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Fig. 1. Statin : pathway of the HMG CoA reductase inhibitor
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Fig. 2. Two-step process for producing vinegar
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Table 1. Representative antioxidant enzyme and elimination of           

reactive oxygen species

α

Superoxide dismutase O2
-• +O2

-• +2H+ 2H→ 2O2 + O2

Catalase 2H2O2 2H→ 2O + O2

Glutathione peroxidase
H2O2 +2GSH GSSG +2H→ 2O

LOOH +2GSH GSSG +H→ 2O +LOH
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Fig. 3. Uric acid formation process
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    Table 2. Nutrition broth for Acetobacter aceti

Nutrition broth(%)

yeast ext 5

peptone 0.3

mannitol 2.5
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원하는알코올도수

현알코올도수 원하는알코올도수
원액의양
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Table 3. Analysis of gradient elution condition for amino acid with      

HPLC

Min Solvent B (%) Flow (mL/min)

0 0 1

12 8 1

13 12 1

15.2 20 1

22.5 46 1

22.72 100 1.5

23.2 100 1.5

25 100 1.5

25.7 100 1.5

26 0 1.5

29 0 1.5

30 0 1
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Table 4. Analysis of gradient elution condition for isoflavon with HPLC

Min Solvent A (%) Solvent B (%)

0 85 15

40 75 23

60 65 35



- 18 -

μ

μ



- 19 -

μ

μ

μ

μ μ



- 20 -

μ

μ

μ μ

μ μ



- 21 -

μ

μ

μ

μ

μ

μ

μ

μ



- 22 -



- 23 -

Fig. 4. Changes of total acidity and PH of vinegar brewed from 

Monascus-fermented soybean during acetic acid fermentation

■ : Total acidity, ▲ : PH
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Fig. 5. The HPLC chromatograms of the organic acid standards (A) and  

vinegar brewed from Monascus-fermented soybean (B).

 1 : Tartaric acid, 2 : L-malic acid, 3 : Lactic acid, 4 : Acetic acid, 

 5 : Citric acid, 6 : Succinic acid, 7 : D-malic acid
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Table 5. Changes of organic acids of vinegar brewed from Monascus -  

fermented soybean during acetic acid fermentation (mg/mL)

Each value is mean±SD(n=3).

Different letters in the same row indicate significant difference at the 

p<0.05
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Fig. 6. Changes of total free amino acid of vinegar brewed from  

Monascus-fermented soybean during acetic acid fermentation (mg/mL).

Each value represents the mean±SD (n = 3).
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Fig. 7. Changes of essential amino acid of vinegar brewed from  

Monascus-fermented soybean during acetic acid fermentation (ug/mL).

Each value represents the mean±SD (n = 3).
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Table 6. Changes of non-essential amino acids ( g/mL) of vinegar       μ

brewed from Monascus-fermented soybean during acetic acid fermentation

Each value is mean±SD(n=3).

Different letters in the same row indicate significant difference at the p<0.05.

Amino 
acids

Fermentation (days)

0 7 14 21 28

cystine 12.69±0.04b 11.79±0.01a 15.82±0.11c 19.27±0.70e 17.5±0.10d

aspartic 
acid

56.16±0.02a 93.5±0.05c 88.38±0.08b 233.85±0.66e 211.56±0.68d

glutamic 
acid

192.6±0.60a 221.22±0.61b 301.39±0.4c 751.8±0.81e 703.21±0.23d

asparagine 15.02±0.01a 20.31±0.02b 23.93±0.75c 54.51±0.50e 50.34±0.14d

serine 63.85±0.01a 65.89±0.01b 94.55±0.77c 232.21±0.10e 200.78±0.12d

glutamine 44.66±0.01b 70.72±0.03e 38.67±0.32a 59.06±0.12d 48.56±0.10c

glycine 17.20±0.10a 27.11±0.11a 24.1±0.7a 95.49±0.16b 84.23±0.14b

alanine 125.36±0.06a 142.35±1b 190.04±0.01c 439.74±0.35e 289.55±0.45d

proline 60.68±0.02a 98.27±0.03b 98.90±0.1c 198.53±0.36e 185.98±0.39d

tyrosine 51.84±0.06b 50.87±0.02a 75.59±0.59c 199.69±0.31e 180.65±0.13d

cystein 3.76±0.01a 5.9±0.25b 7.56±0.06c 15.71±0.18e 7.89±0.24d
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Fig. 8. Changes of GABA of vinegar brewed from Monascus-fermented 

soybean during acetic acid fermentation.

