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Optimization for Alcohol Fermentation by Kluyveromyces marxianus
using Jerusalem Artichoke Powder

Chae, Eun-Mi and Eon-Ho Chol*

Department of Food Science, Seoul Woman's University, Seoul 1389-744, Korea

Abstract — In order to produce alcohol for the alternative energy from dried powder of Jerusa-
lem artichoke was investigated with Kluyveromyces marxianus UCD(FST)55-82, which was repo-
rted to assimilate inulin. The optimal condition for the production of ethanol by K marxianus
was elucidated to be incubation temperature of 30C, initial pH 5.44, agitation of 100 rpm, 1,000
m/ of medium in a 2.5/-vessel, anaerobic state, and inoculation of 2.5%(v/v). Addition of anti-
foam A concentrate(silicon polymer) of 0.01% and urea of 0.1% increased the concentration
of ethanol effectively. The optimized condition showed ethanol concentration of 6.8%(v/v) in
Jerusalem artichoke liquid medium, production yield of 91.91% and productivity of 2.71 g/l/hr
during the first day and 0.71g ethanol///hr during four days of incubation.
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Table 1. Effect of fermentation conditions on the production of ethanol by Kluyeromyces marxianus. The culture
was incubated in 15% Jerusalem artichoke medium at 30°C for a day with shaking and then for 3 days without

shaking

Thitrable Total Reducing Viable cell

Fermentation condition pH acidity saccharide sugar number Ethanol
(%) (%) per mf (%)
Tempature(C) 25 4.62 63.88 0.45 0.17 5.00 X 107 4.85
30 4.55 83.55 0.42 0.16 3.45 X107 6.65
35 4.55 83.25 0.34 0.24 3.70 X 107 5.05
40 4.75 64.89 0.25 0.14 3.00 X 10° 3.95
Initial pH 4,00 4.10 82.50 0.95 0.20 480X 10° 0.20
5.00 4.45 77.97 0.92 (.20 1.17 X 107 6.30
6.00 4.57 79.47 (.89 (.18 1.49 X 107 0.45
7.00 4.70 65.14 0.93 0.13 1.49 X 107 4.50
5.44 4.56 81.24 0.91 0.12 6.45 X 107 6.65
Aerations 0 4.69 66.35 0.22 0.26 1.16 X 107 6.10
(NI/min) 0.5 5.22 53.32 0.95 0.22 715X 107 5.25
1.0 4.75 50.30 1.05 0.30 2.95 % 10¢ 5.25
2.0 4.60 63.38 1.02 (.22 1.55 < 10¢ 5.20
4.0 4.86 42.25 (.83 .23 2.53 X 10° 2.45
Agitation™ 0 4.60 63.38 1.02 0.22 1.55 X 107 5.20
(rpm) o0 4.63 60.27 1.09 0.22 2.60 X 10 5.20
100 4.62 66.40 0.75 0.13 1.20x 108 5.40
200 4.68 54.32 0.88 0.18 144 X 10° 5.2b
400 4.90 34.20 0.91 0.24 7.05x10? 3.80
Amount of 2.5 4.60 66.48 0.92 0.14 225X 107 6.40
inoculum 5 4.59 62.62 0.80 0.13 200X 107 6.20
(%) 10 4.57 68.00 (.69 0.26 1.10 X107 5.96
20 4.60 69.16 0.73 0.20 5.65 X107 6.70
Amount of 500 4.54 62.88 1.10 0.23 1.73 X108 4.70
medium(%)* 750 4.68 54.32 0.88 0.13 1.44 X 10° 5.25
1000 4.50 63.38 0.77 0.25 1.61 X 10° 5.65
1500 4.75 58.35 0.77 0.17 8.30X 107 5.40

*Using a 2.5!-jar fermenter.
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Table 2. Effect of antifoam agents on the production
of ethanol by Kluyveromyces marxianus from Jerusalem
artichoke. The cuiture was incubated at 30°C and ini-
tial pH 5.44 for a day with shaking and then 3 days
without shaking

Antifoam agent Concentration{%) Ethanol(%)
Control 5.45
Antifoam A concentrate 0.01 6.70

0.05 6.10

0.10 6.45

Polyoxyalkylene glycol 0.01 5.25
derivative (.05 5..70
0.10 5.18

Span 80 0.01 5.70
(sorbitan monooleate) 0.05 6.15
0.10 5.00

Calcium carhonate 0.10 6.05
(C&CO:-;) 0.50 5,00
1.00 5.00

Table 3. Effect of nitrogen sources on the production
of ethanol by Kluyveromyces marxianus from Jerusalem
artichoke at 30°C and initial pH 5.44 for a day with
shaking and then 3 days without shaking

Ethanol concentration{%)

Nitrogen source Concentration
(g/mi) 1st 2nd 4th
day day day

Control 5.75 5.80 6.55
Ammonium phosphte 0.05 6.25 6.30 6.55
monobasic - 010 5.80 6.35 6.10
(NH4H:POy) 0.20 570 5.90 6.00
Potassium nitrate 0.05 5.70 6.10 6.22
(KNO3) 0.10 5.85 5.85 6.30
0.20 5.60 5.85 6.50

Sodium nitrate 0.05 6.00 6.30 6.05
(NaNOs) 0.10 6.10 6.15 6.20
0.20 6.10 5.86 6.10

Urea 0.05 6.63 6.35 5.65

0.10 6.05 6.45 0.40
0.20 540 6.35 6.25

6.10~6.70%, polyoxyalkylene glycol-&- 0.01~0.10%
xe]oll A 5.18~5.70%, Span 80-2 0.01~0.05% A
2]l el 4] 5.70~6.15%, calcium carbonate~ 0.10~
0.50% =e]F-el|4] 5.55~6.05%2] ethanolS A Ad 5l
Fx)El-¢) 545% Hop =& 43 E FEE K
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Fig. 1. Effect of nitrogen sources on the production
of ethanol by Kluyveromyces marxianus in the liguid me-
dium of Jerusalem artlchoke powder.
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Fig. 2. Changes in chemical composition and viable
cell number of Jerusalem artichoke medium under the
optimized condition of fermentation by Kluyveromyces
marxianus.

Table 4. Fermentation properties and production of ethanol by Kluyveromyces marxianus under the optimum condi-

tion
Incubation Titrable Total Reducing Viable cell

period pH acidity saccharide sugar number Ethanol

(days) (%) (%) per mi (%)
0 6.30 22.55 13.67 5.96 2.14 X 107
1 4.96 65.13 142 0.23 1.70 X 107 6.25
2 4.85 69.13 0.87 0.19 7.50 X 10° 6.35
4 4.73 76.12 0.73 0.23 1.30 % 107 6.80
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