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Abstract — E. coli growth is inhibited by organic acids produced in the broth. In order to reduce
the inhibition, an electrodialysis unit was used. Model solutions (acetic acid plus distilled water
or M-9 medium) were tested in the unit for investigating the optimum condition of current and
voltage. Electrodialysis cultures were performed with the optimum condition where the highest
current efficiency could be attained. The distilled water plus acetic acid gave us a higher current
efficiency than the M-9 plus acetic acid. Electrodialysis efficiently removed acetic acid and so
enhanced the specific growth rate of E. coli compared with the control experiment without electro-

dialysis.
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Table 1. M-9 medium compositions
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Composiotion Concentration
(per 1)
MgSO0, 024 g*
CaCl, 0011 g*
KH,PO, 3 g
Na,HPO, 6 g
NaCl 05 g
NH.CI 10 g*
Glucose X g

Initial pH 7.4 adjusted with NaOH
*autoclaved separately

Kor. J. Appl. Microbiol Biotechnol.
591t} AnodeE WAl
= o]-&stdriFig. D).
FA3, 55E £
Aol uls)E AlEkch A2
oo g &2 (0IN NaOH, %=5& 01N H,S0,
gae A-gshoc

o
lo
il

=)
>
3
1o
ok
-
o
o

7| 5L H-

A2 Ak ae] ou] Ao E ofAEAS Yo
T2t M9mA| 2 H3}E sic)k pHe <d3k&
B7] 8§15t k¥ Lot pH A& §}9ivHTable
2). 13} power supply E-C 420(E-C apparatus cor-
poration, USA)LeZ ZF3lgdonm HFo B3I E
71 &5t [ R8-S Aidsldd. A5 £ 3
£ 7zt 40 mli/mine 2 3}elsl, feedd) FEL
60 m{/min® & 3tgic)

ST PN
ZEge) 37 HEsh oliEAte] 4K $ET 2
Jot7] fetel EEake] ¥EE WSARAT, DA

(Table 3). ®ax AP Lt ar|@=tar], 5
gl KF5)ol| A4 117 wfekeli-s a3, wHF &2+ 300
rpm, &7]%-2 2vvm, pH+ 742 #%3}dch

T

z27) EEe] $RE RT LA A4 12412

x: variahle
>
Hollow
Fiber
1 - Maonitar
= —
< >
i
Anion Cation
+} [Exchange  Exchange |_
Membrane Membrane
Pt SUS.
1\L,t_:Ha(:(JlZIl"’
i Il | Fermentos Alkal;  Antl-
I form
0.I N
—Q_ J— NaOH
0.1N ,
Ha2 S0+ N

Fig. 1. Schematic diagram of experimental set-up.
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Table 2. Experimental conditions for electrodialysis
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Table 3. Batch culture conditions and data
Initial glucose Final acetic
concentration Final cell acid
Exp. No. (g/D 0.D. concentration Yus (%) Yers (%) Remark
(/D)
#5 50 8.4 12.3 6.7 24.6 Fig. 5A
* 6 100 10.1 9.2 5.5 12.0 Fig. 5B
| Initial acetic acid
7 50 : : 12. 26.
% 6.4 156 2.2 26.7 10 g/ Fig 5C
Table 4. Fed-batch culture conditions and data
Initial glucose Fed Final Final acetic
Exp. concentration glucose cell acid Yxss Yess R "
No. (g/h) () Q.D. concentration (%) (%) cmar
(g/)
10g acetic acid
# 8 20 20 13.4 14.8 134 8.5 & salt added
Fig. 6A
£ 9 50 50 8.3 16.0 4.2 20 Fig. 6B
Table 5. Electrodialysis culture conditions and data
Initial glucose Fed Final Final acetic
Exp. concentration  glucose cell acid Yx/s Yess n Remark
No. (g/D @ OD.  concentration (%) (%) (%) emar
{g/1)
# 10 50 0 10.2 134 8.2 26.8 38 Fig. 7
10 g acetic aad
i 11 20 20 20.4 12.1 20.4 5.3 25 & salt added
Fig. 8A
* 12 50 50 13.3 21.6 5.3 216 35 Fig. 8B
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Fig. 2. Current efficiency versus voltage.

@®: Distilled water with acetic acid 10 g/I, O: M-9 me-

dium with acetic acid 10 g/!
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Fig. 3. Variation of acetic acid concentrations in fwo
reservoir and pH change in the model solutions; Initial
voltage=8.3 v.

Model solution A: Distilled water with 10 g/l acetic
acid, B: M-9 medium with 10 g/! acetic acid, C: Fer-
mentor side acetic acid concentration, Y/: Dialysate
side acetic acid concentration, [J: Fermentor side

pH

acetic acid(g/L)

Fermentor gide

Time{h)

Fig. 4. Variation of fermentor side acetic acid concent-
ration and pH at different voltages in the model solu-
tion.

Closed symbol: distilled water with 10 g/l acetic acid,
Opened symbol: M-9 medium with 10 g/l acetic acid,
® (2V), ¥ (3V), m (6V), a (10V), O (BV), ¥ (7V),
1 (10V)
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Fig. 5. Batch culture profile.

A: Glucose 50 g/l, M-9 medium, B: Glucose 100 g/I,
M-9 medium, C: Glucose 50 g/l, M-9 medium+ Acetic
acid 10 g, @: Cell O.D., ¥: Glucose in fermentor, &:
Acetic acid in fermentor, O: Dissolved oxygen
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Fig. 6. Fed-batch culture profile.
A: Glucose 20 g/l+20 g, M-9 medium+ Acetic acid
10 g, B: Glucose 50 g/I+50 g, M-9 medium.
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Fig. 7. Electrodialysis culture profile.

Glucose 50 g/l, M-9 medium, Initial voltage=—8.3 V,
®: Cell O.D., ¥: Glucose in fermentor, &: Acetic acid
in fermentor, ¥V: Glucose in dialysate, A: Acetic acid
in dialysate, : Dissolved oxygen, [3: Total acetic
acid
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Fig. 8. Electrodialysis culture profile.

Initial voltage=8.3 V, A: Glucose 20 g/+20 g, M-9

medium + Acetic acid 10 g, B: Glucose 50 g/{+50 ¢
M-9 medium
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