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Nowadays, Lactic acid plays important roles in various industries especially bio-polymer industry.
Poly-lactic acid has been attracting much attention because it is producible from renewable resources,
e.z. starch, and has very low or non-toxicity and high mechanical performance comparable to those of
non-degradable polymers. In order to reduce production cost, this work usedx-hydmliyzcd starch as
starting substrate supplemented with brewer’s yeast extract as nitrogen source. The strain employed
in this work was Pediococcus pentosaceus because of its high productivity. However, lactic acid
productions in both batch and fed-batch mode suffer from end-product inhibition, and traditional
product recovery processes require high energy input. In order to alleviate product inhibitory effect
during fennentatio;l and to facilitate subsequent downstream processes, the product must be
selectively removed in situ from the fermentation broth. Continuous electredeionization (CEDI) is the
most advance membrane process for separation of charged molecules. It captures charged materials
with ion-exchange resins before continuously removed by ion-permeablc membrane under direct
electrical current. As a result, separation performance is significantly improved especially in the real
fermentation system where product inhibition affects the volumetric productivity. A commercial
CED! spiral-wound module (lonPure”) was purchased from Siemens, USA whilst an adjustable
power supply was domestically manufactured. The experiment used synthetic feeds with initial lactic
acid concentrations in the range between 10-50 g/L.. The direct electric currents were adjusted in the
range of 0-20 volts, The mass transfer rate has been found to be a function of feed concentration, feed
flow rate, and most importantly current density. In fermentation system, the biochemical reaction, in
fed-batch process, stopped atonly 96 hours whereas fed-batch mode coupling with EDI system
seemed to work more efficiently and for a longer time. The volumetric productivity of this
system was 3.39 g.L".hr" with the highest concentration of 160 gL’ in the receiving solution. In
conclusion, continuous EDI technique is successfully applied for in situ lactic acid recovery from
fermentation broths in both batch and fed-batch mode, The technique is strongly encouraged in

scaling up the production system for pilot plant scale.
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(a) Addition of Hydrogen Cyanide

CHiCHO  + HCN v s CHsCHOHCN

acetaldehyde hydrogen cyanide lactonitrile

{b) Hydrolysis by H:S0Oy

CHaCHOHCN + H20  +1/2H;80; p CHSCHOHCOOCH + 1/2(NH.):S0;4
Lactonitrile sulphuric acid lactic acid ammonium satt

{d) Esterifiication :
CH3CHOHCOOH + CH,0H p CHCHOHCOOCH; + H,0

lactic acid methanol methyl lactate
(e) Hydrolysis by HzO
CH3CHOHCOOCH; + H:zO p CH:CHOHCOOH + CH:0H
methyt lactate lactic acid methanol

40 £ o - £
i 2 usurimskinnsananiin 1neT3manll (Narayanan ef al., 2004b)

1.3.2 01IHBATAENIZUIUNTINKTININ (Fermentation processes)
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Lactic Acid Fermantation
{anaerobic respiration}
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4 a4 . o 2 o
pmAld iiiosnnilionlasd peroxidase Hl§lumstidn mo, Fmfwrunsondyldluomns

Pszmandudeu anudoamssenFieunatnsedy Foamsniobidesms) (Stiles er al,, 1997)

1.4 MINBATAENIZUIMMINIT 30 19BN 3AUENAN (Fermentation processes)

L4 ¥ 1
nsminnnmluaga ludepinivamsoniseen1dih 3 nszuaumsing q Ao
& . ot A . Y]
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1.4.2 AIZVIUNINIRY VA0 (Continuous fermentation)
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1.4.3 PITUIUMINITAUULNING (Fed-batch fermentation)
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1.5 Downstream processes
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1,7 MIRTANMNBONIFIZUY (system consideration)
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R Waninidos muﬁ'ﬁmwiﬁﬂuﬁaulﬁﬁ'ﬁmswin?m*ﬁun‘i:mum: dialysis 1AtThomas
Grabamniln.m. 1861 nszuMnIImMeimine1s YuTao Kover Wiiln.e. 1917 1fiudku dou
nszuimsuen Tasdourudunsizitussiugaermns suhd Kimswandlodszina 40 0
113119100 Loeb 102 Sourirsjan Suiiuduamdausvoohudmuuuiundusimanglanss
SiandmiumsnaniidnvindimsasadourusanhRaasumi funsunlduude

