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Abstract

In the first stage, strawberry wine was manufactured in 14°Brix initial sugar content, for 50 hr at 28°C using
Saccharomyces kluyeri DJ97. In the second stage, the acetic acid fermentation conditions for maximun acidity
(4.60%) were 1.48% initial acidity and 195.76 rpm in agitation rate for 7.34 day. The fermentation conditions
for maximun Hunter color a value were 1.78% initial acidity and 117.63 rpm in agitation rate for 7.35 day.
Therefore, optimum acetic acid fermentation conditions were 1.5% initial acidity and 196 rpm in agitation rate
for 176 hr using Acetobacter sp. PA97.
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Table 1. Change of acidity, residual sugar concentration and
fermentation of strawberry wine
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Hunter’'s color under different conditions for acetic acid

Fermentation conditions

Chemical properties

Exp

n
Hunter’s color

No.. Initial acidity Agitation rate Fermentation Acidity Residual sugar
(%) (rpm) time (day) (%) conc. (“Brix) L a b
1 1.0 130 5 2.44 4.2 1.11 7.04 1.88
2 1.0 130 7 2.88 4.0 2.87 10.36 453
3 1.0 190 5 3.28 42 0.95 6.03 1.61
4 1.0 190 7 4.30 46 1.38 6.76 2.20
5 2.0 130 5 3.22 4.8 1.69 8.18 2.86
6 2.0 130 7 3.66 4.6 359 11.62 573
7 2.0 190 5 3.56 42 3.14 7.00 423
8 2.0 190 7 4.00 48 1.58 7.48 2.63
9 15 160 6 3.70 4.0 2.45 7.70 3.03
10 1.5 160 6 3.70 4.0 2.46 7.70 3.03
11 05 160 6 2.00 45 3.36 9.00 4.38
12 25 160 6 3.70 4.2 2.39 9.13 3.90
13 15 100 6 3.12 4.2 2,78 9.50 458
14 15 210 6 4.28 4.2 1.13 6.15 1.85
15 1.5 160 4 3.20 5.0 1.40 7.37 2.31
16 15 160 8 4.30 5.0 1.78 8.59 2.95

"Hunter color (standard plate): L, Lightness (96.92); a, Redness (0.02); b, Yellowness (1.31).
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Table 2. Polynomial equations calculated by RSM program for acetic acid fermentation" conditions for vinegar fermentation
of strawberry wine

Response Polynomial equation” R’ Significance
Y1 = -3.975852+6.147565X 1 +0.010963X>-0.032019X5-0.851133X,”
Acidity (%) —0.013167X1Eg-g+o.oooo18136xz*’—0.1450X1X3+0.002417X3X3 0.9519 0.0025
+0.012217X5”
Y, = 19152678+ 0.073332X:-0.043812X5-3.980834X 35+ 0.353334X,,”

Residual . 9 ~
e(?’lBrI:iE}i() sugar conc 'OOOSSBSXIXZ + 000006904)(2— 4 OO5OOX1X$ -+ 0005833)(3)(3 0.8483 0.0615

+0.250833X 5

Ya = -29.129944+0.198978X, +0.145875X 2+ 6.606272X5 -+ 0.447146X,”
Hunter’s color L -+0.009083X; X2-0.000167X>"-0.462500X 1 X5-0.019958X X5 0.7279 0.2473
-0.209463X”

Y= -11.568356-2.232626X; +0. 129436X +3.736332X5+ 1.306014X,”
Hunter's color a -0. 005917X1X> -0.000057874X.™-0.032500X  X3-0.023125X X5 0.9082 0.0162
+0.055254X"

Y5 = -24.988615-1.096743X; +0. 116347X +6.558466X3+ 1. 141831X,°
Hunter’s color b +0.007250X 1X +0.000047257X+"-0.492500X,X3-0.027208X:X5 0.8177 0.0973
-0.092042X

UX,: initial acidity (6.
X agitation rate (rpm).
Xy fermentation time (day).
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Table 3. Predicted levels of optimum conditions for acetic acid fermentation of strawberry wine by ridge analysis

Fermentation conditions

. . . Initial acidity Agitation rate Fermentation time Estimated
Chemistry properties (%) (rpm) (day) response Morphology
Max. Min. Max. Min, Max. Min. Max. Min.

Acidity 1.48 0.61 19576 132.87 7.34 5.53 4.60% 1.66% Saddle point
Residual sugar conc. 1.56 0.90 17259  113.06 7.98 6.49 5.14°Brix 3.88°Brix Saddle point
Hunter’s color L 1.02 1.33 119.82 129.80 7.21 4.25 3.94 0.42 Saddle point
Hunter’'s color a 1.78 1.45 11763 208.05 7.35 6.52 11.82 561 Saddle point
Hunter’s color b 1.31 1.28 114.17 133.69 7.29 6.00 421 1.13 Saddle point

Table 4. Analysis of variables for regression model of acidity, residual sugar concentration and Hunter’s color in acetic
acid fermentation conditions for vinegar fermentation of strawberry wine

F-Ratio
Fermentation coditions Acidity Residual sugar Hunter's color
conc. L a b
Initial acidity 12,774 1.584 0.483 1.387 1.165
Agitation rate 10.210™" 2.233 2.546 10.045™" 4373
Fermentation time 6.724” 6.898"" 2.333 4.981" 3.087

