬂWWVﬂ

a a

o o X & ] o o ' A o
1% 30 A% W TaNUFIIULEIMITUTI ROGOSA WU’NIﬂIa%‘YlLQ?mL@UI@U%El"I%’]?@Oﬂa’]’JNﬂﬂiﬂ'm:

@

'
Ada ‘.

a [ ) A, ' o '
nauuuLaziiFze auaadlugud 1 (n) Wenisguidenlalafindanwuzuandraiuvasudazauun
wa & v A X o« & Av A . o & o . o
naseuqmaNtadasdwiesruluseusnludianiald lasuisadsnanundouunsy usznageuns
ianLAZLAR (catalase) wuinanlalafiflasumsaaiianiiuiu 169 laladl Gasunsuuan fanwmuezding

wuris (U9 1 () uazldnanzaziasduay

H L= =1 l! a e d‘ v v =
31fi 1 anwmz‘[minmaaL’ﬁaLLaﬂTmaamwnvl,@mnqamszmmgg«amqigmmwwuummm“ﬁd ROGOSA

1%

el J =) ‘S’A a v v ‘!I o as t
(n) LLazaﬂEm:"llENL’LFFJLLaﬂIﬂU']‘Ifaa‘ﬂﬂ@lmmi&mﬂmﬂﬁUl@\ﬂﬂ@d?ﬂﬂ?ﬁﬂﬁ:ﬂﬂ’]ﬂ\‘mﬂ’m 100 1 ()

l{ Qs Q‘; ‘4 Qs g 1 =3 ‘s Q
2, tmﬁmszmmL%aawwuﬁfmmgwu uazifanaliamadnanniszaddauanlaundaa (T23/3)

a

ﬂwIﬂTaﬁmaat%aLLaﬂIWUW%ﬁauﬂw@aauqmawﬂmumiﬁvsf'amsm’%ty@u‘[maaL%amawmf
nasg1udaléduniTe S.aureus ATCC 25923 waz E.coli ATCC 25922 Tawi% overlay assay Wuin 17afl
wen'ldloloian T12/4, T131, T13/3, T13/5, T17/4 uas T23/3 Fqnilumssudariada S.aureus ATCC
25923 Wwaz E.coli ATCC 25922 $aiien inhibition zone agluze 9 - 20 Jaddas Fouaaalua s 1
lumm:ﬁgﬂﬁ 2 ugAIENWIENITAe inhibition zone vaulTaLaAlALNEREALES S.aureus ATCC 25923

' { o o & X ) da Y . aa
fu 163 lalainsignslunisdugaremeiusunasgunien inhibition zone #osni1 6.5 mm uazlaladin
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a

[} a b J o ' v ] v g e/ v Lo e o a “ ‘!
'lummmuummamnmﬂ@ (‘1&5161%3@1\11]6%&) mnmsmaaommumom le.ﬂ Wﬂﬁiﬂﬂlaaﬂlfﬁalmﬂtﬂ

a s A Q4 | = L A [}
ndarleloian T23/3 alflumsfinwquandfanudulysluladnduau 9 se'ly

ﬂ. .{ as ﬂ‘; ! v € dd’d s I .! a o
@131 1 gnimisfudusempwutinasguwaslalaiinfquansuzniureuanlaundss

Isolates on. Inhibition zone (mm) (mean £ sd), n=4
S. aureus ATCC25923 E. coli ATCC25922
T13/4 13.2%01 9.9+0.1
T13/1 13.5+0.1 10.2+0.1
T13/3 13.2+£0.2 10.1+£0.2
T13/5 13.2+0.1 10.0+ 0.1
T17/4 10.5+0.2 9.0+0.2
T23/3 20.0+0.2 17.8£0.5

d’j = o/
FiawaAtAUNTAE

- o a L & Ae A o o Aa a
Eﬂﬂ 2 anWUeNIILNG inhibition zone "11adL‘ISBLLaﬂIﬂ‘U’I‘ﬁaammﬂvlm]’mqfﬂﬁ)’ﬁ:"umg&gda’m‘?}u q’.U.ﬂ']W@I@U

3% overlay assay

g a o AV e o A @l o & a a &
auanlaundas (T23/3) ‘nvlmumsamaanmwmaaugmauumlumwumn’l'il,ilitmeRmmum
1] a Pz} % ¥ & . . . . ad
delsamaduaimsaslaun e S. aureus, S. typhimurium, S. sonnei, E. coli Was V. cholerae las35ns
=1 ' A’ a s 5 ~ a A/ ' a
overlay assay MNNNIANINWLID auAAlALNTAR (T23/3) m&ﬂiﬂUUU\?ﬂ’ﬁLT\)ityL@]UIﬂ’uadw analsaniaan
& P v & A PR . ' A aa o ]
g 5 ke ldiduadadlaglden inhibition zone atflute 36-38 fiaddas dsusaslua1snen 2 wazgy

'
a

) e a . o ese & a o AV e @ A £ o &
# 3 \luanwasznnsiia inhibition zone vadTaLaalaLNERT (T23/3) AldTUMIRaLEaNNNONTLIUNTTUL
AN a A v oa .« & Ao P £ v ¥ ¥ X
werialsamaL@u Feanwansnaaasuaasliiiuindeuaalaundar (T23/3) Sgnslunisiudimasase
v ¢ g a va & X a A ¥ X 4
fusuaIgInuazianalsaniafuemisidanaudeuyafiiounsuuanuazunsuay nefliftasainlu

nszmumsmszymulwaaL‘Iiauaﬂ‘[@mwaaa:uns:mumwammiwquﬂummuUomnasrymaa
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X a o ) ~ & & 4 L o . . .
L’ﬁa?aumﬂml‘ma"lnmsaﬂawaawmﬂummsmmma ‘Hdﬁ’li@]dﬂﬁ’]‘ﬂ@]uﬂ lactic acid, short chain fatty
. . . . . . ° Vv J 3 ! ~a |
acids (acetic acid, butyric acid LLas propionic acid) Wflm’ﬁanaIiﬂﬁLﬁﬁmluan’n:Lﬂunmﬂﬂq@m’n
a a & & Ao . o & X a aed
Lﬁ]itleUIGl uanmnumaLLaﬂI@uwmaammsnmmumsmumaanmaamﬂmﬁmamaomagaumumms

o ' v L. a & a e a { A '
aanandledunians bacteriocin wazdnnalnfa Wwauanlaudagsursonaassndanuiduivdaisagued

a A€ o v X a -~ ' a a ol P . « o 4 =2
wisd ldizedunidhimannniydulaladeldunams hydrogen peroxide tudu Fsarnnisdnm
LY (Y (% @ . . & A 1Y

WAUIANUFEAAADINUNNTAN®ITEY Liliana WazAtie (2008) WUIWE L. rhamnosus L60 inen'léain

. = £ o & a a o & & o v @
TaINRDAVDIAY Nf]‘)’lﬁluﬂ”liﬂllfJ\‘?L"ﬁaLLUﬂ'YILSUvL@‘/NLLﬂ?&JU’?ﬂLLﬂ:LLﬂSNaU “hanIMNUYIRaANIINY

9
5
U

0 ! a o =1 s z J O = a
MIANHVad Reid Wazame (2004) wuindauanlaundasinanlunsdudasanalsamaduevs laonaa
Aa Lo & & “ LY . . . . . .
ﬁ’liﬂuqvmsmmmaﬂaISﬂ‘va@LLﬂm‘i lactic acid, short chain fatty acid, hydrogen peroxide &2 bacteriocin

Wudu

4 £ o & & a g a e a
AN 2 gnomsdussranaliamaduenwisvassauaalaundas (T23/3) lau3s overlay assay

Gastrointestinal pathogens Inhibition zone (mean % sd), n=4
S. typhimurium 38.0%+0.7
S. sonnei 36.6+0.8
S.aureus 378%+04
E.coli 38.8+0.8
V. cholerae 37.8+0.8

1o E.coli

& IS5
Wananlnudaa
(T23/3)

P a a . e A a o PRy o A o & a
311 3 anwmenaLiia inhibition zone vaapauanlaundaw (T23/3)7 lasunsaadaniuianalsanadn

91%1T (E.coli) lagds overlay assay
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b 4
3. Msiuwnasnugradauaalaundas

o [ g ac & Y Goa el LY ° '
mydwunmovuizendouanlaundamdasduazlfiznedonunsy mahasaindulalasau
P & @ v P X A a ' A o . & ae A X
wadsanloduaznidsinasnuuzlalafivesdefiaiyaguuemisiiuwzdaeuanloundda Sudousn
Y  ar ~ = A J [ A ' 1 = =
lavdamasiisnwuelalafinan F1ilaldusvuamiuds ROGOSA Wadauunsuazwuindasunsuuan
) L 3 | » QA @ v Q. & ! A e A 1 & & J
surislinanzaziasmduspudanquantiddaduainsavanamsiugvanie ldluszauidariouu nodl
- a o X a o v & . o« ¢ .
dasnluidsveadausalauddy  Usznauludiuide Lactobacilus wanwauEuWug (specics)
o« & P (Y s A Ao ° ] ° a
(Balcazer uazfniz, 2007) daunisiuiudasendumaiioniianuiuwizannnilumsduunaewutvas
J v [ L a e/ ) ] A & L] Qe d L ad 4
wadanslasldnannismisdmdauni felumsdnwateitlédanlsds AP 50 CHL assay Faluisd
o o ¥ & a o P = by HY v @ o a & a s a a o
grdpnInaniiaavesTatanlaunddzlasaziddsuivanhaanlfilududiamasanminiwdug
A + 3] ar 1 ! - A d' L
wRgIBIzaunaurInaILgaluMIANUIN N NHAMINARBIWL I TakARLlaUNTaE (T23/3) Al laTU
o A =, & A o @ A @ A & o '
msdaianiurauaalouFasmuwus plantarum (L. plantarum) fiszauarandaiu 93.0 wefidud ud
ad ) = IJ ] =l o8 A’ .
Basnanitymlunmsudsuafiasnnanulidadoslunszviumsuavedfuusssauanlaundames
TWNIINULANARN WA MAN BN TIaTUUEMILazdsIIdEMIAILguamILINITILIadaNaT7
" X ¥ L X X e -
WU §udsznauratanmindsaseriunianzlunmanisiisadarilinisudsnaiieanuulsusiu
o & =3 [ A’d % o a = € a :’ A A a A A’ a e
aniulumstinmarsfizalnhmefiamsienedszdudunnesaudsifatususldfvaarouanlaundan
o A A a 4 P LR o a a = X a e o
Funafiafidanldda 165 RNA sulwnafiafldmdrauiiailalnduvesseusnlavndaalanls NCBI
| L o s 6 & A ry as i I a A a (3 ot &
GenBank (Jugnudayalunisiuunalliduesde sanafteanaidunaianaunsoiensimslss
! v 3 =l 3 “ L 7 et § = [ 2. L -1 1 @ ~ .3 v ) a
vanraldanidiussianmwudilualffacianulndZanuuazlanuuandrenuioainiey udinadia
aanandianugIning M leduuazsI0137 (Dickson WazAmhz, 2005; Teanpaisan was Dahlen, 2006)
4 -~ i o @~ - I's & a e a o o e
Hnnsanswuhdeuiiedleindueaeusalaundda (T23/3) Walfivuiudays BLAST Search lu
v | J - a .
UVBUIVDI NCBI GenBank LﬂuL’ﬁaLLaﬂIﬂUWWGGmUWE plantarum (L. plantarum) (GenBank accession

@ °

{ Qs A ﬂ‘l Lo o =t A/ o ar O
no. HM 051157) fiszauanaiaiasiu 99.0 iafiaud Tauadreuiinilalndvassauanlaundasauanslu

UG

A 9 : J oo ar Qs 1 [ : a 1
ManuwIn 2 99ngudayalu GenBank wuindauanlau@dasia 123/3 aanaraflusilidandalad

nonulugudoya

k4
4. anuansatwnsndalalananilaseanlodvandauanalaundaa
& i ! - ol [l z Hl a
mrlalananlafeanled (H,0,) Wusfirausalaudssualddrinsuiamansondald an
' a & av a X a A
NMIfn¥NTaY Maria wazamie (2006) wuihanslaleslnwdeseanlodfireuanlaundaanianiuiignslunis

