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ABSTACT

A study about suitable carbon sources for lactic acid, producing by Lactobacillus casei
ATCC 10863 from six carbon sources that are glucose, lactose, maltose, fructose, sucrose and
cane-sugar. It was fermented in stationary flask at temperature 30° C. This experiment found
that glucose which is suitable carbon sources; because it could produce maximum lactic acid
is 22.247 g/l. The yields of lactic acid are 0.698 g/g substrate and the productivity of lactic
acid is 0.309 g/l/h, at the seventy-two hours of fermentation respectively. Suitable
concentration of carbon sources for lactic acid producing by sources and glucose were studied.
The different concentrations are 20, 30, 40 and 50 g/1. The result of the experiment found that
glucose at 40 g/l concentration is the maximum lactic acid that is 25.322 g/1, the vield of lactic
acid is 0.984 g/g substrate and the productivity of lactic acid is 0.352 g/I/h at the seventy-two
hours of fermentation. The efficiency of lactic acid production in 2-liter-flask and fermentor
were investigated and the supplement of calcium carbonate was also control out. The result
present that the supplement of calcium carbonate improved the production of lactic acid by L.
casei ATCC 10863. Cultivation in fermentor showed better yield of lactic acid than 2-liter-
flask. The lactic acid, yield and productivity rate were 15.28 g/1, 0.72 g/g substrate and 0.16

g/Lhr, respectively for cultivation time ninety-six hours,
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Food industry

- acidulants

- preservatives

- flavours

- pH regulators

- improving microbal qualisy

- mineral fortification

Cosmetic industry

- moisturizers

- skin-lightening agents

- skin-r¢juvenating agents
- pH regulators

- anti-acne agents

- humectants

- anii-tartar agents

Lactic acid

(CH,CHOHCOOH)

Chemical industry

Chemical feedstock

- descaling agents

- pH regulators

~ neutralizers

- chiral intermediates
- green solvents

- cleaning agents

-slow acid release agents

- propylene oxide
- acetaldehyde

- acrylic acid

- propancic acid

- 2,3-pentanedione
- ethyl lactate

- paly {lactic acid)

Pharmaceutical industry

- parenteral/l V solution
- dialysis solution

- minera preparations

- tablettings

- prostheses

- surgical sutures

- controfled delivery systems
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2.43.1 m3lulaase (Salminen L@ Wright, 1993)
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maltose  trisaccharide  (3U maltotriose  polymer 15U uwilauenniniiuuafiGouaninannsald
3 Tulasanan oligosaccharides 19 raffinose 8% fructooligosaccharide 1 udy Faluszuumisidu
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2.4.3.2 Tulasiau (Salminen 1122 Wright, 1993)
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¥
mmmmmﬂzﬁmﬁu B1, B2, B6, B9 uaz Bl2 14 uﬂﬂmﬂﬁlﬂjﬂﬁﬁﬂlLﬂﬂﬂﬂUNﬁWﬁuﬁ.ﬁd

a

) L D= bt W ¢332 7505 : > Al
ABIN1I nicotinic acid, pantothenic acid, biotin, riboflavin LIA% folinic acid

2.4.4 mwnummaauaniwm%‘laﬁiamsﬁuﬁamssﬁ ﬂﬂﬂfﬁxﬂ UNARUDINIS
¥ r ¥
L G ) L

ithdenarwednfinuguimuassiavenndunidlussyumaduetns  dafidudanis

= = @ o : L] é g ol :‘ Y @ oo
L‘U'Silluﬂ]i]ﬂi‘]‘fmﬂ:i‘E‘Iﬂuﬂ‘uuiﬂﬁi)‘lﬂﬂﬂtli]1ﬂﬂ'§$lﬂ1$ﬂ11’i’l‘i"]Nﬂ’.]'Illﬁ'"llJ15ﬂ1u€11iﬂﬂﬂﬂﬂ$ﬁﬂwu‘ﬁﬂﬂﬁ

3
f=1

¥ = [} o = v o
o Mﬁa‘;’ﬂ??ﬂlifﬂﬂluﬂaqﬂ?ﬂ!ﬂﬁﬂ uaﬂmm;iuﬂszswwam1immau"lwymmﬂ 15 ulﬁj"]ful"]ﬂ.l

> = o 9 o

é o =] 1 o 3 ar = 4 = :’ . é
(lysozyme) B38VNaULUANLIE mu“lum"laumgﬁumﬂﬂmﬂumamaﬂmﬂ {(bile salt) I IWTO

= = =% Lor W

o 3 = A o d" [} e =S o' L' = & A
BUNNTINIYVOIFAUNTY uaﬂmﬂuqaumammaaagiaﬂiummmmmm asna lﬂ@ﬂﬁu‘ﬂﬂd“’h’ﬁ

auguydunsdludldfogidmmiuvesdal Gillland (1979) TATwnufimanunsalunssimig

'
=

= ] b v T [} o
PIMNIV84 Lactobacillus ¥HUAR1 7 A0 L. casei NMUN3A IAANTITIATY ¢ Avagsonasidauysallu 3

] =4

o a . .. ar e Aa E ]
¥ lidedluasaray gstic juice duATITHAINNDY 3 Pouvgl 37 owwuwRiwed dau L

£l

¥
7N | Qs 4 . Y L
acidophilus WA L. plantgrum aaisonunialdmguiu wononil Shirota (1962) A8 L.

acidophilus 1A% L. casei 81n50NUNIAREAURI0Y 4.0 T8uude 21 Ju
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1 o :‘1 =i oy - A'L | -~
2.4.5 msasmsiuduuanisertinouvauanisauanan
2.4.5.1 PIAUANRAN

e o - ¥ " ﬂ a o o
uuaiSauananauisoldasudiaialuevis iunsauandn HldRorueg
=1 Qs .3 = = =3 HAd a A d' ] 9 [ t:?w Y
pImisanaslinadudam s gy Invasgdunisviadunmldemainds wonniniidaawiaald
ol 4 ‘& Qs .
Tumandynssy nazgaamnssudu 4 Bndre Fraoandefus1ea1uvod Tormani uasane (1997)

