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Optimization of Conditions for Extractive Ethanol Fermentation
in an Aqueous Two Phase System

Kim, Jin-Han*, Byung-Ki Hur' and Young-Il Mok?
Department of Environmental Technology, Junior College of Inchon
'"Department of Biological Engineering. Inha University
Department of Chemical Engineering. Ajou University

Abstract — This study was undertaken with objective of optimizing the conditions of fermentation
in an agueous two-phase system which is composed of polyethylene glycol (PEG) 20000 and crude
dextran (Dx). The data were obtained and analyzed using the Box-Wilson’s experimental design
protocol and the response surface methodology. To reach this end a multilinear polynomial regres-
sion model was developed, which can be utilized for the purpose of optimizing the extractive
fermentation. Optimum conditions for batch fermentation with aqueous two phase system were
found to be at 4.2~5.4% PEG/3.2~4.2% Dx range. The composition of the center was 4.8% PEG/
3.6% Dx. Optimum operating conditions for initial sugar concentration and fermentation time were
approximately 160 g/l, and 21~22 hr, respectively. Fermentation in the aqueous two phase system
composed of 5% PEG/4% Dx showed increase of 23% in ethanol concentration, of 9.5% in ethanol
yield, and of 19% in ethanol productivity as compared to the case of fermentation of neat Jerusalem

artichoke juice.
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Table 1. Values of the process variables in this experi-
ment

Process Level values
variables —9 -1 0 1 2

Conc. of S 40 80 120 160 200
(g/)

Conc. of PEG 2.0 3.5 50 6.5 8.0
(% w/v)

Conc. of Dx 1.0 25 40 b5 70
(%o Wy

Fermengation 8 12 16 20 24
Time (hr)

&oird.

o 3 uUR7E
*’:——1@4 5 Kluyveromyces fragilis CBS 1555

o), YM wj|el 4 35T, 20413 A=t whoksha 44)
2 ARAA A FHFAS AEE FAZ 83

k. A V)AL 3 5(16)9) wHow Helsle o
& F Fx 120g/19] H=7=A} Ml%lr-’r »*—m
o] A% PEG 20000/Dx o]At#H 7]1A &<

250 ml 2 3felem 7 5(15)7 ZS wWylew 71@

Feds) 29 Hrleks delslo] Tablel1d ez
gtell whep AsIAT,

HHEAH R AR 4

AZEetA3G00 m) HY olikAl F[AEe 250
mloll FS50AE 20m/ ¥ HF3 FHA] 2l
%}7]"]]/*4 2% 35C, AT 150 rpmE AgF vl oF3)
Aot Agr|ALdE FAe] 2r]FEs 05g/0019]
o}, E A|RRE 12A]774R = 2217 HHeR O
o|F 4417} ZHACe T 28A77HR] A LN-E 2§
st A FA7| R 12ml A A &5 AFH3A A FH3
AlgE A 238ty 1miE 33t HA A2 o=
g FE5, 2=l AR F SIAHPEG-rich upper
phase)?] A8 & AH3ld SIAte] J&H&E 3EF &
;ﬂﬁ],gjg]. A3} x—],q]}.}-_,] o][ 2}-2 {)E ZZ].e n- pro-
panol- & W {XFEAZ 3o 7] 5159 EH=xA
oA 7}~z ErlE 23 (HP 5890A)2 H-A1sledc)
oetE G AlE= 72} Abell i3t EME A&
2 0500 g& ksl 7]l 2 g(n-propanol)/l &4
10 miE go] FA s

o|EhE MetdE =EO| ALt
ol&b-Z AAHE(Qg/i-hr)2- ALl &lsted A Abs}



Vol. 22, No. 5
A,
Pomax —P
QoPmaxx a (13)
thax
Pumaxwpu
Qquax: . (1b)
thax
Psa—P
Qu=—"—" (1c)
P.— P,
Qu=——" (1d)
. dPot
Jmax " dt (le)

A7)0 A Qopmax Quemare ZH7F WEZ|7HE o &b
SX7b HAA AZE tpmacl A A AN Q4He] 2
o eF-&A A0, Qn, Que A WEAIZE ol A
AA AL 14 o 5t-8 KAt o)t} Pt P 22}
LREA|IZF t=004 A4 3 HAAFL dvtE FEolx
Py, Pu WEAIZF t=tollX S5 A Al Ao
ANer-g& FEo|™, Py, Punae 217 Py, Pyl 34
Alolet. Qupmae TAF H RS A A S X (maxi-
mum differential ethanol production rate)& }E}
e A4} detE 32§ WA A7 to]] hste] 3]
A sl L nA} o} 9] w]E-ZH=dP/dt)E F
Hojzlolc}, s AEH R ozl Ao i 6~8
Aol AAA S, R= 0.99 o|Ate|lc)
of]er& <F8-(percentage of theoretical ethanol

yield, Y%) A(2)el] &lsle] Abslscy.

