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Vinegar is a fermented food product created by fermenting various sugar- and starch-containing in-
gredients with microorganisms. It contains a variety of organic acids, sugars, amino acids, esters,
and other compounds that contribute to its unique sensory properties. Vinegar is known for its potential
benefits, including aiding digestion, lowering blood sugar levels, anti-obesity effects, and antioxidant
properties. It is also believed to contribute to improving alkaline body conditions. This study was
conducted to develop functional dried vinegar powder from naturally fermented vinegars. Unripe apple,
brown rice, and black chokeberry (aronia) were fermented using Gluconacetobacter xylinus for 90—180
days. The filtrate vinegar was spray dried with 37.46% maltodextrin, 5% glucose, 1% citric acid,
and 0.04% vitamin C. Analysis of the acidity, color difference, water and soluble solid content, and
heat stability of dried vinegar (DV) confirmed that spray drying is a suitable method for powder
production. Moreover, the DVs exhibited excellent sensory attributes and solubility. Among the DVs,
aronia-DV showed the highest 1,1-diphenyl-2-picryl hydrazyl and 2,2-azobis (3- ethylbenzothiazo-
line-6-sulfonate) radical scavenging activity (36.7% and 75.3%) and reducing power (0.334) at 0.5
mg/ml concentration, respectively. The nitrite scavenging activity was highest in brown unripe apple-
DV, followed by aronia-DV and brown rice-DV. In the anti-thrombosis activity assay, aronia-DV
showed the highest prothrombin inhibition. The brown rice-DV exhibited lipid accumulation inhibitory
activity in 3T3-L1 adipocytes without cell cytotoxicity. Our results suggest the potential for commerci-
alization of dried vinegar, highlighting its diverse benefits and applications.
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(Buchi labortechnik AG, Switzland)S Al&3lH o™ &7
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air flow rate 31.5 m3/hr, feed flow 54 ml/hr, inlet temperature
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Color Difference meter (Super color SP-80 colormeter, Tokyo
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32 DPPH (1,1-diphenyl-2-picryl hydrazyl) anion scaveng-
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Reom, FA4 Hrle]l =T EE vitamin C (Sigma Co. St.
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Fig. 1. Photography of the dried vinegars prepared with (A)
unripe apple vinegar, (B) brown rice vinegar, and (C)
aronia vinegar.
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Table 1. Color differences of the dried vinegars prepared with unripe apple vinegar, brown rice vinegar, and aronia vinegar

Dried vinegars L b AE
Unripe apple 83.65+0.00° -1.83+0.00° 9.2+0.00* 11.65+0.00°
Brown rice 81.00+£0.01° -1.80+0.01° 10.37+0.04° 14.55+0.04°

Aronia 72.57+0.04 3.01+0.04° 13.96+0.04¢ 23.59+0.06°

Data are presented as the mean+SD of three determinations. Different superscripts within a column differ significantly (p<0.05).
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35 BUA X9 ME 2N

Azg FA, dv) BoofRyol EEA x| f8A4E
B7HE, & EddE, & EYEkolE B F 3 e
A3t o, 1 A Table 30 YA & &2
HEo] A4, ok2Yol BEzoA 7P £& 244 mgg

< Byon, dn] B2 %155 myg), A B4 %
(12.2 mg/g) %=0.2 UpERT). =R ATA %
of A A EEd et dr] Fo oA

S FRIBIAT o= 7] v B x[26]
9] F ET7E(59.58 mg/p) B F SR 0| E(57.56 my
g) FeFol s @& FFolm, oY & Aol AHE LA
712 8] zpolof| 7]¢lslE Ao g WekdATt 33 whE 24
9 F F HATHFL A 2D 2(824.1 mglg), oFE
Yol B4 %(814.1 mg/g), @ ELA = (725.6 mg/g) <
S 2 UESTHTable 3).

Table 2. Physicochemical properties of the dried vinegars prepared with unripe apple vinegar, brown rice vinegar, and aronia

vinegar
Dried vinegars pH Acidity (%) Brix Water content (%)
Unripe apple 3.2+0.1" 3.97+0.3" 84.0+£0.5" 3.5+0.3"
Brown rice 3.240.1° 3.81+0.1° 83.0+0.3" 3.8+0.4"
Aronia 3.2+0.1° 2.15402" 79.1+0.8" 4.0+0.4°

Data are presented as the meantSD of three determinations. Different superscripts within a column differ significantly (p<0.05).

Table 3. Content of total polyphenol, total flavonoids and total sugar of the dried vinegars prepared with unripe apple vinegar,

brown rice vinegar, and aronia vinegar

Contents (mg/g)

Dried vinegars
Total Polyphenol

Total flavonoid Total Sugar

Unripe apple 12.240.1°
Brown rice 15.5+0.1°
Aronia 24.4+0.4°

7.0+0.0° 824.1+52.8
6.9+0.1° 725.6+38.6
0.1+0.1° 814.4+77.8%

Data are presented as the mean+SD of three determinations. Different superscripts within a column differ significantly (p<0.05).
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Table 4. Antioxidant activities of the dried vinegars prepared with unripe apple vinegar, brown rice vinegar, and aronia vinegar

Anti-oxidant activity (%)

Reducing power

Dried vinegars

DPPH SA ABTS SA Nitrite SA (700 nm)
Unripe apple -6.9+2 4" 13.0£1.0° 11.0£3.1° 0.026+0.004"
Brown rice -12.1+8.7" 7.120.1° 5.3+5.0" 0.047+0.005°
Aronia 36.7+0.6° 75.3+0.4° 8.3+1.4" 0.334+0.054

DPPH, 1,1-diphenyl-2-picryl hydrazyl; SA, scavenging activity; ABTS, 2,2-azobis (3-ethylbenzothiazoline-6-sulfonate). Data are
presented as the mean + SD of three determinations. Different superscripts within a column differ significantly (p <0.05).
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Table 5. In vitro anticoagulation activities of the dried vinegars prepared with unripe apple vinegar, brown rice vinegar, and

aronia vinegar

Dried vinegars/ Conc. Anti-thrombosis activity (x control)

Chemicals (mg/ml) PT aPTT
Water - 1.00+0.02° 1.00+0.01° 1.00£0.01°
Aspirin 5.0 > 15° > 15° > 15

1.5 1.26+0.00¢ 1.30+0.02¢ 1.33+0.02 ©
Unripe apple 5.0 0.96=0.01° 1.2240.01° 0.80+0.01°

Brown rice 5.0 0.95+0.01° 1.17+0.01° 0.82+0.02°

Aronia 5.0 0.92+0.01° 1.16£0.01" 0.83+0.03"

TT, thrombin time; PT, prothrombin time; aPTT, activated partial thromboplastin time.
Data are presented as relative clotting time based on solvent control (x control). The solvent control (dimethylsulfoximide) of
TT, PT and aPTT were 28.5 sec, 16.5 sec, and 40.1 sec, respectively. Different letters within a panel differ significantly (p<0.05).
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Fig. 2. Effect of the dried vinegars prepared with unripe apple vinegar, brown rice vinegar, and aronia vinegar on cell viability
and lipid accumulation on 3T3-L1 cells. (A) Mouse pre-adipocyte 3T3-L1 cells were treated with different dried vinegars
(100 pg/ml) for 48 hr, and then cell viability was measured using MTS assay. (B) Lipid accumulation was measured
using Oil-red O staining. Data are presented as the mean +SD of five determinations. Different superscripts within a

column differ significantly (p<0.05).
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