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ABSTRACT

The quantitative effects of molecular weight and concentrations of two phase-forming polym-
ers-polyethylene glycol and crude dextran on the two phase extractive ethanol fermentation were
investigated using a Box-Wilson central composite protocol. The regression model obtained was
used in order to determine optimum compositions of aqueous two phase system. In the aqueous
two phase extractive ethanol fermentation of Kiuyveromyces fragilis CBS 1555 with Jerusalem
artichoke juice, it was found from the regression model that the variables influencing on ethanol
fermentation were PEG concentration, time, Dy concentration, and PEG molecular weight str-
ongly in order. The interaction of PEG concentration and PEG molecular weight was also
found, and the effect of PEG concentration decreased with increase in molecular weight of PEG,
The ethanol concentration incresed with increase in molecular weight of PEG, and with decrease
in concentration of PEG. In conolusion, maximum concentration of ethanol produced was obt-
ained at the following compositions; PEG MW 20000, Dx concentration ranged from 4% to
5%, and PEG concentration ranged from 3% to 7%
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Table 1. Values of the process variables in the
experiments

Level values
-2 -1 0 1 2
Mol, Wt. of PEG 2000 4000 6000 8000 10000
Conc. of PEG(%w /v) 70 100 130 160 190
Conc. of Dx(%w / v) 10 25 40 55 70
Fermentation Time(ht) 10 12 14 16 18

Process variables
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Table 2. Operation conditions of GC for ethanol
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analysis =
Bo
Column Material Porapak Q, 1/8"X6'SS column E 60
Detector FID S
Temperature Column oven ;200 % 40/
[njector 220C =
Detector 220C —1:: 20
Gas & flow rate  Helium 30ml / min(Carrier gas) 2 r
Hydrogen 30ml / min ©
Air 400ml / min 0 0 2‘0 4'0 GJO 8'0
Predicted Ethanol Conc, (&8 / )
Ay o @ Fig. 1. Correlation of the predicted ethanol
concentrations to the observed ones.
HHEN
NehE FEE F4WL RS Table 10 Yebd 2
MAE W oS0 4EAEe £EAE BYUS gog Fig. 1& 89899 o239 48 287 Alo)o)
stod AAASH(13, 14)90 o3to ARYE FIHL A AAE el Feld A(1)9] 3Arde 247
o, BARA 2 F-AAE st FostA] e FYY T (coefficient of determination), R*¥= (08108011, W F
FIEL AF AARYAA AGsArh B AN A% Ao oy 9§ 1%E AT Yo
doldl A Aske H(1)3 2or 2 g9 Are felstng, 49 g ARDLE 54 ol 4A N B2o|
Table 36 hehARIc, Z3oiol 0 AgnsEs 4249 248 4 1Y
Ethanol conc.{ & / 1) = constant + a(PEG MW)+b T S & F Utk IAARDANA FEXE ALLF
(PEG Conc)+e(Dx Conc) + d(Time) + o(PEG o8 WEEY AA A7)0 71dehe Jee FAHE
conc)*+f(Dx conc)*+g(Time)* +h(PEG MW) 2 FAnde A4 HhAz RE &P WiSol
(PEG conc) +i(PEG conc) (Time) (1) dFFo v Gt AR E I3 4 ) Table

Table 3. Results for regressions and analysis of variance

Independent Variables Coefficients F ratio
Molecular Weight of PEG 0.79931 232
Concentration of PEG —76119 504.66™
Concentration of Dx 0.76772 518"
Fermentation Time 6.37586 31593
PEG Conc. X PEG Conc 0.19438 10.22™
Dx Conc X Dx Conc —1.25268 10.88™
Time X Time —0.60869 367°
PEG MW XPEG Conc 0.34162 8.55™
PEG Conc X Time —0.70929 499"
Constant 32.58346

Regtession Model F ratio 98.59™
Coeffioient of determination(R?) 0.8108

Symbols, O, ¥, and % ¥, represent the levels of significence of 10%, 5%, and 1% respectively
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PEG MW 10000 and 5.5% dextran.

