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Utilizatlon of fish soluble protein for cell production of Laciobucilius
ucidophilns for probiotics use

Somehai Chanvatcharin, Sokunya Onew, Donangjri Kannmgpean and Amare
Tmmirsitunn.

Deparimens of Matechulpye famlt of Scive, Mubhida] inpversiny, Rama Vi Rd.
Rueganon JOE0, Thetlund

With the sim of developing loetic weid bacteris produstian jircess,
approaches of coll physivlogival conlrol have heen investiguted o reduce (he
produetion of luede weld, & growth inhibitor for cell production. 1t hes hesn
Pl That usbey protein from comples medin instend of glucose in catiivation of
L weidophitus at serahie condiniony, resulied in fasr growih and high cell ienaiiy
G LA efutml), while the loetic aeld posduction  eonld e redueed
stpnilicantly. Fish salnble protein as cheap alteroutive souree was recammeniod
I peplace the yeast extract G use s o complex medin bn the coltivation, B b
beeo shown that the digesion of fish solubles by acid o achiove the afbbmnl
peptide stee couid fuprose the yield of L. acidephifus. Howover & growih
inhibitory effect of salt. s by product produced during the digestion grocess
orcurred ar sall conventrtion more than 1'%{wiv),

Key wardys flactebucillus acidaphitus, fish moal soluble, medium development,

rratain digestion/



Latie acid hacier (|LAB), where st of the striins are generally reengyized
e z=fl ((BHASA, lizve played mmporant roles in production of musty férmremed food
producie. LAR bme slso bemn widsly used a8-one ol The componenta in fommilation of
“probingice”, & Tve mmmrobial frod supplement which bedsficislly effectn the i
animl by fmproving its intesting) artcrobial falanes (1), e utitioation of lestle acid
bartonn o muasy producks bes lod 1o ogniveneents . develop an elfickom o high
prodycivits cultivenon wechnigie o produte ictive LABY at sisnor gulhoes or o
produsts themssess. For e production of e il b, e majr probles thar
canss o ool praduetivaty 15 e grawth inlibitaey elfeet ol tl= metabolic produst,
lactie scad (353 I onder o mprove tho cell yield and conceatrmion, Twu s
approaches ¢an be comuidered, one I uwtilizing eximitive metholds sich 2
clesthmbiaiyats (6], jom-mncharmge adiorplion {7).or solvem exosenan (8] @ remove the
lusctie seid comtimuontly 1 o level fhat cunyen' losy 5ffoct vm the otll mrowile Another
spproach which Das not often boen mentioned i the pliyiiologios) cemtrol of lacte
i etsholiom 1o docoenea ite prodiciion. T this paper, Loctahoeille acidapbifien
armn whick s commmonly izl forprobiotes wse (1) was snadisd. We imestigated
the sppmoaciies to tedica the lictic aid prodtiction by etmrolling uf' swvirmamntal
condiions Le. somtion el the developmmt of medinm which wtifiesy pratsits w =
alfernative complex cabuin sinume fior culturing the L aeidophilus of high cel] demsty
Fish meal soluble as sheap proteineons sources was studied fir their potentis] 40 be
ised as cohure mediom for Industeal wee, The modification of protom sowrce was
arther fvestigatad im vader o mmprove the growth yield of L acuepiniis.



