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Study on probiotic properties of Lactobacillus salivarius K4 isolated from chicken intestine
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Lactobacillus salivarius K4 \TluuupiiGunsauaninfiuoni@aina1dln uazerunsnaireansuua-
wedlaiuiutouniGulivaretia ananandidnanadliinsinmanautiaudulslulefinaes
e eAnwannanslumsiuduusiGanaseuieunsiuanuazunsuay (Sdsadedaula pH 4) ns
m’évﬁ pH 2, 2.5, 3 uaz 3.5 mitﬂ?‘ﬂgtﬁ@ﬁuﬁ@ﬁuﬁﬁﬁamm:ﬁ (bile salts) ANdNgYW 0, 0.3, 0.6 WAz 1 %
¥t ox-bile pvmdidn 0, 3, 6,9 wax 12 % enidndurasiadlian 3 % sandenisegsanlussuunnaAy
aMNINARITNEBETBINTENNT PH 2, 3, 4 UaT 7 uEnaniifaiammagenadaransnlunsfunuse
en/fiauz nantmeneaiinasdudeianean Lb. salivarius Kd amnsofudenneiidonaaeuliieunsa
UINUATUNTNAY & ssnisinflsd pH 3-3.5 Weansomsyluina oxbile Aitranuidudugeis 12 % il
8 3 % fuavnlidefiduuanssieadntiesmindy s lsfimumudnite liasnsose lue unsiiing
Fupseils uaziddedudaruiidanananed pH 3,4 ua% 7 Aeanansoldiasantunszinay saesludedn1d
$aasld wanannil Lb. salivarius Ka éTammmﬁwmwiamﬂg’j«‘Efm: Gentamycin, Kanamycin, Nalidixic
acid, Neomycin, Norfloxacin, Oxolinic acid, Tetracyclin, Oxytetracyclin L&z Streptomycin msﬁnmimm
IhiuisnmaBinadudellsrlulafinees Lb. salivaris K4 g iflugraunsssaimsluewan

AATATY: STULNIIP URWINIANADN, Lactobacillus salivarius, WlulaFin

Abstract

Lactobacillus salivarius K4 was isolated from chicken intestine. This strain produced bacteriocins
against several bacteria. According to the effective inhibiting activities of this strain, its probiotic properties
were therefore, further studied. The inhibition activity of cell free supernatant (CFS, pH 4) against indicator
strains both gram positive and negative and strain survival in vitro study were determined at pH 2, 2.5, 3
and 3.5, concentration of bile salts 0, 0.3, 0.6 and 1%, concentration of ox-bile at 0, 3, 6, 9 and 12%, and
also fresh chicken bile in MRS at 3%. The percentage of cell survival in gastrointestinal tract model was
performed at pH 2, 3, 4 and 7. Besides, antibiotic susceptibility for this strain was also study. Its antimicro
bial activity showed that this strain inhibited both gram positive and negative in CFS and survived pH 3-

3.5. This strain could survival in ox-bile concentration up to 12%. However, in the presence of 3% chicken
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bile revealed slightly decreased in cell number, but no survival was found in bile salts. This strain survived
in gastrointestinal tract model at pH 3, 4 and 7. On the contrary, Lb. salivarius K4 was completely
destroyed in the presence of gastric juice at pH 2. Lb. salivarius K4 was resistant to Gentamycin,
Kanamycin, Nalidixic acid, Neomycin, Norfloxacin, Oxolinic acid, Tetracyclin, Oxytetracyclin and
Streptomycin. This study indicated that Lb. salivarius K4 could be used as probiotic for food-industry in

the future.
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Tslutedn wneth adundtlussuuneidueunsd sy lemdiadtig Suaseniuannareed
widdludn & SanTilunmuseaninzidun s lunszinizanmns waznusondernlus1d aunsonsdn
nsauanfinuaraiaafiufuaiiGesiaduly Snvedvinliiinannalussuunistionenms nmstudne dae
TumsiRLNgIN RSy duadn ity (§aa, 2550) stuleRnfidnsdnssaniiaadenguuusie
NIAUANGN (Fernandez et al., 2003) LUATZHNIALANANNL B AN 899895 uazdunund Aty luenuns
ninTUAsNa | (991, 2550) u@nmnﬁé’awudmﬂuﬁ%uﬁﬂ'ﬂizﬁﬁ?{u (microflora) lUszULNIUAUBINT VB
&nduazuywel W Lb. acidophilus, Lb. salivarius 1£lusiu (Slover, 2008) Lb. salivarius K4 uainlgainan t&ln
aunsnaieansuLAMe3Tedn 2 Tiin Aa Salvaricin B LAY Salvicin K dufluuameileduiiaiaainide
FaN812 ANNTDTUETR Lo sakei subsp. sakei JCM 1157', Leuconostoc mesenteroides subsp.
mesenteroides JCM 6124 T, Enterococcus faecalis JCM 58037, Bacillus coagulans JCM 2257T, Listeria
innocua ATCC 33090" wag Brochotrix campestris NBRC 11547" (Pilasombut et al., 2005) ﬁaﬁuéaiéﬁﬁ
nAnmanaTBnmadullsiulefnveate Lb. saiivarius Ka wazAIENLIR N ssuvANeN U due

