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Abstract: To investigate the effects of different aging times on the volatile flavor substances of rosy vinegar, headspace
solid-phase microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS), principal component analysis
(PCA) and hierarchical clustering analysis (HCA) were used to investigate the physicochemical and volatile flavor
components of fresh, one-year-old, three-year-old and ten-year-old samples. The results showed that the content of reducing
sugars and amino acid nitrogen increased during aging, and promoted the flavor and color development of rosy vinegar. A
total of 79 volatile flavor substances were detected in rosy vinegar by HS-SPME-GC-MS, among which most of the esters
were degraded during aging, while the content of carbonyl compounds and pyrazines increased significantly during aging.
13 volatile compounds with odor activity value greater than 1 were calculated in rosy vinegar by odor threshold value, and
the main odor-presenting compounds differed in different aging periods. Principal component and cluster analyses revealed
significant separation among the rosy vinegar samples at different aging periods, indicated that the aging time has an
important influence on the composition of volatile substances in rosy vinegar.
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Table 1 Physicochemical indexes of rosy vinegar with different aging time
HfeEtR B —4EBR =AEBR R

pH 2.87+0.03" 2.8740.01° 2.91+0.01* 2.87+0.01*

A5 H% (/100 mL) 1.50+0.03" 1.58+0.05° 2.75+0.01° 2.97+0.03*

FiR % (2/100 mL) 4.56+0.20° 4.56+0.11° 4.84+0.06" 4.97+0.13°

HHEMRAHA (g/100 mL) 0.082+0.001° 0.091+0.003° 0.116:0.005° 0.136+0.002°
a4 29473.68+68.49" 32105.26+120.02° 34473.68+103.68" 49736.84+154.33°
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Fig.1 Changes in the content of volatile compound components

b

during the aging of rosy vinegar
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2 AFIREAEIR A & A & 2 (mg/L)
Table 2 Content of volatile compounds during aging of rosy vinegar (mg/L)
E4 B —4EpK =AEBR TAEBR
Z 109.87+2.68° 88.28+6.58° 65.82+2.87° 3.5£0.68¢
R 93.72+4.37° 113.59+11.06 85.56+6.44° 70.62+8.33¢
S - - 19.96+1.36 13.83+1.06
2-ZH O - - 2.01£0.38° 3.34+0.02°
3-HRE-1- TR 18.72+2.03° 18.82+2.37° - -
(R)-(-)-2-THE - 5.19+0.16 - -
2,3-T 21.95+1.06° 43.5240.59" 65.68+4.26° 69.3+8.37°
2-MEETE 4.1£0.35° 3.75+0.61° 4.96+0.68" 2.56+0.18"
S - 5.65+0.38" 10.89+1.06
e 1203.12+26.59 1567.51433.48" 913.3+36.69° 610.91+36.38¢
R - 120.06+8.31° 119.82+11.26° 475.15+15.68"
5- Lk s 103.84+5.68° - - 28.27+3.26
2- PRI - 3.25+0.22° - 14.55+2.01°
3-FRAETE 12.52+1.03° 9.93+0.31° - -
5-F L2152 ) F S 6.49+0.36° 3.25+0.11° - -
2,5-WEWr 6.91+1.02° - - -
PRULE-S7N] 9.97+1.38° - - -
2R - 3.56+0.35" - -
2-E W} FH - 2.39+0.35" - -
2.1 2178.03+36.48" 2262.74+46.68" 2027.4+150.26° 1846.6+26.37°
R - - - 6.09+1.01°
WL - 8.58+0.58" 1.6+0.23° 5.47+0.68°
TR 13.53+2.26° 12.3+1.03° - 25.17+3.68"
T - - 11.56+0.15 3.52+0.15°
IR 37.95+6.37° 40.27+3.68° 52.62+3.24° 71.09+5.68°
3,3-ZH LN TR - 2.96+0.37° - 4.5+1.06"
CR 12.64+1.05° 15.01+1.08" 4.17+0.15° 11.1£1.11°
SRR - - - 1.99+0.18°
¥R 24.24+2.03° 24.84+3 35 25.55+3.33° 25.3442.68"
T - 2.94+0.15° - 2.84+0.06°
A 4.26+0.36° - - -
LT 127.56£12.16¢ 526.23+36.37° 841.28+46.68" 1031.69+48.16"
L5 TR 6.93+0.68" - 11.24+1.26° 6.16+1.06°
TR - - 4.99+0.68° -
LRSI - - 86.09+12.03 41.6+3.68
2,3-T LRl 19.58+1.44° 9.96+0.16" - 7.02+1.07¢
LR LR 77.45+5.69 59.32+9.67¢ 60.38+7.13° 92.86+15.27"
T — MR - - 28.74+2.26" -
SR g - - 5.04+0.16" -
3-FIL-1- T B RS 45.1542.26" 38.27+3.68" - -
KR TR - 11.89+1.35° 6.25+0.23° -
[ 6.8+1.03° 39.08+5.78" - -
LR TR 14.63+2.07* - - -
A 5 R £ T 2.08+0.34° - - -
WA 2. e 3.1+0.23° - - -
MR 2 e 14.56+2.36" - - -
WEImiR 2. BR 18.1£3.11° - - -
3-HEE-1-TEEC TR TR - 50.7+5.67" - -
NI - - 25.74+2.23 -
TR B - - 6.28+0.26" -
CRR TR - - 9.82+1.03" -
IR - 2.55+0.35" - 1.710.16°
2-T Tt - - 1.594+0.02°
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k2
EA BT —AERR =AEBR TAERR
2,3-T Zfi 55.25+6.38¢ 64.36+6.68° 87.2+12.06 535.5+16.06"
2,3- )8 i - - - 1.6£0.16"
3-FRFE-2-T [l 215.57+12.37° 174.41+15.27¢ 242.82423.06° 303.53+20.56°
3-Z I 5E-2- T 33.15+0.36¢ 45.82+5.68° 63.9+£2.38° 103.25+12.58°
2R T - - - 8.59+1.07°
1-(3,5- Bk iR -2- 3% ) 2, i - - - 9.12+1.00°
1-A3-1,2-T5 il - - - 2.01£0.28°
2,4,5- = HI3-1,3- " F I 19.07+2.16* 32.45+3.68° 44.18+6.38° 49.83+5.16
2,4,5- = H 5k - - - 65.51£8.26°
2,3-Z I HLni i - - - 6.13+1.03"
2,3,5- = HiEnipnz 26.83+1.23° 5.87+0.68° 2.57+0.23¢ 18.92+2.08°
2,6- 2 FEnk R - - - 6.29+2.03"
2,3,5,6-PU FH Jenikigg - 25.57+3.68° 102.54+10.28° 319.98+23.06
2-Z BRI 13.87+0.36 7.59+1.01° 2.64+0.36° 12.33+1.09°
2,3,5- = H3k-6-2. 3L - - - 3.86+0.36"
EE=8 % N - - - 30.2+3.64
5- L2 -y H 6.49+0.87" - - -
2-Z,Ft-5-F SLE W} 11.32+0.36° - - -
2,5-WE Wy — IS 6.91+1.14° - - -
2-T Fe-4-FHE-1 3-SR 14.36+3.68" 34.05+4.36° - -
2,5- kit 2.22+0.39° - - -
2,6- P kit e 11.07+1.00° - - -
1,3- ke 3.25+0.68° 7.75+1.24° - -
-2 L - - 6.15+0.26° -
iy - - - 1.31+0.02°
4-2 He-2-FHAE R - 3.55+0.36° 2.81+0.38" -