Miateriuly and methods

Media end cultivation methods

Eappabarillus arafphite: was isolated from iy Soes and ldemifice sscondmg
Berpey s Mamul of Sysemmlic Bagteriology, For provuliues, the sirzin wes entiveizd
n the Dis Man, Rogsss, Sharpe (MRE) medium (Mertk, Germmany) ot 37 °C 6 12h
il the preservad m 3008 glycern] and wied e stock cultur=. When veriocs mofium
formizome wers imestisnted for their aTeots on haoerial wrowh e facte sond
srodetinn, MRS madiam and 6 modified fom mowhich glicoes in the formmdtion
s, Topibwomd by varkos carbon smireen be yearh extmet, glycsml, maolisess and fish,
sl sl (obsumed fom o e esagng fugtory, TC Union, Bangkol, Thaibmed).
The fit meal soluble was 2ither dsed uy obinined from the faciry = mro-digesied
with sod. The scd dlggned il arend solitile wis propeocd = fellows. The
concentinted fith mos) puste Wit bl solid sboud 30% was mived with S5 HC
rathe oF 1:1, (he mixaue was tha heed up to 200 °C {the digestion lime wes staned
whisn the muntire was Heated up) by o lot plate magnotic s (Snijdes foc., Me
Metherlunida) The digestinn mikture wan contimmusly stirsd By pugnatic bar to
et honmpemecits, Afie the tequired poriod of digeitimy the dlgssted prodit
was nétialiesd ta pi1 70 csng 5N NuOI] solation, The iensimed residusl m
finfshed produvis was semoved by centilugation ot 6,000 pm. The supermitin
ohtaingd wes utilingd 26 ot soures T calibention of L arnufopdsiue

The ergamisns wad feoown i shaka flask ar 200 mm, 37 C




Analyses

Cell growth we esiimaiad by both toml plate count using MRS ager modunm md
spectropholamsine method mossormg the ODat a6l am (OD.,) Residual yagar was
defermined wsing the phenol-sulfivic method (9) amd plucose was amalysed
enzymaticathy iy glecoss sssay kit paichased rom Wiske Pure Chomieals O Ld
Osakes, fapan Volarile acids, sertie acid and lotie wewl, were determmad by gas
ehrormlograghy leng S0V120 Carbopuck™ B-DA%M% CARBOWAX 200 with 1
calunm length of 15 . Temperature i the columt chummbor was porrolled a2 |90 *C
il apjoction port i well i detedion lemperaiie were both maintainest of 210 "C
Tornl nitrmgen (TN was debzmmios) by Kieldahl's mothod wsing amomaia) i
trilrogen analyres (1024 KigheslSyaterr, Treeatir AR, Swidm) scconding o the
mstructione of the manufiemrer, dmbue niltrogen (ANY wae analyaed by form)

Hlssitkog methus] L 10) using glveme b o Gomlrol

Rinalts and Discussion

Effect wf curbon ssree on growth arid lactic avid praduction

2% (WD oF Cilugose, mwlisses (propared sceording to lokal sugar basis), glyesesl and
veasl eamer wars ol an curbon source for e culuvition. As shown in Talils |,
amng Mo cwhon sources those wore used, yewll el was found o B e besl
complex vmbon sowoe winch gave & maximin viahde cnmd of 22007 cipmi
mummu laoie scid producton (0.8 /) Hor the molfism ssing glecoss and
il Esses. theve were shaw that the vighls oounts wire nithes low cumpaned to thet of
yeast sxtmet, which mught be dur 1o the inhibifory effect of produced listie scil, sl

slsn the resal of that of maldssss showed sightly lowsr visble comnt compans 1o fe



resih with glucose this would be due zo-other effecrs of orher mbihitors presearad In
molacses. The resalls with alycero] showed the Jowest edl| comn which beply (he
difFieehly of glyeen sssimilaion by L ucidaphibe wied in the sy,

Acomiling lo e resills abidwii ahove, (U ppiesred thal, whies the veset syl
was nppliad # ceben sirce inmed of plucose, the main conpones W yeus
cxumcy, L five smmo sciite (utifized directly) sad, pepfides (Mt Jigesied by the
proteolytic symem) (11:13), coukd mmer the ocll metabolism froagh the TCA cyele
(14). Conmeroy wilk e oullivalion iging oo, this windd couse 3 decrssss in
lsetie sl preductiom OF Ductstriy stooe (e mon exrbon: Now Byspesses wlycolyns
metabalion (whtre pyruvete wis eonvertid tn lastate) tn TCA oycle Howdwer the
yitilizstion of yese estemr au carbon souree will) could net cemmpletely provene the
productisn of lactic sciid dus 1 two poraibilities, (ndly fromn sigars coataingd b yeat
pxtract nod vocondly fron soume aneno suids (il en be converred W pyruvale amil
e W faetie acid Ve mnlysia of ol sy i yeast sxrst showed o good
ponehation bitweet it comstmiption sl lebe el pduckion @& ol fime doumse
and molsr babenes (date ool abown), This diggesied (hat et sod prodoction may

