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Yeast with excellent ferment ability was isolated and selected from wild grape to manufacture wild
grape wine. Wild grape wine by SMR-3 isolated from wild grape was better than other strains in
quality, such as high alcohol content and low acidity, residual sugar, organic acid and fusel oil con-
tent. Fermentation condition was optimized to manufacture wild grape wine with response surface
methodology using isolated SMR-3 as an alcohol fermentation strain. As a result of culture condi-
tions, 10.61% of alcohol content was expected under the conditions of 21.91°C fermenting temper-
ature, 21.48°brix of initial sugar content, and 14.65 day of fermentation time. Residual sugar
content showed the lowest value at 24.48°C fermentation temperature, 12.78°brix of initial sugar
content, and 9.02 day fermentation time. The highest level of sensory evaluation was found at
20.23°C fermentation temperature, 25.30°brix of initial sugar content, and 5.94 day fermentation
time. Ethyl alcohol was the main alcohol component in wild grape wine and fusel oil in wild grape
wine was hardly detected; thus, the quality of wild grape wine was considered excellent. The opti-
mal fermentation conditions of wild grape wine was superimposed by deriving a regression equa-
tion for alcohol content, fusel oil, ethyl alcohol content, and overall palatability for each variable
of wild grape wine. Hence, the optimal fermentation conditions are estimated to be: fermentation
temperature 24~28°C, initial sugar content 20~24°brix, and fermenting time 12~14 days.
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Table 1. Microbial strains used for wild grape wine fermentation

Strain

abbreviation Organism Sources
No. 10 Saccharomyces cerevisiae Grape
No. 11 Saccharomyces cerevisiae Grape
No. 12 Saccharomyces cerevisiae Grape
No. 901 Saccharomyces cerevisiae Grape
RCY-14 Saccharomyces cerevisiae Grape
R12 Saccharomyces cerevisiae Apple
DJ-97 Saccharomyces kluyvery Persimmons
JK-99 Saccharomyces cerevisiae Persimmons
YK Saccharomyces cerevisiae Potato
OMK Zygosaccharomyces fermentati Potato
SMR-1
SMR-2 .
SMR.3 Saccharomyces sp. Wild grape
SMR-4

Table 2. Experimental design of fermentation conditions for wild
grape wine

Fermentation conditions -2 -1 0 1 2
X, Temperature (°C) 15 19 23 27 31
X, Intial sugar content (°brix) 11 15 19 23 27
X; Time (days) 3 6 9 12 15
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Table 3. Alcohol and residual sugar contents after fermentation using the wild grape by different strains

Alcohol contents

Residual sugar content (%)

Strain abbreviation

%) Fructose Glucose Sucrose Total sugar

No. 10 5.5+0.5" 0.71£0.05 2 0.56+0.02 1.27+0.07
No. 11 9.840.3 0.27+0.06 0.13+0.03 0.45+0.03 0.85+0.12
No. 12 9.0+0.6 0.09+0.01 0.31+0.05 0.67+0.02 1.07+0.08
No. 901 6.9+0.4 1.19+0.09 0.57+0.01 0.57+0.01 2.33%0.11
RCY-14 9.5+0.3 0.65+0.01 0.22+£0.04 0.52+0.05 1.39+0.10
R12 6.0+0.6 2.25+0.05 3.20+0.23 0.99£0.05 6.4420.33
DJ-97 10.0+0.3 0.49£0.01 - 0.41+0.01 0.90+0.02
JK-99 9.6+0.5 0.66+0.01 - 0.39+0.04 1.05+0.05
YK 8.4+0.6 0.48+0.03 3.11£0.04 0.46x0.03 4.05+0.10
OMK 10.0+0.4 0.45+£0.01 - 0.52+0.04 0.97+0.05
SMR-1 4.8+0.6 6.59+0.25 3.19+£0.06 1.35+0.02 11.13£0.33
SMR-2 6.2+0.6 0.19+0.02 2.59+0.05 3.13+0.05 5.91+0.12
SMR-3 10.8+0.3 0.06+0.01 0.09+0.01 0.40+0.01 0.55£0.03
SMR-4 4.0£0.5 6.84+0.13 3.31£0.31 6.59+0.36 16.74+0.80
Blank (Raw material) - 6.25+0.41 4.12+0.35 8.26+0.21 18.63+0.97

