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Cell Immobilization of Zymomonas mobilis by Entrapment

Han, Myun-Soo* and Dong-Hyo Chung
Dept. of Food Science & Technology, College of Industrial Science,
Chung-Ang University, Seoul 150-756, Korea

Abstract — The immobilization characteristics of Zymomonas mobilis for ethanol production were
examined. Four different strains of Zymomonas mobilis have been used for ethanol production.
Among those, Zymomonas moebilis KCTC 1534 has been selected as the best strain for the highest
ethanol productivity from glucose and sucrose. The optimum temperature and pH of the selected
strain for ethanol production were 37C and 5.0 respectively for both free and immobilized cells.
When the cells were immobilized by the gel entrapment method, the immobilized cells could
produce ethanol at a little higher temperature than free cells. Calcium alginate was selected as
the best gel for immobilizing cells. The immobilized cells could maintain the viability of 80%
in 10 weeks storage at 4C in the medium with 2% calcium chloride. 20~25 hours of preincubation
in 10% glucose solution was required for the activation of immobilized cells entrapped within

calcium alginate gel.
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Table 1. Conditions of gas chromatography operation
for ethanol analysis

Hwlette Packard

Flame 1on detector (FID)
Porapack Q (80~ 100 mesh)
Oven 200C

Detector 220C

Injector 210C

Helium

Gas chromatography
Detector

Column matenal
Control temperature

Carrier gas
Injection volume |
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Table 2. Ethanol production capabilities of various Zymomonas mobilis strains

Substrates Specific growth Ethanol
Strains . rate (h ")
Conc. 10% (w/v) Conc. (%, w/v) Yield (g/g)
Zymomonds mobilis (lucose 0.14 4.68 0.48
KCTC 1534 Fructose 0.09 2.9%8 (.30
Sucrose 0.14 3.80 0.39
Zyvmomonds mobilis Glucose 0.15 4.54 0.46
KCTC 1535 Fructose (.08 2.87 0.29
Sucrose 0.14 3.12 0.32
Zymaomonas mobilis Glucose 0.17 3.92 0.40
KFCC 11336 Fructose 0.17 3.28 0.33
Sucrose 0.15 3.59 0.37
Zynomonas mobilis Glucose .12 3.98 0.41
[AM 12663 Fructose (.04 1.08 0.11
Sucrose (3,12 2.67 0.27

*KCTC: Korean Collection for Type Culture
*KFCC: Korean Federation of Culture Collections

*TAM: Institute of Applied Microbiology (Tokvo University, Japan)
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Fig. 1. The effect of initial cell mass of Lymomonas
mobilis used for immobilization on ethanol fermenta-
tion.
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Table 3. Effect of gel matrix concentration on cell immobilization

Gel matrix concentration (%)

A kind of matrix

1.0 2.0 3.0 4.0
Ethanol conc. % (w/v) 4.2 4.26 3.94 3.84
Ca-alginate Effluent cell (g/D) 0.90 1.08 0.66 0.85
Residual glucose (g/I) 1.91 1.21 4.90 528
Ethanol conc. % (w/v) 4.2 4.2 4.14 4.06
k-Carrageenan Effluent cell (g/l) 3.36 2.87 3.18 2.58
Residual glucose (g/l) 1.67 1.96 2.40 3.67
Ethanol conc. % (w/v) 4.32 4.3 4.0 3.97
Agar Effluent cell (g/l) 1.72 2.02 2.69 2.52
Residual glucose (g/l) 1.76 1.61 3.50 4.63
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Fig. 2. Effect of temperature on ethanol fermentation
using Zymomonas mobilis KCTC 1534.
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Table 4. Ethanol production from 10% glucose medium
by free and immobilized cells

Ethano! concentration Effluent cells
A kind of matrix in the fermentor

Y% (W/V) (g/!)
Free cells {Control) 4.49 8.96
Calcium alginate” 4.49 1.91
k-Carrageenan’ 4.37 3.62
Agar’ 4.47 3.58

“Bead type gel of 3mm in diameter
“Cubic type gel of 3X3X3 mm
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Table 5. Effect of immobilized bead volume on ethanol
fermentation

Packing rate Ethanol Conversion rate
(%) concentration (g/l) of glucose (%)
2.5 43.5 98.51
5 44.6 96.29
10 47.3 96.88
15 46.8 98.69
20 475 96.98
25 451 98.78
30 46.0 96.96
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Table 6. Effect of calcium chloride concentration on continuous ethanol production using immobilized Zymomonas

mobilis in alginate

CaCl Time Effluent cell Ethanol Conversion rate
(%) (h) (g/D) (g/) of glucose (%)
Control 20 3.7 457 96.5
0.1 20 3.6 45.3 95.3
0.2 20 3.4 44.9 96.1
0.3 20 2.0 45.0 96.1
0.4 20 1.5 38.0 85.7
0.5 20 0.9 33.2 80.6
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E ) Fig. 11. Activation of immobilized Zymomonas mobilis
by calcium alginate.
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Fig. 10. Storage stability of alginate-immobilized Zymo-
monas mobilis in preservation medium at 4°C.
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