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Abstract

In this study was we investigated the optimum conditions for the fermentation of Kujippong (Cudrania tricuspidata)
vinegar by various acetic acid bacteria (Acetobacter pasteurianus A26, A37, B7) and its quality characteristics.
Fermentation at various initial acidities (pH 2, 3, and 4) and temperatures (20°C, 30°C, and 35C) revealed that
A. pasteurianus A37 and B7 produced the most acetic acid when fermented at pH 4 and 20°C. The acidities of
the Kujippong fermented vinegars prepared with the A37 and B7 strains increased by 6.3% and 6.1%, to pH 2.45
and pH 2.43, respectively. Meanwhile, the vinegar produced by the A26 strain showed low acidity under all conditions.
At the end of fermentation period, the acetic acid content of the main organic acid had increased by a factor
of ten from day 0, to values of 37.34 mg/mL for A. pasteurianus A37 and 39.34 mg/mL for B7. The A37 and
B7 strains produced 37.5% and 59.2% volatile components, respectively, which were mainly acetic acid and its
ethyl ester, among a relatively diverse range of volatile compounds produced. Therefore, the good aceitc acid production
of farm-made Kujippong-fermented vinegar is expected to promote the consumption of local agricultural products

and and increase in farm income.
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Fig. 1. Manufacturing process of farm-made type Kujippong vinegar.
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Fig. 2. Changes in pH and acidity during farm-made type Kujippong vinegar.
@, pH, 20C; O, acidity, 20C; W, pH, 30°C; [, acidity, 30°C; A, pH, 35C; A, acidity, 35°C. Data are presented as the mean for 3 independent experiments. Error

bars indicate SD (p<0.05).
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Table 1. Changes in color value of Kujippong vinegar using Acefobacter pasteurianus A26 during fermentation period