DValues are mean+SD (n = 3)
INot detected



WNFF AZE A Baeqe] H2s

27

Table 4. Organic acid contents after fermentation using the wild grape by different strains

Organic acid content (%)

Strain abbrev.
Malic acid Acetic acid Citric acid Succinic acid Tartaric acid Total
No. 10 2.80+0.05" 2 0.23+0.05 0.07+0.001 0.53+0.08 3.63+0.181
No. 11 2.15+0.01 1.58+0.05 - 0.08+0.003 0.44+0.02 4.25+0.083
No. 12 2.19+0.03 1.04+0.03 0.16+0.02 0.02+0.004 0.53+0.02 3.9440.104
No. 901 2.32+0.04 0.95+0.02 0.19+0.04 0.08+0.005 0.54+0.03 4.08+0.135
RCY-14 2.33+0.06 1.824+0.01 - 0.04:+0.004 0.56+0.01 4.75+0.084
R12 2.34+0.03 1.71+£0.02 - 0.07+0.004 0.55+£0.09 4.67+0.144
DJ-97 2.25+0.02 0.79+0.02 0.18+0.03 0.09+0.005 0.57+£0.02 3.88+0.095
JK-99 2.23£0.08 1.1740.05 0.21£0.01 0.06+0.002 0.56+0.03 4.23+0.172
YIK 2.30+0.03 1.01+0.02 0.20+0.06 0.05+0.004 0.54+0.04 4.1+0.154
OMK 2.09+0.07 1.65+0.03 - 0.08+0.004 0.52+0.01 4.34+0.114
SMR-1 2.81+0.04 - 0.02+0.01 0.07+0.005 0.48+0.08 3.38+0.135
SMR-2 2.5340.09 1.13+0.03 0.19£0.05 0.03+0.006 0.56+0.09 4.44+0.266
SMR-3 2.18+0.05 0.81+0.09 0.17£0.08 0.07+0.001 0.52+0.02 3.75+0.241
SMR-4 2.79+0.05 - 0.23+£0.09 0.07+0.003 0.53+0.03 3.62+0.173
Blank (Raw material) 3.86+0.11 - 0.31£0.05 0.15+0.017 0.87+0.06 5.19+£0.237
DValues are mean+SD (n = 3)
PNot detected
Table 5. Fusel oil contents after fermentation using the wild grape by different strains
. Fusel oil content (%)
Strain abbrev.
Ethyl alcohol ~ Acetaldehyde  Methyl alcohol  n-Propylalcohol Isobutyl alcohol Isoamyl alcohol Total
No. 10 6.59+0.05" = - 0.01£0.001 - 0.05+0.007 0.06+0.008
No. 11 10.04£0.06 - - - - 0.05+0.006 0.05+0.006
No. 12 8.62+0.06 - - - - 0.06+0.001 0.06+0.001
No. 901 6.49+0.01 - - - 0.01£0.004 0.01+0.002 0.02+0.006
RCY-14 9.51+0.03 - - - - 0.02+0.005 0.02+0.005
R12 6.31+0.04 - - 0.02+0.005 - 0.01+0.007 0.03+£0.012
DJ-97 9.94+0.06 - - - - 0.01+0.004 0.01£0.004
JK-99 8.84+0.07 - - - - 0.07+0.001 0.07£0.001
YJK 9.77+£0.05 - - - - 0.08+0.002 0.08+0.002
OMK 9.95+0.07 - - - - 0.06+0.001 0.06+0.001
SMR-1 4.26+0.08 - - 0.01+0.001 0.02+0.005 0.02+0.005 0.05+£0.006
SMR-2 6.90+£0.05 - - - 0.02+0.002 0.01+0.001 0.03+0.001
SMR-3 10.94+0.11 - - - - 0.01+0.006 0.01+£0.006
SMR-4 4.15+0.04 - - 0.02+0.002 0.05+0.004 0.06+0.004 0.13+£0.010
Blank (Raw material) - - - - - - -

