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ABSTRACT

Oxaloacetic Acid Production by Thermotolerant Issatchenkia sp. S1

Thermotolerant yeast, Fermentation, Oxaloacetic acid

Nowadays, oxaloactic acid has been an important chemical in life science research and its
price is very expensive. Moreover, the research in oxaloactic acid production and their application
are not so much. Therefore, the production of oxaloacetic acid by thermotolerant yeast Issatchenkia
sp. S1 is very impressive topic. Therefore, this study focuses on the optimization condition of
oxaloactic acid production by thermotolerant yeast Issatchenkia sp. S1. Thermotolerant yeast strain
1 orientalis S1 was isolated from silage sample. According to the morphological, biochemical
characterization and 18S rDNA analysis, the results showed the S1 strain has 99% similarity to 1.
orientalis. The optimum conditions for growth of thermotolerant /. orientalis S1 was determined in
enrich medium at 40°C. The utilization of carbon sources by Issatchenkia sp. S1 was varied with
sort of carbons supplemented in YM medium. Issatchenkia sp. S1 showed weakly grown in YM
medium with sucrose, lactose, glycerol, manitol, maltose, cassava starch or potato starch as carbon
sources. When either glucose or fructose was used as carbon source in YM medium, the better
growth of Issatchenkia sp. S1 was performed. In 2 L fermenter experiment, The agitation speed at
200 rpm with no aeration in YM medium with 100 g/L and 2 g/L (NH,),SO, at 40°C showed the
highest of growth rate (0.297 + 0.001 h"). The highest concentration of oxaloacetic acid production
was 3.02 g/L at 24 h after fermentation. However, oxaloacetic acid concentration in fermented broth
was decreased after 24 h of fermentation time.

Additionally, effect of carbon sources on growth were analyzed in YM medium which
replaced the carbon source at 100 g/L of glucose, fructose, hydrolyzed sucrose (treated with
invertase) or hydrolyzed cassava starch (treated with AMG 300L and Termamyl® SC). The cultures
were fermented in 250-mL Erlenmeyer flasks with 100 mL of reaction volume with 5% v/v of

inoculum and incubated at 40°C with 200 rpm for 2 days. The highest growth rate was obtained at



0.295+0.025 h" when cultured in hydrolyzed cassava starch but could not detect oxaloacetic acid
production in fermented broth.

By transferring laboratory to the new building, the fault in transport was occurred. The
deep freezer (-70 °C) could not controlled the temperature in fluctuated electricity. It was made
damage and bacterial contamination in stock tube of thermotolerant yeast Issatchenkia sp. S1. Then,
the contaminated stock tube was isolated. The all isolates were the great growth rate in YM medium
with glucose and fructose including acetate salt, as carbon source, could tolerated temperature and
produced the ethanol at the same condition of thermotolerant yeast Issatchenkia sp. S1. Moreover,
the cell morphology under light microscope was not different the thermotolerant yeast Issatchenkia
sp. S1 but not found the oxaloacetic acid from all isolated colony using high performant liquid

chromatography (HPLC) analysis.
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MPC bypass  Acetate Acetate
Pyruvate § l B
M PDH | 4 Acetyl-CoA
Oxaloacetate 41 H y
Complex 3 @
| F
Acetyl-CoA 8 [ &
E
=

gﬂﬁ 3. @AY metabolic pathways ¥09M3lHlwgian Tagdl 3 n19 Ao () Manalfnsen
decarboxylation i acetaldehyde, (ii) N9 !ﬁﬂﬂf]ﬁ“%fn carboxylation 11y oxaloacetate 1az
(iii) M5INA oxidative decarboxylation Ty acetyl-CoA; Acs = acetyl-CoA synthase; Adh =
alcohol dehydrogenase; Ald = aldehyde dehydrogenase; MPC = mitochondrial pyruvate carrier; Pdc
= pyruvate decarboxylase; PDH = pyruvate dehydrogenase; Pyc = pyruvate carboxylase (Orlandi et

al. 2014)



