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## 5372559023 : MAJOR BIOTECHNOLOGY

KEYWORDS : D-LACTIC ACID BACTERIA / SCREENING / FERMENTATION / BIOREACTOR

KLA JANTAWON : DEVELOPING OF THE FERMENTATION TECHNIQUE WITH HIGH
YIELD FOR OPTICALLY PURE D-LACTIC ACID IN A STIRRED TANK BIOREACTOR.
ADVISOR : ASST.PROF.NUTTHA THONGCHUL, Ph.D., CO-ADVISOR : KODAMA

KENTARO, Ph.D., 85 pp.

In this study, D-lactic acid producing bacteria Sporolactobacillus laevolacticus SK5-2 and
Sporolactobacillus nakayamae subsp. nakayamae CU72-1 were used to produce D-lactic acid for high
productivity and optical purity in a stirred tank bioreactor. In case of SK5-2 the effects of inoculum age,
inoculum size, preculture time, agitation speed, aeration rate and neutralizing agent on lactic acid
production were investigated. The optimal operating conditions to achieve high lactic acid productions
are as follows: 5% inoculums size grown for 6 h in a shaken flask, seeding precultured in the fermentor
for 6 h at 300 rpm and 1.0 vvm air using CaCO, as the neutralizing agent. Under these operating
conditions, SK5-2 gave 114.93 g/L D-lactic acid from the initial glucose of 125.08 g/L with the
production yield of 0.92 g/g glucose, the productivity 3.83 g/L-h, and the optical purity of 100% ee
within 36 h. For CU72-1, the influence of inoculum size and age as well as the neutralizing agent of
lactic acid production were studied. It was found that with 10% inoculum size that was cultured in the
flask for 24 h transferring into the fermentor operated at 200 rpm using CaCO, for pH control, the
highest D-lactic acid of 110.42 g/L with the yield of 0.91 g/g glucose, the productivity of 3.68 g/L-h,
and the optical purity of 100 %ee was obtained within 54 h. From this study, SK5-2 gave the higher
productivity compared with that obtained from CU72-1 with the corresponding shorter fermentation
time due to the ability of catalase positive strain that could uptake some glucose for energy production
required in lactic acid fermentation. Later, the inexpensive nitrogen sources were screened for
substituting yeast extract and peptone. The results indicated that with yeast extract 15 g/L and NH,Cl 4
g/L, the high D-lactic acid yield of 0.92 g/g glucose with the final titer of 114.93 g/L and the
productivity of 3.83 g/L-h were obtained in the condition using SK5-2. While for CU72-1, it was found
that NH,Cl could be able to substitute peptone with the slightly lower lactate yield.
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3/ ~ 1 3/ a 9 %} 9 3 a o 3’; ~
Tuaoun 3 tazrmuvuasunilalas lagadreih lansauanan aavuasun 4

Tuneun 1 : maanlalasou leden Tud (Hydrogen cyanide)
CH,CHO + HCN —— CH,CHOHCN

Acetaldehyde Hydrogen cyanide Lactonitrile

Tuneud 2 : m3lalaslagadensadailasn (Hydrolysis by H,SO, )
CH,CHOHCN + H,0+ 1/2H,80, —— CH,CHOHCOOH + U(NH,),SO,

Lactonitrile Sulphuric acid Lactic acid Ammonium salt

Tuneun 3 : MInalYRFoNemNOIWAYY (Esterification)
CH,CHOHCOOH + CH,OH ——— CH,CHOHCOOCH, + H,0

Lactic acid Methanol Methyl lactate

Tunouii 4 : M3 lalas laFane1ii (Hydrolysis by H,0)
CH,CHOHCOOCH, + H,0 ———» CH,CHOHCOOH + CH,OH

Methyl lactate Lactic acid Methanol

111 : Narayanan Uazam (2004)
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2.4.2 Carnobacterium
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2.4.3 Enterococcus
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faecalis Ent. avium Ent. gallinarum W& Ent. cecorum 1 mol %G+C 52719 37-40 % (Devriese
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+C YN 34-43 % (Teuber, 1995)

2.4.5 Lactobacillus
I A A 3 a a FY A = 9 = o A A
Aunuadizensavananinuldiniga Tanunarnvarea il Tu'lni a553nen
=) =) d' v A 1 2= 1
LAz AAY 1HBI91NAMNUANAINUDY mol %G+C 718TUFI ABILHIN 32- 53 % I¥adugag
< [ = ] Y I 1 = . . egqe .
WWuunedausaldiiu 3nqu Ao Obligately homofermentative lactobacilli Facultatively

heterofermentative lactobacilli 181 Obilgately heterofermentative lactobacilli

2.4.6 Leuconostoc
I o dﬂl o t;’ dal A I w A 9 1
mmauﬁm;ﬂ;mmuﬂumwmamwa Glu@']‘ﬁ']ﬁ'ﬂMﬂQTﬂﬁL%ﬁﬁMﬁﬂHm%ﬂﬂ@@ﬂﬂﬁTﬂﬂ@M
. dy dy dy Aa I 4 4 = 1 v A
Lactobacilli ‘Imﬂlﬁﬂ\?ﬂlu@THTSLaENL‘])'i’)‘VINuhlﬂu’f)ﬂﬂﬂizﬂ@‘ﬂ mamzugﬂsnnau N1TIALIYN
] ¢ A [ = 3| (] 3’, = a = 3 a
mgﬂuwaamm ’e)gyﬂu@mmﬂuawicﬁﬁumﬂmﬂma NARNIAA-LANAD LBNTUDA

