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Comparative analysis of volatile flavor compounds in 3 white rice vinegar from different producing areas
LI Yujia, WANG Wanxin, GUO Linlin, XU Meili, ZHANG Xinyue, MA Fumin, DUAN Cuicui, LI Dan, LI Xiaolei*
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Abstract: To elucidate the types and differences of volatile flavor compounds in white rice vinegar from different producing areas, the physicochemical
indexes and volatile flavor compounds of 3 white rice vinegar samples (TX, MT and BD) from different producing areas were compared and analyzed
using conventional analysis and gas chromatography-ion mobility spectrometry (GC-IMS) technology. The differences in volatile flavor compounds among
the white rice vinegars from different producing areas were compared by combining fingerprint spectra, principal component analysis (PCA), and orthog-
onal partial least squares-discriminant analysis (OPLS-DA). The results showed that the total sugar and total acid contents, as well as the a* and b* values
of sample TX were all the highest, and the L* value of sample BD was the highest. A total of 53 volatile flavor compounds were identified in 3 kinds
of white rice vinegar samples from different producing areas, including 7 alcohols, 5 aldehydes, 8 acids, 4 ketones, 10 esters, 4 olefins and 15 others,
and the hexyl acetate, n-hexanoic acid, acetic acid, benzaldehyde and phenylethanol were all detected. PCA results showed that the 3 kinds of white
rice vinegar samples could be well distinguished by GC-IMS. Furthermore, 14 differential volatile flavor compounds with variable importance in the
projection (VIP) values>1, such as 2,5- dimethylfuran, hexyl acetate, and furfural, were screened out through OPLS-DA model. Finally, a combination
of sensory evaluation and electronic nose analysis revealed that there were significant differences in color, taste, status, aroma and overall acceptability
among the 3 white rice vinegars from different producing areas.
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Table 2 Sensory evaluation standards of white rice vinegar
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Table 3 Physicochemical indexes of 3 kinds of white rice vinegar
from different producing areas
Wi H TX MT BD
LA 98.45+£0.212 1c  99.13+0.047b  99.57+0.005 7a
a*{H 0.02+0.0309a  -0.03+0.008 7ab  -0.06+0.006 7b
b*E 0.95+£0.003 8a  0.72+0.005 6b 0.38+0.009 5¢
JBEHE/(g-100 mL") 3.826 7£0.559 4a  3.5179+0.47a  3.444+0.004 7b
SR/ (g-100 mL')  6.706+0.374a 6.205+0.142¢ 6.405+0.142b
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Fig. 1 GC-IMS three—dimensional spectrum of volatile flavor compounds
in 3 kinds of white rice vinegar from different producing areas
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Fig. 2 GC-IMS two-dimensional spectrum of volatile flavor compounds
in 3 kinds of white rice vinegar from different producing areas
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Fig. 3 GC-IMS differential spectrum of volatile flavor compounds in
3 kinds of white rice vinegar from different producing areas
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Table 4 Results of volatile flavor compounds in 3 kinds of white rice vinegar from different producing areas analyzed by GC-IMS

Fe YR A R CAS% fe 5 Sy R EE/ms BRI ] /ms

iz
1 4-terpinenol A A 562-74-3 CioH;sO 154.3 2075.302 1.24197
2 linalool 05 78-70-6 CioH;0 1543 1932.168 1.226 21
3 heptanol P 53535-33-4 CH;O 116.2 1.841.429 1.387 26
4 3-hexen-1-ol I i 928-96-1 CH,O 100.2 1 680.574 1.218 80
5 3-pentanol 3-8 B 584-02-1 CsH,O 88.1 1042.610 1.400 55
6 beta-phenylethyl alcohol R 60-12-8 CgH,,O 1222 1040.511 1.520 53
7 4-hexen-1-o0l 4-Cf-1-m 6126-50-7 CH,O 100.2 611.694 1.471 17

