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An approach to high-speed batch culture by built-in electrodialysis culture. —Monograph—
YosHryukt NoMuRa (Department of Applied Microbial Technology, The Kumamoto Institute of
Technology, Ikeda 4-22-1, Kumamoto §60) Hakkokogaku 70: 205-216, 1992.

In various fermentations there is an inhibitory effect caused by the product, such as lac-
tic acid, acetic acid and amino acids. If the inhibiting end-product dissociates in the culture
broth, it is possible to remove the inhibitor continuously by electrodialysis, thereby reducing
the concentration of the product in the broth. Electrodialysis culture was applied to acetic
acid and lactic acid fermentation to reduce end-product inhibition. In the case of acetic acid
fermentation, the continuous supply of ethanol and concentrated nutrient solution to the elec-
trodialyzed culture allowed the production of acetic acid to continue for 30 days compared
with only 2 days without the electrodialysis system, with or without pH control. During elec-
trodialysis culture, 2,221.9 g of acetic acid was produced and the maximum rate of produc-
tion was 5.5 g/h, which was about 1.7 times higher than the rates obtained in cultures
without the electrodialysis system. In the case of lactic acid fermentation, the addition of an
electrodialyzer and microfiltration module increased the lactic acid production rate, and the
fermentation was completed within 31 h compared with 85 h for the control. The dry cell
weight (2.9 g/) and the number of viable cells (4.8 X 10%ml) in the electrodialysis system
were about 1.8 and 1.6 times more than those of the control culture after 31 h of cultivation.
Thus, very high viability was maintained, resulting in high lactate dehydrogenase activity, a
high lactic acid production rate and a short fermentation time. It was proved that the in-
tracellular lactate concentration, as well as the lactate concentration in the broth, was reduc-
ed by electrodialysis. Thus, electrodialysis linked with microfiltration reduced end-product
inhibition and stimulated the lactic acid production rate in a high-speed batch fermentation.
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Fig. 1. Schematic diagram of the electrodialyzer for the

acetic acid fermentation. A~, Acetate ion; C, ca-

tion-exchange membrane; A, anion-exchange mem-

brane; I, anode compartment; II, concentrating

compartment; III, dialyzing compartment; IV,

cathode compartment; DC, direct current.
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Fig. 2. Schematic diagram of the electrodialyzer for the
lactic acid fermentation. L~, Lactate ion; C,
cation-exchange membrane; A, anion-exchange

membrane; I and V, anode compartment; II and

IV, concentrating compartment; III, cathode com-

partment; DC, direct current.
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Fig. 3. Schematic diagram of the system for the control

of pH and the concentration of ethanol in the fermen-
tation broth of the acetic acid fermentation.
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Fig. 4. Schematic diagram of the electrodialysis culture system for the acetic acid fermentation. 1, 2-/
miniature fermentor; 2, electrodialyzer; 3, concentrating fluid reservoir; 4, magnetic stirrer; 5, gas sen-
sor; 6, pH electrode; 7, direct current power supply; 8, control system (see Fig. 3); 9, air pump; 10,
pump for supplying ethanol; 11, gas outlet; 12, recirculation pump.
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Fig. 5. Time course of the production of acetic acid by
electrodialysis culture. Cultures were conducted in
2-l fermentors which contained 1/ of production
medium at 30°C with agitation at 700 rpm and an
air flow rate of 200 ml/min. Ethanol (1% v/v) was
added to the medium at the time of inoculation and
maintained at 1% by supplying ethanol during the
fermentation. The pH of the culture broth was
maintained at 3.8 in the electrodialysis culture and
the pH-controlled without electrodialysis. The elec-
tric current was maintained at 1.0 ampere. The ar-
row shows the start of electrodialysis. Lines and
symbols: , acetic acid; ----, cell growth; A, non-
pH-controlled; A, pH-controlled with 5 N NaOH;
O, culture broth in electrodialysis; ®, concen-
trating fluid in electrodialysis. ODggg, Optical densi-
ty at 660 nm.
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Fig. 6. Time course of the production of acetic acid
by electrodialysis. Five-fold concentrated fresh
medium was supplied to the culture broth. The
other culture conditions were the same as those
described in the legend to Fig. 5. The arrow shows
the start of electrodialysis. Lines and symbols:

, acetic acid; ----, residual glucose; A, non-pH-

controlled; A, pH-controlled; O, culture broth in

electrodialysis; ®, concentrating fluid in elec-
trodialysis.
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Fig. 7. Continuous production of acetic acid by the electrodialysis culture system. The six-compartment

electrodialyzer was used and electric current was maintained at 1.5 ampere. The other culture condi-
tions were the same as those described in the legend to Fig. 5. Lines and symbols: —O—, acetic acid in
the culture broth; —®—, acetic acid in concentrating fluid; A, cell growth; A, residual glucose.
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Table 1. Production of acetic acid by electrodialysis culture system.

Acetic acid produced (g)

Without electrodialysis system With electrodialysis system

pH-controlled Four-compartment  Six-compartment

Non-pH-controlled

v with 5 N NaOH apparatus® apparatus®
Culture broth 77.3 80.2 55.0 31.7
Concentrating fluid - — 124.6 2110.0
Anolyte — — : 20.9 80.2
Total ' 77.3¢ 80.2¢ 200.5¢ 2221.9¢
Maximum productivity (g/h) 3.2 3.2 3.2 5.5
Yield (%) 91 91 88 85

Culture conditions were the same as described in the legends to Fig. 6 and Fig. 7.
> Available area of anion-exchange membrane was 205 cm?, and the electric current was maintained at 1.0 A.
® Available area of anion-exchange membrane was 410 cm?, and the electric current was maintained at 1.5 A.