o B
AUnsniuasIsms
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Lb. salivarius K4 mimimm’l,ummsmm MRS (De Man-Rogosa and Sharpe, Merck, Germany) ‘ﬁ
@m'ﬂnm 37 DIANLTRLTES (P|Iasombut 2006) muL‘n@‘lunm*ﬁmﬂ@mwwmumma 15 % (VIV) mmmu -
20 aeATATuE dqummﬂamL°n'amemfa:mimnymmmmaumw‘lmmmuammum‘Lumimwms
fuffauanslis Table 1

msmm'm_lmqmmmsniunﬂsé’uély’u%ﬂ%uw?éﬂmﬂau

mmim@@ummumLm@@aumsa“immﬁ spot-on-lown (mmuﬂmmn Ennahar et al., 1999) ‘E&mm
mmmmuﬁawuqu 1.5 % 1501m9 15 Tadans mlummm L«ﬂfaLmeiﬂmume dnedenagaLiiiaes
Tugsmantsunms 10 Tulasans @ﬂummmmm@mqu 1% davpansuszianmnfiszunn 45 e
maiFes 13nns 5 Tadans nan i fuudamiuasluaumasidediunefisienls Usesielssunn
30 A7 e e sudesn anniunsaansazanslataannisagiilaliu PH (pH 4) UWATHIUNITNIBAIH L
utiunsesdagmidouda iunms 10 ulpsans aeuine1ms seauansazaredutnugu dnldisluanagi
mmmwi@nm@?cymmL%@ﬂﬁuw?ﬁwmmaﬁJLwiamﬁm (Table 1) fluiaan 24 dalus paraualasdannidion

& (clear zone)
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nsnasauauamnsalunisiaiyareldaniazaraniunge dradanaszy uazdd
Ox-bile

EmmeaauAuatunsaluninaiynielianiazanuiunse faudasunainisaes Hyronimus
et al., (2000) Taeitneide Lb. salivarius K4 13ums 100 ’Luimam adlua unsuas MRS U3unms 5 Hadans
m‘lﬂwmmwu 37 pemniaiies 16 40l annsiudneide 2 % adlueusvas MRS 13u1ms 5 Haaans 7
13U pH Ansne Ae 2, 2.5, 3 uaz 3.5 Ineldnsnlalasaasta Aonsdindu 1 Tuanf nqumuam@mmmh
115 pH: pH 6£0.2) $90AI UIIMAS MRS TN ARIAI12 (Sigma, New Zealand) Aanuidiadi 0, 0.3, 0.6
WAZ 1 % (W) Wae ox-bile ANINTW 0, 3, 6, 9 LAz 12 % (WAv) ANNA1AL (USU pH 8) AL Funuded
fiAamsasudsantniignandl 37 assigaian wiu 16 4l 1eA3m3 standard plate count

mfiwmaaum*uumman’tumiﬂwiaﬁﬂ“lriﬂm

A3mmaaeuAna s N LAl Faulainanniiuee Gililand ef al, (1984) Taadne
e Lb. salivarius K4 US3nas 100 Tulasans atlugnmswan MRS Bunas 5 fiaaans uﬁlﬂuumamuqu 37
mmwnmﬁnm 16 Falue andutne FetFums 1 fadans m“lummimm MRS U3uams 50 Haaans Viﬁﬁﬁﬁ