"Values are mean+SD (n=3)

INot detected
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Table 6. pH, acidity and colors values after fermentation using the wild grape by different strains

i o Acidity Color values

Strain abbreviation pH %) T ; o
No. 10 3.87+0.01" 1.08+0.05 39.15%0.07 48.16x0.12 55.31+0.08
No. 11 3.98+0.01 0.96+0.06 40.55+0.06 44.15+0.02 55.51£0.01
No. 12 3.96+0.03 0.96+0.03 37.32+0.12 48.31+0.08 55.42+0.02
No. 901 3.85+0.02 0.84+0.02 37.38+0.06 49.39+0.11 54.09+0.06
RCY-14 3.91+£0.02 1.08+0.08 38.79+0.05 47.11+£0.21 56.68+0.07
R12 3.93+0.01 1.02+0.05 42.60+0.06 44.36+0.15 57.51+0.05
DJ-97 3.95+0.03 1.02+0.11 40.17+0.01 48.55+0.16 58.47+0.01
JK-99 3.98+0.02 1.02+0.05 41.82+0.05 45.91+0.08 57.45+0.02
YIK 3.91+0.04 1.02+0.06 45.20+0.08 44,08+0.05 56.87+0.04
OMK 3.93+0.02 1.04+0.01 38.27+0.06 49.16+0.01 56.43+0.01
SMR-1 3.83+0.03 1.08+0.06 39.20+0.21 18.96+0.12 54.98+0.02
SMR-2 3.93+0.01 1.02+0.02 40.67+0.14 47.02+0.15 56.35+0.19
SMR-3 3.97+0.01 0.96+0.02 38.19+0.06 46.12+0.06 56.61+£0.04
SMR-4 3.84+0.03 1.08+0.05 39.21+0.07 49.46=0.08 54.17+0.01
Blank (Raw material) 3.15+0.02 1.26+0.15 35.18+0.12 41.56+0.18 50.19+0.22

DValues are mean+SD (n=3)

Table 7. Experimental data on alcohol and residual sugar content of wild grape wine under different conditions based on central composite

design by RSM

Fermentation conditions

Exp. No."

Alcohol content

Residual sugar content(%)

Teml()oe(r:e)lture ¢ ;E:g:}ts(l:]%f;() (Eg;:) (%) Fructose Glucose Sucrose Total sugar
1 27(1) 23(1) 12(1) 102 3.076 2 1.085 4.161
2 27(1) 23(1) 6(-1) 6.9 5.024 2.835 2.523 10.382
3 27(1) 15(-1) 12(1) 7.7 - - 5.023 5.023
4 27(1) 15(-1) 6(-1) 6.6 0.478 - 0.253 0.731
5 19¢-1) 23(1) 12(1) 8.0 1.417 0.488 3.654 5.559
6 19(-1) 23(1) 6(-1) 23 4919 8310 5.984 19.213
7 19(-1) 15(-1) 12(1) 7.8 - - 6.112 6.112
8 19(-1) 15(-1) 6(-1) 1.8 1.068 0.844 2.186 4.098
9 23(0) 19(0) 9(0) 8.0 1.425 - 1.711 3.136
10 23(0) 19(0) 9%0) 6.8 1.719 - 2.184 3.903
11 31(2) 19(0) 9(0) 84 1.383 - 0.561 1.944
12 15(-2) 19(0) 9(0) 24 3.589 6.485 4.628 14.703
13 23(0) 27(2) 9(0) 6.2 5.838 6.321 7.856 17.016
14 23(0) 11(-2) 9(0) 5.0 - - 1.245 1.245
15 23(0) 19(0) 152) 9.6 0.830 - 0.123 0953
16 23(0) 19(0) 3(-2) 14 5.627 7.896 3.456 16.935

