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Monitoring on Fermentation of Persimmon Vinegar
from Persimmon Peel

Suk-Kyung Kim, Gee-Dong Lee' and Shin-Kyo Chung*
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'Department of Fermented Food, Kyongbuk College of Science

In order to investigate utilization possibility of persimmon peel as a source of vinegar, we had been examined
the alcohol and acetic acid fermentations of persimmon peel. In the first stage, alcohol fermentation, alcohol
content was maximum value (8.22%) in 12.43 mL/g of added water, 12.41°Brix of initial sugar content and 48.05
hr of fermentation time. Acidity was minimum value (0.30%) in 12.18 mL/g of added water, 13.72°Brix of initial
sugar content and 46.22 hr of fermentation time. In the second stage, acetic acid fermentation, acidity was
maximum value (6.40%) in 2.02% of initial acidity, 67.98 rpm of agitation rate and 6.94 day of fermentation
time. Browning color was minimum value in 1.50% of initial acidity, 150.0 rpm of agitation rate and 6.0 day of
fermentation time. To manufacture persimmeon vinegar using persimmon peel, in the first stage, optimal alcohol
fermentation conditions was 12mL/g in added water, 12°Brix in initial sugar concentration and 48 hr in
fermentation time. In the second stage, optimal acetic acid fermentation conditions was 1.8% in initial acidity,
70 rpm in agitation rate and 6 day in fermentation time using Acetobacter sp. PA97.
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Table 1. Experimental data for alcohol contents, acidity and residual sugar concentration under different conditions of added water,
initial sugar concentration and fermentation time for alcohol fermentation of persimmon peel

Fermentation conditions Chemical properties
Exp. No. Added water Initial sugar conc.  Fermentation time  Alcohol content Acidity Residual sugar conc.
(mL/g) ("Brix) (hr) (%) (%) ("Brix)

1 13 15 52 7.6 0.33 6.0

2 13 15 48 7.0 0.32 6.0

3 13 13 52 7.6 0.31 4.0
4 13 13 48 8.0 0.30 4.0

5 9 15 52 7.5 0.36 50
6 9 15 48 74 0.35 4.0

7 9 13 52 6.4 0.37 4.0

8 9 13 48 7.8 0.36 40
9 11 14 50 7.1 0.32 50
10 11 14 50 7.1 0.32 4.0
11 7 14 50 70 042 50
12 15 14 50 7.6 0.36 42
13 11 12 50 74 0.36 40
14 11 16 50 7.8 0.36 6.2
15 11 14 46 72 0.30 40
16 11 14 54 74 0.36 4.0
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Table 2. Polynomial equations calculated by RSM program for alcohol fermentation of persimmon peel

Response Polynomial equation” R? Significance
Y ,=183.065625-1.059375X,-10.1125X,,-3.975X+0.0125X,-0.10625X X,
Aleohol content (%) +0.125X,2+0.046875X, X+0.15625X,X,+0.0125X..2 08806 0.0330
. Y,=4.778750-0.158125X ,-0.3200X,-0.0575X,,
Acidity (%) +0.004375X,2+0.003750X, X,+0.010000X,*+0.000625X. 09149 00132
Residual sugar conc. Y=1737500-1.156250X -8 8000X,+2.6250X+0.00625X 2 0.8016 0.1202
(°Brix) +0.187500X X,+0.15000X,2-0.031250X, X;+0.062500X,X,-0.031250X > ' '

UX,: Added water (mL/g), X,: Initial sugar concentration (°Brix), X,: Fermentation time (hr).

Table 3. Analysis of variables for regression model of alcohol content, acidity and residual sugar concentration in alcohol
fermentation conditions of persimmon vinegar

F-Ratio
Fermentation conditions ; :
Alcohol content (%) Acidity (%) Residual sugar conc. (°Brix)
Added water (mL/g) 5.452%* 12.912#%* 1.009
Initial sugar conc. (°Brix) 7.577F* 2441 5.206%*
Fermentation time (hr) 6.098** 2.000 0411

**Significant at 5% level, ***Significant at 1% level.
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Fig. 1. Contour map and response surface for alcohol content in alcohol fermentation using persimmon peel at constant values
(alcohol content: 5.00-5.75-6.49-7.23-7.97-8.72%) as a function of added water and initial sugar concentration at fermentation time
of 48 hr.
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Table 4. Predicted levels of optimum conditiens for alcohol fermentation of persimmon peel by the ridge analysis
) Added water Initial sugar Fermentation time .

