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Selection of Bifidobacterium spp. for Fermented Milk Production

Pattra Charnchai' Sirima Suvarnakuta Jantama’ Kaemwich Jantama'
' School of Biotechnology, Institute of Agricultural Technology,
Suranaree University of Technology

: Faculty of Pharmaceutical Science, Ubon Ratchatani University

Abstract

The viability and functionality of probiotics may be influenced by industrial
production processes resulting in the reduction of their behaviors that benefit the health
of humans. This study aimed to investigate the probiotic characteristics of
Bifidobacterium strains isolated from fecal samples of healthy Thai infants. It found
three local strains (BF014, BF052, and BH053) belonging to Bifidobacterium animalis that
showed a great resistance against conditions simulating the gastrointestinal tract. Among
these, B. animalis BF052 possessed considerable probiotic properties, including high acid
and bile tolerance, strong adhesion capability to Caco-2 cells, and inhibitory activity
against pathogens including Salmonella typhimurium and Vibrio cholerae. This strain
also exhibited a high survival rate compared to commercial strains during storage in a
wide variety of products, including pasteurized milk, soy milk, drinking yosurt, and orange
juice. The impact of food processing processes as well as the freeze-drying process,
storage of freeze-dried powders, and incorporation of freeze-dried cells in food matrix
on probiotic properties was also determined. The food processing chain did not affect
the stability of the probiotic properties of the BF052 strain, especially its resistance in
the gastrointestinal transit and its adherence ability to Caco-2 cells, indicating that it
satisfies the criteria as a potential probiotic and may be used as an effective probiotic

starter in food applications.
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MmAdetiaiulunsAndenesuaiiselnsiulefnngy Iilauuafisy nddnennly
nslddunawelugramnssuuumdn aneuiifnuenunlagniiundssdiuanuaunsalunig
Fudan1siateuesgadnnelsn NMINuUMURansa 1ndef kavtigoyanAussy uanINU
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Andenlasaly

Tumsfinmnmastauiausiuuunmawisandideanuueiidefidadentd 51asi
msUssifiuesduszneuvesemsiililuninafoundide uavansiidusdestuinmarius
LuUsHIfinLU (freeze drying) uavgaumnilunisifiudnwndudeasgnnyiiiienanigi
mmuawamiumsmusﬂmﬂmLﬁuaimmmmmamlmmaqmﬁaasammLszjaa 8RTINTTATRY
waznAnHandInmMIaraendndendusiduluguveamad wienduseinsinendn
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1.5 ASNUNIUITIUNTTY
1.5.1 annamanevasaunidlnsluladin

Inslulefin (Probiotic) gnnanfudunasausnlul a.a. 1965 g Lilly uas Stillwell 31
Wuansindteanuiandsddinvuiaidnsdanwaranunsalunszgunisiadgiulnves
duliTdndule  Falleunuiensstiuiua1ineufiiue (antibiotics) seunlul ae. 1974
Parker lalsirdeuvasinslulefnindudddinvuinmdnuwaziduaisifidruilminaiy
aunaventauszdnduludld &ad1d1 “a13” Parker Malvimnuvanesiulufeenyufdrueeae
(Schrezenmeir et al., 2001; Joint FAO/WHO Working Group, 2002)

Tt .6 1989 Fuller lawenenuaduiemienuves Parker iavulaend1vin nslule
AnduomsiaSundugaunididin ansanelssleviddidinniuenduey lnansusuauna
a a a 2{", | v o o w
Y039aunIlumaAueIms nuulul AA. 1992 Havenaar uagany tavenaddninaay
voslnsluleAnindudddinvunmdnvinfemsedudiunauvesgaunidvalsviafiasyla

= & c 1 o ¢ s 9 wa a e o a A o i
szquuﬂsvimumaamua ruuwd launisuSulssaudivesydunidusedntunenduaglu
aalld3miu (Schrezenmeir et al,, 2001; Joint FAO/WHO Working Group, 2002) sionnlul
A.A. 1998 Salminen llsimariaauvesinslulefnindudiunanoimsnnidegdunisid
W0 mumvisﬁuumaaéﬂmwmawuwa (Schrezenmeir et al., 2001)



U990y The Food Agricultural Organization/World Health  Organization
(FAO/WHO) lalAdninfanuvesinsiulefninfededidinvuindntailelasuss1anisauay
ol inUseleisieauninvesdalviniduenduet (Brown wazany, 2004)

1.5.2 anudrAyvasgdunsdinslulann

\ = PREPRE| ) ! oV vy ) v A a A

Sumevesyudiuuaiiseiodeegludldmeiu 2 szian laun wueiiSendey
9IMTwalas a1 sIuiuresnenie d@udnussinnuiefonuaiiisefgosa1mishadas19ansd
Anuszlevisosninedsdiulvgiduwuaiiefeglunduudninuedauuailie (Lactic acid
bacteria; LAB) lnglun1ziisnanmeaiduund wuailisedinanazsnwaunalneaiuauusuia

a N W ) Y o A P gy | v a a6

aunsddaiunaviuliegluseauimunzay lnelionsidiuves LAB Seuay 85 wagqdunidne
lsadue Jesar 15 wiklialadnsanisuywdedluanenlimunzay vsevliiansgayde
aunavUsuaugaunIdlualdly azdelminUsunaves LAB anawsaliyduvsdnelsauiniu
danalvilineinsaunfsng 1w iosn Qiun [Weems vieda viewile uazszuunsiney
TusreneReUnd WedWlawuaise (bifidobacteria) LWuidalnslulefnsianiadsaiuisausy

aunaveRauUnIdlusenY

1.5.3 @uunvadnslulafnig

'
a 6a U I

Inslulefnilugdunidiiondueglunisifueomsvesuysduazdnd YreUsuaunaves
Paunidludld ingudsiudugaunisivillmiAnlsafiuTnamiafiuewns (Havenaar et al,
1992) fattunsiigdunisinslulefnanninaia wasiuadulumafuemslaessanns
fsadnludldld TedeadandAivareusenisiiieaninsonusoaningmaiuemsdasuia
NADABIMNT NTLINITDIMNS SldENdIUAY dunats wavdrulane wavruasiuaeyludld
TngfladauuafiSelnslulofniinsasiinmuaudReeluil

1. wiglesieuazannsadiinegnigludild f8nsnssendingadesiuszuy
#1499 ve93n 1y Tunsginnzenvns Sldan deieanuldluynannglussuumaiueims
U MUNSATl pH 2-3 (Nseimzenms) weasunsanuanudusnedl pH 8-9 @ldsn) Judy
wasilmnuAmusean mIEdlE LY Lavaunsasendinlausinsyisluvaeinnnmaass (Fuller,
1989)

2. WuwadfifiTinlaoiiuduiunazusduiugdunidnelsalumafuemsuas
annsodmnziuadlunlsdld@dd wazanunsadalduiluanneifiunasemsdos

3. mthiiduansasujTueidguandifinnisaiyivlnvesuyvduasdad
Fudnumunsialia wazneliinUsslevisasneanie (Klein et al., 1998)

0. lidelmAnlsauaziudatordunidnelsa aeanuannsalunisudnnsaudnin
NIDATHUALNBSLaTU (bacteriocin) NﬂgugﬂﬂﬂiLﬁl%QJ,%aﬂLLUﬂﬁLQ‘S‘EJﬂ'aIiﬂ (Havenaar, 1992;
Gilliland, ~ 1989) Y28gesaarsninermisiiielvnsaweiilu nsaluiu wazinifiu 1Judu
uenantudianansnannsidssdenininuzsedildlng annsdunseiarsusznouueiiy
(amine compounds) Adufiwluszuumadiue s



5. annsasnlanlurisgamaifiniis

6. fianudaende ldnelifinvseaiivansiiy Ineaunsagneeusuitvaede
(GRAS; Generally Recognized As Safe)

7. liflaudfnisnenaneiug WeaudRlunisaieneaiiugnssunseuen

1.5.4 anfnuadanuaiitse (Lactic acid bacteria; LAB)

LAB 1unquueswuailiiownsuuan (Gram’s  positive bacteria) Usenaulusae
wuaiFeguuriakazgunau taunquueskuailisesunaulaun Streptococcus spp.,
Pediococcus spp., Leuconostoc spp. Wae ﬂamaﬂLLUﬂwLiﬁJﬁﬂLLm laun LactobaC/((us spp-
uay Bifidobacterium spp. wuaiiienguiidiulngliadiaves nunudeannsiid pH o
165 winldluanneilifeendiauvieteondauiies adnsaudndnduasuunveladngn
Tngrituntensguauntsnsinanilulomsniiusenovludoufiten 2 3dn1e Ao
homofermentative Wunisuindildnsawdnindunandndifyifisseduietnar
heterofermentative 13unsuindldudnin lomuea veuedmn uazarsusulaoenledain
nglaa (Hove et al., 1999; Saeed et al., 2009)

Tl A 1995 Hammes wag Vogel N3 LAB Usznausenguuesdiidinidan
varnvany  deneliAnyselovifuuyudaeuinann viwiaedweglumaiueims uns
yianuluemandn uenanduneilingmiratlivssloviduomaasuiidugdun3siitin
FanelmAnuszloviroddlTinild SulaslfiAnmuannavesadunidusyddulumaiu
913 uenaniiu LAB SmnuanunsalumsdudimsaiyuesuuniiSownsuuinudeunsuauls
Juegred Tasaudaidiialuvasiidnisudnnsadunis Wy nsaudnfnuaznsauedin
(Gilliland and  Speck, 1977) saufaansiugadndu wu lalasiaudesoonles wuamesle
Fu (bacteriocin) #3va15AAELUALMBI LT (bacteriocin-like compounds) a LAB duluig)
gnihanldusslenidudunidinslulefnlunanes dou

1.5.5 ludlauuaiise [@Alawuaiise) dunisuitunlddulnsluladn

luillauuaiiss @lauuaiise) Wulnslulednslanisiiendoegludildidnuazdld
Tvg) wasunuafiBeniiussloviressnevesasdifinfienduey Tnonsusuaunavesqdunid
Tusnane fdnvasdudeuueiiGounsuuin fvateguss wu 3Ufe (Y-shape) 3UfI3 (V-
shape) UlA4 (bent) %50 N3gUBY (club) Imsﬂ,ajwuL%aiué’ﬂwmsﬁLmzmjm’f]umam SERN )
Tuanylaldoondiau (obligate anaerobe) dalumin heterofermentative lactic acid
bacteria mmam:ﬁﬂﬁwmaﬂqiﬂaiﬁLﬁuﬂﬁmLLa%amLazﬂimLﬁﬂaﬂ

o Sillanuaiise WuwuaiiBounsuuan doulifnduuy acid fast liadaaves
wndeudl fdnvazguialuvieu vieduuissninswaiafunssiizadenssuosmsude
fou nsslarsnvzunnoeniluduadiesisudmensoguind sgalshnudnuauzgusiswes
wuafienauiaziudsuuasiuiusueiauazdiuusz nevvesewnsiildlunsiaiey uwuedie



nguilldfienuanusnlunisimadlumen ldadaeuluingnziaauazeanding fuiuw
waftiiu (Guanine: G) waglelndu (Cytosine: ©) geits 55-67% TuavesUsnaifiBuioisnun
uammaﬁ’qmmiaa%maﬂ%ﬁ Fructose-6-phosphate phosphoketolase (F6PPK) Faudu
ulssidndylumsurumandnihmaienlea annssuiunmandnimanglea 2 luana awld
wandmfunsaudnfnuaznsauedinludmndiu 2:3 wulesl FePPK diaduoulesiidunum
ddnylumsliuunde Silauunaiie Tussduita uadldusnuuafiFenduiieanarnuuafide
ﬂiml,ﬁﬂﬁﬂmjuﬁus] (lactic acid bacteria) (Lee and O’Sullivan, 2010) \¥e TflauuATiSe
winldrluanedilifioondiau (stictly anaerobe) ogdlsfinuuisaneiuganansanusie
oondianld U B. animalis subsp. lactis Wuaneiuslflugmamnssuniuamiinanunsoiasy
lﬁuamuzﬁﬁaaﬂ%wuqqﬁa 5% (Meile et al., 1997)

v
IS a

o Silauvadise wenldndausnaingaanszveadnmsniidesaeunmnse Taelud
A.A. 1899 Tissier lfdnuuafisortiniifuqdunisuses1au (normal microflora) wuldifudmu
Tngluszuumafuensvesuysd Tneludiuvesdldlvgveayudnuidduauuszung
voude Tillauueiide Wudduamsesnileuunifondy Bacteroides uaw Eubacteria
gy wuafide Dilauueiie wuldundigaludnmanlutasengfousiusnin waswuldds
60-91% 9MNgINTFVOMINTIAINLLLIA (Harmsen et al,, 2000) Josagmsnuioviini
avanasmuoIgiiuty uardadunieuandug Wy msliemsedaduunuihuuainingan
ufsgunmuaginrunnmsmeemnsvasyaatiueg
Tlawueadionuladudiudesludesnasn waztaslnvsauyed Muideaiganudn

(%
A aa

o Dillauuniids ansnsodauenldnisgeansmuasinandorranamielgueaman
AfuTudeguReiu (Solis et al, 2010 way Arboleya et al, 2011) yonaniidevdnids
aunsonulalussUUNLAN IS VRIEN AN U LU B. magnum, B. boum, B. gallinarum,
B. animalis subsp. animalis wavalduasuuas Wy B, asteroides, B. indicum, B.
coryneforme (Ventura et al., 2007)

mMaiuemsvesywdidussuuinmuinlng Ussnauludegduniduainvaiesie
Jeogduiudfuadifoymaiuons waswadluszuugdduduresiniy ssddsznouia
audpsegnfueguauganiuudvedlasiaiiauaznisinnu $umevesuywdsazatusn
yhauldidulnd mnaugaiideluasiilfmsihnuresssuunafuemsinund  wagyile
AameSaninvaslsamusnld Wo IilauuadiGe dndugdunisiddysnvdavisiiviamiig
Tunstaeuivannaanzwindonluszuudld  dresdudeqdunidnelsn uastnedestuuas
vssmemsindeluszuumadiuems (GI's tract  infection) Inewudmisndilésy 8
bifidum wag Streptococcus  thermophilus @14150UTINIDINITVID9590819LALUNAU
(acute diarrhea) warana1uIubisals@n (Rotavirus) ag19fuse@nSain (Saavedra warAe,
1994) Puideagadimuimynaaesiignifosdietusiifite 8. longum subsp. longum
annsadiiinsenndsanldsu Entero-hemorrhagic Escherichia coli 0157:H7 Sadialunguil
anns0asefindng (Shiga toxin) MviliAnensaldngsniauunuuidensen (hemorrhagic
colitis) Msuslnandndasiinuuviniia 8. animalis subsp. lactis §a8anLaEINYI01NT



Tsadl&Snauiiass (inflammatory bowel disease; 1BD) lumynaaes lnstaeiogaliiia
anmefiunzaudenaiainserdunisiausslen waezdsheanyiinuderelsa Klebsiella
pneumoniae wax Proteus mirabilis dadudeddyfimienildinnssnavvesdldlng
uenniqduridaeiuiidiisanainisesynludaseglésndae (Meance et al, 2001)
msuilnandndaeiudll 8. longum $amfugduvsiwslulednuilndu 1Wu L. acidophilus
FrevfinuSunadaiaamesoasidag (high-density lipoprotein; HDL) (Kiessling wavmgiz, 2002)
warnsuslaalesisndid 8. lactis Sufu L. acidophilus Sstvanseiumeiaamesoasiuly

[
(Y

F3ulednmie (Ataie-Jafari et al,, 2009) dnan1izlinusawanina (lactose intolerance) Tu

' 1%
faa A

uywdftnualtuanadugiivilnandniaeiifive SilawuaiiFe Wudiunau (He et al, 2008)
dunalnlunsiuusdwente Tilauueiite dafuiifnuiuegfsoraaslurienanisiinu
vosmsnonss musvemiindininaiomemuaiiGeifieulsilunsilfAsasieusse
fnasensidoulmuionistusivesdlénliminasdenaneiusoonainsrenield 5du
Dusiu

a q

nsruiuegudrin Gilauuafite  annsonudeanngiidunsa Fuinamiigesly
NIgNNZEWNS uazannsausoan i dudsiiinamiAfinantulaesy Seamsadidiney
Iglunszmngemsuazaild Judululdinduauves ilawuaiite Miduaduniduszdtuas
Jetfemuangalussuumaiueinsvesned tagiuidarmenewiioniiusuiu Gils

a a a =) a = ! a Aoy Yo v a
wuase lussuumaduemnshusuvesgaunidinslulefniiedaasuaunmiinliiuguslon
1.5.6 Uszlevivasgdunidinslulefnsiaguain

1.5.6.1 Wnslulednanuisagesaatsnineimsnigludldlnguailindsanulugvves
short-chain fatty acid wsensnduvIdanedue wazdeunsaduaseiiniue waednfiugls
9g19llUsEANTAM  (Cummings et al, 1987) iuaaduuaaidey weoaneda wuniivey
uenantuqduridinslulefndiaunsatiedesaaeansomnssminlefunasdodn Sludld
Wlaslomadoslunsdulsaussedldlng vioiAnanniealddniauld (Shanahan, 2001;
Swidsinski et al., 2002)

1.5.6.2 Wnslulefnannsadudnisiasguendoqduniddelsaldlaenisairensndunid
Tnsianznsaudnin wioadaswuamesleduy venanilnsluledndemnsaasayludgld
wazunnszelagdninisduntdsaidlug Jostuldliqaunidnelsainisinntdsdlduazasale
nvanuaualdlfiadeulvudulnfvilfide dovesdldeneg auysaidudieldegradu
555197 (Alvarez et al., 2001; Laiho et al.,, 2002)

1.5.6.3 nslulefnnszdunisasiueuledudnva (actase) waziouladiun-nudnivdina
(B-galactosidase) Fuoulesidgasgestinafieglutiuudniviiiinoinsviesdauarerlu
anmzuiimauinlng (Lactose intolerance) (Gillitand, 1989)

1.5.6.4 Inslulefnaunsanseiussuugiauiuresdadionyns (white blood cells) ¥
monocyte %38 macrophage  fiAuansalunsTuswlanuasunieuensienieliiu
s dwmaliAnn1599ues secretory immune system Tagn1sudsnaufived i leA



a

-1 N6 9 v oA a o I a ¢
wduiuierdunidnelsalalliineiugeynaiuems wenanidmuingaunsdinslule
fn duasugliduiulaedesiunisunsnveaienslsauiiinubayntisaldvasyUaslsa Crohn’s
disease (Cabre and Gassull, 2007)

1.5.6.5 f91eunsidenisldlnslulefinainiioqaunsd lactobacillus  waz  Tilla

A o a o Ao Aa a a 9 P a & o v v
WuATSe AuaunsatunsiidvukueisenissdnsamgesnwgUieangeludld
waganlddniau (Inflammatory bowel disease, 1BD) wudnaunsatieUsuauaunaves
qauvsdlualduaznaiueins wazannisiadeludildldediunutn Faduniudenuuuln
dnsunisinunsnenlsa (Geier et al., 2007)

1.5.6.6 nslulefnanusaannisiiausiseanld lnedinsfinvineriunisanasueausuna
oulesinadsasnausssluald lnenisnaaeulienanainssuusznuleisniiiugdunsd
Tnslulefn nurlneuledfvs@ennislsaugiSealdlissavanasedrefitedifn (Ling et al,

S o v v < ay 1 a o = ! <
1994) wenantuinlvszuuduaiedulnalididnnisvdnuuuveswedelusianie Wunisan
[ a a < 1 a < o 1 . a
gnsnAusveIMsiinuese Inglangegiedaeisadldlng (Ling et al, 1994) ann1W&n
ca & a < ! . .

Laulszju‘wL‘UumLmyumﬂﬁmmiiﬂmwﬂ LU B—gtucuromdase, azoreductase, nitrate

reductase WLay B—glucosidase (Kontula et al,1998)
1.5.7 msungaunsdlnslulafnunuszandldludueingg

fnnsiaundnfusiovsiasuguaimaingaunidinsluleniiiodeanisliguaing
LazrzanAALvISulloswnnazieien Nsldsuaiail uarmsiudsEmuUssLAY
afesosd s1auidn Mduammivililnslulednlussneiiviinuantesas

Marvin (1981) Wamnwansausiemsiaiugunnlaeldadunidinslulofndadelvian
AruaLnavesyaunIsTiegludld Sauimsuslanndndasiiuminiifide L. acidophilus
wheliansziunspaesealudenaunnninisudlneuuilifidesndn uazinisnd i
nsuslan Kefir Fadundnsnsiuavsindusslonisesisne wduaiassuugiidudiu 9ems
dostinmauaninalunuiiinig lactose  intolerance  wardstsanniafinuziiadndae
(Hertzler and Clancy, 2003)

Jagtundndaminddiudsznevvesqaunidinsluledndulvgjegluguvesuy uay
wanfustun 19U Toiise dusuiitliannsauslnandnfusiunld dusuatitamszuunis
dostimaudning anunsouilnanansusinaliifaunidinslulefnuauey Wy thinuay
waldl 1usiy

fanAdeiRefunsvaasdduuafisauazinslulefin (probiotics) wiasnge wiavae
dosaa1se1ms 1N givlauazifiudnsenvesdndin suaiioarvanyiuna
wuafiSeiidusunmesedn i luumani (aenundy, 2550)

Insluledndslfiduarnasudiugdsanunsathuinanomsldlaensvieotaldiu
Food %3e Feed additives dmfuuyuduazdnild Inovlugdunisildnanasiaiudugiu
qaun3dlungu lactobacilli streptococci Wag yeast ansiasuT s finanluownsdn Tivauia

:l'd a A6 a o A dAda a Py ] a X ' . )
‘V]llﬁ]aumiﬂ%u@l,@ﬂ'ﬂLLagslfu@V]ll"ﬂanVliﬁJ@QLLm 2 GZJUWGUUIﬂ WU Lactobacillus Sp. nu
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Streptococcus sp. 1713@ﬁLﬁ@Tﬁmmsﬂﬁﬂidwﬂmﬂwﬁmﬁ’msﬁama%m%’auzqqqm (Klein et al.,
1998)

WTos Farfusunm (2534) ldqaunidinslulefnuanansivieifiusa ndu Auanwes
amsnih 1wy nanSeieseusneg e in wioudusnsviliinalsl Wesmnuuafidense
wanfnaunsadsuudninalindunsaudndn vliAanisuinvsenislénsaudningiiau
sufuiaddavddsuimannualdlfiduoniues Sudauuaitdensaudninlunald Tu
AszuIUMInITnTlR s AR

msthedunidinsluleAnulfiiundndasiommaaduguamdegdunidnivsslov
wandlvimihilunisufuaugavesszuumaiueimslusUresnanfasiunys sauasledse
Tnonsldndndediléangdunidinslulefin iu L. casei L acidophilus ez
Bifidobacterium spp. \Jusiu (Nakazawa and Hosono, 1992)

nsldlnslulednlunisundnlsa Crohn’s disease (CD) wu Msnaaadlunylagnasly
ownsTifle L. lactis agvilfiAan1svaa trefoil factor fdndulumy wagwuiilnslulofining
Tun1stmn trefoil factor T mucosa  Fadsmnasianistlosiulsaldegnaivssadnsam
uanntulnslulefngailsimeainlsn dextran sodium sulfate induced colitis Tuvy uaz
AAAYIUTULIIVB chronic colitis Iuwﬁw IL-10 Bneae (Steidler et al., 2000)

msldlnslulednufuugeszuugiduiulusisnievesdnd 91nmsdnwinisudsues
cytokines  ThAnTuntluiad epithelial Tudldvosmylunisnevauswiolnslulefinyda
Lactobacillus casei, Bifidobacterium spp. %39 L. helveticus S'us] liinelsa nuituueisy
Tnslulefnianuaiinanansawilonilfidansndwes interleukin-6 (L-6) Tusesuuiunans
971 epithelial cells Tuvausdl Escherichia coli azviliminnismileniinismas IL-6 a8
uss slwslulednanunsansziu epithelium  Irieglusziuiimnzay dmdunisimiig
a319svuunaAuiU (Smits et al, 2005)