= a

o & P S & & ' al X4 X s a v o d a .
UUUGﬂ’lTL%iﬂJL@]UIWHENL‘D'E]ﬂ?JI?ﬂ S. aureus vlﬂLﬂuaUﬁdﬂﬂG%LuadﬁﬂﬂL"ﬁaLLUﬂﬂL's‘Uluﬂq&lﬂNﬂﬂ lactic

&

, “ toay, . A e ape Ya E
acid Wi (heme) danuialimunsaldszuy cytochrome taldsusandianliiduihluruneu

gavhpveInszuIumIasiudlanasenld udazld favoproteins iWdsusandiawiulalasiauaioanlad
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o & A & ¢ e ' ' A f o >
wnuasnwiasnndelunguainanalifiianled catalase Ishimansariaslalasiaunlesoantladld
[ . & . '3 a o e Ps aa A o . a a .
saenaIsgnidessaninueniasuaziamuiuindaansuuafioan mldlismusaedgdulald
f 2 ¢ a o a
(Tomas uazame, 2003) lumsdnwiassiiwuinauanlaundas (T23/3) sansondasTialasianas
J ] =t A J ‘d 3
sanloa lalaslalafivessaiduiulsiiaiiosuuenisuds MRS Ailaudsznauuas tetramethyibenzidine
(TMB) tiac horseradish peroxidase las horseradish peroxidase azaand ladnuas TMB vivlilalailvas

]
“ A

& a a I3 ¢ qa A & A,
Wauanlavdasnaunsondasnitalasswdafeanlodiufouaniunniuging

»
5. ANAINIINTWNIHER lactic acid WAz short chain fatty acid vansauaalaundaa
4 X o e AV e o A a . .
lumsfinsanusansovasgauanlaundas (123/3) Aldsunisdmdaniunisuiaans lactic acid
. . T L . S o d
LLazmi'lunqu short chain fatty acid Foldur acetic acid, butyric acid Waz propionic acid lasldin3es Gas
a a . X Ao a
Chromatography (GC) lumsinnzimBunaasasndnnuinidauanlaundas (T23/3) auiToudasns
lactic acid, acetic acid, butyric acid (.82 propionic acid NT=AUAMUTUTULYNAL 162.49, 149.26, 5.77 Uas
° o  as | A 9 v
16.16 mmol/mol maang‘[aa audravasuaadiulasunlaunsulunanuin @ Gsnmsdnwtiedu
& A a - £ w ¥ X a I ¢ 'Y
wuingauanlaundaw (123/3) Jandlunisdudusenalsansduarimisnadaunsuuinuasunsuavle
P . al XA & a e a . . ' R
Wuagnednstiifiasannidauanlaundas (T23/3) aunsaneas7S lactic acid u,a:mﬂ.un@u short chain
| o A 6 o & a a P ] ] P '
fatty acid @esrsasns ninalniuniigusninadyidulavasisanalsa laansfnwAduuwy i
o ol = - 9« o =l Ad - + Qs
ns:mumsvmnmaaLmﬂwLs:ms@LLanmna:'lﬂnmaumu‘naf[maqammmﬁn‘[@mn@mug UNITaARIVDY
A o a . X o ¥ a X a o € \
ffitar Fnwandamailinslunisdusimsaigueasanalsn nsszauveInTadunIdanansznude
P g a d & XA a a el aa a A f EL o
vnana“[smumaummuaamnnmaumnmmﬂa:mnua:nmuaﬂmmuaag‘lugﬂw'tmmnma:a:mu‘lu
a ° 13 () o v 3 ! . 0 a o L g 3 l '
T limansaunsinwbaduaadvenderalnlusnvesealwifaldsanalimelwaaduaaiarie
a o -t 1 o e A
Tsaumwnamgamwmwanua:mﬂmﬂmnmmaanm'l,ﬁ"l,aaauauLLa:Tﬂsmaumaz’lﬂsumum:mumsw

unuad@unsuiuisu substrate translocation Waz oxidative phosphorylation 1TJuéu (Gill Was Rowland,

2002)

6. anulidasdfBinzvasBousalaindaa
. ad & ~ e o & a 'Y
mmudssnlfFusvasdausnlandsslnnudnglunmadulusluladn ivselunsinunlse
a ! a ‘.’ I3 &) A L A ’ ) as ] o ! )
faamadiuommslesn ldniudaldenuiue Hdmlngordenaruenanallvaereralsa

v X o a d @ - . ‘v vo & a _d ' ad
I.LG’JEN‘YT'I&’]UL'ﬁaﬂizﬁﬂﬂu‘ﬂa’lﬂﬂE)glluﬁdﬂﬁﬂ LLG]I]’]W\HLSﬂﬂSUL’ﬁaIﬂivLUIﬂ@ﬂﬂﬂuﬂaﬂﬂﬂg‘ﬁ’éu:uaﬂ%’m

£ o ' aaa My v e a o L « ¥ X 4 Y .
maﬂona’]’m:ﬁ’m’liﬂu’lﬂﬂaEIIVL@LLEI’JUdﬁ’m’]iﬂﬂaﬂmiﬂ&mﬂﬁ uﬂ'liFJ‘lJUOL'HaﬂaIiﬂ%OGGNalﬁﬂﬂil'ﬁﬂﬂ

a . . /. ] a J’ as
Fuzaaad (Danielsen Las Wind, 79 Fue nsoil
Ll bil D | wae Wind, 2003) nn ’lu'ﬂ']u@laﬂ']lj PIUSVDILUATILTHUNUIIUUIRINN 2 ﬂ"ﬂi’ﬂ

a A Y

v oaoa P Y ' ad o a oot o 4 a ad
whiudie MatiBuidunmudasdfFve waznsdSudalusnisffis§Eue Sebudumuend§Tue
da a ; Y a A a oo ad ' ' .
nilaglasvasuvafiGoazisliefiGomausasdyldlusnicifojiulaslismundoneally
oo A v o Y aa P A a v P ' \ oo A v
wafi3eau 9ld suanudumusljiucivuaiiGeldiuinersfindonaaldguuaiiGuauld

v dl as i - o v ] ad 4 A v a w ¢
m’mmumuﬂ'lmum'm UlﬂLLUﬂ‘YI Lsummsn@numumamﬂgmuz'lﬂLuaomnﬁ'ﬂmn@msnm UW‘H‘Q?JE]\‘]
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- a v o da Y ' aa P = a \ v a
luy wianslasudunfianudunmudesidjime dansuisuudamaiugnisuazsasliiiians

Qe ar ot a L A o > a A v Qs ol t
JasrudasvesuuafiGeldifiassnasiliifenisidfsuudsaihwunglumsidndusessnd fimue ud

as

o o - ' o do . aa - a f . . ‘
WhsfiewdshidnonuiaintoneadufdunudasujimsannuuafiGolunga lactc acid lug

.

8
a - & o a a '3 aa A, v a .
33aumuﬂs:mnu‘luszuumamumms’uaom&vuLLa:Lmﬂm Uﬂﬂalﬁm@ﬂiﬂ (Mathur uaz Singh, 2005)
X a s a FoA Lg o [ P v 1] a et D . Y.
L?iFJLLaﬂIGIU’I‘TI&ﬁU’Nﬁ']UW%ENU%@H%YI']%YI&JE]QLEN‘HGa’m’]iﬂ(ﬂ'}u‘ﬂ’]u(ﬂaUﬁﬂ{]‘ﬁ’lutt'ﬁu bacitracin,
gentamicin, metronidazole, nitrofurantoin, norfloxacin, streptomycin, sulphadiazine, teicoplanin,
. . . - P g
trimethoprim en) sulphamethoxazole Wax vancomycin (Danielsen W&z Wind, 2003) “anannunane ¢ se
v ¢ P g . . Aat A v . ad 4 & a da v . ad
WWQTBGL'HE] L. salivarius uﬂu‘nmumuﬂamﬂgmu:muﬂuﬂuﬂuagl,ao LLG:&’]QJ’]SG@]’]%YI’]%C‘I?JU”I]J{]'II'J%:
vancomycin (Elisha waz Courvalin, 1995) L8z D’Aimmo WazAMe (2007) T189T1%37 AU UNIUGDLN
UjFmzveasaldsluledn Wumumuninveagelumsfiszagsealdifadnuldiumsinmlaslden
ad 2 X ot . ad 17 a ad . N .
Y%z annisiinmanubhvssssuanlaundas (T23/3) deendfFausns 7 slialasiF disk diffusion
& o &, . : I :
assay wWuILTBLAAlAUNT A (T23/3) wawaun erythromycin, doxycycline, penicillin G, neomycin a2
. a4 A o ' ' N . P o a
tetracycline luwneAiradanarrlidaen ampicillin Wwaz chloramphenicol (f#1973971 3) LASANWUSNITLAG
. vy sge X, Ly o P P < a ' [ 3 a =2
inhibition zone LLUUVL’JLLNZGISG]EJU’IUQ’U’Jut@‘IGLtﬂﬂ\?luzﬂﬂ 4 FINTANWININANIROAARDINUNITANWIVDY
t g a e . 1] . eree . ~
Graul azaitus (2009) wm'wnaLLaﬂImuwmaaaauluryvlaﬂa ampicillin W8z chloramphenicol itazdna1y
. , L& , U 2 ,
FEAATBINUNNTANENITEY Maria UazaAThz (2006) wuliwra L. plantarum (LP-A22) aaeatl Tetracycline

waziianuldasn Ampicillin

] P4 o ' a ad . . .
3191 3 msfnsanuhvasdauaalaundss (123/3) daendfTuzlasis disc diffusion assay

Antibiotics Susceptibility

Ampicillin (10 pg) S
Chloramphenicol (30 ug)
Erythromycin (15 pg)
Doxycycline (30 pg)
Penicillin G (10 units)

Neomycin (30 pg)

A O A 3 A O»

Tetracycline (30 pg)
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a

] a . T ad . e o & a e
gﬂﬁ 4 ANBMENNTLNG inhibition zone VBILNUNTIULULY resistant LATUUL sensitive Aulreuanlaudas

(123/3) la3% disc diffusion method

wa &, a
7. amandiananinlisluladn
7.1. NMINBATARASTIWAT IHITVUNIILARDINNT
7.1.1 M Inwaa Simulated gastric fluid (SGF) wae Simulated intestinal fluid (SIF)
e X A a v & a o & X o ' o & v  dAda ' P
msmmaﬁgauwsﬁm‘mﬂu‘[ﬂﬂu‘[amn1@uu Lmamﬂa’mnl,ﬂumaw%’magluama:ﬂ'nmﬂuns@
| ' ° @ o & X A L4 a ° f a
lunszimnzamsuazanadudnslui lddnld nouneasldldsangnanusinmdldwglavardonalnlu
@ o o & P f =< @ °
mMIsneszauRtarvadmanuafisolasnisdsasldsaausananlolawarsdulasardenisvinauvas
+ L s v oA d'.; a & a A’ ~ o &3 A’
oulemd H'- ATPase uazldwassuann ATP lasdfilarndraunsngugonisiasyaasauuaiiss N
A & Aa o ¥ @ a & 4 o o A P
Wasnirraupafiodaslinssnuivanniwieinmszauiiesmelussdliaglunizauga (Huang
A o A a ° v [y by = a X
uaz Adams, 2004) luanzidernuiivSiad lfandszneumaindasihduas pancreatin GluuIiimidian
a A a ¥ oa v o Y A o & & o
Mardszunm 8.0 Zundeidanuduiugiaansoazasladuvesbeiuioadvaugerelinldadg
& A A d o & . . ' @
'm]mLﬂumqlﬁ’lﬂs@mmsnmavgmmaa (integral membrane protein) LENBaNNNRINA A EINLITTNEL
. ) ' .
mulwaadlnssanuuazisadsasllufign (Begley unzamz, 2005) dalunmisanwsinmanuaglu SGF N
T s 0 d’ =1 1 s J a s ]
WAL 2.0, 3.0 uaz 4.0 wazminuagilu SIF AflazyinAy 8.0 vaseuaalaundas (T23/3) wuinlu
d’ = 1 s A’ s 1 a =3 [} 9/ 0‘/ A =)
8n17r SGF  Aiflazivinny 2.0 uaz 3.0 wadanaaansadidieeglddszana 2 $1lus lusnznfies
. X o . AAa M o ' & o a . A
Wiy 4.0 adsnaniidineg ldinnnii 3 Tlud aausaalugil 5 sumsnaseumsnulusniz SIF

asa 1

" & a o ' X o ' v ' k.7 i
faniviny 8.0 veateusalaunday (T23/3) wuinsedsnanauisadfiaaglduinnin 3 alus (3UN
v 1 ! a A Aadaa [} |
6) nWanmInaassusasliiiuinzeuanlaundss (123/3) mansnfidiaegluaniizanudunsaluy
(3] 1 o v & L A s . v s
nsznzawshazanuiuaslud l&aan e Jonsfinsdsnanzeandasnunsinsves Begley uas