ar A 1 - ' R
Veqiiu TRimsdsegadlfigensndunnzisuedianrvmlunmegramngs iy oms o
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HT HURWIOMIAAZNDUDDADBINT 5‘Unﬂﬁﬁ1ﬂﬂu“ﬁlﬂ lﬂuﬁu
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:fe sizes % Sugar | f VIRUS ]
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Dye | { T
! Latex/ Emulsion !
[ I ] N
[ Pesticide | [ Colloidal Silia | [ Bluc IndigoDye || Red §| " pollen
7 Blood |7~
Herbicide Cells Human Hair
I T
[ Gelaiin ] [ CoalDust |
| | | [ ]
14 T N I
Meanbraue, FREVERSE OsMosis | [~ UL‘IRAI-‘ILTRATEON! } [ PARTICLE FILTRATION ]
Selection [ MICROFILTRATION |
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A 1 LY )
stoms aszunsuon Taelideusuialdnnavos Tmanadudad mun (Mulder, 1991)

1.8.1 P uunytinveutousm

A . . e ¥
Wourmuannsesmun 1d lasmdvauianismonmuazeiin dnuusdugii anvseudy

) H o o .. ﬂ ﬁ -&1 a4 o = ° o ar
1”381}“1 HASHT VLAY (driving forces) ITUAY 23 LN UISUNARIDEIDIN TIUIUNMUUTIVULAU
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1.8.2 $unmuuIavusaMU (driving forces)

o 4 ' 3 AL . ot
mysuuntousunugatsaumssnunlaolfussdudu (rving force) N ums

o ' 4 P ' v o Aa & y v o =
¥ildifa permeate MUY ATOUKY tsTuAULIRAYIBNTINHARYOIMTRINNATIve IS

G & 1 L n’a L at
Tuduves permeate fuludmve e oy (feed) Femdndmiunibiiuszisusndanasnumelu
£ n’a A ¥ ar o Iy o -~ » ar ‘s' 1
yosmnmaihiuionnneanuaeiueesauiu quugll  dndmaidfmssanudaduiioy
) 1 5 li r oo r L d L d o

szninduniasIveubiolEn MonIIMInIomnasimevIondnduesms i ) suiiullewm

& 3 T
agdousnypIRa FsNdwmsmiAsaums
5, =, % (2)

& = o ek o y A P e 4 oo '
Fa1 dy/dy wodsmdnimaniivesarsialasy hideteuruiitinnumnmidy y dau
5 = 3 4’ ¥ . A A o« ] t.l
D, suszvuudamduyseAnimsuniveans i nTomnatrafafiaisyeIms soman
4 4 - as P R
smndeuninnduniidndgs lddwniifndmninaue
= o = 4 1 ﬂ ) ] W g
A3 3 uamidans Suunyiiaveadoudussniunszuiumini  Tauldus sdusuiu
w & X ' of o or ef o) & A ] ey
frimua wensnliuds seanvesnnududufithusadusudnviianilan ldlums Suunyiia
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A » v bl W l’h’l T ¥ L4
m1dszynd 1fiteudiu TaslFradravasanududuiiuve i dudniulieguatootrad oty
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aednusniszvenaniunifelafioy Flimsditeurulaes ndahimsusng3 o nsayin
£y & < J ¥
uaz A5 RTH (creatinine) Fuiluvo udvrnnszuoumsnmmusddueealilsdu Tuinnwau
Lad & id g o & ) tﬁ‘ﬂ L]
indvu msmarisrgamidasaaniaifaaizTaomisonseudn o iegaoluls S1nlal
- [y & [ ¥ g g’ 4
g renfannsdeaiiuivaeniluduaodofil 614 luduaeuntsemdomiu ve
1] o @ r A 3
wiviga Taduszgnlflums dudaduiBeadis dandndniwesdeuruesiinfing 14
- A hd L - » L O
mrrazawtian Inslan S ldlmsuSuuseduenaTuinIfimduludes vinadawvoudsy
» J ] T Pnd L LR )
Fa1dnanuudlesnnndon drudooudn q Taname Tasdouun: Tusa@ousslldnude
] ¥ (Y] ' 1 § o oa !r A y
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° A [ w W o o
A3 ﬂ’lii?tluﬂlﬂf)llﬂﬂiﬂﬂﬂ']ﬁ’ml‘iQﬂJUﬂmﬂHWJﬂTﬁuﬂ (Huang, 1991).