¥

Inam 3 % (muummemmﬁmm ) LAYANMNIIMAT MRS TalRuna i Suans 50 Taaans (gaPaUAN) Luna 2
mmwmaamammm 37 09 TaEed (T80 0, 0.5, 1, 1.5, 2, 3, 6 Wz 24 421ua wazu3unnudeiidsn
98/5NEI33 standard plate count

msm@1mmsam:ummm’LumeﬁTm‘mﬂmd’l(é’fﬂnmvavuunswl.mmavé'n'liﬂ-imm

fneiie Lb. salivarius Ka 15uams 100 134%?@91:* aslueIuN9uaY MRS U311m3 5 NaAART m”l.ﬂuu
7 37 semaiFoa e 16 Falue aantudnode 2 % m'lummﬁmm MRS 100 um@mmmamunu
37 peAnmalioa 1w 16 9oTus P luiluwd et 4,000 sauseuad wqmmu 4 RIANTALTHE U 10
UT Eraad 1 ARaEae NaCl 0.8 % (W) ALAELARLLIAT el desdaianz (NaCl 125 mM, KCI 7
mM, NaHCO, 45 mM uaz pepsin 3 % 15 pH w2, 3, 4 uaz 7 Tmﬂfn HCI) Yinamg 100 Aa8ans AATIER
Lﬁmmm@mqm 0 W 1a8AF standard plate count ml:ufawaaiumafamm:fm silUL i eiagiatng
ANNANLTITEL 200 soUARUIT 37 aeAmalEua 1Wwan 30, 60, 90 Laz 180 W17 a1 A iasnsvin
Brunnudefiiiiasen wismandnull 180 wint Wnszimzeamisinaes shitefiedluintesdanmziliunes
50 fndans luthuiesh 4,000 79UADUNY (4 BIANITAITEA 11 10 W) L‘Vlﬁ’\if@f;lﬁdm‘i’\:ﬁﬁd DRIL REIR
wua BeR il uauasslure swasludn18dnsaq (pancreatin 0.1 % Wa¥ bile salts 0.15 % 150 pH 1Tlu 8
Taeld NaOH) 13u1ms 50 Hadans %Lﬂivﬁﬂ?mmﬁ@ﬁmm 0w mnﬁuﬁﬂﬂm’lulﬁ?"mLﬂum%mm%
3811 200 38UAOUNT (37 23ANIIAITaa) Miaan 30, 60, 190 UAT 180 w7 uddn 1A sin Bunonde i
TAnseauieaUNIIMAGRITNIFUY PIETURARIUILLT m@umﬂwmqm@mﬂum log cfu/ml (Zarate et al.,
2000)

NISNAADLAMNAINITO IUMITATUNIUAaE L Tus

ma“wmmummmmmlumsﬁmmuﬁ@mﬂﬁ%f;uzﬁﬁmu%“ﬁ'mﬂm Quinn et al., (1994) Tpaigng
L%’E] Lb. salivarius K4 1Az 100 1ailasans aelianmnsings MRS 151103 5 TaaaRT Ieanadaetinnawusii
e Ll Aueuiia i 0.5 McFarland NATEIU FN1T swab iHeasULuaTTIde MRS auiiareantinaz
e mnﬁumumumﬂ@%uz muummiﬁﬁﬁ?@@q ﬁwmmwwu%@ﬂﬂﬁu%mmﬁ 37 sadnaaitag lu
anaei ldfaendiauunu 16 F9lus paualaedanainnds (clearzone) FiRsTw Tpaurnduniuautingn
gasuFianlailSeuinauduaiun mgmﬁi@mﬂﬁ%qu:mﬂumwmmuié’un‘ Ampicillins (10 pg),
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Chloramphenicol (30 pg), Cephalothin (30 pg), Erythomycin (15 ug), Gentamycin (10 ug), Kanamycin (30
pg), Naldixic acid (30 pg), Neomycin (30 pg), Nitrofurantoin (300 ug), Norfloxacin (10 pg), Novabincin (5
pg), Oxolini cacid (2 pg), Tetracyclin (30 pg), Sulfamethoxazole/Trimethoprim (25 pg/1.5 ug) Lae
Oxytetracyclin (30 pg)

