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ABSTRACT

In this paper, fuzzy control method is applied for the control of substrate concentration for the pro-
duction of emulsan, bicemulsifier produced by bacteria, in fed-batch culture, The feed rate of substrate,
ethanol, is regulated to maintain the optimal substrate concentration with the maximum specific growth
rate for emulsan production in fed-batch culture with substrate inhibited specific growth rate. Batch and
fed-batch suspension cultures of Acinetobacter calcoaceticus RAG-1 in a bioreactor are done to investigate op-
timal ethanol concentration and the kinetic model is proposed based on experimental results. Membership
functions and fuzzy rules are determined by sets of data and experiences in culture experiments, The
fuzzy control algorithm proceeds as follows ; (1) fuzzification of input variables, error and change of error
between optimal and operating ethanol concentration, using the membership functions, (2) inference using
fuzzified variables and the control rules by the min-max composition to obtain a fuzzy output, change of
ethanol feeding rate, and (3) defuzzification of change of ethanol feeding rate by the center of gravity
mathod to obtain the numerical value. The results show that the optimal ethanol concentration is well
maintained using fuzzy control algorithm and emulsan production is increased in fed-batch culture,
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I.M B

FHoo] A3t FHFete ¥y o] F43% WL o|F T glon, gekE AE AYLE Folg &
F A okl S0 g FH K43 A3 2AEL AE FHVEE T8 Hasn Aok (1] 29
U EA F83 A5 B dFAYLE A AR FAVIE EobolA AE FHY A2 ¢ Aod B IE&
ol e olF 7] dle] it (2] A& T T A3 2 A7)&E ARozH Qe A A
H) AP YiE o] FE & o G A= ok FHZ Ao] B Bopol A g8 W lon AR A
HAEE AFD e H2) G E5&(3] E 239 Aojoll g4 2H FEFAH Aoj71&L FAND F
th.[4](5] o]9} o] A EF o] QoA Ao] 71 ML §-& AE8 B4 Yo At FosH, AE
FAe gnFolgtn Y= WA Ao} o] He o] &5 Ut [6](7]

AE AL ANz sHhFA e v sl B35 wkg- 71 7e) o3 B3E A4 vE-go] ke gy
o] e ot Alo] Mg Atel B AAE H 3] FHoz 51 2dgivie AL ¢ BRsln o &
dojw 47 T §Agte s BAL Y50 A SE PRl HEE F dch B dollE A EA
E oz st Qlenz wg e v} FA e @At i HH3 o) Qo) Wesim o 7)A) X =
A Z2H9 W3t dojd R oB AE ¥EY] FAHL 71&9 2313 mdo) o &l Alo] Wyol AR 3
WHE AMS M E & QA S Y] olg olgd BAIF 2AS dntHom Y8 FAHL AEY
@3} Abarel o § Aoz} g5t

B3 -3t wdo] Y gla dx HEL A2 Aol g E:sls #HA Aol AGL o AN )
E9| Ao} WAnt} £43 Ao ERE dojWlth o]23 AR Aole FHAlY BHNAM AFY T4 wdo|
A ol]7] ofg o AFRe] A APo] T 97 AE FHAM 53 Aol AHE AHA 5 )

F7H] AE e WAAEE =ol7] gt cte 2N 83 Wiy Aoe AgHe s wi$ Fasit) 7
o) A& EA= 2 &3t v F714 vl gl Aol vkgrIu o] Bl AE w9 YArdo] AUyl HEE 7
2 sz HH3 Aoyt ol very 71He Fre v1E TF £59 AE Bl AT £ oy o]
€ B3t A=A EZHH YA ES HUIE 5 Ut 2 A7 Y4 E ARDBAAA Emulsans] A4kg 918
fr7b BEFR A2l o]&E S8 71F =g YA AT & U HA) Ao} A 2L fREte R
€ 2oz 3}