=

4 I | 1 a o as ] = =
Fallmsnadaunsauananfilimadomsnigvesgdunidludnada wuhdudunsauaninioay 1

Q

'
' =

= o = = =] } Vol :: =) :
ﬂﬁh].‘ﬂﬂzﬂﬂﬁiuﬂﬁﬂ"{ﬂﬁﬂlmﬂﬂiiULﬂﬂUﬂﬂﬂQiJﬂ1“])’Vlﬂﬂ'i’]U UREVEIBUAVLIININHALRY faecal

coliform 1difsaunadan upzilioidunsauanandosar 05 asld azlifinadomsiniayvesgdunsd

Usedauludn
2.4.5.2 lelavwdesesn’lud (1,0)

lelasiounlesoon’lsd  iluasildnnnszuaumsamivedsy  Tuszrinams
wigAYTavesuunfiSonin Laciobacilius nagdzayduiiniuluorms (own Lactobacillus 13
P o ama ' A o a ana o
oulal catalase MissdffseImstesaars 10, lwhuwdy Ho, auwnseinlfazernuinTe o
= i @ o o of Yo oo & 4 o i
1Al Jactoperoxidase 1HuA3 9 I8wBanaf fudigduniduaziaeymaiuinuons Gilliland uaz

1
~ g

Speck (1989) WU H,0, #a¥13919 L. acidophifus aisatudaiuafisoivihIfe s ude1d
2.4.5.3 IAN3 103 4( Bacteriocin )

ey o 2 =4 = o = A k) =] =
wuans ladu Aaes 15y danumusalumabhmonuanGo1dsas  wanan
UuARIS o 1Y Lactobacillus Jfermentu, L. heveticus, L. acidophilus, L. planmtarum  Pediococcus

acidilactici 10% P. pentosaceus

Mas o = o - o ¢ o aed e o

uuafis Tofusziina lumsdudwuafiSounsuinaissia 5w aunidni i
Walsaomadluiiy wuaRsTedufnEaaIn Lacrobacillus MFon1 nisin Im3i 1U1F lumsouey
psmniiga Binmsnenuirmineuieatumsaduuais ledu 1un L. acidophilus ¥niims

£ o = s oo g

@514 acidophilin 1% lactocidin FuuUnunRS ToFududs S. aurews LUAMSBUATULIN enteropathogen
uazuuaiiduiadailes (Wood uae Hodge, 1985) L. salivarius subsp. salicinius T140 a§13uuaiis
= . . é o g y = -1 1 1 . .
ToBufn salivacin 140 FaeasnbvduFouuniSenalsn 15U Staphylococcus aureus, Yersinia
enterocolitica Wi Listeria monocytogenes (Arithara UDEAMY, 1998) L. salivarius subsp. salivarius CRL
9 =79 =Y é T [ [] di’ J @ [

1328 afuuuais lesudiamunsonuseanufounazmusosindona lsalussuuduiug 5w

Neisseria gonorrhoeae {(Ocana, 1999)
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2.45.4 laazBna(Diacetyl)

aa o v A0 & o4 4 o 1AW
"lﬂﬂ5%“ﬂlﬂu”ﬁﬂaﬂq¢]ﬂ’]ﬂﬂqﬂﬂ1ﬂﬂﬁ%ﬂTL!fﬂiLlﬁﬂ‘IU@Q’HH%@QL!UﬂﬂﬁﬂﬂE}MWﬁﬁ1

Ls

Ay

a < - oW o o v 4 -
nsauandn Wums ndummslusdadusiuumdn uazlsuanialunsdudigdunidde laoy

€

- ¥ W v o a a2 A e 1 o )
FNANHANMNUNUY 200 pg/ml ﬁ’llﬂﬁﬂﬂufon'ilﬂiﬂ]uq]ﬂaﬂﬁﬁllﬁxllﬂﬂﬂlﬁfl TIUNAITIUUY 300

=

pg/ml AmsodudinisnSyvowuafiSounsuuind b lruuafiSeindansauandn drunnaiGon

3 1
nannsaananazgniudainududuganit 350 pgmi

31 2.5 Tassahamaniivesms lasgdia

(http://www.diacetyl.dk/)

2.2.5.5 5134 (Ruterin)
gﬁ?mﬂumsﬁ"lﬂsﬂﬂiﬁu usiilu B-hydroxy prepionaldehyde ﬁﬁﬁmﬁ’nimaqaﬁ]

3 =

Yl = v o A e
ﬁ%ﬂ?ﬂ%ﬂﬂﬂﬂlﬂ"h’ ‘lJ'I‘Llﬂﬁ’N vlﬂi]'tﬂll‘l.lﬂ'ﬂﬁf)W’Jﬂ L. reyteri ENINTDAVSILUAMTIBUNTULIN UATUDI

=S 4 @’ =3 = o g YA =1 = [
vada 51 1slagh uazgaunioiiiliinalsneviadluny iy Saimonella sp. Staphylococeus sp.,

Listeria sp. Wag Clostridium sp.