1.6 Uselgvunaninazlasu

smiAdeilannsadmdenidouuaiideinslulefnndudfilauvafie  fAfauninged
annsalfidundidelunsudnomsiiuuminldnielulssma Sedsmalianunsoaavie
naunumsthidndudeandsussmadralvianansoandununissdn wardaaiuauiduuds
waziunasiuenglulsemavonsies Insanuisainddeiildlunane s diuy
udfrvieamaiaiudug Turwianisudasualngssdugramnssusioly uanandunaain
NuITeiaunsadnlafamansenuvesasiuginslulefinsenissnwaunavesusesing
QaurEdlumaiuomafiumntuiiliinausaiieeudildludssgndldnisiunds
A1anslun1sInwIlsanisane s nisdesiunisvienduainuavesenuiue nsdesdu
p1n1sAndoalumuiueims warnistesfueinisszansifearisniofuiiosainng
fuusgmuovnsidsain nudsmsiauemsiaduguaiwdug Sndne
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sidpilsaanduduniwedasnisnisdsunsaoussdudadinfnudaduaing
LaZLATARIL) ﬁiﬁﬁumiﬁm«rﬂﬂ%ﬂﬁ%aﬂmwa@ﬂ:mamiqﬁ’uﬁfﬂﬁﬂmﬁmeﬁmﬁﬂmﬁﬁwé’qasﬂu
FEWINNTYININGITNUS uaﬂmuamﬂuummﬁ]EJuLﬂuﬂ'1ﬂﬂjaqﬂﬂ’;’msl,awmnwwmmmwmEJ
SR mﬂ,umsmwammmmﬁmsmﬂwnwmmlﬂammﬂmwmuavmﬂamammsmwa
WannnsruausssundndelnslulefndilawuaiiSe ieldlunsnanemmsiuaminuas
onaadudun Wilgunsuanuelng Asdudwmnglumssdadionsélueuian

uanantuluusuenuifeiistimiilasinsidouasdsmnuidedeilonialunis
mwaﬂmmﬁmqé’m%wmmam%ﬁmuLamﬁ@lﬂé’aﬁfﬂﬁﬂmizﬁw%iymm% wazUSaanlng
auladundiusanlumahaiseiaueluunuenuddeil %ﬂﬂfﬁﬂﬁﬂmwﬁuﬂ%@@m‘% WAy
Usyalnaziilenaliseuinisufiianumeinineimansegidssuy ezt funuULRLTRe
Huiugrunsaayaeainsmainemaniidaruansodelulueuag

Usslewitmainarldannmsiseilaenisifiuiadunsasmainermandluseiu
wud uenanturuAdeiunszannsatiillandnsingios \ernlugnisdreen
waluladannanisinuidnissanlussdugnavnssutusnsnuualngiiteanduyunis
namilosnnisiudindndelnslulefnvesdillanuafiss anmeUsemalasuatsdnum
Tneunldndndolnslulofnvesdilauwuaiide fifauanuueiideiidawenldmelulsane

1.7 ununsanenaamalulagvisenanisidegnguilvung

suddelutsmalnedsldinsiauindndelnslulefnveuuafiiovindila-
wuafise Sreeea3edt fefunanuifennlannsiteiinsduslenideningnainnssunis
wamuminvedlnedueehannidteflazanmsoanniniidanddelnslulednifldlunismanuy
ydfnannsUssnanie IRlanuaiise uenanbugaamnssuumindsannsadidelusly
TofndanamnimunduemaatuiidoiunsusamilsafifnnnmsiadouuadiFerelsn
fiAnne s wisevnaasuiiatnsansyduszuugiduiuvesfuslaaudiiogeengiil
p1n1sthetesviedinsfiegluaniizdeueiiesanmsindelussuumaiuemsdudy
fadimsmenenmallaifnanansainldnendmnmsauaanisiiiunuide



uni 2

A5 UN15IVY

2.1 A EUNISIAY
2.1.1 N1SAUAIDE4

AU9E199991551NANMIINDEE 5 U B3 3 Weu lasiiudieg1mdsannin
ysnaeluiudt Ineldliiudd (cotton swab) feunissiide Jesedisgaaseldly
#@138¥a18 phosphate buffer saline fififesaz 0.05 104 L-cysteine hydrochloride (PBSc)
$1uam 0.5-2 ndu fussylumaeseinden anduthmasadendlunivuy usediduiiiu
uazthdegefildnssiesuftinmaiievinsusnidenelunalaifu 2 $alug

2.1.2 NMIAALENLYBLUANLIY Bifidobacterium spp.

o dy s . Y] i < a dy v
MN1TwenEe Bifidobacterium  ANNAIBYNINITEIINAANNITNNILAGINIUNNITA
Y} 1 av v o Y & dy a [} gj o &
fheg1eflaazihunaulmdudanennuluaisazate PBSc a1ntuinnisiiaangluaisazazany
Weaiu waginde (spread) WoaauuoIM1sLle DeMan, Rogasa and Sharpe #ilSesay 0.05
9849 L-cysteine hydrochloride (MRSc) uﬂﬂuwammu 37 E]Qﬁ’]L‘?jalejEJﬁ (°C) \Juran 48
dludluanazlilldoondiau Gﬁ’Jﬁ]ﬂ@‘Uﬂ’MiJUiﬁ‘l/lﬁLU@W]uﬁlJadL‘Uaf\ﬂﬂﬁM‘U@ﬂ’limﬂﬁLLﬂiu Ly
aﬂwmzmqaugmwawaqwam81@%@%3&1‘1/135% FeuuafiSefidouRndunsuuin uayd
| | Aa v ' | | P \ & a v a ' a I
gﬂiwmwmwmﬂmmuau LW U3UTIRdUNINIUANIYY IBuseTuInssvanudu
¥ A A [~ Y] = v [y '3 < o Q,‘,
NIzlUIZAAIENTZUBINTBNINLTUFURI shudalnanuauledamaaiduau avilUides

Tuemnswman Wevinisiiiuineideluansazaianiwesea 20 % (vv) Mgl -80 e
waduasal

2.1.3 msigadienanealvasaruaiiisenuenladlsufizeranlenadiuaise

LLUﬂﬁSaﬁlé’a’mﬂﬁﬁml,t,aﬂ%ﬁ’]mLﬁm‘hmu%udauaLﬁumﬁa&Jﬂﬁﬁ‘%mqﬂwwaama—
w5 oeldlnsiuesndmizmadiuvae 16S rDNA vaude Tlawuaisy wadun1soudunaly
) \ v W ) a g Ao % A A ) ]
seauluanasiuivanwagndugineveatendauenls lngldlalailfeivestotug 1lu

a g Y o ¢ A a a a g = P v & v a s .
AuesuwuUluNTFuATIERNBLUS I MALD UL IS B ULBUAUWB81984 Bifidobacterium
animalis subsp. lactis, strain BB-12 (Chr. Hansen, Denmark) Taglalnsiues Bifl6d-F (5-
GGGTGGT AATGCCGGATG-3) uway Bif662-R (5-CCACCGTTACACCGGGAA-3) (Kok Lazmle,
1996) waznsvdoUNAnNavDIUAseraenadianinslnida (gel electrophoresis) Tngldusiu
wanlsaaanududu 1.2% (wiv) Swaufdueildainnisinsieiagivunlssua 520 ¢
LUd
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2.1.4 MsAnEIMLBLUATIISEInusaanIzibdunse urdaslunszinizannns (Simulated
gastric juice) dn1ziiiindaunf (Bile salt) uaztirdasluanldidn (Pancreatic juice)

Feuuaiteiifauonldavinndnmnnsmusednizaerlussuumaiueims an
8n13909 Maragkoudakis uazaaz (2006) InsiisatouuaiFeluomaivan MRSc igumad
37°C Hunan 24 dlus Tuannglalldoondiau anduilunsuwiosd 4,000 rom flgamgd
a°C Huan 5 unit Sreuazavanenznouwadiuasazaty PBSC pH 7.2 $1uau 2 SaU 91ty
Jeavanenzneuwadildluasazas PBSC 71 pH 2 wax 3 uazazangluaisavarendnetiges
Tunszamnzomsiia 0.3% (wiv) veseuladinudu (pepsin) Tuaisazais PBSc 7 pH 2 wae 3
wWudieatu TngliiiuSmadesuduussana 107 CFU/mL niudsldluanngldoondiaud
gounnd 37°C WJunan 3 Flus Yansiasayveadeiidalus 0 way 3 §e38 spread plate Uu
p1Muds MRSc vhmstiulelafveadondsanuuiionmgl 37°C unan 48 dalus duaa
Wosifudnissondin (% suvival rate) Tugveadefifud CFU/mL \fisutuidesnads 8.

animalis subsp. lactis, strain BB-12

dmSumsnaasunieglianneaanedldidniu aznadevantivondowuniiisune
avazatginasunAAuNTuA1e wagluaneniliouluiununIiefu (pancreatin) lng

1
o a

avangavnauwasuuaiiSensouldaindrsduluenms MRSc fAindetfnanudutu 0.3%,
0.5% uaz 1% (pH 8) @runisinmumumuuesdeuuaiissluannsiitindosandl&dn
srihuueiiSenavaneluansazats PBSc pH 8 71l 0.1% (wAv) ved ouluiunuadiofu vuly
anmelfeandiaufigamad 37°C WWunan 4 Falus ansiaivlavendelasnisiulalaty
gnsulanazAulniovarnssentinude I uIs I e

2.1.5 mMsuunanenuguuaiiselaeldyaiiuundniiagy APl 50 CHL wazlaen1sinsnz
anduiiaadlalnauedauain 16S rDNA

Fouuaiizefifinaantfidesiuiudunisinslulefnasindasuunaneiugiasld
gaduwunuuaisednsagy APl 50 CHL (Bio-Meérieux, France) Feardnsuunuuaiiean
sUuvunsldmnslulewsn Tag APl 50 CHL asifuommsideadeilésumfuyanageu APl 50
CHL strip Aifiaslulawnsavianan 49 vinegmeluusazuay vildlaodededilawuaiite vu
omsuds MRsc adluthndudasaide Usuaruulilédviiu 2 Mcrarland udh3adheidei
Usumnuquidiadivluomadsate APl 50 CHL nawliidnfunasveanadluluunutas AP
50 CHL strip wagUanquade mineral oil mﬂﬁ?u?jqﬁﬂﬂﬂmﬁqmmﬁ 37°C 8TUNANAIIINUY
ud7 24 uay 48 $alus Suiinuafuuandedoanmsaldmslulenseldnansusiadunsa ¥
Tdsudsuiamesluewnsnndiduduiindes

nsdndsuniuafiselussauluanailalaenisnsiadnsisiainuiianglolnetudiu
Y99 165 1DNA mglnsiwes Bifl6d-F uag Bif662-R lagldufiisengnlalndiueisa wasainyiy
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a o fa & Y a L v = o a fo w a a 2% s a Y]
nan S ueliusansud Juhlvimsieiaisuiandlalnanslnsuesyaifedu
(MACROGEN Inc.,  Korea) a1ntudsiianduivantatuiussuiisuiugiudeyanisdinin
(http://blast.nchbi.nlm.nih.gov/) lian1sdndLunaaly

2.1.6 N1SANEIINTINSEANIZVBTBRUATIIS 8 U IaLUATIISanUadnUeanld (Caco-2)

BasmaaovautalunsdainizvesuuaiiFefidauenlifueadidoyndedilduin
Caco-2 fAnlUasnuion 15ued Pennacchia wagatg (2006) Way Maragkoudakis wazmeg
(2006) Wldlmemzidsaad Caco-2 luems Dulbecco’s  modified Eagle’s minimal
essential medium (DMEM) ﬁﬁ 10% (v/v) heat-inactivated fetal bovine serum, 1% 10mM
non-essential amino acid solution Wag 1% ¥89 penicillin and streptomycin (5000 1U/ml
and 5000 pg/ml) Tu 6-well plate TneliwadFuduuszana 1.2 x 10° lwad/mL Usilgnmgl
37°C luanmsdiiifrwensueulaeenled (CO) Sovay 5 uazshmsiAeustmsn 48 ol
suwadlauazdameihituinvesnuems Wewadlnawdufiuiivesnuemsuds vhnns
&1eeansazats PBS pH 7.4 $1wau 2 ase antuiuduemisiasasadeda Non-
supplemented DMEM adlunauas 2 mL Unfigaumgil 37°C Tuannediiiineg CO, Yoway 5
Funan 1 dalus drunswssuasazansuvaiiierldlagmnzdsadeluemms MRSC broth
7i 37°C \Juan 24 lus mﬂﬁ?uﬁwlﬂmgum%mﬁ 4,000 rpm Agamgil 4°C 1unan 5 undi
drauarazanensnaueadlu PBS pH 7.2 §9W3U 2 50U waravaleasiilasiee1s Non-
supplemented DMEM T¥iuSinaeadonuniizosuduusyana 10° CFU/mL

dlovuwad Caco-2 asu 1 49lug IYABIMITLNBDN wazifudsazatounuafised
w3l idsduadly 12 well plate mawaz 1 mL Undigamail 37°C luannzfififine CO, 5%
Huan 90 wifl dleasunaniinavun ANBIMNT UVIANBDN wardraaanuaiidefliganiziu
Caco-2 #eansazans PBS 31171 3 A% 9ntuF i@y 0.05% Trion X-100 asluusiazrgy Uy
Wunan 10 it Favilfansazansiwaduasuuaiisongnoonainmsdamzivaems
thansazanefiladideansuazindsuuemsuds MRSc Uuit 37°C 1unan 48 $alus Tuane
Tildondiau srunalnenisdusuulaladussuafiSefiiniu uasdunnsnsinsdanme
wad Caco-2 vanuaiiselugureasidudvanisionie

Sorazn138aLN1E (% adhesion capacity) = WUTBLUATLTBTIINZAUWEAS X 100
PUIUIDLUATISBISUAL

2.1.7 msAnwanulifesufjdiue (Antibiotic susceptibility)

AnwanailresnfuzvouteuvaiiFeiidauenldlagds Disk diffusion (Fiauuas
MINIBNI5VBS Ortu wazAy, 2007) wiueUH¥ue (antibiotic disk) NAlglunsneasad
Usznouluse streptomycin (10 pg), gentamicin (10 pg), tetracycline (30 pg), penicillin G



14

(10 pg), aztreonam (30 pg), vancomycin (30 pg), erythromycin (15 pg), chloramphenicol
(30 pg), kanamycin (30 pg), ampicillin (10 pg), lincomycin (15 pg), norfloxacin (10 ug)
uay ofloxacin (5 pg) Ineidsatienuaiiieluemavas MRSc figumindl figangfl 37°C 1Hu
nan 24 Hlus luannghildoondiau maderauldmmnduduresasazaromadiiu 10
CFU/mL - antldlidaiumannideguasiuasasaradouuaiiie uditheasiavinues
pwnsudslihammede mntuausiuenuiiiue @ntibiotic disk) asuufmihvese s
usiluannzl¥eendiauiigumndl 37°C 1unan 24 dalus asaaeunamulhiesufiuzes
Fouvaiielilaedanauiinala (clear zone) 70u antibiotic disk  wagyinsTaLduETY
gudnarsvesuinalaiiiniu Sufinnauazuuannuvineniu National  Clinical — and
Laboratory Standards Institute (CLSI) Tnsfidediaaulasies1uitugazsuiinlugves
Sensitive (S) fnulisioeufirusirunarsdufindy Intermediate (1) and wazlilanesn
UfTuztuiindu Resistant (R)

2.1.8 n1sAn¥IANEINITalUNSEUELBNaLlsA

nsAnwauannselunstududodelsaanunsailalngda agar-well  diffusion
(RAuUaIn1uITN15U9 Maragkoudakis uagaadg, 2006 Tnodsade Oilauuaise Tue1s
WAl MRSc figaumgil 37°C 1uan 24 Falas luannzldldeendiou Tunsveaeuazuys
shegseanidu 3 ga Ao tuAsade (culture broth), @aula (supematant) Aildannnnsnyu
3B (3000 rom, 4°C, 5 u¥l) uagusu pH 10u 6.0 i liaendelaenisnses (filter
sterilization) wazaavhefediulannmsmuissildldusu pH Werelsailldlumanaassi
Usznauluiay Escherichia coli TISTR 780, Staphylococcus aureus TISTR 1466,
Pseudomonas aeruginosa ~TISTR 781, Bacillus cereus TISTR 687, Samonella
typhimurium TISTR 292, Vibrio cholerae, and Candida albicans TISTR 718 IﬂEJLgEJﬂL%aﬁg\‘i
Bnanewugiluemns Brain-Heart Infusion broth (8HI broth) flgaumgdi 37°C WHuan 16
Flus uaruSumududureseadlildussuna 10° CFU/mL aniddliiudausiaannide
asluideqduvidnelsaiiniualy indelihRavivesemsuds BHI wagld cork borer
(@udurugudnana 7 mm)  wigaslluuiandivesomsuddiindungu udidge
fhedsenindsnie wazdlaiiusuuagliuiu pH veade dTllauuaiise aslunquaz 100
ul 9t ludadt 37°C Wunan 24 $alus asreaeuauannsalumsiudadenelsalagta
guavesuinalaiiiniy

2.1.9 nMsnagauaNuilTInsanvawtatinlanuaiiselunaniusianns

HowuaiFeiidauiRidudunisinslulefnasthumaaounisiitinsenlundn s
01913 éun unmnaedlsdsain uiTemdoniy dundavdes wesidudu lneidsade
Tilauuafie Tuermswar MRSc igamgdl 37°C iunan 24 dlus luannizlilldesndiou
Mntudsdedeludiommamar MRS Tval dulussozinan 18 dalus Sehlumguiviesd



15

4,000 rpm Agaumgdl 4°C 1Wunan 5 undl Sauazararenznougadiuiinausiuiy 2 seu
LAzATANERLNEUTAAT LA Fenan S usemnsyiaiug Sudnedeusunasesa 2 adlu 100 mL
voswdndarionmsudazeia 1ivemsiuszeziian 15 Yu flgumaiussuna 4°C nsifu
frog1anne 3 Juiletn pH ve3fieE1181M3 warfmuitinsenvendolagda  spread
plate UuOWNIUTY MRSC

2.1.9 N1559nTINVBLTRTENINISTIUALUULILEaNUTS (freeze-drying)

N15ANYIN550NTINB9LT D5EMINeNSTINuFsuULTEonud winldlnedeide B
animalis  BFO52 lue1msivan MRSc figaumndl 37°C 1uian 24 $alua luanzlalld
ganau Mntussdedelusiomsian MRSC Tl Uuiluszeziian 18 $alus (szes early
stationary phase) ﬁﬂﬁﬂlﬂwgum%‘mﬁ 4,000 rpm ﬁqmm:ﬁ 0°C \Juwaan 5 Wil dauay
avanonzneuwadlutndus iy 2 59U wazavangnznouwaARalAeMSIAL 1 mL 999E1s
Uoartfumanadu (cryoprotectant) usazaida laun 10% (wA) denaudnlng, 10% (wAv)
‘131@1161%%5@1, 10% (w/v) skim milk, 10% (w/v) 9190889980, (W/v) 9161 LavtnuLdmEes
adluman vial #Us1AeInEe vhnstusuuwadiBuduieunisyiuiuuuntidenuddaes
spread plate Unesuls MRSC 91ntuFsian vial TUududaiigamnd -80°C 1Huszoziia
4 9l Feilshumsyutauuutdeonudadussosing 18 dalus antutusauwadisl
FinsenlnazaneadfnIuN1SUTed80TMI5a7 MRSC Wan3a spread plate UnOIWS

wd9 MRSc

1Y

WevhnmsAndenarstosiuaudunivssansamlunmsunlesvadlanigandsain
My uugigenuda wadiinunisiuisazgninusnvifionmgiivies uasiigamal 4°C
wagynInTIvdeunIssendinveswaanaminiuiliuszeziig) 1, 3 uax 6 Wou

2.1.10 nsAneauURvYeNTD B. animalis BFO52 #a491nNISUIUNITHAR

]
S [

nsEnwaudRvestalnsluledn B. animalis BFO52 MeNuUNISYiuAiIwuuLYLEanuda

a v

Taeld 10% skim milk Wuaistastumnuiu azanfunaunaiiaiu (6°C) 1Wuszeziia 1
Y 9 U

Y
Y = 1

e wWensusmunaraenznewwadisunUsmfouny udiSdeidousuia 1% asld
100 mL vesususiUTEndouin ivunlifigumad 4 iuszernan 2 &Unnsi ndsminms
Audahideundnwrenisnuanzansluszuumaiuems lnedaudaminisnisves
Peres uavAmy (2014) war Sousa wazmme (2015) lasareiousuims 1 ml 91niuudiiy
$nw asluansavane sterile electrolyte solution (SES; 0.22 ¢/l CaCl,, 6.2 ¢/l NaCl, 2.2 g/l
KCL, 1.2 ¢/l NaHCO; w/v) pH 6.2 U3u195 35 ml NTmFuRn 5 ml a9 SES AiTteuluilale
laal (0.01% w/v) Uniigaumgil 37°C 200 rpm urian 2 Wit ttedrassanizlutn wdds
Ay 3 ml w89 SES (pH 5.0) fifldrunanves 0.3% (wA) euledimudu (pepsin) ieshass
annzlunszimge s uazesean pH aesansazatemie 1 N HCL Wy 6 vuduiaan 10 widl
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reufiusuidu pH 18w 5.0 Waduian 10 ud), pH 4.0 (10 w9, pH 3.0 (30 und), uae pH
2.0 (30 w#h) muddu Tnetafigumgil 37°C 130 rpm TITELEA 90 W Mntuiafu 4
ml w89 SES (5 ¢/l NaCl, 0.6 ¢/l KCl and 0.3 ¢/l CaCl,, w/v) pH 8 7ifl 0.3% (W) bile salts
way 0.1% (w/v) teulesiunum3iefu (pancreatin) ud139U5U pH vosa1savatedu 5.0 A 1
M NaHCO, Unfigaimadl 37°C 45 rpm 1Huian 30 unil iiledrassaniizludiuvesdnléian
daugloftiy wagdausu pH 1y 6.5 Unilgamad 37°C 45 rpm a1 90 whit Lilednans
aneludiuvealdidndruledey mﬂﬁuﬁaﬁwmiazawwaéumﬁL'%&Jlﬂmgum%aﬁi 3,000
rpm Tgaunigdl 4°C 1Wuan 10 uil wazazanenznoudlisneeims DMEM waziiuadluly 6
well plate 7§l monolayer Caco-2 cells wquay 1 mL fefnwuszansnmlunsianizaes
wuafiGefuwadideynddld Unfiguvndl 37°C luaneiiife CO, 5% Wunan 90 il
idlensuianiiiimua gaeimslumaueen wazdrawaduuaiieflidanziuwad Caco-2
feansazans PBS 1uau 3 A3t aniudadiu 0.05% Trion X-100 adluusazmgu aduan
10 il FsagsiliansazareaduazuuaiiisiivgaoanainnisdaniziuaiueInis i
asazaneiildiiiontuwazindsuuoimands MRSc Unil 37°C Wuinan 48-72 alus luanms
Lildeendiau srunalasnistudwiulaladvesuueiideiiniu uasduimdnmnsdnnie
wad Caco-2 vesuvaiiFelusurasndesiduiuaanisdainiy uasiuisuifisunafude B
animalis BFO52 filafléfrinunszuiunisdrediu

2.1.11 msAeszvianuiianalalnanedluy (Whole genome sequencing) 8413 B.
animalis BF052

2.1.11.1 nsannadluiinfdule (Genomic DNA extraction)

a

¥wde B. animalis BF052 unidesluaimnsinas MRSC ﬁqmmm 37°C \Juan
24§l Tuanzlalldeandion dnwadlalumsuimiesil 5,000 rom Agamgil 4°C 1
5 W9l anmzneuwasly Tris-Ethylenediaminetetraacetic acid (EDTA) buffer (TE buffer)
Lazaraenznouwadniy 200 pl ¥ee 20% arsarateglasalu TE buffer NTUF Ry 2
mg/ml voueulwiilalyledusning 20 pl 10% Sodium dodecyl sulfate (SDS) Usu1as 100
ul uar 10 me/ml RNase wWiluuudi 37°C Wunan 1 9lus Fafiu 5M sodium chloride
(NaC) U31ms 75 ul ndumaenluun 91nduieindalusiulaeldarsazats Phenol
Chloroform : IsoammyL alcohol (BnTaU 25 1 24 : 1) Usu1es 500 pl wanlidniunienis
naunaea lUan mﬂuuﬁmuﬂﬂuummmm 10,000 rpm tJutaan 10 mm LAIAETAANYE I
Taghuuildlunaesival Adalusiuiidamnddeimnusnadmils s simsenasnoud
LOULBMENITLRAY Isopropanol U3u1m5 500 pl kg 3 M Potassium acetate U119 50 pl
ﬁﬂﬂmum%mﬁl 10,000 rpm Juaan 10 wanulais uazdemgneuidulede 70%
Ethanol U311%15 500 il mgum”ilmﬁ 10,000 rpm Wuan 10 w1l mmiazmadaﬂaﬁq $1A
nzneufidueliuis uavazaefetinduuiing 25 pl avndeunua s Suediadald
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peaadanlnsinsdalaslduauwan1lsaaanuuty 0.7% warIAAIAMUITUTUYDIRLOULD
A & Y A a &
MA1N1sANGULET 260 nm meiasesaUninsinladives