Acinetobacter calcoaceticus RAG-1 vt otol] ols) WA & v E AR FAA (Bicemulsifier)$l emulsang
polyanionic hetero-polysaccharide24] 9-f(Crude oil)ol] 3l Hojd APBAAA AAE 71X Ak
Emulsang 2o A el o 98 A% @3 2 %9 A&, MEOR(Microbial Enhanced Oil Recovery),
Heavy oil®] &%, 29, 224, AF, X245 o] &5 1 U} [8][9](10] 71& A& e A EL vigsle
Ao f7H Ag A diste HAx) AojE F L3517 M e R TH ti 7|2HQ A3 sjge] Y
832, olF Hatd LT {71 vl FAHACE AAARBAAA o AL FHYA)T) 7] A% Ak
£ T A 37 A eEst FaHoH, ndEY] A ARPAA AP 42 4 & kinetic B
o] AMA AL, AAIH kinetic 2d-E o] &3te], FAAAL YA FAL AT F714 HFEEH o HAA o
718 T AAARALE FY3tATh AAE HAH I E o] &3t frraom SAEE FENLI|oNA H
- A NAFxe Ao Agoe] A

O3 3 24 WY
21. A8 BF

B A7 AMR-F FF = Acinetobacter calcoaceticus RAG-1 (ATCC 31012) A gram negative, rod shaped,
T12] 31 obligaytory aerobic bacteriume]t},
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2.2 H{X| =4 S oY =

o] A Eul S 93] AHEE wiA) o] 2L 7.3g/L KHoPO,, 16,9g/L K,HPO,, 0.5g/L MgSO0q4, 4g/L (NHy),
S0,%} trace salt2 TAHUTE I EL 4CANA o7} B (Agar plates)ollA] B aAstGeh, 2+ Hdol A o gt
£ 200 L& A4 filter paper & ZF 70l F23le] 7131 & go] gAgdoz ALEHA 3R e 30¢, 29
7t incubatoroll A vl %315 c}. Shake plask ) %2 30C, 180 rpm 2] ZZA N A =33} o},

2.3. M4 BHt27| (Bioreactor)

WEE 7] BY 20 2 AZstgoen 5L 289 HEwer] (B.E Marubishi Ltd., MD-300) & A1&-3tith.
AEANE 281l vehdiuch 23 210& pH 7.0, €% 30C, W £% 500 rpm, ¥7] % £% 0.5 VVM
o|t},

24. 24 B U Al

2.4.1. 4% MIZ S & (Dry Cell Weight, DCW)

uioFel 5 miE MHste] 5000 rpme 2 3083 YAE T £ M Eo FFHFFE AL A 94 ¥ 2§k
o] AME-S FZo| 1] o)A HAEA G& WA 70CcaAM HEFH UXB MEFH FHE o WA i F
A& T 28 APA G ANEE FRHFE HNT F EETHE o] £3tH 660 nmellA] UV-spectro-
photometer (Shimadzu, UV-240) & 2 F3 =& &4 g},
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24.2. OllEtE

Lo YWRY|FAO 2 nprophanolE ©]-&8t3L thermal conductivity detecter’} Z3¥ gas chro-
matography (GOW-MAC, GC model 69-550)2 A}-8-3to] 233} c}h. GC column porapak type Q(Waters,
mesh 80-100)2.2 ZA3HUL FFE carrier gasE 40 mL/min®] £E 2 3HA 135CHA &34
Detecters} Injecter9] €%+ z+z} 145C 9} 230 C ol et

2.4.3. Phosphate

w x)U} 9] phosphate ¥ %< 24 € vanadmolybdophosphoric acid method& A}g-atgth A8 & A FHsld
heteropoly acid] molybdophosphoric acid® 4 A1717] $13 molybdateE wH-A17ch, 2 =8 HEQ
vanadomolybdophosphoric acid7} vanadiume] &z 3}ell & A ¥ o}, 400nmell A optical density+ phosphate £}
Exof v# 322 o] & calibrationdle] FE & 75t Al ¥ W3 2] phosphate FXE+ sonicatorZ A X & 53
A7l F g2 uhgo g 23 sl