2.4.6 TINUITOIIIN lactic acid bacteria (LAB)
Lﬁ‘ﬂcl‘fﬁ‘ﬂu’d’ 1ML {biopreservative)

2.4.6.1 nmﬁun‘%'ti (Organic acid)

=)

lunszyrumsninues  LAB  wWuazl 2 (1UAD homofermentative LAY

s o ol o ] o .
heterofermentative Tﬂﬂﬂsmmﬂmmﬂumﬁﬂanﬁ“lﬁmnﬂszmumimmmu homofermentative

= oo

a & o 4 g g 1 a -
Taensanandnuvziinaiildfieyroiomisanas Fantina 1diFogdunssoulimusaaiyiuls

]

+ = [ T i o o
18 31z H' 80ouvzFu1U cell membrane ihdneluradvoudo 1 1v eytoplasm Hanmiilunia
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& . = o o4
qadaaawal¥ clectrochemical proton gradient  n1aluadyiunsade’llde

9 o a . . . =]
THITUNTEUIUMTHUNUDY  hetero-fermentative U031 LAB %‘15{ acetic acid 1114

]
o 1 -

a = . = d 1 & = '
g1svian UQTKNa® propionic acid °luﬂ3u1mmnﬁaﬂ EANTAVNADITUAITUAY pKa NHININNIT
. R o & A a aeg A w . . A = '
factic  acid ‘Iﬂﬂﬂﬂ‘lﬂm&ﬂ@ﬂfm‘ﬁfJ“I.iENL‘H’E)i].ﬁuﬂSElﬂ%miJ’e]‘uﬂ‘U‘UEN lactic acid ADILUHAND

3
[

ar & 4
clectrochemical  proton  gradient wazl/fuds  amino  acid uptake meluraduaado
= w .;’,' .'e!lJ b4 prys a' ] dyw 1 Ty . . 1 s
Taognt lumsiuduforaz 1fnadfifioy din1 4.5 wennnitdanuh Msld lactic acid 2R
acetic acid UAY propionic acid vrA@NIRdUdT mIwiyvesdad ldaniimslFnsaieriie
P=] A g 2 = oy o .o [y 3 &
15t Gﬁdllﬁﬂﬂm‘ﬂuﬂﬂﬂ"lilﬁ‘mim‘ﬁﬂu (synergistic effect) GluﬂTiElUENLT’fJﬂ
. L, Any o o e A A 2y
UDAVIN organic acid M ldnInnTzuIUMIHNUAT 9l end product BUNUYGNEATY
C‘T ! 1 L] .
wos1la Ao hydrogen peroxide 8% diacety! LAB mu“lmﬁ enzyme flavoprotein
. 0 = { h Y P
oxidase WIIHmIWISONER hydrogen  peroxide 187w hydrogen  peroxide ﬁﬂmmﬂumﬁ
¥ b3
futamsnsgvoautenld  Tesszii i oxidizing effect mvluwad  uazazlddhailasg
¥ = a0 o . i A g i a o
#3519 luanovns  cellular protein #MSY  diacetyl  (2,3-butanedione)  Fuilugizilinaun 14
a o = A P 1 o 1 ) a o
nnmsiuuslas LAB nlgnidusuten1d udodelsimu wunnisld diacetyl dwmiwilu
¥ o a o & g ] 4
adnuvesniudedFlmiimagdeaiuna (200 mM) FINIZNHOAD I AUBLNAUVDY
nansSam
2.4.6.2 arivizneullsau {Proteinaceous compounds)
. a 4 . .\ &
Ribosome 994 LAB @WNIAFUASIEH peptide N30 protein 14 F391nMIAAY
q’ o 5 ; = d’t = i X ‘é '
gnB lumsdududionives LAB azgauaeluiionms weat @3 proteolytic enzyme Fd@NN
wuheshilgnslumsduiasosudumin - proteinaceous  compounds 1ABRINAITAAYI
= [ g 3 1 = 4 1
NS uMsBUdUs0s1  Penicillivm — spp. W03 Lactobacilius ~ casei  WUTgnbvzananiield
4 , o, ) , .
trypsin - 3D pepsin aluomadsuds  uaznNMaaLUYe  Lactobacillus spp. Gl,’tJ!“r’I‘i,lJ“'l‘lﬁi3Jﬂ

r o » g o :’, .
(silage) WU Hondllgniduginaeigeourss)  sazguidudinisaie aflaoxin 6D

=

- s ' o v
Aspergillus flavus Tasansfitgniiiflumisngy peptide (< 1 kDa) Dgnidmudeldntn wu

et 3 a3

anudounazeangnd IRANAIDY 36 usargnia1e 1k proteinase
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2.4.63 M33N3U (Reuterin)