Asznumiend e ousii HIIWLNU (Driving force)
me3iime3 1594 (Pervaporation) WA 1IATIUAY 10 (Gradient of vapor pressure)
Fan¥ Roms s (Ultrafltration) HANNATINAY (Pressure gradient)

MFHUBHMY (Gas permeation) HAR19AIINAY (Pressure gradient)

pod TuF qUBUANNGY (Reverse osmosis) HaA NNIUAN (Pressure gra;lient)

Taolad o (Dialysis) HaR 1A MIIYY (Concentration gradient)

o Teums ndu (Perstraction) HAA 1972 191%) (Concentration gradient)
snlas lanzlodd (Electrodialysis) HaA19nG IN1 (Gradient in electrical potential)

1.9 masennsaudndnaimimilnduszvudion]asi 1eeenlus¥i (Electrodeionization, EDI)

TuiTeniu Wmssegnd 1w lumsuonnsaudnineennimiminnaniidaeiu
Taoiamizethats pszuoumsssaninsaos lade 36 Electrodialysis (ED) 9313 1ifourun
fials2q (charged membranes) YB¥TARD anion UAZ cation-exchange membrane IntTiuAAL AL
poul¥Boowlszyanuazilszauininéandidy vazsziins 1 Wfnszuansy dudnh W
Paaudieindvesiszn hadewihoties mlWianmediilssyduauaunsounisen
911 anion-exchange membrane 8 Iuvaish TwdvnIounaidondsiszguanssunisenms
cation-exchange membrane (Gyo Lee ef al., 1998;Habova et al., 2004;Madzingaidzo et al., 2002a)

wonnnll SfinstfulyanssnumstianTas laey o lilsr@nFnimdtiulay
Bennszurumsinn antnsdlosonuluasdy nie electrodeionization (EDI) Aanssuumsi
ﬁ‘luui’nnssuﬁm%’umsﬂs:qm"ﬁmsnnmﬂ’é‘umls £% (Ion Exchange) M} Electrodialysis Fudu
Bouruyiinfiiizy Fresiinnumunsosentdorsiilsoyin luvasfarsdu q ssld
ausorvidoukuyiinil 14 Baker, 2004)  dauprsnamidendszgez1diiFusiafi
arwannsolumatunsaudninlés uleoglugdessmsazmoiinundudndiinm Tavh
nseudnangmnsousndniiuuanmal@luaamzitiuadaplom ¢ Taoimnsfiveimsunn
A1 (K) aqi‘r"\ 137%10° nanmaszgmadusyBenmisPeunsufiezuni inndoususenyd
Anion permeable membrane LAY concentrate stream #® 1 (YN 7) iraandnmahauves

. . é o 1&4 W ﬁ ar a . g 1
ATEUIHNTT Electrodialysis B33 MUTR RUMINBAUINHIUNTILOMARD NaCl 910310 IUATT
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wambdauianiz iy mmsnasoaiiued @ (Mulder, 1991) mutuweaninaite Eot ey
YsznouTildvarudie 9 ﬁt’hﬁn;é’ai‘iﬁa #7309 (dilute  stream)  d71FULU (concentrate
stream) Hiaz Gruihd MR (electrode compartment) Tudaawsadudes1esgmiAndinsFu
ﬁawﬂaﬁﬁwﬁné’v68auﬁﬁﬂssgmnuazﬂwgav'lﬁ"ﬂ' SusFuRaaesviiailossomity
dszandnmlumssieminavenlseganludimesaisllon (feed solution) T6udousiy
melBusasundouduiiyInfnszuanss ifoainnududuvesBoousatiduiazfonaly
$oen13 afiseiu Fafunszuaums b fssamnsotsegndlFdialumsiidifesande
i lidudu sadethausulunissdminlsiaenbesu (deionized water) inrunsanszfuihe
rAnsuaTIdTuduve 1o dwfumssdansaudnAniy msazansandnindiduss

o X :
gondatiu ludmvesdnndudu

COOH COO Na'
| K, = 1.37x10" |
OH—— C ——H + NaOH .{-_:“—-..____._5_*——5 OH~—— (|2—--*—H + H,O
CH; CH;
L-Lactic acid  Sodium Hydroxide Sodium Lactate