. Pot o Poﬂ
Yo=1005 " 92/180) (2a)
Put T Pu(}
- b
Yu=100 5 00 7180) (2b)

o7l A Y, Yoo 22 SiA 2 A Akel| 4] 2] o
B8 folth SpvE E7] wrXxo]a 92/180% fruc-
tose} glucose 1 moleZHE g ¢ 9le kEH
(stoichiometric)ql o|er-&2] Aako]r},

ZHEA

533

ez st olF Alele] AL FHAaA Wl
oty 23 vy FIALIE F3odck P R?
FFeah, AaAgdd o F4AHEA " F-FHA
A2 HE f2)8h7] ¢ SHTSdES HEHH
mdlo] 4] A st £ Aol FolRl FHEF3I)H
+4 2A#E 7|x2 st Table 19| gAArLES
A el YHE A HBI e A, S8
R eRE Fhel W HEIHAARLDL AR
@} AQ)NA S, Ceesr Cow tv 77 3AW

54 27] %E, PEG ¥5, Dx $= HEA7Z
o|T i AHIAY, FE EE oRLFE o
o P

Ty ro)m, 2} 3ol 3] F A< Table 29} Zch

n = constant + a;S¢ + ;Cprg + a3Cpx + a4t 3)
+ (15S§ + G'SCI%EG -+ (17ch -+ G‘.gtz -+ aQSOCPEG
+ 01090Cpx + 011 Set + 212CpEcCpx + 013Cpxt

Fig. 12 AA A} olgh-2 55, Poll th3l 3) A5 g Q)
Fx|ef AFA| Ale]e] AFAS vjehd Zlo)m] AA
7, R*= 097600 =3k F7A Ao 2lslw
HE 1%2 3 HHFo| i3] f2)35ic) o9} e
ABBAE $oA el BE 24 distd s
frAbsteich Table 29 AlT=E FHE+= A3)S
RS- MAARAL 48 B dERE rxel TAHl
7] @5%, PEG 5%, Dx F%, &7 e 2}
ool HeFxq) FrAlE A EEsI ot A
o} B AP o] F5A-E o] 4-3ta] FAlo)AkA
o §FE- FEWFA] oA A 2 FHEAL

4

fo o B

TMO|aAH Yol A=

o)Al T QoA arERFe] E-Alepo]
Z5 o|AA|Y FEAd 8FFHE R A
T aERE Alele] FRpEF 2]zt E4F Aol H
A& (binodial)7} vIfA Ao E Hi= Zlog oA
th3). T3ZF ojebg ik Qi Fo B}k
PEGE AH&sh= Zeo] f2idt Ao uhs HoK15).
FAlo)| Al A oll'bE AJ4ke] AFAA A F
83 84052 shis oEkE g4l {218 #73e
A58t E]E oA A AF-Ape] AlLEE T4
ol Aeolet 3 4 girh ol9} & 2719 o] AIE
AHg-§he 24 PEG 559 Dx 5% 9 Lar 7t &
A s, Jdlekg A ofekE g8
3t = 2dA ®coh

Fig. 2= PEG 20000/crude dextran®. & o|F-o{3]
TANA olgHE FEAadA A<l PEG/Dx9
ool

3
A5 vebd Aot o] A2 A o HA A F9

a4 2w



534

Table 2. Results for regression and analysis of variance

Kor. J. Appl. Microbiol. Biotechnol.