Q"'BJ

. ¥ . ) & A4
Reuterin ﬂumsmugawmqmmm (broad-spectrum)  WUAIIINITINITD
Lactobacillus reuteri 198 reuterin iue3f1@vInms  oxidize glycerol Tas LAB Tuo;w
anacrobic 1aeW21Y) LAB azlufl oxidative pathway GRLERE glycerol ED) glycerol i
H K4 v
awnsagaldiilu csource ROT1E FuTuTEns@ReIRe1d giycerol voe LAB 14 Ao mavinld
LAB !%1@5 intermediate  state Y99 3-hydroxypropionaldehyde (reuterin, 3-HPD) WU
de :: = (=3 = ) )
reuterin  gnidudimsaiyvosgiunidvatewia o wuaRFounssuan  nueiiSounsuay
o = g 1
a9 TﬂEIW'LIE]‘Iﬂ‘ﬁ%m%’EMB Candida, Torulopsis,  Saccharomyces,  Aspergillus Qg
F a
Fusarium  spp.  WASWUTIMTAY  glycerol  alues@ou¥o  Lactobacillus  corynifornsis
oA a v A ¥
L INAUGN U I TA DIV IA
2.4.6.4 n3Aluly (Fatty acid)
3 @ 4
PINMTUENA 15T IRV INATABNTD Lactobacilius plantarum MIiLAB 14 lueivng
P e L oAa afe & a y Y
Mal WUNY fatty acid A9 3-hydroxylated fatty acid wnqmemmmﬁmaﬁmwaﬂ"iﬂ JEY
) g a4 . L 1 | : .
gNEA BT NUNNTUAINANUIVOY chain Tvindy TAoNUTT caprylic (C8) acid udzay
P v a4 A a5 o mme 14 A = [ = =
fenanissiseaniamiumstuiuderdunidldgege  Tmwnunsnadevgnives  faty
acid AT monoglyceride AON1IVIVOY Candida albicans WUNHANWGUIY 10 mM vaq
o =3 a s 3 " i o 3 = 3 o
fatty acid MW83 capric (C,) acid Uag lauric (C,) acid AAIMNTDEUSIMTATYVRUFObAA
J 2 dyw v . re a."r.v g = = =5 ) A’lJ i ..
W18 wenunilfanud fatty acid seilgnisudimsnioyvedad lddniutost TagAr minimum
F
. ey . . . 1 = o i [}
inhibitory concentration (MIC) 494 hydroxylated fatty acid mm%aimazﬂﬁmzagﬂlum’n
&y = = ar A 4 aa U 1 P
10-100 pg/ml g ndfTouinouny amphotericitt B U7 MIC @QG!“LJGD'N pgiml L¥HNH
2.4.6.5 NIANHALOAAN (Phenyllactic acid)
3 ¥
ﬁ]']ﬂﬂ’lilWW&ﬁﬂﬂ Lactobacillus  plantarum 21 B 1ua1w131wa1wm1t=§a LAB
= i \ £ A o o =
I 0HAR  phenyliactic acid 8% 4-hydroxy-phenyllactic  acid  BIHYNTIULINTTATY VDY
tosudulonarwaeiug Ino phenyllactic acid Hr MIC ogluyn mgml Wimstiuge L.
3 o a = | w '
plantarum Uty starter  FIWIUNTIRAAVUNINTINAY  Saccharomyces  cerevisiae WU
t ) . & Ay ¥ o v oo o o -;
¥wdao1y shelf like nazflosfuosmurunildld dmsumnasesluemsdal Taniure L.
d” Y Y ] 1 4 . s o = o Ay (r[io’
plantarum mﬂ&ﬁlumymun HUNMVTHIBNY  aerobic  stability uazardTnuega  uazyos i
1 o r ' =y = 9! 7 A A a
AMBUN]liﬂﬂ'IJJW]J’ﬂ phenyllactic  acid ‘ﬂﬁﬁlﬂﬂlﬁﬁllﬂﬁ'ﬁ‘]ﬂﬂf]?’]‘ﬁﬂl@\‘iﬁﬁﬂ'mlﬁ@iTf]‘Llf] NHAN

Tan LAB &
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v i % o n’: o w &9
M9l 2.2 esiilgni lunsdudigdun3suea Lactobacillus 88WHEA7 (Robert HAZANE, 1992)

mefuggaunid msiudliinan
L. acidophilus actdolin
acidophilin
lactacin B
L. bulgaricus bulgaricin
L. helveticus lactocin 27

helvecitin
L.plantarum plantacin B
plantaricin A

plantaricin SIK 83

L.reuteri reutein
L.sake sakacin A
lactocin S

3
=

Lactobacillus sp. \Tuunafizalszidusnuanan muduems vazedszduiugmes
‘Hi‘ljs‘i rﬂu Facultative #3D strictly acrobe 130 microagrophile m‘ilmmgﬂdigﬂﬁﬂﬁﬂHMW'litgtldl,%@
1uu?nmﬁfmmﬁﬁﬂaxﬁﬂﬁym?iyagj VS pH Tagndrniauanansenuiuazdmyinluanrgyoalsn
Arido Uiyl Laciobacilius sp. Sautid i 3 nduite

1. ﬂij&l Obligately homofermentative lactobaciili

=

viimimaenTemilunsauanin 1nu33 Embden- Meyerhof- Parnas (EMP) 3@

un3 fnaniow lwl Fructose-1 , 6-bisphosphate-aldolase et LaimAniow Tl phosphoketo- lase R

aunsonimimamu Inauazng Taua la'ld



dninveayanany wizoomndaansyl

|
H(llOH
HOCH
} Glsensr
H?Ciﬂ
CH,CH
- AT
Heahinase
AR
e gion
H‘EQH o0
: |
HOCH .
; Bl HO?H Hriphan
HOGH L] HOOH
H o i
HOOH  iememw Hl‘}‘.:ﬂl'l
CH,OPOH, CH,OPO,H,
st ;
Phuphas Qe Phophafnustiness
! CH,UFO,H,
GH,0POHy I O
co Muphalr
W | CH,OH
fmmm i | "-“‘__< [ Triee phoaphmir inuursss
HEON &0
|
BCOH y . lperaidipde-J-
; HCOH P
CH,OPO,H, CH,OPOMH, Glrecraldcrde
phoiphigss
NAD
F; A (457 "
NADH
CH,OPO,H,
43 At
HOOH ﬂﬂfﬂ‘f""
Subsirme-level OCOPGLH,
ati
gy W“\\\ ADF Fivwa, poerat ki
L
ATP |
-“*,}\’i Nj““ ity h‘{z fjm’ o,  Ho  cHoH CH,OPOH,
F-Phusphe-
Lacsare CasD GOPOH HCORCHy ——— HOOH .
fmcrate i Py | POH, I ¥ i Hweralr
debydrogenawe COOH  dlsaw COOH  Encuse  OOOH EOOH
Preusaw Fhisphinw g Phoghoglyeemesian
Frniabir fpriroRr
Trruvars
discarbany! NALDH NADH  Acducios
©O, + CH, ~—\¥-¢"——acu,
i Aleohoi i

BC=D  Sipdragrrase CHOH

Eﬂﬁ 2.6 79 Embden-Meyerhof-Parnas (EMP) Tumspaansauananuoa ﬂ’cju Obligately

homofermentative lactobacilli (www.brighton73.freeseve.co.uk)

72608
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2. ﬂfju Facultatively heterofermentative lactobacilli
ar ey - = = =0 A o
‘HJJﬂ'LJ'Iﬂ'lmé’!ﬂi”h‘ﬁﬂﬁuﬂiﬂlEﬁﬂﬂﬂjﬁ&'?ﬁ (EMP} 28UNIHAaMDU Ll"IIJJ aldolase 1A%