@ 2 o v =
jilnm 6 mauandavesnsaudnanluaisazarums I lonson lud (Belter er l., 1988)
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Cathode
+ o4+ 4+ + o+
I ]

> g? © o) @e o) o > Cathode stream
Anion permeable membrane —c—
Feed L[> ®@ (g) > Dilute stream
Cation permeable membrane ¢ i 1
(e ® (-2 © ®® @()‘3@% Q® 77> Concentrate streamn

Anion permeable membrang

Cation permeable membrana ( i
[::> @ ® @ ® ®@ ® [T:> Anode strearn

() lon Exchange resins
© \lactate’

@ Sodium’

L o A - - .
3 U 7 Hann1s 1911490390302 Electrodeionization (EDI) (Matsuura, 1994)

y = l:i L] A 13 ¥ A
1F3mmm'iﬂmmmmsmaﬂau“ﬂmuwmmmzuﬂsmmmﬁ'mmmns:uﬁ‘lﬂﬂm‘l%’

i ‘:' ~y [-3 A 1 L 3 et
Tassnszua TR @ lumsuondosndiruniieinuiny

_ ZFQAC
1

I

4 . .
Taufian z vueSa A1 valence vo1l52Q F Aemmanvoar1suad (1 Farsday = 96,500 A
- ? v &
siequiv.) Q Aodns s Imaveamnsilou Ac munsiinnuamvesmududuszninitosiy
uas M foanlycaninmiasituveanssud (overall current efficiency) ANIAIAY (Widiasa et

al., 2004)

1.10 msssandndSarlussnhainsmind & ssuiiveg (Extractive fermentation)

d = o 4 ¥ ¥ ™ 4 []
msazauvoansaudnaninhminlulSnaiiq dwaldtian pr Hunsafige Fadaudh

S of ]
nuadiGunsaudnanezdnnuasolumsnulugamuiiunsald (acid tlerant) HaW uAd

1 - ] v o » o o 5 5 oy
anududunsagen Tiswisolisiaog 1diauiu 1lRioldinaJgmmdniemsdudnl s vives
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A ey o 5 & a ™ A oo o 4 a Py
wouuehiso Anlutalimswauuanedsfisgyimsuennsauananoonyinszuu luessh
o - o Ll . . . A
nszyIumMIninmaRutinly (extractive fermentation 130 in situ product removal) mwﬁ‘]u mi
ar Y o 4 a =3 o o 2 o o ¥ w 4
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lil.] = G e wfea KX 4 < o yJ A ea - ) =
amniunvveansaudndniilsoiwenuaiteas sxvilisouusiiiensananfnmunsondnnia
4 a X v A . 4 o "
udndn1dmnti 2), augavesaumsee lildhramindisaniniimsiennsasaninoansinizuuey
- »
aasanal 3).  nsgydendadudiseiiioan naz 4 Wlumsoatuaouveaniswiang
. ) I J 1 o ar &
(Mattiasson et al., 1991) ¥ol1dnfivudis q maeshlilgmsaavuirveasminas aire
a 2 F o i r o o ¥ { o
nRoumfsudundanaveansaudnanfimidw) dildans sasdununsduyuasiuasdungudy