HW PEGEES Zvlo| ul}
A3}o] PEGER7} 19%Y B
st WAL E FRENHBAYLE
q g Azl sl w4
3} g5 A Ao
i% 2tk o] PEG% xE LM E UP‘WM

9] @4 fé% Z ek 8 (4) osiE DxF
3%W A 6% 91 M PE %51 %]’ u o) °!IE¥9«I
ALK 7E 120]402 nad go ool UdFo
Qo] FulE Ak R g HelA) gL Ao
vebitth 7%vute] PEGEEE A3 WA A5

Korean J. Biotechnol. Bioeng.

Qo ¢TI PEGEAY Alojo #AAE maistd
PEGE 2+ 200000] L PEGE %7} 3% A 7% S ol
M PEGEEY HHA U& Aoz FHHAG

PEG £xizio] 224M| ojxl= A&

Fig. 3& & A7k 18hr, DxER 4%Y ol PEGEE
W PEG #Agd wE ¢ wr9 FuAds Yyl
Holn ZAI(k)E 4 SAAEoIT) PEGEAF %
kol e é%zﬁal 5 OE DxEL 2 2E
A Zbel A = Blsee & el T, PEGE-AH
o GFAdF v & PEGEE wa} 2
ol & HAY, PEGEEN 7%, 13%, 19%%) 7#%&
242y v|ws] 2d PEGE A 2000 =9 WA GFF
& ExE 200009 wo] EFgko] ulsle] zbzt 98%,
8%, 63%2 eyt PEGEEYF 2848 4F A
o] o3k PEGEAIH 9&4L oW PEGELE7}
WL 42 PEGEAFY FF gl

4
o
39

ot rlo

&t

_s

PEG Concentration(%)

2000 6000 10000 20000
Molecular Weight of PEG

Fig. 3. Contour plot of ethanol concentrations;
PEG conc. vs molecular weight of PEG
held constant at 18hr and 4% dextran.

PEGE Ak 2000U ™ PEGE 27 7% M 13%% 57t
st oF AA e 6158/ 1oAM 4138/ 12 3%
74k vk, PEGHE 2 20000%1_11345 =9 =7 s}
A 22% 723tk PEGEAE-S 2000014 2000082

Z7M 71 PEGEE S7HE ?lo}@% et 244
2ol A 10%AE =Y & ook oJRe 24 E PEG
¥xe d%o] PEGEAZE F7bdl ot ZhaEwM,



Vol. 6. No. 2

PEGEL Z71d o8 4 37t
Zobol olstel w4 sdoke 42 o 4+ A

Dextran 5=} dF4Mol o[xle F&

Fig. 43= PEG 23 20000, & AI7F 18he® whol]
Dx%“_'.:_ ) PEG:&EOﬂ [ﬂrfﬂ_ /%l/d oL:xLlnr: o] .E"rﬁ.%
e Aol 3 Fig, 55 WEAIZE 18hr, PEG Fie
7% ™ Dx%& 4 PEGH- Aol wht A dEw
59 Suag vEpd Holth Fig. 49} Fig. 53 wU

70F" ' N \
60.
55, 7.0 ]
53.7
50.4

40} 47.1

43.
25k .
10F; / ’ )

7

PEG Concentration (%)

v T

Dextran Concentration (%)

Fig. 4. Contour plot of ethanol concentration:
Dextran conc. vs PEG conc. held con-
stant at PEG MW 20000 and 18hr.

70F- . - - ' 59.6]

61.1]
5'5.._,_//—”— 61.9]
40 1

] P —

Dextran Concentration (%)

56.5]
l.O—J' R T 55.7, -

2000 6000 10000 20000
Molecular Weight of PHG

Fig. 5. Contour plot of ethanol concentration:
PEG MW vs Dextran conc. held cons-
tant at 18hr and 7% PEG.