NANISYIARBILATIANTDS

v & - el
HNA ﬂ"l‘i'ﬂﬂﬁ’BUﬂ’é"IN’NWN’T?ﬂ,LUH'ﬁEI‘UﬂﬂL%’ﬂ‘iau%ﬁﬁﬂﬂﬁ’aU

v
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AN ANEWLIAN A SELE (ﬁugmt,%@a'au‘la pH 4) Fa¥alnende Lb. salivarius Ka anunsodud
m@@aumwmmulwmmum (Table 1) TagmsAnETiiusnwudn nszuaunsminzesuupiiFunsauanin
:"memumwu‘lluLaqmmmanimammmuanummmmmmm cHagnanARME IR Ha U USnns
WTRaTeqAunId N1raaNTeINIAB W T AN S LRI T B iesannnn B uydansaa ZiRin
waznsauanin oo lugudliuandazazaalulafuinliarsnsounsirubeduaade sdunid de
Uszneusaanealnanale dealdimelugsduosqauvisedl pH gandimeusn uasiianisuandaasensa’ls
leseuauuaslisnen Gy ltstinaunszuaun 19 uedfuisn iy subsirate translocation W& oxidative
phosphorylation (8393324, 2546) T8 Murry et al., (2004) 3189 U497 Lb. salivarius @TN1TNA5NIALANAN
WAL mm@wﬁmnmmminﬂummﬂmmmm E. coli, S. Typh[murlum Way C. perfringens mnu@miwm@mlu
mqmm"aL‘Lﬁﬂumaunumaﬁmwm Pilasombut et al., (2005) Ramparudniuameslety hidededouls
pH 6) wmwmmm Lb. salivarius K4 mmmﬂummj@ Lb. sakei subsp. sakei JCM 1157", Lec.
mesenteroides subsp. mesenteroides JCM 6124 ' E. faecalis JCM 5803T, B. coagulans JCM 22577,
Listeria innocua ATCC 330907 Way Brochotrix campestris NBRC 115477 azisiulgdndenunineiledu
FnusnAUnsARTe s sy Ansnawlunsaud ey
Amassaluninsswanalaaneiiiunss
f«nﬂm‘mM@umwmmm‘lumﬂ@?@nw‘lﬁ@ma:ﬁﬂummm Lb! salivarius K4 \ileiaealuy
svnsdpade it PH2.0,2.5, 3.0 uax 3.5 uaan 16 4alua wudn Lb. salivarius Ké anunsoiadnyléilu
9IVNIRENTRTTAN pH 3.0 1A% 3.5 Inefinnstasuaeaidete 7.23 uaz 7.63 log cfum! mmddy lunnusd
mﬂﬁuﬁ:ﬁan@'m“l,u'mmmL@?m‘lcﬂummiﬁﬁﬁ'ﬁ PH 2.0 uaz 2.5 (below the limit of detection) (Table 2)
AruannnsalunimusienseidusniBnd Angesiuai S fidanau®idullslulesin (vinderola and
Reinheimer, 2003) i pH m@aﬁﬁﬂ@ﬂumzmw:@W%Lmrwmﬁu%\iLwi 2.0-3.5 %uﬂg‘ﬁmwmmlumiﬁu
2119 srtizMastEatianesdnd tnewudnan pH Tunszmwazudinas Auneald TiFndaus 2.5-4 74 uarnas
dagemsazldioan 1-3 9alua ﬁqﬂ{u@ﬂﬂmmmmmmi (Musikasang et al., 2009) mnmiﬁmmmau
MNRITNAN pH nelusruunaiueunsli wudn Lb. salivarius K4 §%n13333m9e ngw] pH 3.0-3.5 WA
liann 903 nsenldn pH A7 3.0 Tunnusfintelunsyimizenmistesauiian pH 885rUdNe 1.0-2.5
(McDowell et al., 2007) Erkkila and Petaja (2000) sre9ud e dennsen pH NN LB IR
Raszdu pH 3 uszamsazldinanerlunszmizennsesuytin 2-4 Galus atslsfanulunimasesais
fnudn Lb. salivarius Ka awnsoiEansesluaniizdansn
managauANasnsalunsainluinddased, oxbile, uazindtian
mnm‘mma@umwmmsn’Lumﬂ@?nﬂuﬁﬁﬁﬁaLmﬁ:vf WU Lb. salivarius K4 Td@unsoiasoy 1o
RO TITAPIY-FIRNE 0 YRR TP (below the limit of detection) wABENSISAMIN WULN Lb. salivarius Ka
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anunsoissnyliluaunsduadeia ox-bile AsdudusineT Pa 3, 6, 9 uar 12 % wsfinsaSyanaaile
Lﬁ'c’JLIfT‘LIL%’EJINﬂﬁNﬂQUﬂN (Table 2) HaNANTLTD Lb. salivarius K4 mmmfaﬁimmlﬁlﬁﬂﬁuﬁ@ﬁuﬁwﬁln’mﬁl
suduAId Y 3 % Wiunan 24 $alug immufam@ﬁmmummlnmwwmmaq A ldumnsneiumniin
anduiilemedudatuing lianuny 24 49Tue wuN3aARIIEER 2.91 log cfu/m Lumﬂ?ﬂumaununau
AILAN (Figure 1) mmmmmmlumsegi@mmﬂimmmﬁmummmmLﬁuuanmsmiﬂ Al edmiaaniyls
Tledin ilesanninmifluanstasdesansanmistlssinnlailud 1 S naesruuazdnd (Taranto et al., 2006)
vnngrvdsdngalidndausuasiinmduduegludag 1.52.0 % ludaliusnaesnsdesensns arniu
At uazanaIauatlszand 0.3 % (Noriega et al., 2004) gauluanlfidnaaslniimuiduduananae
vinAseunns 10-11 Hadluasenlanineesenun iy (Knarreborg et al., 2003) §ndsteailnfiuiazi
asfsrnaureinduAnsnafy i luldiindewns taurine conjugate Wuearlsznay 100 % daululailinge
Y tarine con jugate \luasdsznavat 50 % LL@”‘LuﬂuﬁLn?ﬁ@ﬁﬁﬁ glycine conjugated 1 uaIALsZNAUNAN
Tnesl taurine conjugate ussAtlsznevag) 16-27 % FaNAat AT taurine conjugate Lflu'amﬂsm'au CH 34
mmauum AU (hydrophilic) mnﬂfnma@mmm glycine conjugated WuavAlsznau muum@@mmmu
avAsznavudanlunjiilu taurine conjugate AginUNT “D@@’D@QLLUﬂmﬁ‘HHHIﬂWW@’W?JLﬁi@iﬂﬂ@fﬂ@d (Oomen et
al., 2004) Kt lun1MAaeeAFLASE Y A NN INeEa TR AN TLAE TR bile salts, ox-bile LaZYNAlian
Sawudn bile salts mmm-ﬁuﬁamm‘ém&mmﬁ@ Lb, saiivarius Ka 1 Wanied ox-bile uazinalian fuasie
nIanastesaLiitdntenyintude ey funduaatau