*Significant at 10% level, **Significant at 5% level, ***Significant at 1% level.
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Fig. 1. Response surface on acidity (3.5-4.0-4.5%) in acetic
acid fermentation using strawberry wine at constant values.
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Fig. 3. Response surface on Hunter’s color L (1.0-2.0-3.0) in
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Fig. 4. Response surface on Hunter’s color a (8.0-9.0-10.0)
in acetic acid fermentation using strawberry wine at con-
stant values.

e of

G712 A 25 el 12 @A 2 Saccharomyce kiuyeri
DJ97& o] -§-8tod 7 5-& 14°Brix® B3k $- 28°Co| 4]
50AI 7 A A A ] RS d-2 F ALY
ok 27 DA A, 2APLEE A7) A3 AAEE Z2I)4AMET)
1.48%, Mb4-= 7} 19576 rpm, B& A 7be] 7.34 dayd o
71 =& 460% % etk A A aghd 2v)4Ev)
1.78%, 39k 7} 117.63 rpm, BEE A 7bo] 7.35 day ¥ o 7}

we Asitation rate (rpm)
175 150 125 N
16
B
1
BE
1
>
o
=
L3
E
6 [
2
3
[
Q
) 40 §
5 =
30
20
3
2.5
2
L.
1 43y Y
REPAR- S
9.5 jtis

Fig. 5. Response surface on Hunter’s color b (2.0-3.0-4.0) in
acetic acid fermentation using strawberry wine at constant
values.

¢ & 11825 detdiddeh 27)4x Az2E i
Acetobacter sp. PA9TE- o] £-3}¢] 27]|AFE 15% 2 2wk

2% Qsie

1. Keith H. Steinkraus. 1997. Classification of fermented foods:
worldwide review of household fermentation techniques.
Food Control 8 311-317.

2. Lipp M, Radovic, BS, Anklam E. 1998. Characterisation of
vinegar by pyrolysis—-mass spectrometry. Food Control 9:
349-355.

3. Horiuchi J, Kanno T, Kobayashi M. 2000. Effective onion
vinegar production by two-step fermentation system. J
Biosci Bioeng 90: 289-293.

4. Jeong Y], Seo JH, Park NY, Shin SR, Kim KS. 1999. Changes
in the components of persimmon vinegars by two stages
fermentation (II). Korean J Postharvest Sci Tecinol 6:
233-238.

5. Jeoung YJ, Lee MH. 2000. A view and prospect of vinegar
industry. Food Industry and Nutrition 5 7-12.

6. Kwon SH, Jeong EJ, Lee GD, Jeong Y]. 2000. Preparation
method of fruit vinegars by two stage fermentation and
beverage including vinegar. Food Industry and Nutrition
5. 18-24.

7. Kim JG, Hong SS, Jeong ST, Kim YB, Jang HS. 1998. Qual-
ity changes of Yeobong strawberry with CA storage con-
ditions. Korean J Food Sci Technol 30 871-876.

8. Kim MY, Chun SS. 2001. Effect of onions on the quality



10.

11

12.

13.

GriAlx AZE 9

characteristics of strawberry jam. Korean J Soc Food Cook-
ery Sci 17: 316-322.

. Park SJ, Lee JH, Rhim JH, Kwon KS, Jang HG, Yu MY.

1994. The change of anthocyanin and speadmenter value
of strawberry jam by heating and preservation. Korean J
Food Sci Technol 26: 365-369.

Byun MY, Yook HS, Ahn HJ, Lee KH, Lee HJ. 2000. Quality
evaluation of strawberry jams prepared with refined dietary
fiber from Ascidian (Halocynthia rotetzi) tunic. Korean J
Food Sci Technol 32: 1068-1072.

Jeong YJ, Seo JH, Lee GD, Park NY, Choi TH. 1999. The
quality comparison of apple vinegar by two stages fer-
mentation with commercial apple vinegar. J Korean Soc
Food Sci Nutr 28: 353-358.

Lee JM, Kim SK, Lee GD. 2003. Monitoring on alcohol
fermentation characteristics of strawberry. J Korean Soc
Food Sci Nutr 32: 679-683.

Lee GD, Jeong Y], Seo JH, Lee JM. 2000. Monitoring on

=
[

14.

15.

16.

17.

At E

z7 817

E

2L

il

alcohol and acetic acid fermentation of potatoes using re-
sponse surface methodology. J Korean Soc Food Sci Nutr
29: 1062-1067.

Jeong Y], Seo KI, Lee GD, Youn KS, Kang M]J, Kim KS.
1998. Monitoring for the fermentation conditions of sweet
persimmon vinegar using response surface methodology.
J East Asian of Dietary Life 8@ 57-65.

Lee GD, Kwon SH, Lee MH, Kim SK, Kwon JH. 2002. Mon-
itoring on alcohol and acetic acid fermentation properties
of muskmelon. Korean J Food Sci Technol 34. 30-36.
Jeong Y], Lee GD, Kim KS. 1998. Optimization for the fer-
mentation condition of persimmon vinegar using response
surface methodology. Korean J Food Sci Technol 30: 1203~
1208.

Oh YJ. 1992. A study on cultural conditions for acetic acid
production employing pear juice. J Korean Soc Food Nutr
21: 377-3%0.

(20034 49 29 A4 2003 7Y 9 )