Each value represents the mean±SD (n = 3).
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           Fig. 9. Chemical structure of isoflavones 
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Fig. 10. The HPLC chromatograms of the 12 isoflavone standards (A) 

and vinegar brewed from Monascus-fermented soybean (B).

1: daidzin, 2 : glycitin, 3 : genistin, 4 : malonyldaidzin, 5 : malonyl- 

glycitin, 6 : acetyldaidzin, 7 : acetylglycitin, 8 : malonylgenistin, 

9 : daidzein, 10 : glycitein, 11 : acetylgenistin, 12 : genistein
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Table 7. Changes of isoflavones of vinegar brewed from Monascus -   

fermented soybean during acetic acid fermentation

Each value represents the mean±SD (n = 3).

Different letters in the same column indicate significant difference at the 

p<0.05.

Isoflavone

(μg/mL)

Fermentation (days)

0 7 14 21 28

Daidzein
3.38± 

0.06a

3.61± 

0.06ab

3.89± 

0.09b

3.83± 

0.02ab

3.85± 

0.08ab

Glycitein
0.37± 

0.01a

0.40± 

0.03a

0.40± 

0.03a

0.43± 

0.01a

0.40± 

0.02a

Genistein
3.04± 

0.05a

3.52± 

0.16b

3.53± 

0.15ab

2.97± 

0.01a

3.21± 

0.08ab
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Fig. 11. Chemical structure of oxidized and reduced coenzyme Qs.

The number of isoprene units, n, varies between 6 and 10 in different 

species.
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Fig. 12. The HPLC chromatograms of the ubiquinones (CoQ9+CoQ10)  

standards (A) and vinegar brewed from  Monascus-Fermented soybean 

(B). 1 : CoQ9 , 2 : CoQ10 
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Fig. 13. Changes of ubiquinones (CoQ9+CoQ10) in vinegar from 

Monascus-fermented soybeans during acetic acid fermentation.

Each value represents the mean±SD (n = 3).



- 43 -



- 44 -

Fig. 14. Changes of total polyphenol compounds of vinegar brewed from 

Monascus-fermented soybean during acetic acid fermentation.

Each value represents the mean±SD (n = 3).
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Fig. 15. Changes of total flavonoid of vinegar brewed from Monascus- 

fermented product during acetic acid fermentation.

Each value represents the mean±SD (n = 3).
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Table 8. Changes of antioxidant activity (mM trolox/mL) of vinegar      

brewed from Monascus-fermented soybean during acetic acid            

fermentation

Each value represents the mean±SD (n = 3).

Different letters in the same column indicate significant difference at the 

p<0.05.

Fermentation 

(days)

DPPH ABTS FRAP 

0 0.39±0.03a 0.86±0.01a 0.78±0.01a

7 0.43±0.02b 0.88±0.02b 1.08±0.00b

14 0.47±0.01c 0.93±0.01d 1.38±0.00c

21 0.48±0.01c 0.95±0.00e 2.24±0.01e

28 0.48±0.01c 0.91±0.01c 1.55±0.02d
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Fig. 16. Changes of xanthine oxidase inhibitory activity of vinegar 

brewed from Monascus-fermented soybeans during acetic acid 

fermentation. Each value represents the mean±SD (n = 3).

Fig. 17. Comparison of xanthine oxidase inhibitory activity of soy 

vinegar extracts by their concentration levels.