=S
8 benzaldehyde 2R H i 100-52-7 CHO 106.1 1930.433 1.485 48
9 furfural e 1 98-01-1 CsH,0, 96.1 1681.772 1.354 74
10 benzeneacetaldehyde K OWE 122-78-1 CH;O 120.2 895.186 1.534 44
11 methional 3- it A 3268-49-3 C,H0S 104.2 640.193 1.406 12
12 2-methylbutanal 2-HIE T 96-17-3 CsH,,O 86.1 613.064 1.402 60
13 propanoic acid(D) Wiz (D) 79-09-4 C;HO, 74.1 1841.429 1.272 86
14 propanoic acid(M) TAE (M) 79-09-4 C;HO, 74.1 427.292 1.280 29
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=2 YLK AR CAS% [y srF R RS E/ms  EERSHF]/ms
15 acetic acid N 64-19-7 C,H,0, 60.1 1715.048 1.163 65
16 benzoic acid AR 65-85-0 C;HO, 122.1 1204.938 1.232 92
17 hexanoic acid 1E R 142-62-1 CH,,02 116.2 886.875 1.295 19
18 3-methyl valeric acid 3-H AL e 105-43-1 CsH1,O, 116.2 696.807 1.608 66
19 pentanoic acid 1E SR 109-52-4 CsH,,0O? 102.1 675.242 1.232 60
20 butanoic acid 1E T 107-92-6 C,H;O, 88.1 507.623 1.400 94
GBS
21 camphor 1 i 76-22-2 CioH,O 152.2 1930.433 1.322 56
22 2,6-dimethyl-4-heptanone (diisobutyl ketone) TS T 108-83-8 CH,;s0 142.2 1211.236 1.324 68
23 cyclohexanone B N=A L] 108-94-1 CH,,O 98.1 627.587 1.451 83
24 hexan-2-one 2-CL il 591-78-6 CeH,,O 100.2 445.072 1.192 08
fig 2
25 ethyl p-anisate 4-F 4 SRR £ T 94-30-4 CoH 1,05 180.2 1744.374 1.355 18
26 2(3H)-furanone, 5-methyl- M9 N R 591-12-8 CH0, 98.1 1712917 1.360 17
27 citronellyl formate F R A5 5 iR 105-85-1 CHy0, 184.3 1.304.041 1.428 41
28 3-methylbutyl hexanoate C R 5 G TR 2198-61-0 CHx0, 186.3 1302.321 1.52571
29 hexyl acetate 2 B 142-92-7 CsHi0, 144.2 819.457 1.369 19
30 propyl acetate RN TR 109-60-4 CsH,0, 102.1 689.240 1.462 91
31 ethyl acetoacetate Lk TR TR 141-97-9 C¢H,0; 130.1 631.972 1.580 17
32 butyl acetate TR T HR 123-86-4 CeH 0, 116.2 519.669 1.237 31
33 2-methyl propyl acetate TR 5 T R 110-19-0 CsH 1,0, 116.2 490.414 1.226 48
34 linalyl butanoate TR 5 i 78-36-4 CH,0, 2243 1654.48 1.216 96
LS
35 beta-caryophyllene B-A 1 I 87-44-5 CsHy, 204.4 2 068.362 1.508 25
36 lenthionine a3 292-46-6 C,H,Ss 188.4 1 846.512 1.174 05
37 camphene i 79-92-5 CioHis 136.2 672.284 1.630 07
38 alpha-pinene TN 7785-70-8 CioHys 136.2 877.639 1.744 09
HoAbZk
39 dimethyl trisulfide TP 3658-80-8 C,HeS; 126.3 1653.248 1.273 22
40 benzene, 1-methyl-4-(1-methylethyl)- 4-5 9L H R 99-87-6 CioHu 134.2 1371.087 1.140 46
41 propyl disulfide TN 629-19-6 CeH S, 150.3 1 053.105 1.245 27
42 o-cresol 4B H B 95-48-7 CHO 108.1 956.139 1.105 27
43 n-propylbenzene TE N FHER 103651 CH,, 120.2 721.564 1.125 00
44 hexanenitrile C i 628-73-9 CHyN 97.2 599.636 1.560 83
45 area 50 - - CH 0, 116.2 478.906 1.179 80
46 2-butoxyethanol(D) ZFETEE(D) 111-76-2 CsH10, 118.2 1707.227 1.604 86
47 2-butoxyethanol(M) ST (M) 111-76-2 CsH10O, 118.2 1 729.089 1.619 36
48 dimethyl disulfide L T 624-92-0 C.HeS, 94.2 441.023 1.146 63
49 2,5-dimethylpyrazine 2,5- Wk g 123-32-0 CeHsN, 108.1 1 409.768 1.487 98
50 2-ethyl-3-methylpyrazine 3-2, F-2-F L nip vz 15707-23-0 C;HN, 122.2 824.998 1.174 33
51 2,5-dimethylfuran 2,5- 7 F Bk g 625-86-5 CeHsO 96.1 705.864 1.334 66
52 2,6-dimethylpyridine 2,6~ HI L g 108-48-5 C;HoN 107.2 601.554 1.451 83
53 benzothiazole IR I E W 95-16-9 C;H:;NS 135.2 1304.041 1.148 40
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Fig. 4 GC-IMS fingerprints of volatile flavor compounds in 3 kinds of white rice vinegar from different producing areas
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Fig. 5 Peak volumes of various categories of flavor compounds in
3 kinds of white rice vinegar from different producing areas
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Fig. 7 Sensory evaluation results of 3 kinds of white rice vinegar from
different producing areas
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Fig. 8 Radar plots of sensor response values of electronic nose analysis
of 3 kinds of white rice vinegar from different producing areas
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