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Abstract

In order to use whey lactose in alcohol fermentation, we investigated fermentation conditions of
Saccharomyces cerevisiae and Kluyveromyces fragilts in lactose-hydrolyzed whey with B-D-galactosidase.
and optimum conditions of the above two yeasts through oxygen regulation by Pasteur effect which
is the characteristic of the yeasts were determined. In addition, optimum condition for application
of fermented whey in Tak-ju process was also examined. With 0.7% B-D-galactosidase, 93% lactose
was hydrolyzed at pH 6.5 in 30 minutes. Because S. cerevisize is unable to ferment galactose, the
production of ethanol by S. cerevisiae was lower than that of K fragilis in lactose-hydrolyzed whey.
But ethanol productivity by S. cerevisiae was higher than that by K. fragilis in glucose added whey.
In fermentation with oxygen regulation and addition of 60 g/l glucose, the ethanol productivity of
K fragilis and S. cerevisiae were 18.9 g/l (11.8% increase) and 43.5 g/l (22.1% increase), respectively.
It appeared that the ethanol productivity of S. cerevisiae was higher than thst of K. fragilis under
the above conditions. In ethanol fermentation added rice starch, Aspegillus oryzae hydrolyzed 80%
of starch in 60 hours, and the production of ethanol was 80.2 g/
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Fig. 1. Changes of lactose fermentation by various lac-
tic acid bacteria and K. fragilis

L+S=L. bulgaricus & S. thermophilus, 1:1 ratio
0—®, L+S5; Bm—W, L helveticus; a—a, K. fragilis
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Fig. 2. Kinetics of lactose hydrolysis with -D-galactosi-
dase Temperature: 42°C, Enzyme dosage: 0.7%(v/v)

Table 1. Comparison of lactose fermentation by K. fra-
gilis and S. cerevisiae

K. fragilis S. cerevisiae
Dry cell weight(g/l) 6.1 4.2
Residual sugar(%) 89 48
Ethanol concentration(g/!) 11.7 6.2

7 el 44%0} Y cHFig. 3).
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Fig. 3. Effect of glucose addition on sugar consumption,
and ethanol production and dry cell weight by S. cerevi-
siae
DCW: dry cell weight, R.S.: residual sugar
EtOH: ethanol concentration
©—®, DCW(30 g/l); m—m, DCW(0 g/l); a—a, DCW
(90 g/l); A—n, RS(30 g/l); v—v, RS(60 g/l); O—,
R.S8(90 g/l); 0—0O, EtOH30 g/1); O—01, EtOH(60 g/);
a~—n, EtOH(90 g/)
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Fig. 4. Effect of lactose addition on lactose fermenta-
tion, ethanol production and dry cell weight by K. fragi-
lis
DCW: dry cell weight, R.L.: residual lactose
EtOH: ethanol concentration
0—@®, DCW(30 g//); m—m, DCW(60 g/l); a—a, DCW
(90 g/l); a—na, RL(30 g/l); v—v, RL(60 g/l); &—C,
R.L.(90 g/l); O—O, EtOH(30 g/l); 00—, EtOH(60 g/!);
a—a, EtOH(90 g/l)
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Fig. 5. Comparison of oxygen controlled and non-cont-
rolled culture by K. fragilis

DCW: dry cell weight, R.L.: residual lactose

EtOH: ethanol concentration

®—®, DCW(controlled); m—m, DCW(non-controlled):
v—vV, RL.(controlled); a—a, R.L.(non-controlled);
O—0, EtOH(controlled); O—[1, EtOH(non-controlied)
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Fig. 6. Comparison of oxygen controlled and non-cont-
rolled culture by S. cerevisiae

DCW: dry cell weight, R.S.: residual sugar,

EtOH: ethanol concentration

@—®, DCW(controlled);: B—m, DCW(non-controlled);
v—v, R.L.(controlled); A—~2, RL.(non-controlled);
O—0O, EtOH(controlled); (001, EtOH(non-controlled)
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Fig. 7. Effect of oxygen control and 60 g/I glucose
addtion on dry cell weight, ethanol concentration and
lactose fermentation by K. fragilis

DCW: dry cell weight, R.L.: residual lactose

EtOH: ethanol concentration

®—©®, DCW(controlled); m—m, DCW(non-controlled);
v—v, R.L.(controlled); 2A—~, R.L.(non-controlled);
0O—0, EtOH(controlled); (J—J, EtOH(non-controlled)
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Fig. 8. Effect of oxygen control and 60 g/I glucose
addtion on dry cell weight, ethanol concentration and
lactose fermentation by S. cerevisiae

DCW: dry cell weight, R.S.: residual sugar

EtOH: ethanol concentration

@—@®, DCW(controlled); m—m, DCW(non-controlled);
v—vV, RSJcontrolled); A—as, R.S.(non-controlled);
O—0, EtOH(controlled); (0—0, EtOH(non-controlled)
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Fig. 9. Changes of sugar consumption and ethanol pro-
duction by A. oryzae and S. cerevisiae at whey addition
of 15% rice starch

@—@, ethanol production; #-—@, sugar consumption
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Fig. 10. Effect of ethanol inhibition on sugar consump-
tion and ethanol production in Takju fermentation
A: no ethanol

B: ethanol existence

@®—@®, sugar consumption(A); O—O, sugar consumption
(B); m—m, ethanol production(A); 10—CJ, ethanol pro-
duction(B)
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Table 2. Effect of color removal on temperature cha-
nges of activated carbon

Temperature Riboflavin content  Ethanol loss
©) (ug/g") (%)?
room temperature 0.061 34
40 0.0072 196
50 0.0028 217
60 0.0023 226

Ymeans g of activated carbon

Total ethanol amount--ethanol amount

5 lossed by activated carbon %100
Total ethanol amount

Table 3. Effect of color removal by additional amount
of activated carbon

Additional amounts Riboflavin content Ethanol loss

(%)3) (pg/g”) (%)2)
2 0.0072 34
3 0.0052 13.2
4 0.0016 226
5 not detected 238

Umeans g of activated carbon

Total ethanol amount~-ethanol amount
9 lossed by activated carbon
- Total ethanol amount
means activated carbon

X 100
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