A A
F P NEG)

UNN 3

ad =X
IEMIANHN

MUAESUTOURIUIA 15 x 90 TaAwAS

AU IF AR (Duran) VI 500 1AL 1000 Jadans

YIAFUBUW VUIA 50, 150 LAz 250 Uaaans

vaoanAaoId 1Nl YUIA 16 x 150 Haamas

NFZUONAINUUIA 250, 500 LAz 1000 Haaans

NAOANAGAN (microcentrifuge tube) YU1A 1.7 Haaans (BioScience, USA)
naoANadAn (falcon tube) YUIA 15 11az 50 Uaaans (SPL Life Science, Korea)
AINTINNIUTY ¥ia luaou (syringe filter) Y@ 0.2 13 1A51395 (Sartorius,
Germany)

AINT0901MA BUA polytetrafluoroethylene (PTFE) Y119 0.2 luTasmes (Sartorius,
Germany)

NIZATHNTOI YA cellulose acetate (CA) ¥119 13 mm ANNAZIDYA 0.45 Um
(Whatman, England)

Lﬁuﬁ]méﬁya (loop)

LLVI'QLLT%}’JL%EJL%@ (glass spreader)

= 4
ASINYILLDANDIDA

ﬂﬁlﬂ\ﬁgaﬂﬁ 58 (Light Microscope; Primo Star, ZEISS, Germany)
wsesatlnIns I lndwes (Spectrophotometer; Ultraspec 2000 UV/Visible

Spectrophotometer, Pharmacia Biotech, England)



=\
a1y

13

Lﬂdﬁlmuﬁ, dlasu Inns i (Gas Chromatography: GC; AutoSystem XL, Perkin Elmer,
USA)

m’%aﬂmuﬂ@ﬂiwvﬁ\lmmmammmmzqq (High Performance Liquid
Chromatographic: HPLC; Thermo Separation Product, USA)
YANILANDIMINUAZ BINIINIUAD YUIA 2 1Az 10 AT (Biostat B, B. Braun,
Germany)

1F3093AAINTA-A19 (pH Meter ; pH/Ton 510, EUTECH Instruments, USA)
Lﬂ%@ﬁ%i‘ll%ﬂﬁ}ﬁﬂui qﬁu“laﬁw (Autoclave; HICLAVE HV-100, Hirayama, Japan)
ﬁﬂaam%@ (Laminar Flow Cabinet; Holten LaminAir HBB 2448, Denmark)
Lﬂdil’e)ﬁﬁl?ﬂ 2 AUNUL (Balance; ED42025-CW, Sartorius, Germany)

939998 4 A (Balance; ATX224, Shimadzu, Japan)

k4
@T NL%@ﬂ’JUﬂNQﬂJW{]M (Incubator; innovaTM 4330, New Brunswick Scientific, N.J.,

USA)

Y
@:} VN NT DU EN (Shaking Incubator; Innova 2300 platform shaker, New
Brunswick Scientific, UK)

Aou30U (Oven; Memmert UNB 500, WTB Binder BD115, USA)

ﬁmmﬂgiﬂ’d (Ajax Finechem, Australia)
Y

ﬁwnavh nlad (Ajax Finechem, Australia)
4

UIMNANIY (Ajax Finechem, Australia)

) [ ] A o a J o w
uﬂwumﬂzﬁm (Gl'iﬂfﬂﬁﬂﬂ YUIAEN 400 NFY, UIEN UW\Tﬂ@ﬂ@HWIfJiV‘J@ N9,
Uszina'lne)

o laidunes me (Invertase; EC 3.2.1.26, Sigma Aldrich, St. Louis, Mo)
oulmios luae (Termamyl SC, Novozymes, Denmark)

o' lessing Ines luaa (AMG 300 L, Novozymes, Denmark)

inde IuAsuzHan (Sodium acetate; MERCK, Germany)
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= Tasen'll (Sodium hydroxide; MERCK, Germany)