@

4 14 ' A
ﬂ”li‘]J’ﬂullﬂ?J@ﬂul‘?]fﬂ ngﬁ'ﬁﬁ’mﬁ%!‘ﬁEJflnﬂﬂﬁﬁiJﬂﬂQIﬂﬁ (Heterofermentative) GI)"JEJ??!’%JNﬂfl‘lﬂl
% Y] k) A A . .
saluerisvinaed Jagiiulsznoudie 8 allydfe Leuconostoc mesenteroides Leuc. lactis
Leuc. gelidum Leuc. carnosum Leuc. pseudomesenteroides Leuc. citreum Leuc. argentinum 0

Leuc. fallax 1 mol %G+C 52114 37-40 % (Dellaglio llagaue, 1995)

2.4.7 Oenococcus
9 == 4 =1 Y
UsznoudleallTdiReIAe Oenococcus oeni HamaniianIsnunsauaziomuoaly

311N ga (Dellaglio agAnE, 1995)

2.4.8 Pediococcus
=Y 1 Y ] o =
waauaﬂymzgﬂi”mﬂammmaumugruﬂﬂmq 0.36-0.143 llllﬂi@l! UANHUSNIT

T W @ [l a < a a 3 a
Llﬂﬂﬁﬂlﬁﬁ@uﬂ‘ﬂ Aerococcus Glum’;z‘luﬁmmﬂ HaANIALANANTUA AloALaZLBa-LANAN
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o o 4 1
nnnszuumswiinIaeng Ina Jaguiuilsenoudie 6 dilFd laun Pediococcus acidilactici P.
damonosus P. dextrinicus P. inopinatus P. parvulus W& P. pentosaceus 1 mol %G+C 521714

34-44 % (Simson ttalg Taguchi, 1995)

2.4.9 Streptococcus
I 1 A (= 9 ] 4 v A
aananyuzgUinaunsezl 1y Dvinaduriugudnais 0.8-1.2 luasou taiseq
(] ' 1 a I Aa < 4 a 1
anfluaiels nsog naansausa-uanan WuTelumleSmumin amisonigldlusag

QNN 20-42 DIFUFAITHA 3 mol %G+C 35NIN 34 -46 % (Hardie 1az Whiley, 1995)

2.4.10 Tetragenococcus
T W A . A a A A S . Yo o [
NITULNNUN VDU Pediococcus UBDIITNIAN AD ﬁ‘]JGKﬁ' P. halophllus llﬂi]ﬂi]HL‘L!ﬂﬁlVill
a =2 A A 2 4 = A o o
i]'lﬂﬂ'liﬁ]iillflﬂﬂ?ﬂ'liicﬂﬂﬂlﬂaﬂicﬁlﬂﬂuﬂﬁﬂqiﬂﬁjﬁﬂﬂ 18 % taguaIaAUIUaUU 16s rRNA gene
k4
F) o [ Aa .
Glﬂﬁl?]ﬂﬂﬂﬂl%@ﬁqa Enterococcus Ilag Carnobacterium NNNNINANAIAN (Stlies tta e Holzapfel,

1997)

2.4.11 Vagococcus

I A A A a 9 9 ] o 9 A a d A

L‘]Juu‘].lﬂﬂlﬁﬂﬂﬁ'WNWiﬂLﬂaﬂu'ﬂ]lﬂ YNLIUUNTIYNUD Usenouaie 2 dlavd Ao
Vagococcus fluvialis TR fJE;J:Glu Streptococcus Q& V. salmoninarum (Stlies 42 ¢ Holzapfel,

1997)

2.4.12 Weissella

= 9 . 1 J 1 (=

UANHUSANY Leuconostoc WA Lactobacillus gﬂiwmamﬂmmmazﬂau uay
o 1 A a A A Y] d A a Aa Aaa
ANHUSLUANANAD Gll'lﬂﬂiﬂ'f)%MIHU'I\?GHH@W]WHQL%EI@ ﬂﬂﬂi@l!ﬂﬁﬂ'mﬂ Lla$ﬂ‘iﬂhlﬂf]$l|1u°w1|
a Y == A S R A 1 . A
an Usznoudlsunanize 7 alad yudnegluana Leuconostoc Wag Lactobacillus A0 Leuc.
paramesenteroides (Weissella paramesenteroides) Lactobacillus confusus (W. confusus) Lb.

halotolerans (W. halotoleran) Lb. kandleri (W. kandleri) Lb. minor (W. minor) 34 @ & Lb.

viridescens (W. viridescen) (Stlies 148& Holzapfel, 1997)



U

U a A a S A v Y Al d‘y
2.5 AITUVIUNMIHUNVIIUUATNIIBHNANNIALANAN !l‘IJ\‘i"lﬂﬁJH 2 NANENH

== ' J = . == 1 dy a <
HUANLIEINQN IEII?JW\I@?L?JHWWW\I (Homofermentative) HUATNLTINQUUISHAANTALLAN

a [ a 3 a [ o
aneanuedume lagansanaansaudnan 2 Tnauaznasnulugl ATP 1uou 2 Tua

vinnglaa 1 Twa Wiudd Inalalade (Glycolysis pathway) Tasuunafiizenguil Taun

I Y J =y J A A A ' 4
Lactobacillus sp. Wag Lactococcus sp. Hudu FIUDNNQAN AD LUUANLTINYN wimoe lalo sy

' 4 { < I A
AW (Heterofermentative) nuafisenguilazldnglaa 1 Tuawdewidunsauananuas