2.4.4. Emulsan

Emulsan 59 23 w0 2 = vtg-o] 91zt o] E1 2 A 7te] &2 phenol-sulfuric acid method & A}
3tttk AH§ A 8o YH R T 2YPo) Fled HHE A7 F 34 A F ol 80% aqueous phenol 50u
LE 34 £8dct 5mLel ¥2 sulfuric acidg AH7bste] wrgA|Zic) whgA7] &g ¢33 Yzl &
480nmol 4] UV spectrophotometer2 ZA &t} Emulsan®] FEIJAME Tl AlL3lEen AX 939
emulsan (cell-bound emulsan)¢] =& A|8F EDTAZ A28 60Col A incubation§ ¥ & wyos &
A ghet,

10
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. 71% AE 3} Kinetic 2

1. 24 T & 28 71 =AE

HAA ) 2R g 712HQ A AYPe] Wastnz 5 2 I PE SIS HEY ¥
5L9) AEurg 7oA 27 wix] B3] 2L S ek Aeidse AlojH s @Ale) thg A4k o] 3o
ofgt A&t} atE W EA Y Wt W AolAE FAY F Uoug VA ¥, YXAXFTFHH A2
BE AAY A FEE e Hatels FUE st dia dtElglole] B4 dohl7] fEt VAR 2
7 gte WEA AT n| A EL vjFale) YA AN ALZ AXMEFFH 71A9] FEE S8 V1A Al
Eezd oE A3 £xo ¥aE A

Y2 8 g /L) dlge 12,1 g /Lol phosphate2A] 3184 waste B¢ v E ] 437 emulsans] 4
He Hazm ok 24 6417 F A EL wEd JAse] dago] nagd vt AFEEE ot oFf
21 A7t Foll= AR Aol AA&A Bk AF A AxMEFFS5.7¢/L, ¥ emulsan 3.1g/L7H 4
A5t} Emulsan AHE th71ol A A E o] Aol ulalstel, A BANE ALHER emulsan 4L &
¥} 43 A A) A AH(mixed growth-associated production)9l€ ¢ 4 it Emulsan® E84%4 A4 4] #3¥
o gAElog ugBe HgREEE HYslgozn herlolA emulsanel BAEEE PFANE + A
HApo] & AR 7|AME emulsane BERAEZFol vlalstd] YAHn g, vAPE s Ut HES 713
=T 8 §A5E o] emulsan®] AL FAAFE A o oot Emulsand] 4 B
A, AN emulsane AX 9Ho] ZR)aAT, FAGN M Ax) 2 1o} wi AU 8] emulsan
o] A Z713td HEQeoI M= AYAE F emulsande] 75 %7+ WA W ol EA) gt

W ol Qi M 9% 9] phosphate: Aol Al niastAl &850 sl & Wbzt AT B A Gl
o EEs maA gasth ol diygdAnt ARG AZAEFF] §7] felth A Eu el phos-
phatel tl$aol A waA Zasta AZe] d3o] B tholE nladA Fadt ol & @Y A+
3} & =) Aol A A Ej 9} A E )R o] phosphateztel F3 Bl 7191 Aeg BT

7189l oere o] AAMAALL FHstmA), VA se] 273 WA Pl ES vidstd dFAIT A
o2 AZMEZEY 718 @ emulsan® FEE ZPAQ, 712 Xr1EE wWE ATy MAFSEY
emulsanAi A & HEE AU, 4d Ag22E R vAFSEEE vehlle #3H 7jdEe= HF 7)
Ao TEdts YAE TP 1YW3L 27 e Fxol g vAdFEE e oEHE YRR
Axo HgFETd thE Age A& kineticsE T3+7] 913ted, Aiba-Edwards(2]1), Haldane(2]2), Loung
(213)0l 2|3ted AltE Ao e [11][12][13]