NANTITNARAUATINAINNTOIUNIEHTINTBANTUNSELNNE LAZA Ldd 18D

AINNIMARILAMNANIINTEY Lb. salivarius K4 TN 19i83nsentinutitesnssiniy uaztindee
F1la0e neningossnansiilinasenL e pH A4 7 1A 2, 3, 4 uaz 7 WU Lb. salivarius K4 Tia1u190
FRARTaA LN O UDINTE NN Z AN pH 2 dolutisianfine pH 3 wu4n FeaunIniTinTen | Aunudy us
WU $uuEesnailedufatutngeslunszimnzfuna v dasiunsodiinsen fies 4 40 log
cfumi dladufafningeslunszm sy 180 w7 uasiFanIaauies 1 29 log cfu/ml L:‘jm%@ﬁwi’aﬁuﬁﬁﬂ@a
Tudn 141 180 wnil lutingiand e pH 4 Asrazinandudatndoanssinizuny 90 ez 180 w17t 13e
Lb. salivarius K4 HT3msaan1nhia 7.25 ey 5.07 log ofu/mi RAN&1AL (Figure 2) A1 pH fenuarnatnane
wafiSeeeseulnilududolunszmizatns Suasensilianseasesuuafideiiunss iyl dednld
(Huang and Adams, 2004) nalnlunsineseay pH aasuuafituPen1sdaaslidsneusananlainnaady
Tpuandanisnienueadanloy H - ATPase waz ldwa9911aNn ATP A1 pH “Tfffﬁ'nmmimé‘uﬂtdﬂ'wm?tym@d
Lmﬂﬁ%mﬁﬂm’mLmﬂﬁG‘am”a\ﬂfﬁwzi"ammﬁumn%m%"s’m:wi“offu pH n1eluaad et luntazanna
(McDonald et al., 1990) 38 Lb. salivarius Ka mmmmmm@m@aimmﬁumnummﬂumL!ﬁ’mam WA
SuTessantnse deaiiedusaturndas funaniuiuiy (Figure 2) lumiﬁmnﬂswn@umﬂmmmm
WAT pancreatin Tual&@nilan pH Uszunnd 8.0 (Huang and Adams, 2004) mm@mmmmwmu@ammm
srantluTureadeviugadifatnsaniadume Wildsiuunsniiashuirad (ntegral membrane protein)
wenaanun tedenalidautrznaunitlumssluananuiuszisadnellluiian (Begley ef al, 2008) us
@ﬂ"w’hﬁmmmﬂﬁSﬂﬁ@&imalu@?ﬁlﬂﬁmmmuamLauimﬂﬂ@ﬂﬁﬁﬁ (bile salt hydrolase) (Knarreborg et al.,
2003) ﬁﬁlﬁiﬁﬁﬁmmmmuﬁ@ﬁmLﬁmzﬁ*’ﬁﬂﬂv‘hmwnm“lﬁamm AT F @ N TIN U UNALE (Erkkila
and Petaja, 2000)
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Table 1 List of indicator strains, growth condition and antimicrobial activity of Lb. salivarius K4 against the