2.1.11.2 nM15As1zvinnanauianalalng

’«Tﬂ,uﬁﬂﬁL'SuLaﬁaﬁ’m%ﬁ”avdﬂﬂ"iLf’mwﬁma"ﬁuﬁmﬁialwﬁl,wu Next generation
sequencing (NGS) fiusen Baseclear ﬂiuWIﬂL‘lJLﬁE]SLLa‘Uﬂ Tunszuaunsmarsu damalelng
th FuduiiBueay mmmim‘dumaaus] wazidousioidiu adaptor Alddulnswedifiodiu
USunaumduesuluusieds PCR %wmﬂﬁl@mﬂa‘ldmawauﬂ (reads) Wintudusuauann
PnTuETnTsddsuaTiAnTuseIA3es Ilumina (lumina Casava pipeline version
183) fhadlolndaednnfindorinngildazgninUsznoudesdudiu (De  novo
assembly) 18 CLC Genomics Workbench version 6.5.1 wazihudeudime e
SSPACE Premium scaffolder version 2.3 wazUnto4319018 GapFiller version 1.10 ielile
DNA Contigs U3antiesfign wag DNA Contigs illénnnisasiinsgsituazinnibesdis
JududelnewFoudoutuivuvavesilusdsugudoya NCBI 9nduishmaden
89319 (gaps) 58M319 contigs Wdefulagn1sv primer walking wazwanna PCR MinTu
agnaslulianeididuiua (Macrogen, Usenaniva) Liievhmssolilddiduiianalelndit
Nusdianysal

2.1.12 n151hae B. animalis BF052 usiadialnslulannlunansuaileifisnuuntmnans

2.1.12.1 NSMUUUIUNNNEDY

P undssundslrazetatazualuinnduiduran 46 Falue nTuIaninAny i
waziudulmdudafentu La399eenTa9ReinUUIiRa AL LAFIUEIY It UL
a Y] ° v g ) a a ) a H )
WIADY NFI91NN9NTD9N5099LV I Al AUN uLd M aeIUSUIRS 1,200 mL 21003tna93U1nuUn
Susiy 250 ¢ wartInauUSIRNTans 1,500 mL Wewnhuuduviedldnivugnussyseuses

we ailufiseindenanmgi 110°C WWunan 15 wdl

9

2.1.12.2 WUATISYLAZENIEN LT IUNSHAL LD

nsnmaesiiayldide Streptococcus thermophilus, Lactobacillus bulgaricus wag B.
animalis BF052 Wuidelunsnanleiismundunaes Wonamaziiluideduemsiaes
Foftgamgfl 37°C 1Hunan 16 Falus 9nduedie 1%  veadelusienmslu vudu
svovian 16 falu  warewnsilddmsuideade S, thermophilus e Streptococcus
thermophilus (ST) broth (10 ¢/L casein enzymic hydrolysate, 5 ¢/L yeast extract, 10 g¢/L
sucrose and 2 g/ K,HPO,; pH 6.8 + 0.2) @u L. bulgaricus Lgaﬂummi MRS broth wag
B. animalis BF052 \adlue1mns MRSc broth ngldianizdilsifiennie
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2.1.12.3 NSRANUIUNNINAD

Mé’qmﬂmilﬁmL%@ﬁgqmmﬁmﬁqmmﬁ 37 °C Junan 16 s $1uau 2 seu 39
thlUmspuiwiesil 4,000 rpm Aigaumgil 4 °C Wunan 5 unil Sauavavarenzneugadset
nduswI 2 seu Yusinasielilausinandesuduussana 5 log CFU/mL antuiaene
\Feawaadindervuin 150 mL filthuudmdec3ang 120 mL Insasdredeusazeinas
Tuhuudumdeaiiefnumauaunsalunsasyvesdousazaiin wie 61eide 8. animalis
BF052 57ufU S. thermophilus %58 L. bulgaricus viae 1eidonausinsaniy vinnsuui
oaumgdl 37°C Tnglsifinsiven wazifusiognayn 12 Halus auasunan 48 alus ietanisidu
Tveudelneds plate counts UU8I1s ST agar dmiude S, thermophilus way MRSc agar
dwiuide L. bulsaricus waz B. animalis BFO52 saudeinnmsiasunlawes pH waziile
Fuiavedaisaunimaeiiinmy

2.1.12.4 N1599A1 pH uazidoduravaslensnunuunlnasy

SamsiUasunUasen pH YostuLiMERIsEIIN I sUTnTiNa 0, 12, 24, 36 way 48
Falua Tnewn3es pH meter (pH 700 Benchtop Meter, Oakton, USA) daumsinitfeduiaves
ToAsnundndonildnuituss ManiLopez et al. (2014) lodsaiinsinlnedouravein o
Panaw1ee wmfvinufiguvadl 4 °C Wunan 24 Falu LLasﬂwmﬁgﬂ%ﬁqmmﬁﬁm
AeunsinUszanm 5 Wit mstaileduiadnldlneldinios texture analyzer TAXT.plus
(Stable Micro Systems, UK) wazlaiarinviin 60° cone probe (ﬁLﬁur}hu@uéﬂa’m 27 mm
NG 25 mm waztwiin 18,144 o) ielwsududatufauiivedlefisnuudunies Tnsuay
\Aouiidnesnsnga 10 mm/s [Wusgayne 20 mm udIaadeundugiumiadu rdildain
ms¥aazegluguvesmnuudausiveiloinn (gel strength) ude Anduwiuiie (firmness) &
Fmnaldanaiuildnsmiidunsuinanussiinssiseileduda @du: N) sovnan (s)

2.1.12.5 ASNAEBUNINUTLAMEURNFVDINAAN N LA AU WU R DS

ToAsmuuimdosiiiunsmingufuveade S. thermophilus, L. bulgaricus wa B,
animalis \Jusyezinan 12, 16, 20 uay 24 ks azthunUseiiununinedndneilagnis
yiaAeUANNTB UM BN TIAABUTNIUsEa A (sensory preferences) anguslaadilailériiu
n1sEnHY (untrained  panelists)  $1w3u 30 Ay lngldgnaaeuiludndnwidiinie
walulagnisinens uninerqeinalulagasun3 6138 9-point  hedonic  scale (@n15lw
AZULUL FD; 9 = YOULNTIENA, 5 = 1ag uay 1 = livousnnilan) nsUszdunureuiasuds
mMsnagdeusenilu 5 anwug Ao é’ﬂwmzﬁﬂimg (appearance; dunaaindnwaznieueni
Wughemn) nau (odor: ﬂﬁuﬁé’uﬁaiﬁmﬂmﬂ%ﬂuuﬂqmu) \oduita (texture; doduitaannnis
Tdoudusaruolofsauasidodusiaannslyauduia) savf (taste; safiduiadioau) uas
nsgausulaun s (overall acceptability) LazsEImIde Uzt LAz LAy
neslEsudssmussraadeuwsazineg e U uanmmssusavesauliduung
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2.2 @01UNNIN1SNAaD9

2.2.1 e Inmalulagdinm ddndvinalulagnisinuns avingraemaluladasuns
111 aUUININIdY Fuagsuns gnewlod JamTauasII¥ENT 30000

2.2.2 ngEivindyemans Anzndumans univedeguasvsil
85 DUWITU-ATEAL FUAIeIAslA §1LN9I13UT13U JnTnguasIvsll
34190
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NAN15gazN1580US19HE

3.1 nan1sAaLenaLuAiitsY Bifidobacterium spp.

INNIAARYNKUATIEEINGFIDE199ITANMIINTT YOG NUANAISAURILA 10 Tu
=2 A o Y 1 dl' o A Y 1 & < P
UAY 5 1au 311U 15 19819 1l0YIN191999190799879 kalnIZEEeaseImMIUT MRSC 11
gamndl 37 ssmwaided Wunan 48 Tilusluanzlildoandiau wuidnvurlalativeate
WUATISETRSYUReIMNS MRSc diulngjiidnuaznay yu Bt dvnlaauisdunigu
a lﬂl ! U L ldl
wagdvuanuanasiuluduanddugun 3.1

JUT 3.1 dnvaglaladvesdeuuafiiieunesuds MRSc uenliandieg19eaaissuain

nuIvhnsidenialaiiuuududiuiy 50 lalatlse 1 feg1s ietiunsivaey
anvadugIInelaensendunsy waznsivaeuneldndesganssed wupflSeNdnd
1 = a o [l [~ 1 =3 ] I~ ¥ =
1NUTDULNTNUIN UanwurgUIwdunou Lulmignnsilatsidunszldizaa1enizued 1o
mﬁ]%mmaaﬂLﬂudnuﬂé’wgﬂﬁnwﬁaﬁﬁ Aaraegnelugun 3.2 Wellldnwazainaiazan
o o ¥ a Q‘ ¢ 9/5 X 1 { o U
weneenuUIkazi Y iuTans Fanunsonenlanmun 325 lalgian 9Inf981971vN15An
wennuInuwde Iilauuafise aslusinaiumnsaiuluiugaseigresnnmisn nsliu
UAs Uaran1nnisiiesy lnewesiatnulansus 50-80% senilsfnaganvinisuen weideu
AndunvIaunIUaY viseddnuznau (cooc) NMeldndesganssaiazgnaniisly n1sAnwilds
wuIndnmsnnlilasutiuuainuisanazlunuwe Silanuaiisslunsennen Fsaenndasiy
UV Solis warAmg (2010) uay Arboleya UazAuy (2011) 151897431 @UITONU
A a Aan A a v = A4 7 aa & ' Y-
wupdlise dRlauuafisy lunnlugaaanseanmsniinuinuuunsafiiengsus 10 Juduau
U wazdsanunsanutdadilawuaiss Ussunausasay 3-11 Tutdunuisalugiamaiaineasn
Y] P X ¥ v & ' Y o & a A A
ynslauszan 3 few uenanduuuinsaduduwratemstuivendelnslulefnuied
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a 1 a a . . = < o [ a < a1 1 a a
38031 w3luledn (prebiotics) Fuduansdnminnuanlaledlnugnailsdngieduasunisasy
e UAlakuAilisy JUSHIUNNNTY Feuuaiseslanmaidagiinliuuaiisenalse wu
ladnasu (coliform) uagioumalsmaafa (Enterococcus) H31uiuntesas aagivgiidavinli
MINARUNULNNIAFUARINAGEATAUN MDY wazlissuugRAuAunRndmIsniny Uy

- + = o v N a A a aa N
nmansounnszles iesnagludldvenininuiiuuansaduueiise Jilawuaiisy
= & & 1 o 13 ' @ A v yve o 1 I3 d‘ < a =3
Fedulsvlevisadldunninanildlasuiiuuunsen egelsinudiafinnisnilenganiu
Usznaudunginssulumsuilaafidsuly swluiamsldenufiuziu fezdwmalinige 0illa
wuAflSe JUsInaiiesasla

[

JUN 3.2 dnuairgUsuwasnsindunsuvesdenunaiiienuents aeldndesanssauidvens 100X

3.2 uansnigatiananealveadanuaiiseuenldnieujisergnlglndiuelse

wuafiefldannsdauen uagi1unInTREeUnIsdugIuAINen aniandudufe
Uffsegnislwdimaisalnsmaifisnyiinadudauues 165 DNA Taufulwsed Bifl6d-F uay
Bif662-R  Aiflmudumnzsouiinaeyindvesita Silawuaiise ensaaeunannaves
UfAedeadidniasingda Meouiueznilsaarnudutu 1.29% wuiminidetun 325
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Lolaan 31 290 lolaan MAnndanavesufisegnlglndwelsavuinuseaa 520 awa (FUN
3.3)

500 AL o @5 % B9 o0 @9 & o =

Ul 3.3 adidnlnsliEavomannauiisengnislndiweisanndeiidauenls
Fo9fl M : Fduieansanes 100 guua
Yoafi 1 : Bifidobacterium animalis subsp. \actis, strain BB-12 (f3A3uAxuIn)
Yosft 2-10 : Weivinsdauenld
%0371 11 : Lactobacillus plantarum WCFS1 (fauAtau)
Y097l 12 : Escherichia coli (Famueiau)

3.3 WanlIsAnwdanuaAisennudaanitzmidunsa wazutgaslunsziwizainis
(simulated gastric juice) sAuRedn1NTNGUNR  (bile salt) wazurdasludnldian
(pancreatic juice)

Aaa A a aaa I a v sl °
wuATSeNiUNIATIRdeURARNaU]ASenanldlndmelsasniglnswesndauding
faUseUINY (conserved region or sequence) ¥8dUa UMlaLuATISY Adumaaeu
AasanURnuduielnslulefindisnisuagauanuaiusalunisnusoannzinasslussuy
MBAUDIIT 91NNNSNAaINUING 4 lalewian (BFO14, BFO49, BF052 way BH053) Mfla1uu

saaa v ' = = a ) fa v a
waaldinsenanatesnin 1 log CFU/mL WelSeuiisuiumaalsusuluanzndunsa
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(pH 3) WBuszezian 3 Halus warluannefidunsail pH 2 ﬁ?uhiwm%mwﬂﬁL%Hﬁﬁ%’imamaq
YT T 89BN B, animalis subsp. lactis, strain BB-12 peslsAnaniiovy
Fouuafideluansazansedethdeslunssmnzomnsluansazats PBS 1 0.3% (wAv) 984
wulasiinudu wuinlelean BFO14, BFO52 uay BHO53 fis uiuwadiidinanaaiieadnios
withuisluansazans pH 2 waz pH 3 laefldinseaunnndt 6 log CFU/mL 91nsuiuead
Sudulsvanas 7 log CFU/mL awizlelatan BFO14 whivdilinuiwadnidinsemasluanse
avanpadetngeslunsemzemsi oH 2 suuanslunsad 3.1

A1519% 3.1 NssenTinvendendnuenla (log CFU/mL £ SD) Weunluanngndunsn uas
annzaatsidaslunsyimizeavsiuszezingn 3 lug

" anIzAdnEtngey
o 4 2y an1Emdunse
1@1‘(1!@6] YMUIULYBDLIUNUY 1uﬂ’§$LW’]$’e)’]W’Ii
pH 2 pH 3 pH 2 pH 3

BB-12 6.71 £ 0.02° A 6.61 + 0.05" 6.21 + 0.039" 6.65 + 0.01°
BFO14 714+ 0.11° - 6.86 & 0.25" 6.46 + 005  7.08+0.12°
BF049 7.13+0.03° - 6.93 + 0.02° - 1.61 +0.02°
BF052 731+ 0.06" - 725+ 0.07 6.99 + 0.02° 7.26 + 0.05°
BH053 7.79 £ 0.06° - 734+ 018" 7.19 %+ 0.03" 7.65 1 0.03°

bc o o A a | o a o ' ' o I AU o W aa

*C Shwsmwdinguiinianiunnansiulusaaeniu uansiinuuanasiueg wiveddgneada (0<0.05)
A 1 & Adaaa

Tdnuenildingen

nmavaaesdiiiiuiilelaian BFO14, BFO52 uaz BHO53 fuwwildunissendingadu
dieegluaniizingeslunssinizenns wseluaneniieuleimudu Fadiaaudululedn
oulediivduunvsidiutivduasulidonvadiisesdadinnuaiuisalunisnusensales
890U Matto wavamg (2006)  ladnwanuiniledidadudinisinauvesoulagdinudu
(pepstatin A; pepsin inhibitor) ax¥i1l# B. animalis subsp. lactis E2010 fiAnuanunsaluns
nuReasava1una1uingeslunssnzoms (0.15 % (w/v) oulwiiiudw) 71 pH 2 laanas
wazdanuinlunsalnidl N,N-dicyclohexylcarbodiimide (DCCD; an inhibitor of proton
translocating  enzymes) Tua1sazatupaisingoslunszinizo1mns 128nAUEILITOUDY
uledinudulunisuntdesdillanuaiiFedsvinlvaiursaustlaineulsmuduuiaziidiu
= v | v & aa A ] 3 v X °
Weateslunisielmdetilanuaniteamisanudeluanizilunsalafdy Laze199zvineu
¥ o s o v o A 19 o | | A v I + ' &
duiusiueuledivimthineitesiunisvudilsnouinuberuwad (H -ATPase) agnalsf
munalnlunisnudeannglunszimgamslunsaindiouledimuguiliued vy ousazane
v & A Y o ] A & vl @ A
g Wesannlelaan BFO49 wiagiianuanunsalunisnusean1iemdunsalad windunuing
Usinaudeniitinsenanasegndmaudioegluanneniioulslinudu Jaliiuindendauen
Iatudandflunsnuneaniizaneg launnsneny
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drunansnadeuauanasalunmsnusoanngludldbndy wuindedidausnléd
AuaIsalunIUsean e TndeATm LU Saudmuseansiiioulsium
raoRuldR InedisunuadiisentinanasUszanm 1 log CFU/mL Tnsdnfudaundothiazgn
Udeeanuingdnldidndrudu ddmteliluiiuuanduiieazainsonsdoslneioulesiaima
solu Wang uagamy (2010) Meswihnrundudureanieiiflaeviluluaywdduagludas
0.3-0.5% waziomnievuwaduesuuaiiieilufiuosdsznou anududuvenndethily
USinaigedeenvdmaliiinnisazansvesluiiuludiuvesweanedinfidorueadidumeliide
Fuadvomuafizedemeld uasvhliaadansldlufian fufuuuadiFelnslulefniifnsasd
arwansalunsnudeannefifinderduiluaududuiias anmamaasamuitlelsan
BFO14, BF052 waw BHO53 anunsovuseanitzilldusiazegluaniizinrunusisgs (oH 8)
wagilinderdgeia 19 W) suuandlunsadi 3.2

A19199 3.2 MsTenTinveadefauenls (log CFU/mL) Tuanizfiiinden wavaniizaane
ihgegludlddnndsanuaduszezinan 4 dalus

v v = 9:; = v
. & AUV VUVDILNADUIA (pH 8) #n17zAae
lola AUIULYD y v
= . Ungasluald
Laf LIUNU 0.3% 0.5% 1% =
an (pH 8)

BB-12 7421014 6451008  643+004° 6411009 6421027
BFO14 7281+012° 651+026°  638%003°  6431002° 615+014°
BFO49 7274008 65820037  658+007° 6322009  510%0.11°
BFO52  7.441006°  680+002°  677£001°  6731003° 6321015
BHO53 74310100 625+018°  623+012°  623%+015°  631+015°

bc o o a ¢ a | o a ) ' | ) | A v o W aa
e aﬂwimw’]aﬂﬂqumwLﬁﬂVILLMﬂmNmﬂmLmLﬂ&J’Jﬂu LLEANATATINULLANANAUDY WUUYFIAYNINEDR (pSOOS)

drunanmsnadeuauasalunmsnusoanngludldiinty wuindedidausnlés
AnuaIsalunIUssan s RndeTATA LU S museanziiieulsium
rdoAuldR Tnefisuumadiisendinanasuszanas 1 log CFU/mL Tnsunfudaindetidazgn
Udeeanuingdnldidndrudu fdmteliluiuuandifioaznindenisteslneteululdma
sol Wang waganiy (2010) sesmudmnududureanieiiflaeitilulumysddusgluris
0.3-0.5% uawiilesnievisadvonuaiiGedluiuesduseney anududurenndethily
USinaigedsenvdmaliiinnisazansveslusiuludiuveseanedinfiderfueadidumaliide
Fusadvouuafisudemeld uasvhliaadansldluiian fufuuuediSelnslulefniifmsasd
arwansalunsnuseannefinindethduiluanudutuiias arnmsnasssmuiilelean
BFO14, BF052 Waw BHO53 annsovuseanitzilldusiazegluaniiziinrunusisgs (pH 8)
wazfiinderigads 1% wA) sunandlunsadl 3. 291nwamsvasosivilianunsnvedlén
annrluszuumaiuemsiifuadonssendinvesuuaiiiouniign Aoanzlunszinig



25

ownsfifienudunsngs mneduueiiGodiedldflolnanviduiianmsenuseanzild g
lolotan BFO14, BFO52 way BHO53 anunsanuldiiannylunssimngemsuazaninsludild
An Fedimmdululfingerts 3 leloamizaunsanusoanngadsdussuumaiunaiu
ownsld sanulelmanisgndmdenidtetluAnmanifmlunsdudoinslulofinduqdndely

3.4 MsAuunaeRuguuaiisalasld APl 50 CHL Lasnan13nsR ATIERaauaIauLIng
Talnaunsdauvas 16S rDNA vaudauuaiisanaauanla

TillawunfiiSuaneug BFO14, BFO52 war BHO53 lagndtuunlasgndiwunwuaiise
diSa3u APl 50 CHL nuiita 3 anetusiisuuuunsldmslulamsadimiloutu Tnsanunsold
‘Lgfﬂma D-Ribose, D-glucose, Amyedalin, Esculin, Salicin, D-Maltose, D-melibiose, D-
Sucrose, D-Raffinose wag Gentiobiose LLazLﬁai’]au%’amﬂa6\’\‘1ﬂa'naﬂuiﬂmmﬁlmwﬁma
fusveadenuafienusuuuunislidimanuieenin i haeiugivunmago
ﬁf’uagﬂmaﬁ Bifidobacterium sp.