uifsene g asld

110 dalfmaimmannusudssuvsioninsdlesenhuau pn

ms1¥szu Epl  Tumsueardadaain i nimeennnszuunmsmin 1Rinsdun
o+ o a ar o« A . A o W o s =
Uszgnaswiumswinludamdniftegarlszasandnlunmsmumanantinumsminuuynznie
& g o w T & a = £ 1 o
Aanzniidueglanialyl Taomsiddaifassifnmunnsuiisaiiumsssanussninmssa
aow < = ey o4 a & .
BENT I HANNUNBONINTTUVUBLIHVUHTTEMIFUATMNAYY (Giomo ef al., 2000) MINYN
=Y Y] o & o Y = e ¥ LY 5 1 Y £, o
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A Ll o 't ¥ Ll -y ¥ ¥ ] 0y e,
wn Tunsalinsasasiinalumsseldinan il uRyasd s W5 vin193un Giccatalyst)
+ d o = 4 o W 4 ] £ [
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2 =, 4 g‘ 3 T Ly -y
Whnszuumeahigns luvuae W Ifeoninisz@nTam (Lye er i, 1999)
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5110w 9 mIdamsnaanad M SuIni o4 electrodeionization (EDI) (Widiasa et al.. 2004)
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1.10 gahzaanveslnsamsidy

- Y - I o & @ 3 =
1. Aawidednunmlumshinsaudndnlduigninnnizunumsninnia L-udnfnlag
I <5 :; g o i =
M ¥onuaiiis Pediococcus  pentosaceus (NARn 18189) Fromasinsranlasa
TonouTuiydu
1 l 1 Aﬂ ¥ U = 1
2. AN I AN 9 NERAABNITEIBINLINYOINS AUBNANHIU jon-exchange
membrane  15usATIMsNou USuisveenszual¥ uay aomndudunsaudnan
P4
iFudu Fludy
o . - LY w ' 1 o
3. fannuazibszyndlfizyy Sionlasdlossubinasu dansnmugiums ninnsa
g - @ = & w0 = . o
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el o

unn 2 B uiiumyide

4 -
2.1 gunssmazasindl

dmiugunsalinission 19 lunsiduit wnihuindesdeffiogudrunadan o
Aoalfiamnssuaunmanis®anm eimsUfiams 3 uminodomaluTadgsutd wrens
idnsiiof sy

1. Laminar flow

2. Spectrophotometer
3. pH meter

4. Hot plate stirrer

5. Autociave

6. High performance liquid chromatography

7. Incubator shaker

8. Fermenter 2 AAs

9. Microcentrifuge

10. ind0ed

msnseusuzaduunfioennlaolfizun lulnsiamsdn  Fsuiims nadouves

mistlou (Feed) Ammndoansoalu TnsHanssu dagainm 8

2.2 Wegiunid

PUINF R0 Pediococcus pentosacens Futhuunidonsaudnfnfannsosauonld
e Tesmududedansinemsniinasa Iﬁméaﬂwﬁufﬁ%:mmmnﬁnnmuﬁnﬁmi’lu
wansmamanlunszummndn  Fushnsdudeasluomisisude de Man, Rogosa and
Sharpe (MRS) Afidnnlsznoufmhatonging 20 niudeding dhuumssmfuoundouns
yeast extract 1unmasuTason wousumsems Smfunazuisngie WeouvniiGonsa

=y o L l‘ - - L]
udndnainansuio Wilundutedwiunszuumsndnlunuimnge U
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2.2.1 OIMSBUSD

, da o
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30 eamaie oz sayuealuNIR 200 sauRDH J.ﬂ'%"mﬂ'maunﬁ'ﬁnm%‘fﬂiuﬂﬁ
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2.5 EDI experimental setup

mfinnmsgady Tnel$is Sunanulionlszy Sunsinniiedudaszaniamves
wiulumsuonnsaudnfnnnaisazawlaoing Wnedulufrnmduigudnma 1.5 o o
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minagoumigasuveusduTaolfmsazawniaudndnlusududy 3.5 nfunoans Taold
snaflonmifu s TafdnsAouI

msdaganisnaaesmsuonnsaudnindes zuy Ept aumsouaas1dein jnim 11 uag
Sidournsfuil 50 cn’ dmumadouveslgmbieiima@usdusadioty nioumuid Rin 14
Platinum 1RE stainess steel dM3UYI anode HAZ cathode AWAWY Yoairmulusening
compartment sz 3 Hodwas dmivinassuiia I IdInAadau Taeiamseld
nssser I 1432191 0-100 Volts 1182 0-12 Ampere Miu89Y 5511 EDI sz)szaouTildqe 2
streams 1D feed solution stream 1A% concentrated solution stream adisgfimsmugusrnii