strains
Temperature Antimicrobial activity of
Indicator strains Media .
(C) Lb. salivarius K4
Lactic acid bacteria 4
Lactobacillus plantarum ATCC 14917" MRS 30 g
Lactobacillus sakei subsp. sakei JCM 11577 MRS 30 +
Lactobacillus sakei TISTR 890 MRS 37 =
Lactococcus cremoris TISTR 1344 MRS 30 -
Leuconostoc mesenteroides subsp. MRS 30 -
mesenterojdes JCM 6124
Leuconostoc mesenteroides TISTR 942 MRS 30 -
Enterococcus feacalis JCM 5803 MRS 37 -
Enterococcus feacalis TISTR 888 MRS 37 -
Streptococcus sp. TISTR 1030 MRS 30 =
Other gram positive bacteria
Bacillus coagulans JOM 2257" TSB-YE 37 i
Bacillus coagulans TISTR 1447 TSB-YE 37 +
Listeria innocua ATCC 33090" TSB-YE fova +
Brochotrix campestris NBRC 11547" TSB-YE 26 +
Staphylococcus aureus TISTR 118 TSB-YE 37 -
Other gram negative bacteria
Pseudomonas fluorescens JCM 5963" TSB-YE 26 +
Pseudomonas fluorescens TISTR 358 TSB-YE 26 +
Aeromonas hydrophila TISTR 1321 NB 30 5
Salmonella Typhimurium TISTR 292 TSB-YE 34 +
Escherichia coli TISTR 780 TSB-YE 37 -
ATCC = American Type Culture Collection, Rockville. Md
JCM = Japanese cuiture of Microorganisms, Wako, Japan

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

TISTR = Thailand Institute of Scientific and Technological Research

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

NB = Nutrient broth (Merck, Germanyy); MRS = De Man Rogosa and Sharpe (Merck, Germany)
+ Inhibition zone; - = No inhibition zone
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Table 2 Survival of Lb. salivarius K4 grown in MRS broth at 37 °C for 16 hr under various pH,
concentration of bile salts and ox-bile

Treatments Viable cells count (log cfu/ml)
pH value
control 10.45+0.04
2.0 Below the limit of detection
2.5 Below the limit of detection
3.0 7.23+0.17
35 7.630.12

Bile salts concentration (%)

0 Tig5%d, 80
0.3 Below the limit of detection
0.6 Below the limit of detection
1 Below the limit of detection

Ox-bile concentration (%)

0 10.77£0.03
3 6.48+0.18
6 6.91+0.30
9 7.47+£0.25
12 6.43+0.26

HANTNBABLANNADNT0TaNTE Lb, salivarius K4 Tunsduniusiasnl fiaus

ANMINARBLATNENNAIDTRN Lb. salivarius K4 lunaduniusietnfausdnuou 18 aie Tailu
sl fious lunguitiann ¥ lunisine e wazdnd wodn Lb. salivarius K4 gamnsndnumusiesUjious
Gentamycin, Kanamycin, Nalidixic acid, Neomycin, Norfloxacin, Oxolinic acid, Tetracyclin, Oxytetracyclin
uaz Streptomycin - Aneenudmnaiiumusiaslvus m@umﬂmmuwumummn 2 fladefauiune nng
fifufidunusien i usz msﬂmmiuamamumﬂgmuw fusiumnuiiagiestasuuniFaazdas
IWuuaitFaarunsaainyfluan1a ey feuslasliarisodranonliguuaitidedur 14 douany
FrunuinueitGelsuaneiadmetianesluguuai seduls amudumuildfandslfuuai3uanunsn
Frumnusesn fiauzldidasaniliiianinaraiugreilug viansldFuiuiiil mauduniusiesn
Uftaue Gesmaulfauulamisiugnasuazdselfiianstiasiuiiessuuaidelfidasanaginliiang
wasusadiwinglunmsdhduasenfiaug Winednenfesfunisdrane afiuiidnuniusieand faus
mmLmﬁﬁGﬂiﬂ@;ﬁm'ﬁm:m\mﬁTmaL@wwz@ﬂ'ﬂqﬁlﬂumﬁmﬁmsﬁtﬁwﬁn%qiu Hruasnfeunsunisuiinaaaiy
wwzidn Aty Fanistmnesiuiighunuseslfiauzanuuaitdely dideqauiilsziuludnduas
szuLNIGR ue sy usadnglsfipudeldiineeudenisdraneaduil i uniudesndfiauzann
wuafiFansouaniinllgaduvidszandulusruumadiuenmee st uazuuaiidaiinelfifalia (Mathur
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norfloxacine, streptomycin, sulphad|azme teicoplanin, tr|methoprm/sulphamethoxazole [(§204 vancomycm
(Damelsen and Wind, 2003) UDNANTNATE il mﬂwuﬁmm Lb. salivarius muwmumum@mﬂg‘mu”mm )
ﬂu‘ﬂu@gmd mzmmmmumumamﬂgmu: vancomycin (Elisha and Courvalin, 1995) ilaz D'Aimmo et