wecterredd mamnly dite ha sagur gondsmptian,

Effecty nf seration wa growih wad lacric acid prodiction

Tihve efftcts of esration on growth and. betic il production wers imsstgaied ysing
whicose mnd yeast oxtact 83 carben swrees by corapiting Tak eoltivation with =ad
witheul shiking. As shown m Fig. 1, in case-of ghicose the results of gowth md
lactie a0d produchion wore pol signifcantly differént wnder different gt
wonditiods, meawils, mrowlh on yeast extract imder shaking conditinss. rmosuieed m




3
e sullumm wes shelom Tt bod slso found thet in casa of confinzous shaking lactic
acid fhs was produced ar fhe begiming of tie cultivation was Uilized ez Of the
attier Mand, i 22z of o ahikep losks e luelic scid prduced wos 5ol 1s-anbed.
Ihe phemmeneea which havs heen menbiohed abeve emld. be owfimmed i alber
cxperiments uning higher conecnmations of yeist cxtmet (darsnet shawn)

The effeet of oygen on the grawih ol luetie Aok Bacisria be bocn monttonied
previeusly (13-1% For seme fadtio soid Dmderin oxveen = loxis, dug o the
aceummilsion nf soxie oxygen derived compounds thit affeet the growth (15) Several
srrning 0f lacsic seid hacreria (Medinesieus, Laviodveiline Lesrmmastoe. frochothriz,
Carmedseotersam) show bestnr growils yistd In nerodvie ooniitions (16180 1 b boen
repartod (hat hetermfermenigive Leuronoxoe mosenterondae was able 1w regenente
WATHPY By NADI oxidassr e then the eihismol brunck of the heterslastic pathway
wite ook et Tnatengd scetyl phosphate wae sonventes) 1 scotiste yielding ATI with 2
consequent iacresse in hiamain (19) Tn e comdition wim (e NADH was directed tn
WAL by NADH oxidass, e maduction. of NADIT fevel weuld resly i the epverne
remetion of letats to pytavate i tho vonplmg of NAD' Ve ool be an caplamation
(o Ther comnrrmption of lsetute diming the serobie cultivation it thes audy. 1 iboudd be
i it Wil e weettute bevel mormused diring e mowth sndar asrobic condlibons
(dule ol shown), Accosding t (b roports atud cesulle meitioned ohove 1 couhl be
typotheszed tal the L awdophiliy stonn vsed m this study paght hwes 3 soanifar
aitivity of NADH sxidsss for NADH regeneration.
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Cultlvation of Lacwobarillus wctdophilys using peas) exirdct Ul varions
concenraniyn ay sols carbon Source

Forfes moveshestion of coltvanon wsimg higher yessl exoact  conconistions
demonstrmied (ha c<fl dendity 33 well as viabilily Gould be improved by Imersssing the
yeust entmet vontest s the trom) was fiear (Mg 2). The result mplicn the gsowth
Urifimthion gt be due to suttient Timititian, Thie results sise mmplied thar te call
denmty of luctie scld Banets cpald be fimber mcrensest by snppiicd tngher mmounts
af youm aximct. Lastase wedymis. of broth eulbire using différent concenirmtions uf
yanst oxtrac] shovwesd (il i Al eases, the fina] et acid concenation wis tilhar fow
(leas P 03 g/l dats siot shiswn) even thoogh o Nigh amsum of veset evtrest wael
Thue snght be due 1o e et tiar e Justate those was produced by commaption of
Wiy (v et Qg the heginting of cultivation period Wwas ety metiliasd