S
e = Hmax = (1)
S+ K+ —K‘:
— Hmax S _S
M= g S exp( % (2)
— Hmax S - S Ne
B~k +s (1 Smax ) ®

A A} A kineticsol A A3 dolH2 FE wAd sipds F8YE ol &3t HHUFE TIHUT. 1H
3914 4](3)0] MES) MRS et ol ANE 71 AHE A3 5 Ao A MYPEEE
GeEhlE HE 27 o9 e FEE 65g/LE 78 & AUtk A v PYEEE 2g W A emulsan ¥4
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VA7 e F7H FEFA o) HA Ao

7t vehng emulsan A3 o4& wlde 93 HH 27 @S FEE65g/LE FEHA Hut

Aol AN Acinetobacter calcoaceticus RAG-1 dteje] ot vj dA ol A& wk3-7IU 7189 Fx7]1 #otslA
EZAY A E v1Hol ABAR 245 vjAE Y 4AL JdAFuE, HA A FEE FASHH YEVSIIY
o N¥o v AdAE L emulsan MAEEE AU 2 £ Aok WA 71 FEFEEE ZETEN F7H4
AES e A 7 AFEE LGN TG FAAA emulsand] FAAEEE FAAE Aok AENST)
ol A wiFA7t 71" Frel M3l utg FA) TE9 emulsanFE o] M3 @A R A& F3hdA,
A e 7138 29 o]l 713 25 £xo BA0 dig HAAAE {7 wWiFF A dsted 74
& 4 At

F71A W kE Ao e A7) N B M-S Y, Acinetobacter calcoaceticus RAG-12] 7]12Q1 ol
e FEE P02 fAAT e f71] M gE S, 71F 9 Tl wet Wty s v v, AXAR
2%, emulsanFE U3 Y Y BFEAL AP (13 4) o] AYAM oAz FFAN g A&
utelo 2 A &gh4ol WA FAE Fystel {1 wldT AN vA FF EEE HA AAY F UNR
o R4 AP Tz v AAFEES} F emulsang] AFES HO S oege HFH FE] 6.5
g /L) phosphate2] HHF% 121 g/L& FRSEE fr4 HEFHE FPSACE BE AF AT T
B RS FF3Y, vl 10 Brlo) oghe 558 A5 PID Aol AMS-8tdd 712 39 £28 8 A LHES
A o 5+ o}

vav 9uE § dojd AXNEFFE 84 g/LolT emulsane] FFHL 50 g /Lol EHA o2 3 H A
vj kol HlEted Fo1A] widoll e F HERAZEZES 50 % ZF7HE U3 F emulsan A4S 70 % o4 F71E
o} gefu f7H wj el @ e HA T A & FAHA Z3tn a7t G o] BaAE AT 1 o]
FE AA A7 A4 ZH7) HECIDE, F71 WA @ &el FEE A3 Ao 7] At 7]
A FF £50 dE FA3 Aorag sputsof g}, el x | AHE Al A4 phosphated] Fx= H
2 9o e (12.1~18.15 g /L)°] 2 & reservoirth 2| phosphate 55 & H A3 322 3o o &2 7 phos-
phateo] &3¢ 712 & FFdte AL des FEe Ao Heg HH 3 2Ysidaie #&7iv e
phosphate?] F% 3 2 9olA ZA Holutbx) @Al 9o phosphate?] FE& A 3l7] 18 o] A
AR AE F+A&A golx ®rt, weld B Aol Me 714 vl A ek FF ol e oo
2 HARANAE TSI o AdPoA QAo 71Aef FFe wet WalH e 7129 Tx, ARAXFF,
emulsan ¥ 59 HEE Y wlY FEA ) i XA g vty o2 A&ESFe} HA A FAE FHIAT

3.2. Kinetic @&
TP iFd el g vigto g, uAEY AF emulsane] Ao i kinetic 2 o) AAIHR]
o},

HzAZZ A st

%=[[1—exp(—t;)] I’;:“_’;_S‘S (1_55 )n.