¢ Produced from 65.1 g of ethanol.

4 Produced from 67.4 g of ethanol.

¢ Produced from 174.7 g of ethanol.
! Produced from 1991.6 g of ethanol.
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Fig. 8. Schematic diagram of the electrodialysis culture
system for the lactic acid fermentation. 1, 750-ml
fermentor; 2, electrodialyzer; 3, concentrating fluid
reservoir; 4, magnetic stirrer; 5, recirculation
pump; 6, pH electrode; 7, pH controller; 8, direct-

current power supply.
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Fig. 9. Time courses of fermentations with 85 g// glucose medium. A: analytical value, B: compensated
value. Fermentations were conducted in a 750-ml fermentor at 37°C with gentle stirring (170 rpm).
pHss of the broth in the ED-F and the control fermentation were regulated at 6.0. After 6 h of cultiva-

tion, electrodialysis was started. Lines:

, lactate; ----, residual glucose; —-—, dry cell weight.

Open symbols indicate the control fermentation. Closed symbols indicate ED-F. Ingraph A, @, lac-
tate in concentrating fluid; A, lactate in fermentation broth.
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Fig. 10. Time courses of fermentations with 85 g/! glucose medium supplemented with phosphate solu-
tion. A: analytical value, B: compensated value. Two hundred ml of phosphate solution (KH,PO,
10 g/I, K,HPO, 10 g/, MgSO,-7H,0 5 g/) was supplied to the fermentation broth using the signal for
pH control. The other culture conditions were the same as those described in the legend to Fig. 9.

Lines and symbols are the same as in Fig. 9.
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Fig. 11. Time courses of fermentations with 50 g/l

glucose medium supplemented with phosphate solu-
tion. A: analytical value, B: compensated value.
Culture conditions were the same as described in the

legend to Fig. 10. Lines and symbols are the same
as in Fig. 9.
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Fig. 12.

Profile of the specific production rate of the ED-F in comparison with the control fermentation.

A: Medium including 50 g/! glucose, B: medium including 85 g// glucose. Open symbols indicate

the control fermentation.

Closed symbols indicate the ED-F. Culture conditions for the media

with 50 g// glucose or 85 g// were the same as those described in the legend to Fig. 11 and Fig. 10,

respectively.
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Fig. 13.

Time courses of intracellular lactate concentration for the ED-F and control fermentation.

Medium including 85 g/! glucose was used. Culture conditions were the same as those described in the

legend to Fig. 10. The arrow shows the start of electrodialysis.

fermentation.
intracellular lactate concentration.
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Fig. 14. Profiles of lactate dehydrogenase activity in

the ED-F and control fermentation. Culture condi-
tions were the same as those described in the legend
to Fig. 10. The arrow shows the start of elec-
trodialysis. Open symbols indicate values for ED-
F. Closed symbols indicate values for the control
fermentation. Symbols: A, (IU/]) for LDH activity
per volume of the culture broth; O, (1U/g) for LDH
activity per dry cell weight.

Lines: , ED-F; ----, control

Open symbols indicate lactate concentration in broth. Closed symbols indicate
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module using 85 g/! glucose medium. Culture con- © o . %o Tl

ditions were the same as those described in the 0 10 ) o0 30

legend to Fig. 10. The graph is shown with compen- . _ Fermentation  time ( hl . .

sated values (see Fig. 9). Open symbols indicate the Fig. 16. Time course of the ED-F with a microfiltration

control fermentation. Closed symbols indicate ED-
F with microfiltration module. Lines: , dry cell
weight (upper graph) and lactate produced (bottom
graph); ----, residual glucose. Broken line in the up-
per graph indicates dry cell weight withdrawn from
the fiber tubes, after ED-F was completed.

ThBH. LicdioT, BERTH, ABEL2—1H
DEBYR L TEREEGERYNETS L, #9291
LEWERZRL, B UREONBOREEOMHN.SE T
Hote. Flo, HBERIT4.8x109ml T, B UEHED
HBORBEOWIETH 7. 7 rR7 e —5B%
U a =AM ERABRRALBRBNTEREOKR T R E %
ERL, 0 LDHESEYREL, ERESEHD D
LDH ES TR T L, HBORELL BT . — 1%
Buieh - EKEVREE T3, LDH B ERE L
T DL, 2RrRA7r—AFFL . —AXER
A BRENBEE O LDH B, 671U/ LB
EAX#RFL TR D, ThIRAUBMONBORE, A
BEC 2 -V EEZREFLVESENEEDOFRE
n, L4 L VWO RUVWERTH-T. Lichisa
T, BESENERTC /v A7 -8 . — %8
ZRAIEY AT AT L Y, BREEWC L 5EDOLRP
LDH O&ERHE, TD 5 %2, BRKREEHC X BIE
ELBEBLLDIDEELLRD. 5.0%D 743 — R
UMY RAV /e AT r -5 . A %R
ZAA R BRENEEOERELY Fig. 16 <R,
77 Z\IIEETER L. WBORBI30M KT
Licoie® L, BERETRERL I REEML, 2158H
TRT L. Z0X5CEKENC I 5EDOERS,
BEROREL Vol EBFEBIKERMBETH Y,

module using 50 g// glucose medium. Culture con-
ditions were the same as those described in the
legend to Fig. 10. Lines and symbols are the same
as in Fig. 15.
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