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Continuous Alcohol Fermentation by Cell Recycling
Using Hollow Fiber Recycle Reactor
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*Dept. of Chemical Engineering, KAIST, Seoul, Korea.
(Received March 5, 1986)

Improvement of productivity in ethanol fermentation was attempted using a hollow fiber bioreactor (HFR) where

Saccharomyces cerevisiac var. ellipsoideus cells were recycled to achieve a high yeast concentration. Industrial wort

was used as the fermentation media without supplying any additional nutrients. The performances in hollow fiber

recycle reactor (HFR) were compared with those of batch and continuous cultures. In a continuous culture with 11°P

and 15°P wort media final ethanol concentrations were 4.71% and 5.82% (v/v) and yields 86.2% and 78.6% respec-

tively when the dilution rate (D) was 0.1 h-1. In contrast, the ethanol concentration and productivity in HFR were
7.64%({vlv) and 6.1g/i/h at D=0.1h-1 with 15°P media. When the dilution rate was increased to 0.2 h-1, the concentra-
tion and the productivity were 7.62% (v/v) and 12.2g/l/h. At D= 0.3h-! the sugar was completely consumed and the
productivity was 18.1g/l/h. This correponds to 4 times that in the continuous system and 16.3 times that in the batch

system performed in comparable conditions.
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Fig.1l. Preparation of wort media.
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* Fermenter 5L& (Eyela Jar Fermenter, Tokyo
Rikakikai Co. Japan)
* Density meter (DAM 60 System, Anton Paar,
Austria)
* Hollow Fiber Reactor (HIMPO1-43, Amicon,
U.S.A)
* Spectrophotometer (555 UV-VIS, Perkin-Elmer,
U.S.A)
e Peristaltic pump (Model No. 7576-10, Cole
Parmer, U. S. A)
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Fig. 2. Schematic diagram of continuous fer-
menter with HFR.
1. Medium reservoir 6. Heater
2. Peristaltic pump 7. HFR
3. pH prove 8. Product reservoir
4. Thermermeter 9. Fermenter
5. Sampler
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Fig. 3. Alcohol Production by different yeasts
cultured in the media containing various sugar
contents.

O—0O 10°P media, X —X 15°P media,
A—2A 20 °P media
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var. ellipsoideus FFE FEFeFo] A9 22 =+

Fo)9l o) Sacch. cerevisiae var. ellipsoideus 7}

20° P media ol 4 & ko] chiEof 9.87% (v/v)

olgdch Wt A=l dLUE 3 HFRAST

I Aol e o] T2 52 dEA Sacch.

cerevisiae var. ellipsoideus S ® 5lo] 2183t
dfutyg AEznt ¥ 0E
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% AL a s AASle] GF ek WEE H A
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Table 2 oll4 B uielzto] 3|i4o] A5 LE
4841 7}el} AFsx 6,81 % (v/v) o1gl.em olwle] &
T8 92.2%1% AL F N 34 Fo)
0. 1K'l 11°P medisa ¥ 15°P media$ ] &%
APAR AdF TEEA4T1% Y 5.82% VNV E 7}
2 gghon ol BE gL A7 86.2% H 78.6%
o]l ch.

2 A g o) A& Dilution rateS 0. 1h~' o]4F &3
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Toleh
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FE W QAAEe ApEEe 75 R eEe] ut
g 2A G U ez 44

Table 1. Continuous alc. ferment. without cell

recycle at 11°P media.

Ethanol Yield Productivity
WN%,win%) (%) (g/l/h)

Process Time Extract
(tr) (CP)

Batch 42 2.97 5.12 4.08 93.7 0.9

Conti- 50  4.53 4.36 3.47 79.8 3.4
nuous 60  4.07 471 3.75 86.2 3.7
66 4.78 416 3.31 76.1 3.3
72 5.3 3.81 3.03 69.7 3.0
78 47 408 3.24 74.5 3.2
84 5.01 3.96 3.15 72.4 3.1

*Fermentation condition : 30C, pH 5.0, D=0.1h"!
*Continuous culture after 42 hrs of fermentation
*Extract . °P (Plato)
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Table 2. Continuous alc. ferment. without cell

recycle at 15°P media.