UThe number of experimental condition by central composite design.
INot detected
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Table 8. Experimental data on organic acid of wild grape wine under different conditions based on central composite design by RSM

Experiment Organic acid (%)
No.” Malic acid Acetic acid Citric acid Succinic acid Fumaric acid Total
1 0.802 0.381 0.199 2 0.001 1.383
2 1.041 0.601 - 0.062 0.001 1.705
3 0.546 0.299 0.149 - 0.001 0.995
4 1.251 - 0.188 0.066 0.002 1.507
5 0.830 0.351 0.162 - 0.002 1.345
6 1.172 0.460 0276 0.064 0.001 1.973
7 0.841 0.217 0.139 - 0.002 1.199
8 1.643 - 0.027 0.069 0.001 1.740
9 0.844 0.323 0.145 - 0.002 1.314
10 0.996 0.335 0.154 - 0.002 1.487
11 0.774 0.441 0.151 - 0.002 1.368
12 0.990 0.333 0.196 - 0.003 1.522
13 0.879 0.406 0.169 - 0.002 1.456
14 0.920 0.104 0.124 - 0.002 1.150
15 0.747 0.322 0.144 - 0.002 1.215
16 1471 0.131 0.185 0.012 0.002 1.801

UThe number of experimental condition by central composite design.
Not detected

Table 9. Experimental data on ethyl alcohol and fusel oil of wild grape wine under different conditions based on central composite design

by RSM
Experiment Ethyl alcohol & Fusel oil (mg%)
No.” Ethyl alcohol Acet aldehyde Methyl alcohol ~ n-Propyl alcohol ~ Isobutyl alcohol — Isoamyl alcohol Total
1 10.802 2 - 0.01 0.01 0.02 10.806
2 6.632 - - - - - 6.632
3 7.047 - - - - - 7.047
4 6.079 - - - 0.01 0.01 6.081
5 8.088 - - - 0.01 0.01 8.090
6 1.854 - - - - 0.02 1.856
7 7.526 - - 0.01 - - 7.527
8 1.885 - - - - - 1.885
9 8.700 - - 0.01 0.01 0.01 8.703
10 8.738 - - 0.01 0.01 - 8.740
11 8.398 - - - - 0.01 8.399
12 2.074 - - 0.01 - 0.02 2.077
13 6.384 - - - - - 6.384
14 4457 y - - . y 4.457
15 9.362 - - 0.01 0.01 0.02 9.366
16 0.831 - - - - 0.831
UThe number of experimental condition by central composite design.
Not detected
ol WERASL LFLE 22.82°C, Z71FE 21.80°brix X o e 2] d5e FHg] vl 10~13%E B A
WA AIZE 14,6220 0K Table 11). Fig. 1914 B vle} 7ho) o] ZA] FujEal ol XEFo] MU E 7|FEd tEY

14
Ve PP 44U WLEAS BHS A3, BELTI} ¥
3 gEARle] 4458 9 fe) 27k Ao Ut
o 9me Pl oiE REEA) TS Tavle 139} Do) B
AR BT FA B Yor, 2YEE

= s = Ao 2 Yehyitt
1 E0e AnRole 29 b ZEsle] 24001

1597 WEAGE ), DS Yol 12% vhehria v
sl 2 a7ARe) URe FPol the e o= ekt

o AR AFE

Amed,

Fo) o3 Aoz

7 zARE Axd AFEe) AFTHE 0-19%9 s
Uehlie} 7} wrmele] Wk 2 Ajolg uITh ol wEzy
5g sRE ARl Sl Ao
Uepsiel, gl ol SRAe] R 09609015, 1% ©f

o) Holo] elgk Ao &

WollA fejige] A=At 58 B4
AZre ~128%E =% 91, olu

flo

I el 3

278 a2 T 24.83°C,



30

443

Table 10. Experimental data on pH, acidity, hunter's color value and organoleptic properties of wild grape wine under different conditions