¥ 1 J @ 1] “‘i - L] Qli
fhallstanites unziisnsimsdunalioumsazo eriuszuy EDL § 1-4 Sasaotslug

Feed Solution

JUNM 11 Experimental setup A 130032 MMSUONAT ANANANAIY EDI technigue.
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2.6 miEmnmsiTnnsaudndstudalinaaii anmfiwszuy EDI

o

msfnnillBuanatinissamimanesdnussovanfeudunsizd  #nsulsdy
Amdmesagsu nrzua T luszuy (0-20 Taad) anmdudunsaudndnidudu (0-50 ndy
Avding) fudu inomanvniegluuumsnanssimunzanlumsiFouduszrums wiinits
misgniinaunang Tuwdendu il ludaunndnmsdsanmanimsminduss 145,
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Mg uiiusumugiussuy EDI Taull ion-exchange membrane a3 ¥u HumsdinanaTums
“y af o r J Ly ] A
usnnsaudndn wdnnsrhiauvesszuuRananilfio nsaufinAnszgniunoennnszuusnaie
y Y- - B 4 o 4
eIz EDT staaoiiloah Idwaninnssudi Taonsauanfnanas msnaaosiimuisoes
[ as A 1
VszgealFdludaminfosdimmuainnaoite vz 19 luns surumsdumda Tuenas
AITUIUMINAN (biotransformation/fermentation) RINHANITNANDIFAINIRMUTINTITUTUMT
LS d A A o a - 4 = o ; o
RANNIAANANNOINNOATINMINGR (productivity)} AIRHONANUDBIHONDA (yield) nsAudnAni 14
snistinisimnmaiinh [lumadudnnsaudndnninssuyiiouqme Wiszinsningaga
: [y L G A L4 kL J L]
usnsnindanafinmsuonmdadian ez szuuMdwuiiuei (n sine product removal

technique) szAuvinalng (pitot-scate) Wgmbumbssyndlflugpamnssusteg 18luoung
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4.2 ¥ormusuusimivandisnluenng

naInfismsonsnpsaudnansonyimimn s idiumsasmonausznhahitunsa
udnAnlununfutuiideudiedt Teomuhdiumsiniminiduduiuyinfu dndtudes
msdnswinIaudndndronies HPLC ufifimu uafsedeadinssdasazaiodngidae
wiseailoTinsizdsiadus e idammnhidwazgede1d 9w wisviins 1w doew iudy
ﬁqﬁ:ﬁeﬁw%ms1:ﬁ§et'€aﬂu3u=1i‘i‘lﬁmmmi’a'ﬁﬁ'&mm‘%m HPLC wu Tandown wonTuiion
waz Tulsiv Shude Susuiidtossinidinnnszuaunisueoniaudnfnssdesiimsh e

L3

Y £ a 5 A A A ¥ ~ 4 ea o4 & o 15 &
'“‘jqwﬁ“ﬂgnﬂ']}nl{uvug\"ﬂu l.“ﬂ'n%g“'ﬂ'ﬁ7”5?‘331Un1&n5“ﬂqt““]gﬂ‘iﬂ“ﬁnﬂﬂﬂ‘u HUMIUH

¥ o

=t A = 1
msnnimssusnhldnszyiunmsvude Wiatdgyrwaziinugunnluszyy uasmah
-~ Y -=; :a 1 1. L) oy -4
waafasnlinnududugaint 19 szdniawi 1d wu mahiesaudn@naududugad
Tugiwedmes Hilivignieds svhlhisnnsevuginandnlduasliguami g 3
o o 4 2 ~ =] d e el &
Wunaeiningauisufuiios Tavfiezfhnasyuvesnsaudndniifhunasgd Taoiadmu

AT S

AT 5 IATFIUNTRUANANI LAY food grade (Gonzlez et al., 2008)