_ Treatment”
Coloy fg;‘yos‘)‘ pH 2 pH 3 oH 4
20T 30T 35T 20T 30C 35C 20T 30C 35C
0 93.89+003"  93.89:003  9389:0.03 | 93.87t006  93.87:006 9387006 | 9321:005  9321:005  9321:0.05
6 94191001  94.19+0.02  93.89+0.05 | 93.86+0.07  93.150.03  9243+0.03 | 93701004  93.11:0.01 92.1640.04
L 12 93.96£0.01  94.28+0.01 93731007 | 93801001  92.28+0.02 9245003 : 9378+0.03  9127+0.09  92.07+0.02
18 9437001  93.62+005  73.07+0.01 8377001  92.821001 92611002 | 93621001 9237007  92.53£0.04
24 94224002 9347005 9261002 | 93.64+003  92.85:0.03  9241+0.02 . 9321:0.02 92441004  91.9610.05
30 94.16£0.03  93.380.01 92381003 | 93351002  92.89+0.03  92.30£0.01 | 92.49:0.01 92501004  91.8810.04
0 -1.07£0.01 -1.07£0.01 -1.07£0.01 -1.5410.02 -1.54£0.02 -1.54+0.02 -1.60+0.03 -1.60+0.03 -1.60+0.03
-1.320.02 -1.7410.01 -1.93£0.05 -1.4910.03 -1.450.04 -1.4510.02 -1.700.02 -1.73:0.07 -1.67+0.02
12 226001 -1.54+0.02 -2.350.07 -1.4910.03 -1.57£0.05 -1.81+0.02 -1.76:0.01 -1.6240.05 -2.07+0.03
! 18 -1.76+0.01 244001 2.52:0.04 -1.4710.01 -1.8710.01 -1.77+0.03 -1.730.01 2212001 -1.96+0.01
24 -1.93£0.05 -2.2810.03 2.270.04 -1.4610.01 -1.8610.01 -1.7510.01 -1.6420.02 -221£0.03 -1.8510.01
30 -1.9940.05 -2.24+001 2.24+0.01 -1.45+0.04 -1.80+0.01 -1.70+0.01 -1.54£0.01 -2.080.04 -1.78+0.03
8.5810.05 8.58+0.05 8.5810.05 9.17+0.07 9.170.07 9.17+0.07 9.8310.01 9.8340.01 9.8340.01
8.1040.01 9.64+0.04 10.81£0.01 9.1140.05 10.78+0.05 12.59+0.06 9.67+0.02 11.62+0.03 13.82+0.01
b 12 12.10£0.05 8.65+0.03 12.66+0.02 9.45+0.02 14.09+0.06 13.65+0.01 10.21£0.03 17.2840.02 15.2840.01
18 9.39£0.05 14.070.02 16.28+0.01 10.11£0.03 13.30£0.07 13.68+0.01 11.330.03 15.92+0.03 14.78+0.04
24 10.58+0.04 14.44%0.03 17.37£0.01 10.87+0.03 13.4240.03 14.54%0.01 12.781007  16.060.01 15.85+0.06
30 10.9420.03 14.700.01 18.02+0.02 11.89+0.01 13.19£0.01 14.81+0.02 14.7620.08 15.54+0.06 16.20£0.05
UpH, initial acidity; ‘C, fermentation temperature.
2L, lightness; a, ted; b, yellow.
IData values were expressed as meantSD of triplicate determinations,
Table 2. Changes in color value of Kujippong vinegar using Acefobacter pasteurianus A37 during fermentation period
) Treatment”
ol fgy‘;‘ pH 2 pH 3 pH 4
20T 30T 35T 20T 30T 35T 20T 30T 35C
9207002 9207:0.02  9207:002 | 9209001  92.09:0.01  9209:001 | 91.09:0.01  91.09:0.01 91.09£0.01
93332005  93.030.01 92.80:001 | 92.69+001 9181001  91.5910.02 | 92474004 82441002  90.89:0.02
L 12 93.59+001  93.23£0.01 93.0410.02 : 92291001  91.77¢0.03  91.44£0.03 : 91.80+003  91.610.01 90.7240.03
18 93.94+0.04 93234005  92.98+0.01 86.12:0.04 91291007  91.62¢0.03 : 8837001  91.78+0.08  91.08+0.05
24 93.97+0.04 93544004  92.93+0.01 8233003  91.34:001  91.65:0.04 @ 8897003  87.56£0.03  90.830.01
30 93.77£001  93.570.01 93.02+0.04 | 8159+0.02  90.97#0.05  92.00:0.02 | 87.5810.01  90.21+0.03  90.38+0.04
-0.73£0.03 -0.73+0.03 -0.73+0.03 -1.55+0.02 -1.55+0.02 -1.55+0.02 -1.6410.03 -1.6410.03 -1.64+0.03
-0.81£0.04 -0.9310.01 -1.01£0.03 -1.55+0.03 -1.5340.05 -1.53+0.04 -1.7610.07 -1.9840.05 -1.70+0.06
12 -0.89+0.03 -1.01+0.03 -1.06+0.03 -1.54+0.03 -1.66+0.03 -1.800.03 -1.76+0.05 -1.91£0.05 -2.28+0.03
! 18 -0.98+0.01 -1.140.01 -1.18+0.03 40.58+0.01 -1.64+0.03 -1.77+0.01 -121+0.03 -1.93+0.03 -2.14+0.01
24 -1.03:0.01 -122+0.03 -125+0.01 0.07£0.03 -1.61+0.01 -1.77+0.03 -1.3410.03 -1.18+0.04 -2.08+0.03
30 -1.0110.07 -127+0.04 -1.32+0.08 0.2810.01 -1.57+0.03 -1.81+0.08 -0.98+0.03 -1.7120.01 -1.93+0.01
8.3010.05 8.3010.05 8.3010.05 10.6610.03 10.6610.03 10.6610.03 11.10£0.01 11.10£0.01 11.10£0.01
6.6210.01 7.80£0.06 8.4910.05 10.39£0.01 11.830.02 12.9740.04 11.21£0.04 13.0840.04 16.5410.02
b 12 6.7910.03 8.2610.01 9.0910.07 10.95+0.01 13.1810.01 15.31+0.01 12.1240.01 15.35+0.01 19.3240.01
18 6.9510.04 8.3010.01 9.6210.04 14712006  14.570.03 14.71+0.01 14.6410.02 16.38+0.01 18.5210.03
24 7.1410.01 8.600.03 10.11+0.03 1676002 14.98+0.02 15.2940.03 14.6510.03 19.2140.05 19.13£0.01
30 7.20£0.01 8.7710.08 10.49£0.04 17.43£0.08 16.6720.06 15.56:0.03 16.09£0.01 19.92+0.02 19.3410.05