[ ] v A J d
Wawmiugﬂ ATP 981902 1 Tummzmm@‘nmaauazmimu"lﬂ@@ﬂllcmammz 1 Tuaoen

9 [ Lﬂ'
A8 A931N 2.3

Glucose

oA

Glucose 6- P

NADH
Fructose 6-P 6-Phosphogluconate

AD+
ATP
ADP NADH

—>002
Fructose 1-6- bis P Xylulose 5-P

Glyceraldehyde 3-P—DHAP Glyceraldehyde 3-P

5 ADP Acetyl -P
4 ADP
2 NAD+D K et NAD:+ Df2are NADH
2 NADH NADH NAD
— 2 H.,0 H,O +
A
2 Pyruvate Pyruvate Acetaldehyde
2 NADH NADH 5 ADH
A
e C @
2 NAD+ NAD+ AD+
\
2 Lactate Lactate Ethanol
Homolactic metabolism Heterolactic metabolism
A - Lactate dehydrogenase, B - Alcohol dehydrogenase

51 2.3 neasmsninnuulalaule snnumiiviuaziemelsivle sumiivi
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a A a & Aa v Y v Jd & = )
2.6 !!‘Uﬂ‘n!ﬁﬂwﬁﬂﬂiﬂ!mﬂﬂﬂ!mﬁ\’!ﬂ!ﬂu 3 nqummeu‘lmmsanmm"lﬂmﬂma

=

a A 3 a o a 3 a 9 a A S a o 3 a
Llﬂﬂﬂlﬁﬂllﬂﬂ@ﬂuuﬁ'lu'ﬁﬂWaﬁﬂiﬂllaﬂﬁﬂqﬂ 3 YUAAD UBA-LUANAN A-LLANEN LASA

& a & o s a = Aa 4 A A AAa AA
uaa-tanan “Uuﬂu&@ullcﬁllLlaﬂl‘ﬂﬁﬂllE‘]Iﬂﬁﬂluaﬂﬂ@giulcﬁaauUﬂﬂﬁﬂ Iﬂﬂll'ﬂﬂ'ﬂliﬂ'ﬂu

=

4 I = = a 3 a 1 = { A oI
L’au”l«mma—uaﬂmm”laimmumzmmmWaﬁﬂimma—uaﬂ@ﬂ aIULLUANL EJV]ﬁJLfJuul“]ﬁJﬂ-

=1

<3 2 = a = 3 a = A A ' a
LlﬁﬂlﬁﬂﬂqﬁiﬂﬁﬂluﬁﬂﬁWﬁﬂﬂﬁﬂﬂ-tmﬂﬂﬂ@ﬂﬂuW HAZUUUANITIUWNNQUNTINITONAANTA

9
IS4

IS A slg’/ o A = IS a A a A 1 dy 4
Llaﬂﬂﬂllﬂ‘VN 2 ul’é]TG]ﬂiJfJﬁﬂfJﬂﬁﬂmlﬂa-uaﬂﬂﬂ Lummmmﬂmiﬂﬂguuﬂzummu‘lmmma—

=

< 2 = =2 <3 2 = J A a J 1 @
u,aﬂmmulaiﬂimummzﬂ—uamwm‘laimmuﬁ ﬂQJJLL‘Uﬂ“I/IL'iEJ“I/IWaﬁqﬂi%mf}i@]Nﬂuuﬁﬂﬂu

A
ATTNN 2.2

A @ A A a 1 o 9
ATT NN 2.2 Llﬁﬂ\‘]ﬂﬁ‘ﬁilﬂﬂlﬂﬂl!ﬂﬂﬂ!iﬂ%uﬂﬁNﬂLm%"lﬂi"lﬂll@iﬂulﬂ

Genera and species Fermentative Isomer of lactic acid
Lactobacillus
L. brevis Heterofermentative DL
L. bulgaricus Homofermentative D(-)
L. casei Homofermentative L)
L. curvatus Homofermentative DL
L. delbrucekii Homofermentative D(-)
L. lactis Homofermentative D(-)
L. plantarum Homofermentative DL
Sporolactobacillus
S. inulinus Homofermentative D(-)
S. laevolacticus Homofermentative D(-)
S. nakayamae Homofermentative D(-)
Streptococcus
S. cremoris Homofermentative L)
S. faecalis Homofermentative L)
S. lactis Homofermentative L)
Leuconostoc
L. dextranicum Heterofermentative D(-)

L. mesenteroides Heterofermentative D(-)
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Genera and species Fermentative Isomer of lactic acid
P. damnosus Homofermentative DL
Bifidobacterium
B. bifidum Heterofermentative L(+#)

g
a [

1 : Vijayakuma Lazamie, 2008, Uszi5ana, 2011, Nune, 2011

]

2.7 wuaNiGerNannsauananana Sporolactobacillus

a I a 1 I { a

HUANGIRAANIALANANTIUNINILITUNIN Lactobacillus sp. NANMITOHAANTAR-
<3 a Yy v kS o 1A a A (= A a = I A Y A
uananldudruudinunduuaiiGeegdnananainisonannsaa-uananlano
I 1 4 1A 1 [l
Sporolactobacillus \WunuafiFounsuuan jdune adwades lundanzaziaa daulng)
F1UITDIAAOUN 1A TA0 gi‘lu Phylum Firmicutes Class Bacilli Order Bacillales Family
4 s Y % . . . LA J 3 Jd
Sporolactobacillaceae #1581 52 NOUAIY meso-diaminopimelic acid U Inatlosisua GC
S I 4 [

43-50 1UDTIFUA 1¥U Sporolactobacillus nakayamae subsp. nakayamae S. nakayamae subsp.