. & a o Aa '
AN (2005) WAZANSAN®IVBY Del Piano WazAme (2006) wmqmaLtaﬂimmmammmﬁ’mmgluam'a:

ensitive zone of inhibition

sistant zone of inhibition
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o « . o v a X d 4 dda _d a ° oA
ﬂ?ﬁulﬂuﬂiﬂ‘luﬂﬁ'zLW'l:a'm’li LLa:ﬂ’J’lsJLﬂuﬂ’N'lum‘lman ‘YIG%LWaLW&lIan'la&l'E’J@'IYIUSL’lma’lvlﬁll'myl.wa

Ld a o
FONENBNUIITUAINRI

120

100

80

60

40

20

i 3
0 i 2 3 4 &

% Survival oflactobacilli

Time (h)

: a a & A o . . Lo Aa . e
U 5 danmiifiaseavadbauanlau@da (T23/3) luannaz simulated gastric fluid itepvindy 2.0

(®), 3.0 (W) 48z 4.0 (A) (mean * sd, n = 6)

7.1.2 MINKADNIAWRIA

[ ]
PN ..

' P « o o “ A a o ¢ A v =
minudansahdlussuumeamaugusuidnsayaldlunsdadangfunisinelsdulys

° o o ada

« a XY A b
anhuwawndulusloladnlddasausnidiasaalusnincidinsasirdly

=

a 4 X a6
lulafin Faraqdunid

te p

a - v & A Ld a o [ - g ¥ a s , '
usnmm”lmana’mmummwalﬁ”lﬂaanqv\ﬁ‘nmnmm'[é'lmy midttasnnnsadnaduristiaton

v

ssomsdszianluiuludlfEnvesnuuazdad (Taranto uazame, 2006) mﬁﬁgnué’otﬁwg’éﬂﬁﬁndm
7 =t v v ¥ D & o € o 1 & L.
dwazlinnududuaglugag 1.5-20 wafidud lumluusnzansdesamns anuuanaududuazaass
P ad a4 ¥ a a . .

wdaszanm 0.3 wWasidud (Wu uszame, 2009) Toluaundlindevindafia glycine conjugated lagil
. . I € 1 € & 6 A A :’ a a J -~ wa o :’
taurine conjugate tHuasndsznavey 16-27 Waedidud  Fundedrlietiiomauddanreuin
[ v s o =t L o U [} l v !

(hydrophilic) 3sfamalArunismasvasuuafSodh iU asausznausne 9 molwoadsnaliize
A A & ' a - a a € Y oa
uwuefiiSuey (Oomen uazAmiz, 2004) LasnnidalunduusndnuuafiSoaunsandaonlolbdaning

\ g LA .
(bile salt hydrolase) (Knarreborg uazAm, 2003) Ynldihdmusardwbaduaadidnluvhaoeadle
0 13 & 3 : =W o
dooas danalduvafiSolunguilsunsanudansain@ld (Erkkila  uaz Petaja,  2000) nnsdnwn
J oA 3 :’ - A L9 g 3 s 1 z
ANuFINTRTesBauanlaundas (123/3) lumsnudaniash@fanudutuyiniy 0.3% (wiv) wuiniae
a e oo f ¥ a a P . &

uwaalaundaa (T23/3) aansnfifiasenagluanizniabhdluszuumaduaimislanaimly 4 4lus
P 2 o W A e o, X Ao Ao ' a ° o
(37 6) MnuamsAnwdndusanInduduldirauanlaundas (123/3) mansafidiaagluudiondld

13 A’v ) o |A a 8/ Qs
@n'lduazsunsaldeangnidsvinnaddlngdilianuseaadosiunisdinmves Famworth (2001)

. - o . v
wuiqusnidvaslusiulefnfimunzan damumudaaniizvsinsannnszsiwizamnis d tewlesd uss
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) v 54 LY L a . ! @ A
mmmmmﬁaag'lvﬂuﬁﬂa Fanuannaasstsdubuduldinsausnlaundda (T23/3) s

hanltidulysluladnle

= 120 -

F 100 g

5 80 -

ks

< 60 -

2 40

2

> 20 -

X 0 . . .
0 1 2 3

o a Ada & a o -
51l 6 dannsiifinseavesTeusalaundas T23/3 luanaz simulated intestinal fluid i pH 8.0 (@)

o
v

wazan1ENinIaund (@) (mean + sd, n = 6)

7.2 N13LA@ auto-aggregation waz surface hydrophobicity

e dl =t o 13 ! a =t H‘ ] L -~ v _a
ausudanianuinduressegdunidienhwniulysluladnazdasarnisoiiia auto-
. o - < . . 9 a . o X & X
aggregation aia3da1utdu surface hydrophobicity Laz@aIRNNINOLNG co-aggregation AuTanialsn Nail
a . . J’ [ 1] ' v Py s
WIIENNTia  auto-aggregation Waz co-aggregation YadiBafInaIvRiTesusaldaumznuirad
a a o it & o X 4 a P g st o ‘ PN «
Vi dldd uenanitdiminsoudiiuiilunmsivveadedelsald@ndqy sruguaudfianuia
X da s [ .. @ a
surface hydrophobicity Wuingandiamau@nuilu surface hydrophobicity azidn luBaunzivias
o ° v oow v a € N A a a ' ' o ! ’ ' = fd
vnmdldufezatemnslulafdy (biofim) infauuTinmainansinaliizanalialiauisndainiz iy
=3 ar ° L) L 4 =~ “ a 8
asuTantid I ldsinaldnsiialsan1audue nisanas (Vesterlund uazams,  2005) G9%uT 9
- , - . x a .
vnsansinsiiia auto-aggregation lag3Sdnmimainznguzadis uazmaifia surface hydrophobicity
a . X a o P ] & a a
lau3T Salt Aggregation Test (SAT) vadLTauanlaundas (T23/3) TInuUIwTauanlauBae (T23/3)
a Y T 1 v X v v v
§a1I0LAia auto-aggregation lagnisinznguiuasaassaldmeluam 2 wiimoldndasganssend U
r A a o o o & . AV A aa a . o v &
i 7n) WaifisuiuansmzaIanTe L. cellobiosus Nlifigmiauifiniaifia auto-aggregation aldiiu
. o a e R A
negative control (gﬂ‘n 77) uazgw1Inwng surface hydrophobicity U@ high hydrophobicity N9UIWIIZING
f X A a . = o e A R VK P =
mamenduvadlaliionauiy ammonium sulfate innuidutu 0.5 M Fuduanuduiutasfiganldlu
-~ % = =2 vea & a e = sl a
nafinm dauaasluzn 8 anuamsfnwusasliiiwingeusalaundds (123/3) Squaud@lunisiia
. 1Y) o X o v . 1Y i o
mImengudiuandelesgidald SAT luanududuses ammonium  sulfate luauidudufidn an
- a ' = |3 s & e 3 & a e
MIANBIAINEIITANUFEANSBINUNTAN®IEY Liliana uazame (2008) WuiiTauanlaudaggunse
- - A o .
LN@ auto-aggregation Waz®IUNTOLNG surface  hydrophobicity 4@ high  hydrophobicity LiaRNguNL
. P LY a v A a . X
ammonium sulfate inududu 0.5 M lusazidsanuiladinwinsiia co-aggregation vadi¥auanlaun
a e o X a ¥ [y A o . & . . .
BAR (T23/3) furenalsalumaduamims 5 mﬂwulf aaldunize E.coli, S. typhimurium, S. aureus, S.
R &L a e (Y o o X o & a o d
sonnei W3z V. cholera wuinFauaalaindaw (123/3) sunsaidrluduiuidelsaleng 5 mevugasiing
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R o A 1 [} o/ v v 4 A/ a e A
Thaduldadnsruysal (lildurasdaya) nmammesasusasliliwinreusalandas (123/3) 1o
° L] a o ! 1 _a vV & [} =) & J A A’ ~ Qs a
ianlsiduluslule@nmansoduigeralsamauduamsiaibuadned nefiitesnnizaiquani@ninia

. . . e A/ g ' o o Qs ! '
auto-aggregation, co-aggregation Waz surface hydrophobicity vastadsnaamansaidn ludunuisenalse
L v | a a o v A [l U 3’ 1 L s o a o o & 1 A J
wiraadululefsundaunisilfide lilvlizenalsadn ludununitsdr ldanuudsasansidigndlu

. b o L e . o
mstiugaganalsnasnundinalwidenalse liaansoeigidule

n U
H = J a v J a e o
:‘a‘ﬂﬁ 7 nIln@ auto-aggregation YaIBAUAALALNTAE (T23/3) (n) LLa:L%aLLaﬂI@lm’ﬁaﬁa’mwuf

cellobiosus (1) Muldndasgansyenifirinasuens 50 vy

31 8 msifia surface hydrophobicity #1ia high hydrophobicity Waldaududu ammonium sulfate <

09 M mﬂlﬁnﬁaagamsaﬁﬁﬁ’\é‘wﬂ’m 50 1¥in

v/
7.3 ANEINIID LN INILIG AR HIBIAT [dV DI T UAALALNBA |

o A & a ae A o & a da & v  a o oA A X da
ntaataantmaadunsdinaltiduwldslulefnnanu azdasiinszuiunisaaiianiNanani

q
I s

QmamﬁLﬂ%‘[ﬂﬂﬁ‘[&lﬁﬂﬁﬁu.a:m;maummsﬁ@Lm:ﬁumaﬁwﬁaéﬂﬂﬁﬁﬁq@ Fotumaiamsinnziaes
maéﬁﬁ‘aﬁnmmsﬁqmauﬁﬁ*‘uaa‘[ﬁﬂuiaﬁnﬁa:vlﬂﬁﬂLm:ﬁ’mﬁmﬁaqﬁa (epithelial cell) voadn &t
inafiefigrdmanndnitmmitsluntsdaidenidelusluladn (Tuomola waz Saminen, 1998) Faidaiifa
Tusluladngnihidngdn ldvesuywduazdaiuda Wamanflazusasunumanumini ldanntasfisle
%uagiﬁumsﬁmm:ﬁ'mﬁmﬁaqﬁwaaéﬂﬁﬂuﬂmﬁuéﬁty (Printo wazanuz, 1983; Blay WazAmMe, 2004)
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Lm:uanmmfu‘[ama‘?‘iL’nrariakﬂa:ﬁﬁuﬁtm:ﬁuLifaLﬁaqﬁﬂua‘iﬂé‘lﬁﬁmamaiaﬂmu"lﬂé’wmm%a'[ﬂi
'I,u‘[aamm:ﬁméaqaa'tera (Greene WAz Klaenhammer,1994; Bibiloni uwazAme, 1999) NN5ANIN
amnumansolunisBaineimaduitedld (Caco-2 cell line) vasifauanlaundas (T23/3) wundamnisie
imziumlsdn ldveadouanlaundas (T23/3) iy 94.25 1o fidue "ffoa”mwmiﬁﬂLm:@'ﬁndntﬂum5\1
Wafsuruaasnmsianziuniodn|§uede L casei TITR1463 Ail#1ilu positive control @adiaasiln
mMIBanmziunted ldviny 94.67 Wesidud lwsasidoriudasnnistamnmeiuniidldandouanla
VTR (T23/3) ﬁé’m’m'ﬁﬁmm:ﬁgan’mi{a L. cellobiosus 8 WARBENTYNIEDA (P<0.01) Foliiwida
negative control (25.95 tUa3idud) ﬁmam'lugﬂﬁ 9 ’Lumm:v"igﬂ?i 10 ugeIdNBMzTNTauanlauNaaa
(T23/3) Bainzuwsansiadn |& (Caco-2 cell line) msJ'lanﬁaaqaﬂﬁﬂﬁ&,ﬁﬂmauﬁﬁﬁwmu 10,000 1¥in
FanamsdTvatiilronadaatunsTunuves Maragkoudakis waznme (2006) lddnmaasmbainslys
Tula@nuuafise 3 mmﬁ’mf fia L. casei Shirita ACA-DC 6002, L. paracasei subsp. tolerans ACA-DC
4037 ust L. plantarum ACA-DC 146 fatdanannansmeiuuannidafihumesaurionue 29 auRug
Toudins 3 SuRUEIdaTINTIANIZALITAR Caco-2 WU 24, 0.8 uaz 255 asidud anudey
WONINEHTINLI T L. gasseri K7 SausansalumsBaimsiuiead Caco-2 Uszanm 6.5 log cfu/mi