max

[l—exp(~Kp,(§;-)2]-kd] ¢ (4)

gl o afe,
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%2 [1 exp(-— )] K X—-—mX

tiag Yx/s

[ [1memw (-7 ) ] w22

] Y
EtfS
""]Eg‘]'r‘-’] phOSphate"’“ q & s

dP. __ kp,+Pe ,
at KP.+Pe + Vet P ke X

A Z U & ¢] phosphated]] o 3},

— Yp/E: [kel [ 1ag ] + K':e—u—zi—iP,- eXp(_ Kp, ) ]

A X 98 2] emulsanol] o 314,

dE" [kel [1 exp(—

45 )]IH__’CEZ_P"_ exp(_%)—k,]x—gkdx

tlag KP" +P1

A = 2] 2 2] emulsanol) T 3},

dEf

L=k X+ kX where §=-

& emulsan®l| o 3},

dEp [kel [1 exp(*

5 )]u+_k& exp

Kp, + P;

t lag

(6)

(M

(8)

(10)

Aoty mdo] ALEE wis} W4E-E NONLIN(Nonlinear Parameter Estimation Package) & AF&-8te] 33
Tatgen, AMetE mda el At AZHEZE, ethanol, emulsani d o) A A9 2 A= 3tHth[15]
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Z1AA 7L e 7 ZEFF L Ao

N. #X| HMof712] 42 HLt2A}

/714 B FFE FH AlojE AsM e A L4550l fA] FAE A ) 50, o]e] AL gl
A FE ¢ Ao 712 dYD FEAE ol &5t £YEHATE FoH w T A oA emulsani A& A
7€ A 7|AFEE FABE HX A A 2dE FAs7] Hale, dFHFEA AE 7 MdAEFEEY 2
AFS 1AL 7| AFEE Alof3r] Y% YW, MAFFSEY WSS nsY FEH R
2 748 ol AAFHEE HAFEN H 837 M e ol Bk 4t Hel 2 nlFojo} g}, uke}
A A 21 (Set point) 2! HA 9 1A= A ADHAM 2HE 7| AFEe] o1l 22 (Error, E), A9 2
219} 1 AgA el @ absbe] Aol E el e AHSHChange of error, CE), 283 Aol o7t Aloj g
A3 E Je & 713 T F4 59 W3l (Change of flow rate, DFR) & & o] 5l Al&-3t4 )

HAA ol Al 73 25 veplidich A2 ut37]o A 2AHe 7AR e g FEE o) &3}
of HRYANZRE ALE arst e xpAI} B8 E o 2450 A EH0, M| FEd ) 2 Aol &
Ho] T, Zk Aol el &L vin A A3S HE A2 JAFFEE HHRE 73A S o g
L 7AEFY £E2HE AT U3 E 2YE.

B A9 MoAANME 309 L&t 3709 HR) 7AE PG F L. ex{E]e o ¥
[CE], 2813 7123834 ¥ [DFR]e £4¢59 A 74& 7709 #HAAF(NB(negative big), NM
(negative medium), NS(negative small), Z(zero), PS(positive small), PM(positive medium), PB{(positive
big)) & Al&3ted JeMUTE UollA e sl E Aol A AR E emulsan A4HE $13 H A JEE FE
6.5 g/L & 3 H(set point) 2.2 AIHT) & Azl 2FE 7|FF=7 AYHET} Ao o3t %

