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Abstract

To develop farm-made high effective vinegar, this study prepared apple vinegar using four kinds of acetic acid bacteria isolated
from a natural fermentation liquid of ‘Cheongsoo’ grapes and analyzed vinegar samples fermented 93% apple juice and 7% alcohols
at 30°C for 20 days. To accomplish this, quality characteristics such as pH, total acidity, reducing sugar, organic acid, color, total
polyphenol contents, and antioxidant activity contents were determined. The pH decreased while total acidity of all samples gradually
increased during fermentation period. The vinegar with AP 21 strain tended to increase the total acidity quicker than other stains.
Reduced sugar content remained high until the last fermentation day. Furthermore, reduced sugar contents of all vinegars increased
as fermentation progressed by decomposing sucrose present in apples. When physiological activities were compared, apple vinegars
fermented with AP 21 and 30 strains had higher total polyphenol and flavonoid contents than other samples. However, there was
no significant difference in antioxidant activity between samples. These results indicate that strain 21 is the most suitable starter
as acetic acid bacteria for producing farm-made vinegar.
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Table 1. Changes in pH, total acidity and reducing sugar of apple vinegar by various acetic acid bacteria

Fermentation time (days)

Sample
0 5 10 15 20
Control 4.04+0.0144 3.78+0.00% 3.59+0.00% 3.31+0.01™ 2.96+0.00%
AP15 4.08+0.00* 3.68+0.01%° 3.51+0.00 3.40+0.00™ 3.01+0.01%
pH AP16 4.08+£0.01%¢ 3.69+0.02% 3.58+0.01° 3.24+0.01™ 3.08+0.01%
AP21 4.1440.01"* 3.35+0.015 3.23+0.00° 2.90+0.02" 2.89+0.00>
AP30 4.12+0.00"° 3.6240.015¢ 3.39+0.00“ 2.92+0.01™ 2.91+0.01%
Control 0.31+0.02% 0.8120.02" 1.98+0.03% 3.81+0.11% 4.22+0.15%
AP15 0.35+0.05% 1.31+0.05™ 2.54+0.11% 3.09+0.095¢ 3.854+0.09
Total acidity — AP16 0.33+0.04% 1.32:0.03™ 2.1340.04% 2.33+0.0% 3.44+0.15%
AP21 0.30+0.01™ 3.1240.12% 4.78+0.12% 5.2340.20 5.1240.13%
AP30 0.34+0.02> 1.60+0.06° 3.48+0.16% 4.59+0.214° 4.78+0.074°
Control 9.40+0.40°® 10.73+0.14%° 11.31£0.074® 11.4740.15" 11.47+0.217°
AP15 8.8440.24™ 11.41£0.275 10.81+0.08* 11.33+0.195® 12.1740.1744
Reducing sugar AP16 9.640.34" 11.18+0.625 10.950.06% 11.38+0.235 12.1340.05%
AP21 9.82+0.10% 11.26+0.0978® 11.78+0.58* 11.08+0.11%° 11.4140.2348%
AP30 9.15+0.04% 11.36+0.05 11.96+0.574 11.20+0.205® 11.110.10%

Each values mean+S.D.
*Values with different small letters within a column are significantly different by Duncan’s multiple range test (p<0.001).
AEyalues with different capital letters within a row are significantly different by Duncan’s multiple range test (»<0.001).

Table 2. Changes in organic acid of apple vinegar by various acetic acid bacteria

Sample Malic acid (%) Succinic acid (%) Fumaric acid (%) Acetic acid (%) Total (%)
Control 0.46+0.02°° 0.24+0.00° 0.00+0.00° 3.5940.03" 4.29+0.06°
AP15 0.46:0.00% 0.23+0.00° 0.01::0.00° 3.4240.01* 4.1120.01¢
AP16 0.49+0.035 0.2420.00¢ 0.01=0.00° 3.08£0.014 3.82+0.04°
AP21 0.4520.00% 0.2240.00¢ 0.000.00° 4.12+0.02% 4.79+0.02°
AP30 0.45+0.00% 0.24+0.00¢ 0.00:£0.00° 3.770.02*° 4.46+0.02°