1., (2007) 37897131 A mE L wss e fiausaesllsluledin iuanannsorendelunisiazetsen s
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Figure 1 Viability of Lb. salivarius K4 in the presence of 3% fresh chicken bile
Control = viable cell count (log cfu/ml) of Lb. salivarius K4 in control group

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

Viable cell count (log cfu/ml}

0 30 60 90 180 0 30 60 90 180
simulated gastric juice (min) simulated intestinal fluid (min)
——pH?2 - pH 3 ~—+— pH 4 —%—pH7

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

min) and simulated intestinal fluid (0-180 min)
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¥ ¥ kg 2 U (=l l;l [} a N aaa il o o
dWndugals sandesiuuniinlunadwdelungulusluledin Aonuuaciddinsenstlunviniziazanlddnaes
16l wenannil Lo, salivarius K4 Sagunsna31e@studaqauyidnaasulsivausdaiainsuunn uazunsuat
¥ v ' aa da v o ol W = o oely v 2 -1 v aa
sanviatlagmnsnsunuse U Baus Ve Il luauuardndg ndive Fsanuadwindidudeyaiie ssiuni
| b o ; . 9 1 a ]
Al lunsiin Lo, salivarius K4 W4 dundmellslulefnseldluewan

neAnssulsznaa

Auirtetnanmsismatuladitednt laanuiouileszuding sniumaltulafinszaeuindndamn
nusa1AnITile (#94.) wazdrinaunednuatiuauun1idy (ans.) wazAuta L dwaasumalulad
o ninens AINREEITURRAnELasdaaduinadgniwazina lulad danauAnznssunianIg
BANANY NITNINANHITNG

Lt e

LMANAITRND

€

. o

ATTI0L AYADIAN. 2546. n%éﬂu.uﬁﬁ%ﬂuﬂ:m?wmf-\mm?ﬁum&gﬂw“iﬂmn WL ARLTEN TAWANGIN. ANBITIWLE By in,
UAINERUINEATAYRAST, RIS

£3937 Win. 2550. dupiiFeuaniin. AuwAiai 1. avan: AnsSnaimaniuazing ulatl sy ivendasisinasean.

Begley, M., G.M.G. Cormac and C. Hill. 2005. The interaction between bacteria and bile. FEMS Micrabiol. Rev. 29 : 625-
651.

D’Aimmo, M.R., Modesto, M. and Biavati, B. 2007, Antibiotic resistance of lactic acid bacteria and Bifidobacterium spp.
Isolated from dairy and pharmaceutical products. Int. J. Food Microbiol. 115 1 35-42.

Danielsen, M. and A. Wind. 2003. Susceptibility of Lactobacillus spp. to antimicrobial agents. Int. J. Food Microbiol. 82 : 1-
11.

Elisha, B.G. and P. Courvalin. 1995. Analysis of genes encoding d-alanine: d-alanine ligase-related enzymes in
Leuconostoc mesenteroides and Lactobacillus spp. Gene. 152 1 79-83.

Ennahar, S., T. Sashihara, K. Sonomoto and A. Ishizaki. 1999. Investigation of bacteriocin production and purification from
Nukadoko isolates displaying antimicrobial activity. Japanese J. Lactic Acid Bacteria. 10 : 29-36.

Erkkila, S. and E. Petaja. 2000. Screening of commercial meat starter cultures at low pH and in the presence of bile salts for
potential probiotic use. Meat Sci. 55 : 287-300.

Fernandez, M.F., S. Boris and C. Barbés. 2003. Probiotic properties of human lactobacilli strains to be used in the
gasirointestinal tract. J. Appl. Microbiol. 94 : 443-445.