¥ »
phosphoketolase fatiuTeeansamintimaian lvauazinu Ina

ghucose
ATP
AP
glucosa-5-phosphate
NAD
NADH,
¢-phosphoglucenic scid
NAD
HADH,
0, pantase phosphate
+F,
glycereldehyde-3-phosphate scetyl phosphate
KA *P il S
1. 3-diphasphoglyceris ecid acelaldehyds
ADP NADH,
ATP NAD
3-phosphoglyceric acid elhanol
*
phoapheanolpyruvicacid
ADF
ATP
pyTuvic acid
NADH,
BAD
{actic cid

gﬂ‘ﬁ 2.7 79 Embden-Meyerhof-Pamnas (FMP) Tums Nﬁﬂﬂﬁﬂlmﬂﬁﬂ‘ﬂﬂiﬂfju heterofermentative

lactobacilli
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3 ﬂn:tl Obligately heterofermentative lactobacilli
ndmimaen Tvauasmulaa muneid veaTing Tawaiuuanan

rd o
nazasuoy lasan lua

Glucose Fructose
ATP L AT
] .
Ahp gl iii]
v

G hncumeheprhosphaty S £ g ogan-d- phosphiaie

XAl

NATHE
& phosphoglacenate

NARY
e, St

Hibuose- S-phosghate

Nxbbose 8- phusp hate

ABP AP
Acens| phasphie _LA—* LIVRET S
Giveerafde vded-phisphate i 7
£y
V P, f
3 oAb y ‘/

¥

N | - 2
NALN X TATE Aeety T Cod
b H :

Pyrivaw NADE
NALE e, | (:
AlK [ ; o
[ ¥
AR Sveiahichvde

i

i H
Lactate C Mabh
Ny

¥
Ethanal

517 2.8 FaveaTvng laun

(www.brighton73.freeseve.co.uk)
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&Gl o = = ' v ~ s
uanlanNdade (Lactobacittus sp.) \WuiandnuaiGongulnagfige Tanunmnvargyosil
Tu'nil aaautidnduaiivazadse smanuuandiaved luanglefidud 6 +¢ meluanags
] 9 a jh:i 1 =3 = 1 a )
senedosas 32 — 53 (B4, Tm) Taninesy 1ANTNgungl 2 - 53 esrruvaifon uaniy ldalas
MUNZANN 30- 40 BIFUVATYA RasMrIzauaomsInseayTugiy 5562

A = W ok o N g wrry
#300191058) MANBY 5.0 ¥30A1N 1191 14 (Sneath uaznE |, 1984)

MINT 2.3 ANHUSUAZANUUANA YD Lactobacillus sp.

. Obligately Facultatively Obligately
ANk
homofermentative heterofermentative  heterofermentative
3
MInsindImIaiu Ing b +* +
& o
MIAITNY CO2 V60 = - +
ng Ine
94 14
MITI1NTH CO, 31N ! T +
ng Tata
B 1
19U 1% FIDP-aldolase + + 4
o
oy ] Phosphoketolase $ S +
Lb. acidophilus Lb. casei Lb. brevis
Lb. delbruckii Lb. curvatas Lb. buchneri
Lb. helveticus Lh. plantarum Lb. fermentum
Lb. salivarius Lb. sakel Lb. reutri

#11 : Salminen LazANE , 1998



= =y &I 1 aow =; ] | . .
gasm3dlunguuanlnndadaiiaulone Lactobacillus casei

Scientific classification

Kingdom: Bacteria
Division: Firmicutes
Class: Bacilli
Order: Lactobacillales
Family: Lactobacillaceae
Genus: Lactobacillus
Species: Lactobacillus casei
Wunid L caser WunuaiBeunsuuaniiplsailuns wieeataezidiu rod

1
et o3 o

o) ] T 1 4 [
WunuafiGeihideamsomalumsedsen liaunsonaouild lilimsadseiled wadllvua
Uszine 07-1.1 x 2040 pm dunduuuafiGeaiuniauandaiidiiyssdurimsgaaimassu
= Ao o A & = e r 0 o
milouuaTiSeAIon L casei  Aanuswisalumsmudannzsialad  luamnsoduasied
porphyrins _ taziianuamsalumsninnsauanfa 3aEunIn Heterofermentative ABA1MITONAR

) uy o A P 3 :" =S
nsauanannnimaen Iyg Mola0%ual Embden-Meyerhof t@zainmi tdiioiammy laer Tu3a

A =

WIUAN 6-phosphogluconate/phosphoketolase ?f"llﬂim%gmulﬁ‘]ﬂﬂ]lﬁ’ﬁ 15 0arn-1raldud !.L@i%"lﬂlﬁigﬁﬂi

oo = a o s o at 3 a a A = 1
gannliiy 45 osramdsd My Iaduiludodls Taiiud nsalWda calcium pantothenate

q u

naz lusyFu HuTedvselumsniuyiuinvp usad

s ¥

L.casei tiugdunaninnuaunse lumsysuanmmd e agson luammundoudieg 1

F
= =1

1 = [ 3 YR ] s s Y v
4 uazansouenyoldvalenie wu saadumuuminii ) AsRiminosiuaudusuiamsviin

e

cu = o o o ° L
Fu naznspialumudueimisvesnuuazdainahl Tusedugaamsnssy L casei gmiunldiiu
= o = { ' { a 1 ¥ = =1
s Tu Teanpamihuonnsia S uvesauiilss Tomiuns umegnus Ina 15w wunf3e7 iuoudan ot
A o 3 e = | ar o F TS
Frezhiformsinauiniwendnsaluazgmhnduilan
W ! oo P @ r ? a s i A
fosandasusind A luisenaiamu 119an (Yakult, Yakwruto)) vise Toinsandoudunla
I ] ¥
ninmsninvesuufdumanenie luiusen uazhmaduudssanumud hldwshmanioms
TsavnnulaslfuuafiSouan InundadamoRuifiauii¥on Laciobacillus ~ casei  Shirota.