Wodunmstudunsdnsuunide Bifidobacterium spp. tusgRvaTVINelwanadn
wagluadtdladu isldvhnsiesididuianglelndvosdu 16sDNA vadleleian BFO14,
BF0O52 uay BHO53 ‘WudwLﬁ'mfhNammaﬁlé’mmﬁﬁ%mzﬁﬂisziiwﬁl,ual,iﬁmﬂlaiezjt,am BFO14,
BF052 uaz BHO53 ludinsesvidduiianalolusmelnsiue?d Bifl64-F 3o Bif662-R 91ntuL
Suvadildluiouiisuiugiudeyanisdaninues National center for Biotechnology
Information (NCBI) mamsiseuifisunuinieanlelaninuadrendsiu Bifidobacterium
animalis subsp. lactis BLC1 1nitgn Tngfiiuasifudanumilousu (identity) fa 99-100%
Fauandlunnsiedt 3.3 mﬂgﬂqumﬂﬁffﬂﬁiuimmmﬁmﬁauﬁ’u waznan Ty uLiguafull
andlelndludiures 165 DNA  shlfannsaduduliindefivhmsuenldduduidolunga

Bifidobacterium animalis

A15199 3.3 asutindlelnsnazilasidudanumilouvasdinuLlua 165 rDNA U930
wuUATISaNARLaNLA

lolaian anuiianalalng . o o v
fluanenugindLAes
BFO14 GTACCCGGCGCAGATCCACCGTTAGGCGATGGACTTTCACACCGGACGCGACGAACCGLC | 1 00%
TACGAGCCCTTTACGCCCAATAAATCCGGATAACGCTCGCACCCTACGTATTACCGCGGC . .
(461 vua) Bifidobacterium

TGCTGGCACGTAGTTAGCCGGTGCTTATTCGAACAATCCACTCAACACGGCCGAAACCGT
GCCTTGCCCTTGAACAAAAGCGGTTTACAACCCGAAGGCCTCCATCCCGCACGCGGCGTC | animalis subsp.
GCTGCATCAGGCTTGCGCCCATTGTGCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCT | (actis BLCH,
GGGCCGTATCTCAGTCCCAATGTGGCCGGTCACCCTCTCAGGCCGGCTACCCGTCAACGC
CTTGGTGGGCCATCACCCCGCCAACAAGCTGATAGGACGCGACCCCATCCCATGCCGCAA
AAGCATTTCCCACCCCACCATGCGATGGAGCGGAGCATCCG (CP003039.2)

BFO52 GTACCCGGCGCAGATCCACCGTTAGGCGATGGACT TTCACACCGGACGCGACGAACCGCC | 99oy

% AUVNDU

complete genome:
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(461wUd) | TACGAGCCCTTTACGCCCAATAAATCCGGATAACGCTCGCACCCTACGTATTACCGCGGC
TGCTGGCACGTAGTTAGCCGGTGCTTATTCGAACAATCCACTCAACACGGCCGAAACCGT
GCCTTGCCCTTGAACAAAAGCGGTTTACAACCCGAAGGCCTCCATCCCGCACGCGGCGTC
GCTGCATCAGGCTTGCGCCCATTGTGCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCT | lactis BLCH,
GGGCCGTATCTCAGTCCCAATGTGGCCGGTCACCCTCTCAGGCCGGCTACCCGTCAACGC
CTTGGTGGGCCATCACCCCGCCAACAAGCTGATAGGACGCGACCCCATCCCATGCCGCAA
AAGCATTTCCCACCCCACCATGCGATGGAGCGGAGCAACCG (CP003039.2)

Bifidobacterium

animalis subsp.

complete genome:

BHO53 GTACCCGGCGCAGATCCACCGTTAGGCGATGGACTTTCACACCGGACGCGACGAACCGCC | 100%
TACGAGCCCTTTACGCCCAATAAATCCGGATAACGCTCGCACCCTACGTATTACCGCGGC
(461 wa) TGCTGGCACGTAGTTAGCCGGTGCTTATTCGAACAATCCACTCAACACGGCCGAAACCGT
GCCTTGCCCTTGAACAAMAGCGGTTTACAACCCGAAGGCCTCCATCCCGCACGCGGCGTC | animalis subsp.
GCTGCATCAGGCTTGCGCCCATTGTGCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCT | (actis BLCH,
GGGCCGTATCTCAGTCCCAATGTGGCCGGTCACCCTCTCAGGCCGGCTACCCGTCAACGC
CTTGGTGGGCCATCACCCCGCCAACAAGCTGATAGGACGCGACCCCATCCCATGCCGCAA
AAGCATTTCCCACCCCACCATGCGATGGAGCGGAGCATCCG (CP003039.2)

Bifidobacterium

complete genome:

3.5 nan15AneIdnsINIsEaNzvasanUadise i lawuaiSeAuadniiaanld
Han1snaaevandRnisininzvesuaieiuaniUaynisdld Caco-2 wandlunisa

7 3.4 uazdnwuzvouvadntsald Caco2 MelinaeIqanssAUndUI (inverted microscope)

wandluguil 3.4 MnNsMeapanUIl BFO52 anunsadainiziuigasileyniisdldlaasianiile
= = Y v ea U fY  a N = " @ =

WisuiWsuivaneiugaus waza1eiugansds Be-12 lneila1Fesaznsdanizswindu 3.38 &9

1 % 13 v o ¥ 6

M8ALI BFO52 annsadainiziuwaantiedntdlauseanm 3.38 x 107 CFU/mL aniwad

a v 8

wuAUUsZINAL 100 CFU/mL

AN5197 3.4 Ananusavestilawuaise Tunisdaniziuwas Caco-2

Tolaian Souazn158aLnig (meantSD)
BB-12 2.96  0.12%

BFO14 2.57 £0.38°

BF052 338 £0.15°

BHO53 272 £ 037"

a,ab, @

< Shwsnmwsanguiinianiuandsiulunoduy wansiauwana1siueg1siidsdAgmieaia (0<0.05)

Laparra and Sanz (2009) Anwmuinidie B. animalis BB-12 fmuanansalunisde
imziueadideynilidléia Caco-2 uar mucin (type 1) [éaian Weossuifeufuidolns
luiaﬁﬂmaﬁué?iu WU Lactobacillus rhamnosus GG, B. animalis IATA-A2 wag B. bifidum
IATA-ES2 Sanchez lagaauy (2010) SNeUNUINTe B. animalis subsp. lactis IPLA4549 il
mEsadansiuwadntidldeidn HT20-MT 185ewas 2.96+1.74 Wisuiisufuide
§1994 BB-12 FeBannzldnedovay 3.0811.37 vildanunsausdlainge 88-12 Faduierild
funensAhiauaudilunisdanmegiuasniiaaldlon ANANNIVAABIINUIN BFO52 i
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AwaInsalumsBameiuiad Caco-2 lagsndtaneusdnsds BB-12 Femmanunsalunis
SamerasuafidelnslulefnfuwadudsdldvesdthuiuanduivsdinuaiiGeau
AspUAsEsuTwadidoynaiuvemiidldlfinntenifioda aruannsalunisBansesiay
Pdestugaunidnelsndug mdanmeiiteriiud uiulaznelse 9dunidnelsaiilianunsnda
imegAuntfaaldlifazgnidaludunalnmsduaneveads videgnidnlasansiindsesnsnain
wuediSelnslulefnfiflqnisudagaunidnolsn wu nindundd wamesledu lelasinuies
gonlas (H,0,) Wieasufindu 1 LL‘UﬂﬁﬁsﬂwﬂdaaﬂE“J’ﬂmmmﬁﬂﬁamwma”auﬁmﬁ’aasﬁ
anmdunsevilidenelsadainlinunseduldaunsansaivialy yonaniuuaiiiens
TuleAndidainznisanldlagaanansananarsvdedniuidnduseqduniof Duuselovid
p1fvagludldvoadndiu wasdsduaiunisvinuvesssuugiduiuluinelasnaie
wsglusldduiivadiiedostusruuniduiuninfesas 80 nsfuuafiGeanutsaimsfa
Slduslaaldduastanlienefuilaafnnalnmanouauesossuugiduiuesitanedia
Ful¥Ende (Lebeer wagany, 2010; O’'Toole uay Cooney, 2008) Far audRlunsinngdn
AawadidoydldvosuuaiiFolnslulodniuduantindanuddgfiasidusitundouliie
dawaliAnguanisosuilna

JUN 3.4 dnvarveawanantsanld Caco2 melandesganssminguis (40X magnification)
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3.6 wan1sAnwIAUlsiaaU)daus (Antibiotic susceptibility)

\FouuaiiSeiiannsonusieanvlussuumaivenis zgninanfnwgusuuaula
sosUFTuy Taeufihugildlumavasesiasudsoontdiiu 7 ndulvg) anslasadrsvesen
Uﬁ%a‘uz ﬂﬁjuLLiﬂ Ao aminoglycosides 16lA streptomycin, gentamicin Wag kanamycin 810
quidudimsdnaseilusiu nduiiaesie B-lactam Tdun penicillin uag ampicilin Suganis
amifagaduendouuniise @ aztreonam (synthetic monocyclic B-lactam antibiotic)
Fnoglusuftrugnguiliduiuuroanguisudawuafiounsuau ngulaiu Ae broad-
spectrum antibiotic lauA tetracycline wag chLoramphenicoL 5U§'ﬂﬂ'iu11’mmiﬁ'ﬂmi’wﬁ
IUW\‘LA‘U@QLSUBLLUﬂWLiEWNLLﬂiﬂJU’JﬂLLa gunIuAY ﬂazma slycopeptide  antibiotic lawn
vancomycin aaﬂqmawqmsaimmmL%aaﬁuaqmmwﬂwLiEJmemﬂ ﬂaamm R macrolide
antibiotic laun erythromycin aaﬂqwﬁsfuaﬂmimwmumsmimLm’]uﬁiﬂimu ﬂEle‘VWiﬂ Ao
lincosamide antibiotic ¢ lincomycin  sanguitiudsnsduaseilusiuduientu wae
ﬂaq':u‘ﬁll,%ﬂ A9 fluoroquinolone Latn norfloxacin tag ofloxacin Lﬁuaﬁﬂﬁ%uzﬁﬂmiwﬁa@ﬂ
qw‘éé’uégﬂumzmumia%wﬂimﬁmaﬁﬂiu%’ummaamau;u'amaé Han1sAnwIALlIsoYN
UfTrusnansdinanad 3.5 wudndena 3 leleian sauviatodnsdel (sensitive) doenufTang
Iuﬂaq'm R-lactam (penicillin taz ampicilin), f)zjl/ broad-spectrum antibiotic (tetracycline
waz chloramphenicol) 3ulUfseUfTaug vancomycin, erythromycin  wag lincomycin
waznuiidenuaiiGedindniiarudumu (resistant) des1Uf%auglungu aminoglycosides
(streptomycin, gentamicin taz kanamycin) 9183 aztreonam LLazﬂﬁju fluoroquinolone
(norfloxacin  wae ofloxacin) FegUiuuresnnulirosufiuzdrlngffinnuadoadai
mui%’aﬁluﬂﬁiwmm’hﬁa Bifidobacterium spp. #invgldes1ufjiiug penicillin, ampicilin,
ey erythromycin LLazﬁmméfwmu{ﬁiamuﬁ%auﬂumjm aminoglycosides i’JiJ‘Vng
aztreonam (D'Aimmo WagANY, 2007; Sharma wazAny, 2014) SUT 3.5 uanweE19gULUY
ﬂmulwiamﬂﬁ%’mwmr‘ga BF052

i ' aq & aa N A o Y
M19190 3.5 ﬂ’J’]ﬂJl’JG]EJEﬂUQ‘U’JU%GU@\‘iL‘U@ ‘U‘WIG]LL‘UWV]LSEJ NNINIARNLLEN

- - stluuu¢»1mu11¢iamﬂﬁ%auz*
FUAVDIY1UTIUE .
BB-12 BF014 BF052 BHO53
Streptomycin (10 pg) R R R R
Gentamicin (10 ug) R R R R
Kanamycin (30 pg) R R R R
Penicillin G (10 pg) S S S S
Ampicilin (10 pg) S S S S
Aztreonam (30 ug) R R R R
Tetracycline (30 pg) S S S S
Chloramphinicol (30 pg) S S S S
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susuuaMlasiasu)daus

LELENIG TR
BB-12 BFO14 BF052 BHO053
Vancomycin (30 pg) S S S S
Erythromycin (15 pg) S S S S
Lincomycin (15 pg) S S S S
Norfloxacin (10 pg) I R R R
Ofloxacin (5 pg) R R R R

—+

(R)

*Sensitive (S), Intermediate (1) Lay Resistan

Tnevhlunsldenftusilonissnulseiu snavesnquslisine vhlfdmanszny
rogduvidusyaniu viieqdunieitusslenifluseneliisuudidesas s fdeuuaiize
Inslulefnflaudilunsmudes iuzussiniuasdisy fuaunagdunidlusienie Tasey
dretunanimandeulussuumaiuomnslimnzaudonaayrenaunisinsslend i
Thdunaddequanwesiiildfuenufdue enslsAinudefiansanisruvasnfoudafy
(gene) ﬁﬁﬂﬁumﬁﬁwwiamﬂﬁ%mslé’ﬁ?ummzL{‘]uﬁuﬁagjuuiﬂﬂﬂ% (chromosomally
coded  resistance) LiatlaaftulalliAnnsdnenenduiosludgBunidaeiusiug siuds
qaun3dnelsa (Bujnakova wazAny, 2014; Sharma wavAy, 2014) INNSANYINUIINGLN
nsresvende Tilauuadise Row1UTauy streptomycin, gentamicin wag mupirocin 1Ju
nshoelags IR (intrinsic resistance) damaliifuriosnlaianunsanievenludigdunideis
vfiald (Sharma wazame, 2014) fedulunsfiaziqaunisinslulofnuldlusuuuula asil
anudamidilaisadugdunidlasianiz suiuuanulidesuiiusiusd1ed eninu
Unonseuazlasuusslovigeanlunisdaasuguam

5Ufi 3.5 sUnvumahsesiiuzveade BFO52, mneiay 1-13 léun streptomycin,
tetracycline, gentamicin, penicillin G, erythromycin, aztreonam,
chloramphenicol, ampicillin, vancomycin, kanamycin, ofloxacin, norfloxacin,

wa lincomycin AMNERU
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UBNIINHUAINHANTNARBINUIIN1TABETURTuEYdR oftoxacin uay norfloxacin F4ag
Tungul fluoroquinolone Hutnazdiusslonideduslnanansusiinslulofndifide BFO52 naw
oehfutszan fuslnathefmeeinisiadelumaduliaanny (urnary tract infection) u3e
mahumeladiuans (lower respiratory tract infection) aumadlasun1ssnwInIseUfTIue
Tunduil n1slésuelinagdsnadensdnumannasuauiuaiide Inslulefin BFO52 fiusian
Sldlng) FeazvinliguslandaldsulslovidonnidunuaiiSeTnslulofne ooy
yiendinssnwennsinideseufTiue

3.7 HAN1SANYIAIUENINNSA lUNISEUELanalsA

nsvedeumLansalunstududenelsalaedd agarwell diffusion lnguvsnns
yanosoanilu 3 4a gafivisfoldihideads (culture broth) ynitaesdodulaveniidende
#lai¥n15U%U pH (non-neutralized supernatant) LLazsqmﬁamﬁaﬁ’miaﬁU%'U pH 18w 6.0
nNMsAnNUIELlaTes LA BT BF014, BF052, BH053 Lavlledneda BB-12 fiUsy
oH 1 6.0 Thuliaunsadududeqduridnelsaldias dudulavenindonde Tilauuadie
Telatan BFO52 waz BHO53 filaiUsu pH (@sfid pH ogjszwing 4.2-4.7) anusadudanisiasey
vaudla V. cholera (gﬂﬁ 3.6) Wag S. typhimurium Fauanslunsiedl 3.6 uonanidanudn
Aeutevemnaeiusignidudininaiyvenie . aeruginosa Wande  Taealuty
pnuansatunstiudadenelsnvesnuaiiielnslulafinzinannsudnansifignsduds
wuaiideiingy Wy wwamesledu lelasiueseanles nsndunss Wudu anuanisdnuil
FrlFansnsodaszinaliinauansalumsiiudinis ssyvendenelsafiinainnslda
laitliusu pH Tunesfunasnainnsrannsadunid (organic acids) veadie Wy nsALEndn
e nsawedan Wudy manisvaaesilulumaienfuiuinyideves Arboleya wazan
(2011) Fisnenuindulavesindsadorilivgy pH Yo B. longum waxB. breve TEALEN
VLé’maﬁmmnammmaaE‘J”mflgamiw‘%iymmL%Ja Salmonella enteric wag Shigella sonnei W
dularivu pH 1y 6.2 nduldannsadudadenslsafivhnisnnassldias uenainil Fukuda
kagAade (2011) é’aﬁﬂmwudmiﬂLLa%aﬂﬁmammm%a B. longum subsp. longum JCM 1217,
B. longum subsp. infantis 157F wag B. longum subsp. longum NCC 2705 mmaaé’uéﬁqmi
\W3gveaoumelsslusindlala  (entero-hemorrhagic Escherichia coli O157:H7) luny
npaes lideliaunsandiasiviniaiing 2 (Shisa toxin 2) iievhanewadly defunis
namnsmdunidreate Iilawuaiise Swuhenlunalnddalunsilidoaunsadudanis
\WSyvedunIdnalsala
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g Culture broth

Culture broth
™

N
N
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Supernatant

Unadj pH

Supernatant

Unadj pH

Supernatant

pH 6

Supernatant

pH 6

('\\

<

a v & &  a a6 & aa aa
M990 3.6 ﬂ’]iEJ‘UfJQL%@ﬂaumiﬁ]ﬂ@IiﬂmaﬂLﬁU@ UWI@LL‘U@WLiEJ

R P unavasUsnalaiinty (Gadiuns)
VUAVDILUDND
Tsa BB-12 ] BF014 BF052 BHO053
Cb | Sunagj Cb Sunad Cb Sunadj Cb Sunadj
E. coli - - - - - - - -
S.aureus - - - - - - - -
P. aeruginosa 9 - 10 - 10 - 11 -
V. cholerae - - - - 10 8 10 9
B. cereus - - - - - - - -
S. typhimurium 11 - 11 10 11 10 11 11
C. albicans - - - - - - - -

a: Culture broth

b: Unadjusted supernatant
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3.8 NAN1559ATINVBWT VN ALUATLS e TUNARN B INNS

A saaaa =

\DuiinsruiuinnsluledinAoqdun3dnivindeonnegluguvesemsviondn i
prmsiasutadlefuusemufisunadinemunzudinziisdaaiuguandianesuilan
(FAO/WHO, 2006) %aﬂ%mzwuaﬂa;ﬁw'%sﬁ,wﬂuiaafﬂ,umSmﬁmsﬁmmimiﬁaqwnﬂaa 10%-
10" CFU/mL dstiulunszuaunisadn uenainiedesdanuanunsalunisnudeaniigly
nszUIuNTIHAALE M3dTinsonvaadolundniusiemsseninenisfuinvaunseiety
wunengfidudniadenilsiimsidaidunmsdndonidoinslulefn iteldeiiusinmiid oy
Wnileanenauiilaguilag

lunmmaaesiitouuafiFeiifauifiugduidinglulefnasiumageunsidingen
lundafausionns 4 wia W tuimameslsdsati uuulsmdeudy thundivdes was
théudu flenamgdl a°C Huszorinan 15 Fu 9nnismaaeswuinv 4 anesitug léun BFO14,
BF052, BHO53 Wwaga1eWugoneds BB-12 An1ssentinlundndusiuuniavesisdsalnuay
131um5’3mﬁaﬂ:ﬂLmﬂﬁhqﬁuasmﬁﬁfﬁﬁﬁzymaaaa (p>0.05) paoAsEEzIaTluAISIAUSNYT 15

Tu dawandlugui 3.7 luvagiie BHO53 fimssentinanateteildudAynieada (p<0.05)

[ (%
Y U Y

TuunUseandaunundsninuinviduszeznan 9 Ju duluthduduns 4 aeiudiinissen

(Y]

Finfianasetrefidedfy (0<0.05) nasanaisinusnuila 3 Tu lnefinnssendinanas
Uszanad 1 log CFU/mL iaiUSeuiiisuiudsanastosususenineiunsnaudsiugaieves
2 o = Y4 = Dy aa S Yy O vyvad o = = Y
n13iusnw Beaneiug BFO52 Tuwaltunissentinluindunulangaiiisiuseuiisuivane

v eal = & Yy o = .
WURIU FINANITNAADIUADAANDINUNIIANYIVDY Saarela wasAy (2006) wag Vinderola
WAy (2012) A51891U73W%0 B. animalis subsp. lactis dn1559n¥inlundnsdeiunlagandn
Tudwaliillaiuinwfigamgd 4°C uay Nualkaekul wagansy (2011) iseauinUsunaes
TshAulundndaeienstdmyislrgdunidinslulefniidnsinissentinlagedu Famseiuns
NAABILNINUINDWMLAT pH vosullUToInsauRuLasinduAuIzuAnAsA Ul Laldendull
aa = Y A vya 5 v U daa S v !
FinsoaluuanUsemsauaulaaniluhdurunivsinalysiudesnd



Cell viability (log CFU/mL)

Cell viability (log CFU/mL)
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JUN 3.7 mI3sentinveadelundnsinueienns (A) uuniaweslsdsada (B) uuUseimiousu

(O) tungwndes (D) waztduau sewinnisifiusne 15 1w figamgll 4°C

uenanimAudunsadeite oH vasemsflutladendnfidmansenusenisd
Fins0nve e LWiwL%Jaiwﬂuiaaﬂa'aulmy,'f\]smamagiumﬁmﬁmsﬁmmmﬁﬂ%qﬁm pH
Aeudnas e pH vesmsiiA Wesamusiluiiezdedd ATP luvsinadiunnduiie
Snwraunavessyiu pH neluwadiiieliiwadissdinegls sihlsusinm ATP liiflssmese
audeansvegaddmiuldlufanssudus fddny %aL‘f]uaﬂmsﬂﬁﬁmwﬂﬁﬁamEJLﬁ'aéfaa@gj
Tuanngiifianadunsngs (Pimentel  uazamiz, 2015) waziiloviinisind1ves pH
WasuuUaslundannninfvinvnduszesinat 15 fu nudianeug BFO52 silviAnnis
Wasuulaswes pH Tundniasiomnstesfignssninsunsnuay fugavnevesnisiiuinu dadl
Agluya 6.66-6.64 Tuunnawweslsdsadn, 6.50-6.33 Tuundwdes, 3.79-3.78 Tuusndsen
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wieumy way 3.67-3.66 luthdusu warazidiuldiniuaduvdesiinisdsuulaswesen pH
aetan Tnsoradunaunnfiuadavdesithmaledlnuinalsidussdusznou 1wy wwil-
Tua (raffinose) wavaunaled (stachyose) dstaamantaunsaldlalaouuaiice  Oila
wuaitse Wunalidewdswhmadunsadunsd wilv pH vosemsilrianas (Wang was
Ay, 2004) wiogslsianunisaiensalaeid asminamsiiusnuniauduanTaTlifeUseasd
vosqaunsdlnslulefndléifussduszneulundnfnsionns mzenaazsiiliensiinaunas
savATiUasunUadly wazan pH ViqasﬁuawLi“jJummsﬂﬁv’fﬁyaﬁmsiam%%ﬁammlﬁ (Heller,
2001)

nmsnasemuitafivhmssauenldusanduaeiudifiotu fe 8. animalis udf
filsannuannsolumadudeinslulofnfuandsiuuinssfsmuanusalunisegsenlu
wAnfausiowns annsAnwndnuinge Bros2 fuualifumssendislundnfusiemnsléfing,
aeugdu wardlmuanansolunusoanndiasslussuumaduemsléd danuannsa
Tunisdanigduleag Caco-2 lé’qqﬂ’jmwﬁ’ui%m wazdaflaudilunsdudinisiasyves
QAunIdnelsn anevus BFO52 Sdldsudnidenilelfifuiudelnslulednlumsnaassioly

3.9 NaN1559ATINVBYRELWUS BFO52 serdrenisiiuiesuuntianuds (freeze-

drying process)

nsiusnendeneunsiunldfuiidelnslulefndudnduneudiey fidesiles
Tunszuaumandandndusinslulefnlumignanynssy SsmsviwiauuiiiBenudaiioindu
Snnilaisilasuanuiougdlunafivineiade Wesniun shukneldannsgungd
wazaudusil Ssannisianeidlofouarlassaienelurenaunid iliandsnnsgade
Finveagaunidas uazdaelyinanisimdsanmsvinuieiinisfusa (rehydration) fiRansae
uenaniimsldanstestuaubuimansaioindudnisnsnisiivies fnvianuasiarie
WiEnIINsTenTinvesgdunidseninanisiuis uazdstaglanunsafiuinuqduyidialy
SyEznaTiEUILAY FepansunulunszuIuNMIHER a9l (Schoug wagAnly, 2006)

= aNa dil’ 1 [ 14 [ I v 19
NANYINITT0ATIRUBTD BFO52 seuinenisinuisiuundigonuds lagldansdosiu
& o 1 [y 1 . . & e v Na & 1 (Y]
AILIUNLANANAUY WUINANWIEZ 10% skim milk HUNiNaN1T59ATINUDILTONDULAZ AT
msviuimvusidonudeldunnataiunadeadd (p>0.05) MuAI8d1INAD90N UAYUND
WMo linan1550nTIndnawn Adanslunies1ei 3.7 Md1nASLAUTONNIUASINLET
gaungdl 4°C Wuszeziian 1 wae 3 Wiew WUl 10% skim milk, 10% 9161 waztuudumies
Tinan1ssonTinvendeluunnaraiunesiuadd (p>0.05) waz 10% skim milk A&slnanis
sonTinveniieluiunnanaiunieioada (p>0.05) nasanisiiusnwudusyeziian 6 LHeud
gl 4°C usieglsillaSauiiisunissentinveutailoiufionmnll 4°C uavanmngiines
Wussezian 1 Weu nulamy 10% 9161 waziuniimdewittuilinanissendinues
& Ay i o A & & yud a v I 2 2
Wenliunnaneiy (p>0.05) uagilaiuidelingamgiviesluszegiian 3 LHouway 6 Lhsu
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wmwmiﬂﬂﬂaqmmL&Juwﬂsuumimamiﬂnﬂmmaamaaamwusmﬂw (p<0 05) wazdluiunu
Lsuamammmama«,iamaumi 92081 6 LU muuﬂ’]sl,ﬂmﬂmmamaamm 4°C 39978
SﬂmmiummammLsnaimmmmﬂwqmmmaq

) & A o v X aaa v A | ° v |
nnsneaesanstasiuanudunyiliselidinsenlannanseninansiiakuuuy
= 2V vaa = . . . . | = Iy = A v
\Wonutalaanan fie 10% skim milk lag skim milk Az¥IgiafaukassnyILaResN NvBLTavY
AR TENINN IR TG eTdnIIN1359nTInlAaeUu (Huang WagAy, 2006) 10% skim
milk F9lesusmdanlmduaistastumnududnsunisyiurauustgonud aianisiadum
walnslulafneall ag1elsAniy skim milk azdeuldiduansuntaspnudulunsdlinans e
Aduarmsanmanuud viseldlundadueiamisuuntin walunstimdua1msusesinndu 1w
9191159 1MIN non-dairy probiotic products ¥3edMSUAUALIINUNTY e maLanlaa 13
THarstastuanudurindunlvnisuntdeawad i fnnaseninani1sviwiasn1ssnusny 1y
UUHIVEDY M50 191 Adudnmadenuianaieiusneige Inslulefnlildinseninanis
Wuneuuule