179

Degies} G7kitol e} YUBUL Rt Dy
w7} 5/0])40]@ sk AES yoa)al OlL} [}3!_
}ﬂ“’l PEG, HEANE Y TRt PG ol thafAie

G GEIG S Aol e Dy
9} PEGH-R}EF Wl PEGEE9 9] Alolo) A& 480
L :I\ oloij c;}—xug)d‘,ko“ LHOl D)‘ =10 o] oq oLo

Jol et PEGE A 2 PEGE ol sHAgle] Dy
/P 4/14111 5% WIHAlM A ke ikol A Aol
1.0

N
% % i

o}{‘_‘l-('—'r:orrﬁ;iﬂlr:o

i) r[“ :'Si_>'. k1 ﬂ

(]

N
rLlo

T
2 o

9] PEG-Dextran-H,0 o] 47 35 waol A o+
Yol that PEG 2t 55, 71d) Al Dextrang 5 2|
Q1 atA g HEF o)A 2L Fyel] $lshe]
Box-Wilson 54133405 o] &35fo] EA6iiu}. W oAt
o M & EH]“H]*LH o] OI”fﬂ kgl s
Agwsge JFHe E ddsd PrGE R}
ofghg ol FAodA F& BgolM IR M
7P Ao PEGEET} 7%0lsl 4 Sk
Uy :sz/} H x| <t stk Aok &‘-2-\:—
PEGH-2baF Zvbol whe} ehvbalA Svhsldeh PEGE S
7} ST o A F U PEGErHFO] o84
ze ”% PEG 517} SE& 45 oha Al A gh-8 PRG I 4ol
upzt zpol 7k 2o YT PGS G PHGH- 4
gk Zote] olate] ZFAw AUt Dextranis iy 4% WA
5% WA A ol Ho[r, ¢hte] FEE
o] A P}*(r[)extran(crude ) o] AHAlE PEGIERFE 20000
, PEGEY 7%0°]| 8}, Dextran 4—5%# 4PA%9 9 o

ool ARSEETE 98 4 A%

# A

oo 1990K % 58t G A v st el e
o] 2| ¢le) ofste] ofitojg ouq ol thste] fFAbrg
o},

ok
k!

rak

=]
T

1. P AL Albertsson {1971), Partition of Cell Particles
and Macromolecules, 2nd ed., Wiley-Interscience, New
York

2. H. Walter, D. L. Brooks, and D. Fisher {1985),
Partitioning in Aqueous Two Phase System. Academic

Press, New York



180

3. F. Tjemeld, 1. Persson, P. A. Albertsson, B, Hahn-
Hagerdal (1985), Biotechnol. Bioeng., 27, 1036

4. B. Mattiasson (1983), Trends in Biotechnol., 1, 16

5. B. Hahn-Hagerdal, B. Mattiasson, P, A. Albertsson
(1981), Biotechnol. Lett., 3, 53

6. B. Hahn-Hagerdal, B, Mattiasson, K. Andersson, and
P. A. Albertsson (1982), J. Chem. Tech. Biotechnol.,
32, 157

7. B, Mattiasson, and B. Hahn-Hagerdal (1982), Eur. J.
Appl. Microbiol. Bitechnol., 16, 52

8. M. Narodoslawsky, Ch. Reisinger, A. Moser (1988),
Chem. Biochem. Eng. Q, 2, 245

9. Y. L. Wan, H. Hustedr, and M. —R. Kula (1988),

Biotechnol. Appl. Biochem., 10, 173.

10. K. H. Kroner and M, —R. Kula (1978), Process

11.
12.
13.
14.
15.

16.

17.

18.

Korean JJ. Biotechnol. Bioeng.

Biochem., 13, Apr., 7

C. D. Hendrix(1980), ChemTech, 10, 488
C. D. Hendrix(1979), ChemTech, 9, 167
1H38(1982), AAARALY, A
W E(1982), 3]F1EA, dlgAL

. P. Guiraud, J. Bourgl, N. Chabbert and P. Galzy,
(1986) J. Gen, Appl. Microbiol., 32, 371381

N. Chabbert, Ph, Braun, ]. P. Guiraud, M. Arnoux
and P, Galzy, (1983) Biomass, 3, 209—224.

N, Chabbert, J. P, Guiraud, M, Arnoux and P. Galz
y, (1985) Biomass, 6, 271—284

7], £, FAA(1989), FIAHEFEI R,
4, 50

(Received; June 10,1991, Accepted; June 14, 1991)

[~