UpH, initial acidity; ‘C, fermentation temperature.
I, lightness; a, red; b, yellow.
IData values were expressed as meantSD of triplicate determinations.
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Table 3. Changes in color value of Kujippong vinegar using Acefobacter pasteurianus BT during fermentation period

. Treatment”
Colog fg;y‘;‘)l pH 2 pH 3 oH 4
20C 0 35C 20 0C 35T 20C 0T 35
90.16:0017 90164001  90.16:001  9028:001  9028:001  9028:001 = 91464003  9146:003  9146:003
0035:003  9260:007 9261002 = 9270:001  9081£006 8887002 8974005 9015001  90.77:0.09
) 12 9349:003  9347:005  93.19:006 = 92651001  6838:006  8604:0.02 = 8377:001 66784003 85184002
18 0408:008  O400:001  9345:005 = 9183003  68.16:003 741005 72894003  7552:006  8652+001
2 94344003 9420003  9356:006  6788:001  7530:003  8830:001 | 8291¢001  SLSI001  85.66:0.05
30 9461001 94544004  9398:003 65342003  7825:001  8398:005 | 83026002  8530:003  86.72:0.03
0784003 078:003 078003 1344002 1342002  -134:002  -169+001  -169:001  -169:001
0934005 -125:006 1416004 1714002 -165:008  -120:0.07 = -133:002  -181:003  -208:0.02
12 1196001  -176:005  -180+003 | -L74:004 2436004 093010  059t001  253:005  -029+008
! 18 1316001 173002 -175:003 | -L70:007 2636005 2084003  141:001  107:003  -178:001
2 1462001 -176:007 183003 2542003 160003 -195:0.08 | 042:002 0106003  -127:006
30 168002 -175:001  -186:006  278:002  189:004  -188:001 | 0541001  -036:001  -136:003
0324002 9324002 932:002 | 1385:001 13854001  1385:001  1450:005 14501005  1450:005
9516000  1058£006  ILI3:003  1302:001 1761010 24076005 = 1462:002  1731:006  2081:002
) 2 886001  IL65:004 1266003 13031001 27226003  3847:003  18.12:001  2793:003 3753001
18 873:001  1135:005  1297:001 = 1545:005 29076004 33745005 = 2226:001 28424005 33914002
24 O07:003 11576003 1368:001  2343:004  3065:001 33011004 | 2076:002 28242002 33314001
30 9596002 11884004 14026006  2421:002  3126:001 32656007 = 20.16:001  2803:0.03  33.10:0.04

UpH, initial acidity, C, fermentation temperature.
2L, lightness; a, ted; b, yellow.
IData values were expressed as meantSD of triplicate determinations,

Table 4. The organic acid content according to fermentation period of Kujjppong vinegar by optimum conditions