A19719% 3.7 N1559ATIRVDAUTO BFO52 (log CFU/mL £ SD) noulaywdInIsiiuianuuws-
Wonuds uazsewinanisifusnwidleldastlestumnuuiunnsnaiy

FUAVDIENT

Jaauaudu

a vy

IUUAdNTaATIn Swruwadiisendinigamgl a°c IuugaiNseadiniigunglivies

u

' o 4 s o 4 =3 = = = =
NDUNTLRY NAINLLAN 119Uy 3 AU 6 bADU 119Uy 3 MDY

=
6 LU

Yhndu

10% glasa

10% uanlna
10% Skim milk
10% 91ndedson
10% 4791

UUNWUEDS

9324+ 007" 860%02" 8.42 +0.02° 810+010° 7.79+004" 609 % 008 -
9324027 9024001 873+001° 868+001° 8441002 626%0.19° -
938+ 022° 8994010° 875+002" 876008  865+004" 780+£003 602%0.16

921 007" 9.16 £ 0.02° 9.16 £ 0.01° 9.154+001° 912+001° 878+010° 7.42+ 008

9814032 941+ 023" 9194012 890+ 0.10° nd’ 761+019° 5144013
936+ 003 848F 065  839F006  8317F0.08 nd 776 £0.16° 658+ 0.15
920+ 027 8931010 887%009" 883+ 009" nd 877 £007° 733+ 0.14°

3.10 £ 0.04°
6.06 * 0.03°
nd
nd

nd

o o

shwsnmwsanguimianfiuanssiulunafieiu waasitanuuanisiuegdidudfgymisata (p<0.05)

A - ldnudenidinsen

B : lail@vinnnsnmaas (not dertermined)

3.10 HANSANYIANURAYBWTIUNIAKUATILSY BFO52 NAAINNSZUIUNISHAR

Wesannlusluledn Ae aunsdniidindlesusemudiivludSnainemungazyie

duaSuavninvesduilan usesgalsinuninfiwuaiielnslulefnaglissleviddeguilnala
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g & a Y a |a = P & a v a Y ada
u 1welnslulofnAnalusnunuINNEINaALALSUAUNTZUIUNITNER Aoelitinsonlu
RS IaunIezialieduilnavieauninvsiiviunuenety waslliouslnadiluudanses
fauanunsalun1muneanznIn-ne waztoulesinige TussuunmahuoImssuAuan Un
NTENNE0IM1T aunsenstanaldduduetersnaelnslule@nagyinnisdaniziiieviudag
duasuaunnsieuslaa (Ventura wagang, 2007) detudelnslulenmianldiunnmily
nAR At IMTIATTIIzdantRlun TUsoan el RuiINe WelidiaunasliluuTunai
wniesnenaglilselovisoguslaala lunismaassiivelnsluledin BFO52  asiiluiiu
a 1 P dy 1 o 14 1 @ v . . <
nIzUIUMIHAALUUsaIDY Tnaitoagriunsiurswuuudidonudslagld 10% skim milk 1Wu
Y] I3 I3 a o ¢ 5 ol = < 2 & e
a15¥esiumnudu uasiundndusiwaanialingamall 4°C Wusseziian 1 e 3NUUI
d1ede 1 % adll 100 mL veumUseanseunu udulineamgl 4°C (Juszesioan 2
dUait ndntuIIR o HILEN1IZIaslUTTUUNNLAUDIMTUUUsOLEY LilanTIadeU
AaNURkaEANAIIATRNTR N INURean L luTEUUMALANR I ShaEN s BN B UNTY
aldspuiisuiuie BFO52 Aildlanunseuaunsfingn

NNANIINAABINUIN bUINEEIUNTZUIUNISHAN NI B LU AR UNTZUIUNISHER LD

@ v a | ° a av o | Y] a
BFO52 ﬂmmmgﬂLLUUMﬂ’]WW@ﬁm:;smaaﬂuizwmqLmummiﬂmmﬂmaﬂu (m19579N
32.8) InedlANua1u150 L UNISNUAREN1IEAINa1 e R LSuAUINAUNINATd uNaLYadaulsl
Talaleedl uwagdl pH Asudradunans musmeanazlunseizemsifldunauvoaouladin-
a d‘d | I~ ] QI :9; = % o o Y & d‘d 4 a
Fundarrudunsameg quiiuduauis pH 2 munivannzinassluaildaniiioulviunuad
ofuwa bile salt wazdalinsuyumisndeniaIusIsauTLANA1RM WouansdaLlorod
nswdeulmaneivniisgdneduszuils anmsveasmultanizanglunssmizeomsi

pH 2 wihiluiviliwelusuiunissendinfianategiitedAy (p<005) Feangillu

aaa

ﬂﬂ']’)uﬂ']a@\'iLllaLsdaﬁmaﬂ@ﬂiu‘ﬁﬂ]ﬂ‘i’lﬂﬁuL‘W']u@']‘lﬁ?ﬁiﬂﬁﬂwl']ﬂ IﬂﬁJﬂJ%WU’Jum@ﬁﬂJ“ﬁ'ﬁmﬁ@ﬂﬁﬂaﬂ
sz 1 log CFU/mL ezmmmmmmmmwa B. animalis Tumiwumaam’g“fﬁ'}aaﬂ,m“w
'Vl']\'iLﬂuaqﬁqiuaaﬂﬂa@\‘iﬂU\?']M']ﬁ]EJ@u"'] ‘V]LLﬁﬂ\‘i’J’]L"UEJ B. animalis ﬁWEJW‘LlﬁEJ‘L!s] L“U‘u B.
animalis BB-12 (Sousa wagmaly, 2015) wae B. animalis Bo (Madureira tazagig, 2011) §14

AflauanunsalunisnuseanElusTUUNIAUMISLUUs Bl as AR L AE AU

uennarnuanisaaesfanandldifiusnit nseuIunISHAR WU ASiuFaLUy
uwiionuds uaznszurunsnaauuusieiiies ldlddmansenuseautinuduislnsluledn
el ULdUD9ANEILNTOIUNTNURBSEUUMIUALDIMNS kazALAINTalUNSTRINEAUNITS
§1& Fado BFOS2 Semsuanalasifudnisianizitliunnansfunieleada (p>0.05) 1ile
WasuisuiudelilldnunsviuisuuuiBenuds uaglilldihunszuiunsnanuuusioiios
FevaudetumsAnwves Du Toit wazamy (2013) A51891uinsvuiaLuudidonuddnal
delnsluledn Lactobacillus casei Shirota, B. animalis BB-12 waz B. animalis IF20/1 &
SnsmsPainnziu human colonic mucus ddasiior3ouieusudeilaldsiunsyuiunis
¥uts Fannsrefvewaniudsluseminicwesnisin freezing 3o mMsanAuduLELH
wAniudsndianaiadule ennardsansznusslasadevidodoruraduesnduns wasile
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wadlduanaundoymofilumglraunisiinnuamnsalunisdanefumadudsdldldas
aglsinunisidenidarsunlessadseninnismi freeze-drying  wasnisltdgamgiuay
syezatluMIYuwianiuYied 1N Uz tIanANLEE M BTERININNTYIMAILUULY
Wanudaaald (Du Toit wazAny, 2013; Jankovic wagAne, 2010)

Sniladenilefifianuddny Ao nandusiosiliidusinansdmivrudeduniding
lulefnludaguslag dsemsilddimssiieinvuardnasuanifinnududolnslulefnls
fanuasarislundnfusiuarauniiaeivetosdmnefindunisinslulefinazeenquiiiie
Huuselovineduilng Gdlasialuunda ndnsasiuamiin iy uIoundoudy uas loiidn e
Mduewnsiilduanuienililunisvudad elnslulefnludauslag lunismeaesivdsin
dorhunsrurumsvhuauuudidenuds mudaensifiuinyindesasieadildliigumgd
0°C \Husrozina 1 Weu WeasgnansludsumBsmdeuny uanfuiualifigangf a°c 1y
srevian 2 dUat Jniluneaeunnuausavendelunisuseanmgdasduszuunaiu
osuagnAgaUNIIBaINe TumadniTsdld wan1svaaeanuinde BFO52  Adsasuana
AudnvziiRuTenteny Aedslisunuunimmusoanglussuumafuomsduda uas
Tnanisdanizfuwadniadldilinnnsnefuogsdfedday (p>0.05) Fafinasaidedn
Anvnuiedesstonsilddusnandmiurudsiuiinadenisegsonuaznisuansdnuns
anautRvendelnslulefin Ty Kos uazang (2000) nuinde L. acidophilus M92 #13150
yuseaniizthgeslunszmizems warnusoan el bile salt aududugaldftuiield
TUsiunddudu (whey protein concentrate) 1Huianandlunisaugiee Madureira was
A (2011) WUAINETA (whey cheese matrices) 209 lHT0 L. casei, L. acidophilus and
B. animalis fauannsolumsnuseaniizdaesluszuumaiuomsidadudeisuiioy
funsldoimns MRS Wudanans uenand Saarela wazam (2006) Agslédnwmuinge B
animalis subsp. lactis E2010 filunsvuisuustiBonud waglduumaseslsddudelu
nsvudatu Greliidediamnuannsslumamudeaniaeilunsn wazanngid bile salt 14
avdudonsuifisutumsldthuald uagmsldansazans PBS dufulumsidonuanfasionms
daidudelunisvudadelnslulefndy uenanamamnsansormsifludiuvosudnSosi
pInseudtiy ownsliimsrdsmanssnudenisegsenaadouasnssnudenaantives
L%@IWﬂUI@ﬁﬂﬁ@EJﬁEjﬂ (Heller, 2001)

mnndnnslunisdadendeifiaudidudelnslulefntdu iWeiifaisazdens
endnuaiuarandnuasdauiuvesaneiusyiundaeiusiudll aunsnegsenunsdndlits
autfenaufudelnslulefnauniiaziieTmimneiindunidaseengrditedulsslom
AorUIlnA (Sharma uagAae, 2014) %QﬂwsﬁwL%Jalﬂﬂizqﬂm‘iﬂumqQmmwnﬁmmmsﬁ?m%aﬁ
AfinTasiinudnuasiiaunaiigs uasinrunsineduiugnssy mnvaaosillduands
diudrfeuside BFOs2 awrunszuaunsdauuuseiiles iimsviukuuuuionuds n1s
Ausnwmandasiiviauts mseglundnusionms e Bros2 Addlisuuuuntsmusioana
Tussuumaduewsuagiinuannsolunisdanismaduilsdi @i lduandaiu fadu 1Wo
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BFO52 fifimnuasiiindsinazannsalfiduiudelnslulefnfianmsoinluldlugnamnssy
amsuaztaslulsslevidivduasuavnmseuilnaliduedned egdlsinundinsdesd
nsfnwwansIRen LU duRussenIeaeiugaunsduasiininunseguslan (n vivo
study) Liands tedudulsransnmvesqduviidinduusslovideaunmaie

A191991 3.8 N1579ATINVBUTD BFO52 (log CFU/mL £ SD) IoHUszUUNIAU 15318803
wazfosazn1sdaniziullountiaanld Caco2 Warunsnseugadiunnsineiu

STUUNAUBINITINADY

Process :%'3 Un VAADINIT-NITNIZDINNT alodty  laidew %zaaxnﬂs
LIUAU 2 i pH 6d pH Sd pH 4d pH 3d pH Zc. pH 5:. pH 6.2 gALNIY
10 UM 10 UM 10 UM 30 UM 30 UM 30 UM 90 UM

BF052- 8.13 * 3.19% *
Caco2 0.26 _ _ _ _ _ _ _ _ 0.11"
:fz'Gl 8.47 i 8.47 i 8.48 i 8.46 ir 8.43 ir 8.38 i 7.21 % 7.09 % 6.99 J;r 3.81%Ai
Cacoz 0.39 0.40 0.42 0.32 0.36 0.41 0.49 0.44 0.49 0.32
BF052-FD- 8.13 % 3.08% *
Caco2 0.18 _ _ _ _ _ _ _ _ 0.15"
BF052 -
FD-GI 834 823+ 832+ 8290k 827k 819% 701k 685F% 677k 345% %
test- 021 021 017 026 0217 011 020° 011> 018" 0.21*
Caco2
BF052-FD
-milk-Gl 853+ 849f 850% 848F% 843k 839F 745k 735k 730%x @ 367T%
test- 021  020°  026% . 023" 021 027" 014> 0200 019" 0.50"
Caco2*

o

b o Y a ¢ 44' W a Y] ! W A o W aa
: aﬂmmmamquumﬁﬂwLLmﬂmﬂﬂﬂmmeUmu LEANAIATINULLANAWNAUBDY WU ULAIAEY NGO (pS0.0S)

A o o a | o ' 1Y) U ey = l ' 1Y) | A o w aa
aﬂmmmamqumﬂmywLLG}ﬂm’]ﬂﬂuiuﬂaauusaaazﬂﬁiamLmz LLEANAIATINULLANAWNAUDY WU UYAIAEYNINEDH (pS0.0S)

* o BFO52 axthluknunssuaumsidauutsiaides lnodeassiunsuriauundiBonuddlagly 109 skim milk buans
Hosfuruibu (FD) uazfunanusisadilalifigumgll a°C Wuszazinen 1 Weou anthulsdiendle 1 % adlu 100 mL
yosusUIsmdeuiy (milk) uulifgamail 4°C iuszezinan 2 dai pdniudshidesriuannesaedussuy
yaAuemLUUseLiles (Gl test) uazgiosaznsBaine (Caco-2) amandy

3.11 anuilndlalnanedlunveaa B. animalis subsp. lactis BFO52

Mnmsdainssidisuinadlelndieslunveaide 8. animalis subsp. lactis BFO52
vlilaane DNA $1u2u 15 Contigs waglsay Contigs aztudnluilssuifisuiuainuiiandle
Indlugudoyadlunues B. animalis Tugnudoya NCBI tiledniSoddunasfiansvesusas
mm%’wé’wﬁ’ué’mamﬂugﬂﬁ 3.8 uazilevnsfiutesing (gaps) 51ine contigs 9NNNSH
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primer walking SeuTosauy ol svililalastulonfifidnuazduninandaitandlelns
sauvienun 1,938,624 bp wazdiUsuialua G waz C 60.48% niuahilunvesdelurh
annotation Lwaizqmwm“uawﬂ% NCBI Prokaryotic Genomes Automatic Annotation
Pipeline (PGAAP, http://www.ncbi.nlm.nih.gov /genomes/static/Pipeline.html) wui1 B.
animalis BF052 Usenaulumie 1,603 §u il 1,536 coding genes, 12 rRNA operons Wag
52 tRNAs uazdandlolndvissluuende 8. animalis BFO52 dgndmiiulilugiudeyaves
GenBank lawil accession number As CPO09045

contig 8-2

contig 13
contig 12 contig 8
contig 9 contig 11
contig 7 contig 4

contig 14
contig 5
contig 10 — contig 3
contig 15

contig 6

contig 1

contig 2

5UN 3.8 M3dnTesddiulaiAn19vadLsiay contigs

'
o o/

3.12 HANSIATITREUNEAIVRTID B. animalis subsp. lactis BFO52

v

nsnsuaduianalelndsslunvesdelnslulefin 8. animalis subsp. lactis BFO52
fotudugadududdyiivninlugnisluanuduifetunalnnmsvhnuresdelnslulefinly
seavlutana Yrelraiuisavinuielsingnisainiaiugnssursenalnn1susudinsanis
mauauawmL%@Lﬁ'aé’magiuamwmm L*ﬂuﬁmwﬁuadmdwLﬁ'?'}laiwﬂuiaaﬂ%tfﬁﬂgis'wﬂw
deduasudselovidegunmaesduilnalddu iWelnslulofinazsdosdiniuarunsaluns
MOUAUDINDANIIZLATLARINC) (stress responses) Sudufausnszuiunsnan aunindoasdn
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g91eneruan1Izaneg lussuunmadue s weazneUselevideduilnaluiian Asiunis

niuteyaainuiindlelvdveutenztieuarlniseazideavestunanuafiusing luiluuvi
Iiaunsairuenisuanseanvesduianualy Jeazidundngruatduayuindedinalnlunis
USuimean1ienne uaganunsaduasuguamsieduslnalaas

e

(% ¥

Tunszuruniswanlugaaimnssuomis luvnensdiiuilederiiuaniizgamgif
uanssfuduegivanzdldluniswde luvnsdidodosinuaufou wu nsld spray
drying Tunsuan viensaldedamiunsyuiauuuudidenuimie freeze drying LTesados
Uiuiiidinsenluannzaumninazanudus Ssgumgiiigeuiedifuluiintuludunon
voansnAniiieaamansenuselassaisiifussdussneudidynieluresgduvas lasena
danalvianendiudIndvdolusiusinsfhuiuiinguuuuly (protein misfolding) wagdnlUsiu
it idueules] Felunuinddglunsruiunsmnuedtuiisuuuurdeiinsresusad
Anuisuluannund teulesidufierliamnsaswiitomelused Wumeliqdunisiunanm
neld Belaehaluidefasdinalnlunismunuuazudlalsiuidnsesuiifnguuuy (utaa
Na9n191AA translation) AI8N15Y191UV09 chaperone protein %30 heat shock protein
(Hsp) Bafunguvestusiuiiviminfivaelusiusdulunsshuiusielildnesuiignios De
Dea Lindner wazaniz (2007) 31897491 Hspl00, ClpP, Hsp70, Hsp60, Dnal, GrpE Wag
small Hsps 11 chaperone protein inulglude Jillanuafiae 91nmsinswRBuianunsa
neATHEANUGNTSH (coding DNA sequence) ¥8dite B. animalis subsp. lactis BFO52 wWua1dl
chaperone protein Nau GroEL (GU89 03340) Uag GroES (GU89 00640, GU89 01820) 7
yhuthindnlunsviemdslumsthusvesaelusiuiiinnisihusRaguuuy wazdamy
chaperone protein DnaK (Hsps70) (GU89 07865), DnaJ (GU89 04255, GU89 07855) uag
GrpE (GU89_07860) ivaetlasiunisiniznguuesanslnaiudlnduagdielunsshuiulsiiy
$2uffU chaperone  protein fa3u¢ UBNAINHEINY caseinolytic  proteases  (Clp)
(GU89 03385, GU8Y 05455, GU8Y 05460) ﬁﬁmmL?{msﬁaﬂumiﬂ%’uﬁwmL%@Lﬁaé’fmagiu
amazﬁ%ﬁqmmﬁqmawﬁ uay cold-shock proteins (Csp) (GUS9_03335, GU89_03365)
flodudu freeze-protective protein fivaelidefinisususausiesesogluannsiitigumgisild
andanulaly B. animalis subsp. lactis BFO52 8n@ae (Wouters et al., 2001) Falushiu

vaianewanaztiglideiinalnnisuilalusiuniauuuiienesudililamdulusfuniauysel

wiaedosogluanneiifgumndilivmnzay wesdeiiinisuiusldfluannedindr faed
FAmsonlunszurumandnlussuugaamnssuiifgumnduiuuslunimds uenanddsd
senunuidiade Tilauuaiide fesegluannefiinnududuresivinazansinnviooglu
anmeiiiirnuidudureaniedeutisgs (osmotic stress) iWoausuilngaziinisuansoan
U998U chaperone protein 1% dnaK, dnal ,grpE  Wag clpB Iuﬂ%mmﬁqﬁu (De Dea
Lindner wazaniz, 2007) Saianandululédn chaperone protein fiunasildaugelidotinng

novAUBIRANIENAUTNTUYBINGa N lndNeIY
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A a v o a o v PPN
ilerunszuunslunsudaus wuafiselnsluledndsiesannsaiidinsenlueims
o D -] =1 o o U Y oa N Yy A a o
i idudanarslunisvudadeuuaiieludaiuslan uwuaniSedesduTununiigane
i = ' PP = o Y g v ) a o o«
UNITNUADIEUTEIUNTIE AR U IA Falaemluudie i sildidundndueiemis
Frvnnuumin wu Teiisn vive widseamendia Gellen pH Asudnadh uasillowuaiiiiering
Swmeuiindesdipnuaansolunismusieannizane lussuumaive s Tagtamzantied
fanudunsagslunszinzeims muummmmimamaum&ﬂumsaaiammiumamﬂmﬁm
oNsiilen pH i1 wagseanzgeslunssmzermsianuiunsngadsdiauddy e

o

frwdndudesegluanigifidiamdunings wuafizeazedonisinauves  proton-
translocating ATPase (F,F,-ATPase) Lﬁa%’ﬂmamqaﬁLﬁmmﬂmmL.mm;imzwmiﬂmau
melunazneusnead (Ventura wagamy, 2007) NMTIATIEEuveade B animalis
subsp. lactis BF052 wuBufinenswaléidu F1FO-ATP synthase subunit #1939 Fisumts
GUB9 07235, GU8Y9 07240, GU8Y 0724, GU8Y9 07250, GU89 07255, GU8BY9 07260 iay
GU8B9 07270 yonanddany cystathionine beta-lyase (GU89 02195) cystathionine
gamma-synthase (GU89 02865) uag cystathionine beta-synthase (GU89 02870) fifi
unuwhldeannsanuseanngiifamdunsagdlédndae (Sun wagame, 2015) @n
n15AnEN3luNVe B. dentium Bd1 1ag Ventura uazAmiy 2009 wubuaosdusiunulnalfAes
fiu (BDP_1749 and BDP_1750) finensialdiiy glutamate decarboxylase (GadB) uag
slutamate/gamma-aminobutyrate antiporter (GadC) aluwulu Jilauuafise awv“v’uﬁjﬁu
e \ile B. dentium Bd1 fiesegluannzifauiuna wuiinsuanceanvesiunann iy
90 waz 51 Wihmuaisu agralsnanundulununisuaniaanved FF-ATPase ey 398AIy
Fululiiidemeiugientasiinalnnevauasdeaninziilunsndienisgosanonsaueiily
(amino acid degradation) Fudufeustliindeusazaneiusinalnmsneuauswioang
w3en 1y annsfidunsafiuanansiu (Cronin wazAy, 2011)

Duiinsrusuiinde dilauuaiide wialdilunneildfionna vielifloondiau &
Tutuneuvesnszuiunmsndniudodosilonafiazdudatueendiauldinnitos \Wolunguil
ssududesinalnlunisidnoendiau delnevhluudieulesisinin NADH oxidase, NADH
peroxidase lkag superoxide dismutase (SOD) %ﬁwﬁﬁﬁﬁwﬁﬁ%%ﬁaﬁﬁm reactive
oxygen species (ROS) eananwead udoedlsinumansimszidisuiindlelndvede
Ilouuaiise nduldnuBuiifinanuieadasiu SOD 1ae (SOD-related genes) (Lee wazmaue,
2010) LLﬁﬂé’UWUQuﬁLﬂuayﬁuﬁ‘mm NADH oxidase kU U copper oxidase (GU89 01685)
uaziieeandiauiufAzendu NADH seieules] NADH oxidase agvilviAnnsazanvos
lelasiauedeanles (H,0,) Faaunsaadisnnudemenessuunig neluwadld way
losan Tlauuaiise Lifieulninznziaaviliideldanunsaasy H,0, lWilusendiaunas
diiteananundufivanglueadle L%Jamaﬂ’uﬁfﬁﬁam%ﬁﬂalﬂ%'uﬁammiazau H,O, Unu 310
namFinzsiddunalolnsueate dilauwuaiis wuduivinandunisannisaseay H,0,
lAuA peroxiredoxin Faannsanuldlu 8. animalis subsp. lactis BFO52 (GU89 02325) L&
B. animalis maﬂ’unf?iuq Wy B. animalis subsp. lactis BB-12, B. animalis subsp. lactis
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DSM 10140 uag B. animalis subsp. lactis BLC1 Fafioinduaeiusiannsanusoaniny i
aaﬂ%wulﬁﬁﬁq@ we UNLAkUATILSY %ﬁa%uﬁ] WU B. adolescentis ATCC 15703, B. longum
subsp. longum JDM301, B. breve DSM 20213 uag B. bifidum ATCC 29521 nauliny
peroxiredoxin BuLa8 wagN159191u83 thioredoxin reductase fanansawdesu H,0, Wiy
dl@duiy Fassuunisingn H,0, #18 thioredoxin wag NADH  Gwnuldialuluide Ofila
wuaiiSe  wazlu B animalis subsp. lactis BFO52 wuldfisumia GUSY 04390 uas
GU89 08190 wonvni B. animalis subsp. lactis BFO52 §38i8u nucleoside triphosphate
pyrophosphohydrolase  (MutT) (GU89 01035, GU89 02925, GU89 04420) A
Aendastunsiidneandiaudngy (Lee wazams, 2010) ogrslshmundulanuiy MutT Tu
L%’e) B. breve DSM 20213 wag B. bifidum ATCC 29521