H40 o X A o o~
Tuwvaehldizasudulivszans 8.6 log cfu/ml (Matijasic waznte, 2006)

120 -
100
80 +
60 +

40 4

20 . .
0 ¥ LS

L. plantarum (T23/3) L. casei TITR1463 L. cellobiosus

"% Attachment count

1 a o o o o . X Py
U1 9 daninsBaimeiueadnisin 1§ (Caco-2 cell line) vaviTauanlaundds (T23/3)
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[ ' & A o ° 19 . v o
UM 10 anwaegUisvesteunnlaunda (T23/3) unwwadsnld (Caco-2 cell line) muldndas

ﬁ;amsﬁﬂ&ﬁﬂmauﬁﬁwé’wmu 10,000 ¥in

7.4 MIHLIINISIIISITRANIIA LdUadiBonalinlunigianatmislagidouaalo U aaa
vad e a & ¥ o P A A ) a . <,
AurulANSdyvesanalsauudaiinnumunsolumsiadeuilidsefoazds 9 Mg
o & a { X % o o ’ A = a A a ° P o @ i a X
muumnmﬁLﬁanakﬂmmauwamnmmnmnﬁamaymmnman"lé‘%wmmmﬂzymam‘smm"namao
X 4 & a & P o ¥ o & o &2 o . . o o
worialsn TetunaulunsdiairavevenalsaiuazSuanidenalsadhdaimniziy epithelial cell va9d 1§
& ) A A @ a ' ' ' . .
nnuufzynIndgirasuaziafeuludsedoazdiudns 9 ve9srame (Darwin uaz Miller, 1999; Blay
o & o & ¥ & aa 4 A a
uAzAmE, 2004) MaAnwTanIsusInsynIningasvesBana lsauwdudtnsnienesfnmniediinng

Jasnuns@airevaadelsluladn (Golowczyc uazame, 2007)

2 a a g a o ] o & L) (3 E g
luﬂﬂiﬂﬂﬂﬁﬂizﬁﬂﬁﬂqwma\?L’HaLLﬂﬂI(ﬂUW‘D’E‘lﬁ (T23/3) V]aﬂ’ﬁUUENﬂ'lS'quﬂEﬂL‘IJ’]Q’L‘Uﬂﬂ’ﬂﬂ%”ﬁaﬂaiiﬂ

a . & o X
NILAUBINIT (E. coli Waz V. cholera) 4 3 8NN

1. MIANIIMIULEIRUTUUUNITIENIE (Caco-2 cell line) vosiTauanlaundaauazizarialsa
NIILAUDIANT (competition) FofladuFauanlaudss (T23/3) wieuruiganalsamaduarmsnui
SaTmameuwaasHitdn 1§ (Caco-2 cell line) vasausnlaundas (T23/3) gdﬂ’hL%ﬂﬁﬂIﬁﬂﬂNLﬁ%
819719 2 Biad leUnLBe E. coli uaz V. cholera aglnsfAYN9Eda (P<0.01) lasldasimisinizus
\radnTadnld (Caco-2 cell line) vaaiauanlaunds (T23/3), . coli uaz V. cholera iy 97.29, 74.31
waz 75.93 wasidudauady dunsasluansad 4

2. MsfnwauEanInvengeuanlandaalunstlesiumameuura e iy (Caco-2 cell
line) vasiTarialsAn1aidiua1ms (exclusion) LlalduiFouanlandas (123/3) udsin ldunimwnziuaan
30 w19l ﬁqm‘mqﬁ 37°C niuduiganslsamaduenmsdelduiide Ecoli uaz V.cholerea Wuiaa
waalaundaw (T23/3) sursadlosnumsitnsuiuimssunniid ldvasialsaniaduweimism 2 i
(Ecoli uaz V. cholera) thiluatned Gsmansodanaldandasnsimemaaduiidlg (Caco-2 cell
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_ & . LA a L o dwe ,
line) 2ouFaUARlAUEAR (T23/3) gandpanalsanmaduamims 2 siladalduriso £ coli uaz v.
. o o aa o a o . &
cholera atnsipdngynasdia (P<0.01) laviidasimainizuniossutiadrld (Caco-2 cell line) vasiia
waalaundaw (T23/3), E. coli uaz V. cholera \yinnu 98.31, 70.31 uaz 73.52 iafifudamudiau adugas
luasef 4
=S & o e a & 1 a
3. ns@nsanysanTnved@auanlaundsalunisitimzunuiiiBanalsanmadueiniy
P ' o o o . A a X a .
(displacement) mm:aguut‘ﬁaﬁwuoaﬂa (Caco-2 cell line) Walduranalsanma@uainis (E.coli uaz V.
v g b | P a & a P a o ] A
cholera) u¥minltmwizilunm 30 wifl fgunnd 37°C Mnuwdsrausalaundds (T23/3) wuinbe
a e Y - X . P ' @ o Y
waalaundaw (123/3) snunsnidh lUunuiinmainizuadia E.coli uaz V. cholera izt umiaasHitadn e
v ' ] a a ar Y O & o o [ . A
ldifluatnadfidszdntnm smunsafanaldansasnisimzumeadntiodr & (Caco-2 cell line) vadi%e
a o = o] a & a o v & . A
usalaundaw (T23/3) ganiugeralsanaduemims 2 slledsldunize E. coli waz V. cholera atnadl
@ o e aa @ a4 (% . A a
HofAYN9RHa (P<0.01) Taslaainisinizumaasniiatld (Caco-2 cell line) vasauanlaundas
(T23/3), E. coli Waz V. cholera \ynil 98.89, 80.25 waz 79.53 iasiduaauaial asuaadluansisn 4
A = o v oA e v, & a o ar P S
Faanuansanwtnsduiuiuldindeuaalavndas (123/3) sunsatlestumisimzvaasans
a P (e a o N = S X o
lsamaduamisuaziianuauisnlunsugsdunumasunmdr ldlddninganalsauananiidiaiuns
o a @ o 'Y a X A ~ ' [y v & . a« [y
dhlimagasudnasiii ldunundansliamiiinunizegdanudldifuaneé lassuisaiuldan
{ [ & o o~ @ o W X &
U7 11 waz 12 wsasdnsaznssusIMIMIMzAvwssuTnaiii ldeureralsalasibauanlawn
A e ¢ a o a aa 4 o ¥
Ba§ (T23/3)  nuanasasuaasingauanloundds (123/3) nansiimsfiaansndusamynneas
X a . P a | e P SR, Ao
Caco-2 vadiTarnalsnn1aduains (E.coli uaz V. cholera) anfiliu waasnIdadwranalsasfiadie 9
. Y an . . 4 a ' . o (Y a o X,
15U nsaUN@BasT (deoxycholic acid) Tmsaanantislasnumsdinmzuasiiudituruvasenslsaly
=3 1 ! ‘J o A - ° v o > J 1 13
nAEUaTMT viamanInuduiimeivsadiiayRavesd i iirenslsn lmannbamzuszynin
v (Y vre - Y o . X
gimadlel (Liliana uazAm, 2008) S9m0aNSBINUNITIBNULEY Tsai UazAm: (2005) wuintausala
a e s o & & . LV a
BIEFIOWUS LAP5 Uaz LF33 81anIndudinisyninvedse Ecoli uaz V. cholera \dngiaadydia
° 'y ¥ o ' a a P o &
epithelial va3dldunwd wonnuudsiinsnunuihldslulenuuefiFonansriiaaunsodugimsta
X ar . 14
imzveaTanalsanuisas Caco-2 (Matijasic wazame, 2006; Golowczyc wazntwe, 2007) NNMIANIATI
& 4 Ao o & A . a
BuaaIiNTouRalaunFas (T23/3) uNIndutImIyngnueas Caco-2 vadiFarialsAniuduainis (E.coli
ez V. Cholera) &

: a a o (% . & a e A 3
A177191 4 damsiaimzuunisdin I& (Caco-2 cell line) vasauanlaundaw (T23/3) Ba  E. coli uas

&
119 V. cholera

Gl pathogens % Pathogen attachment (mean % SD, n=6) under the following
condition
Control
Competition Exclusion Dispiacement
L. plantarum 100+ 0.8 972915 98.31£0.9 98.89+0.3
(T23/3)
100+ 0.2 743105 70.31£0.2 80.25+0.2
E. coli

V. cholera 1002 1.1 7593 £1.1 73.52%0.3 79.5310.2




1wD Vspotv WV det | HR oy mag | WD |spot det | HFW
146.7 mm! 3.0 ‘1500kV!ETD!149ym 1736 10000%!16.5mm! 3.0 ¢ 1500kv ETD!14.9 pm!

ﬂl J '3 A e/
3 1 aﬂwmysﬂﬁwaama E. coli (n) wazi®a V. cholera (1) UWLTARAN L (Caco-2 cell line) nold

]
~

nai 833 anITAudLanasaunaIeNY 10,000 ¥in

H a ° (% & Aa e a & .
3un 12 anwozmsbaimzuuaasan l§ (Caco-2) vadiTauaalaundaw (T23/3) AulEa  E. coli (N) WAz

l&’ v 9/ =3 o a ]
\T8 V. cholera (1) muldndasgansidudiiaasaunifndsues 10,000 i

b 3
9. anuasdvasdouanlandaainguvuualya
9.1 dasnsdidiavasdouanlaviBaaluwguuui

ada A’ d' ° v & a " a .3 a s €A
nsfdiasaavadranihunlfiduldsluladnlusenintonszuinnisnianas NI A UNR AN W

0 o 4 o 1 g a 1Y = & 4 o 1] a a
anudfgun sdannisagreaveagelusivlafnzdasiiduwanendwniaimansludiinun
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. & pri " ¢ a A
INBIWBUAZIANIZEN (Ljungh WAz Wadstrom, 2006) @anszuaunisivhldizalusluleadnisiasealu
' a « a o €A ast ° v X a e ] - a
EWINNTTUIURNIIHAALAz NN UK EaA a3 Tnsviudasalusluladn Sandasmelusiuladnlu
v e o o e ' A v o a
JUwuursuisiidadfisongnmaiivinswiu misusiszaIndinisiuisesi ldnszuaumsiuaueddy
'3 = X a ot o [ ¢ a ] o e . P2
voaTasuyaas lunseinwaseidenlfismeiudaaeluslule@nuuuusibenuds (Lyophilization) &4
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Sugar Isolates
T131 T13/3 T13/4 T13/5 T17/4 T23/3

Control - - - - - -
Glycerol - - - - - -
Erythriotol - - - - - -
D-Arabinose - - - - - -
L-Arabinose + + + + + -
Ribose + + + + + +
D-Xylose + + + + + -
L-Xylose - - - - - -
Adonitol - - - - - -
f-Methyl-D-xyloside - - - - - -
Galactose + - - - - +
D-Giucose + + + + - +
D-Fructose + + + + + +
D-Mannose - - - - - +
L-Sorbose - - - - - -
Rhamnose - - - - - -
Dulcitol - - - - - -
Inositol - - - - - -
Mannitol - - - - - +
Sorbitol - - - - - +
(-Methyl-D-Mannoside - - - - - +
(-Methyl-D-Glucoside - - - - - -
N-Acetyl-glucosamine - - - - - +
Amydalin - - - - - +
Arbutin - - - - - +
Esculin - - - . - +