Variables QoPrmax QuPmax Qapmax Qo Q.
Constant —(0.3440 —(0.4540 —{.2783 — 2.760 —(.3061
S 0.02486 0.02555 0.05591 0.005552 0.005739
Crrc 0.09474 0.1035 0.2368 0.08509 0.1104
Cox 0.05059 0.09149 0.1548 0.06410 0.09925
t — — — 0.5550 0.5820
% —0.0004731 —0.0004697 —0.001983 —0.001316 —0.001365
Coc — 0.009009 —0.009661 —0.01914 —0.008372 —0.01070
CZ, —0.005726 —0.008998 —0.01545 —0.008312 —0.01005
t — — — —0.02488 —0.02605
Sot — — — 0.002094 0.002191
CresCox —0.003713 —0.003901 —-0.001135 - -0.003529 —0.003767
Model, R? 0.9767 0.9779 0.8996 0.9291 0.9281
F—ratio 371.518 463.606 94.093 444273 487513
Variables Y, Y. P Pa
Constant — 140.46 —130.88 —78.562 —75.193
So —0.5666 —0.5462 —-0.1317 —0.1185
Crrg 2.105 1.848 1.797 1.378
Coy 2.447 1.037 1.607 1479
t . 26.01 25.02 10.173 9.896
: —-0.0105 - 0.009823 - 0.02031 —0.01961
Ciec —0.2534 —0.1962 -0.1717 —0.1335
C:, * —0.2583 -0.2173 -—0.1609 —0.1315
t? —0.7443 —0.7145 ~0.3643 —0.3492
SeCrec 0.0030436 — — —
SeCox — 0.003603 — —
Sat 0.03384 0.03183 0.04892 0.04640
CrrcCny —0.07613 —0.06577 —0.06399 —0.05988
Cixt — - — —0.02745
Model, R? 0.9620 0.9629 0.9753 0.9760
F— ratio 857.897 796.513 1491.19 1247.06
o &h& A4 (Qopmay Quema), T2 F ol ol &H-E-AJ A == 53242 PEG/Dx 5= ¥ 9e £3=e] 9lgich
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Fig. 1. Correlation of the predicted ethanol concentra-
tions to the observed ones.
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Fig. 2. Plot of the overlapped contours of Q.pnax, Qupmaxs
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Fig. 3. Plot of the overlapped contours of ethanol pro-
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Table 3. Fermentation characteristics within the optimal operation conditions for the various systems

Kor. | Appl. Microbiol. Biotechnol.

S}’Stem So t Py Qo Y, P Que Y.,
%PEG/%Dx g/l hr g/l g/l-hr % g/l g/l-hr %%
8/1 150-168 20.6-22.8 61-64 2.91-2.96 73-77 61-65 2.94-2.98 74-78
8/4 155-167 21.0-22.5 60-63 2.84-2.9 74-77 64-66 3.02-3.04 77-78
8/7 156-170 21.1-22.7 56-59 2.7 -2.74 69-71 63-66 2.92-2.96 74-76
6.5/2.5 153-164 20.9-22.2 59-64 2.94-2 .98 76-79 64-66 3.1 -3.12 79-80
6.5/5.5 155-165 21.1-22.4 99-62 2.88-2.92 73-76 65-67 3.08-3.12 79-81
5/1 154-163 20.9-22.2 60-64 2.95-3.0 74-78 63-65 3.06-3.07 78-79
5/4 155-164 21 -22 61-63 2.98-3.0 76-78 64-66 3.14-3.17 81-83
5/7 154-168 20.9-22.7 07-62 2.84-2.90 70-75 64-69 3.06-3.11 77-81
3.5/1 156-161 21.3-21.8 61-63 2.96-2.98 76-77 63-64 3.02-3.04 78-79
3.5/2.5 155-162 21 -22.1 61-64 2.96-3.01 76-79 64-66 3.1 -3.13 79-81
3.5/5.5 157-162 21.3-21.9 60-62 2.94-2.97 74-77 65-67 3.14-3.16 80-82
2/7 155-165 21.1-22.5 58-61 2.84-2.88 72-75 64-68 3.04-3.08 77-80
2/4 153-163 21 -22.2 60-64 2.94-2.98 74-78 63-67 3.08-3.11 79-81
2/1 150-159 21 -224 60-63 2.88-2.93 74-77 — - —
Control 133-139 20.2-20.9 49-52 2.48-2.52 70-73 — — —
T Uk ofet L wpHow FAH3te] 42 27] AR o]AZ FAH odto HAA 5 LS

E*%E.?Jr WA X7k 49 E Fig 3¢ vl 52
2 FEAIEAE wzokr] shHe g B oA A
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5% PEG/4% Dx o]AHAI+=

"
) ZA & Ao 8)sled A V| Enrt 17.6% =71
ledx WA AR B3 39% F7Fstelal E3JF olE

£ T, odghE 58, S S A A
i 3ted 23%, 9.5%, 19% Z7Fstd L, /ol disted+
27t 29%, 14%, 26% Z7FFAc.

Nomenclature

Cpeg - Concentration of polyethylene glycol
(Y%ow/v)

Cpx . Concentration of dextran (%ew/v)

P . Concentration of ethanol (g/f)

Q : Volumetric ethanol productivity (g//-hr)

Qap.max - Maximum differential ethanol production
rate (g/l-hr)

So . Initial sugar concentration (g/)

t . Fermentation time (hr)

Y . Percentage of ethanol yield, of theoretical
(%)

Subscript

1, o . The upper phase, and the overall phase
of an aqueous two phase system, respecti-
vely. X

0 . Imitial value

max . Maximum value

Prax - Maximum concel}tratiﬂn of ethanol
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