- NIANAD (Hydrochloric acid; Carlo Erba Reagent, USA)

- nyaeena laezdan (Oxaloacetic acid, Sigma Aldrich, St. Louis, Mo)
- asaganIIn (Sulfuric acid; Carlo Erba Reagent, USA)

- indeuen TuHeusama (Ammonium sulfate; MERCK, Germany)

a A
GREAPLBIENIS 1G]
- msanaoaa (Yeast extract; Himedia, India)
@ 4
- MTENANDaN (Malt extract; Himedia, India)

- 1w Tlau (Peptone; Himedia, India)

IEMIAUTUNUIVY
a A A ¢ 14 .
1) MasyeaannNuIDY Issatchenkia sp. S1
o & gy . 2, ] o Pt a o £
WWTANUIOU Issatchenkia sp. S1 NNINITNUIAYIN -70 DIAULDLFYEN WININITLAY
. < & Y o XA dyy X =
ﬂl,uﬂ'lﬁ'lilﬁﬁ'l YM broth (Difco 0712) L‘}Junm 48 515'3111\1 ﬂTﬂuuu’]Lcﬁﬁ]VI“lﬂiJ'llﬁﬂﬂﬂu YM agar 1
J @ 1A ¥ @ 1 Aa % 1 a
ﬁﬂﬂﬂﬂigﬂﬂﬂﬂ]ﬂ\? 20 ﬂﬁll@]@a@]iﬂl@ﬂu’lﬁ’lﬁﬂgiﬂﬁ, 3 NIUADAATUDN yeast extract, 3 NTUADANT
V04 malt extract, 5 NTUADAATVOL peptone LLag 20 NSUADANTVDY agar (Kurtzman and Fell, 1998)

a =

° oA . ] o
uazmMstuNgagil 40 0sruaaiBod (Muaenjang, 2008) tiorny 1315 lumsvhinmsnaaes
2)  NadUMIKNANNIABRNT ARz AN lHanznNeenTutay iNoandau
= 2 & . A J v 1A
A3 810 1M131A8FD modified YM MugaT01115N009AU5enoUv0d 20 nSNADANT
v 1 =\ % 1 = % 1 =\
eummmaﬂgiﬂa, 3 NTUABDANTUBN yeast extract, 3 NTUADANTUD malt extract, 5 NTUADANT
VD4 peptone HAZIAN VDY 2 NTUADANTUDI diammonium sulfate (Muaenjang, 2008) T 19911113
a a o o a o 1 dy v Y & go} ~ a
131105 0.95 a3 Avaslunuminyng 2 aas Minmsaiuieaieniioiia lorhigumngil 121 o
= I = ., 2 ya3 A a9y g’; a o dy = 4
warBod 11ua1 20 WA (Rezié et al., 2013) Na 3 IHEuNgugites iniwAuT T aanY

9 A A dy o L dy dy A Aaa o dy = 4
Souesou lagnousaadaa lue1v1saeursaial YM Usu1as 50 Haaans laoviivodans
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~ Yy v s 9 VA v 1 A A A A A A
UANUUVNVUHUDIE ALY 'E)Q“VI 227 +£0.13 NTUNDANT W3®3Jﬂ']ﬂ']iﬂﬂﬂﬁuuﬁﬂﬂﬂ'ﬂi]ﬂ'nﬂﬁ1!
1A A A A ] ) o & A 9
660 ‘Ll'lI‘LlLiJG]i ’E]Q'I/] 0.52 £ 0.03 tUBNINTTLIDINNN 10 NIVDIANWNUUUVUUDIN B DLIUAU
. g’/ o Y Ld'd = v
(Muaenjang, 2008) MNUU ﬂWﬂWﬁﬂﬂJﬂiuﬁﬂWﬁgcﬂﬂJﬂTﬂTﬂ (1.0 uag 0.2 va) L!agllﬁﬂ‘ﬂlﬂﬂﬂﬂ‘ﬂ

a =

q ¥ ~ < @ ' <

an1z 1o s (0.0 vwm) Ngaivigil 40 eeruaadea 1Hunai 48 2 Tus aruguanuily
1 : a 4

N3AA19N 4.00 a2en3a lalasaaosnanududy 2 N uaz la@eoulaason ledaududu 2 N
Y <3 ~ 1 A o < o ] %} @ A A 4 a =\ 4