TagnluudruuaiiFelnslulednazendosaufuidntn (host) viefuguilan wuu
flanade (symbiosis) LS‘?’?@IWﬂUT@amzvl,éf%’umimmimma’]’ﬂﬁmﬁmﬁaag lnvazdasdany
asormsludiuiisanielianinsogeduled wazidrdufazlduszlevdainnisendeves
Inslulefnnelugnld Tneiteazdiouuaugavesgdundeiivsslen uasamuauqdunidne
Tsaluszuumaduemslaesdnansiuidogdunidielsa Wy nsndunis uuamesledu vie
ansuiindue LLasuaﬂmﬂﬁé’amzm'qwaﬁﬁiaqﬁumwiué’m%‘lus] LU PIVANTTAUADLAFLADTOR U
Fon drenszduminfivesssuugiduiu fretlestumsinide antladedivhldAnlsauzss 3
feindunmsedenalsslovideiutagiu ewnsiiannsaldldlasuuaiie Inslulofndedes
Huansemnsitligndesinsieulesiluszuumafiuemsveniitu uazgnldlasuuaiiise
nstulednls (Russell wazmaiy, 2011: Van den Broek wazmauy, 2008; Ventura warAy
2007) BausuFenansewnsmanin wilulefin fewilulefnfinuldlusssumd Wun Fructo-
oligosaccharides 3o FOS wuldludniialy wu ey wieliiiss nde nsufieuduven
Tae3 (chicory) nde 1udu lassasrsluanaidu (B-D-Fruf-2—1)),-D-Frus Bsliamnsn
gagldmeeuledlusinevesyed duduau (inulin) Adnilu oligofructose iwufiuusiidu
wedueiffaseniniy e Sillauuafide avldieulul B-fructofuranosidase lunisgos FOS
fiwusylnalalonfidiums B-2,1 izmwﬂmaqamaaﬁwma nalaa-wsnina uaz/vse Winlna-
WS lna %dLaul%ﬁﬂfwuvLﬂu B. animalis subsp. lactis, B. adolescentis, B. breve, Wag B.
longum subsp. infantis (Van den Broek Wazagug, 2008) waglu B. animalis subsp. lactis
BF052 (GU89 06305) Wwuiiienfiu  nainmsgesansemmsivaninsilnldansuieiaiidu
Ustlow fisresmeanunsathndululdle wu nselasfuanedy (short chain fatty acid) wazds
inliiA1 pH 1‘14?5115?3@aﬁammmé’ugﬂmiLfﬁﬁyéuaaqﬁuw%éﬁa‘immwﬁmlﬁ (Russell tay
Andz,  2011)  datuanuanunsalunsldunasnsiulamsalaswuaiseinslulefinded
Arudymszashlidoannindadinoglusanedelufioduaduuslovideduslnald
3197 3.9 wansdaeuluiiAeadesiuldmilulemsauaziumisuesduiumngoguudlus
Tugrudioya NCBI veuie B. animalis BFO52 uasitle Tillauuniids anewuddug
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F1utaya NCBI veude Tilauuaiiisy angiugsing

Locus tag
B. animalis B. B. B. B. B. longum | B. breve B. bifidum
miﬁv'aﬁu %30 subsp. lactis | animalis animalis animalis adolescen | subsp. DSM 20213 | ATCC
toulasl faNTTUVDY strain BF052 | subsp. subsp. subsp. - longum 29521
voulsl lactis BB- | lactis DSM | lactis BLC1 | tis ATCC JDM301
12 10140 15703
B-fructo Fructo- GUB9 06305 BIF_01865 Balat_1241 BLC1_ 1203 BAD 1325 - BBBR_1379 -
furanosidase oligosaccharide BAD_1150
B_galactosidase Lactose GU89 00270 | BIF 01474 | Balat 0053 | BLC1 0047 | BAD 0435 | BLJ 0417 BBBR 0011 | BBBF 0159
GUB9 01365 BIF 01526 Balat 0268 BLC1 0258 BAD 1211 BLJ 0519 BBBR_0363 BBBF_0172
GU89 02430 | BIF_ 00647 | Balat 0484 | BLC1 0464 | BAD 1401 | BLJ 1919 BBBR_ 0453 | BBBF 0474
GU89 02460 | BIF_00909 BAD 1402 | BLJ 1934 BBBR_ 1549 | BBBF 1344
GU89 02470 | BIF_00799 BAD 1582 BBBF 1456
BAD_1603
BAD_1605
Ol-galactosidase | Melibiose GU89_07770 | BIF_01624 | Balat_1537 | BLC1 1483 | BAD_1525 | BLJ_1911 | BBBR_1868 | BBBF_1801
raffinose GU89 08055 BIF 00525 Balat 1596 BLC1 1543 BAD 1528 BLJ 1990
stachyose GU89 08080 Balat 1601 BAD 1576
Ol-L-arabino arabinan, GU89 00330 BIF 00092 Balat 0065 | BLC1 0058 | BAD 0152 BLJ 0521 - BBBF 0019
furanosidase arabinogalactan | GU89 02610 BIF 01649 Balat 0512 | BLC1 04838 | BAD 0423 BLJ 0550
arabinoxylan BIF 00405 BAD 1524 BLJ 1719
BLJ 1910
pullulanase starch, GU89 04680 BIF 01617 Balat 0924 | BLC1 0884 | BAD 0708 - - -
amylopectin, GU89 04685 BIF 00181 BLC1 1506
pullulan GU89 07890 BIF 02253
amylopullulanas | starch, GU89 04675 E - - - - BBBR_0107 -
e amylopectin,
pullulan
xylose isomerase | D-xylose = GU89 02605 BIF_00501 Balat 0511 | BLC1 0487 | BAD 0422 BLJ 1607 - -
D-xylulose
arabinose D-arabinose GU89 00345 BIF 01646 Balat_0068 BLC1 0061 BAD 1410 BLJ 0403 - -
isomerase = D-ribulose

B—Galacto—oligosaccharides Adadunslulefndnvliands 1Ju oligosaccharides #il

ihnanudninaduesdusznounulluduuvesuysd duut Toifise aunsodesldlag
woulesl B-galactosidases toulwsidnuldmluludeiilawuaiide Tu 8. animalis subsp.
lactis BF052 wuBufinenswaldieules R-calactosidases $1uam 5 fuvis (GUSS 00270,
GU89 01365, GU89 02430, GU89 02460 uay GU8Y 02470) Goulas uazAng (2009)
5989380 B. bifidum NCIMBA1171 fnsvhauveaeulss] R-calactosidases fidfanssy
WAy 4 wuu hydrolytic ~ wag transglycosylic  activities) laun  B-D-(1—>6)
galactobiose, ~ [3-D-(1—>4) galactobiose, ~ [3-D-(1—>4) galactosyllactose  waz N-
acetyllactosamine  wagddinilulefindiwin d-Galacto-oligosaccharides fanunsanule




a4

saluluuudundes Tngaedivhnnausilua Ussnaudothnalnanaien 3 luana fo
winlna nglaa waznudnlna) uastnaaundlea (Usznaudethmaluanaien 4 luana
Ao nudnina 2 luana nglea 1 lwana wasisnlna 1 Tuiana) thaawditdannsagesls
Tnetevlesl -calactosidase tovlegiiansonuldilulude Iilauuadi3s B animalis
subsp. lactis  BF052 nuSufinenswaldieules p-calactosidases S1uau 3 Auts
(GU89_ 07770, GU8Y 08055, GUS9_08080)

uaﬂmﬂﬂfﬁ'ﬂﬁmﬁﬂmmﬂumju arabinan, arabinogalactan waz arabinoxylan &4
Juesrusznovresiiugadie aunsadesldae o-L-arabinofuranosidase daweulasianyly
sllude Silauuaiide wilidnulu 8. breve (Van den Broek uasaniz, 2008) wasdsiians
$aman pullulan  Fafuandufindniuainsy Aureobasidium  pullulans Tuluanaves
pullulan %Uizﬂaumﬁ’haﬁwmaﬂ@ﬂa 3 luana Wousmeiusylnalales  0(1,4) (38n97
maltotriose) wazluufazwiieves maltotriose LHoufudeiusy 0-(1,6) touluifiainga
gou pullulan wusesnladu 2 §9wan Ae 1) Pullulanases type | agdopaatswustlnalalan
0-(1,6) Tu pullulan wag amylopectin wulglu B. animalis subsp. lactis waglu B. animalis
subsp. lactis BF052 (GU89 04680, GU89 04685 way GUS9 07890) witliwulu 8. longum,
B. breve uag B. bifidum 2) Pullulanases type |l wiofisend amylopullulanases toulasl
yiadiiunumunnlugramnssunisgosan fmaannsodesldvianusyléis o41,6) uas
0(1,4) §3 Ryan uwazAmy 2006 180NN B, breve wihiufinuAanssuveeuled
amylopullulanase MNMTIATIZRRlLINeNTD B. animalis subsp. lactis Wanun 16 ﬁﬂaﬁué
ﬁﬂﬁmgagwgmsﬁaga NCBI Law1g B. animalis subsp. lactis ADO11, B. animalis RH wag B.
animalis subsp. lactis BF052 (GU89 04675) whthufinudu amylopullulanase

mndeyadinandietdldhmmsudifuiiedlelndiailuaduduussloniogab
weteliianudaudladeiumshousestuisssuu Paelidilanalanmsaiuaums
wanseanvasduieg Iinntu warannsmideyamainszgndlfuaratuayuiuna
nsfnwluiomanosiqauvsidauenldduiussansmmuandutsslovdded uslnaldunn
fouifiodlasomguala insglunisazhqdunidinslulefnunldatstuguilaaldduiing
anuianuinlafeaiugaunsdiduetned emaasasouazlduszansamlunisdaada
JUNNBENNGIER

3.13 wan1514 B. animalis BFO52 WuiadalnslulefnTundndmueileisauiuuamio
3.13.1 SNEAILNITRTYVDAYRITENINNITUANUIUNNANEDS

N31AN15RTYTeRTelun1maaeslvinlalaen1sTuINUILEAa NHTINTOAUUD NS

< Y = & A < A a &
wis Tngdnvaglalativeatenusnguue visudaandlugun 3.9 uarsuuuun1siasyvedie
TUULONNFBITENINNITNINT 12, 24, 36 way 48 Tl wanslums19 2.10 lagwuin S
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thermophilus, L. bulearicus wag B. animalis BFO52 anunsoldansermslutusdivdeaile
nswSaventsld Iag S. thermophilus ﬁmmmmsa’iuLﬁ]‘%aﬂuﬁmmﬁamﬁaﬂé’ﬁﬁqﬂwﬁw
12 Faluswsnvesniaviin wasdivinantegefiaanaonszezinainiavin luved L
bulgaricus waw B. animalis BFO52 S uaueadiindinfianamdsduannisviing 48 daluq

5UN 3.9 dnwnuzlalafiveade S. thermophilus UWeWNS ST agar (Ugeile) uazanvuy
Ialaflveade L. bulgaricus (Ialadlua@unaun) waz B. animalis BFO52 (aladiand
U13%YU) UUDWNS MRSC agar (3U31ile)

Champagne WagAuz (2009) $1897UT0 THlALUATIGY 22L9RIIN1TLATQYTanas
WWoldeesuiulae S. thermophilus wAaINNAIIIAABIENAULLNUAULANGT (p>0.05) T84
USunaude B, animalis BF052 seninanisusinaignilaanenuguseilieidessiudu S,
thermophilus WanaNi Wang tagamy  (2002) §911n15ANYINUITAEIAINAITAITNULAT
winenluszeziian 48 Halus Usunande B. infantis Maessiuiiu L. bulgaricus 3¢iTinsongs

oA ~ a Y} o v aa a a v & a =
nindlewSeudisuiunisvdnaie Jlawuaiiise Wesaeiudifies &9 Famworth wazAny
(2007) leaSuruiuiNINaIsoIMTINatonIIINLUATI BsdadUNAs TINA U OTila
wuailsy Wy nsawedlu amnsativdudsunisiasyuende Jilanuaiisy 16 Gedennaneiu
PUIBUNNUVINGD Weldeada B. animalis BFO52 saufU L. bulearicus \Weo THlawuaILSY
iSRSy rIeluTINTadgIndT (p=<0.05) nsndnmeaeRugAIfawe 24 F3lusau
Augnszeziiainiswiln egslsinn We L. bulsaricus ndufidnsn1sasyfibinanssiuday
Wwsgndsannisninld 24 Frlusdenduiviuiagaanidinsenanas (p<0.05) 1o
Wisuiisuiuniswiingae L. bulgaricus Wigsaneiudified Jawanisnaassiifaenndesiv
NUIBVRY Wang  hagAmy  (2002) INUIUSUIaITe L. bulgaricus A28naI0g19tnLau
o o & Y] aq & ] =1 = . L=
meavasnsudnilusseziian 8 Falus Tunsalidessiuduldie B. longum %3® B. infantis &4
[y a PN & [ Ao A a X & aa a al
dnsnsasyanasionadunaunainnsauedininandulaee Uilanuaiiise
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A1519% 3.10 INUaanitinsen (log CFU/mL) Tuihundiudnsseninenisuin 48 $alus

By szpzatlunsvin (§lu9)
* 0 12 24 36 a8
1.5T 554+0.06" | 9.72+0.06° | 10.03+0.13™° | 11.93+0.31° | 12.19+0.09°
2.8 556+0.01° | 8.60£0.26" | 9.78+0.06™° | 10.45:0.33° | 9.94+0.34"
3. BF052 567+0.45° | 855:0.16° | 9.56+0.22" | 10.14+0.60" | 9.99+0.89"
4.5T+ 52
ST| 546+021° | 10.36+053° | 10.73+0.17 | 10.58+0.25 | 10.34+0.24°
BFO52 | 5.67+0.07° | 869+027" | 9.47+038" | 9.79+0.28" | 10.41+0.03""
5.B+52
LB | 6.10£0.66" | 8.74+0.14° 9.19+0.03° 9.39+0.08" 9.59+0.03"
BFO52 | 6.08+0.33° | 8.87+0.09" | 10.04+1.11°° | 10.57+0.48" | 10.69+0.20°
6.5T+LB
ST| 543+009° | 11.56+0.02° | 11.83+051° | 11.53+0.15° | 11.35+0.56"
18| 5.42+0.10" | 9.30+021 | 957036 | 9.36+0.12° 9.50+0.04°
7.ST+LB+52
ST| 556+0.05 | 10.91+0.09° | 11.26+0.06™ | 11.53+0.19° | 11.55+0.28™
LB | 6.12+062° | 9.44+0.02° | 993055 | 10.10+0.52 | 10.16+0.58"
BFO52 | 6.1240.78° | 9.56+0.02° | 10.42+0.38"" | 10.34+0.31° | 11.31+0.82°°

- ST: S. thermophillus, LB: L. bulgaricus, BF052: B. animalis BFO52
- Shwsmwdanguiinilaniiuanasiulupedudifeniu wansiianuuanaaiuegedidedAgymnisaia

(p<0.05) a4 ¥294781619UDIN TN

Tun1swanuungn (fermented milk) 1Wa S. thermophilus way L. bulsaricus Azins
Wwgnheduasudsiulayiu Ing S, thermophilus agilasuiimaudninaluirunlidunse
dun3d laun nsauanin waznsavesiin virlvAn pH anas Jenedaasunisiasyves L.
bulgaricus Waz\¥e L. bulgaricus agivgplusauluiunlilansaueiilu 1wy aifu e
GUI’JEJﬂ‘iz(;l:‘LJﬂ’]iLQ%QJGZJEN S. thermophilus Wena1nil L. bulsaricus feanansalasunsauanin
<, = = s = & Y a as & & PN =
Wuwednadlen (acetaldehyde) Gaduanslvndusaluloiise uazusnannidersgosuinagl

a .::{' ] a U U goj ¥ v a o U 6 1 r-:qu
N33y daasuiukaziuludIuuk Famworth wagany (2007) Senulduiusiguilluuy
Mndewne Jndennassiunuideiiinuindieldsaie S. thermophilus way L. bulgaricus
Sumiluuuiivies Wetasswlainisasyiigluedwildeddny (0<0.05) WisiUIguliigy
fumsudnifiesaneiugied lneinainduugaanivsnuundulugiwan 12 aluawsn
Yesnsuin Bslunintulovinsidsadensaesriasmduie TAlaluaise wuiUSuauie
B. animalis BF052 AflUSunauiundusgrefideddguioiiu  (p<0.05) lneviaude L.
bulgaricus wag B. animalis BFO52 1919013193181 TUna0nszeztiaIn13min lneiignuiu

saaaa £ d' = = ) o a v & a i
WwaalTInsenunTuUsEan 1 log CFU/mL Wielssuieuiunsvdniiesaneiugiiien ue
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Tun19nIAUTINTIUIUYAANNTOAYDTD S, thermophilus NAUTLUALUNAAAIVSINIUNT
O Y = < a = S Y A A A a4 X
winiduaan 36 il Feenadunaunannsndunsdludiuunivioiuunangdu

3.13.2 Mswasuulasan pH wazilodudavaslgfisnuIuunInanIsErninenIsudn

—+—ST

- LB

&r— BF052

« +xs « ST+BF052

= %= LB+BF032

Ko A

—#& -ST+LB

- —&— ST+LB+BF052

Fermentation time (h)

5UM 3.10 M3UAguuUaaresen pH sendnamsvsiniuudivies

mMaUasuwlasuesan pH Tunadundesseninamswindivian 0, 12, 24, 36 uay 48
Flusuanafeguil 3.10 pH  BuduvesundimaesdiAn 6.55:0.10  wazndsarnmsnsindu
swezinan 12 $9lus nuiundavdesiindndedersanuvdasautulen pH  ddian fe
4.71+0.06 MudeuudIdesfiniingaede S. thermophilus waz L. bulgaricus (6.74+0.04)
wae S. thermophilus (4.77 + 0.08) AudPU wazil 12 4alus L. bulearicus Tiaauiu
ﬂiﬂ—LUﬁ@ﬂﬁ@ﬂ #9615 + 0.20 Fapn pH ﬁLUﬁsmLLUaﬂlﬂﬁﬁmmeé’ﬂmmﬂmﬁmﬁ'awfwma
Tudhuadandeddfunsesunidilia pH fldshas Fabhmainululdmlvluduud
wdes fe dinnalaueaailsd i glasa waziiaalodlnugaailss wu draausniflua
(Wsznouseimalumanaiies 3 lwana Ae Winlva nalea wasnudnina) wasnaaund
Toa (Usgnaudetmaluanaiien 4 Tuana Ae nudnina 2 Tuiana nglaa 1 luana way
winlva 1 Tnana) wannislihmamardvilimEmunsaduridluundundes wu nsnudn
fin wav/vMie nsnwedin dUsuadiunntu dwald pH Teeias (Wang wavamy, 2003) o
nan 24 $ilsweansusin Wang wazamy (2002) WUl pH vesuLiawmdesnnIsvinede
S. thermophilus fifn 4.56 + 0.12 flewSeuidisufunisvsingas L. acidophilus fe
6.45+0.03 WIONIIMINTINAUVOI S, thermophilus waz B. infantis (4.45+0.12) wag L.
acidophilus wae B. infantis (5.98 + 0.02) dlewSeusteufivauddetnuing 24 Falus dhuy
fmdesdinsdsuntas pH 18U S. thermophilus (4.44 + 0.01), L. bulgaricus (5.20+0.13)
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WANISNINTINYBY S. thermophilus wag B. animalis BF052 (4.44+0.03) way L. bulgaricus
fiu B. animalis BF052 (4.45+0.01) mué’w@fv mﬂmamimmaawmﬁuﬁdﬂ S. thermophilus
Lﬂmaumamwmwﬂﬁ pH suaquummaaaammmﬂmm mimwﬂmmlﬂmaqmimam
mamm%uwmuu agyhmsngansvsiniilouniien pH Uszana 4.5 Fetfunsnstnuan o’
uusede S. thermophilus 331vanszeziatluntmdnadla (Mani-Lopez wazamy 2014)
MNHaMTIAaesEluNSEITERe S. thermophilus dadldinan 12-24 Falus witely pH vosuud
WiAssanmaeUsYINM 45 waznsvsinsiuiuveudeaauyia Ao S, thermophilus, L.
bulgaricus way B. animalis BF052 1¥A1 pH G‘i’ﬂﬁqmﬁaLU%&JUL%UﬁumwﬁﬂéhEJL%@LLUUSW

Force (N)
16

0.8+
s5-1-16h repl
0.6+

0.4+

0.2+

0.0+
0

12
Time (sec)

2 4 13 8 10

-0.2-

1J 3.11 mytaoduiavedaddninuudimasdeiries texture analyzer (5Ut1eile)
LazdnwaLns AR UAEMEINNS IR (5Uvnile)

nsindledudaveslufsnundindeosnndnlagtoudaz i M 9908798199 fe

‘ﬂl 5’5 o Y1 ] dy . ‘3 A:{I ¥ t:ir.:l U %
LR399 texture analyzer Hu AwvililaAiAMuLUULile (firmness) AnNuAlAnTNALIAUINS Y
WnINLSInseyimeLtoduna (Newton, N) maiian (s) é’mam’tugﬂﬁ 3.11 wayanuansg
NAAY (3UN 3.12)  wudAtiluedl 12 wag 48 wwnwwdesindniiuiuvende S
thermophilus, L. bulgaricus Wwag B. animalis BFO52 1¥A1 Firmness (1.00 + 0.09 N # 12

[

Tilus uag 1.04 + 011 N 9148 luy) geniimandnaieieviindus egrelideddny

o

(p<0.05) a3 24 wax 36 TIu9 MINITNTINAUEY S. thermophilus wae L. bulgaricus
wazmsvinsuiudedens 3 sialiianuuduioliunneiuetedifoneada (p>0.05)
Tusairfiniswiindreieifissansiusidoaviedodouuudunasli anuuiuioogludag
0.31 — 0.62 N 9MANaNSNAa8tI8Ust lii1de S. thermophilus waz L. bulgaricus fumum
TunslRleddnuudandesdifodudainuudunsiiunniy uwiegrdlsiaudiewIeudieu
mausiuiionasntissrevamavdngas 12-48 Falus nudnamgnsvdndeidens 3
ilnsaufurihthilialiunnmisiuedilitenadnnaenszoziaainismin (p>0.05) wanail
nsudfndufuresdorns 3 aruesiveutedudalafsnuuiundosldfian
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2

15 —e— ST
LB
Z
= 4— BFO52
w
2
E 1 «ewss ST+BF052
=
= - %= LB“BF052
.7 Cvesseeessseesensaneeeidkl =@ STALB
NPPRTELL LA NS oy
0 ' TXE o hidbhiiahdaaease, Toy-y-roc Mm-S = —m—ST+LB+BF052
. L ___*..._.-—---1—-—--—
0 a8 S
0 12 24 36 48

Fermentation time (h)

JUN 3.12 mswdsuudasvesAiauuiuie (Firmness) seninnsvdniiuuginges

Jianming wazAMz (2013) eauimanudunsa-uatsiinanenisazaievodlusi
Tuthusdundos Taofaen pH gavdesiniigaleledifinuin (soelectric point) agvililanana
yaslUsiuazarelutled uileuudrndesi pH wirdugeleludidnudn  Gaduen pH 7
Tushuiiussquanuazysegauniniu Taanaveslsiuagfsgaiu uazuauaosluldtion vh
THlusAumnmznouseninluiian dslusiudwlnalusmdesdulusiulnayau (globulin) Tne
fusinafesay 50-90 vesUmalusiuimun Wsiulnayduliasaeiigaleledidnnindia
pH 4.2-0.6 dssuiiladn pH asasirdagitlfdundandoaudsuanmduiaumaaiigu
llulassadradefidonindse (curd) seunisidsundasen pH luduudundedes
aundgildlunsniiniaduiateddgiviilvihundivdonydsulasiaiauiidnumndu
deleifisn uenniadunsdildidumdelumsninduniesifiunumdrdalunsviilile
Suamadloisnidnunsfiauuiuiounnsefuly (Ghosh uazany, 2013 uaz Shobharani
LagAdy, 2015) mnmswaaqﬁwLﬁulﬁdﬂmwﬁﬂémﬁ’mau%a S.  thermophilus, L.
bulgaricus uay B. animalis BFO52 lutnanisninsgning 12 fis 24 Faludliten pH eglutag
4.71 + 0.06 3 4.25 = 007 Fauduthanaiar pH IndlAsaiugaleludidnsin uazlvidiaay
windefvilfdodudavedeiiniaunwifioglutag 1.0020.09 N @1 1.0820.02 N
uenaniflugae 12 fis 24 $lue e S, thermophilus waw L. bulgaricus Tunsdifindinsauiu
B. animalis BF052 SafiUiinaudesnniuilowSeudfisufunavsinidissaneiudifieon fafuuy
fuvdesiiAnnnmandnsiudurentons 3 sladlutisnaimandn 12 e 24 dalus 2egn
lUussiiupunmndndueimenisnaaeunalssamduialunisvaaswisly
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3.13.3 NANISNAFIUNINUSLENEUNAVDINANN U LA SAUUND N DS

