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Abstract —

Ethanol fermentation of glucose by a strain of Saccharomyces cerevisiae was studied

in membrane recycle bioreactor, where the fermentation vessel was coupled with cross flow
hollow fiber membrane. The cell recycle system controlled backflushing with fresh medium
was proven to be effective in alleviating membrane fouling and allowing long term operation
of high-cell continuous fermentation. Using 100 g/l initial glucose concentration, the maximum
productivity of about 95 g/l'h has been achieved at dilution rate 25h ' and bleed stream
ratio 0.05 with the corresponding ethanol concentration of 35 g/l and glucose conversion of
100%. Increasing the glucose concentration to 200 g/l resulted in an increase in ethanol concen-
tration to 48 g/l and productivity to 120 g//-h. Substrate conversion, however, was only 69%.
This productivity was the highest value in the study, and about 38 fold more than that of
batch culture and 17 fold more that of single stage continuous culture without cell recycling.
No further increase in the productivity was obtained when the glucose concentration was inc-

reased o 300 g/l
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Fig. 1. Schematic diagram of cell recycle fermentor.
PHC: pH controller

LC: level controller

DO: dessolved oxygen meter

MR: medium reservoir

FM:filter module

F: fermentor

P: pump

SV: solenoid valve
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Fig. 2. Fermentation kinetics of CSTR using inlet glu-
cose concentration of 20 g/l
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Table 1. Comparison of ethanol productivity from different fermentation systems
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(g/D) (g/h) (%) (g/l-h)
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recycle 300 48 37 96

fermentor 200 48 69 120
APare] 2Tty gl o, Loung(13)+= 105g/e]  FAFEE £o ALdk wioks okt L3t o=
o gb8- FrollA] ofgkE QA FHe] S| AW 2ol 2|gt A&l g2 FaAlFH v|AAAALES A
thi Z=F)3}edc)h £8 Nishizawa £(14)-2 ol|&hE 717] $isi e Zdad Fol SAHE ovbEE wiE
xw 30g/] o]3ldlAe ollgtg wm|AbAe] oebg Al H g} glch o)e} A2 FAHow 2 M
ol o sFS kx|l o} 1 o] Akl A= A A A 572} hollow fiber membrane, ceramic filter& o]

o2 Zra=u] 100 g/lel A A3 AHAZt 3}
oir}d, refi} Aiba S(15)-& ol=HE WA #FF At
8.5)0] ofe}& w7} 200 g/l o|A7LR] BAle]l #X
sigl o 250 g/l o] Aol A 7F AFEREAL B2
3= g e ?.r-’?é% EAs} wiokz7e

5 o]
=27 ojerg whE e o 4 el
o)4e] AohE 23 £ w) B A A4 me-

mbrane module-% o] 31} “E-%‘"I’-]— 3-]'<§ »"’*’*.7-]9} ﬁl?—ﬂi

”4 7R ’*liﬁé——l Ha *él—a‘—% Table 101] H]Jj‘l
gy staleh. R S wlsl nd o e

EAsEe) A S 2507 BF Ao 2
FARLA TR 200g/10, FAFE 155 g/lellA FHd 2
oeke WA 120/ hE vhehhgiEdl o) %

sfefe] 38ul], A& wfoke] 17wl ddddhe 2 A
HAdelet. ey FFEe A “43‘4*%'9} 69% 2.4 ¥

G4 wrolom T2 owix]e] FEF A 2N 100g/Y
u] WAA]2 95¢g/f-hE Ur 2o~ HIEEL
100% 9y mela] oz} F3Ho] 4% membrane
module2] A3} olell g 7|AFx, 7 Tk
2l 3] g AAe] TR AL -r»—? of B} 2
WAde] FQ3F olzfel AHAeor AEch
2 of
of|gF-2-2] Wra YA S £ol7] A= WHEFEY

2l 7R Fa% 22 vigel 3 A8 bleed st-
ream ratioZ} ol|&h-& Ao v X+ <43k H A
49 @Ak 47 29 JhedE Aot
ol 9 wl_-g_.%. } } 5 = A zilg;],o:] ;g]..r* u]i:::o}
Aok E }04 AR kmetlc datas L&
A3 AMS- 5o Hd vFA HEE 054077 o
eS8 Y,.=047, Y,=0.15 K,=15mg/ict.
35 vl okol| A= H o83 ARE-E 32 g/isiem,
ALl A g WA o FRIes B 20
g/Ad o), FH| AAFA 36g/0-h, 100g/1Y W+ 7.2
g/l-hglch,

