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Abstract: The volatile extracts of Shanxi aged vinegar (SAV) from alcoholic fermentation, acetic acid fermentation, and thermal
processing were determined, and their antioxidant activities were investigated by DPPH assay, aldehyde/carboxylic acid assay, and cellular assay.
The results of DPPH assays showed that SAV volatile extracts exhibited high and dose-depended antioxidant activity. The highest antioxidant
activity was obtained at the beginning of acetic acid fermentation, followed by that measured at the end of thermal processing. The
aldehyde/carboxylic acid assay also demonstrated relatively high and dose-depended antioxidant activity in SAV volatile extracts, with the
highest antioxidant activity observed at the end of thermal processing. The levels of reactive oxygen species increased during the cellular assay,
indicating that SAV volatile extracts became pro-oxidant in HepG2 cells. These results suggested that SAV volatile extracts showed strong in
vitro antioxidant activities, but minimal in vivo antioxidant activities.
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Table 1 Content of volatile compounds from Shanxi aged vinegar during alcoholic fermentation, acetic acid fermentation, and thermal

processing (x10? pg/g sample)

No. MR ALI ALF ACI ACF TI TF
i
1 LER* n.d. 37.30+2.24° 85.38+4.27%  2430.17+25.81°  379.50+2.02°  163.50+0.87°
2 2-WHRTER n.d. n.d. n.d. n.d. n.d. n.d.
3 3-§1 TR 0.23+0.01° 1.25+0.08° 9.02+0.63¢ 39.95+2.80° 27.53+0.96°  163.50+5.73"
4 TE* 4.09+0.25° 1.26+0.08" 5.11+0.26° 4.77+0.24¢ 5.49+0.13° 14.67+0.37°
5 R E* n.d. nd. 2.19+0.11° 5.2040.26" 4.55+0.11° 1.98+0.05°
6 TER* n.d. n.d. n.d. 1.76£0.11° 1.54+0.05 12.76+0.40°
7 JRER* n.d. n.d. n.d. 1.96+0.12° 2.19+0.07* 1.970.06
BREE 4.32+0.14F 39.81+1.20° 101.7+2.64°  2483.76£14.67°  420.80+3.35"  358.38+7.48°
S
8 3-FATE n.d. 1.80+0.09° 5.16£0.31° n.d. 95.73+3.33° 10.2140.36°
9 Pl n.d. 25.08+1.50° 56.02+3.36" n.d. 89.06:0.31° 1.98+0.01¢
10 5-F ARAREH n.d. 3.64+0.18° n.d. n.d. 3.78+0.13° 15.07+0.53°
11 R E 5.60£0.34 1.36+0.07" 9.76+0.59° 2.13+0.15° 2291+0.81°  46.12+1.62°
TR
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LR
12 Ea 3.70+0.19° 0.73+0.04¢ 3.08+0.18° 1.94+0.14° 0.34+0.01° 0.50+0.02°
BEE 9.30£0.27 32.6140.94° 74.02+2.22° 4.07+0.14° 211.82+4.60°  73.88+2.53
i
13 LB LBE* 362.11+18.11°  253.34£1520°  24230+£16.96™  179.08+12.54°  168.90+5.91¢  237.33+831°
14 T8 = LBs 1.61+0.08° 7.5040.45° 4.02+0.28° 11.49+0.80° 0.86+0.03° n.d.
15 IR T BE* 5.36+0.32° 6.08+0.36" n.d. 10.09+0.071° 3.08+0.01 ¢ n.d.
16 LEK LBs* 10.93+0.66° 2.80+0.174 17.10£1.03 9.12+0.64° 11.11£0.39° 2.41+0.08°
17 + v 8 g+ 4.32+0.30° 0.67+0.04% 2.08+0.12° 0.7120.05° 0.55+0.02% 0.48+0.02°
BEEE 38433+9.74*  270.39+8.11° 265.5£9.19° 21049+7.05¢  184.50+636°  240.22+8.41°
B
18 B 269.51£16.17°  847.61+59.33° n.d. n.d. n.d. n.d.
19 3-FhTE 197.88+£13.85°  323.66+22.66° n.d. n.d. n.d. n.d.
20 IEREE 24.00+1.44° 6.38+0.38" 3.03+0.18° n.d. n.d. 2.13+0.07¢
21 T B 1.02+0.05° 11.2240.67° 0.63+0.04° 13.10+£0.92° n.d. n.d.
22 R P B 0.98+0.06° 0.21+0.01° 0.57+0.044 0.35+0.02° 0.70£0.02° 01.69+0.05°
23 PR EE* 17.02+0.85° 71.47+3.57° 15.27+0.92¢ 29.70+2.08" 5.68+0.20° 2.68+0.097
B 510.41+16.21°  1260.55+43.31*°  19.50+£0.59% 43.15£1.51° 6.38+0.22¢ 6.5£0.22¢
B
24 2,3-T —BR* n.d. n.d. n.d. n.d. 61.23£2.15"  34.08+1.20°
25 3-H A2 THER* 3.89+0.23¢ 2.78+0.144 n.d. n.d. 5.69+0.16° 6.95+0.20°
LERS 3.89+0.11° 3.5140.43° n.d. n.d. 68.32£2.31°  42.98+1.40°
otk
26 23,5-=F ook n.d. 10.5140.53¢ n.d. n.d. 28.03£0.80°  89.00+2.54°
27 v B e 1.05+0.05° 28.68+1.43 5.62+0.34¢ 3.25+0.23% 23.66+0.83°  146.50+5.13
R EE 1.05+0.02¢ 39.19+0.98° 5.62+0.17° 3.25+0.11¢ 51.69£1.63°  235.50+7.67°
e
28 Z YA = BEk* n.d. n.d. n.d. n.d. 1.25+0.04* n.d.
29 KT n.d. n.d. n.d. n.d. n.d. n.d.
30 BT 0.79+0.05¢ 0.37+0.02" 0.91+0.05° 1.45+0.10° 0.50+0.01° 2.20+0.06"
31 Z T n.d. n.d. n.d. n.d. 0.73+0.03° 24.02+0.84°
32 E 8.02+0.48° 1.70£0.09° 1.10£0.07° 0.49+0.02¢ n.d. n.d.
BRMEMFEE 9221142649  1648.13£54.61°  468.35+14.81Y  2746.66+23.49°  945.99+18.47°  983.68+27.70°