x # ¥
iesnnmeiugiiluaoiugawsssundna i dunoisinluszundesemisvesau 1 1a

= = & "l w 1 - ] 5 ¢ o g L] a x
‘UiTﬂﬂﬂﬂﬁuﬂiﬂﬂdﬂﬁ?’&“ﬂh‘ﬁ?ﬂﬂi 8,000 aruEran AdUUeIaan ﬂiﬁiﬂﬂiuﬁﬂq"ﬂﬂ"I‘Wif”iﬂiﬂﬂlﬂ‘ww

a
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]
s

Gld'l olllw O] ¥ o ﬂ ' wlnly a o oo oA G
HITBIVDIAN ﬂuﬂ$5$UUﬂﬂﬂ1ﬂ%@QEU31ﬂﬂl HBYIILINLAS U la Uﬂaumﬂﬁﬂiﬂ%ﬁiﬂﬂlﬂu

-
NIRRT

2.5 odansinanemsHannIAANANYBY Lactic Acid Bacteria (LAB)
d
2.5.1 UHAINIIUOY
=Y o o' 4
Arasaratnam URZAMY (1996) ANYIMITHAANTALANANIINIE IABIYD Lactobacillus delbrueckii
wuiillethodunaung lnaashl 20 nfudedasiouiuBaadallina 20 afudedns nsauandnh
a P L
W 1AL
F 3
a A 1 o = t a ~
Yun uasny (2003) Anuidninaveamaimiveustianien lunmsedaniauanin 11nide
‘ ' o P e - k4 g
Enterococcus faecalis RYK 1uvaamiuoun 1 1dun shmanglng hmadgnlaa dieavealas
4 a ¢ ’ . kS .
hanuanled nfesea lslaa wduazuds wudlubhaianglna dnadgnTnauazima
¥
woalag gaunsdmuisondnnIauanan 1A 18.18 17.95 uaz 16.80 awddn dauthaianian
:’ = L4 A Vo =
Tog Himiauaning namasea lslad nduaznilaazl¥lSuansauanin 2.7 1.26 2.24 1.68 1.83
) Py A
uaz 1.19 mudduFuiiulsuudia
= =y = I o =y 1 9 g
Yun (@¥AE (2003} AnyInTseasnsALandnanuuans 1 lamsayiianig agldfiie
! 9 eho| Qs 1 d:l d a d’ g/ :.'
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ANINHANTTITIOADI

1. AN IHAINS VI UTIINZANE RS UMINAANIALANAD
1 ' ko
M1 Amsganduleadl 620 w1 Tunsvoude Lactobacillus casei ATCC 10863 THoM13

ar el 1 4 1 o g
FUATIHNULHAIAIT VD UATIYURDU

Lo Aimaganduuad 620 siluins
¥ luad >
nglaa | waalee | dwamw | owealaw | Aynlew glase
0 0.063 0.055 0.059 0.065 0.053 0.017
12 0.867 0.381 0.419 0.236 0.316 0.933
24 2.775 1.705 2.485 2.000 1.550 1.660
36 2.810 2.255 2.220 2.220 L510 2.010
48 2915 1.720 3.115 2.465 2.000 2.245
60 2,120 1135 2.720 2.845 2.120 2.280
72 2,920 1.740 2.255 3.100 3.635 2.500
84 2.485 1.740 3.175 3.250 3.755 2.500
96 3.190 0.995 2.620 3.332 3.910 3.610
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1] v 9 1
mMa1an2 USsnsauandniinan 1ause Lactobacillus casei ATCC 10863 Tua s dans1zini

1 o t a o
HHBIAITHOUATNYUANU

uansatanin (pSuseans)

i |
nglaa uaalag | Wwmansw | yealea | vgnlea SAGHD
0 0.0124 0.1123 0.04258 0.0021 0.0871 0.0098
12 3.6982 2.5648 3.5112 22214 1.8996 1.7624
24 6.4521 4.0488 6.5104 4.8662 3.5482 3.8477
36 10.3346 6.4329 9.0786 6.8332 6.1240 5.9892
48 15.9023 9.6152 12.4265 9.4412 9.2015 8.4552
60 18.8447 13.8472 16.1206 11.8401 14.6217 13.9863
72 22.2468 15.2113 20.0204 15.4684 15.8722 15.4876
84 19.0314 16.2443 19.8657 15.2658 15.0022 16.3322
96 16.9902 16.1001 19.4084 12.9876 11.6532 10.9722
= - 7 & 4 2 &
w3 Sanhmatadownfauiiomuase Lactobacillus casei ATCC 10863 luatHis
Funziiturdenifueudyiiasy
. ; Wnashmanaligulas (pfamadns)
Taluan ;
nglae panlag | Wmanaw | yealaa | wyniag ylase

0 50 50 50 50 50 50
12 43.2250 46.9512 42.6595 45.2456 46.5523 44.5785
24 39,9525 42.0213 38.7254 40.2033 41.9812 41,6565
36 35.8212 37.3224 32.6524 35.9568 352034 39.4425
48 36.8859 315112 26.0221 29.7896 29.7841 35.2215
60 25.2121 26.1021 18.2663 22.6354 23.6645 25.6634
72 18.1338 21.8452 12.3802 16.4335 15.0573 24.2259
84 18.2042 142106 13.2561 16.0426 13.1254 15,7437
96 16.2068 14.0001 11.2066 15.4698 11.5364 15.1215
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A a4 4 4 & 4 ) . o o
ms1and aneylasuulasdiodouse Lactobacillus casei ATCC 10863 Tuomdansigv