based on central composite design by RSM

Hunter’s Color value Organoleptic properties
1y Acidity
Fxp-No. oH (%) L a b Color Flavor Taste Overall
palatability
1 3.49 122 40.17 38.82 54.64 6.27 6.00 5.00 5.53
2 3.84 1.26 3434 43.33 51.50 627 6.20 6.60 6.13
3 354 0.94 42.13 38.49 51.99 5.87 5.53 3.07 4.67
4 3.88 1.20 38.03 46.42 53.11 5.83 6.07 3.73 4.93
5 3.38 1.28 36.58 44.50 54.48 6.73 5.87 6.27 6.07
6 3.83 1.36 31.89 46.57 48.54 5.80 593 7.27 6.60
7 3.40 1.22 36.28 46.00 51.23 6.27 5.75 333 4.53
8 3.83 1.40 34.15 47.62 49.15 5.93 5.80 527 527
9 3.88 0.36 36.34 44.86 53.78 6.40 6.80 4.33 5.60
10 3.87 0.18 36.64 47.06 53.59 6.33 6.90 5.890 5.73
11 3.97 0.23 39.12 39.21 53.83 5.53 5.80 3.40 4.60
12 3.85 0.36 29.00 4598 45.12 5.00 5.20 6.00 5.70
13 3.89 0.26 37.21 46.25 54.73 6.33 587 7.07 6.67
14 393 0.30 3538 47.35 50.56 5.87 573 3.00 427
15 3.40 1.32 44.28 4391 58.40 4.87 6.13 3.20 433
16 3.81 1.26 3344 49.61 49.29 5.67 6.80 6.67 6.47

"The number of experimental condition by central composite design.

Table 11. Predicted levels of extraction conditions of wild grape wine for the maximum responses of variables by the ridge analysis

Responses R? Pro>F X\ (°C) X2 (brix)  X;¥(days) Stational point ~ Morphology
Alcohol content 0.9800 0.0002 22.82 21.80 14.62 10.11 Maximum
Residual sugar content 0.9609 0.0014 24.83 12.87 9.04 -1.28 Minimum
Organic acid content 0.8000 0.1226 23.48 20.66 3.14 1.33 Saddle point
Fusel oil & ethyl alcohol content 0.9942 <.0001 24.53 21.77 12.46 10.30 Maximum
pH 0.7628 0.1827 29.01 14.37 7.09 3.94 Saddle point
Acidity 0.4431 0.8116 22.60 18.49 3.02 1.70 Saddle point

UFermentation temperature, “Initial sugar content, ¥ Fermentation time

Table 12. Predicted levels of extraction conditions of wild grape wine for the maximum responses of variables by the ridge analysis

Responses R? Pro>F X" (°C) X, (°brix) X (days) Stational point Morphology

L 0.9479 0.0033 25.98 19.58 14.55 45.03 Saddle point

a 0.8955 0.0230 22.99 15.15 3.74 50.08 Saddle point

b 0.9151 0.0130 23.10 23.30 14.06 58.83 Saddle point
Color 0.6594 0.3908 23.74 23.73 9.19 6.62 Maximum
Flavor 0.8891 0.0270 23.98 19.38 6.73 6.79 Maximum
Taste 0.9431 0.0042 20.02 25.14 5.87 8.04 Maximum
Overall palatability 0.9594 0.0016 20.16 25.37 6.06 7.12 Maximum

UFermentation temperature, ZInitial sugar content, Fermentation time
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Fig. 1. Four-dimensional response surface for alcohol content of
wild grape wine at constant values (4.0, 6.0, 8.0%) as functions of

fermentation temperature, intial sugar content and fermentation
time.