TagldauEalunsnaui 200 aeui KIMINUA0619NHININE AT IZHAT103 Y VOITAR

=

¥ a a a J
mﬂ%’mmaﬂghﬁ NITHAAUBDNIUDA LIASNITNANNTADUNTY

d a Aaa
3)  NAABUNAVBIHAINMSUDIUABMSHANNTADDNIB A TAN

3.1 M3gegiiinaniig

o %’ =Y (% a %:.} a Aaa g}J a Aa aa 4

Anieansedsuna 10 A5Y AN 90 Haaaas 1INUUIAY 1 Uadansuodou la
duIemd (Invertase from bakers’ yeasts ; Sigma, St Louis, MO, USA) 1/5u pH 1 4.5 uazing
oA A ~ I @ A A v
UuNgungil 30 oarusaBod [Huna1 2 ¥ 139 (Rebros et al., 2007) ntuhveunalndesla

a [ o @ ) a I~

WUAN 0.3 NTN yeast extract, 0.3 NTU yeast extract 1AL 0.5 N5 W peptone Y5 uUTUM 513U 100
= an o 1 = an o é 1 dy d‘ =S
Haaans USu pH 4.0 Tuvaagisuyvuia 250 Haaans wazii liaaingen 121 essusaidod
I =}
Wunan 15 wn

3.2 msdeanilaiiud)zvias

9 9
udaiudilevadadSuaa 10 5 18w 90 Haaans N UUAY 0.1 HaaaATUD

a

o ° A = <3 o ?
!@uulclfllﬂghllllﬁﬁ (Termamyl SC) MMsuINUNHY 85 DAL ALY L‘]_]unﬁ'] 1 511'311]\1 MUY

Y

a ~ = a A aa o

anQuYNaINN 60 osrwaiFed uduawn 0.1 Hadansvouou lming Iaog luad (AMG 300

<3| o Z o A 9 a Y o
L) funar 1 ¥21u9 vnduiiveurnadNges 14 A 0.3 A5 yeast extract, 0.3 NT1 yeast

o o I Aa Aaa o 1
extract 1182 0.5 N3 peptone Y5 VUINIA31TU 100 Haddns 1U5v pH 4.0 Tuwragdauivuia 250
A aa o & 1 dy A = I ~
Haaans uazih lilaainyen 121 esruwadod Wunai 15 win
3.3 MIKUN
o 1 I'4 a 1 9 [ %‘ aol ~ o [ 9
Wnasmsveusianieg laun iaanglad Wynlad iiaransiensiinisdesaie

Jd a @ o o A 1 [ J
Laul’lqﬁJ RIS L!,azuffﬂuu’cﬁﬂzﬂaﬁnmuﬂ‘izU’JumiEJE]EJﬂ’JfJL’EJulemJE]3Vlma’c‘f!m$

< 1 4 9 9y 9 1
ﬂQTﬂ@zlliJm’d anuLmaqmmsmiuau“lumms YM IﬂEJGlGD'ﬂ’JTiJL“lIiJ“lIuﬂl@\ilmﬁﬂﬂ”mﬁ
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v ]
a Yy