Fir Loy’ araiid

Alternarive profeineous searees fie Lacobaelllug avidophitus caliivarion

Althouglh e srtmet provnd to be a good curhon sowree for e higgh ecll densily
ctiltivation ol L addaphilus, n view of the relatively high cout ol yesss extract, i
pieit be desirable bo fited alleriutive raw matgrisls 1o o sliady we Neve (nvesigatesl
unothier saures of grotein witich wi conkidéred 10 se mush cheuper an yeasr sxmey
Pl sl soiabibe protean will s without pretrestment by acid Jigastion w28 osed
replace total yesst extract contenl b e medlm, and thim wes tesied for the potential
i Tt Use growth of - weidophilur, Thersult showed that dipsstad fish wluibls
praotan coulll provide cell viald oven higher than ihat of yeast cxirsct (295 wiv) at
el total mirmsgen contznr, whersas {henon-digested fish solidle poorty spporr the




growil (Fig 35 Furthorsupploment of non digested fish, soluble sam fmprove e el
Hemsiy propornonally bt she effect wag diffrent for digested fish solublz-at highser
tonesniratings winch caused slow arowlh (Fig. 3h), The phesomennn of sl srowth
a7 L wesipinfies ot lughey concentritions of digested fsh soluhle was consmiered 25
ot tthilition offest Smee ip the wad digestion process by HOL, & o of sait
(approainuicly 30 Sewrv) wan obtired duting e neutralioton sep, the e of
salt concentralion was invemigated. 1 war fovmd (het prowih indebiten ol L
acilapiluy by salt we promounced ‘when (b sali concentration excceded | % wiv
(Fig. 4} Vhe grow(h yicida dhmained when yesst exroel aod fisdy saluble were utilized
ue pomnplex: carbon soutve are summatized in Table 2 1 ouuld he conchudod that the
(gented flah saluble could sippont good prowth of & aeidapkilis sl (e extend of
prowih wis slightty nigher By with yeis) wemct Al the sfilisation ol
4] petimd Fiale stabubil a1 beigh copesnmmtion remiliod in & growth inibilion effec due o
the high il concentmion, e conl far BS was low i comgrared with yessr exerac
(lews fhiaey 1N oF commerennl yoas| extraot (iice on oqual weight bams| The
raprevement of ihe digertun process ln reduie he sull formatiog & owroty wmbe
wvestigation, sml mmoval of walt might be done Wy clectrodialysis. Thus the
el emtea o digested fidh soluble showed @ high percotial for L AR cultsation

Mutidifizmtion af pratain yearce for aptiamd growth of Lacrebacilivy. acilephitus