E: 1. 2FMAKF p<0.05, FI—THRRNEFRHEATERRE; 2. *AHHIFESERAFLI TR IE,

22 DPPH g g##EHE

4 DPPH H HIEFIT A S & TP A
i, DPPH H HFEEMERR. RGN, Bt
IR E . XTHEYI BHT ¥KFEN 5 mg/mL i
B RR A 89.21%. FT LI Fa IRBETE R A T $EH)
FEMRRIREE (5. 104 25, 50 mg/mL)¥ A FiE b iE
PE (B 2). BT ALL 1 ALF, FrAREWIRIHiELL
TEPE R R R R, RISREUIR SR, Hym
Bahn. fEFTAFEMS, WA 50 mg/mL B ACT $2HL
YIRS R 2(93.02%) B iy BETR R FELE R, H Hd&
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FRE BB R SR EU ) DPPH i KR8 1 AT Rk 11X
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Fig.2 Results of DPPH antioxidant assay on volatile extracts
prepared from Shanxi aged vinegar during alcoholic
fermentation, acetic acid fermentation, and thermal processing
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volatile extracts from Shanxi aged vinegar
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Fig.4 Effect on ROS levels in the presence of H,O, and volatile

extracts from Shanxi aged vinegar
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REEFFUER SRR R i (93.02%), LN ER:4;
WS (86.52%). ACA VEZEHRRM, FREEHE AR PESEEL
YA QAR ), HRIFEKFRR.
S R CE R I BE iR, LU IR K
% (FFURFILE A ) o BRIEBRSFTAERES AL, FERPETREL
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