racemicus S. inulinus S. terrae S. kofuensis S. lactosus S. laevolacticus S. putidus D& S. vineae

g v \
Wuau (Chang tazAMe, 2008; Yanagida liagate, 1997)

2.7.1 Sporolactobacillus nakayamae subsp. nakayamae
a Py a = Yy 9 a Y
?fﬂJ”I'iﬂLﬁ]iﬂJllﬂ'ﬂqmﬁﬂuﬂJ 15-40 °C 12 NANWIVNUU 3-7 % NaCl Wa@]ﬂiﬂhlﬂﬁﬂﬂ
Maltose galactose sucrose trehalose ua lUaII50NAANTAIN Arabinose ribose xylose rhamnose
. o \ & a 73 o s L IR
lactose cellobiose melibiose salicin 148 starch 3 Iuatllodigua GC 43-47 1WosiFua Fea w150

Y
ueniae 1aa1nAY (Yanagida uaganie, 1997)

2.7.2 Sporolactobacillus terrae
a P a = Y a Y
mmimi}mﬂﬂwqmwgu 15-40 °C 1agNANUIINUUN 3-5 % NaCl Wﬁ@]ﬂiﬂ‘lﬂ%ﬁ]
Trehalose galactose sucrose L1Q1& inulin ua 1N @1WI5aNaANTAIN Ribose xylose rhamnose
. . . = I 3 4 J 3 4
lactose sorbitol arabinose melibiose 1418 ¢ starch U 1WA 051FUA GC 43-46 11l 51FUA a5

9
uenae 1Aa1nAY (Yanagida uazanie, 1997)
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2.7.3 Sporolactobacillus kofuensis
a P a A 9y 9 a Y
ﬁ"liﬂiﬂﬁ]iqjlllﬂ‘ﬂ@.ﬂ!ﬁﬂ”ll 25-40 °C agnaNULUNIUN 3-7 % NaCl Na@ﬂiﬂllﬂiﬂﬂ
Galactose maltose sucrose raffinos mannitol 148 % inulin 4@ 1N @1W1TONAANTAVIN Arabinose
. . . ~ J 4 S 2 4
ribose xylose rhamnose cellobiose lactose i 01 & sorbitol U Tuaresisua GC 43 1osisua

4
A11501en1%0 1A1NAY (Yanagida azamE, 1997)

2.7.4 Sporolactobacillus lactosus
a Py a A Yy 9 a Y
ﬁWNWiﬂLﬂiﬂJqﬂﬂqmﬁﬂuﬂJ 15-45 °C agNANUAUNTU 3-4 % NaCl HaANsA lav1n
Y
Galactose lactose melibiose trehalose & 18 WU ‘ﬁf Hdruln UNAANTA 14910 Maltose sucrose
- /& o g a
raffinose inulin 3 Tvao51dud GC 43-46 Wosifud ansousnite lav1nAY (Yanagida iaz

WM, 1997)

2.7.5 Sporolactobacillus putidus

a

A o a a a 9}4’ a 9 [} 1
TaTafilianvaznanyua 1-2 Jaawas 103ny langaurni 30-45°C 139 18 1ugaea
I 1 T 9 y [l A Aa 4 a 9
AN UNTA-A19 3.5-5.5 1aia314 Oxidase tazazaz@a INaI1Ta3aIF lnsa nsanan e
910 Galactose D-glucose D-fructose D-mannose mannitol maltose sucrose Ll @ & trehalose 1l

pandszneu Fatty acid A® Iso-C16:0 anteiso-C15:0 anteiso-C17:0 1l Menaquinone 7 Hlua

s o /3 o X gy ) ..
1WosFua GC 47 1losisua Llﬂﬂl%@llﬂmﬂMWﬁiJ‘U“ﬂ (Fujita siazAle, 2010)

2.7.6 Sporolactobacillus vineae
awnsoniy Idlugassnnuilunsa-ang 6-7 wiyigungl 25-40 °C 3 yfiny
(WU 7 %NaCl ?fﬂJ”I'iﬂﬁiNﬂiﬂllﬂmﬂﬂgjﬂﬁ Fructose mannose 118¢ sorbitol 1U&11159
aa d 1T Aa a =~ J L, A .
Fad lumnse lundanzaziad uazoondaed HoeAilszneu Fatty acid Ao Iso-C15:0 anteiso-
. a ) a s 2 7 d P o A qy a
C15:0 anteiso-C17:0 3 Menaquinone 7 3 Tuan)osidud GC 47 nloiidua Aausnide ldainau

Tu'lseguainilszmennIva (Chang azame, 2008)

U d‘ 1 A} a S A
2.8 HadeNaswanomswannsaLanan

a A J v

a 3 a [ o w 9} a s %
1uﬂ1iwaﬁﬂiﬂllﬁﬂﬁﬂﬂ1ﬂﬂauﬂ YU Ll‘]jﬂ gn ’(3” 8 A ’E)Lﬁlfﬁ)ﬁ'lﬁl"llﬁ)\iﬂqﬂuﬂ%ﬂ VUHABDU

Y
IS ! =

ax dy A dy = ﬁid a =
uamﬂumigam qAN1ITNIA Y uazmmaﬂmam%aum cmﬁi]ﬁwmmu%mwammi

q

a ~ o = a [ a g a a A Y
Li]immuimmd aunNIY ﬁ'Jllulﬂﬂ\iNﬂWﬁﬁlL'ﬁ%’E)ﬁi’lfn'iWa@]ﬂiﬂllaﬂﬁﬂﬂlﬂﬂﬂau%iﬂﬂﬂﬂﬁﬂ
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a G