7 A Y ¥ o a A P o @ 1 a
A5 VIUNANMUTNTUITUAUN 10 % Tastimiin uazi@nasuey Tulloudama 2 nTunoans
v v ) [
(Muaenjang, 2008) 9104 U155 UA1 pH 19 16 4.0 Aeuii1ldilsain¥eh 121 eeruwaidoa
I =\ g’/ o a o dy =) S o dy = 4 =\ Y Y 4
Hunat 15 i NNUUIMSIANHATTaAN 5% v/v Taoiu¥sedaarzlinnuiuduuouyad
Y 1A @ 1T A A A A A A 1A
uie ogh 2.27 £0.13 NTuABAAT HI0NAINITRANAULAINAINEIIAAY 660 U1 TUILAT YN
A o A A 1 9 9 [ zg 2 Y .
0.52 +0.03 1191151999199 10 (M1YDIANMWIUTUVDIH NFOITUAY (Muaenjang, 2008)

kS [ o A a < @
AMNUU WWﬂWiWNﬂﬁQﬂ!WQﬂJ 40 osriaised 1Tunan 2 U

U &’ = d . v 4' &;
4)  MPAUENYeBan Issatchenkia sp. S1 1nsanviaeanuilon
a2
$uselunana stock mﬂu"lﬂumw =70 sl ed 1ulue1v1s YM Rdiana

= Yy 9 o A g A o 2 A '
ﬂgiﬂﬁmﬂj']lllellllsllu 2% w/v 1agiA1 pH ITUAUN 4.0 ‘mm'i!,aENL“IfE]GluGU’mgﬂGI)'NW“‘Uum 125

a a

QQ a aa o VoA I <
yaaana ﬂiN1ﬁ§@1W1§ 50 naaam MNTVUN UK HU 37 ’f]ﬂﬁ’llclfal%ﬂﬁ nJu!,’Jm 12 GH')INQ

£

o 3'_, o dy ~ 1 o A ] 9 g A 1 49‘ o
NANINUU mwwag“lummamm HININITLBDIN 1000 1N AYUINFNIUNTITHIUYD LLﬁqu"l”]_]

a

< ) oA I o
spread YUDINITLUUI YM Ll'ﬁzuTl‘lﬂUﬂJﬂQﬂ!‘ﬁﬂN 37,40, 42 1ag 45 @Qﬁ'llﬁ]f’d!%flﬁ Lﬂul’)ﬁ'l 29U

U

(Sripiromrak, 2006)

Y
o A ad 3 A a

iwgeilulalafifernnnuemisudefigurnianien 11 streak YU IMITUAS YM
Taghnsiaen lnlatlinerngavgiias 15 Talati 1191me1m1s YM Wauaiuiig YU 40
= I Y]
parralBea 1lunal 2
o dy = I < a aa o
11308 AAN streak VUIUDIMITUYL YM WINATDUNTHAANTABONS a0z FAn 1agii
=

$ f a aa S 1
ﬂ"lilaENL%’EﬂHWﬁ@ﬂVIﬂﬁEN%MTﬂ 15 %aaans ¥Ysuasemiis YM (10% w/v u”lﬁ"laﬂ@jﬂﬁ) 10

a aa oA = < @
Haaaas vun 40 esrusaseailumal 2 7

5)  NAADUHNAVDINIIIANINADZHINAADNIHNANNIABDNHB ] ADLTAN
o J 4 a 1 9 1 %’ g d' o 1 9
mrasmsueusianiee laun Wiaranglaa Wgnlad WiaranseNiinisgesaie
d a o ) o A ] 9 4
w1 dunema nazudaiudileudandiunszurunmsdeasdlroeulsios luaauay
I ' J 9 Yy 9 1
nglnoz lwaa uuiluuvasomsmiveuluermis YM Tagldanududuveounaeiniis

4 A Y 9 ¥ v a A ~ ) v 1 a ° a
ANTUDUNANULUUUU 10 %Iﬂﬂu’lﬂ‘Hﬂ LGI:JLﬂaE]LLEJSJT‘JJLuEmG]mW\IG] 2 NTUHDANT LLASNINITLIHNY
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A a A Yy 9 = 3’, o [ 1 ~ 1 o 1 dy A
INADDEHAANAINIVNIU 0.0 D3 1.0 % w/v MNUUITINMTYSUM pH M 4.0 ﬂﬂuuﬂﬂ%ﬂl%ﬁ]ﬂ