Process Time Extract  Ethanol Yield Productivity
(hr) CP) (v/v%, w/v%) (%) (g/1/h)
Batch 48 3.92 6.81 544 92.2 1.1
Conti- 60 6.36 58 464 786 4.6
nuous 72 93 417 331 561 3.3
84 8.40 4.46 3.5 60.1 3.5
9 750 540 4.3 729 4.3
108 7.96 460 3.66 620 3.6
120 710 522 416 70.5 4.1
132 6.53 554 4.41 747 4.4

*Fermentation condition: 30C, pH5.0, D=0. 1h™
*Continuous culture after 48 hrs of fermentation
*Extract : °P (Plato)
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Fig. 4. Continuous alcohol ferment. by cell recy-
cling with HFR at D=0.1h"'
Ferment. condition : Temp. 30C, pH 5. 0.
® Alcohol content (v/v %),
A Productivity (g/l/h),

0 Cell mass{g/l), O Yield(%),
+ Extract= Sugar degree ("P)

Kor.J. Appl. Microbiol. Bioeng.

ot

65 131

Continuous culture

-
L]

501104

=3

-]
- O 1R -0 WS

P

02036 48 60 72 84 96 108 120132
Time(hr.)
Fig.5. Continuous alcohol ferment. by cell recy-
cling with HFR at D=0.2h"!

Ferment. condition: Temp. 30°C, pH 5.0

® Alcohol content (v/v %), & Productivity (g/l/h)
O Cell mass (g/l), O Yield (%)

+ Extract= Sugar degree ("P)

100% 7} 27k A vebd A2 A W FHul =] Fof
70 % 2 Maltose 2} 14.1% 2] Maltotriose 5% o]
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Chang 592 Wi A 7|7k (50 A 7}) o Vi-
ability 7} 98% ol cl ¥ 13} v} gl



Vol. 14, No. 2,

[ ]
ors}0]
T {15]

)

continuous culture

151

0 24 3648 6072 54 96108120 168 204
Time(hr.)

Fig. 6. Continuous alc. ferment. by cell recycling'

with HFR at D=0.3h""

® Alcohol content (v/v %), & Productivity (g/l/h)
O Cell mass(g/l), 0 Yield(%)
+ Extract=Sugar degree (°P)
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Table 3. Comparision of characteristics in Ba-
tch & Continuous culture with or without HFR

cell recycle.

E thanol Yield Productivity Rem

Process  (ivop)wivse) (%) (&/I/h) ark
Batch 6.81(5.44) 92.2 1.1 -
Continuous 5.82(4.64) 78.6  4.64 DfO. 1h~!
HFR Continuous 7. 54 (6,02) 102 18.06 D=0.3h7"
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Table 3olAe} o] HFUAE F & HFRASE
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2} productivity & 3¢ 4 Ak AL AAH F
otz 2 A3ol4 HFRe f3kol &A =&

ol Dilution rateZ 0.3h'7}Aut AAsgiot &
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33 Nagashima$'® 2 Immo-

bilized yeast cell reactor3 AL-&3% AN *F
WA E Batch 4] wael vlal 2090 £ 4 2

Qehs w2 ¥ gleh

2 o
Sacch. cerevisiae var. ellipsoideus TF5 °| &
Aol g AAWF A S ARE 4TS YEA

Hollow Fiber Recycle Reactor 2 o] Cell Recycle
o AA wazUe 4E PAAL Fel7l A £
9y e AAeglom, 53 BawchAls A% LEA
HFR §3-o & E4¢ vunided AzE oo
el chest 2ok

1. Dilution rate7} 0.1h— 2=} 11°P % 15°P
media = o] & 4F AL U FANA Q—ii—‘niézl 71
% B 5.82% (V/v) °]2i°"4 olwle] WA EE 77
86.2% 2} 78.6 % °13lch

2. HFR dZ&2fo]4 D=0.1h'dul &F
¥ 7.64% (v/v) 2 Egkew, olw A“*Vé%
g/l/heolglch =3 D=0.2h'ds GFF =2 Ag

A e 27+ 7.62% (v/v) W 12.2g/l /hel3leh
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3. HFRA< W Eo4 D=0.3h"' Al dEFE
7} 7.54% (v/v) ol em GZTHAA L 18.1g/1/ h
ol e,

4. ¥E PAA vlFoll4 HFRASEEE A%
wio] vsl] 4viel AN dglew Batch'd
Fof) v)aiA &= 16. 30} ZA Frhskgdch
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