2.8.1 EWHFVDIPAUN I

wunidudazaeiufazamnsonaansaudnan 1dlurFina limidu sauldle

4 S a A a < ] A [ 49! "o I = 4
T«mmaimmﬂsmmﬂ@ﬂmwamaﬂmmz‘lummuﬂumuaﬂﬂmau‘lcﬁm‘laimmuﬁiuwaa

u

a A J ~ a ~

a do 4 ~ a 3 a Y 1 o
Yo9auUNIo gaunidsmanla o imumiiv szaunsondansaudnan ldani19aunsd

saname Isesmuman

=

2.8.2 AN

a

2.8.2.1 UV

U

as J a a S A A ' v J a Y A
’qmwguuwaﬁemimiﬂgmﬂmmummia wuﬂmﬁmmazmawuﬁ%zmmu"lﬂw

a 1 ' J a ! a '
gy wu nuaiielunguiiTalWa (Mesophile) 92131y Idangaungilugag 2s-

{ 1 4 a 1
45 ovmuaFod TuvmeNuuaiiSonguno Tu'lWe (Thermophile) @1m15aa3ny 1da 1w

a

GLITE)

=\

= A 9 Aa o Y A A a a
nil 45-62 BaAIFAR B M3don lrgunginunzauIzi lduuanGelmsIana
Y A A a a ~ a 2 a g a Y @ AA A a 3 a
1aa welimsniaydau Tadmsnaansauanannazaade Taend lluuaiiGeindansauanan
wami0ni g 1Aa luy9gungil 37-45 o usaIFod 15U Lactobacillus delbrueckii subsp.
a a <@ Aa { a
delbrueckii IFO 3202 W3 nyuagHaansauanan laanguugil 37 o9AusaiBos (Tanaka 1Az

o i\ a a Y a
AL, 2006) LAz Sporolactobacillus sp. Strain CASD Un1sniadan laaz Iinanaansa

a a =

< Aa A A A A a2 Y
HananNyNa Nuvigu 42 AU AT (Zhao LlazAME, 2010) ﬂﬁ“l/ll,mm/lliilﬁulﬁﬂlﬁ]iﬂluvlﬂﬂ

S A

Y i1
Tuanzifiguugiigain sxdlute IduFowiieri 115 ugaavassuludul§asaitaam

9
. A
YA v

o

= aa Y T3 Y 3
@Qfl]'lﬂsl,uQﬁﬁ’n’iﬂfl'illFﬂgllQm‘ﬁi;!ll‘VI’(?Nﬁ]g’ﬁ'lllﬁﬂﬂﬁgﬂﬂﬂﬂ'lﬂa'ﬁ]wu]lﬂlﬂuﬂ']ﬁaﬂ

U

a

9 H k) v
Gﬁl}u‘l/;IUf]ﬁWﬁﬁ ?Jn‘m‘nqmvmuqq%umiﬂmﬂauﬂau%ﬁwm @]'Jf]‘c’JNL!“]JﬂVILiEJﬁﬁﬂJﬁmi]iiUu

Y

]
[ ~

langamgiige Awnsen 2.3

U
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A a <

M3 2.3 MINTYVBWVANGHNHAANTALTNANNYUNIA1I)

mﬂﬁuiﬁ gaumigi (°C) uHaIMSUIU NSAUANAN (g/L) | Yield | Productivity (g/L.h)

L. casei NRRL 37 Hydrolysate barley starch 140 0.98 -
B-441 41 Hydrolysate barley starch 117 0.82 -

30 Sweet sorghum - - 1.5
L. paracasei

36 Sweet sorghum - - 1.9
No 8

44 Sweet sorghum - - 2.2
L. amylophilus 28 Starch 29 0.58 0.44
ATCC 49845 35 Starch 30 0.60 0.33

30 Glucose 80 0.89 3.2
L. casei

37 Glucose 80 0.89 5.6
NRRL B-441

45 Glucose 42 0.47 1.2

30 Glucose 67 0.74 33
L. rhamnosus

37 Glucose 70 0.78 33
ATCC 10863

45 Glucose 75 0.83 33

30 Maltose 3.2 0.70 1.0

37 Maltose 4.0 0.80 1.1
Le. lactis sp.

30 Glucose 60 1.3 2.2
lactis

34 Glucose 65 1.5 2.8
ATCC 19435

37 Glucose 60 1.5 2.3

40 Glucose 50 1.2 1.5

] g
WIS : L., Lactobacillus; Le., Lactococcus (GIRE ﬂizl’diﬂﬁﬂﬂ, 2011)

1 I 1
2.8.2.2 MANMYUNIA-AN (pH)

v v

= ! 1

a 9 v A 1 o A o W a a A 1
ui’)ﬂﬁ]”lﬂqm‘IfigMLLﬁ’J‘ﬂ%{1]fJf’JﬂfJfJNW1!QVIiJﬂ’J”IiJ?HﬂﬂJu“BQﬁQWﬁ@'Ii’)ﬂ”lili]iﬂ]um‘UT@] 19 A1

I U a 3 a 1 I 1 = A A A
ﬂ’ﬂll!ﬂuﬂiﬂ-ﬂ'l\? El,'L!ﬂ'liNﬁ9’]ﬂiﬂlmﬂﬁﬂﬂWﬂ’l'liJL“]Juﬂiﬂ-ﬂ?ﬁﬂghﬂ1ilﬂﬁﬂuuﬂaﬁ IHBIIININD