Accomfing 1o the resulis mintiontd above: e degece ol protem dizestion which iz
releied o the peptide sisee dinibution, shuwed an effect on the growth yisd of L
acidaphilus. Funther study for theoptimal degroe of digestion for fsk sotubla proters
wes condicted Fish fuluble wae dizesiad by 7101 o get disests) &b saluble pmsein
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with vanbos ANITN matios (Fiz 5); which wore thers used to sultivate L geidanhifiay
ior contpanisan of the gowih yiell As shawn In Fig. 6, the growth yields dbtsined
foe the eultore ysing digested fish solable proteins wiee Wgher then these of 240
digemed fiah soluble promiy wiich bas an ANTN mtio of 115 ws stmwen to have The
hghicet groweth) yield. By aleslution based on aversge pitopes in amine sids, s i
ANITN matio of 0.3, if v conidersd o coniin mumnly: di-peptides mmd free spmng
seteds, 11 shral be noted tht the ANYTN ratio soulil bo uned for roish estimatiin or
cantrol of protem quallny for digesting, even Mough optimsl ANTN milo would he
Aepetdunl ou'(vpe 2od bisic compusttion of protein, From fhe sesilis shown ia Fig. &.
figh solubile digeaicd for § & has s ANAIN ratie of about (17 (which impdies that i
wontiny mmnly free aming scidd), poody wipported The growth of L e
ponmptee with Jower ANSTN etn's (w0 shoner digestion time amd comidersd o
cOntiin M di-, i, and rger pepiides). 1he residip commolde with s provigus repent
mmnrmwmmmmmﬂmmuwm&m
anine asds e mbogen wmres (200 For Leatwooeeny feeits grewih on complos
prolcin semroes, the prveolytit systom which hobides o eell wovelope keaed
proleinese md severn! pepiidases. locited inlroellilerly wes commdonad © play «
crictal sale (17, 130 1 has bean found that more thag 100 diffcrent olisopentides
cauld be oblamat secordme o ibe cleavage ol pepttile bands by ol ervaloped
proteinase, PP in Laoweocews lastty (21), Further sy seveated thar anly cortain
t¥pe of peptidies couid betaken up arwl hydrolyzed inlermally by peptidases 1o ammo
wcidy (20} Tn s chudy, e digestion of fish saluble protein 10 = ceriain dezree
winld provids sppropnate size of oligopoptides (@i~ tri- poptide) which coulil be



liiken b by e call. i was eprted by Komings of /. (22) that the upiake of peptides
woul! roquies the seme smenr of ATP a8 (hat of fiee aming acids, thus the uptalie of
prplzdes would he prefimable in tem of bioenergetics and this could provide 2 Slihes
growth yizid Alheagh the protein spurce was shown 16 he & poremtisd carbom soumce
fou fuph cell Esnaily eulivvasion of 1. aetdophilisy, It shindd be-mated thm the pversi]
vomanption af prolen for growrh wis low, (oveel] wlsl mitragen comumnd Was e
thom 2076, denuled dits oot pretented). This eenill wis bn WY momeesmem with 4
provious repont which elaimoed Wl ineuse of fuocoemuy lacss grown on essein,
oaly fow typee ol peptides cam be Wil £20), Tive rewmon. fiv the low =ficksoy in
poptide utifeaton mygh be due 1o geverul factor mach mn ihe camplenily of poptides,
s exchunon finit of oligopeptide Inmspéirtes, eampetition of the pephides for sy
¥ina shgle wiigopepride woaport wywem amd ydroplsbicity ol poptades C)

AL piotan sources (s solubile, meat extonst and trygmimed woed i e
medium wene slao studied for the elfiviey in jjrowih ssmidation ssd sere compared
on e hueie of cgual TN ising mofiflad MRS oedium, 1w shows shae mest
evtract ean dramalieally stimubiee the prowth of £ ocidaphidi. The sddition of e
drivien ackds (bmmmmine asiils plus tryptophion) as well a8 viemioe {seves npes of
Viverinty ticee feas heetremuriod to be el for LAB (2. 24)) lo ihe figh soluble
could not ssheitute foe el eximct o promole the growih (date o shawnt 8 b
I s menmtiomed sisewhiene s i satall peptide (with MW of 1065) Eom Seshly
propared et extipet wa= @ growlh stimulenl for Lacidueilluz sanfrasedion (251
Acconling 16 the resulie. e oligopoptides In meat exinl should be fnber suhed
anil viuirsetorirad for their =sssutial role as growih stimn]sits,