HunawITuaUAITIARY

Co mieyfiAmuilag
R PR v —
nglnd wanlaa | Wwansw | yealed | vWynlaa ylase
0 6.35 6.32 6.33 6.34 6.34 6.71
12 426 5.09 5.04 4.29 39 4.61
24 241 5.12 4.91 371 3.39 4.26
36 3.25 5.04 4.75 3.53 3.28 4.08
48 3.29 462 5.08 3.48 3.25 3.93
60 3.24 5.02 4.53 342 3.22 3.89
72 328 4.40 5.12 3.37 318 3.73
84 3.15 5.15 4.29 3.30 3.15 3.66
96 3.12 5.15 4.14 3.25 3.11 3.60
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H 1 ¥
M35 AmsganuuaaN 620 W1 Tumnsveulo Lactobacillus casei ATCC 10863 1UB1H13

o

o -~ 1 o y ar
Funswinundsmiveniuag Inauazanududusaiu

Lo 4 ﬂ'mnﬂﬂnﬁuum# 620 wilwuns
) ETEY
Gy, G, G, G,
0 0.020 0.019 0.017 0.012
12 1.320 1.350 1.085 0.866
24 2.930 3.045 3.060 1.415
36 3.640 4.220 3.730 2.055
48 4,350 5.020 4.600 2.530
60 4.400 5.110 4.680 2570
72 4.450 5.182 4.740 3.010
34 4,610 5.190 4,810 3.020
96 4950 5.130 4.850 3.990
HINEIYE)

G,, A8 1ienang laaarududu 20 nsusetas

¥
G, Ao lyhwiang Inaanududu 30 niudedas

Ed
G,, fin 14imang Taaanududy 40 nSudeting

E
G,, fin 1hiwnang Inanundudu 50 nfudading
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% = =y i o 3 N Sl
M31996 USnansauanannan Inudie Lactobacillus casei ATCC 10863 luaisdaniigring

1 o ¥ o9 g
unasnrivewiiung Inauazanudududieiu

Lo 4 Punansauanin (Pfunedng)
R
Gy Gy Gy Gy
0 0.0042 0.0041 0.0898 0.1895
12 2.0542 3.0564 4.0046 1.5951
24 3.5955 5.7684 7.8564 3.6679
36 5.2011 8.5038 11.9224 8.2102
48 6.8246 11.6958 16.4566 14.8417
60 8.6214 15.2252 20.5216 16.3466
72 9.8384 17.5642 25.3222 15.6475
84 9.6232 16.2102 23.8569 15.5014
-
96 7.6142 16.0065 22.0101 10.0012
WM EIHG

G, Ae lihareng Tnanamdud 20 nfurodns
= 3/ :’ LI a1 e

Gy, Ao 1Hhmanglaganududy 30 niuasdns
- 3 : ¥ o9 w e

G,, e Isiwnang Inannududy 40 niusoans

=) 3/ :’ 3 g w ot a
G,, Ae 1ghenang lnannududu 50 nivneans
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] ¥ [ [ [ ¥ y
aryed 7 WSushaaffeunlasiiofoud® Lacobacilius casei ATCC 10863 U113

d

e 1 '3 Y % 1w
“Nllﬂﬁﬁﬂ13ﬂﬂuL{Iuﬂ@liﬂﬁlkf\gﬂq’lﬂuﬂumu@"aﬂu

Funs1zv
: : Pnanhmafinfiemnas (n3uaedny)
¥lasa1)

Gy, Gy, Gy, G,
0 20 30 40 50
12 19.5115 26.2154 38.1365 45.2250
24 12.5810 24.2150 30.1458 38.6525
36 10.2560 19.0581 22,9874 30.8212
48 9.6518 19.5264 21.2016 28.1859
60 5.2310 14.7589 20.9814 17.4125
72 5.1121 10.4125 14.2571 164338
84 4.1526 10.2154 11.5372 16.2042
96 4.2150 9.1142 10.1132 15.9068

RN

¥
G, fis lhaang Inannududu 20 nSuaadas

G, Ao 1Hihwnang Tnaanudiudu 30 nfuredas

¥
G, Ao lhaang lnaanududu 40 niudndas

¥
G, a8 1dihmanglnaayududu 50 nsudeding
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1 i v { 4 ¥ 4 ar o
A131908 Aiowin Asunlauiipfoase Lacobacillus casei ATCC 10863 Tusmsdunign

=Y v & Y ¥ 1 s
1]!!,1‘1aqﬂ15‘UﬂuLﬂuﬂqTﬂﬁ“ﬂgﬂj']ul’ﬂumuﬁ-ﬁﬂu

\ . Mileyfinasumlas
a9

G,, Gy, G,, G,,
0 6.74 6.87 6.90 6.89
12 4.47 4.48 4.40 4.40
24 3.74 3.75 373 3.80
36 3.43 3.42 3.42 3.55
48 3.29 3.3 3.33 346
60 3.29 3.27 3.28 3.43
72 3.17 3.15 3.20 3.35
84 3.13 3.11 3.13 3.29
96 3.21 3.19 335 3.23

AR

a

G,, A lahmeng lnaanudivdu 20 nfuneans
¥

G, Ao 1ddwiangInananundidiv 30 niuaoias
4

G, fiD 1dhmang Inasyndudu 40 nfudefing

¥
G,, Ao 1ihmnanglaaanududu 50 nsudedns
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3. dnspmafSeufieudnamwlunmnaansauan@ninae  Lactobacillus  casei

ATCC 10863 huszdudaanifSeuiaufudaninving 2 ans

t T ¥ 3
MINHY mmsgananuan 620 W luwasHan IMINUAI0NTe Laciobacillus casei ATCC

& w ¢d ¢ A 4
10863 ot luomsdunsziimmzaumeludananyanwuily

masiyivimvesradlulmadyafinie
ol AMsgAnauIES oL,
7 620 11 Tuiwms HIM
0 0.023 0.090
12 0.491 g.138
24 1.760 0.197
36 3.355 0.355
48 3.460 0.486
60 3.940 0.631
72 3.640 0.925
84 4.130 1.087
96 3.450 1.262