Fermentor 2 4 5 6
1 3 > |_El >
[ [CE]
[DFR}
L&~ FC
-

| Substrate |

1. Concentration data

2. Calibration data

3. Measured ethanol concentration
4. Membership functions

5. Fuzzy rules

6. Defuzzification block

13 5. 1A A7l A,

11
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1o NB NM NS Z PS PM PB
E
0
1.0 -0.5 02 -0.05 0.0 0.05 02 0.5 1.0
NB NM NS z pPS PM PB
1.0
CE
0
0.5 0.2 008 -0.02 00 002 008 0.2 0.5
1.0
NB NM NS Z PS PM PB
DFR
0
04 -0.3 -0.2 0.1 0.0 0.1 0.2 0.3 0.4
gl 6 H 2 Wuly g
B AR 73 HelE
E NB NM NS Z PS PM PB
CE
NB NB NB NM NM
NM NB NM NM NS NS
NS NM NM NS YA PS
Z NM NS Z PS PS PM
PS Z VA PS PM PM
PM Z PS PM PM PB
PB PM PM i PM PB PB
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Z1A AR} e FoH 2EFA ] HA Ao

ol 7 7HAA =, @ A dded 239 7| AFsErt 4R How Qae el ke XA "k @
A S lgdy ool 39 B3 wGd S el oA FEL Tt HAYEstE ddsdon, olg
SAHAZ A BYE M E 2&5A5E TSI §4ES F4F AAIZE ofd ol AAE 73 e
22 100% 9 85 12 veldz 0%9] 8§ 022 ehllo] 2+zbe] 24&AE (Degree of Membership) &
Tk E= —1.091M 10743 Wslsle], CEE —0.5 1AM 0.5, DF —0.4%1A 0.471A #8§e patgen,
DFRY] £& 85 A8AX o £350 2l 71A5d 2o A F8l=EE 7|1d¥=E 18 3le] DFRe H
fiet 2 JFEe 25HEE Fatdn) ol g HAuhdsl ¥ X 2559 HAFH e FA F&3)
o, 1499 1A S EYFE Aol H5e HoluA & 4 Ut

Tz o, 92 WA, VA FFESE Hlake] 4484 (Membership function) & 29 69 Gl
th E9} CE9 24854 Z 2HE ¢ 45 F& 9942 Q& 23 424y nofg vehly gzo 2 glold
TE He HAZ Qs 4ust mofg JepiTh o8 @ A&%ErE Aol Mg RENA 7Y R 4R A
A A tha HolurElE ol Fx Alzto]l Al wha} r|HAFErst WERF FAEY 9 gg 7HAA Hel A"
Fxel st v A g Aol g sMsstA &, Aot ES} Aloj @ 2te] Wl CEo| 243l DFRE A
3l 39709 Aoy F3& 7AYo FAUAERE (Look-up Table) & & 1o Yehlct

Aojoxt B9} Aol o ale] Wzlek CEE HASGAE AR 258, HAFH A el X3ty 29
W32l DFRo] Aah=nd, ol vl )3 (Defuzzification) ©AE Z338led DFRY HZF AojAE &8o] &
Attt F3X 2 3 fed d¥dee Aae fx) g HE&HY, 7 Aol oste] £HAF | ALl
gt olE 2 Aot e 2Ho g BE dr)e HE AojNF £8 & F87] Y8t Max-min composition F
ol ZAF A S48 (Center of gravity method) o] AF& =it HdlAE T o) Btk AFHAe] 5L £A
FAHE AHRste] WA HAE Y A% FHUE HF AoJAs 8o AFRSAT. FASAE S A9 HE
Aol £YNZE Fale A& 2% 700 JeRA L

[}

/\PS 1 PM 1# /\PM 1 zo 1 PM It /\PS

-\, L.\, LV B A U

E CE DFR E CE DFR

1

b

- /J PS it /\PS 1 20 T /\PS 1+ /\zo
LN/ N L N A0 g 2 e A R

E CE DFR E CE DFR
if E=PS and CE = PM then DFR=PM 4
if E=PS and CE = PS then DFR=PS 70 PS
if E=Z0 and CE = PM then DFR=PS Cé § PM
if E=Z0O and CE =PS then DFR =Z0O
DFR

O™ 7. v M= 3 Ay,

13
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12 g 0.6
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38 8 HAA 7] & o] && {7 wige] HamAF At

Aot e HH g Fild Pz oo AH /A FEg A ALY FFE 7 AFEY 2ol & 2%
g T3 AR AFHe HAFH gHetn, AAFHE T 2P A5 NEIIFE = HaF
< FAZHYE ol &3A vl A sete HA AAE TR

