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Abstract

The physiochemical properties of commercial fruit vinegars were compared according to fermentation methods.
Type A vinegars were synthesized through acetic acid fermentation while Type B vinegars were produced using
both alcohol and acetic acid fermentation serially. There were differences from using these fermentation methods;
Type A vinegars had a lower pH and slightly higher total acidity than Type B vinegars. The content of total
sugar and reducing sugar were relatively higher in Type B vinegars, which showed a higher content of the
free sugars (fructose, glucose, sucrose, and maltose). The intensity of brown color and Hunter’s a and b values
were also high in Type B vinegars. In contrast, the content of organic acids was higher in Type A vinegars,
which were mainly composed of acetic, tartaric, malic, and succinic acid. We were also able to estimate the
fruit juice content of vinegars through its content of organic acids. Type B vinegars contained a higher total
phenolics and flavonoids content than Type A vinegars, and showed a higher DPPH radical scavenging activity.

Key words: fruit vinegar, fermentation type, free sugar, organic acid, total phenolics
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Table 1. The major ingredients of commercial fruit vinegars by their fermentation type

Type” Vinegar Major ingredient
Apple Concentrated apple juice (72°Bx) 5%, water, alcohol
A Plum Concentrated plum juice (6°Bx) 30%, water, alcohol
Lemon Concentrated lemon juice (65°Bx) 3%, water, alcohol
Apple Concentrated apple juice (72°Bx) 23%, water 76.63%
B Plum Concentrated plum juice (54°Bx) 3%, concentrated apple juice (72°Bx) 19%, water
Red grape Concentrated red grape juice (66°Bx) 24%, water

1)A, the vinegar through acetic acid fermentation only; B, the vinegar through both alcohol and acetic acid fermentation serially.
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Table 2. Comparison of pH, total acidity, sugar content and reducing sugar content in commercial fruit vinegars by their

fermentation type

Physicochemical properties

Type” Vinegar " P -
pH Total acidity (%) Sugar content (°Brix) Reducing sugar content (%)
Apple 2.47+0.01% 6.2640.26" 7.17+0.15° 3.52+0.22°
A Plum 2.23+0.01" 6.61+£0.15" 4.40+0.02° 0.70+0.03"
Lemon 2.40+0.01° 6.53+0.06 5.00£0.01¢ 1.24+0.01°
Apple 3.03£0.01° 5.09+0.08° 9.15+0.07" 4.99+0.02°
B Plum 2.98+0.01 5.16+0.01° 9.00+0.02 4.19+0.01°
Red grape 2.73+0.01° 5.16+0.07° 5.00=£0.02° 1.55+0.03°

'I)A, the vinegar through acetic acid fermentation only; B, the vinegar through both alcohol and acetic acid fermentation serially.
IMean=SD (n=3). “'Values with different superscript letters within the same column are significantly different at p<0.05.

Table 3. Comparison of brown color intensity and Hunter'’s color value in commercial fruit vinegars by their fermentation

type

Brown color

2)
Hunter’s color value

Typel) Vinegar

intensity L a b AE
Apple 0.147+0.012% 95.00+70.71* -1.95+0.04" 9.33+0.15 10.75+0.24°
A Plum 0.085-0.005° 94.27+0.38" -0.31£0.03° 6.57+0.08° 8.73+0.20°
Lemon 0.016+0.007° 94.82+0.25 -0.10+0.08" 1.88+0.24" 552+0.23"
Apple 0.932+0.004" 83.32+0.01° 2.42+0.01° 37.41+0.02° 41.03+0.02°
B Plum 1.227+0.002° 72.63+0.63° 8.25+0.15° 34.09+0.40° 44.49+0.06
Red grape 0.823+0.007° 80.7240.08" 6.23+£0.01" 31.3740.01° 37.3440.04°

‘] )A, the vinegar through acetic acid fermentation only; B, the vinegar through both alcohol and acetic acid fermentation serially.
Z)L, degree of whiteness (white 100 <> 0 black); a, degree of redness (red 100 <» 0 <> -80 green); b, degree of yellowness (yellow

70 < 0 < -80 blue).

YMean+SD (n=5). * 'Values with different superscript letters within the same column are significantly different at p<0.05.
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Table 4. Comparison of free sugar contents in commercial fruit vinegars by their fermentation type (unit: %)
Free sugar A type” B type”
a

& Apple Plum Lemon Apple Plum Red grape
Fructose 2.32+0.05% 0.62+0.03" 0.88+0.01° 3.73£0.08" 2.63+0.12 1.28+0.01°
Glucose 1.66+0.03" 0.52+0.02 0.87£0.02° 1.45+0.12° 0.78+0.04° 0.2740.03°
Sucrose 0.02+0.01¢ ND® 0.08+0.01" 0.35£0.01° 0.04£0.01° ND*
Maltose 0.14+0.02° 0.05+0.01° ND! 0.0540.02° 0.15+0.01" 0.2440.03°
Total 4.14 1.19 1.83 458 3.60 1.79

‘”A, the vinegar through acetic acid fermentation only; B, the vinegar through both alcohol and acetic acid fermentation serially.
IMean=SD (n=3). “'Values with different superscript letters within the same row are significantly different at p<0.05.
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Table 5. Comparison of organic acid contents in commercial fruit vinegars by their fermentation type
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citric a01d9]- malic acid
1, B B} cit-
ric acid®] o] =A BAQlE gl on ol vz ujaalx
9] 7% malic acid®} citric acid®] ko] AA F 7149
BEES AR ST Bael FARFETH27,28). B &4 %

EIE 2% A$ citric acid®} malic acid?} 42 7+

- Lo

L)

(unit: mg%)

Organic acid A typel) B type”

& Apple Plum Lemon Apple Plum Red grape
Oxalic acid 540 5+0° 3+07 240° 7+0? 6+0°
Citric acid ND¢ 376 +4° 584+0° ND* 1,077 +47° 13407
Tartaric acid 23+0¢ 15+0° 17+0° 36+2° 43+0P 63+4°
Malic acid 195+ 7° 380+2" 99+0° 564+ 13" 378+3" 132+1¢
Succinic acid 68+4¢ 20+92° 25+0° 187+3° 1307 112+4°
Acetic acid 4,989+67" 5,052+ 20° 4959+16" 3,667 65 3,227+12° 3,848+ 11°
Total 5,282 5,353 5,687 4,458 4,864 4,176
Acetic acid/Total 0.94 0.86 0.87 0.82 0.66 0.92

4”A, the vinegar through acetic acid fermentation only; B, the vinegar through both alcohol and acetic acid fermentation serially.
“Mean=+SD (n=3). *“Values with different superscript letters within the same row are significantly different at p<0.05.
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Fig. 1. Comparison of total phenolics and flavonoids content
in commercial fruit vinegars by their fermentation type. Type
A, the vinegar through acetic acid fermentation only; Type B,
the vinegar through both alcohol and acetic acid fermentation
serially. * “Values with different small letters within the histo-
gram are significantly different at p<0.05.
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