=

I ) o a o f J o o a
121 ’E’J\?ﬁ'll“]fﬁl‘?fﬂﬁ L“]Ju!'Jﬁ'l 15 1,!1171 mﬂuummimuwm%ﬁﬁ@ Hasnmnsuunngungy 40

a

IR UALTOA WY 2 U

d
6) MSAUNTITH
a d a d
6.1 NMIAATICHINIRIYUasNIalBaa
o a N J o A A A
ﬂ'lﬁ")ﬂﬂ'liﬁ]iiysllﬂﬂlclfaaﬂﬁ@] 'J@Iﬂﬂﬂ'li')@ﬂ'lﬂ'liﬂﬂﬂﬁullﬁﬂﬂﬂ'ﬂﬂElTJﬂﬁ‘L! 660 ‘L!'IIH
I
was Tael¥e1415 YM 114 blank
] Y o A o S Aa ] A aa ] ]
NI13IIANIALEAR ’JﬂIﬂEJ“L!TEH?Y'ITV]Ml%aaﬂﬁﬂlﬁ]ﬁﬂg@gﬂ%u’mi 10 UaaanT NIDINIULNU
4 ?:I o { a
N304 cellulose acetate AR 1IHAAAIT deionized (DI) @11 T ou1HuksNgungl 80 pem
= I o a o 4 o g Y] S Y v A
ALY !fl.ll!!f)ﬁ'l 24 GH’JIJJQ N1TAUATITHUIAEAAISATUIUIINUIU UL AALUNN (NTN/QNT)
a J
6.2 Fanansadunse
a 4 a a A J o an . . .
MsunszmUsunavesnsadunsgzimsnadou laels high performance liquid
1 [ 4
chromatographic (HPLC) W11UAD AU U Phenomenex® Rezex ROA organic acid column (300 x 7.8

a

A = Y A A I @ [
nm) NYUN YN 55 DIAUHALFYT 1% UV 1anweaau 210 Wi lumasiuainsi99u (detector)

@

Tael H,S0, AT 1 0.01 N lumsmiaisalesaliinaeunsuanoauil (mobile phase) Iag
WYy p
=y Aa aa 1 =
19031113 v 0.5 Uaaansaoun
6.3 Y3aaiima
=) =) 901 o ad ) U
MIATIEH IS INaUesIaIaziIn1Inaae 1ae3F HPLC H1uADaN1 RHM-
. A a = 9 I % [
Monosaccharide column (300 x 7.8 nm) NYUNYN 75 DIAUY QLT YT 1"’11 RIUAI051979
%I % 1 4 {1 v d . o
(detector) Tagdi 111 DI Tumsmansaledralinaeunmuaeauil (mobile phase) 1A83ion31N3
Tvia 0.6 Haaansaoui
6.4 Y3anamemuoean
a 4 a o A
M3 BATIEHEMIYSuIMvoueNINeavL NI NAde U 1neIT gas chromatograph (GC)
(AutoSystem XL, Perkin Elmer, U.S.A.) WU capillary ADANYIIA PE-1 column (30 m X 0.32 mm

a

i.d., 0.25 pm film thickness)jﬂ o4 flame-ionization detector 11 N15A5I9IA (16195}@‘ UAIUUD

G
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injector 1 250 PaF AT 1az 1FgaI v detector N 300 °C TUsUNTUVDIGUHTUDI

9 A a3 2 ° A A @
Oven %Gl,‘]f’qm‘ﬂﬂu 37 E]\‘]ﬁ’llclfal%ﬂ’ﬁ lﬂulﬂa’l 5 1,!1“]7‘] MUY ﬂ1ﬂ1ilwuamﬂﬂ“mmﬂ 37 llﬂfN 245

U Q

'
A

psruzadod Tagldonsimsiiuvesguugiin 10 eeruvaGodaoui

J d o
7) AT ITHAANAMAATVOINTHIIN
1 Jd 1 Y a o . @
ﬁﬂ‘]&l'l'ﬂ'lﬂ'li]ﬁWﬁﬁ'lﬁ@]i@Nc] Vlﬁ}uﬂ BATTINITLITYINUNIE (specific growth rate), 99131013