AtE kineticRd & o] &3t {7HA g THE HAAAMAZE H & A BALE FPEPYan o
€ 298 YEIATH 188 H A AolE AHE T f7HA] LA TN ARMEFF, oS, emulsan, 1)
I 71AIE S5 Al mE AF S BAF T Uk HAA 7§ o] &7 8212t AoY7| B HA o
& TE 65g/Le A S8 FAHAJUYT AZAZFFL 3 E2] 28N 57 /L) vhd A A& Futsle §
74 g aFZ AN ME 8.94 g/L7t Bl th Emulsan®] & M3 3.0 g/LolA 5.3 g/L7txl 3= AT, ole
A F=7t HH A adH oz A7) WFolct olst g A BAL AAEL TAF HAA S Fu
250l & o] FojH & vEhl L glen, Add HAA 71 o] & f71] HE HYL AT 5 A EWY
€ AlFstan.

V. HX|H0{7]| & Ol &8 R7H4] vite| A At

HA A7 & o] &7 F714 wjF AP L HAAANE o] &3 HARALY] AHr} A9 F Y o FPE
o 22y AR A o} ) FARAR] Aol A AejdFe] ¢rditlaly, APoM e &3] YE AEe 49
sho 7] of2f & eSS 23 a3 24 A Yol A7le AW Eo) AA APAre) 2
e AAEARe] Aol @t 71 MdFE dPe 2714 2E WiAe] FEE oeg 8.0 g/Lo}
phosphate 12.1 g/L 24 4ol om Ha = EE FE7}6.5g/LE Hold w7x] Aoz £3% ¥
ol®-&3 phosphate§o] E3d 714 & FFste Vo2 A#siA) FEAAM frpyoz HASA
Ao dgE F=(65g/L)E FAANA F7) st d%Ho 2 71A e FFSIAUT. 2T wgyhRe] vy
o] #3971 35 L& 2#5HA =P F7HA S B0 A@sAT. o9 o] A& olfE emulsane EF
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32 9. HAA AN E o] &3 Rt wide 4y dt

AADA 4o 8oz YAHE2 {44 wjges vl Ee] AL EE HUgo e N tFriolA g
emulsan®] AL & YA =& AZAEZHE A3 ¥, 71d T3] gle 384 vgoz Ao
7ol W3 A=A 71o) A emulsan©] HAHE =2 3t o)

HAPAANE 299 el 48 4 F 037 ¥ue k3500 mgsgon AZRNEEZHL 9.1 g/
L, emulsan& 5.5 g/L7tA] 4& 4 AUk det-&2] Aoz 9A17t AT RE 17 A 2HA7A 8 A1 Bt
359 1 sampling time& 102 2.2 &9t} Ethanole] 2 A+ A5 9] YAaETol 285 = 10 27 GC
E AMEste 2o A5 E 10 B8 $ohed 20 FolAvt (BAIZHE 10 B8 28] 3lT sampling timeg 10
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2oz 3t AZAEZTFLE Ao} B £ 30 AR ZA F718chot 30 Al & ARG s
N E-E 2 30 Al o] F A 8] AU B Ao F £3<l emulsani4he] A2 S84 4Y £A] 3.1
g/L ol emulsan¥ X7} 5.5 g/L7AA @A F713t9 ) 24 Qo= B7ata Aol 7125t 19 10(a)dl A
o} o] et 7t HF oehS % 6.5g/L ol A 0.4 YA FREATh 28 10(b) M e 71AZF &
o] HaH e FHE RAFT Qe Ak get A} F7hgtel gel 71do] go] asty) Wi 7jdF
#FE&EE 2ol FH Z/5982 ¢ + U