(Unit : mgfmL)
Treat]-) Strai Period Organic acid
ment (days) Acetic acid Lactic acid Succinic acid Malic acid Citric acid Total
0 23740212 0.87+0.02% 0.04+0.01° ND3) 4.41+0.03° 7.6940.25
6 2444019 0.83+0.02% 0.04+0.01° ND 4444003 776025
26 2 2484029 0.880.01° 0.04£0.01° ND 454+0.06° 7.93+0.36
18 252+0.19° 0.86+0.03" 0.04+0.01° ND 4.54+0.04° 7974026
% 2.69+0.08' 0.870.02° 0.04£0.01° ND 4.59+0,04® 8.1940.13
30 263023 0.81£0.02° 0.05£0.01° ND 4.640.04° 8124029
2.50£0.08° 0.94+0,03° 0.04£0.01° ND 0.17+0.08" 3.66+0.19
2.510.04° 0.87£0.06° 0.04£0.01° ND 0.17£0.05 3.5940.15
HanC A% 2 9.380.05° 1.10£0.07* 0.04£0.0.1° ND 0.17£0.02" 10.6940.15
=& 18 28474073 1.11£0.02* 0.040.01° ND 0.200.01° 29.82+0.76
4 35.95£2.90" 1.09+0.05° 0.04£0.01" ND 0.200.01° 3728297
30 37.66+0.65" 1.03+0.05" 0.04+0.01° ND 0.200.03 38.93+0.73
236+0.19° 0.85+0,04¢ 0.04£0.01° ND 024+0.03 3.49+0.26
241017 0.830,02¢ 0.04£0.01° ND 0.26+0.02° 3544021
- 2 9.78+0,09° 1.54+0.10° 0.04£0.01° ND 0.25+0.03 11.61£0.23
18 23.732.00° 1.57+0.02* 0.04£0.01° ND 0.26+0.01° 25.60+2.03
24 32.68+2.17° 1.68+0.12° 0.03+0.01* ND 0.27+0.01° 34.66+2.31
30 39.27+0.87* 2.030.05° 0.030.01° ND 0.27+0.02° 41.600.95

UpH 4, initial acidity; 20°C, fermentation temperature.
"Means+SD. Different letters in the same row are significantly different (p<0.05) by duncan’s multiple range test.
IND, not detected.
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Table 5. The free amino acid content according to fermentation period of Kujippong vinegar by optimum conditions

(Unit : mgfmL)
pH 4, 20C

A2 A3 B7
Amino acid 0 6 12 18 24 30 6 12 18 24 30 0 6 12 18 24 30
Phosphoserine 0011 0012 0018 0013 0015 00150014 0014 0015 0014 0012 0012 0024 0021 0020 0027 0018 0.027
Taurine 0001 0001 0002 0001 0002 00020001 0001 0001 0001 0002 0002 0002 0003 0002 0002 0001 0.002
Aspartic acid 0003 0002 0003 0003 0005 0.005:0003 0001 0000 ND ND ND ND ND ND ND ND ND
Threonine 0002 0001 0002 0002 0002 0002:0002 0001 0000 ND ND ND 0007 0006 ND ND ND ND
Serine 0001 0001 0001 0001 0002 0001:0001 0000 ND ND ND ND 0004 004 ND ND ND ND
Asparagine 0002 0001 0001 0001 0002 00010002 0002 ND ND ND ND 0002 002 ND ND ND ND
Glutamic acid 0010 0007 0010 0011 0016 0015 001 0009 0001 ND ND ND 0021 002 0019 0009 0004 0.005
Proline 0019 0014 0017 0016 0024 00210017 0014 0002 0001 0001 0001 0127 0128 0023 ND ND ND
Glycine 0002 0002 0002 0002 0003 00020002 0002 ND 0001 0001 ND 0005 0005 ND ND ND ND
Alanine 0010 0007 0009 0008 0012 00100010 0008 ND 0004 0003 ND 0021 002 0000 ND ND ND
Valine 0002 0002 0002 0002 0003 00020002 0002 0002 ND ND 0001 0006 0007 0002 0001 0001 0001
Cystine 0006 0004 0004 0003 0004 00030007 0005 0005 ND ND 0004 001 001 0006 0008 0005 0.007
Methionine ND» ND ND ND ND ND ND ND ND ND ND ND:ND ND ND ND ND ND
Isoleucine 0005 0003 0004 0004 0006 0005:0004 0003 0002 0001 0001 0001 0010 0010 0005 0004 0002 0.003
Leucine 0005 0003 0004 0004 0005 0005:0003 0003 0001 ND ND ND 0011 0011 0004 0002 0001 0001
Tyrosine 0003 0002 0002 0002 0003 00030002 0002 0002 0002 0002 0002 0005 0006 0003 0005 0003 0.004
Phenylalanine 0005 0003 0004 0006 0005 00050003 0004 0003 0001 0001 0002 0009 001 0006 0005 0004 0.005
B-alanine ND ND ND ND ND ND 0001 0000 ND ND ND ND ND ND ND ND ND ND
B-Aminoisobutyric acid 0.049 0033 0041 0039 0051 0045 0052 0041 0044 0037 0035 0041 0088 0094 0055 0082 0047 0073
y-Aminobutyric acid  0.014 0009 0013 0012 0017 0015 0017 0014 ND ND ND 00020033 0033 0003 ND ND ND
Histidine 0002 0002 0002 0002 0002 00020002 0002 0002 0002 0002 0002 0004 0004 0002 0001 0001 0001
Omithine 0001 0001 0001 0001 0001 00010001 0001 0001 0001 0001 0001 0002 0002 0001 0001 0001 0001
Lysine 0021 0016 0018 0017 0023 0021002 0017 0014 001 001 0007 0033 0032 0008 0005 0003 0.002
Ammonia 0001 0001 0001 0001 0002 0002 ND ND ND ND ND ND 0001 0001 ND ND ND ND
Arginine 0014 0007 0010 0009 0013 00120009 0008 0005 ND ND ND 0019 0019 ND ND ND ND
Total 0189 0134 0171 016 0218 0195 0185 0156 0102 0075 0071 0078 0444 0452 016 0152 0091 0.132