Conciusion

N arder 1o merssse the wowih yield of lactic scid bacterta, the inlithitory cfect of
Inctic atid et te be pedicat |n (s siody we have vestigsied the possibis smutepses
by eomitrol the tsetie sehd barterial metshilisn for seducing the Letste fomation b
wiis fiimel tha! cultivasion s aeecble conditions coupled with wang protsn ae
ultorntive evmplex swhon sourme. promotes the growill of L scdvphife very well,
white the factic scul prodwsiiss could be reduced signiMemty. Forther smdy dwwed
that prosein with oqimal degres of digestion canld Himprove the sell yicld, Althinuh
when protein was used, the oificiency ol protein tilizsion was miter low cougrared
with plicese. 2 better undesstanding pf the puteslytic syiem md peptile
irmypormtion mechaniom (0 LAR woutd fend o improvemen i e cfficieney of
prrotein stifisatiim sl cell growih yickl, Alss the developmmt af protetn dbeessm
processcs with legs sl farmation, would wiiew the use of highes coscemtmtions of
digested protent and this inceeasnd: cell demity; According o the results o this
wnidy, it pnght be postible 1o apply the leshmigue for other atrsion of Yaetic acld
boetetie whish has similur charsoteriition e L. acldephiiun b tse higgh cotl dumtiy
cultivatinn
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Cultivarion of High Cell Dau.'lit_r of Lactic Acid Bacteris for
Probiotics

Dousnmas Kasungpesn, Sukanys Ozew and Somohel Chasweichamy
Departumont of Biidechnology, Faoulty of Scivnoy, Aahidal Unrversety, famo ]
el Bungaek (0400, Tl feenct

Iy the productian Of lietle acid bucterie which i oné of (he inajor
microarganisnis being used for probiotivs, main prolloen that catss the lowsa ocll
productivity ks the growth mbibitury effect to of laatic acid. In arder ta lmprive the
ccll gowih yield several appraaches could be considored I onder 1o reducs the
whibitory effect of laetie acid In this study we investipated siragegies 1o decrease
the production of lacte agid through the use of metsbolie controly in lactle acid
becterie. We vestgared the elfeet of viarious of carbon sources for cubinvidion wmd
snration affect o the growih yield and lastic aoid production. The resull showed
thit by uding ydast extinct s sole cwbon source the growth yield could be
incressed (with fina visble count of more than 10" efivml) fsr mome than 10 fabdy

mnwnhmmlmhiﬁﬂunulhqm.uwhmm“ﬁnmm:iﬂ..

production was sigeificantly deeteased. Theeation sccompanied with using yeait
extrac could improved the growah yield wd slso couse the produced lactic seid 1a
be m-utilizad. The resuls of fed-batol eultivation using yeast examer fieding
coupling with sermtlan showed that the Inctio acld concentration can be comrolled
o low level The proposed strategy Show the potentind to be appliclable with high
cell density cultivation of athier lactic scil baotérn
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Utilization of complex proteinesus sources for high eell density
cultivation of Lactobacillus aciduphiius

Swomrye Usew, Somckal Chauvatcharm, Dirnsangtiic K armippesr ==f Amnter Himmmntans

_ of Hetechnadogy, Faeulty of Science. Mahid! Uriisrsity, Rams V] £d Sanskel
1R300, Thasilyed

In factic aaid bacteria productlon, to fmprove the cell growth and obtain
high c=ll density, the effect of produced lctic acid have to be mmpnized In this
#udy, stistegy im which the metabolism contiol fo reducs the production of fastic
acid bave beon Investiygated 'We have studicd the «ffeet af pretemenis souress w
the growth yiold and lixtic acid production of Earobuaciliny aeidophtiur. The resul
showed that using protein sowrce such as yeast extract 23 carbon sopres. ligh cell
growth (upto 8x10" efu/ml) could be uhtained proportionally s amouss of protem
addition while the lactic acid level was fow (< 05 /L under acratm cpndirion)
The improvement of cell growth wa consideted to be dye to lexs mhibition sffect
of lactic acid compared with the eultivation using glueose as carhon source whese
ik factic acid concentration wiie more tharn 4.5 g/l Howerer, due t the high cost
of weast extract, variguy protein sources were Investigsted fin thelr potenttal 1o e
w8 culture medinm for industrial production. It was found thar fish solibile st
which was pre-digevied by acid provided 1% times higher growih yield than that
obtained fram yeam extract, bage on equal total wtrogsn
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Process Development for High Cell Density Culttvation of
Laetebacillus acidophilus for Probiotics