TevoA 1 nsmidndntushmiin nIAUANANMIATEIM

ATTVIUMS NIFVIUMININ prsvIuMmsminazmnilii
vigni

ASAANAN (Wi%) 5.55 49.5-50.5

ALY 7 20°C (@/ml) |- 1.04 1.12-1.14

Ash (wi%) 2.8 Tt 0.06

unmd oy (ppm) 495 T 20

nae 1A (ppm) 2900 Tiifu 10

ndwinfignnseusnasaznonmssninns audndnduiudniy sefesfinszumums
R duduvoansauinfng s ¥udaomaiind1ag 19y csterification HIAI AT IUMS
durndituiiunshiadalosmluilowngrasaluasazewld gatidonad sduszuy
fndrszannsorianiaudnanldnnmdudugamazasimmnarguitsey 14 imafiendiy

» .: 14 X e B [} (% . o =
lwu‘lﬁ'uu‘Bzﬁﬂ\ﬂﬂlﬂwﬂ]ﬂ@uﬂﬂ?31]']”1]1‘5?11”? (Fermentation) 33YUMSHUNNIALIDNANDONLIN
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da . o A [ P | 4 & Aa
STUV (Recovery) Nhadifinrudidygiga isanindnsandndniiguamidusounisuonia

L] z’ i J&
szdanntaturougatofio My IRuSgnI%uAe Purification UJoglckar et al., 2006)
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NIAHUIN D

gAIEIMII MRS
Usznoudy (nitvAedas):

unas TuTassy 10 nfy
unaImivou 20 i
Tween 80 1 03y
Ammonium citrate 2 03
Sodium acetate 5 NSy
Magnesium sulphate 0.1 pfu
Mangenese sulphate 0.05 N5y
Dipotassinm phosphate 2 n3Yy

o v .& [ 3 c‘ o 1 ng =
nazliy pH WA 6.0 fowhmsinaiusennnmiy 15 doudnon119i (s qungii 121

sarwadud lnat 10 wif
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MAHUTID A

NS0

LAMM Y, T

P ' . 3 w R
Taof Ax = HAA13UDY biomass FuAUAUEAR 1Y (NTuABEAT)

AS = 1510l substrate A0 (AYuABART)

= Biomass (§A¥0) - Biomass (Sud)

Substrate (i34R1) - Substrate (A1)

Ap

2.0 Y, =
As

Taof AP = Binmnansut Gactic acid ) iwAR 14 (nuRefnT)
AS = U337 substrate (reducing sugar) ﬁ?’ﬂﬂ
g =
" As
= Lactic acid (AM18) ~ Lactic acid (30#1)

Substrate ((3N&M) — Substrate (3AN10)

¥ ’ s ' L4 0" ¥
3. MIWIAN Volumetric productivity szifionTuganrusuvesnimbargagaviniy Liléima

¥99BINT A TUIN
Concentration (g /L)

Time (hrs)
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35

Dry cell weight (g/L)

0.0 ¥ y T T

¥ T ¥ T T
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Absorbance,

£ = ar r 1 4
71 29 N hNATFIUYBS Dry cell weight nspuuaiitoudindn TasSasmuguil 600 urly
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35 e R

30 1 Y =327X
R?=0.9932

25 -

20

Area

T ¥ [}

0 2 4 6 8 10 12

Lactic acid concentration (g/1.)

g a A “ o A
gﬂfﬂﬂ 30 ﬂ?'l'ﬂlﬂﬂﬁj?ﬂﬂﬂiﬁ?iﬁtﬂ?ﬂ”?ﬂﬁi?“ﬂ?ﬁllﬂﬂﬂﬂ‘l’lﬁ"lﬂ1‘i')lﬂ'ﬂ$ﬂIﬁtﬂ{lﬂ?ﬁd HPLC
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4

1.0

Absorbance

Y =2.64X

glucose concentration (g/1.)

§inm 31 nimnsspuvesthaa3aad lunszuaunmsminTau3s DNS method
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Biochemical Engineering, Membrane separation processes, Biochemistry, Petroleum
biotechnology, Biocatalysis and Biotransformation.
6. dszmumseiieidesiuamidsy
Winshinsamside éa'[mqmﬁé’mmmmdmu
i, msfnnmsennmssiaomueanvuasidememmhmadoslaslfid
o Saccharomyces cerevisiae Tudaminuy u“l%léauu'u
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Rumiva: 100,000~ (13 nsngins 2548- liguiou 2549)
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