ToRdaundmdsfiiiumsusiniiuiuveis S thermophilus, L. bulearicus wag B.
animalis Wusgeziaan 12, 16, 20 wag 24 Halas azthuUszidununinedndusilnonis
yAAOUANNTBUMENTIAde UMNIUsTamMENase s 9-point hedonic scale 91ngu3lnai
Tailnunsindusiuan 30 au wasandluased 3.11 Tnenudnisudndiog) 12 wag 16
Hlusdiduszifiuanuveulunndnuazlinandsfuegaidodifyniaada (p>0.05) lngi
st 16 Tensusdulusudnuasiivsng savd uaznseeuiulaesiugaiian Tuvas
fi 12 daldlsiemsussdvludesesnau uanideduiagean Wofinsanusasdnume THud
é’ﬂwmzﬁﬂifmg (appearance; &uNAINENBUTABUBNTIRILEIEA1) WUIMTTILNT 12, 16
war 20 Winsussfiunnuveuiiliuandnstuegadfoddun1eada (p>0.05) Tnedalusd
16 uay 24 ldAnsUsuifiugeganaziganudiu Tuvaeiinismaaeundu (Odor; nawd
duialaannisldayngany) Azuuuazaayf anauiiavhnmsmitnlussesianiienuuiu &
ordunaiilennannndunididuimagslusevinnimn dwalilofdauuduniesd
nAusanUIsINnTunuaIsy duieduia (texture; theduiaainmslddeuduiatuiile
Toiisauanidlodudaanmsldaududa) savfuaznisoousu nuirdlusd 12 uaz 16 s
Uszifiuanuveuiilivanestuessiifeddmeadn (p>0.05)

MNHaNIVIAdeUANITa U sEamEuTauaniulddn sreznainiaviniigadu
Tnswarzsaus 20 Fluaduduly dnmsussdfiumnuseuazaosq anmasmuddiu devinis
Ansgnadsuudasiiiind ussninannsvdniisalusdendu Ui 3.13) nuiude s.
thermophilus was B. animalis BFO52 finisiasaluthundundesddnldunnset vadt L.
bulgaricus Smuananselunsiasaluhuudandoddmng vasszoznailunmsvdniiiudu
AvlW pH Tensnas Tnedalusdi 0, 12, 16, 20 waz 24 finsWdsuntas pH W 6.49 + 0.05,
4.59+0.13, 4.380.01, 4.25+0.01 Wag 4.18+0.03 mua"iu Tsen pH MUAsulufTaungwan
1annsadunisfidenantussninsnisniinihuudavdes lnenutiunwesnsaudngin
Foluadl 12, 16, 20 uay 24 vJu 3.39+0.62, 5.37+0.01, 6.84+1.03 waz 7.3120.24 ¢/L WATNU
nsAwadRndu 1.20+0.06, 2.10£0.08, 3.15+0.77 wag 3.44+0.45 ¢/L Auaeu fleg1alasan
Tnunsuii¥nainiedes HPLC anmsinnesithusduvdesntendamandinld 24 Flusuansly
st 3.14 Tnedloundudosilsvaznannisviindigetu a pH sawdsUSunsnudninuagnse
LLa%aﬂﬁ%qﬁu femaFeundasiiiatuifdudniletevisiidsmansemudedoduiavasle
\n3nthuimaedae Uianming wazane, 2013) ﬁnﬂmi‘wmaaqwud%ﬁaizammqﬁuﬁwﬁ
wenfoenunnlenintuniivestuinturuiy fsoradunadiosnanautfanuidl
voslusfuflansnsasuiiuluenateni Ssaunsafensesudfudunaiddnuusdu
aummteiiannsafnfuinlanavesinliniely wiidleldszezinalunsndneniuuiy
il pH uazUsinansedunidluiuedivdesdidasuudady Tusiuluanmfueads
Aanadeanm vhlilusiufiansfiduas lmanaveslusfulsnduanmudfiueminiu lumana
vosthuddmaaooninanlasadnenwnnine eannsbui fiFendt syneresis
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(Mani-Lopez tazauy 2014) ognslsinuidionnasumauuiuioveofisniunduvies
naulinuauuanelusEniInen1snin (p>0.05) TngArruuduie o 42l 12, 16, 20
way 24 fiAn 1.16+0.01, 1.230.04, 1.149+0.01 uay 1.08+0.02 mudwu TnenisiUdeuulas
AReuluszrnensuiniusdimEesamedan ez Men i ssdwansenusonisUsEiiy
AuruNIsUsEAaMANRE Mnaansveaestavaninsnaguldiifidundvdesiivdnludag
szpza 12-16 2l wnzaudmiunisnanuasiaundundn S lonsnuudindeann
Ngn

[N
SN
[N
SN

-

E 12- 12 b

5 =] = ST

L 10- -10 o 4~ LB

> g i & % BF052

o 8 8 D

= g’ -4 pH

g 6 "6 2 B Acetic acid
O 44 -4 2 -® Lactic acid
(@)) (@)

= 21 -2 =

(D) ~—

© 0= T T T T T T 0

Fermentation time (h)

5UM 3.13 nswdguudasiiinusgminanisvdnuunimaesildlunisnageunnuseunenis
NAFDUNUTEANHA

a U a v acs Y] A
A151991 3.11 N1SNAABUNNUTEA N EYOINAR A NN LELATAULN NGBS

o Harvest time (§1319)

AaANEOE 12 16 20 24
Snunigiiusng 6.57+1.59" 6.87+1.72" 6.37+1.88" 0.93+1.85°
nau 6.27+1.87" 5.67+2.26° 4.50+2.08° | 3.60+1.61°
ioduia 5.93+1.78" 5.83+1.68° | 530+2.04" | 4.67+1.84°
v 5.27+1.85 5.40+2.21° 4.07+2.13° | 3.43+163
msveusulnesI 6.03+1.65° 6.23+1.78" 4.97+1.79° | 423167

- SnwsnwsangunuanaRiululafsfukaniAInNuLAnsNsiueg 1eiitdAgnIsads (p<0.05)
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Minutes

UM 3.14 lasunlvunsuves HPLC 9nnsiasgvidiuuguvdesnievainismdnle 24 43luq
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Frfudedaruddyesabslunsfumaeiusaduvisinslulofniiauuaenfouas au
vadlnslulefnfifiiiedunlddmivomismadon lnsflaneiusianandesdanumumniu
an1zlunisudnemis msiuine) wasanuasealunufvemsvesduslaadudfey lu
nsetllduansliistuinanesiug Bifidobacterium animalis BFO52 ansnuansnaausalns-
Tulefndid uazduandiiiuinnuanansalinisisdnuazinmedafniuadionladldle
Ididuegreiviey fimuannemaiuomsuieunseitinssuiunmananemslugnamnsuf
m1u datuanewus 8. animalis  BFO52 Unasiianldwamiielfifuanisames (starter

nstulefnlunisuanoimismiadensaly
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Abstract

The viability and functionality of probictics may be influenced by industrial production pro-
cesses resulting in adecreasein probictic efficiency that benefit the health of humans. This
study aimed to investigate the probiotic characteristics of Biffdo bacterium strains isclated
from fecal samples of healthy Thai infants. In the present work, three local strains (BF014,
BF052, and BH053) belon ging to Bifidobacterium animals showed a great mesistance
against conditions simulating the: gastrointestinal tract. Among these, B. animalis BFO52
possessed considerable probiotic properties, induding high acid and bile tolerance, strong
adhesion capability to Caco-2 cells, and inhibitory activity against pathogens induding Sal-
manella typhimurium and Vibro cholerae. This strain also exhibited a high survival rate
compared to commercial strains during storagein a wide variety of products, including pas-
teurized milk, soy milk, drinking yogur, and orange juice. The impact of food processing
processes as well as the freeze-drying process, storage of freeze-dried powders, and incor-
poration of freeze-dried cells infood matriz on probiotic prope ries was also determined.
The stability of the probictic properties of the BF052 strain was not affected by food process-
ing chain, espedially its resistance in the simulated gastrointestinal conditions and its adher-
ence ability to Caco-2 cells. It indicates that it satisfies the criteria as a potential probiotic
and may be used as an effective probiotic starter in food applications.

Introduction

The consumption of health -promoting foods has developed in recent years together with an
increasing variety of products conferring spedfic health benefits. In this regard, probiotic-
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containing foods are highlighted as attradtive produds due to possess health promotion effects
[1.2]. However, bdore probiotics can be of bendit to the health of humans, they must first be
able to survive in sufficient numbers the manufacturing processes and storage as freze-dried
cultures, and alsoin the food products into which they are finally formulated. In addition, they
should also possess the ability to survive the gastrointestinal (GI) tract and retain their func
tionality to be effective in the host [34]. Consequently, probiotic strains selected for commer-
cial applications must retain the characteristics for which they were originally selected [5].
Recently, du Toit et al. [6] demonstrated that the same probiotic strain presented different
characteristics depending on the manufacturing and processing conditions,

The manufacture of bifidebacterial cells at the recommended level of 10°-107 CFUfml of
produd represents a major technological challenge due to several factors that affect the viability
of bifidobacteria during manufacturing and storage, such as the presence of oxygen, tempera-
ture, pH, and os motic changes [2.7]. Production technology, in particular freeze-drying, manu-
factures powders containing a high number of viable cell cultures, Moreover, bifidoba dierial
cultures need to beable to survive during the shdf-life of the products [8]. The viability and
stability of probiotics are challenges for industrial producers, and new technology has been
developed to obtain highly stable probiotic starters with stable functionality [2,3,9]. A rigorous
effort in strain selection and character ization is regarded as a prerequisite in this process [10].
This reinforces the need for robust bifidobacteria that are able to survive stressful environmen-
tal challenges not only during industrial processes such as freese-drying, manu facturing, and
storage but also after consumption through the GI tract stresses, until their adherence to the
intestinal epithelium to exert health-promoting effeds there [ 4]. Therefore, to guaranteea
functional and effective pmbt'lnt ic strain with predictable health benefits, its viability and func-
tionality throughout the food manufacturing processes and GI stress barriers must be investi-
gated to ensure that health-promoting properties are maintained.

Theaim of the present work was to investigate the probiotic characteristics of Bifidobacter-
i spp. previously isolated from fecal samples of healthy Thai infants as a highly stable probi-
ofic starter. The candidate strains were initially screened on the basis of add and simulated
gastric tolerance and were further scremed for functional properties, such as antimicrobial
activity and adhesion ability. In addition, the study investigated the viability of the probiotic
strains during storage in different food matrices. The authors consider this study to be a pio-
neer work in the evaluation of the impact of the production process chain on the selected pro-
biotic’s survival and resistance to Gl stress, and its adhesion ability to Caco-2 odls This part of
the study was to ensure that the strain would still provide probiotic dfects after consumption.

Materials and Methods
Microorganisms and culture conditions

Thirty bifidobacterial strains identified as Biff dobacteritm animalis were selected from Sura-
naree University of Technology (SUT) culture collection, Thailand. These strains were previ-
ously isolated from fecal samples of healthy Thai infants. The widely used Bifidobacterium
animalis subsp, lactis, strain BB-12 (Bb12) (Chr. Hansen, Denmark) was included in the exper-
iments for comparison purposes, All strains were grown anaerobically at 37°Cin DeMan,
Rogasa and Sharpe (MRS; Oxoid Ltd., UK) broth supplemented with 0.05% L-cysteine hydro-
chloride (MRS5c) and maintained in MRSc broth containing 208 (v/'v) sterile glycerol and
stored at -BOPC.

The indicator organisms used for antimicrobial activity included Escherichai coli TISTR
780, Staphylococcus aureus TISTR 1466, Peewdomonas aeruginosa TISTR 781, Bacillus cereus
TISTR 687, Samomela typhimurium TISTR 292, Vibrio cholerae 0139, and Candida albicans
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TISTR 718 which were supplied from the culture collection of the Laboratory of Microbiology,
Institute of Science, Suranaree University of Technology, Thailand. All strains were cultured
on Brain-Heart Infusion agar (BHI; Conda-Pronadisa, Spain) at 37°C for 16 h.

Resistance under conditions simulating the human gastrointestinal tract

The resistance of the ecamined strains under conditions simulating the GI tract was tested as
previously described [11]. The tolerance was initially screened through low pH and simulhted
gastric juice, Bri.rﬂy. bacterial cells from overnight (18 h) cultures were harvested (4,000 rpm,
10 min, 4°C) and washed twice with phosphate buffered saline (PBS; 0.8% Na(l, 0.2% KO,
0.144% MNa; HPO, 0.024% KH,POy, pH 7.2) supplemented with 0.05% L-cystdane hydrochlo-
ride (Merck, Germany ) (PBSc), before being re-suspended in PBSc solution and adjusted to pH
solutions of 2 and 3. For resistance to simulated gastric juice, bacterial cells were harvested and
washed as described above, The bacterial suspension was then re-suspended in PBSc solution
containing 0.3% (w/v) pepsin (Sigma-Aldrich, USA) and adjusted to pH solutions of 2 and 3.
Resistance was assessed in terms of viable colony counts on MRSc agar after incubation of bac-
terial suspensions at 37°C for O and 3 h, rfﬂm:l:ing the time spent by food in the stomach,

For resistance to small intestine conditions, bacterial cellsas prepared above were re-sus-
pendad in PBSe solution containing 0.1% (wiv) pancreatin (Sigma-Aldrich, USA) and pH 8.
The ability of the isolates to grow in the presence of bile was determined by adding cell suspen-
sions to MESe broth supplcmrntrd. with 0.3%, 0.5 and 1% (w/v) bile salt (Oxoid Ltd., UK) and
pH 8. The viable colony counts were determined after incubation at 37°C for 0 and 4 h, reflect-
ing the time spent by food in the small intestine,

Invitro adherence assay

An adherence ability of the bifid chacteria was examined in vitro using Caco-2, a colonic adeno-
carcinoma cell line that expresses the morphological and physiological charaderistics of nor-
mal mature human enterocytes. An adhesion assay was conducted as previously indicated by
Pennacchiaet al. [12]. Caco-2 cells were routinely grown in Dulbeceo's modified Eagle's mini-
mal essential medium (DMEM; Gibeo, USA) supplemented with 10% (v/v) heat inactivated
fetal bovine serum, 1% (viv ) L-glutamine, 1% (v/¥) non-essential amino acid solution, and 1%
(v/v] penicillin/streptomydn solutions (Giboo, USA) at 37°C in 5% C0:z and 95% air atmo-
sphere, Before the adhesion assay, overnight cultures of bacterial strains were harvested by cen-
trifugation at 4,000 rpm and 4°C for 10 min (Centrifuge 5810R, Eppendorf, Germany ). An
aliquot of culture suspensions was serially diluted 10-fold in PBSc to determine the viable pop-
ulation by plate counting on MRSc agar after 48 h of incubation at 37°C, Another aliquot was
re-suspendad in non-supplemented DMEM (pH 7.0). This bacterial suspension was used to
inoculate the sic-well tissue culture plates with a conaentration of about 10° CFU/ml..

The monolayer Caco-2 cells in the six-well tissue culture plates were washed twice with PBES
and 2 ml of non-supplemented DMEM was added to each well, The plate was incubated at
37°C for 1 h. After incubation, non- supplemented DMEM was removed from each well and
replaced by 1 mlof the bacterial suspension, prepared as described above. After incubation at
37°C for 90 min, the wells were softly washed 3 times with PBS to remove non-adherent bacte-
ria, The washed monolayer was treated with 1 ml of 0,05% Triton X- 100 water solution for 10
min to lyse the Caco-2 cells. The number of viable adhering bacteria was determined by plating
serial 10-fold dilutions of the mixture containing lysed Caco-2 cells and bacterial cells on
MRE.5c agar after 48 h of incubation at 37°C. The adhesion ability of the strains on Caco-2 cells
was calculated as a peroentage of the viable bacteria according to tharinitial population.
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Antibiotic susceptibility test

Antibiotic susceptibility patterns of the strains were investigated by the disk diffusion method.
The tested antibiotic dises (Oxoid, England) included streptomycin (10pg), gentamicin (10pg),
tetracycling (30pg), penicillin G (10pg), aztreonam (30pg), vancomycin (30pg), erythromycin
(15pg), chloramphinicol (30pg), kanamydn (30pg), ampicilin (10pg), lincomycin (15pg), nor-
floxacin ( 10pg ), and ofloxacin (5pg). Strains were grown in MESc broth at 37°C for 24 h under
anaerobic condition to obtain a density of 107 chimL. The culture suspension was swabbed on
MR.5c agar. Antibiotic discs were placed aseptically on the inoculated plates and agar plates
were incubated anacrobically for 24 h at 37°C. The diameters of the inhibition zones around
the discs were measured (average of three readings) and the results were interpreted according
to the Clinical and Laboratory Standards Institute (CLSL 2014) as sensitive (5), intermediate
(I), and resistant (R).

Antimicrobial Activity

The ability of the candidate strains to inhibit the growth of pathogenic microorganisms was
determined using the agar-well diffusion assay [13]. An overnight culture of the indicator
strains was applied to inoculate in BHI agar at 37°C. Fresh overnight bifidobacteria cultures
were harvested by crntri.fugation (4,000 rpm, 10 min, 4°C). The supernatants were neutralized
to pH 6.5 and the others keft unadjusted followed by filter-sterilization through 0.22 pm mem-
brane filter. Cell-free extracts of bifidobaderia samples (100 pl) were pipdted into drilled
holes (7mm) of the agar. The plates were then incubated at 37°C and were examined after over-
night incubation. Antimicrobial activity was recorded as growth- free inhibition zones (mm)
around the well.

Stability of probiotics in commercial products during storage

All @ndidate bifidobacteria were propagated in MRSc broth overnight at 37°C followed by
sub-culturing and incubating for a further 18 h. All cultures were harvested by centrifugation
and the pdlets were then washed twice in PBSc salution, pH74. A 1% inoculum of each bifido-
bacterial culture was aseptically distributed into 100 mL portions of four commerdal dairy and
non-dairy products (pastenrized milk, drinking yogurt, soy milk, and orange juice) to obtain a
final coneentration of 107-10° CEU/mL. Cell counts and pH measurements were performed
immediately after the addition and every three days until 15 days of storage at a refrigerated
temperature,

Preservation of bifidobacteria by freeze-drying in different
cryoprotectants

A fresh overnight culture of a selected probiotic strain, B animalis BR052, was grown in MR Sc
broth at 37°C. A 1% inoculum was theén subsequently transferred to fresh MRSc broth, At the
early stationary pha_f.r ofgrmﬂ\ (18 h), cells were harvested by centrifugation and washed
twice with PBSc solution, pH 7 4. The pellet was re-suspendedin 10% (wiv) lactose, 10% [wiv)
sucrose, 10% (wiv) skim milk, 10% (w/v) germinated brown rice (GBR), 10% (w/v) black ses-
ame (BS), and commercial soy mille Sterile de-ionized water was used as a control. Aliquots (1
ml) of each cell suspension in different cryoprotedants were transferred into sterilized vials
and frozen at -80°C for 4 h. Then, the samples were immediately freeze-dried for 18hina
frecze-dryer (Alpha 1-2, Christ, Germany).

After freee-drying, the freeze-dried powders were re-hydrated with MRSe broth (1 ml) and
the cell suspensions were allowed to stand for 10 min at room temperature, and subsequently

PLOSONE| DOL10.1371/journal pone. 0157958 June 22, 2016 4717



T PLOS | one

67

Effectsof Food Manufa cturing Chain of Bifido becterum animalis

plated on MR5c agar. The number of viable cells before and after freeze-drying was determined
at 37°C after incubation for 48 h. To select the most effective ayoprotectant, freeze-dried sam-
ples were kept at room and refrigerated temperatures, After storage for 1, 3, and 6 months, the
viahility of the freeze-dried cells was then determined by plating on MRSc agar after 48 h of
incubation at 37°C,

Gastrointestinal transit tolerance of BFO52

The study investigated the effects of the production process chain, freeze-drying, storage of
freeze-dried powders, and incorporation of cells in food matrix on the stability of the probi-
otic properties of B. animalis BF052. The strain B. animalis BF052 was subjected to a pro-
cess of freeze-drying. The skim milk (10%) was used as a cryoprotective agent and the
freeze-dried powders were then stored for 1 month following incorporation into a whole
pastenrized milk and kept at refrigerated temperatures for 2 weeks. The strains were then
sequentially exposed to simulated GI conditions followed by the adherence assay. To mimic
i vivo human Gl transit, an in vitro model was conducted as previously described by Peres
et al. [ 1] and Sousa etal. [ 2], with slight modifications. After incorporation of the frecze-
dried cells in a whole pasteurized milk for 2 weeks, 1 ml of products were transferred toa
34 ml of sterile electrolytesolution (SES; 022 g L' CaCl,, 6.2 g L7 NaCl, 22 g LTKCL 1.2 g
L NaHCO5 wiv) adjusted to pH 6.2. To simulate in vivo saliva conditions, 5 mL of a sterile
electrolyte solution containing lysozyme (final concentration of 0.01% wiv) was added to
35 mL of cell suspension and incubated at 37°C, 200 rpm for 2 min. Then, 3 mL of the elec-
trolyte solution (pH 5.0) with 0.3% (w/v) pepsin was incorporated into the cell suspension
to simulate the oesophagus-stomach environment. The pH curve in the stomach was repro-
duced by adding 1 N HCI to the cell suspension to pH 6.0, 5.0, 4.0 every 10 min and to pH
3.0, 2.0 every 30 min, at 37°C, 50 rpm respectively. After 90 min of incubation, the samples
were then adjusted to pH 5.0 using 1 M NaHCO; and mixed with 4 mlL of a sterile electro-
Iyte solution (5 g/L NaCl, 0.6 g/L KCland 0.3 g/L CaClz, w/v), containing 0.3% (w/v) bile
salts and 0.1% (wyv) pancreatin (pH 8) and incubated for 30 min (37°C and 50 rpm) to sim-
ulate theintestinal environment at the dood enum step. Finally, the il eum step was brought
about by an increase of pH to 6.5 and incubation for 90 min at 37°C and 50 rpm_After pass-
ing through the GI step, cells were then sequentially tested for adherence ability. Briefly,
bacterial solution was centrifuged and the pellet was re-suspended in 2 ml of non-supple-
mented DMEM. The monolayer Caco-2 cell$in the six-well tissue culture plates were
washed twice with PBS and 2 ml of non-supplemented DMEM was added to each well. The
plate was incubated at 37°C for 1 he After incubation, the non-supplemented DMEM was
removed from each well and replaced by 2 mlof the bacterial suspension. After incubation
at 37°C for 90 min, the wells were washed 3 times with PBS to remove non-adherent bacte-
ria. The washed monolayer was treated with 2 mlof 0005% Triton X-100 water solution for
10 min to lyse the Caco-2 cells. The number of viable adhering bacteria was enumerated by
plating on MRSc agar after 48 h of incubation at 37°C.

Statistical analysis

Data were analyzed using SPS5 16.0 software (SP55 Inc., Chicago, IL, USA). Statistical differ-
ences in multiple groups were determined by one-way ANOVA followed by multiple mean
comparisons with Duncan's test. All numerical data were displayed as mean + standard devia-
tion and p < 0,05 was considered statistically significant.
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Results and Discussion

Resistance of bifidobacteria under conditions simulating the
gastrointestinal tract

An essential step towards the selection of potential probiotic candidates is to examine their
resistance under GI stress environments [1,14], Out of 30 strains, only BR014, BF49, BAI52,
and BHOS53, including the reference strain Bb12, showed a decrease in viable counts lower than
1 log cycle even after 3h ofﬂpuﬁu.rtatpl"l' 3 (Tablel). No si];ni.ﬁca.ntdiﬁ‘crtnnﬂi (p=0.05) in
viable cells were observed in BF052 and Bb12 after an exposition to solutions with or without
pepsin at pH 3 compared with initial counts, Although BF114, BFO52, and BHO53 did not sur-
vive after exposure at pH 2 for 3 h, all of the three strains consistently tolerated the pepsin solu-
tions at pH 2 after 3 h of incubation. These results indicated that the bifidobacterial isolates
(except strain BR049) were able to tolerate simulated gastric juice at pH 2 in the presence of
pepsin. This result is relevant to the work of Mitt et al. [15] that showed the addition of inhib-
itors of pepsin and proton transloating enzyme significantly decreased the survival rate of B.
animalis subsp. lactis at pH 2. Therefore, it was likely that pepsin wasable to protect the cells
during exposure to low pH by maintenance of the pH homeostatis and support of the role of
H'-ATPase. However, the loss of viability in BF(49 after exposure to simulated gastric juice
may indicate that the resistance to enzymatic barriers was strain-specific.