W EPIFE N IR ROV P, BRIbZ A, —Eeigs
G 3-FF AL TS . 5-FF L2 ey HR AT 2- Y LD TR
CEAEARERETE O, T RE S BRI a] i — 2D R Al AR
At A e,

T IS 4 JO 1) e A R o S IS/ A B3R % 35 o
=, B R NIRRT Y 309.97 me/L W3 E T (P<
0.05) %] 966.9 mg/L, 2,3-T i, 3-¥25L-2-T i Fl
3- P L -2- T R R R v SR o, L A
YITE AR A B3 T (P<0.05) . BRILZ AP, 3-5%
FL-2-TTERAN 2,37 RS L VG SRR A SR AL
R, [FIEHERIE AR A R Rl BRI o
T LA ZER AR NI AR, WnT AAE R i Fe i
P M IR PR A, AN a- 2 BEFLER AN 2,3-T lESE
bk Z ABIAT

TE SR EEFRER A R B B 2 T 17 P40
JAb G, B RIS T, (HFR 53 2 IS A E
BARBER B BET I o BARTIR S DO P 3Nk g & i i 35 1 vy
(P<0.05), Hfe i MO A HY S S8 0 i 581) I
HAERT Y 319.98+23.06 mg/L, 25 BUIEERE vh i
B 1 0 I 1R R A IR A ) 35 P AR 2 Y A Ak LA
Strecker Z4fi# =AU Liang S50 Fsk &4507 & B
ARSI B ] 23 A2 3 LL PG 22 BRI v PO etk g 25 ) 4
i, AR BRES IR T . [RIRS, FERRER S R
AT R 5 FISETRINLE

P S SO B A SO S S i BIR, SR
FIEA B AR BT RS, H A AR BRI R AR
AR . —BICi, B2 0T A4 B B R AR A
AR, ST ISR FR, SR ESAEARARAE 4
HRPHATZ2 5, B 2edy oT & SRR,

2.3 HBORBEHEL MRS OAV 7717

AR BIE, BIACHRGEEE AY A, e AT
TR IR e BN DT B AL I B AR B . RS
PEIE (OAV ) 238 1D AP 2 T B 3 A BE IR L HG
SR BB, 7T TR B AR 5T
ko PR SCHERIRIE, XS ARE B TR &, BURTF
SAEYIN) OAV i, 3 3 IR THEERSH OAV =
1 19 13 P ESFEMHALE Y . RS, 4280
fits . —4FEBR . —AEBRA AR R S TR AT AR AE 9 B
12 B, 13 Fr Al 12 Frd s EfL &, B RF S
5T OAV {HAEMRBERIT R T AR e ] A8 4k, TE B BARERXT
FHOREE AR S BT AR . TS, SRR
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Table 3 Threshold, odor description and odor activity value of volatile substances during aging of rosy vinegar

£ SRR (mg/L) RE A B —AFER “AERR AR
K 14 BT 6.69 8.11 6.11 5.04
e 6.2 HEHFR 194.05 252.82 14731 98.53
AR 2 JHEE bR - 60.03 59.91 237.57
LR 200 [idip] 10.89 1131 10.14 9.23
IR 0.1444 g 262.81 278.88 364.40 49231
R 0.5 LS 48.48 49.68 51.1 50.68
LR TR 3 WEHS 4252 175.41 280.43 343.89
LIRS IR 0.0222 EHHEES - - 3877.93 1873.87
LA TR 0.0978 g 791.92 606.54 617.38 949.48
KRR 0.1482 KRFER - 80.23 42.17 -
3-%2- TR 8.8 B 24.49 19.82 27.59 34.49
3-Z P HE-2- T 3.535 e 9.378 12.96 18.07 29.21
2,3,5,6-DU FH 3Lt i 0.124 PR - 125.56 23823 2580.48
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Fig.2 Principal component analysis for rosy vinegars of
different ages
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Fig.3 Hierarchical cluster analysis for rosy vinegars of
different ages
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