9 ag} . o Aa a [ s .. 1 . 3 Y
IEARERE (consumption rate), 9ATINTHAANAANUMN (productivity) L1z a1 yield (Iuau

BATIMITYTUNIE = (In X, —In X,) / (t,—t,)

< 4 =
X,, X, HufSuavessad o e ¢, uay t,

8a31M35 19Hima = (C,-C) / (t, —t)

g Y 9 ¥ A
C,C, Lﬂummmmummmma U LINN t, U t,

[ a a 1Y 4
NIIMINAANAANUN = (P, —P)) / (t,— t,)

3 A o oaa X pat
P, P, WUYDINAANUNTUDATY 8L 13N t, Lag t,

1 Yield = (C,—C,) / (P,— P)
< Y g 3 A 9
Ci!,‘]JUﬂ’ﬂill"lJ‘JJ"ULl“ll@\‘iuWﬂﬁ!iiJGlu
Y 9 ¥ o o
C; ANUVNTUUDIUINAHAININNITHUN
I Yy 9 a [ d Y]
PiLﬂummwmuwaﬁﬂmmﬂaumivmﬂ

I L) a o Jd v @
PfL'lJ‘Llﬂ’J'llIHJNGUHNa@ﬂmm‘ﬂﬁﬂﬂ1i1’inﬂ
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NaMIANH

1.  naasuMIHaAANINRanT I aadan luaniznioandinuuas lNioondou
A [ Y [ @ a A o Y A 1 4’4’
werin1s Iemaas 1l ludaminving 2 895 19a310131%01A18N 1.0 vvm WU T

J a 1 1 s [
dadnudou Issarchenkia sp. S1 vzenunsawsguaz ldmanuguvousadngaga awaaslug

G Q

a o

1 4 uazTiamsnigsumzgagai 0.482 £ 0.002 Aot Tud aauaasluaiiied 2 msi@ue s
9 [ o Y a = 4 1 v 9 a
w1 1 Tudaninaz nszqunisns yvedaa ua lunieasanuany anuamisalunswaaen
a aa < 9 [ A
uoaazANUANTD luMIHARYoINTARENY laozFannanatny lae audaslugli 6
o w ' < a A
uaz 7 awd1au 0619 lsnaw U avesveaemuoanazAua N0 luMsHaANTAIZINNEGS
49! d‘ o 5 d' = 1 d’ g (=}
Ny Weshmswinluanzd luliema uaieSinaveuimiang Inaaaasau ludisane
' 9 o [ 9 a Jd o ~ <3 Y =
aoANuAsIMsdImiumsldaulunnssuueusad awaaslugli 5 uazazimulaan U5
a & 2 ~ o & ~ =2 A
YBURNMIUBAUATNIADONG TaDLHNUY VZFUana (FUN 6 uaz 7) 1A1910T TuaN 24 Farle
A = a2 ¥ S 3 [ A A ¥ Y
Worsandlsnaveaima ndurananilsunuvesinaaaassulnarunaine1niis
= a @ sy ¥ @ o [ J s ' 4 A~
a0 FaRdan AN Iannnszuaumsninezgnihnavinlfiunrasenismiveu el
a ?,’ ~ Y I 1 o g}/ (=1 1T A s X I
Ysumvenihaanlailunvasermisasveuiuluiisanoaenonssuvousan suilu

=]

7 L / L& g @ a X2 4 7 !
1310913 N30 91 diauxic shift 9 uilsingmisalaziNavuilomaavIAnaI0111s
Aa o saY ¥ 9 =2 o Y A Y @ Y o J