Each value represents the mean±SD (n = 3).
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Table 9. Linear regression of the bioactive components and antioxidant 

and anti-xanthine oxidase activities of soy vinegar

Bioactive components

Y =  ax +  b

Antioxidant activity Anti-xanthine oxidase 

a b R2 a b R2

Total polyphenols 0.8693 -0.0776 0.9865 0.0062 0.3961 0.9376

Flavonoids 0.2983 -0.0953 0.6103 0.0024 0.0524 0.7512

Organic acids 85.493 -41.999 0.9410 0.5934 5.4332 0.8459

Free amino acids 6347.1 -3497 0.9196 47.362 -142.95 0.9555

GABA 26.482 -12.143 0.8772 0.1863 2.4208 0.8106

Isoflavone aglycones 0.4868 6.9014 0.0674 0.0018 7.2509 0.0174

Ubiquinones 0.4183 -0.2734 0.7054 0.0033 -0.0615 0.8193
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ABSTRACT

Effect of acetic acid fermentation on bioactive components 

and antioxidant and anti-xanthine oxidase activities in 

vinegar brewed from Monascus-fermented soybeans 

Hwang, Ji-Young

Department of Food and Nutrition

Graduate school of 

Sungshin University

In this study, acetic acid fermentation was applied for the first time 

to Monascus-fermented soybeans to examine its effect on the bioactive 

components together with the antioxidant activity and xanthine oxidase 

inhibitory (XOI) activity of the soy vinegar. An appreciable decrease in 

pH (4.13 to 3.09) and increase in titratable acidity (0.74 to 5.87%) were 

noted in soy vinegar during acetic acid fermentation at 30 . The content 



of total polyphenols (0.47~0.97 mg gallic acid equivalents/mL) and 

flavonoids (0.18~0.39 mg quercetin equivalents/mL) were spectrophotomet 

rically determined, and the content of organic acid (10.22~59.76 mg/mL) 

and isoflavones (6.79~7.46 g/mL) were determined using HPLC-UV. μ

The analytical method for ubiquinones (0.079~0.276 g/mL) employed μ

saponification before solvent extraction and quantification using LC-MS. 

The analysis of free amino acids (FAAs) and -aminobutyric acid γ

(GABA; 5.37~21.03 g/mL) were derivatized using phenylisothiocyanate μ

prior to HPLC-UV. The significant increase (p<0.05) of GABA was 

observed in soy vinegar with an average 3.9-fold increase of during 

acetic acid fermentation. The results indicate that acetic acid fermentation 

on Monascus-fermented soybeans have great potential for the enrichment 

of GABA and FAA. The antioxidant activities were evaluated by ABTS 

(0.86~0.95 mM trolox equivalents/mL), DPPH (0.39~0.48 mM trolox 

equivalents/mL) radical scavenging methods and FRAP (0.78~2.24 mM 

tolox equivalents/mL) assay. The average antioxidant capacities of soy 

vinegar were increased by a 1.74-fold (1.22 mM trolox equivalent/mL) 

when compared with those of the soy vinegar without acetic acid 

fermentation (p<0.05). There were significant (p<0.05) correlations 

between the total polyphenol (R2=0.9865) and FAAs (R2=0.9196) and the 

average antioxidant capacities, suggesting that these components were 

likely a significant contributor to the antioxidant activity of soy vinegar. 

Soy vinegar also showed significant XOI (95.3% after 21 days of acetic 



acid fermentation at 30 °C) activity. The vinegars showed high XOI 

activity, related to the great concentrations of FFAs (R2=0.9555) and total 

phenolics (R2=0.9865). The presence of FAAs and total polyphenol in soy 

vinegar could be responsible for its XOI effect. Xanthine oxidase inhibitors 

play an important role in the treatment of gout and many other diseases 

related to superoxide anion metabolism. The results suggest that soy 

vinegar brewed from Monascus-fermented soybean has potential as a 

novel medicinal food or multifunctional food supplement.
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