Each values mean+S.D.
“*Values with different small letters within a column are significantly different by Duncan’s multiple range test (p<0.001).
ADyalues with different capital letters within a row are significantly different by Duncan’s multiple range test (p<0.001).
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Table 3. Changes in color of apple vinegar by various acetic acid bacteria
Fermentation time (days)
Sample
0 5 10 15 20
Control 30.74+0.14> 38.18+0.09 21.70+£0.03% 45.7540.11% 38.69+0.06™
. AP15 41.56+0.11% 45.48+0.20™ 43.68+0.07" 44.97+2.61% 37.80+0.11
(th[;ness) AP16 33.01£0.03™ 42.49+0.25%° 45.85+0.34% 45.78+0.06™ 53.02+0.16"
AP21 33.80:£0.05% 37.42+0.21% 41.89+0.11%¢ 34.46+0.30™ 36.09+0.30%
AP30 38.13+0.01 34.53+0.04™ 43.49+0.12%° 39.58+0.14% 32.05£0.02%
Control 26.04+0.04% 19.23+0.00 23.64+0.01% 14.21+0.04™ 15.77+0.18™
. AP15 20.66:£0.04% 13.47+0.02> 14.17+0.11¢ 12.66+0.00% 15.83+0.05"
(ro diess) AP16 25.610.04* 15.91+0.07% 13.23+0.08™ 13.96+0.03“ 9.84+0.03"
AP21 25.34+0.03% 18.41+0.02° 15.89:£0.02" 18.88+0.06™ 17.41£0.15™
AP30 23.00:£0.06™ 18.800.06% 13.69+0.04™ 15.68+0.08™ 18.55+0.06
Control 50.93+0.23% 55.92+0.05" 36.73+0.08% 52.65+0.06 50.29+0.10™
. AP15 59.65+0.06" 48.53+0.04% 48.40+0.25 46.15+0.00™ 49.52+0.01%
(yellotz)vness) AP16 53.99+0.05 54.0240.07"° 50.02+0.03%° 51.16+0.02% 45.400.03™
AP21 54.88+0.08 53.5120.14™ 52.45+0.08% 51.2240.21™ 51.09+0.07™
AP30 58.72+0.05"° 51.50£0.26™ 49.36+0.08™ 49.95+0.02° 48.28+0.06™

Each values meantS.D.

“*Values with different small letters within a column are significantly different by Duncan’s multiple range test (p<0.001).
AEyalues with different capital letters within a row are significantly different by Duncan’s multiple range test (p<0.001).
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Table 4. Changes in total polyphenol, total flavonoid content and antioxidant activity (ABTS, DPPH) of apple vinegar

by various acetic acid bacteria

Fermentation time (days)

Sample
0 5 10 15 20
Control 100.90+3.374° 75.09+1.59% 71.83+1.89 73.11£1.36% 84.23+3.03%
AP15 100.39:£3.174° 83.85+1.90% 87.18+4.62% 88.94+1.47% 98.37+4.38"
Total polyphenol
(;;TTE%’O;“; AP16 96.48+2.13% 74.80+2.60 76.32+3.82% 73.4942.12 84.99+0.66™
AP21 88.88+1.90°> 90.92:1.00* 87.90+0.93™ 96.93::0.995° 121.69+1.94%°
AP30 111.23+1.85% 91.95+0.67% 97.9743.03™ 105.2542.93% 134.55+2.05M
Control 11.59+1.465 23.33+1.034% 22.69+2.174¢ 22.25+1.70"° 25.26+1.73"°
~ API5 8.90+0.98 21.95£1.91% 26.17+1.06™ 25.35+0.58™ 26.49+2.07%
(E’;a;gjfgglg) AP16 10.0020.68° 20.56+1.60™ 24,911 347 23.11+1.38% 24274158
AP21 10.47+0.435° 25.64+1.05™ 29.4940.59% 26.97+0.69% 34.23+0.50"
AP30 10.091.23%® 29.19+0.325 28.37+1.438C 26.77+0.75 36.03+1.46%
Control 82.87+1.00* 83.19+0.89 66.79+5.78%° 81.37+0.56™ 83.0420.624%
DPPH radical  AP15 83.3242.39™ 83.23+2.44% 80.23+1.76* 83.55+0.85" 80.29+3.82%
scavenging  API6 81.22+42.814 82.57+1.46" 79.62+0.584 80.83+3.78 82.60+0.98"*
activity (%) Appj 80.20+3.10% 83.67+1.334 81.10£1.67% 82.46:£0.374B 84.17+0.32%
AP30 82.02+1.5748 84.78+0.79™ 83.02+1.044 79.7342 455 84.18+1.19™
Control 76.18+1.90%° 81.65+1.60"° 47.09+1.25P¢ 68.71+1.33 69.57+1.06°
ABTS radical  AP15 78.53+1.17% 85.54+0.61" 73.09+1.15™ 75.39+0.64° 77.78+0.56™
scavenging  API6 76.54£0.11¢° 82.88+0.83"° 75.5340.20™ 74.38+0.88% 77.91£0.17%
activity (%) Appj 78.15+1.13% 733141245 6534046 59.88+2.17™ 71.17+0.40%°
AP30 78.02:+0.774% 77.13+0.78*° 63.71+0.92% 62.42+1.22% 66.36+1.66™

Each values meantS.D.

*Values with different small letters within a column are significantly different by Duncan’s multiple range test (p<0.001).
AEyalues with different capital letters within a row are significantly different by Duncan’s multiple range test (p<0.001).
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