Gilliland, S.E., Stanley, T.E. and Bush, L.J. 1984. Importance of bile tolerance of Lactobacillus acidophilus used as a dietary
adjunct. J. Dairy Sci. 67 : 3045-3051.

Huang, Y. and M.C. Adams. 2004. In vitro assessment of the upper gastrointestinal tolerance of potential probiotic dairy
propionivacterna. Int. J. Food Microbiol. 91 : 253-260.

Hyronimus, B., C.L. Marrec, AH. Sassi and A. Deschamps. 2000. Acid and bile tolerance of spore-forming lactic acid
bacteria. Int. J. Food Microbiol. 61 : 193-197.

Knarreborg, A., S.K. Jensen and R.M. Engberg. 2003. Pancreatic lipase activity as infiuenced by unconjugated bile acids
and pH, rmeasured in vitro and in vivo. J. Nutr. Biochem. 14 : 253-265.

Mathur, S. and R. Singh. 2005. Antibiotic resistance in food lactic acid bacteria : a review. Int. J. Food Microbiol. 105 : 281-
295,

McDonald, L.C., H.P. Fleming and H.M. Hassan. 1990. Acid tolerance of Leuconostoc mesenteroides and Lactobacilius
plantarum. Appl. Environ. Microbiol. 56 : 2120-2124.



http:J'mD-.1n
http:l-L'~~\.lZ1-.11
http:ronnmJ~m~n1uV'I�-.1d

28 ’]’T?QW’J‘LHHWJ‘W?ZQ@N'.r'lﬁ']

McDowell, A. and B.J. McLeod. 2007. Physiology and pharmacology of the brush tail possum gastrointestinal tract:
Relationship to the human gastrointestinal tract. Adv. Drug Deliv. Rev. 59 : 1121-1132.

Murry, A.C., A. Hinton and H. Morrison. 2004. Inhibition of Growth of Escherichia coli, Salmonella typhimurium, and
Clostridium perfringens on chicken feed media by Lactobacillus salivarius and Lactobacillua plantarum. Int. J. Poult.
Sci. 3(9) : 603-607.

Musikasang, H., A. Tani, A. H-kittikun and S. Maneerat. 2009. Probiotic potential of lactic acid bacteria isclated from chicken
gastrointestinal digestive tract. World J. Microbiol. Bictechnol. 25 : 1337-1345.

Noriega, L., M. Gueimonde, B. Sanchez, A. Margolles and C.G. Reyes-Gavilan. 2004. Effect of the adaptation to high bile
salts concentrations on glycosidic activity, survival at low pH and cross-resistance to bile salts in Bifidobacterium. Int.
J. Food Microbiol. 92 : 79-86.

Oomen, A.G,, C.J.M. Rompelberg, E. Van de Kamp, D.P.K.H. Perebcom, L.L. De Zwart and A.J.A.M. Sips. 2004. Effect of
bile type on the bioaccessibility of soil contaminants in an in vitro digestion model. Arch. Environ. Contam. Toxicol. 46 :
183-188.

Pilasombut, K., W. Wajjwalku, S. Nitisinprasert, A. Swetwiwathana, T. Zende, J. Nakayama, K. Sonomoto and T. Sakpuaram.
2005. Screening and characterization of bacteriocin producing lactic acid bacteria isolated from chicken intestine.
Kasetsart J. (Nat. Sci.). (39) : 612-621.

Pilasombut, K. 2006. Purification and characterization of bacteriocins by Lactobacilus salivarius K4 and K7 isclated from
chicken intestine. Ph.D. Thesis, Kasetsart University, Bangkok. Thailand.

Quinn, P.J., M.E. Carter, B.K. Markey and G.R. Carter. 1994. Clinical Veterinary Microbiology. London WC1WSLB, England.

Slover, C.M. 2008. Lactobacillus : a review. Clin. Microbioi. Newsletter. 30: 23-27.

Taranto, M.P., G. Perez-Martinez and G.F. de Valdez. 2006. Effect of bile acid on the cell membrane functionality of lactic
acid bacteria for oral administration. Res. Microbiol. 157 : 720-725.

Vinderola, C.G. and J.A. Reinheimer. 2003. Lactic acid starter and probiotic bacteria : a comparative “in vitro” study of
probiotic characteristics and biological barrier resistance. Food Res. Int. 36 : 895-304.

Zarate, G., A.P. Chaia, S. Gonzalez and G. Oliver. 2000. Viability and B-galaotosidase activity of dairy propionibacteria
subjected to digestion by artificial gastric and intestinal fluids. J. Food Prot. 63: 1214-1221.