B H8-% 05~125h% bleed stream ratio®

002~02 H2AZ WH3r7l Z7} 3|4& 1.25h
bleed stream ratio Q.05 4 100% FFZ e~ st
S5 veldigl e ofuf uljokell F ofigl-E % 46
g/l, A oleke WPAAMHL 57 g/l-hedth

27 FFIeA FX 100g/l9 wAE A48}
bleed stream ratios 0.052 ZAHAA £ 3485
gk Tl 43 2 oA FH =2 =14 NS
3.0h™'74A] A &3 dSulofe] rledlgdoer 3
Mg 25h7 e H o®kE A4 95¢/-hE
Aok FHd ofgkE AaAdd o Falsxe 135g/,
ajofel 2 oerg Ewl= 35g/, 7|A AIEFL 100

%%tk D=30h"'sd o FAFEs 159g/2 F7}
StHot ol ete A2 2813 oft A ekl 93 g/l
hedxt,

u‘ﬁ
>



Vol. 19, No. 4

A E 100 g/i2 AR 7] Abeoll A 3 o)A
Z F239¢4 X2 200g/1% 300gIE F7HA7)
Axt oelg A W E N oetE Fre 3
A g0) Z7le] ubet Frlsiglct 5202 55 200
g/ie] 74§ D=25h7"elA ofvt-g o A4 88
g/l-hE 1o o] uf ikl F ofjerE T 35
g/igich A & 300g/le HAgole
D=20h"tel|4] FH§ AAA] 96 g/l-hE I HY
oFN Z ovh-g FE= 48 g/lsich e FAlsEE
100 g/I= 2437 wfiell 713 Aghgo] gl

FF A Fe] FREIA FEE 20018, 34
82 250 12 ZAAIZ] el A &3 Sl

F8F-S FEY AT dekd

AR s wbF e F olerE T dAlFESE St
el whe} F7pshed A, oAl EE 155 g/loll 4| vl 2] 52l
ol el-& w5 48 g/l, ofetE A4S el 120 g/l
hadoo old 7)1 H#8-L 69%%dct.e] o Y4k
Ao 53 uljokell vlal 38ul, wha dLmuljoke] 17n) ol
3= ghelsith

-
=73

2 od
il
O
o
el
R
=y
“24_%#
off
al
RS
g

INEIRT

¥ odte FHARNAA Al diFd e =] 7]

70 Apgde] adw) Aol Hste alle A
AFZ A9 2Rl FA=ESY

Ao

1. Shama, G.: Process Biochen., Oct., 138 (1988)

10.

11.

12.

13.
14.

15.

. Rogers |

427

. McGregor, W.C.. Membrane separations in biotech-

nology, vol 1 | Marcel Dekker, INC., New York,
255 (19864 and Beliort, G.: Biotechnol Bioeng.,
33, 1047 (1989)

P.L.., Lee. KJ. and Tribe, D.E.: Process
Biochemistry. Aug./Sept., 7 (1980)

Mehaia, M.A. and Cheryan, M.: Enzyme Microb.
Technol, 6, 1 (1984)

Lee, C.H. and Chang. H.N.: Biotechnol. Bioeng.
29, 1105 (1987)

Miller, G.L.: Anal Chem. 31, 426 (1959)

. Ghose, T.K. and Tyagi, R.D.. Biotechnol. Bioeng.,

21. 1401 (1979)

. Maiorella, B.. Blanch, HW. and Wilke, C.R.: Bio-

technol. Bioeng., 26, 497 (1984)

. Janusz, J. M., Cheristine. .. and Gerard, G.;. J

Ferment. Technol, 65, 319 (1987}
Lee, JM., Pollard. 1.F. and Coulman., G.A.: Biote-
chnol Bioceng., 25, 497 (1983)
Cheryan, M. and Mechaia. M.A.; Process Biochem.,
Dec.. 204 (1984)
Ghose, T.K. and Tyagi. R.D.: Biotechnol. Bioeng.,
21, 1401 (1979)
Loung, JH.R.: Biotechnol Bioeng., 27. 280 (1985)
Nishizawa, Y., Mitani, Y., Fukunish, K. and Va-
gal, S.. J Ferment Technol, 62, 42 (1984)
Aiba, S., Shoda, M. and Nagatani, H.: Biotechnol.
Bioeng., 10, 845 (1968)

(Received July S, 1991)