- - - - - +

Salicin
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Sugar Isolates

T131 T13/3 T13/4 T13/5 Ti7/4 T23/3

Cellobiose - - - - . +
Maltose + + + + + +
Lactose - - - - - +
Melibiose + + + + - -
Sucrose + + + + + +
Trehalose + + + + - +
Inulin - - - - - -
Melezitose - - - - - +
D-Raffinose + + + + - -
Amidon - - - - - -
Glycogen - - - - - -
Xylitol - - - - - -
B-Gentiobiose - - - - - +
D-Turanose - - - - - -
D-Lyxose - - - - - -
D-Tagatose - - - - - -
D-Fuccose - - - - - -
L-Fuccose - - - - - .
D-Arabitol - - - - - -
L-Arabitol - - - - - -
Gluconate + + + + + +
2-Keto-glucotate - - - - - -

5-Keto-gluconate + + + + - -
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dreuianaloinduantauanlanddn (123/3) lagyinis BLAST Search lugiudayauas NCBI
GenBank wu’i’ll.%auaﬂ{@m’l%é'a (T23/3) Lflul,%a Lactobacillus plantarum (GenBank accession no. HM
051157) lapiidn base count t¥inNL 331a 435¢c 324g 396t (bases 1 to 1486)
ORIGIN

1 ccttgttacg acttcaccct aatcatctgt cccaccttag geggetggtt cctaaaaggt

61 taccccaccg actttgggtg ttacaaactc tcatggtgtg acgggeggtg tgtacaaggce
121 ccgggaacgt attcaccgeg geatgetgat ccgegattac tagegattce gacttcatgt
181 aggcgagttg cagcctacaa tccgaactga gaatggctit aagagattag cttactctcg
241 cgagttcgca actcgttgta ccatccattg tagcacgtgt gtagcccagg tcataagggg
301 catgatgatt tgacgtcatc cccaccttee tceggtttgt caccggeagt ctcaccagag
361 tgcccaactt aatgetggea actgataata agggttgege tegttgeggg acttaaccca
421 acatctcacg acacgagctg acgacaacca tgcaccacct gtatccatgt ccccgaaggg
481 aacgtctaat ctcttagatt tgcatagtat gtcaagacct ggtaaggttc ttcgegtage

541 ttcgaattaa accacatgct ccacegcettg tgecgggeccce cgtcaattce tttgagtttc
601 agccttgegg cegtactcee caggeggaat gettaatgeg ttagetgcag cactgaaggg
661 cggaaaccct ccaacactta gcattcatcg tttacggtat ggactaccag ggtatctaat
721 cctgtitgct acccatactt tcgagectca gegtcagtta cagaccagac agecgccttc
781 gcecactggtg ttettceata tatctacgea tttcaccget acacatggag ttccactgtc

841 ctcttctgca ctcaagtttc ccagtttccg atgeacttct tcggttgage cgaaggettt

901 cacatcagac ttaaaaaacc gcctgegcete getttacgec caataaatce ggacaacgct
961 tgccacctac gtattaccge ggetgetgge acgtagttag cegtggcttt ctggttaaat
1021 accgtcaata cctgaacagt tactctcaga tatgttctic titaacaaca gagttttacg
1081 agccgaaace cticttcact cacgeggegt tgctceatca gactitcgte cattgtggaa
1141 gattccctac tgetgectee cgtaggagtt tgggeegtgt ctcagtccea atgtggecga
1201 ttaccetctc aggtcggcta cgtatcattg ccatggtgag ccgttaccee accatctage
1261 taatacgccg cgggaccatc caaaagtgat agccgaagcec atctitcaag ctcggaccat
1321 gcggtccaag ttgttatgeg gtattagcat ctgtttccag gtgttatcce cegcttetgg
1381 gcaggtttcc cacgtgttac tcaccagttc gccactcact caaatgtaaa tcatgatgca

1441 agcaccaatc aataccagag ttcgttcgac ttgcatgtat taggca

81989910: http://www.ncbi.nlm.nih.gov/sites/entrez
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81%17 Brain Heart infusion Broth (BHI, Difco, USA)

Calf brains 7.7
Beef heart 9.8
Proteose peptone 10.0
Dextrose 20
Sodium chloride 5.0
Disodium phosphate 25

2. 2MSlRg9Bea (MERCK, Germany)

Peptone from casein

Yeast extract

D(+) Glucose

Sodium acetate

Magnesium sulfate

Iron(ll) sulfate

Potassium dihydrogen phosphate
Ammonium citrate

Tween 80

Manganese sulfate
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Properties of Probiotic Lactobacillus Planturum (T23/3) as Potential
Anti-gastrointestinal Pathogens

Rosainee Kha', Titpawan Nakphengz, Kholeeyoh Jehtae’, Sanea Kaewnopparat'?,
Teerapol Srichana'?

! Department of the Pharmaceutical Technology, ’Drug Delivery System Excellence Center, Faculty of
Pharmaceutical Sciences, Prince of Songkla University. Hat-Yai, Songkhla, Thailand.

Abstract Probiotics are live microbial food supplements which beneficially affect the host by improving
the intestinal microbial balance. The selection of probiotics before incorporation in diet requires close
scrutiny in the form of in vitro as well as in vivo tests. The present study was undertaken to investigate in
vitro characteristics of Lactobacillus plantarum (T23/3) strain. The characterization included
identification of lactobacilli strain, anti-gastrointestinal pathogens, susceptibility to antibiotics, simulated
gastrointestinal juice and aggregation tests. The results showed that this isolate identified a L .plantarum
(99%). The strain showed antagonistic effect against gastrointestinal pathogens (E.coli, S. typhimurium, S.
aureus, S. sonnei and V. cholera) and was sensitive to ampicillin (30 pg) and chloramphenicol (30 pg),
while it was resistant to erythromycin (15 pg), doxycycline (30 pg), neomycin (30 pg), penicillin (10
units) and tetracycline (30 pg). The strain could not survival after 3 h of incubation in simulated gastric
fluid at pH 2 and 3. However, this strain was not affected by simulated intestinal fluid at pH 8 and bile
tolerance for at least 4 h. The results showed that this strain was self-aggregated from macroscopic
granules and has high surface hydrophobicity property with a maximal ammonium sulfate concentration
of 0.5 mol/l and showed co-aggregation with five strains of gastrointestinal pathogens. This study suggests
that L. plantarum (T23/3) has a potential application in gastrointestinal infection.

Keywords: probiotic, Lactobacillus, antibiotic

Introduction

Probiotics are live microbial food
supplements which beneficially affect the host
by improving the intestinal microbial balance
(1). Selection of suitable probiotic candidates is
the principle basis for improving the bio-
therapeutic action and functional properties of
probiotic food and pharmaceutical products (2).
Probiotics have become a major topic of lactic

during production and storage (5). Furthermore,
anti-biotic susceptibilities of potential probiotic
strains is necessary although rare lactobacilli
associated infection (6). The strains inhibited
growth of potential pathogens by producing
compounds such as hydrogen peroxide (H,0,),
lactic acid, short chain fatty acid and bacteriocin
(7). Other functions of probiotics include

acid bacteria (LAB). The representative species
include  Lactobacillus  spp. because the
lactobacilli are a Generally Recognized As Safe
(GRAS) and have been used in food and
fermented products for long history (3). The
essential characteristics for lactobacilli as
probiotics are such as acid and bile salt tolerance
in gastrointestinal tract (4). They also need to
survive in the products with sufficient numbers

competitive exclusion of pathogens from the cell
surface, co-aggregation with certain pathogenic
bacteria, adherence to epithelial cells and
biofilm formation based on auto-aggregation and
surface hydrophobicity (8). Previous studies
indicated that auto-aggregation of probiotic
strains is necessary for adherence to
gastrointestinal  epithelial cells and co-
aggregation leads to formation of a barrier that
prevents colonization by pathogens (9).



Adhesion to Caco-2 cell lines has been used
frequently  because it exhibits, in vitro, the
characteristics of a mature enterocyte. Because
association with, and invasion of, the cultured
cell lines have been reported to mimic the in
vivo conditions of adhesion and infection of
pathogenic bacteria (2).

The objective of the present study was to
characterize  the potential  probiotics  of
Lactobacillus plantarum (T23/3) strain for anti-

gastrointestinal pathogens. This strain  was
investigated for Lactobacillus strain
identification, anti-gastrointestinal pathogens,
susceptibility to antibiotics, simulated

gastrointestinal juice and aggregation assay.

Materials and Methods
Identification of Lactobacillus strain by 16s
rRNA gene sequencing

Extraction of chromosomal DNA was
achieved using the protocol of Leenhouts et al .,
(1950)(10). The primers LacAll-F (5~
TGCCTAATACATGCAAGTC-3’) and LacAll-
R (5’-CCTTGTTACGACTTCACC-3’) were
used to amplify nearly the full length of the 16S
rRNA gene, corresponding to the conserved 16S
rRNA gene regions of L. plantarum (123/3).
PCR amplification was performed with a Perkin-
Elmer DNA Thermal Cycler 9600. An amplicon
of about 1500 bp in size was excised from a
1%agarose gel after electrophoresis, purified
using the GFXTM Purification Kit (Amersham
Biosciences,USA), and cloned into pGEM-T
Easy using the procedures recommended by the
manufacturer (Promega, USA). The 16S rRNA
gene was sequenced directly using the
recombinant plasmids as DNA template, an ABI
Prism Dye Terminator Cycle Sequencing Ready
Reaction Kit (Applied Biosystems, USA), T7
and SP6 universal primers, and primers designed
by a walking strategy (11). Analysis of
alignment and homology for the sequences
obtained was performed by BIOEDIT and
BLAST programs.

Antimicrobial activity

The indicator strains of gastrointestinal
pathogens included E. coli, S. typhimurium, S.
sonnei, V. cholera and S. aureus which were
cultured in Brain Heart Infusion (BHI, Diffco,
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USA) broth under aerobic condition at 37°C for
I8 h. Inhibitory activity of L. plantarum (T23/3)
was measured by agar overlay diffusion method
(6). The moculum of lactobacilli to be tested
were spotted onto BHI agar plates and incubated
under anaerobic condition at 37°C for 72 h. The
cell pellet of indicator pathogens were
resuspended in PBS to final concentration of
1x10° cfu/ml. Four ml of inoculated in soft
medium was overlain on the top of the plates of
lactobacilli. After incubation at 37°C for 18 h,
the plates were observed for clear zone of

inhibition around lactobacilli colonies with
antibiotic zone reader.
Susceptibility to antibiotics

Antibiotic  susceptibility testing of L.

plantarum (T23/3) was determined by agar
diffusion method (12). The antibiotic discs
(Oxo0id, UK) were ampicilin (30 pg),
chloramphenicol (30 ng), doxycycilline (30 ug),
erythromycin (15 pg), neomycin (30 pg),
penicillin (10 unit) and tetracycline (30 ug). The
cell pellet of this strain was resuspended in PBS
to a final concentration of 1x10° cfu/ml. The
adjusted cultures were streaked with sterile
cotton swab onto surface of MRS agar plates.
The antibiotics discs were placed onto the
surface of the agar. After incubation under
anaerobic condition at 37°C for 24 h, the plates
were observed for clear zone of inhibition
around lactobacilli colonies with antibiotic zone
reader.

Preparation of simulated gastric fluid and
simulated intestinal fluid

Simulated gastric  fluids (SGF) were
prepared by suspending pepsin (1:10000, ICN,
Sigma, USA) in the phosphate buffer saline
(PBS, pH 7.4) to a final concentration of 3 g/l
and adjusted the pH to 2.0, 3.0, and 4.0 with
concentrated HCI.

Simulated small intestinal fluids (SIF) were
prepared by suspending pancreatin USP (P-1500,
Sigma, USA) in the PBS to a final concentration
of 1 g/l and adjusted the pH to 8.0 with sterile
0.1 mol/l NaOH.



Upper gastrointestinal transit tolerance assay

The cell pellet was suspended in SGF and
SIF before incubating under anaerobic condition
at 37°C. Resistance was assessed 1n terms of
viable colony counts and enumerated on MRS
agar plate after incubation at 37°C for 1, 3 and 4
h with SGF, and 1, 2, 3, 4 and 5 with SIF,
reflecting the transit time in the stomach and
small intestine, respectively.

