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Central composite design along with response surface methodology (RSM) was applied to improve the fermentation
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Abstract

process in onion (Allium cepa) wine production. The effects of different fermentation parameters (time, temperature,
and initial sugar content) were found to be significant with respect to the physicochemical and sensory properties
of wine. The maximum score for the alcoholic content was obtained at 29.27°C fermentation temperature, 103.43

h fermentation time, and 27.52 °Brix initial sugar content. The maximum score for overall palatability was obtained

at 39.27°C fermentation temperature, 57.28 h fermentation time, and 22.14 °Brix initial sugar content. The coefficients
of determination (RZ ) were 0.9620 and 0.9060 for alcoholic content and overall palatability, respectively. The ranges
of the optimum fermentation conditions (28~32C, 80~90 hr, and 20~25 °Brix) were obtained by superimposing
the response surfaces with regard to the alcoholic content and overall palatability of onion wine.
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Table 1. Fermentation conditions and experimental data on chemical and sensory properties in onion wine under different fermentation
conditions based on central composite design for response surface analysis

Fermentation conditions

Chemical properties

Sensory  properties

Exp. No" Residual sugar

Alcoholic

Temp. Time Sugar pH Acidity Color Flavor Taste Overall
(C) () (B p e (%) palatability
| 25 48 15 641 6.8 349 0.27 525 538 4.50 4.63
2 25 48 25 1342 6.2 3.66 0.28 6.00 6.13 438 525
3 25 9% 15 6.22 6.0 355 0.27 575 6.13 438 5.50
4 25 9% 25 10.23 120 3.56 0.35 6.38 525 575 6.13
5 35 48 15 5.81 84 359 0.30 5.50 525 538 6.00
6 35 48 25 16.20 9.0 3.60 0.28 525 6.25 6.00 6.25
7 35 9% 15 502 8.6 371 0.29 6.75 6.00 5.88 5.88
8 35 9% 25 1121 10.8 3.62 0.32 6.25 6.88 6.25 6.38
9 30 72 20 723 14.0 358 0.33 6.50 6.25 6.13 6.13
10 30 72 20 7.08 139 357 0.33 6.75 6.38 6.00 6.13
11 20 72 20 13.56 4.0 3.56 0.23 6.25 475 5.88 563
12 40 7 20 14.11 42 3.70 0.30 6.88 575 5.88 6.38
13 30 24 20 14.29 6.6 3.70 0.24 6.00 6.00 5.00 5.50
14 30 120 20 6.83 102 372 0.29 6.50 7.00 5.13 5.63
15 30 72 10 324 6.2 3.56 0.31 6.75 6.25 475 525
16 30 72 30 16.24 114 3.54 0.36 5.38 6.25 575 6.38

"The number of experimental conditions by central composite design.
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Fig. 1. Response surfaces at constant values (Residual sugar
content: 5-10-15 °Brix (top) and alcohol content: 4-9-14% (down))
as a function of fermentation temperature, fermentation time and
fermentation start brix in fermentation of onion wine.
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Table 2. Polynomial equations calculated by RSM program for the fermentation condition of onion wine

Responses Second order polynomials 'S P-value
Residual sugar Y = 75220000 - 4345750X; - 0050521X; - 0.658000X; + 0.066800X,” - Q002500XX, + 0.001478%,° oo 001
content + 0.027800X,X5 - 0.007500X:X; + 0.025850Xs’ : peb
Aleoholic Y; = -119.843750 + 6472500X, + 0.306771X; + 2067500X; - 0.098500X,” - 0.003125XiX; - 09620 001
content 0.002409X, - 0.013000X,Xs + 0.008542X:X; - 0.051500X;" : pel:
- Y = 3255625 - 0013750, - 0.008281X; + 0.069250X; + 0.000550X," + QO00ISTX X, + 0954 001
P 0.000038594X,” - 0.001300X,X; - 0.000271X;X5 - 0.000250Xs’ : pel:
i Y = -0.680625 + 0052000X; + 0.003333X; + 0.003500%; - 0.000650X,” - 0.00041667X X -
Acidity 0.000028212X;” - 0.000400X,Xs + 0.000125X:X; + 0.000050Xs” 0.9485 p<001
Y = -0.680625 + 0.052000X; + 0.003333X; + 0003500X; - 00006S0X;" - 0.000041667XiX; -
Sensory’ color 0.000028212X;” - 0.000400X,X; + 0.000125X:X; + 0.000050X; 0.8%9 P05
Yo = 1248125 + 0.368375X; - 0.013828X; - 0.122375X; - 0010650X,” + 0,001573X,X, +
Sensory flavor 0.000080295X;" + 0.010050X,Xs - 0.00823X:X; - 0.000650%; 08778 p<005
- 8379375 + 049875, + 0.051016X, + 0413625%; - 0005300X,” + 0.000031250X,X; -
Sensory taste 0.000508X,” - 0.003950X,Xs + 0.001323X,X; - 0.008150Xs 0.9385 p<001
Overall Y = -5.743625 + 0311750X, + 0.089531X, + 0.234750X; - 0001250X,” - D00I8I3XX’ - 0000245X," 90 005
palatability - 0.002500X,X° + 0.000271X,X; - 0.003150Xs’ : pel:
UX,: fermentation temperature (‘C), Xp: fermentation time (hr), Xs: Initial sugar content (“Brix)
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Table 3. Predicted levels of fermentation condition for the maximum and minimum responses of variables by the ridge analysis and F-value

for regression model
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Fermentation conditions ) Morphology F-value
R - Estimated -
esponses Temp. Time Sugar responses Temp. Time Sugar
(0 (hr) (°Brix) (0) (hr) (°Brix)
Residual sugar .
3505 4813 27.06 1945 (Max) Minimum
content 3149 70.04 10.12 234 (Min) 1144 1264 B
("Brix)
Alcoholic content 29.27 103.43 2752 14.45 (Max) Maximum wrk ek
%) 2055 61.59 1756 234 (Min) 2662 1390 1507
3572 107.69 16.54 3.80 (Max) Saddle point
pH 243 64.10 1186 346 (Min) 1497 14.17 787
Acidity 28.78 91.60 29,05 0.38 (Max) Saddle point
(%) 286 38.50 1939 022 (Min) 1017 1301 7.64
Sensory 3793 90.08 1521 7.14 (Max) Saddle point x o
color 3424 4797 2755 490 (Min) 473 6.38 726
32,67 116.81 17.60 7.07 (Max) Saddle point
Sensory flavor 20.60 79.93 299 457 (Min) 6.18 313 249
Sensory 3391 82.69 2397 6.26 (Max) Maximum -
faste 2547 9127 12,04 418 (Min) 701 820 1L.67
Overall 39.27 5728 22.14 6.64 (Max) Saddle point = *
palatability 371 03 1625 459 (Min) 712 404 536
*Signiﬁcant at 10% level : **Significant at 5% level : H*Signiﬁcant at 1% level
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Fig. 2. Response surfaces at constant values (pH: 3.5-3.6-3.7(top)
and total acidity: 0.25-0.30-0.35% (down)) as a function of
fermentation temperature, fermentation time and fermentation
start brix in fermentation of onion wine.
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Table 4. Range of optimum fermentation conditions for the
fermentation of onion wine

Fermentation conditions Optimum ranges

Temperature (C) 28~30
Time (hr) 94~104
Initial sugar content (°Brix) 27~28
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Fig. 5. Superimposed response surface for optimization of alcoholic
content(14%) and sensory score(6.2) of overall palatability in wine
fermentation of onion as a function of fermentation temperature,
fermentation time and fermentation start brix.
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