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Determination of the Characteristic Aroma Components at Different Fermentation Stages of Zhejiang Rosy Vinegar

FANG Guanyu, JIANG Yujian*, MU Xiaojing, SHI Si
(School of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou 310018, China)

Abstract: In this study, response surface methodology was used to optimize the solid-phase micro-extraction conditions of
volatile components from Zhejiang rosy vinegar. The optimal conditions were determined as follows: NaCl amount 2.4 g,
extraction temperature 49.6 “C, and extraction time 44.4 min. The volatile components during the fermentation process
of Zhejiang rosy vinegar were determined under the optimized extraction conditions. The obtained data were analyzed by
principal component analysis (PCA), systematic clustering analysis (SCA) and partial least square discriminant analysis
(PLS-DA). PCA and SCA divided Zhejiang rosy vinegar samples into three categories: early, middle and late fermentation.
PLS-DA analysis showed that the samples at the three fermentation stages could be well separated from each other based
on the volatile components with Ry= 0.994, and O = 0.933, indicating that the developed model has good stability and
extremely strong prediction ability. By PLS-DA analysis, the volatile components with variable importance in the projection
(VIP) values larger than 1 were obtained. According to the PLS-DA factor loading plot, the characteristic aroma components
at the early stage were ethanol, ethyl dodecanoate and 2-phenylethanolacetate; the characteristic aroma components at the
middle stage were propionic acid-2-phenyl ethyl, cyclohexyl propionate, n-propanol, n-propyl acetate, isoamyl acetate,
decanoic acid, ethyl acetate, ethyl phenylacetate, lauric acid, 2-ethylbutyrate, 3-methyl phenyl ester and ethyl oleate;
and the characteristic aroma components at the late stage of fermentation were (£)-9-octadecanoic acid ethyl ester, ethyl
octadecanoate, benzaldehyde, 4-ethyl phenol, diethyl succinate, ethyl hexadecate, furfural, acetate-2-ethylhexyl ester, phenyl
ethanol, 2-methylpropionic acid, and 3-hydroxy-2-butanone.
Keywords: Zhejiang rosy vinegar; solid phase microextraction; principal component analysis; hierarchical cluster analysis;
partial least squares-discriminant analysis
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Fig.1  Effect of NaCl amount, extraction temperature and extraction

