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Abstract

To produce alcohol from Mume (Prunus mume Sieb. et Zucc) fruits, fermentation conditions were optimized
by a response surface methodology (RSM) using the fractional factorial design with 3 variables and 5 levels.
The coefficient of determination (R%) of response surface regression equation for alcohol production were 0.9276.
Optimum conditions for alcohol production were involved with 8.39% of sugar content, 28.86°C of fermentation
temperature and 3.84 days of fermentation time. Finally, predicted level of alcohol production at these conditions
was 5.24%.
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Table 1. Levels of alcohol fermentation conditions in exper-
imental design

Fermentation Level
condition -2 -1 0 1 2

X1 Sugar content (%) 0 3 6 9 12
X2  Temperature (°C) 20 25 30 35 40
X3 Time (days) 2 3 4 5 6

Xi

Table 2. Central composite design by RSM computer pro-
gram for optimization of alcohol fermentation conditions

Treatment  Sugar content Temperature Time
number (%) °C) (days)
1 3(-1) 25(-1) 3(-1)
2 3(-1) 25(-1) 5(1)
3 3(-1) 3BCH 3(-D
4 3(-1) 3B 5( 1
5 9(1) 3BCD 3(-1)
6 9 1 25(¢-1) 5( 1
7 9( D 25(-1) 3(-1)
8 9( 1) 3B 5(1)
9 6( 0) 3000 4( 0)
10 6(0) 3000 4(0)
11 12( 2) 30( 0 4( 0)
12 0(-2) 30( 0) 4(0)
13 6(0) 40( 2) 4(0)
14 6(0) 20 (-2) 4(0)
15 6( 0) 30(0) 6( 2)
16 6(0) 30( 0 2(-2)
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Fig. 1. Effects of fermentation temperature on the alcohol

production by Saccharomyces cerevisiae KCTC 1213 for 48
hours.
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Fig. 2. Effects of sugar content on the alcohol production by
Saccharomyces cerevisiae KCTC 1213 for 48 hours.
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Fig. 3 Alcohol production from mume by Saccharomyces
cerevisiae KCTC 1213 during the fermentation time at 30°C.
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Table 3. Experimental design for alcohol production under
different conditions of sugar content, temperature and time

Treatment Sugar Temperature Time Alcohol

number content (%) (°C) (days) content (%)
1 31 25 (-1) 3(-1) 0.72
2 3(-1) 25(-1) 5(1) 0.97
3 3(¢-1) 3B( 1) 3(-1) 1.34
4 3(-1) 3B 5(1) 1.11
5 9( 1) 3B 3(-1 347
6 9( D 25 (-1) 5(1) 3.38
7 9( 1) 25 (-1) 3(-1) 394
8 9( 1) 3B 5( 1) 348
9 6(0) 30( 0) 400 4.96
10 6(0) 3000 4(0) 496
11 12(2) 30(0) 4(0) 3.99
12 0(-2) 30( 0) 4(0) 0.08
13 6(0) 40( 2) 4(0) 0.67
14 6( 0) 20 (-2) 4(0) 2.85
15 6( 0) 30( 0) 6( 2) 1.59
16 6(0) 30¢ 0 2(-2) 267

Table 4. Analysis of variance showing significant effects of
fermentation variables on alcohol production

Fermgntation Degrees of Sum of Prob>E
variables freedom squares
Sugar content (%) 4 28.89 0.0025
Temperature (°C) 4 11.38 0.0252
Time (days) 4 8.50 0.0478




Table 5. Analysis of variance showing effects of treatment
variables as linear or quadratic terms and interaction (cross
product) effect on response variables

Source Degrees of Sum of Prob>F
freedom squares
Model 9 35.29 0.0084
Linear 3 21.57 0.0030
Quadaratic 3 1351 0.0099
Cross product 3 0.20 0.9284
Variability explained (R?) 0.9276

Table 6. Predicted levels of fermentation conditions for op-
timum responses of alcohol production

Levels for optimum responses

Fermentation variables of alcohol production

Sugar content (%) 8.39
Temperature (°C) 28.86
Time (days) 3.84
Morphology MAX
Predicted value at 5.24
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Fig. 4. Response surface for alcohol production.
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