Bile tolerance assay

The cell pellet of L. plantarum (T23/3) was
resuspended in PBS to final concentration of
1x10* cfu/ml. The cells were then inoculated in
PBS with 0.3% w/v oxgall (Oxoid, Sigma, USA)
and incubated under anaerobic condition at 37°C
at 1, 2, 3 and 4 h of incubation. Viable numbers
were estimated on MRS agar plates.

Autoaggregation fest

The cell pellet of L. plantarum (T23/3) was
resuspended in PBS to a final concentration of
1x10% cfu/ml. A drop was placed on a glass slide
and examined microscopically. Autoaggregation
was determined as the ability to form aggregates
within 2 min (13).

Surface hydrophobicity

Surface hydrophobicity of this strain was
studied by the salt aggregation test (SAT). The
cell pellet of L. plantarum (T23/3) was
resuspended in 0.02 mol/l of sodium phosphate.
Solutions of ammonium sulfate (0.5, 1.5, 2.0 and
4.0 mol/l) were mixed with an equal volume of
cell suspension on a glass slide and examined
microscopically. The lowest concentration of
ammonium sulfate causing the bacteria to
aggregate was defined as the SAT value.
Co-aggregation of pathogens with
lactobacilli

The cell pellet of L. plantarum (T23/3) and
indicator pathogens (E. coli, S. typhimurium, S.
sonnei, V. cholera and S. aureus.) were
resuspended in PBS to final concentration of
1x10% cfu/ml. Aliquots of L. plantarum (T23/3)
were mixed with an equal volumn of indicator
pathogens and shaked at 37°C, 100 rpm for 4 h.
Suspensions were Gram-strained and observed
under a microscope. A co-aggregation assay was

assay
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positive if L. plantarum (T23/3) formed
aggregated with others strain (14).

Results and discussion
Identification of Lactobacillus strain

The identification of lactobacilli has been
based on colony morphology, Gram-stain
reaction, sugar fermentation profiles and enzyme
activities. To ensure the identification results, it
is needed to be confirmed with other methods
such as rRNA sequencing or DNA-DNA
hybridization. These methods have been
developed to improve the knowledge on generic
and supra generic relationship of lactic acid
bacteria (15). From previous study of Titpawan
(2007)(16), the this strain (T23/3) was identified
to species level using API 50 CHL. This isolate
was identified as L. plantarum with 99%
possibility. In this study, This strain was
confirmed to be L. plantarum by genetic
methods based on the 16s rRNA gene sequences.
It was able to identify this species with 99%
accuracy (GenBank accession no. HM 051157,
data not shown).

Antimicrobial activity

The inhibition to five gastrointestinal
pathogens of L. plantarum (T23/3) strain is
showed antibacterial ability against E. coli, S.
typhimurium, S. aureus, S. sonnei V. cholera
with inhibition zone as28.8+0.8, 28.0+0.7,
36.6+0.8, 37.8+0.4, 38.0+0.7, respectively. This
result suggests that L. plantarum (T23/3) has
high inhibitory against both Gram positive and
Gram negative bacteria. Generally, the effect of
lactobacilli in controlling the proliferation of
pathogenic bacteria by producing a wide range
of antibacterial compounds such as organic acids
(e.g., lactic acid and acetic acid),
hydrogenperoxide, bacteriocins and fatty acid

(17).

Antibiotic resistant

This strain was tested for antibiotics
susceptibilities. The result revealed that it was
resistant  to  erythromycin,  doxycycline,
neomycin, penicillin and tetracycline but it was
sensitive to ampillin and chloramphenicol. The
high intrinsic resistance and susceptibility of
lactobacillus strains to a range of antibiotics is



important. Since these strains survive during a
specific antibiotic treatment. In the treatment of
gastrointestinal tract infections, better
management is obtained when concurrent
therapy was made with probiotic lactobacilli and
antibiotics to which they are intrinsically
resistant. By doing so, intestinal microflora can
recover more quickly (18).

Simulated gastrointestinal fluid

This study compared the effect of different
pH of SGF on the viability of L. plantarum
(T23/3) strain as shown in Figure 1A. L.
plantarum (T23/3) stayed viable at pH 4.0, while
no viability at pH 2.0 and 3.0 after 2 h of
incubation compared to the initial inoculum.
Before reaching the distal part of intestinal tract
and exert their probiotic effect these bacteria
must survive during transition through the
stomach tract. The pH value in human stomach
range from 1.5 during fasting to 4.5 after a meal
and food ingestion can take up to 3 b (19). From
this observation, it can be survived in gastric
condition providing it can be delivered to the
intestine in high number and preferably as part
of a buffer in the final product or encapsulated
delivery system.

In SIF at pH 8.0, the total number of L.
plantarum (T23/3) was no loss of viability after
incubation as shown in Figure 1B. This strain
demonstrated high tevel of survival in SIF. SIF is
essential for probiotic strains to colonise the
small intestine. This result indicates that L.
plantarum (T23/3) can colonize and survive in
the small intestine for exertion a positive effect
on the health and well being of host.

Bile tolerance

Since bile salts disorganize the structure of
the cell membrane, it is toxic for living cells
(20). Therefore, bile tolerance is considered as
an important characteristic of the bacteria which
enables it to survive, grow, and exert its action in
gastrointestinal ~ transit.  In  the  human
gastrointestinal tract, the mean bile concentration
is believed to be 0.3% (w/v) and it is considered
as critical and high enough to screen for resistant
probiotic strains (21). In this study, growth
capacity of L. plantarum (123/3) in the presence
of bile salt was evaluated. After 4 h, it is able to
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grow in the PBS containing 0.3% (w/v) oxgall
(Fig. 1B). This result indicates that this strain
can survive and colonize in the small intestine.
This property may constitutc an 1mportant
defense mecchanism against infection in the
gastrointestinal tract.
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Figure 1 Survival of L. plantarum T23/3 in A)
simulated gastric fluid at pH 2 (@), pH 3 (W), pH4
(M) and B) simulated intestinal fluid at pH 8 (#) in
bile (oxgall ) at 0.3% w/v (@)

Aggregation activity

The result of auto-aggregation and surface
hydrophobicity assay of L. plantarum (T23/3)
showed self-aggregation producing macroscopic
granules the phenomenon was clearly observable
under the light microscope as shown in Figure 2
and this strain showed high surface
hydrophobicity by SAT with ammonium sulfate
concentration of 0.5 mol/l, repectively. This
result indicates that the L. plantarum (T23/3)
possess high potential ability to inhibit growth of

6



pathogens by competitive exclusion of pathogens
from the cell surface and produce biofilm
formation  that prevents colonization by
pathogens (9).

The result of co-aggregation assay of L.
plantarum (T23/3) showed co-aggregation and
adhesion with five strains of gastrointestinal
pathogens were E.coli, S. typhimurium, S.
aureus, S. sonnei and V. cholera observable
under the light microscope. Such co-aggregation
could be an important factor in maintaining
gastrointestinal health because it produces an
area around the pathogen where the
concentration of  antimicrobial substances
produced by the lactobacilli is increased (22).
Bacterial aggregation between microorganisms
of the same strain or between genetically
diverent strains is of considerable importance in
several ecological niches, especially in the
human gut. Therefore, the selected strains were
not only exhibited for their auto-aggregation and

surface hydrophobicity ability, but also caused
co-aggregation.

Figure 2 L. plantarum (T23/3) showed self-
aggregation producing macroscopic granules the
phenomenon was clearly observable under the light
microscope

Conclusion

Lactobacillus (T23/3) strain used in this
study revealed lactobacilli isolate T23/3 was
identified as L. plantarum. This strain possessed
inhibiting ability against five gastrointestinal
pathogens and resistance to antibiotics
commonly prescribed for infection caused by
these  pathogens. The strain has an ability to
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survive during gastric and intestinal transit
(pH>3) at least 2 h. It displayed self-aggregation
from macroscopic granules and has high surface
hydrophobicity property with a maximal
ammonium sulfate concentration of 0.5 mol/l
and showed co-aggregation with five strains of
gastrointestinal pathogens. According to the
obtained results L. plantarum (T23/3) was a
promising strain as probiotics.
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ABSTRACT Probiotics have been encouraged for the prevention and treatment of a wide
range of diseases, and it is found to be efficacious in some clinical practice. The present study
was undertaken to evaluate the potential probiotic properties of newly isolated Lacrobacillus
strain. The L. plantarum (T23/3) was originally isolated from the feces of healthy elderly
volunteer and identified by 16S rRNA sequence homology. The L. plantarum (123/3)
showed better tolerance property to bile acid, simulated gastric and intestinal fluid and
exhibited strong antimicrobial activity against tested enteropathogens. It formed macroscopic
granules with high surface hydrophobicity and co-aggregated with tested microbial strain. It
was resistant to some antibiotics used for treatment of diarrhea so there is possibility to co-
administer L. plantarum as probiotic with antidiarrheal therapy. Furthermore, good adhesion
and significant potential for decreasing adhesion of pathogens (E.coli and V. cholera) to
Caco-2 cells were observed in these experiments. The stability profile of L. plantarum
(T23/3) reflected high viability (uptol2 months) in enteric coated capsules containing lactose.
Our study provides evidence that L. plantarum (T23/3) has a promising future to protect

humans from gastrointestinal infections and affirms to serve as a probiotic.

KEY WORDS: ®Probiotic ®*Antimicrobial activity ® Adhesion ®Survival ® Stability
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INTRODUCTION

The incidence of illnesses that may be caused by microflora, such as gastrointestinal
tract infections, constipation, irritable bowel syndrome, inflammatory bowel disease (Crohn’s
disease and ulcerative colitis), food allergies, antibiotic induced diarrhoea and certain cancers
is of great concern.' The World Health Organization has currently advocated implementation
of alternative strategies for controlling such gastrointestinal problems by exploiting the
prophylactic and therapeutic potential of probiotic bacteria.” Intestinal microflora have
metabolic, trophic, and protective functions, and the exogenous administration of probiotics
can modify these functions to protect individuals against such pathological gastrointestinal
conditions. Probiotics are live microorganisms that when administered in adequate amounts
confer a health benefit to the host. These benefits can include such functions as providing a
microbial barrier against gastrointestinal pathogens, through competitive exclusion of
pathogen binding, modulation of the host’s immune system, production of inhibitory
compounds and even the provision of some vitamins including vitamin B,;. Cocktails of
various microorganisms, particularly species of Lactobacillus and Streptococcus, have been
used to produce fermented dairy products that traditionally have been associated with
promoting human health. Lactobacilli are generally recognized as safe (GRAS), are natural
inhabitants of the healthy human intestinal tract and also have a long history of use in foods
and fermented products.’ Lactobacilli produce a wide range of antibacterial compounds
including organic acids during growth, hydrogen peroxide in the presence of oxygen,
proteinaceous compounds such as bacteriocins.” ° In order to survive in and colonize the
gastrointestinal tract, probiotic bacteria should express high tolerance to acid and bile and
have an ability to adhere to intestinal surfaces.’ Enterocyte like Caco-2 cells have been
successfully used for in vitro studies on the mechanism of cellular adhesion of nonpathogenic
lactobacilli.” Although many potentially probiotic strains are currently available for

3
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commercial use either in the form of fermented foods or pure cultures in powdered, tablet or

capsule form, many of these bacteria may not have all the above characteristics.’

The objective of the present study was to characterize the potential probiotic
properties of L. plantarum (T23/3) for its preventive and therapeutic action in gastrointestinal
infections. In addition any potential probiotic microbe must be stable over a period of 12

months during storage in gelatin capsules.
MATERIALS AND METHODS
Bacterial strains and growth condition

The L. plantarum (T23/3) strain used in this study was isolated from feaces of healthy
eiderly volunteers who had not taken antibiotics and had no recent history of gastrointestinal
complaints for at least 3 months prior to the sampling date. The selected isolate was stored at
-80°C in de Man Rogosa Sharpe broth (MRS, Difco, USA), supplemented with 20% (v/v)
glycerol until used. For routine analysis the isolate was sub-cultured twice in MRS broth,

each for24 hat 37°C.