1)pH 4, initial acidity; 20°C, fermentation temperature.

ND, not detected.
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Table 6. The volatile compound according to fermentation period of Kujfippong vinegar by optimum conditions using Acetobacter
pasteurianus A26

(Unit : Area%)
Treatment” pH 4, 20C
Period
(days) 0 6 12 18 24 30
Compounds

Acetic acid ethyl ester 7.1241519 7.10£1.11¢ 28.45+1.70™ 35.61£11.45" 24.99+1.97° 20.77:2.00°
1,1-Diethoxyethane 2.060.52" ND? ND ND ND ND
Ethanol 31.34:0.86® 35.66+1.52° 253312.93* 1421497 21594371 24.1014.77°
Propyl acetate ND ND ND ND ND ND
Isobutyl acetate ND ND ND ND ND ND
2-Methyl-1-propanol 1.7320.13" 1312034 1.02£0.22% 0.59£0.18¢ 0.90£0.19 0.560.12¢
3-Methyl butyl acetate ND ND ND ND ND ND
1-Butanol ND ND ND ND ND ND
3-Methyl-1-butanol 13.55:0.86" 12.872.87° 8.72+0.58" 5.23£1.02° 7.0410.96™ 5.770.37™
Octanal 0.2820.03" 0.2240.06® 0.21£0,05® 0.11+0.04° 0.24+0.04° 0.18£0.12%
Nonanal 0.7120.04° 0.810.16* 0.760.34° 0.39:0.21° 0.560.15" 0.59:0.28"
2-Ethylhexanol 2.33:0.26" 247+033° 1.9920.14' 137£030° 2.05:0.16" 2.0420,36"
Decanal 0.90+0.15* 2.16+045" 1.83+0.94° 0.98+047" 1.90:0.86" 1.61+0.96"
2-Hydroxy benzoic acid methyl ester ~ 13.61:0.97° 7.38+0.87° 578027 4.55¢1.19° 9.93+1.28° 9.50£1.45"

UpH 4, initial acidity; 20°C, fermentation temperature.
MeanstSD. Different letters in the same row are significantly different (p<0.05) by duncan’s multiple range test.
IND, not detected.