' A a 3 a A a X o v 3 v A
L'Jﬁ'lW'luU],ﬂLLUﬂ‘l/]Li‘(’JiwWﬁﬁﬂ‘iﬂllfdﬂ@]ﬂ'ﬁ)'ﬁ)ﬂu'll,llf]Wﬁ@]'ﬁ)flﬂll1ﬁ$ﬁﬂu1ﬂmuﬂ$ﬂ11ﬂu1ﬁuﬂmﬂ

IS a = - a S a < 9 '

ﬂ?’)gﬂ'ﬂﬂlﬂuﬂiﬂiﬂﬂlﬂul’lﬂ G]NL!‘Uﬂ‘VIL‘i‘(’JNﬁﬂﬂiﬂLLaﬂﬁﬂI@]EJ‘VI’)llTJLLa’J%Zﬁ'IiJWiE‘I@QGlu’ﬁﬂTw

I 9 = 1 I 1 Y o 1 dy ~ A ] a
ﬂ'J'lﬂJ!ﬂuﬂi@U],ﬂ%uﬂﬁﬂ?ﬂ’)'liJL’iJuﬂiﬂ-ﬂNﬂiwﬂm 4.5 ﬂ'l@]1ﬂ’)'l‘LlLL'iJﬂ‘ﬂLiEli]zllll’d'liﬂiflmiig

9 1 1 3 1 = I A o [ = ]
llﬁzfl'l’i]ﬁ'lflul,@ ﬂ1iﬂ’3ﬂﬂllﬂ1ﬂ1ﬂ’ﬂlllﬂuﬂiﬂ-ﬂ%‘ﬂu‘i%‘ﬂ‘u*ﬂ\ilﬂuﬁ\‘iﬁ']ﬂﬂluf]ﬂf]fﬂﬁclu
a IS a < Y 1 I ' ~ 1 1

NITUIUNTHAANTIALANAN T@El‘VI'Jllﬂl,La'Jﬂ']‘f’nﬂ’NNL‘]J1.!ﬂiﬂ-ﬂ'lx‘i“l/]LﬂiJ'lgﬁiJ%Zf]gﬁl,u“]f'J\i 5.5-

@ A o 9 =) ' < Y
6.8 AIA1T19N 2.4 MN3nduan Taeldansinll 151 CaCO, Ca(OH), NaOH tag NH,0OH 1uau
v 3 1 Y ~ 1 1 a a a S a Y
ﬂTiﬂ'J”UﬂﬂJﬂ1ﬂ’Nlllﬂuﬂi@-ﬂNiﬂﬂﬂﬂﬂgﬁﬂWaﬁﬂﬂ1ilﬂiq‘llﬁﬂiﬁlla$ﬂ1iWaﬁﬂiﬂlmﬂﬂﬂulﬂl]

UY32aNENINDNAIY (Hofvendahl 11az Hagerdal, 2000; Vaidya LAz, 2005)




{ ' < 1 @ 3 a
GﬂﬁN‘ﬁ 2.4 ’dTiﬂ’J‘Ui{]llﬂ1ﬂ’J']3JLﬂuﬂﬁﬂ-ﬂNiuﬂﬁﬁMﬂﬂiﬂuﬁﬂﬁﬂ
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, a13NIVANAT
o d !!waq 3 & A
MYUWUE . pH anuiunsa- nIauanan (g/L) Yield Productivity (g/L.h)
MIVeU ,
AN
L. amylophilus Glucose 6.5 NaOH - - 1.2
ATCC 49845 Glucose 7.1 NaOH - - 1.0
Cellulose 42 CaCoO, 15 0.30 -
L. delbrueckii
Cellulose 5.0 CaCoO, 26 0.52 -
IFO 3534
Cellulose 59 CaCoO, 18 0.36
L. delbrueckii sp. Sorghum 6.5 NH, - - 2.3
bulgaricus
Sorghum 6.0 NH, - - 4.5
ATCC 11842
L. delbrueckii sp.
bulgaricus Whey 6.0 NH,OH 50 0.64 -
ATCC 55163
L. delbrueckii sp. Cellulose 42 NH,OH 27 0.27 0.23
bulgaricus
Cellulose 5.0 NH,OH 52 0.58 0.43
NRRL B-548
L. rhamnosus Glucose 7.5 NH, - - 17
ATCC 10863 Glucose 6.3 NH, - - 23
L. rhamnosus
Glucose 6.2 CaCo, 26 0.81 2.6
ATCC 7469
Lc. lactis sp.
Hydrolysate
lactis ATCC 6.0 NaOH 96 0.76 3.0
wheat
19435
Lc. lactis sp. Lactose +
5.0 NaOH 7.0 0.13 0.83
lactis biovar Citrate
diacetylactis Lactose +
6.5 NaOH 38 0.73 7.7
CNRZ 2125 Citrate
Soy
L. salivarius sp. 5.6 NaOH 5.5 0.85 -
molasses
salivarius ATCC
Soy
11742 6.4 NaOH 4.9 0.82 -
molasses