Identification of Lactobacillus strain by 16S rRNA gene sequencing

Extraction of chromosomal DNA was achieved using the protocol of Kaewsrichan et
al.® The primers LacAll-F (5-TGCCTAATACATGCAAGTC-3’) and LacAll-R (5°-
CCTTGTTACGACTTCACC-3") were used to amplify nearly the full length of the 16S
rRNA gene, corresponding to the conserved 16S rRNA gene regions of L. plantarum spp.
PCR amplification was performed with a Perkin-Eimer DNA Thermal Cycler 9600,
programmed for 35 cycles, comprising denaturation at 94°C for 45 s, annealing at 50°C for |
min and elongation at 72°C for 2 min, followed by a final extension at 72°C for 7 min. An
amplicon of about 1500 bp in size was excised from a 1% agarose gel after electrophoresis,

4
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purified using the GFX™ Purification Kit (Amersham Biosciences, USA), and cloned into
pGEM-T Easy using the procedures recommended by the manufacturer (Promega, USA).
The 16S rRNA gene was sequenced directly using the recombinant plasmids as the DNA
template, an ABI Prism Dye Terminator Cycle Sequencing Ready Reaction Kit (Applied
Biosystems, USA), T7 and SP6 universal primers, and primers designed by a walking
strategy. Analysis of the alignment and homology for the sequences obtained was performed

by BIOEDIT and BLAST programs.
Antimicrobial activity

The inhibitory activity of L. plantarum (T23/3) against potential bacterial pathogens
was measured by an agar overlay diffusion method. Briefly the isolate was cultured in MRS
broth and incubated anaerobically at 37°C for 24 h. Lactobacilli culture pellets were collected
by centrifugation (5,000 rpm, 10 min, 4°C). The cell pellet was resuspended in phosphate
buffered saline (PBS, pH 7.4, Difco, USA) to a final concentration of 1x10% cfwmL. Ten yne
of lactobacilli cell pellet was spotted onto Brain Heart Infusion (BHI, Difco, USA) agar
plates containing 1% of glucose using a template guide and incubated anaerobically at 37°C

for 4 days.

The potential pathogenic test strains of clinical origin used for this study were:
Escherichia coli, Salmonella typhimurium, Shigella sonnei, Vibrio cholera and
Staphylococcus aureus. They were kindly provided by the Department of Pathology, Faculty
of Medicine, Prince of Songkla University. Gastrointestinal pathogens were routinely grown
at 37°C for 18 h. Culture pellet of the pathogens were collected by centrifugation (5,000 rpm,
10 min, 4°C). The cell pellet of indicator pathogens were resuspended in PBS to a final
concentration of 1x10* ¢fu/mL. Four mL of inoculum in soft agar medium was overlain on

the top of the plates of lactobacilli. After incubation at 37°C for 18 h, the plates were
5
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observed for clear zones of inhibition around lactobacilli colonies with an antibiotic zone

reader.
Susceptibility to antibiotics

The antibiotic susceptibility testing of L. plantarum (T23/3) was determined by an
agar diffusion method. The antibiotic discs (Oxoid, UK) were ampicillin (30 ug),
chloramphenicol (30 ug), doxycycline (30 ug), erythromycin (15 ug), neomycin (30 ug),
penicillin (10 units) and tetracycline (30 xg). The cell pellet of this strain was resuspended in
PBS to a final concentration of 1x10% cfu/mL. The adjusted cultures were streaked with a
sterile cotton swab onto the surface of MRS agar plates. The antibiotics discs were placed
onto the surface of the agar. After incubation under anaerobic condition at 37°C for 24 h, the
plates were observed for a clear zone of inhibition around antibiotic discs with an antibiotic

zone reader.
Upper gastrointestinal transit tolerance assay

The cell pellet of L plantarum (T23/3) was resuspended in PBS to a final
concentration of 1x10® ¢fwmL. One mL of this suspension was added to 9 mL of SGF
(containing pepsin (1:10000, ICN, Sigma, USA) in PBS to a final concentration of 3 g/L and
adjusted to pH 2.0, 3.0, and 4.0) and SIF (containing pancreatin USP (P-1500, Sigma, USA)
in PBS to a final concentration of 1 g/L and adjusting the pH to 8.0) before incubating under
anaerobic condition at 37°C. Resistance was assessed in terms of viable colony counts and
enumerated on MRS agar plates after incubation at 37°C for I, 2 and 3 h with SGF, and 1, 2,

3 and 4 h with SIE. to reflect the transit time in the stomach and small intestine, respectively.
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Bile tolerance assay

The cell pellet of L plantarum (T23/3) was resuspended in PBS to a final
concentration of 1x10* cfu/mL. One mL was then added to 9 mL of PBS containing 0.3%
w/v oxgall (Sigma, USA) and incubated under anaerobic conditions for 1, 2, 3 and 4 h at
37°C. Tolerance was assessed in terms of the viable colony counts enumerated on MRS agar

plates.

Autoaggregation fest

The cell peliet of L. plantarum (T23/3) was resuspended and dispersed in PBS to a
final concentration of 1x10® cfwmL. One drop was placed on a glass slide and examined
microscopically. Autoaggregation was determined as the ability to form aggregates within 2
min. L. cellobiosus that had also been isolated from the feaces of a healthy elderly human was

. 9
used as a negative control.

Surface hvdrophobicity

Surface hydrophobicity was studied using the salt aggregation test (SAT). The cell
pellet of L. plantarum (T23/3) was resuspended in 20 mM of sodium phosphate buffer (pH
6.8) (Merck, Germany) to a final concentration of 1x107 cfw/mL. Solutions (500 #L) of
ammonium sulfate (Merck, Germany) (0.5, [.5, 2.0 and 4.0 mol/L) were mixed with an equal
volume of cell suspension on a glass slide and examined microscopically. The lowest
concentration of ammonium sulfate that caused the bacteria to aggregate was defined as the
SAT value. The isolate was classified into one of three groups: high surface hydrophobicity
(SAT < 0.9 mol/L), intermediate hydrophobicity (SAT 0.9-1.5 mol/L) and hydrophilic (SAT

>1.5 mol/L).9
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Co-aggregation assay of pathogens with lactobacilli

The cell pellet of L. plantarum (123/3) and indicator pathogens (E. coli, S. aureus, S.
sonnei, S typhimurium, and V. cholera) were resuspended in PBS, each to a final
concentration of 1x10* cfwmlL. Aliquots (500 #L) of the lactobacilli isolate were mixed with
an equal volume of each indicator pathogen. The co-cultures were shaken in anaerobic
conditions at 37°C, 100 rpm for 4 h. After incubation, the suspensions were smeared on a

glass slide, Gram-stained and observed microscopically. A co-aggregation assay was positive

if L. plantarum (T23/3) formed aggregates with the other pathogenic strains. ’
In vitro adherence assay

The adherence of L. plantarum (T23/3) to enterocyte like Caco-2 cells (ATCC HTB-
37, Rockville, USA) was examined. Caco-2 cells were routinely grown in Eagle’s minimal
essential medium (MEM, Gibco, USA) supplemented with 15% (v/v) fetal bovine serum
(FBS; Gibco, USA), antibiotics (100 U/mL penicillin and 100 mg/mL streptomycin; Gibco,
USA). Monolayers were prepared in 12-well tissue culture plates (Corning, USA) seeded (1
mL) at a concentration of 4.5 x10° cell/well into the wells and incubated at 37°C in 5% CO,
for 15 days with the culture medium changed daily.

The cell pellet of L. plantarum (T23/3) was washed twice with PBS and resuspended
in complete MEM without antibiotics to a final concentration of 1x10” c¢fu/mL. For the
adherence assay, Caco-2 monolayers in the wells of the tissue culture plates were washed
twice with PBS and pre-incubated with 500 ¢l complete medium without antibiotics for at
least 30 min before inoculation with the lactobacilli isolate. A bacterial MEM suspension
(500 pL) was transferred onto the Caco-2 monolayers. The plate was incubated at 37°C in 5%
CO; for | h. After incubation, the wells were washed four times with PBS to release unbound

bacteria. The washed monolayer was then treated with 1 mL of 0.05% Triton X-100 and
8
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incubated at 37°C for 5 min to lyse the celis. The adhesion of the lactobacilli strain to Caco-2
cells was expressed as a percentage of the viable bacteria compared to their initial population.
L. casei TITR 1463 strain was used as a positive control, while L. cellobiosus weak adhesive

strain was used as a negative control (reference strain previously isolated in our laboratory).
Inhibition of pathogen adhesion to Caco-2 cells

To study the effect of lactobacilli on the binding of pathogens to enterocyte-like
Caco-2 cells monolayers. Caco-2 cells were prepared as described before. The cell pellet of
L. plantarum (T23/3) and pathogens (E. coli and V. cholera) were resupended in MEM
without antibiotic to provide 1%10" cfu/mL of each culture. Aliquots (500 L) of the
lactobacilli strain and equal volumes of each indicator pathogens were added in a Caco-2
monolayers well plate. After incubation at 37°C for | h, Caco-2 cells were solubilized and the

adhered pathogen populations were enumerated as described.
Preparation of lactobacilli enteric coated capsules

The cell pellet of L. plantarum (T23/3) were resuspended in 8% lactose (Fluka,
Germany). The suspensions obtained with a cell density of about 1x10° cfw/mL were
lyophilized for 24 h (Dura-Stop and Dura-Dry, FTS system, USA). The lyophilized powder
of lactobacilli was filled into hard gelatin capsules (size No. 1). Each batch of the capsules
was coated with a coating solution containing 12% Eudragit®L-IOO, 3% propylene glycol,
1% polysorbate 80, 45% ethy! alcohol and 39% acetone by spray gun with nozzle diameter of
1.0 mm (Walther Pilot, Germany) at a flow rate of 3 mL/min. The coating process was
carried out using conventional coating pan. The film was allowed to dry with the help of
dryer with an inlet temperature of 35-40°C for 10 min. The capsules were kept in airtight light

resistant bottles containing silica-gel desiccants and stored at 4°C in the refrigerator. Viability
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of lactobacilli was determined at defined time intervals throughout a storage period of 12

months.

Viability of lactobacilli

The number of viable lactobacilli before and after freeze-drying and storage was
determined by a plate count method. Lyophilized powders were rehydrated in 1 mL of PBS
and these suspensions were serially two fold diluted in MRS broth. All dilutions were
dropped into MRS agar and colonies were enumerated after incubation of plates
anaerobically at 37°C for 48 h. Results were expressed as %viability of the initial lyophilized

powder.

In vitro release studies

Release of the lactobacilli from capsules was carried out to assess the ability of the
coating materials to protect the capsules at the physiological pH of the stomach and intestine
at 37 + 0.5°C using a USP Dissolution Apparatus | rotating at 100 rpm. The coated capsules
were tested initially in SGF pH 1.2 containing 0.1N hydrochloric acid (900 mL). This was
followed by replacing the dissolution medium with 900 mL SIF pH 7.4 and the dissolutions
were continued for another 3 h. At regular time intervals, the number of viable lactobacilli in

the dissolution medium was determined by the normal plate count method.

Statistical analysis

All data were expressed as a mean + SD. The student’s ¢ test was used for statistical
analysis by comparing treatment groups versus control groups. Results were regarded as

statistically significant at p <0.01.