HAA AN IdaInnszuIuMIHInIzgRaana v e a1 anasnuldnumad (Pronk et al.,

[l 9
1996) 4430 a31117917 31899714 ¥99 Wayman and Parekh (1990) N5£UIUATHAAIDNIUBANY
Tildmamuizlunszurumaniinuuyluldernma uadsauisonaalanieldaniiznl

a a = < v v ad . . &

p0nFU sonFRuNunUIualsusanaseulunszuIunsniale (respiratory chain) H99

9 v vy =2 v a 4 .
aunsaadranasnulauin 39nszdun1saSyveuwad (Markham, 1969; Andreasen and Stier,

1954)

a aa g =y 14 9 1 a
Tuniswaansaeens1laosTANVBUFOTAANUTOU Issatchenkia sp. S1 WU NITHAA
voansaeany1laozdanaunsananldaluaniizin luldeinia uaziie Io1mealsuians

naansaoens1 laozFanazanas awaaslugili 7 uazlinaldainisnaansaeenailass

v Y 9 )
FanUALA Yield U93nin0ons1 laozdananadnduaadluaisian 2 nae1vziiioaniain lu
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a J 2 a kS a
nszUIUMIIUN TUaFuvouyad luvuaouuenszuIums nala lagaiu aunsondalug
9y ] ' g o Ao = Y I Y a
nn1ded19390137 ua luvueeuvesnszurunininsnlasu Ingrmvithuenueatiuma

]

aan (% d aa @ { 1 a
UfRsemsdunszrniavona laozdan aaludums c uaz d (Unf 2 i 8) awnsomala

'
1 A

Y =2 A I o ] a A
1011 Velmsazauved lngnmidlusmavunaeluyas FuieiidsunavesIngings

D¢

[ g = a g 1 A Y 9
VU WHUMTTLANVDINTADNY TaozFnu1niu ua luanznlvena ”lwgnwmmmm

1o W A 9 v Y 3 KX o Y A a A Z
Q"J;]"Uﬂimﬁﬂ L‘W@’ﬁiNWﬁ\NTL!ll@’E]EJNi’J@Li’J °’1N‘1/l'l(1‘ﬂﬂill1%1!"1]@Qﬂiﬂﬁ]@ﬂ"mia@g“ﬁﬂ‘ﬂﬁgﬁﬂuu

v
1Y

g}

i vVvm

(.2 vvm

i 1.0 vvm

Dry cell mass (g/l)

0 -] 12 18 24 30 36 42 48

Time (h)

Y a g J ~ o 1A
3R 4 nananissaveuteBadnuieu Issatchenkia sp. S1 Tuems YM 114 100 nfudodns

g I 1 4 a = =\ Y] o 1 A @
GIJQNLanﬁﬂgTﬂﬁLﬂuL!ﬁﬁﬁﬂTﬁTiﬂWiUﬂu Lm&ﬁiJlﬂﬁi’)l.L@iJTiJLuEJﬂJ“b'aW\lﬁ 2 NTUADANT ﬁiJﬂhlu

a

09 INULIA 2.0 BaT NgUnYN 40 perusaFod AUANAT pH N 4.0 wazsiinisldeiman

U

1.0 vvm 1ag 0.2 vvm tRgunun luduoine
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Glucose concentration (g/l)

Iwal
s

3
Time (h)

o

S Ei

42
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e () VY

.2 VYN

iy .0 VYN
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Y ? g s {q
Ui suanamisliniiniang Indveusedadnuion Issaichenkia sp. S1 Tue1m1s YM 014

[ 1A H < ' 14 a o @
100 ﬂill@l@ﬁGlﬁﬂJ’ENL!W]'Iﬁﬂgiﬂﬁlﬂul!'ﬂﬁﬁﬁnﬂ'ﬁﬂ'ﬁﬂ@u Ll,ﬁZmiJ!,ﬂﬁE]LLE]NIMLﬁfJN%ﬁLW@ 2 NY

apans NN TUDIINUUIA 2.0 a3 NYUNNN 40 BIAFAITEE AIVAUAT pH N 4.0 LAZHINT

1%0101#9 1.0 vvm 118 0.2 yvm AeURUN limue1na
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50 -

g () VM

(0.2 VVM
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