AR A Aot AP A HE v wsd 2ol 7t A s G =, ol gt Aol A EFHL X 5443}
o AP &0l 71 g AMe RAR QA3 2o EAlo] Yelo] e d4dth Aoz HX
A o)718 o] &3 F71a gl N HZAEZF A4 emulsan®] F2 3 E 2 wjgol ¥]dle A Frlsln
7148 sz Al oo o F& A5 Vel Ak

V.82 2 Hied

2 Ao e g Azt e frHA 2aFP e SN MEe Ho v FERE FAFEM AL
A A ARFGAR] emulsane] Y& FFA7e A NS FEE FAIA7)7] A48 HAA 71
At AH 71 wmt v RSl FE Abole] eatel oAl W E Yo VAFFEE WIFS ZHO
2 A gEsaRon, Ndsee HAX FAE VNATIFEE 280 st =Tt WA A E
A HARAA S FaejFol ALH A, HA AVEGAE B osts vt ot F7HA wjgF Aol o] &5
o HAA 71 E S8 FUH W FAA A V) AeEE FXEReH, ARAEF ) emulsane] B4
HEY MgEo ZA 7 AT HAXA o] AL fba de o} wi kTR o) AT A ool {-&5HA HE
HAh

AR FAol HAA oo 2 go) b o Mol He Al UG vt 2l S FYstn AolAg 7
Ao ¥ F& Ao 45g 7 o i gddth HA Gl S AEFF H e o], fFAEE
YEZTH N Atgel AP Aol et PR E AR 2550l A8 F4HER, 4 AETLY T
ol g neeol wet fanh websd, A4S Fd2 dnFeS ol &t AF A 2| 73S st
AT AXA Y FEEE S99 H L7 Folth BE 71 A ST A ANAIHRE
of HAA 5ol gz, 71Fe ANDY Mg 7HEsA s17) A5t A3eEAE onlinesg &
AMRICl 3 4 e utol QMM E Este Y8 A AHEATHE ARXAAE § 58 A5 & 49
el

HA Ao G EL 71AAME A /7t BEFH dal aRH o2 HEd £ ARen, B AN
A E H e A g HA Ao7lee KA A2F AXu g, AEAE WY, FEAZ WD e
LFHE wFoll &, S8l HEFH YIS TN F Qe 5T A0 2HE dg F UE A9
o BRE At whgo] doju= BEFR ] A7) Aoldl glof g 71E ] Aoy Rt HA| Aoy o)
Aojo] HeE FINE F AL Aok Aladr)

—AMNEBNE -
E, Cell-Bound Emulsan [g/L]
E; Free Emulsan [g/L]
E: Total Emulsan [g/L]

f(P;) Function of Growth Activation by Intracellular Phosphate
ket Factor Related to the Growth-Associated Production [g/g DCW]
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Kez Rate Constant of Non Growth-Associated Production [g/g DCW-hr]
K; Inhibition Constant of Ethanol [g/L] and [g?/L%]

ke, Rate Constant of Active Transport [1/hr]

Kpe Saturation Constant of Extracellular Phosphate [g/L.]

kpi Active Transport Rate [1/hr]

keio Reference Value for Active Transport Rate {1/hr]

Kei Growth Index [kPi/ kPio]

Kpi Saturation Constant of Intracellular Phosphate [g/g DCW]

Kri Production Inhibition Constant (g/g DCW]

Ks Saturation Constant of Ethanol [g/L]
ns Inhibitory Index of Ethanol

Pe Extracellular Phosphate [g/L]

P; Intracellular Phosphate [g/g DCW]
S Ethanol [g/L]

t Time [hr]

X Dry Cell Weight [g/L]

— JelojA & —

U Specific Growth Rate [1/hr]

Umax Maximum Growth Rate [1/hr]

Us max ~ Maximum Growth Rate by Ethano! Concentration [1/hr]
upi, max Constant in Growth Rate Eq.

v Specific Production Rate [g/g DCW-hr]

VoA Growth-Associated Production Rate [g/g DCW-hr]

YNGA Non Growth-Associated Production Rate [g/g DCW-hr]
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