v 4
HUUINE : L., Lactobacillus; Le., Lactococcus (ﬁiﬂ : ‘]J‘imﬁ‘igﬁﬂﬂ, 2011)
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Optical purity
Carbon source (g/) Microorganisms D-Lactic acid Reference
(%)
Lactose (100 g/1) L. bulgaricus 99.9 Benthin and Villadsen
(1995)
Glucose (10 g/1) L. delbrueckii 87.2 Manome et al. (1998)
L. coryniformis subsp. torquens 92.2
Leuc. mesenteroides subsp. 95.7
mesenteroides
Leuc. mesenteroides subsp. 91.5
dextranicum
Leuc. carnosum 94.0
Leuc. fallax 86.1
Filter paper (33 g/1) L. coryniformis subsp. torquens 100.0 Yaiez et al. (2003)
Rice starch (100 g/1, converted L. delbrueckii 97.5 Fukushima et al. (2004)
value as maltose)
Rice bran (100 g/1) L. delbrueckii 95.0 Tanaka et al. (2006)
Sugarcane molasses (119 g/1) L. delbrueckii 97.1 Calabia and Tokiwa (2007)
Sugarcane juice (133 g/l) L. delbrueckii 98.3
Sugar beet juice (105 g/1) L. delbrueckii 97.5
Rice powder (100 g/1, converted | L. delbrueckii LD 0028 97.5 Lee (2007)
value as maltose)
Glucose (100 g/1) L. plantarum NCIMB 8826 99.7 Okano et al. (2009b)
AldhL1/pCUSOLA
Raw corn starch (100 g/1) L. plantarum NCIMB 8826 99.6 Okano et al. (2009b)
AldhL1/pCUSOA
Cellooligisaccharides (2 g/1) L. plantarum NCIMB 8826 99.5 Okano et al. (2010)
AldhL1/pCUSOA
Hydrolyzed cane sugar (150 g/l) | L. lactis NCIM2368 98.0 Joshi et al. (2010)

WS : L., Lactobacillus; Leuc., Leuconostoc. (ﬁll”l

- AaLtag91n Pramkaew, 2010)
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Microorganism Fermentation mode Lactic acid | Productivity Reference
(g/) (g/L.h)

Lactobacillus casei SU Fed-batch, 47.0 2.0 Roukas Lazame
No 22 + coimmobilization 1998
Enterococcus faecalis Batch 95.7 4.0 Oh oz
RKY1 Repeated batch, cell-recycle 93.2 6.4 2003

via membrane
Lactobacillus Batch 120.0 2.1 Kwon LIag AU
rhamnosus ATCC Continuous, cell-recycle via 92.0 57.0 2001
10863 membrane
Lactobacillus casei ssp. | Continuous, cell-recycle via 22.4 9.0 Cotton LIATANY
rhamnosus ATCC immobilization 2001
11443
Lactobacillus Fed-batch, in situ removal 23.1 0.2 Iyer LlagAMe
delbrueckii NRRL B445 | via solvent extraction 1999
Lactococcus lactis 10-1 Batch, in situ removal via 39.0 0.9 Nomura HagAMY
JCM 7638 electrodialysis 1998
Lactobacillus Batch 98.0 1.9 Min-Tian oA
rhamnosus IFO 3863 Continuous, in situ removal 20.0 8.2 2005

via electrodialysis
Lactobacillus helveticus | Continuous, cell-recycle via 55.0 7.1 Jeantet IR AU
CNRZ 303 membrane 1996
Lactobacillus Continuous, in situ removal 26.1 10.4 Monteagudo (a1
delbrueckii CECT 286 via ion-exchange resin AT 1999

(N1 : Wee HaZAML, 2006)
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Inoculum age Initial glucose | Lactic acid | Yield (g/g Productivity Optical

(h) (g/l) (g/) glucose) (g/Lh) purity (%)
6 124.70 114.00 0.91 3.80 89.01
12 122.00 109.00 0.89 3.00 100.00
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Aerobic condition 200 rpm 300 rpm 36h
6h 1 vvm air
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=== Preculture(flask) <> Shaking 200 rpm.
== Preculture(fermenter)

Add [Glucose solution(120g/1) + CaCO;(80g/1)] 1.5L
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Inoculum size Initial glucose | Lactic acid | Yield (g/g Productivity Optical

(%) (€7)] (g/n) glucose) (g/L.h) purity (%)
2 127.00 107.00 0.84 4.45 100.00
5 120.40 107.90 0.90 3.59 99.67
10 124.70 114.00 0.91 3.80 89.01
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Add [Glucose solution(120g/1) + CaCO;(80g/1)] 1.5L
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Preculture time Initial Lactic acid (g/1) | Yield (g/g Productivity Optical purity
(h) glucose (g/1) glucose) (g/Lh) (%)

3 123.58 112.34 0.91 3.74 100.00

6 125.08 114.93 0.92 3.83 100.00
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I |: 1.5L working volume , 3L working volume
T 1

37°C,48h 37°C 37°C 37 °C, 200 rpm
Aerobic condition 200 rpm 300 rpm 36 h
6h 1 vvm air
6h

5% inoculation

= Slant

Preculture(flask) < Shaking 200 rpm.
== Preculture(fermenter)

Add [Glucose solution(120g/]) + CaCO,(80g/1)] 1.5L
== Fermentation [ (120¢/) 5(80g/D)]
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Agitation Aeration Initial glucose | Lactic acid Yield (g/g Productivity | Optical

speed (rpm) | rate (vvm) | (g/1) (g/n) glucose) (g/L.h) purity (%)
150 122.46 105.75 0.86 3.53 100.00
300 0.5 125.20 102.22 0.82 4.25 100.00
450 117.89 108.50 0.92 3.52 100.00
150 128.33 105.34 0.82 3.00 100.00
300 1 125.08 114.93 0.92 3.83 100.00
450 120.58 103.51 0.86 431 100.00
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v v
= =

g X A E o A A g aa
g‘lh"l 4.8 ﬁﬂTJgVIGlGIﬂaleWfJﬂ']l'Ja'ﬂUﬂ1ﬁlaﬂ\?ﬁ']lsﬁfllﬁuﬂusllﬂﬂllﬂﬂﬂlﬁﬂ CU72-1