time on total peak area and peak number
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B 1.82X10" 1 1.82X10" 112,99 <<0.000 1%
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Table3 Changes of volatile components in Zhejiang rosy vinegar during fermentation
At FRERIE (pgll)
0d 10d 20d 30d 40d 50d 60d 70d 80d 90d
2R 12484062 9314046 17774088 1021+051 19354096  1409+070  2606+£130 1494007 15094075 9.14+045
2LHECE 3343141671 271.88+13.59 - 4400242200 37.05+1.85 - 2854142 15832079 - 90.1+4.50
LA ECHE - - 236£0.11 - 492+0.24 - — — — -
SREETH - 79.83+3.99 1524760 12776638 — 110274551 — 7691384 13489+6.74  67.07+335
3-FfRE-1- R 174008 0.85+0.04 1414007 127£0.06 1422007 1.880.09 - - - 1.58+0.07
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g - - — 3474017 - — — - - -
A 137344686 126474632  249.08+1249  21574+10.78  303.54+1517 300241501 308971544 31011554 4478842239  417.64+20.8
i 1.85+0.09 - - - - - - - - -
LE 4436612218 49625+2481 8405144202  87144+4357  902+4510 80544025 61013050  575.66+2878 252991264  11333£5.66
EAE - - 461023 6.07+030 9.024045 3.9340.19 8.0340.40 4314021 - -
2L-HEERR - 1.17£0.05 1.89+0.09 24740.12 5194025 — 8.030.40 6.391031 124240.62 10£0.53
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&M
0d 10d 20d 30d 40d 50d 60d 70d 80d 90d
R 8781043 11944059 19244096  22.02+1.10 304150 354175 404201 4584229 454225 454225
[17 8.53+042 4674023 9.04+0.45 6.97+034 2.56%0.12 2.66%0.13 14794073 5254026 10042050 5974029
TR 2.02+0.10 0.8810.04 15140075 203+0.10 1.93+0.09 - 6924034 - - 1.84£0.09
+ kR 13.6610.68 — - - — — - - — 4814024
Ry 2211+1110  197.03£9.85  259.34+1296  136.57+6.82 13494067  11.02+£055  24476+1226  240+12 230£11.53 2229141114
AR 10£0.50 15774078 4924246 60+3.09 65024325 8024401 85+4.25 84.6+4.23 851425 80.09+4.00
HETR — — 446£0.22 246+0.12 9494021 15574027 24161012 35861045 40324067 58574292
(Ey9-1 )\l . g 16484082 17951089 17234086  17.15+0.85 — 4524022 - — 36.66%1.83 40+2.12
2HRLE LR 18.5+0.92 — 53474267 52824264 — - - - — —
2R B - — 3L1EL55 30.09%1.50 — — 13.4+0.67 — - -
LHRETRRTH - - - - - - 2.08£0.10 - - -
LRIERR B 41334206 78554392 119914599  7672+383  88.661443 54561272 - 16761083 2741+137 20+1.12
2LETH-2-0HCH - - - — 229+1.11 0+0 14.01£0.70 — — —
2-LHET-3-FHERTR 3244016 4194020 8.5540.42 8.8640.44 17182085 7.83+039 1837091 8.15+040 8774043 7534037
2LLETH T 3240.16 4034020 8.13040 7.96+0.39 13.9340.69 - 15262076 7.78+0.38 961048 10£0.52
LLETRE 17162085 15154075 3342+1.67 - 45631228 - 57854289 31671158 44774223 2751+137
9- NG Ol 1.35+0.06 1524007 22340.11 1.1£0.05 — — - 1.54£0.07 2.1340.10 —
N-FRRTH 25140.12 2.0840.10 - - - - - — — -
KLU 6.55+0.32 6.331031 1L174055 10161050 3689+1.84  26.18+130  3445+172 11462057  31.89+159  3095+1.54
-2 AR — - — - 94.15£470 112914564 140.01£7.00  180.02£9.00 — —
A 271£0.13 2.56%0.12 6.124030 7024035 2369+118  1018+050 3087154 19281096  47.014235 504251
CUHF R 55794278 57084285  10849+542  98.95+494  149.76%7.48 80+4.02 80£2.10 89.15+4.45 90+4.56 6255+3.12
BT 118454592 123374616 56454282 52424262 8.19+040 4784023 80774403 25.19%125  3572%178 8541042
FOENTR L - - - — 41.1£2.05 24217 51794258 18.65+0.93 — —
R 2809£140 11252056 7914039 5434027 946047 5344026 1114055 2.5440.12 314015 554027
TR 7.86£0.39 4954024 1.79+0.08 1.73£0.08 23240.11 - 3.2340.16 - 27840.13 -
TR 2540.12 2.81£0.14 3414017 3.87+0.19 - - 297+0.14 - 6431032 16.87+0.84
+oRLE 156.24£781  153.62+7.68  250.76+12.53 100£5 1.81£0.09 3574017 54025 521£0.26 13.79+0.68 61032
+AR B 222+0.11 14834741 112924564 11574578 2354+1.17 100£5.05 89.03+4.45 12046 24871174 200£1.23
IR 2B N57ELI2 2388119 18461092 21331106 4674023 6.65+033 19+0.95 3874019 3L04£155  235+0.11
-3 T B 29740.14 1.66+0.08 - - — - - — — -
R L 0.77£0.03 0.87+0.04 - - - - - — — -
FR3-HE T 9.954+0.49 724036 0.84+0.04 — — — — — — —
¥R 600£30.01 5440142720 182074910  96.61+4.83  2722%136  14.55£0.72 10£0.57 8+0.42 610.34 41022
TR 2 284109 243112 17031085 14444072 - 5674028 21481107 40320201 - —
LE2- O 51391256 63.63+3.15 101£5.05 110.03£5.50 130£6.58 150024750 160.05+8.00  2303+11.51  2702%1351  280.06%14.00
LB 5514£21.57 — — — — — — — — -
LR 312.11£1560 41401242070 618.14+30.90  900+45  1009.11£50.45 1202.24+60.11 10031245016 12115616057 1121.6856.08 1104.24+55.21
LR TH 6231031 10.59+0.52 17.8+0.89 15612078 31254156  2772+138  6526%326  5342%267 2425121 58424292
LIS 5224263 65284326 13754687 145094725 23023+1151  22101£1105 223011115 231.01+11.55  235.02+11.75  231.01£11.55
CRERR 11934059 16831084  3478+173  4289+214 7694384 79924399 75014375 80.1£4.05 814405 75.14375
T - - - — 5724028 — 1741087 4184020 — -
ETH-2-23 03 - 1.58+0.07 5114025 6.6%0.33 13.2940.66 — — — 6.53+032 —
24-Z AR 8.06£0.40 - - — — - - - - -
2-ZHCR - — 1.59+0.07 - - - - - 2.89+0.14 -
MRS — - - 1.65+0.082 — — — 1.924+0.09 — —
AR 19461097 14631073 2649+132 17284086 11881059  9.15+045  2655+132  4226+216  7924+396  8248+4.12
ity 147£0.07 - — - 1.76£0.08 197+0.09 3.3340.16 - 4374021 54025
T# - - - - - - 736036 - - -
+o ) B 1.5840.07 1414007 - - - - - — — —
kR - - - 2.641+0.13 — - - - - -
24- T HAR — 10834054 3692+1.84 41014205 1864093 12162060  13.8420.69 - - -
2,5-2(11-2hedk)- KT - - - - - - - M04ELT0  6.941034 -
4-LHET — — - - — 1£0.05 — — 2.14%0.10 1.49£0.074
3B A0 TH 13024065 43214216 12274613 12624631 20447£1022  30401£1520  350£1752 3541311770 311.07+15.55  550.02£27.50
LA — — - 324£0.16 - - - — — —
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