] 1 3 }
1519010 USuunsauandnindnlauide Lacwobacillus casei ATCC 10863 1a83lu1ms

@ oo
TUATWHNEH WIS T

: ' Emansavanan (NSuneda’)
¥alusit
A B C
0 4.6678 3.4294 4.2595
24 4.0927 7.7172 13.3898
48 5.2267 9.3800 13.3784
72 7.5532 9.6462 15.2333
96 9.1623 13.3504 15.2725
HINHINE)

- 1o = < r :::y 4 a
AAB llummmawwm'mmum UﬂJLﬁH\‘IiUWSWﬁﬂ‘UH'Iﬂ 2 0R9

=} = =] o ] c;! ' =
BAo sAuUARIEONA oS IHA Udus ludseiauuia 2 Gas

&
= o 1 o s =
ChAs duupadeumvasua vumasdludmdnuuie 2 a5
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l ) ' 1 ¥ ' d&f
M151N11 MR Asunaloduade  Lactobacillus casei ATCC 10863 1083 lue s

a o
TIAURATIEUNH U AU

: : mieyiulaguinias
Fluah
A B C
0 6.85 7.36 6.88
12 4.98 6.17 6.27
24 3.82 4.52 6.60
36 3.49 4.05 6.90
48 3.27 4.30 7.22
60 3.30 3.93 7.16
72 3.02 3.88 6.69
84 3.08 3.98 6.65
96 3.00 3.80 6.63
HIHe)

! P A o Y a? 4 =
A Ao n!ﬂtﬁﬂllﬁﬂ&“ﬂﬂi]ﬂ??ﬂﬂluﬁ vumaﬂuﬂimﬂwm 2087
- 2% & ' &v o =
B ﬁﬂ IAUUARATYNA LD TR Umatjaﬁluﬂﬂﬁﬂwm 2 8a37

¥
= o 1 as [ =
CAp  IAHUARIFIUAIUDI A URes I UGIMUNYLIA 2 A95
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L Fy ] n ] b ¥
m3an 12 YSuahaandfounlaauiiodeade Lacwobacillus casei ATCC 10863 1491113

[ 7o
TIUAITHVHUSTY

U
4r

fEnashmanafasunlas (nSuneiag)

Falus
A B C
0 40 40 40
12 34.58 36.76 37.42
24 32.76 35.78 32.22
36 324 32.06 29.64
48 32.1 27.56 2042
60 30.24 26.22 20.36
72 28.56 23.62 20.04
84 24.18 20.56 19.94
96 23.79 19.94 18.78
HINEUHE

I a =t o T ¥ '3 =
TP aSeLM V0T UuaealunsIRfue 2 Gag
a
@aunaimounueTua 1ndoslulsradunin 2 8as

¥
o =) & Tl o a 3
IAADITUUNTIVBILUR ‘U‘Mlﬁﬂx‘lﬂluﬂ\iﬁﬂﬂﬂlﬂ'lﬂ 2 ang
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Wams HATISHMIa0n

\ d i ) < = =y
1. fn‘i?iﬂiﬂ!!‘ﬁﬁﬁﬂ15ﬂﬂuﬁ!'HII'IZE’I’Nﬁ"l"l"ii‘l]ﬂ“lﬁﬂﬁﬂﬂ‘iﬂl!ﬂﬂﬂﬂ

Oneway
ANOVA
Data
Sum of J
Squares df Mean Square F Sig.
Between Groups 117 297 5 23.459 | 11.714 | 000
Within Groups 24.032 12 2.003 i
Total 141,329 17
Post Hoc Tests
Homogeneous Subsets
Data
Duncan®
T
Lactic N | Subsetforalpha= .05
1 2
Mallose 3! 154695
Fructose 3 15.8707
L.aciose 3 16.2414
Sucrose 3 16.3307
Cane sugar 3 20.1668
Glucose 3 22.2489
Sig. . 503 097

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.



= v oy ' ¢ A o s a
2. ﬂl‘iﬂﬂ‘HTIEN"Imﬂ'nllL“\m‘\lu“\!ﬂﬁlmﬁﬂﬂﬁﬂﬁ)‘i&ﬂlﬂ%ﬂ%ﬁﬁ‘ﬂﬂ]‘ﬁﬁ‘i.iﬂﬁi‘dﬁﬂﬂiﬂ!mﬂ

Oneway
ANOVA
Data
Sum of ‘
Squares of Mean Square F : Sig.
Between Groups 362.862 | 3 120.961 32.256 | .000
Within Groups 30.000 8 3.750
Total 392.882 11 1
Post Hoc Tests
Homogeneous Subsets
Data
Durcan®
Lactic N Subset for alpha = .05
il 2 3
Glucose 20 g/L 3 9.8395 :
Glucose 50 g/l 3 16.3489 |
Glucose 30 g/L 3 17.5614
Glucose 40 g/l 3 25.3207
Sig. 1.000 465 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.



=5 = W = = 3 o s o
3 ﬂﬂH'IIlE?JU!ﬂEI‘Uﬂﬂﬂﬂ]Wﬂlﬁﬂﬁﬁﬂiﬂ!!ﬂﬂﬂﬂ 1Hﬂﬂ1ﬁﬂ!!ﬁ$ﬂﬁﬂﬁﬂﬂlu1ﬂ 2 aa3

Oneway
ANOVA
Data
Sum of ‘ !
Squares df Mean Sguare F Sig.
Between Groups 58.573 { 2 29.286 20.286 r 001
Within Groups 6.000 5 1.000 | |
Total 64.573 L 8 ‘ J
Post Hoc Tests
Homogeneous Subsets
Data
Duncan®
Lactic N Subset | =05
m__ﬂ_._!_ﬁ_fPL!éPhiuL,
1 ¥ s 2
Flask #1 3 9.1608
Flask #2 3 13.3501
Fermentor 3 i 15.2708
Sig. ; 1.060 J 057

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.
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