9 '
4.2.2 wlslSuaiureis udu

a = 3 a dy @ &’ A 9 A A a =
Tunmswaansad-uananlasulsnarlumsfeaindeisudui 24 Nguwngl 37 edrisaisad
H Y ]

annzaeanun la1ie1n1#1ug anaerobic Taadl anacrobic gas pack 1d lihive 1¥egluanine
. 2 Y] dy 2 Y A J 2 o a A a Y
anaerobic 1) 5UT AW NTOFUAUN 2 5 uag 10 esiIFudvesllTuasermisenisnaa neld

a = [ v =~ = 9 1 I [
guuigil 37 oauTaea 6n31N13NI 200 SeUABMINaL liTims W ima manwilunsa-a 6.8
{ I 1 H o (=Y a %7} 2 {
asnldarvguanuiunsa-anildne caco, so nfudeans TagldSunanihaiang Taaisudun

o 1A Y [ {
120 NTIUNDANT VlﬂNaﬂ1§ﬂﬂﬁﬁ]\iﬂ\1uﬁﬂ\ﬂu§]ﬁNﬁ 4.7

A o A A 9 Aq v (a P A
M3°199 4.7 wannmsulslSunaiareisuaunlyludslgnsaiainwua s ans

Inoculum size Initial glucose Lactic acid | Yield (g/g Productivity | Optical

(%) (g/) (g/D) glucose) (g/Lh) purity (%)
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3L working volume
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Nitrogen source Initial Lactic acid | Yield (g/g Productivity | Optical
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YE 15+NH,Cl1 4 125.28 114.93 0.92 3.83 100.00
YE 7.5 + NH,Cl 4 119.38 95.89 0.80 1.99 100.00
YE 7.5+ NH,C1 10 116.90 97.25 0.83 2.02 100.00
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Sporolactobacillus laevolacticus (SK5-2) | Fermentor
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Bacteria strain Initial Lactic Yield (g/g Productivity | Optical
glucose acid (g/l) | glucose) (g/L.h) purity (%)
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SK5-2 (fermenter) 125.08 114.93 0.92 3.83 100.00

CU72-1 (fermenter) 121.41 110.42 0.91 3.68 100.00

SK5-2 (flask) 119.99 118.78 0.98 1.65 99.18

CU72-1 (flask) 118.60 103.84 0.87 1.44 98.92
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Agitation speed 300 rpm,
Aeration rate 1 vvm
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Agitation speed 450 rpm,

Aeration rate 0.5 vvm
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3197 A1 HEAINANTNARDINIHNAVDY Sporolactobacillus laevolacticus SK5-2

Flask Fermentor Result
Inoculum Inoculum Preculture Agitation Aeration Neutralizing | Glucose D-lactic Yield (g/g Productivity | Optical
age (h) size (%) time (h) speed (rpm) | rate (vvm) agent (g/) acid (g/l) glucose) (g/l.h) purity
(%)

6 10 5 300 1 CaCoO, 124.70 114.00 0.91 3.80 89.01
12 10 5 300 1 CaCo;, 122.00 109.00 0.89 3.00 100.00
6 5 5 300 1 CaCo, 120.40 107.90 0.90 3.59 99.67
6 2 5 300 1 CaCo, 127.00 107.00 0.84 4.45 100.00
6 5 3 300 1 CaCoO, 123.58 112.34 0.91 3.74 100.00
6 5 6 300 1 CaCO, 125.08 114.93 0.92 3.83 100.00
6 5 6 150 1 CaCoO, 128.33 105.34 0.82 3.00 100.00
6 5 6 450 1 CaCoO, 120.58 103.51 0.86 431 100.00
6 5 6 150 0.5 CaCo;, 122.46 105.75 0.86 3.53 100.00
6 5 6 300 0.5 CaCo, 125.20 102.22 0.82 4.25 100.00
6 5 6 450 0.5 CaCo, 117.89 108.50 0.92 3.52 100.00
6 5 6 300 1 Ca(OH), 122.68 94.30 0.77 3.92 100.00
6 5 6 300 1 NH,OH 123.17 61.00 0.50 1.69 100.00
6 5 6 300 1 NaOH 137.16 91.44 0.67 2.54 100.00

QUMY 37 BIFLFAITYE, AN

3 1
7 unsn-A19 6.8

€8



M15197 7.2 HTAINANTNAADINIRUAVDY Sporolactobacillus nakayamae subsp. nakayame CU72-1

Flask Fermentor Result

Inoculum Inoculum Agitation Aeration Neutralizing | Glucose D-lactic Yield (g/g Productivity | Optical

age (h) size (%) speed (rpm) | rate (vwvm) | agent (g/) acid (g/l) glucose) (g/Lh) purity (%)
24 2 200 - CaCo, 129.01 117.38 0.91 2.89 100.00
48 2 200 - CaCo, 126.45 90.98 0.72 2.52 98.92
24 5 200 - CaCo, 121.76 107.46 0.88 2.98 100.00
24 10 200 - CaCo, 121.41 110.42 0.91 3.68 100.00
24 10 200 - Ca(OH), 110.45 78.50 0.71 1.63 100.00
24 10 200 - NH,OH 117.53 46.15 0.39 1.53 100.00
24 10 200 - NaOH 112.63 83.35 0.74 2.77 96.63

a 2 1 I 1
N 37 RNGRIEGISTHGA ﬂ'lﬂ’)'llll,ﬂuﬂ‘iﬂ-@'l\? 6.8
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