fonmentation lme Wlwg

Fig. 2. Four-dimensional response surface for residual sugar
content of wild grape wine at constant values (0, 2.0, 4.0%) as
functions of fermentation temperature, intial sugar content and
fermentation time.
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Fig. 3. Four-dimensional response surface for organic acid content
of wild grape wine at constant values (0.5, 1.0, 1.5%) as a function
of fermentation temperature, intial sugar content and fermentation
time.
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Fig. 4. Four-dimensional response surface for fusel oil & ethanol
content of wild grape wine at constant values (0, 100, 200 mg%) as

functions of fermentation temperature, intial sugar content and
fermentation time.
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Fig. 5. Four-dimensional response surface for pH of wild grape
wine at constant values (3.4, 3.6, 3.8) as functions of fermentation
temperature, intial sugar content and fermentation time.
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Fig. 6. Four-dimensional response surface for acidity of wild grape
wine at constant values (0.7, 1.0, 1.4%) as a function of

fermentation temperature, intial sugar content and fermentation
time.
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Fig. 7. Four-dimensional response surface for lightness of wild
grape wine at constant values (33, 37, 41) as functions of
fermentation temperature, intial sugar content and fermentation
time.
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Fig. 8. Four-dimensional response surface for redness of wild grape
wine at constant values (40.0, 42.5, 45.0) as functions of
fermentation temperature, intial sugar content and fermentation
time.
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Fig. 9. Four-dimensional response surface for yellowness of wild
grape wine at constant values (53, 54, 55) as functions of
fermentation temperature, intial sugar content and fermentation
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Fig. 10. Four-dimensional response surface for organoleptic color
of wild grape wine at constant values (5.0, 5.5, 6.0) as functions of
fermentation temperature, intial sugar content and fermentation
time.
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Fig. 11. Four-dimensional response surface for organoleptic flavor
of wild grape wine at constant values (5.5, 6.0, 6.5) as functions of
fermentation temperature, intial sugar content and fermentation
time.
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Fig. 12. Four-dimensional response surface for organoleptic taste of
wild grape wine at constant values (3.0, 5.0, 7.0) as functions of
fermentation temperature, intial sugar content and fermentation
time.
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Fig. 13. Four-dimensional response surface for overall palatability
of wild grape wine at constant values (5.0, 5.5, 6.0) as functions of
fermentation temperature, intial sugar content and fermentation
time.

Fig. 14. Superimposed response surface for optimization of alcohol
content, ethyl alcohol content and overall palatability as functions
fermentation temperature, intial sugar content and fermentation
time of wild grape wine.
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Table 13. Regression analysis for regression model of alcohol, residual sugar, organic acid, fusel oil & ethyl alcohol content, pH and acidity
in fermentation condition for wild grape wine

F-Ratio

Fermentation condition Residual sugar ~ Organic acid  Fusel oil & ethyl

Alcobol content content content alcohol content pH Acidity
Temperature (°C) 29.02%*x* 7.56%* 0.12 102.77%** 0.24 0.05
Initial sugar content (°brix) 4.07* 19.16%*** 0.58 32.92%*%* 0.04 0.02
Time (days) 48.70%** 14.84*** S.17** 173.74%%* 4.08* 0.79

*Significant at 10% level; ** significant at 5% level; ***significant at 1% level.
£ni

Table 14. Regression analysis for regression model of hunter's color value and organoleptic properties in fermentation condition for wild
grape wine

F-Ratio
Fermentation condition Overall
L a b Color Flavor Taste palatability
Temperature (°C) 12,17 %4 7.19%* 7.39%* 1.69 8.55%* 3.75% 4.05*
Initial sugar content (°brix) 0.68 0.47 221 0.48 5.03%* 14.44%** 22 34%x
Time (days) 13.67%** 5.16%* 7.42%* 1.67 212 6.71%* 9.84%k*
*Significant at 10% level; ** significant at 5% level; ***significant at 1% level.
Table 15. The range of optimum fermentation condition for 25 25°C, Z71WE 22%rix, 'WEAIZE 139S Ao A
maximum response variables by superimposing response surface of EZAOE =31y
alcohol content, ethyl alcohol and overall palatability of wild grape = A5
wine
. .. Range of predicted condition - =
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(optional point)
Temperature (°C) 24~28 (25) AHE AT AZE Ysed AR AAYEE e 2E
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