Table 7. The volatile compound according to fermentation period of Kujippong vinegar by optimum conditions using Acetobacter
pasteurianus A37

(Unit : Arca%)
Treatment” pH 4, 20C
Period
(days) 0 6 1 18 2% 30
Compounds

Acetic acid ethyl ester 16.03+0.88 11.70+0.45° 59.37+1.94° 72.07+4.74° 67.54+3.04° 50.18+2.60°
1,1-Diethoxyethane ND? ND ND ND ND ND
Ethanol 26.860.44° 27534325 12531210 3.88+0.16° 2.29+0.19° 14740.13
Propyl acetate ND ND 0.18+0.02° 0.31:0.08° 0.31£0.04' 0.29+0.02°
Isobutyl acetate ND ND 0.270.06" 1.07£0.20" 1.00£0.29" 0.840.11°
2-Methyl-1-propanol 1.40£0.05" 1480.14° 0.7520.08" 0.4820.03° 0.64£0.06° 0.63£0.06"
3-Methyl butyl acetate ND ND 0731029 2.79+0.68" 243+1.12° 2.27+0.39*
1-Butanol ND ND ND ND ND ND
3-Methyl-1-butanol 10.32:+0.04* 10.70+1.08* 5.9410,53° 3.8410.20" 5.514041™ 4755047
Octanal 0.33+0.01° 0.86+0.06" 0.23+0.05° 0.13+0.02¢ 0.13+0.00° 0.270.02
Nonanal 0.76£0.05° 1.550.20° 0.50£0.13° 0.3420,04% 0.25£0.03¢ 0.55£0.14"
2-Ethylhexanol 1.8410.09° 2.38+0.33° 1.17£0.05° 0.840,06° 0.98+0.08° 1.2740.22°
Decanal 1.7420.01° 2.67:0.26" 0.900.23° 0.65+0.28° 0.5020.05° 1432037
2-Hydroxy benzoic acid methyl ester ~ 11.870.27° 1.96+0.24" 2.6820.42% 2822171 32740.14° 1.58021°

1’pH 4, initial acidity; 20°C, fermentation temperature.
MeanstSD. Different letters in the same row are significantly different (p<0.05) by duncan’s multiple range test.
IND, not detected.
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Table 8. The volatile compound according to fermentation period of Kujippong vinegar by optimum conditions using Acetobacter

pasteurianus B7

(Unit : Area%)
Treatment” pH 4, 20T
Period
(days) 0 6 12 18 24 30
Compounds

Acetic acid ethyl ester 4.22+0,76™ 1.8920.22° 7.99+2.59° 22.60£0.93° 28.18+3.92° 37.53:1.31°
1,1-Diethoxyethane 1.98+0.51° 0.76£0.20° ND? ND ND ND
Ethanol 32.41£543" 10.1748.52° 27.96+2.89" 15.56+3.19° 10.660.77° 937+0.97°
Propyl acetate ND ND ND ND ND ND
Isobutyl acetate ND ND ND ND ND ND
2-Methyl-1-propanol 124%0.19° 0.7520.10° 1124033 1124021 1.12£0.11® 1.29:0.14°
3-Methyl butyl acetate ND ND ND ND ND ND
1-Butanol 0.17£0.04* 0.08:+0,04° 0.16:0,04* 0.1320.12° 0.1120,02° 0.1310.02°
3-Methyl-1-butanol 12.430.38° 747£187 10.12£1.66' 11.68+1.18° 9.89+1 37° 11.52£1.06'
Octanal 0.32+0.24* 0.220,05* 0.2620.11° 0.15:0.03" 0.130,06" 0.25+0,04°
Nonanal 0.85:0.55° 0.6740.14* 0.55:0.24" 0420.11% 0.25:0,05° 1.010.16*
2-Ethylhexanol 2.37+0.28° 1.2610.21° 1.662029° 2.60+0.54° 1.79£0.44% 2.31:0.04°
Decanal 1.62:0.70" 0.85:0.20" 1.0420.63" 0.60:0.22° 0432005 1241041
2-Hydroxy benzoic acid methyl ester ~ 6.16:2.38 3994036 10.592.18° 15.84:090" 7.60£1.34° 6.8240.23
1’pH 4, initial acidity; 20°C, fermentation temperature.

MeanstSD. Different letters in the same row are significantly different (p<0.05) by duncan’s multiple range test.

IND, not detected.
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