SOMUHAL CHAUVATCHARIN, SUKANYA DAEW AND AMARET BHUMIRAT)
Dizparfmeny aa::'ﬂ:ﬂn*nd‘:ﬂl,ﬁﬂm{i}qu Setence. Mahidol Untversity, Rama VIR,
1440, Thailomd FAY- +66-2-226.3005, E-muil! sesov{@umahidol ueth

SUMMARY '
Lsctic s=id bacicria (LAB), where moit of (he st=ins ars genesally recognized =
(CIILAS), have heett widely teed in produgtion of meny fermented food prodiscrs. i he
besn wdilized 32 o of the componundy |n formlation ol “probiolics™, « live izrohisd
supplement wiich benafisially affeets the host anfmal by jmproving it infertrmsl mierch
hatance. In Inctic acid bocterin produstion, 10 Improve the ell growih snd chizin highed
desity, 1ha et of pmdused lactic ackd have 1o be minimized. .
In this smdy, semtemies T whith the melabilism conirol to redose the productin
et it hove been nveatigated. Fhatly, We hinve siidied the clfea of profeinsi sm
o (e prowth piehl snsd lactis ncid produstion of Lectohaeilies axidophif The ml
showed tha! waing prolsin smnee such B8 yeast cxtmel as glismnative carbon sourcs, hgh o
growtl) (ups Bx10" efudnl) could be obluincd propertctisdly o ampom ol protem sdifio]
whille thi laciic sebd level wan fow (= 0.8 @/l mider geration condiion) The kmprovemad
vel] groowth wes considered ts ba doe b legs iihibition wffec of Iactic netil compueed will le
ciiltiwation witng ghvoose s carbion souree whora the Iasiie aoid onncentralion wi mar G
44 wi. Itowes aleo foumd that fich soluble extraet te sitemutive peotein murce which wy
presdhigesiad by peld movided 15 times higher growih yicid fhan thal obtained fom be
extract, base on equal total nitrojun, However the analyses of protem Erncdiisiatend thut proy
conmmplion wae tess efficient eompar with that of glucoss {enly pto 15 % of iod
nittopen), 5o seennedly Fed-hatch sulivalon f glucose and protein sowrce Wi fnke
in saker to fmprove the eel] prodiclion jield. The results showod that higher ot
temmsity (o 20x10% efidml) could be obtsined by fed-hotch techmique while the lovd
Isctie acid concentration could be comtralled by limitation of glucoss supply. The fed-lud
sy indicated that conttaiows feediog of Dot upgenr apd peonein jn oequired for high of
density eulitvasion of L sctdophiluy.
The result finm this shidy dhowed thepotentisl frondd e spphy the techiigue Tor hig
cell density cullivation of other lactls acid baoteria

INTRODUCTION

Lactle seid bacterin (1 AB), where most of the strains we genensily recogmized as n§
(TRAS), have been witlely used In production of wany fetineied food products. 1 s ol
hesnt titilize 25 one of the componants in formulnticn of “protiots™, » ive
supplement which bemefctally affocts the host-antmal by improving it wiestinal micmn
hatenics (1), For lactic asid bacteria production, the mejor probjem s the growth nhib]
effect of the metabolie product, ladie acid (2) To solve this probiem. (b2 physinlogicg
cosiol o lactic scid husteris metsboliom fo réduce its producian coald be sansidered. by 56
paper, Lactebacilius asidophihus simain which 1§ eommonly atifizd for probiotics v
cindied With the s of hizh cell density cultivation. Firatly, the Jactic sid productian b
been contmallod by medium which utilizes protein s an sliernative compiex carbus

different sources of profein have bemn studiod for thelr sunshility in temm of officiency

240