Results and discussion

10
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ldentification of Lactobacillus strain

The identification of lactobacilli was initially based on colony morphology, Gram-
stain reaction, sugar fermentation profiles and enzyme activities. The isolated strain was
identified as L. plantarum by biochemical tests and the API 50 CHL system (bioMe riueux,
France) with 93.0% confidence. This result was confirmed with rRNA sequencing. 16S
rRNA and 325 rRNA sequence probes suggested the use of their specificities, which are
highly conserved and give results with a high degree of confidence. rRNA sequences are one
of the quickest ways to identify lactic acid bacteria species used in fundamental and applied
research.'” '' In this study, this isolate was confirmed by 16S rRNA sequence system
(http://www.ncbi.nlm.nih.gov/sites/entrez) under accession number HM051157 (1,486). The
16S rRNA of the isolaie was 99.0% identical with that of other L. plantarum strains

registered in the GenBank database system. It was named L. plantarum (T23/3).
Antimicrobial activity

One important property of a functional probiotics is its anti-pathogenic activity. The
antimicrobial ability of L. plantarum (T23/3) against five potential gastrointestinal pathogens
was assayed. This isolate showed strong inhibitory action on the selected pathogens after an
overnight incubation period (Table 1). L. plantarum (T23/3) inhibited both Gram positive (S.
aureus) and Gram negative bacteria (E. coli, S. typhimurium, S. sonnei and V. cholera) with a
range of 36-38 mm. The antimicrobial activity of lactic acid bacteria may be due to a number
of factors. Generally, the effect of lactobacilli in controlling the proliferation of pathogenic
bacteria is by producing a wide range of antibacterial compounds such as organic acids (e.g.,
lactic acid and acetic acid), hydrogen peroxide, bacteriocins and fatty acid.'? In fact, the
production of lactic acid was enough to inhibit certain bacterial strains. This is because the

unionized form of lactic acid triggers a lowering of the internal pH of the cells that causes a

11
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collapse in the electrochemical proton gradient in sensitive bacteria, hence having a

bacteriostatic or bactericidal effect."
Antibiotic resistance

Antibiotics resistance has become a serious problem in treatment of infections caused
by a variety of microorganisms due to the indiscriminate use of antibiotics in human
medicine. Detection rate of multi-antibiotic resistant bacteria has increased and resistance is
common among strains belonging to the gastrointestinal tract of humans. In this study, L.
plantarum (T23/3) was sensitive to ampicillin and chloramphenicol. However, it was
resistant to erythromycin, doxycycline, penicillin G, neomycin and tetracycline. One of
desirable properties of lactobacilli to be used as probiotic is the resistant to antibiotics. The
lactobacilli can effectively protect the natural balance of intestinal microflora during and after
therapy by the antibiotics to which they were proved resistant. This strain is also useful in the
bio-agents and dairy product manufacture if antibiotics were present in the milk due to
antibiotic use in growth promotion and gastrointestinal therapy. The high intrinsic resistance
and susceptibility of lactobacillus strains to a range of antibiotics is important. Since these
strains survive during a specific antibiotic treatment. In the treatment of gastrointestinal tract
infections, better management is obtained when concurrent therapy is made with probiotic
lactobacilli and antibiotics to which they are intrinsically resistant. By doing so, intestinal

. . 14
microfiora can recover more quickly.

Survival gastrointestinal transit

In probiotic selection, this strain needs to clearly demonstrate that acid sensitive strains
can colonize and survive in the small intestine.” In this study, the effects of different pH
values of SGF and SIF on the viability of L. plantarum (T23/3) were studied (Fig. 1). This

isolate remained viable at pH 4.0 for 4 h, but it did not survive at pH 2.0 and 3.0 after 2 h of

12

Mary Ann Liebert, Inc. 140 Huguenot Street, New Rochelle, NY 10801

Page 12 of 27



Journal of Medicinal Food

incubation in SGF conditions (Fig.1A). In the SIF condition, the total number of L.
plantarum (T23/3) showed no loss of viability after incubating at pH 8.0 for 4 h (Fig. 1B).
For bile tolerance study, growth capacity of L. plantarum (T23/3) in the presence of bile salt
was evaluated. After incubation for 4 h, it was able to grow in the PBS containing 0.3% (w/v)
oxgall as shown in Figure IB. This result indicated that this strain could survive in gastric
conditions for up to 2 h so when it is moved to the small intestine, at a more neutral pH, it is
expected that it will grow, become attached to the epithelium, and eventually start to provide

health benefits.
Aggregation activity

Cell adhesion is a complex process involving contact between the bacterial cell
membrane and interacting sAurfaces. The abhility to adhere to epithelial cells and mucosal
surfaces has been suggested to be an important property of many bacterial strains used as
probiotics. A variety of surface structures of bacteria are involved in adherence mechanisms
including bacterial aggregation between microorganisms of the same strain (auto-
aggregation) or between genetically different strains (co-aggregation) and hydrophobic
properties is of considerable importance in several ecological niches, especially in the human
gut, where probiotics are to be active.'® In the gastrointestinal tract, aggregation can allow
lactobacilli to form a mucosal biofilm and thus prevent the attachment of pathogens.'” In the
autoaggregation assay, L. plantarum (T23/3) did show self-aggregation to produce
macroscopic granules. This phenomenon was clearly observed with a light microscope (Fig.
2A.). Aggregation was not observed with the L. cellobiosus isolate used as a negative control

(Fig. 2B).

The cell surface hydrophobicity assay was performed to confirm the auto-aggregation

characteristic. The property of hydrophobicity is an important mechanism in bacterial
13
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adherence. In this study, the results revealed that this strain had a high surface
hydrophobicity. In general, lactobacilli strain with that highly negative charged, hydrophilic
cell surface adhered minimally whereas lactobacilli strains with a slightly negative charged,
hydrophobic cell surface adhered strongly.18 As the salt concentration increased, some of
water molecules are attracted by the salt ions, which decreases the number of water
molecules available to interact with the charged part of the bacterial cell wall. As a result of
increased demand for solvent molecules, the bacterial cell wall cell wall interactions are
stronger than the solvent-bacteria cell wall interactions, the bacterial cell wall then coagulates

by forming hydrophobic interactions with each other.

Co-aggregation could be an important factor in maintaining gastrointestinal health
because it produces an area around the pathogen where the concentration of antimicrobial
substances produced by the lactobacilli is increased.'® The result obtained showed that .
plantarum (T23/3) showed co-aggregation and adhesion with five strains of gastrointestinal
pathogens (E. coli, S. typhimurium, S. aureus, S. sonnei and V. cholera) as observed with a
light microscope (data not shown). Bacterial aggregation between microorganisms of the
same strain or between genetically divergent strains is of considerable importance in several
ecological niches, especially in the human gut and many authors have reported that the co-
aggregation abilities of lactobacilli species might enable it to form a barrier that prevents
colonization by pathogenic bacteria.'” Therefore, the selected strains not only exhibited auto-

aggregation and surface hydrophobicity ability, but also caused co-aggregation.
Adhesion to Caco-2 cells

The adhesion of probiotic strains to intestinal epithelial cells is considered as a
prerequisite feature for attachment and proliferation in the intestinal environment. Adhesion
has also been cited as important for transient colonization, enhanced healing of the damaged

14
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gastric mucosa, modulation of the immune system and antagonism against pathogens. Thus,
the ability to adhere to epithelial cells and mucosal surfaces has been suggested to be an
important property of many probiotic bacterial strains.'® The binding ability of isolates was
evaluated using the Caco-2 cells. This cell line has been used as an in vitro model for
intestinal epithelium and used to screen for adhesive strains.'” In this study, L. plantarum
(T23/3) was proved to be the most adhesive strain since approximately 90% of added bacteria
were bound to Caco-2 cell cultures (Fig. 3). This result showed that L. plantarum (T23/3) was
able to bind to Caco-2 epithelial cells as did the positive L. casei TITR 1463 control.
Whereas, this strain bound with much higher numbers than that of the negative control of L.

cellobiosus (p<0.01).

Cell adhesion is a multistep process involving contact of the bacterial cell membrane
and interacting surface. In this study, we investigated the competitive binding, exclusion and
displacement inhibition of adherence of pathogenic bacteria to Caco-2 cell by adhering L.
plantarum (T23/3). The table 2 represents the inhibition of pathogens adhesion in presence
of L. plantarum (T23/3). All the numbers of adherent pathogens were obviously reduced by
co-culture with L. plantarum (T23/3). The reduction of E. coli and V. cholera adhesion to
Caco-2 cells by the lactobacilli was more than 70% when compared to the controf (p<0.01).
However, L. plantarum (T23/3) showed good adhesion and inhibition of pathogen binding

and is thereby proving as a suitable probiotic strain.
Evaluation of the enteric coated capsules

The freeze-drying process is commonly used for the preservation and storage of
microorganisms for industrial applications. The optimal performance of certain strains should
guarantee their potential to survive and for stabilization of their metabolic activity." The

survival rate of microorganisms varies among the strains and the agents used as the

15
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suspending media. In the present studies, lactose was used as a protecting agent to enhance
their survival during freeze drying and subsequent storage. Lactose can also promote the
delivery of microorganisms because lactose is used as a carbon source. In this study, L.
plantarum (T23/3) strain survived after freeze drying and the data show no significant
differences before and after the process (Fig. 4A). This assured that the lyophilized process
did not kill L. plantarum (T1T23/3). This strain remained viable upto 100% in capsules after 12

months of storage at 4°C (Fig. 4B).

Enteric coated capsules are designed to remain intact in a highly acidic environment
of the stomach but dissolves rapidly in the neutral environment of the small intestine.'
Eudragit®L-100 was used to coat the hard gelatin capsules for the delivery of L. plantarum
(T23/3) dry powder form to the small intestine. Eudragit®L-1OO is an anionic copolymer of
methacrylic acid and acrylates which is resistant to the acidic environment present in the
stomach but dissolves rapidly in the small intestine.”” The in vitro release profiles of L.
plantarum (1T23/3) from the freeze dried enteric-coated capsules are shown in Figure 5. The
freeze-dried lactobacilli loaded into the Eudragit®L-100 coated capsule did not release the
bacterial content in SGF pH 1.2 over 2 h but dissolved, released the L. plantarum (T23/3)
instantly in the SIF at pH 7.4. The results demonstrated that Eudragit®L-100 coated capsule

were successful for intestinal delivery of lactobacilli.
CONCLUSION

The Lacrobacillus isolate T23/3 used in this study was identified as L. plantarum,
presented interesting probiotic features, especially good resistance to acid and bile conditions,
as well as good adhesion capacity to Caco-2 cells. This strain showed antagonistic effects
against enteric bacterial pathogens and interference with pathogens adhesion to Caco-2 cells.

These characteristics may enable them to have antibacterial activity and establish themselves

16
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in the intestinal tract and to compete with other bacterial groups. A freeze dried powder of the

isolate in capsules survived up to 12 months after storage at 4°C. Overall L. plantarum

reflects to be promising strain as a probiotic.
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Table 1. Inhibition zone of L. plantarum (T23/3) against gastrointestinal pathogens

Gastrointestinal pathogens Inhibition zone (mm) (n=5, mean + SD)
Escherichia coli 38.8+0.8
Salmonella typhimurium 38.0+0.7
Shigella sonnei 36.6 0.8
Staphylococcus aureus 37804
Vibrio cholera 38.0+0.7

Mary Ann Liebert, Inc. 140 Huguenot Street, New Rochelle, NY 10801



27 Journal of Medicinal Food

Table 2. Percent attachment of E. coli and V. cholera to Caco-2 cell line under competition,

exclusion and displacement condition with L. plantarum (T23/3)

Gl % Pathogen attachment (mean * SD. n=5) under the following
pathogens condition
Control
Competition Exclusion Displacement
E. coli 100 £ 0.2 7431 0.5 7031 +£0.2 80.25+0.2
V. cholera 100 = 1.1 7593 +1.1 73.52+0.3 79.53+0.2

All values are significantly lower than the control at p < 0.01
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figure legends
Fig. 1. Percent survival of L. plantarum (T23/3) in simulated gastric fluid at pH 2 (@),

pH 3 (), pH 4 (A) (A). simulated intestinal at pH 8 () and bile (oxgall ) at 0.3%

(w/v) (@) (B) (mean + SD, n=0)

Fig. 2. Microscopic observation of L. plantarum ('T23/3) showing granules self-aggregation

(A) and no aggregation of L. cellobiosus used as a negative control (B) (50X)
Fig. 3. Percent attachment of L. plantarum (T23/3) on the Caco-2 cells (mean + SD, n=6)
Fig. 4. Survival of L. plantarum (T23/3) before and after freeze drying (A) and storage as a

freeze-dried powder into 12% Eudragit®L-100 coated capsule during 12 months at

4°C (B) (mean + SD, n=0)

Fig. 5. Dissolution profiles of L. plantarum (T23/3) from the freeze-dried in 12%
Eudragit®L-100 coated capsule to delay release of probiotic during 2 h in SGF pH

1.2 and immediately release in SIF pH 7.4 (mean = SD, n=6)
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Fig. 2. Microscopic observation of L. plantarum (T23/3) showing granules self-aggregation (A) and no
aggregation of L. cellobiosus used as a negative control (B) (50X)
90x137mm (600 x 600 DPI)
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