Responses (mLJ/g) concentration (°Brix) (hr) Estimated responses Morphology
Alcohol content (%) 12.68 12.38 48.05 8.22 (Max.) Saddle point
Acidity (%) 12.18 13.72 46.22 0.30 (Min.) Minimum
Residual sugar 13.07 12.61 50.00 322 (Min.) Saddle point

concentration (“Brix)

Table 5. Experimental data for acidity, alcohol contents and browning color intensity under different conditions of initial acidity,
agitation rate and fermentation time for acetic acid fermentation of persimmon wine

Fermentation conditions Chemical properties
Exp. No. Initial acidity Agitationrate ~ Fermentation time Acidity Alcohol content ~ Browning color
(%) (rpm) (day) (%) (%) intensity (O.D.)

1 2.0 200 7 4.68 0.8 3.600

2 20 200 5 3.78 4.0 2.005

3 20 100 7 5.76 0.8 4.100

4 2.0 100 5 4.68 1.0 2.150

5 1.0 200 7 4.16 0.6 10.800

6 1.0 200 5 3.72 2.0 2.737

7 1.0 100 7 4.12 0.0 12.300

8 1.0 100 5 3.32 6.2 2.767

9 1.5 150 6 5.20 2.8 3.184

10 1.5 150 6 5.20 3.0 3.656

11 0.5 150 6 2.46 34 20.100

12 25 150 6 3.60 2.8 40.500

13 L5 50 6 5.70 0.0 9.180

14 1.5 250 6 3.28 1.2 5.990

15 L5 150 4 1.74 4.0 2.500

16 1.5 150 8 3.84 1.6 3.990
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Table 6. Polynomial equations calculated by RSM program for acetic acid fermentation of persimmori-wine

Responses Polynomial equation" ‘ R? Significance
- Y=-27.7275+7.9475X,+0.039575X,+7.6 18750X -2.17X *-0.01210X,X,
Acidity (%) -0.000071X,+0.1850X,X,-0.001350X,X,-0.60250X.2 09195 00113
Y=24.212500-12.275000X,-0.005250X,-2.937500X,+0.200000X, >
Aleohol content (%) +0.033000X, X,-0.000230X,+1.050000X, X -+0.004500X,X,-0.025000X 0.7427 02193
Browning color intensity  Y=21.979938-57.220875X,-0.114906X,+7.986062X,+26.880000X > 07458 02136
(OD.) +0.004425X, X, +0.000417X,2-3.512750X, X,-0.004563X,X,-0.043750X.2 : :

X ,: Initial acidity (%), X,: Agitation rate (rpm), X,: Fermentation time (day).

Table 7. Analysis of variables for regression model of acidity, alcohol content and browning color intensity in acetic acid
fermentation of persimmon wine

F-Ratio
Fermentation conditions - - -
Acidity (%) Alcohol content (%) Browning color intensity (O.D.)
Initial acidity (%) 7.705%** 1.109 3.118*
Agitation rate (rpm) 3.841%* 1.496 0.0893
Fermentation time (day) 9.415%%% 2.403 0.245

*Significant at 10% level, **Significant at 5% level, ***Significant at 1% level.

Table 8. Predicted levels of optimum conditions for acetic acid fermentation of persimmon vinegar by the ridge analysis

Responses Imtla(lqi §1d1ty Agltg;ﬁ?) rate Fermer()(t;t}ll())n time Estimated responses Morphology
Acidity (%) 1.91 63.09 6.52 6.40 (Max.) Saddle point
Alcohol content (%) 1.73 91.58 6.60 0.60 (Min.) Saddle point
Browning color . .
intensity (O.D.) 1.50 150.00 6.00 1.37 (Min.) Saddle point
~ 2.0 6.09
=
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Fig. 2. Contour map and response surface for acidity in acetic acid fermentation using persimmon wine at constant values (acidity:
0.04-1.17-2.31-3.44-4.57-5.71 %) as a function of initial acidity and fermentation time at agitation rate of 70 rpm.
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