The strains resistant to stomach conditions were further tested for ther ability to tolerate small
intestinal conditions, Allof the andidate strains were resistant to bike salts and panereatic solu-
tions at pH 8 by dmca.sing‘lhc.iwhbili.l‘y approcdmatdy 1 logunit after 4 hexposure, as shown in
Table 2. In general, the relevant phy siclogical concentrations of human bile range from 0.3% to
0.5%. However, it was reported that hile salts were critial to bacterial cells since they disorgan zed
the structure of the cell mémbrane [16], However, all tested strains in this study rdained thar via-
bility with small reductions at high concentrations of bike ranges from 0.3% to 1%

In this study, three strains, BFO14, BFO52, and BHO53, showed satisfactory probiotic proper-
ties for preliminary screening under conditions simulating the GI tract, suggesting that they
may survive through the human GI transit. All of these three strains were therefore selected for
the study of other probiotic properties.

Caco-2 cell adhesion
Adhesion of probiotic strains to human intestinal mucosa is regarded as a prerequisite charac-
tevistic for potential probiotic miaoorganisms. The adhesion ability to Caco-2 cdls was

Table 1. Cell viability of probictic strains after 3 h of exposure to low pH conditions and simulated gastric juice.

Strain Initial count low pH conditions Resistance to gastric juice with 0.3% (wiv)
Pepsin
pH 2 pH3 pH2 pH3
Bo12 671+ 0.02%2 K 661 £0.05% 621+ 0047 665+ 0.01%
BFO14 714 £0.11% - 6.86 +0.25% 546+ 005" 708+0.12%
BF040 7.1% £0.0%° - 6,08 £0.02° - 161+ 0.02°
BFOS2 7.31 £0.06* - 7.25 £0.07° .00 + 002" 726 £ 0.05%
BHOS3 7.70 £0.06° - 7.34 £0.187 7101 00% 785 £ 0.05

# Each valus represents the mean valus (log CFWmL) £ stend devistion (50} from thres fials. The equal supsrsoipt lowsrncass letters in the same row

indicate no significant differe noe s (p=0.05)

¥ No growth.

dai-10 1371 foumal pona 0 57258 00
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Table 2. Cellviability of probiotic strains after 4 h of exposure to bile salt and pancreatin.

Strain Initial count Bile salt (pH &) Pancreatin (pH &)
0.3% 0.5% 1%
Bb12 TAZE0.14%4 & 45 0.08° 6.43 £0.045 641 & 0.02° 642 £0.27°
BFO14 728 £0.12° 651+£0.26° G35+ 003" 643 x0.02° G615 £014"
BFO4 7.27 £+0.08° 6581 0.03" 658+ 007" 6.32 + 008° 5100119
BF0S2 T 006% 680:0.02° 6.77 001" 673:003" E32£015°
BHOS3 TA3£0.10° 625:0.18° 6,23 £0.125 6.23+0.15° 631 £015"

* Each value represents the mean value (log CFWmL) + stand deviation (SD) from three tials. The equal supersoript lowencase letters in the same row
indicate no significant difference s (p=0.05).

daiz10. 1371 foumal pone. 01 57258 502

evaluated and the result is prsented in Table 3. The BR052 strain had a significantly higher
adherence (3.38% + 0.15) to Caco-2 cells comparable with the reference strain Bb12 (2.96% +
0.12), whereas BFO14 and BHO53 expressed lower levels of adhesive abilities than those of
BF052 and Bb12 strains, Sdnchez et al [17] revealed that adhesion values to the intestinal cell
line HT29-MTX by B. animalis subsp. lactis IPLA4549 (2.96%41.74) was slightly lower than
Bb12 (3.08%+1.37). In addition, Laparra and Sanz [18] reported that Bb12 showed the highest
adherence capability to Cago-2 cell and to human mucus (mucin type IT) cmpared with other
probictic strains including Lactobacllus rhamnosus GG, B, animalis IATA-A2 and B. bifidum
IATA-ES2. In this study, BR052 showed the highest p:ru:nh.gcofa&ﬂiion compared to those
candidate strains imdud.i.ng'lh: reference strain. As previously reported, the adhesion capability
was not associated with species but as a characteristic of strain [19].

The adhesion of the microorganisms to the intestinal mucosa isan important feature
involved in colonization and is related to the ability of the strains to interact with the host [20].
Probiotic bifidobacteria have several mechanisms that enable them to adhere to the intestinal
cpi.l:hrli.al alls, Thei'rpussiblc mechanisms may confer competition for substrates, direct antag-
onism by inhibitory substances, competitive exclusion ofpaﬂ'iugmicba.ctcrim and potentially
host-mediated effects, such as tnhaﬂ'u:ing'll‘rc function of the intestinal epithelial barrier by
stimulation of the various signaling pathways and modulating immune responses [21-23]. As
a result, high adhesive ability of bacteria to the cell lines may indicte that strains may contrib-
ute their beneficial effects to the host. However, investigations are still necessary to confirm
their functionality in in vivo situations,

Antibiotic susceptibility assay
An important requirement for probiotic strains is that the isolated probiotics must be safe for
human consumption. In this regard, antibiotic susceptibility profiles should be revealed and

Table 3. Adhesion ability of the isolates to Caco-2 cells.

Strain %, adhesion (meantS0)*
Ebi2 206+ 0.12*
BFO14 257+ 0,38
BFO52 338 +0.15°
EBHO53 272 037

"The equal superscript lowercase letiers in the column indicate no significant diferences between strains
(p=0.08).
doiz 101371 foumal_pone.01 57958 5003
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Table 4. Antibiotic susceptibility profiles.

Type of antibiotics Antibiotic susceptibility profiles
Bhiz BFO14 BFO52 BHO53
Streptomycin (10pg) R 51 R R
Gentamicin (10pg) R 51 R R
Tetracycline (30pg) 5 5 5 5
Penicillin G (10pg) 5 5 5 5
Aztreonam (30pg) R 51 R R
Vancomycin {30pg) 5 5 5 5
Erythromycin (15pg) 5 5 5 5
Chioramgphirical (30pg) 5 5 5 5
Kanamycin (30p4) R A R R
Ampicilin (10pg) 5 5 5 5
Lincomychn (15pg) 5 5 5 5
Norfloxacin (10pg) R i1 R R
Oflaxacin (Spg) R i1 R R

doiz10. 1371 foumal pone 01 57258 2004

taken into account for;sa&ty [24]. Table 4 lists the antibiotic susceptibility patterns of the can-
didate strains and all candidates displayed similar phenotypic resistances comparable with the
reference strain, Bb12, All tested strains were interpreted to be resistant towards aminoglyco-
side group ( streptomycin, gentamycin, kanamycin), flusroquinolone antibiotics (norfloxacin
and oflaxacin), and B-lactam antibiotic (aztreonam, which is gram-negative spectrum). In con-
trast, all strains were sensitive to antibiotics belonging to a broad range of antibiotics related to
different modes of action, such as p-lactam antibiotics (penicillin and ampicilin ), broad-s pec-
trum antibiotics (tetracycline and chloramphenicol), macrolide antibiotic (erythromycin), gly-
copeptide antibiotic (vancomycin), and lincosamide antibiotic (lincomycin). These antibiotic
results indicated related patterns to previous reports [5,25.26]. From a safety point of view, it
was proposed that a prospective probiotic should not carry transmissible antibiotic resistance
genes, resulting in the corresponding genes not being transferred to the others including patho-
gens and commensal gut microbiota [27]. Probiotic strains with intrinsic antibiotic resistance
may be thus useful for the restoration of the gut mierobiota afier antibiotic treatment [5].
Moreover, to the best of our knowled ge, this is the first report in which all tested strains con-
ferred resistance to norfloxacin and oflaxacin. Therefore, it is beneficial for patients 5ufcﬁng
from urinary tract infection to restore the Bifidobacteri um population after treatments involv-
ing norfloxacin and ofloxacin,

Antimicrobial Activity

For the antimicrobial assay, there was no observation of inhibition for any of the supernatants
in which the pH was neutralized (results not shown). However, the non-neutralized culture
supernatants of BF052 and BHO53 strains showed inhibitory activities against S. hphinerium
and V. cholerae as shown in Table 5. These results indicated that the most likely explanation
was that the inhibition was due to organic acid production by the strains, Our results were in
an agreement with previous works. Strompfovd and Laukovi [28] demonstrated that inhibition
effects were not explained by bacteriocin adion and were most probably due to the produdion
of organic acids along with pH lowering effects during the growth in Bifidobacterium. Arboleya
etal. [25] also reported that non-neutralized supernatants of breast-milk isolates (B, longum
and B. breve) were able to inhibit Salmonella enteric and Shigella sonnei. Tbrahim and Bezkoro-
vainy [29] demonstrated that no antibacterial substances were detected in the fermentation
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Table 5. Inhibitory e ffects of non-neutra lized bifidobacterial supernatants against pathogens.

Strains Diameter (mmj) of inhibition zones

E. coli S.aureus P. aeruginosa V. cholarss B. cereus 5. typhimunium C. abicans
Bb12 - - - - - - -
BFO14 - - - - - 10 -
BFO52 - - - 8 - 10 -
BHO53 - - - a - 11 -

* Mo antegonistic adivity was obssrved.

oz 101371 foumal pone 01 57958 2005

broth of tested bifidobacteria. Only acetic and lactic acids were produced and could inhibit the
pathogenic strain of E. coli. In addition, Fukuda et al. [30] proposed that the production of ace-
tate by B. lorgum subsp. longum JCM 1217, B. longum subsp. infantis 157F, and B. longrim
subsp. longum NCC 2705 was able to protect mice against death induced by enterchaemorrha-
gic Escherichia coli O157:H7. However, Liu et al. [31] recently found a novel broad-spedrum
bacteriocin called bifidocin Athat i produced by B. animalis BROS. Therefore, it is likely that
the antimicrobial activity of bifidobacteria may be implemented not only by the producion of
organic acids but also by the secretion of bacteriocin.

Storage stability of probiotics in commercial products

Many criteria have been suggested for the selection of probiotics. Besides the challenge to over-
come the GI stresses, the ahbility of probiotics to survive in products during storage is also
important. It was recommended that the level of probiotics in food products needed to be high,
sugpesting the minimum counts of live cells should be at least 10%-107 CFU/mL before con-
sumption [2, 32]. Thisrequirement has a significant impact on the selection of potential probi-
otics with high stability in different food products.

In the present study, strains Bhi2, BRO14, BF052, and BHOS53 were incorporated into dairy
{pasteurized milk and drinking yogurt) and non-dairy products (soy milk and orange juice) at
refrigerated temperatures for 15 days. Fig | displays viable cellsin refrigerated storage over 15
days. No significant di fferences ( p=0.05) were ohserved in all the candidate strains in cultivable
cell numbers during storagein pastenrized milk and soy milk during the 15 days. In drinking
yogurt, a significant decrease (p=<0.05) in cell viability was detected only in strain BHO53 after
storage for nine days (51 Table). A major signiﬁc,a.nt reduction (p=0005) in cell counts ranging
from 0.6 to 1.0 log cycles was obsarved in orange juice in all tested strains. These results are in
agreement with those of Saarela et al. [33] and Vinderola et al. [34] who reporied that the sta-
bility of bifidobacterial cells in the low pH of fruit juice was poorer than the fairly neutral pH of
milk during refrigerated storage. Nualackul et al. [35] proposed that the presence of protein
sources in food matrices may improve the survival of bifidobacteria during refrigerated storage.
This wasin acardance with the present study's findings that high amounts of proteins in
drinking yogurt may have resulted in a higher rate of cell survival than in juices, although pH
values of both products were slightly different. It was proposed that when probiotic cells were
present in low pH environments, the requirement of energy consumption increased to main-
tain the intracellular pH, resulting in depression of ATP for crucial cellular fundions and
thereby causing cell death. In addition, exposure to oxygen under acidic conditions during
refrigeration storage was most probably responsible for the reduction in probiotic counts [ 36,
37). Among all the candidates, BF152 showed the highest survival rate during storage in all
products, while the reduction rates of BHOS3 in terms of viable counts were significantly higher
than those of other strains,
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Addj‘tiana]ly. changes quH values of BHOS3 shightly declined compared to those of other
strains, especially insoy milk, whereas BFO52 remained constant during the incubation period
(data not shown ). The redudtion of the pH value of BR052 in only soy milk (within 0.17 pH-
values) but no other producs was observed. This result was in line with previous studies which
showed the decrease of the pH levels in the soy beverage was faster than in milk [38, 39] sug-
gesting a greater rate of organic acid production. It was also observed that soy milk containing
olignsaccharides, such as raffinose and stachyose, may support the growth of bifidobacteria
causing acid production and subsequent reduction of pH. However, post-acidifiation during
storage is an undesirable property in probiotic-containing products, This process may have
adverse effects on the taste or aroma of the product and may causea loss in the viability of the
probiotic strain [40].

The main purpose of the present study was to identify suitable probiotic strains for incorpo-
ration into food products, It was clearly observed that candidate strains belonging to the same
species may present different characteristics even in food matrices. Among all candidates,
BR052 was found to exhibit the highest survivability in a wide variety of the products,
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suggesting that it may have bem present in sufficient amounts throughout the entire shelf life
of the product. In addition, BFO52 possessed considerable probiotic properties including high
acid and bile tolerance ability, strong adhesion capability, and good inhibitory adivity against
pathogens. This strain was thus selected as a promising probiotic strain that may have potential
as probiotic starter.

Preservation of BFO52 by freeze-drying in different cryoprotectants

In industrial applications, the use Drpmbi.ﬂﬁ.ﬂi as starter cultures is required to guarantee long-
term delivery of stable cultures in terms of cell viability and functionality [41]. Freeze-drying is
a well-documented technique used for the preservation of microorganism [42]. Moreover, the
utilization of a suitable aryoprotective as a freeze-drying agent is an achievable attempt to
improve cell viability during this process. In this study, sucrose, lactose, skim milk, GBR, BS,
and soy milk were examined for their ability to proted the BR052 alls during freeze-drying,
Table & shows the dfect of cryoprotectants on the survivability of BRO52 at different storage
perieds and temperatures,

Among all candidate cryoprotectants, only 10% skim milk showed no statistical difference
(p=0.05) in protecting cells during freere-drying. After storage, the survival rates of the BFO52
frecae-dried cdls were better at refrigerated temperatures than room temperature. Tt was
reported that powdered Bifidobacterfum preparations survived better in refrigerated storage
than at room temperature [33]. In addition, there were no significant differences (p<0.05) in
the viable cells using soy milk and BS after storage of freeze-dried powders for 1 month at
refrigerated temperature and room temperature, However, after a month storage, the cell via-
bility afier I month storage in soy milk was higher than that of BS.

According to Canvalho etal, [43], disting propertics ufﬂ'lccr}'upmhcta.rrr_-i resulted in dif-
ferent protection features, Thcprdncl:i.vra.bili.t}' of skim milk on freme-dried cells may be
explined by its capacity in the prevention of cellular injury, stabilization of the cell membrane
constituents, and provision of a protective coating for the cdls [44]. Vinderolaet al. [33] also
found that skim milk and lactose were effective in the protection of B. arimalis subsp. lactis
INL1 comparable with sucrose during freeze-drying and storage, includ ing after exposure
under the harsh conditions of simulated digestion. Besides skim milk, soy milk is especially
interesting asan attractive cryoprotectant, It is likely that soy milk containg many substances

Table 6. Effects of cryoprotective agents on cell survival of BRIS 2 during freeze-drying (FD) and storage.

Cryoprotectants|  Cell vability log CFLUmL + 30) Call viability afier storage in refrigerator (log CFLV | Call visbility afier storage at room iemperaturs (log
mL + S0} CFWmL+ SO
Before FO Hter FD 1 month 3 & 1 month 3 monthe &
Dl mater 9.2 4007 AAD+ 02-F 8424 0.00% /10 +010° 7794 004% 609 +0.08" - -
0P Sucroes 932 2027 9.02 & Q01" B.73 2007 A58 ¢ 001 B4« 0.02° 26 2019 K -
107 Lackose 9.4 4022 299 4 6107 A75 + 002" a.76 + 0.08™ B85+ 0.04% 7 A0 +0.03 A02 3 018 310 4 008
1P S il 9.21 +0.07 9.16 ¢ Q.02" 91640,01° 915 + 001" 912 4 001" 878 £0.10° 7.42 4 0.0B" §.06 +0.08
1% 981 2032 .41 £ 0.2% 19+ 012 280 £.010° nd TH1 20T 514 ¢ 0.13% nd
Germinated
B dos
1076 Biack 9.36 +0.03 £.48 £ 065" 8394 0.06° 831 + 008 [ 7762016 858 £ 015" nd
S ST
sy millk 420 2027 2.83 £ 010" AAT 2008 A8 s 008" d A77 £ 007" 7.3 20147 nd

- The equal superscript kowercase letters indicat® no significant differences between cryoprotectant (p=0.05)

" Mo growth
™ Nt determined.

iz 10137 fioumal pone 01 57958 106
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in protecting BR052 freeze-dried cells, sudh as protein, which is equivalent to that of milk, soy-
bean-oligosaccharides, stachyose, and raffinose. Moreover, it was reported that the survival of
B. animalis subsp. lactis 10140 during the freeze-drying process was enhanced by the presence
and increment of probiotics [45]. In contrast to skim milk and soy milk, GBR and BS are com-
posed of mostly polymeric sugars. They easily form glasses that often do not have suitable
structures to be able to depress membrane phase transition resulting in filure to protect
micrubial cells during the freeze-drying process [46]. Zhao and Zhang [41] suggested that a
good cryoprotection should protect the cells during the freezing process, be easily dried, and
provide a good matrix to allow stability and ease of rehydration. During rehydration using
MRS broth, GBR and BS were not perfectly réhydrated due to complex substances and thus
affected the survival rate of freese-dried cells.

MNowadays, the demand for non-dairy probiotic products has increased and the use of soy
milk as a cryoprotectant during the freeze-dried process is an option to develop a fully non-
dairy probiotic product. However, dairy products are still the main vehicles for the incorpo-
ration of probiotic cultures [5, 47]. In this study, skim milk was the most effective protective
apgent for BRF052 cells during freeze-drying and storage, and was therefore selected for further
study.

Gastrointestinal transit tolerance of BFO52

Thisstudy aimed to examine the consistency of the probiotic properties of BF052 after the pro-
duction process, including freeze-drying, storage, and incorporation of the strain into the prod-
ucts. After this process, BF052 was evaluated the tolerance ability through an in vitro model of
the human GI tract, The strain was encountered the lysozyme-containing saliva in the mouth,
pH gradient and gastric enzymes in the stomach, followed by the bile and pancreatic enzymes
in the small intestine, and the adherence of the strain to human intestinal mucosa as a final
step. Changes in eell viabdlity by the end of cach stage were examined.

Strain BFI52 showed the ability to resist to the adverse conditions tested in every compart-
ment as shown in Table 7, It exhibited a small susceptibility through each step, with different
enzymatic- and pH-dependent barriers until gastric emptying at increasingly lower pH (reach-
ing to pH 20). A significant reduction (p<0.05) in el survival occurred only at pH 2 in all
processes. This strain was also resistant to the duodenum and ileum steps and retained its via-
bility with a small reduction in viable counts, These results are consistent with those previously
revealad from other B, animahs straing belonging o B, animalis Bb12 [2] and B. animakis Bo
[48], which generally showed a great resistance throughout the whole processes of simulated
digestion.

In addition, the impact of food manuﬁliu.ri.ngprucrsscs. such as freeze-drying, was also
determined and compared with the direct adherence assay. The results showed that no signifi-
cant differences (P=0.05) in adhesion apability were detected among freeze-dried and non-
frecze-dried cdls. This result was in contrast to Du Toit et al. [6] who reported that freeze-dry-
ing of probiotics was found to have an adverse effect on adhesion capability, Osmotic shock,
formation of intracellular ice, and re-crystallization during freeze-drying may damage the bio-
logical structures of the cell and probably affect the adhesion ability of probiotics. However, use
of an appropriate cryoprotectant during freeze-drying may reduce such ad verse changes result-
ing in the maintenance of the ability of this strain to exhibit probiotic behavior [2]. However,
our experiments also demonstrated the effect of freeze-drying process on adhesion ability of
probiotics after passage through the conditions of the GI tract. Based on our results, it was
observed that the introduction of BF052 through the GI transit may enhance the adhesive abil-
ity to Caco-2 cells compared with those of non-challenged conditions. It may be explained that
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either acid or bile adaptation appeared to affect the in vitro adhesion to the intestinal cell line.
Also, it was reported that the induction of acid or bile resistance in bifidobacteria may improve
cellular surface properties and thus enhance the adhesion ability that favors their potential
functionality as probiotics [49,50,51].

Before delivering probiotic-con taining prodods to consumers, probiotic bacteria should sur-
vive and retain thar functionality not only during storage as freese-ded coltures but also in the
food producs into which they are finally formulted [52]. Eventually, it would be bmeficial that
the strain would be supplemented into the whole pastanrized milk as one of the alternative
means for delivering probiotics. In this study, after freeze-drying and the subsequent storage as
freeze-dried powder for 1| month, BR052 were sequentially ddivered in a whole pasteurized milk
as a probiotic vehiclk and stored at refrigerated temperatures for two weeks. The survival of the
strain throughout the process of simulated digestion was then monitored. Interestingly, the
whaole production processs did not affect the stability of the probiotic properties of BR052, espe-
cially the resistance of this strain through the GI transit, including adherence ability. BR052 still
displayed a similar ability to withstand GI stresses and exhibited no signifiant variations
(P=>0.05) in adhesive ability to Caco-2 cdls despite differences in cell preparations. Moreowver, it
was observed that carriers of probiotic bacteria were involved in affecting the viability and func-
tionality of probiotics during storage and throughout the simulbted GI system [53]. Kos et al.
[54] studied the effect of whey protein concentrate (WPC) on the viability of L. addophilus M92,
and found that addition to W PC may protect the cdls from the low pH of simulated gastric juice,
and even higher conaentrations of bile salts. In addition, Madureira et al [48] proposed that whey
cheese matrices as a probiotic wehicle were shown to protect L. casei, L addophilis, and B. ani-
malis during in vitro simulated digestion, compared with their performance in plin MRS
medium. Saarela etal [32] also reported that acid and bile tolerances were better in freeze-dried
B. arrimalis subsp. lactis E2010 added to pasteurized milk compared with those in phosphate-
buffered saline or juice held at 4°C over two weeks, Therdfore, several factors may influence the
ability of the probiotics to sunvive in the product and become active when entering the consum-
er'’s Gl tract, In this regard, the interactions of probiotics with the food matrix or the starter cul-
ture, pH, acidity, temperature, and oxygen content of the product are also important.

Probiotic strains selected for commercial application in foods must retain the characteristics
for which they were originally selected [5]. In this report, even though the strains encountered
potentially stressful cond itons throughout the manufacturing processes and biological bar riers
during the GI transit, BR052 still maintained its original characteristics. These included the
characteristics of survival and tolerance during manufacture and after consumption, and dur-
ing transit through the stomach and small intestine until adherence to the intestinal epithe-
lium. Therefore, it is anticipated that BF)52 retains its probiotic fundtionality and remains
wviable at levels neasssary to provide health benefits to amsumers. However, in vive investiga-
tions are still necessary to fully validate its beneficial rolss to the health of human hosts.

Conclusion

It is crucial to investigate interssting strain characteristics in terms of safety and functional
aspects for probiotic potential. In this regard, resistance of strains against production, storage,
and GI tract stresses is of prime importance. This research demonstrated that B, animalis
BF052 displayed promising probiotic properties and exhibited resilience to adverse wnditions
not only during industrial proesses but also under Gl environments before adherena: to the
intestinal epitheliom to exert health-promoting benefits there, Therefore, B, animalis BRO52
studied in this research is a potential probiotic candidate for further development asan dfec-
tive probiotic starter.
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