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ABSTRACT

To utilize deteriorated sweet persimmon effectively, response surface methodology(RSM) was used
to determune the optimal vinegar fermentation conditions and monitored by a divided two stage fer-
mentation, The optimum conditions for maximum alcohol content were obtained when the first stage
(alcohol fermentation) was carried out with an initial sugar concentration of 18.5°Brix, agitation rate
of 140.8 rpm, fermentation time of 127.6 hr. When sugar concentration was 14°Brix, maximum alcohol
content(7.1%) was predicted at fermentation conditions of 160 rpm in agitation rate, 140 hr in fermen-
tation time. The optimum conditions for maximumn acidity were obtained when second stage(vinegar
fermentation) was carried out 249.5 rpm in agitation rate, 148.8 hr in fermentation time. Predicted
values at the optimum conditions were similar to experimental values,
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Table 1. Levels of alcohol fermentation conditions in experimental design

Xi Fermentation conditions
X, Initial sugar concentration(°Brix)
X, Agitation rate(rpm)

X3

Fermentation time(hr)

Levels
-2 -1 0 1 2
9 12 15 18 21
0 50 100 150 200
72 96 120 144
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Table 2. Levels of acetic acid fermentation in experimental design

Levels
Xi Fermentation conditions
-2 -1 0 1 2
X, Agitation rate(rpm) 50 100 150 200 250
X, Fermentation time(hr) 96 120 144 168 192
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Table 3. Experimental data for alcohol, brix and acidity under different conditions of fermentation time, in-
itial brix and agitation rate for sweet persimmon wine

Fermentation conditions

Physicochemical properties

Exp Initial sugar Agitation rate  Fermentation Residual su.gar L
No, concentration . Alcohol(%)  concentration Acidity
: (rpm) time(hr) .
(°Brix) (°Brix)
1 12(-1) 50 (-1) 72 (—1) 3.9 6.0 0.27
2 12(-1) 50 (—1) 120( D) 5.5 4.8 0.41
3 12(~-1) 150( 1) 72 (~1) 3.2 6.6 0.31
4 12(-1) 150( 1) 1200 D 6.0 3.8 0.62
5 18(C 1 50 (—1) 72 (—~1) 5.0 10.8 0.42
6 18( 1 50 (—1) 120( 1) 7.1 8.2 0.48
7 18(¢ 1) 150 (¢ 1) 72 (1) 5.6 10.2 0.40
8 18( 1) 150( 1) 1200 1) 7.5 7.6 0.52
9 15( o 100( O 96 ( 0) 5.5 7.6 0.67
10 15( 0) 100 ( O 96 ( 0) 5.0 8.4 0.65
11 21 ¢ 2) 100 ( 0) 96 ( 0) 5.9 12.8 0.84
12 9(—-2) 100( O 9% ( 0) 3.9 3.6 0.51
13 15(C 0) 200 ( 2) 9% ( 0) 5.1 8.0 0.42
14 i5C 0 0(-2) 9% ( O 5.3 7.2 0.24
15 15(C 0 100 ( 0) 144 ( 2) 6.4 6.8 0.65
16 15( 0) 100 ( 0) 48 (~2) 3.0 11.2 0.33
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Fig. 1. Response surface for alcohol content in al-
cohol fermentation using sweet persimmon-
fruits at constant values(alcohol content : 3.
0-4.0-0.5-0.6-0.7) as a function of initial su-
gar concentration(°Brix) of persimmon fr-
uits, agitation rate and fermentation time.
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Table 4. Polynomial equations calculated by RSM program for alcohol fermentation of sweet persimmon

fruits

Response

Polynomial equation R?

Significance

Y11= —4.41875+0.472917X; — 0.023125X2 + 0.081510X3 —

Alcohol 0.009722X1240.000917X,X2— 0.0000050X 22— 0.9203 0.0110
0.000521X1X3+0.000115X2X3—0.000239X32
Residual sugar  Y2==0.6500+0.808333X1+0.03400X 2 — 0.082292X 3-+0.005556 X1 2 —
concentration 0.000667X1X2— 0.0000400X 22— 0,002083X 1 X3— 0.9465 0.0036
(°Brix) 0.000167X2X3+0.000434X 32
Y3=—1.711875+0.069762X1+0.007963X5+0.022109X 3
Acidity ~+0.000417X; 2 —0.000192XX 2 — 0.00003300X 22— 0.8482 0.0617

0.000469X1X3+0.00023958 X 2X3—0.000073785X 32
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Fig. 2. Response surface for residual sugar concen-
tration(°Brix) in alcohol fermentation using
sweet persimmon fruits at constant values
(sugar concentration:4.0-6.0-8.0-10.0-12.0 °
Brix) as a function of initial sugar concen-
tration(°Brix) of persimmon fruits, agitation
rate and fermentation time,

o
N
—

]

o)

ue o ekt

28 B F e 7)Fo He dx W
8o thE g uH e Fig. 3o Jeigen, 2
270 g GESHaNRY A=Wt e NHEHE
B 5 A4 & Table 48 2ok, 2bx W 3}e] % R2
= 0.8482% 10% ol 8 f oM feligo) ¢

ook

bt
z 12 to

P

A
=

nE

l40

Fermentation time(hr)
s I
13 8

a
=

I/}...;//// !
////};//////////"/////Z///////////‘/ﬁ o ‘\\x\\\\ s
Wil
‘(//""(M//' ‘ m?//’
'Iu’t”//

" ‘“ ‘ . .Q,'ln',’t/’//f-',{:,

i ...'ll‘,’///ﬁ’:’,;

A

w’m
A

60

Fig. 3. Response surface for acidity in alcohol fer-
mentation using sweet persimmon fruits at
constant values(acidity : 0.30-0.45-0.60-0.70)
as a function of initial sugar concentration(®
Brix) of persimmon fruits, agitation rate and
fermentation time,
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Table 5. Predicted levels for physicochemical characteristics of sweet persimmon wine yielding optimum

responses by analysis of ridge

Fermentation Levels for maximum responses

conditions Alcohol Residual sugar concentration Acidity
Initial sugar concentration 18.51 19.66 20.99
(°Brix)

Agitation rate(rpm) 140.77 102.70 96.07
Fermentation time{hr) 127.63 65.77 97.95
Predicted value ' 7.43 13.06 0.73
Experimental value 7.04 13.65 0.72
Morphology SP* S.P. S.P.

*S.P. : Sadle point
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Fig. 4. Response surface for alcohol content in al-
cohol fermentation using 14°Brix sweet per-
simmon fruits at constant values(acohol con-
tent : 2.339-3.890-4.635-5.380-6.125-6.870%)
as a function of agitaiton rate and fermen-
tation time.
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Table 6. Experimental data for acidity and browning color under different acetic acid conditions of fermen-
tation time and agitation rate for sweet persimmon vinegar

Fermentation conditions

Physicochemical properties

Exp — — )
No, Agitation rate Fermentation time Acidity Browning color
(rpm) (hr) (OD)
1 200( 1) 120 (—1) 5,22 0.337
2 200( 1) 168 ( 1) 6.54 0.396
3 100 (- 1) 120 (1) 3.90 0.169
4 100 (~1) 168 ( 1) 5.04 0.311
5 150 ( 0) 144 (C 0 3.42 0.158
6 150 ( 0) 144 ¢ 0) 5.28 0.159
7 250 ( 2) 144 ( 0) 7.35 0.140
8 50 (—~2) 144 (¢ 0 4.95 0.151
9 150 ¢ 0) 192 ( 2) 3.51 0.237
10 150( 0 96 (—2) 3.22 0.135
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Fig. 6. Response surface for acidity in acetic acid Fig. 7. Contour map for acidity in acetic acid fer-
fermentation using sweet persimmon wine mentation using sweet persimmon wine by
by optimum alcohol fermentation conditions optimum alcohol fermentation condition(14 °
(14 °Bix, 160rpm and 14hr) at constant Bix, 160rpm and 140hr) at constant values
values(acidity:3.559-4.304-5.794-6.539-7.284) (acidity :3.559-4.304-5.049-5.794-6.539=7.284)
as a function of agitation rate and fermen- as a function of agitation rate and fermen-
tation time, tation time,
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Table 7. Polynomial equations calculculated by RSM program for acetic acid fermentation of sweet persim-

mon wine
Response Polynomial equation R? Significance
_ _ _ 2
Acidity Y 12.623661 —0.018618X1+0.245064 X 2+0.000086393X1 0.9392 0.0152
+0.0000375X1X2— 0.000834 X2
Browning Yo = 1.04226-+0.00286X1 —0.00549X 2+0.00001 1% 2 0.7132 0.2625
color —0.000034X1X>+0.00028 X5 2 ) )
Table 8. Predicted levels for physicochemical
characteristics of sweet persimmon vin- N e g}

egar yielding optimum responses by analy-
sis of ridge

Fermentation Levels for maximum responses

conditions Acidity Browning color

Agitation 249.50 248.02
rate(rpm)

Fermentation 148.80 153.31
time (hr)

Predicted 7.51 0.4417
value

Experimental 6.81 0.4423
viaue

Morphology S.P* S.P*
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