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Changes of Aroma Composition during Fermentation of Mulberry Wine
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China)

Abstract: The changing trend of the aroma of mulberry wine during fermentation was analyzed by headspace solid phase
micro-extraction combined with gas chromatography mass spectrometry (HS-SPME-GC-MS). The results indicated that 67 kinds of aroma
substances were detected during fermentation, including 33 esters, 4 alcohols, 5 acids, 8 aldehydes, 2 phenols, 6 terpenes and 9 other species.
Many aroma-active substances contributed to the main aroma of mulberry wine. Esters were the important substances that contribute to the
aroma of the mulberry wine, such as ethyl dodecanoate, ethyl tetradecanoate and ethyl cetate. In terms of alcohols, phenylethanol was the main
component, which was the characteristic aroma during the fermentation of the mulberry wine. Among the acids, octanoic acid and decanoic acid
were the main components, which could react with the ethanol generated during fermentation to produce ethyl octanoate and ethyl decanoate. In
terms of the aldehydes, 2-nonenaldehyde and 2,4-nondialdehyde only existed on Day 0, and other aldehydes decreased continuously during
fermentation. Terpenes were also an important class of aroma substances in mulberry wine, such as longifolene, terpinene-4-ol and citronellol.
But the content of terpenes decreased from 977.23 pg/Lon Day 0 to 553.82 pg/L at the end of fermentation. The principal component analysis
revealed that the cumulative contribution rate of the two principal components reached 91.10%. The first class of principal components that
made relatively large contributions were phenylethanol, ethyl hexadecate, octanoic acid, ethyl decanoate, ethyl dodecanoate, ethyl octanoate and
ethyl tetradecanoate. The second class of principal components that made relatively large contributions were ethyl benzoate, diethyl succinate,
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ethyl octanoate and nonanal. Through the analysis of fermentation process, the changing trend of the specific aroma substances in mulberry wine

was revealed, and the composition of aroma substances of the mulberry wine was obtained.
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Table 1 Aroma components and its content in fermentation process of Mulberry wine (ng/L)

gy RS A L MEX ATE - 3 if’tié‘w d - -
1 7.29 1235 Ethyl hexanoate TFR T CgHiO, 144.12 - - - 7403.37+296.13 3731.67+166.49
2 7.68 1275 Hexyl acetate T LA CgHiOs  144.12 - - 265.33£31.16 611.88+47.52 333.42+68.33
3 797 1981 2-Hexenoic acid 2-THER C¢H0O,  114.07 - - 280.95+£21.24 234.79+39.16 98.14+5.69
4 8.51 1346 Ethyl 2-hexenoate 2-THBR Ll CgH140, 142.1 664.07+56.56 393.25+54.73 336.58+43.46 91.09+13.64 96.38+25.28
5 9.27 1031 Cyclooctane TRFWR CgHys 112.13 85.6+£13.42 139.67+18.59 144.37+25.77 212.17+48.68 240.27+31.08
6 9.55 1953 Heptanoic acid BB C;H140, 130.1 - 178.99+24.16 101.13+14.05 75.79+£23.16 81.43+12.57
7 10.16 1391 Nonanal S CoH ;50 142.14  1120.84+124.83 1010.99+141.44 257.38+35.29 283.34+36.11 201.96+28.04
8 1040 1909 Phenyl ethanol RTBEE CgH;,0 122.07 722.85+48.91  8322.13+£332.89 16942.16+877.68 22202.1+840.56  19988.82+2852.79
9 10.84 1675 Ethyl 3-hydroxyhexanoate 3-H AT TE CgHiO;  160.11 548.06+43.92 546.46+75.86 238.394+29.53 85.27+18.34 61.94+24.76
10 1142 1632 3-Nonen-1-ol 3-Lh-1-B% CoH ;50 142.14 - 123.99+16.96 176.70+27.09 223.35+43.98 321.17+28.14
11 1151 1587 2,6-Nonadienal 2,6-F bl CoH,4,0 138.1 372.73+44.91 - - - -
12 1170 1534 (E)-2-Nonenal (B)-2-THmls CoH;60 140.12  3198.58+127.94 - - - -
13 12.00 1662 Ethyl benzoate KPR OB CoH10O, 150.07 3608.44+184.34 2282.99+191.32  1630.09+125.20 935.04+76.43 1082.68+143.72
14 12,06 1662 1-Nonanol 1-EB% CoH,,0 144.15 - - - 184.54+38.16 252.294+41.60
15 1218 1593 Terpinen-4-ol A i-4-B5 CioH;sO  154.14 467.08+£28.68 540.46+121.62 233.53+34.12 - -
16 1226 1757 Naphthalene F-3 CioHs 128.06 807.03£32.28 676.58+94.06 - - -
17 1236 1685 Diethyl succinate T B CTEs CgHi4O4  174.09  1329.64+153.18 1637.48+265.50  1322.66+190.64 2155.83+122.86 2149.02+146.96
18 1241 2064 Octanoic acid F CgHiO, 14412 495.58+159.82  5803.08+232.12  4387.49+375.49 9059.02+488.32 8749.6+436.89
19 1279 1436 Ethyl caprylate F R TES CioHyO, 172,15 1556.29+162.25 1997.08+279.88  8822.58+503.52 4487.05+282.19 8868.67+354.75
20 1299 1502 Decanal BB CioHO  156.15 653.47+76.14 684.01+47.36 234.94+39.76 306.46+48.52 345.99+29.13
21 1318 1790 3,4-Dimethylbenzaldehyde 34-=F AR FES CoH;,0 134.07 - 844.5+£33.78 210.01+40.48 300.22+28.12 159.91+39.64
22 1319 1703 2,4-Nonadienal 2 4-F ik CoH,4,0 138.1 1243.09+189.72 - - - -
23 13.64 1769 Citronellol HHBE CioHO  156.15 - - 99.84+13.69 125.01£15.04 150.88+26.03
24 1422 1452 Isopentyl hexanoate [ i} CiH»0, 186.16 - - - - 114.14+26.47
25 1438 1820 2-Phenylethyl acetate LER-2- R LB CioH;pO,  164.08 - 1578.47+137.14 570.7+£28.22 1381.48+192.25 853.26+34.06
26 14.83 1762 Decanol REZ CioHpO  158.17 - 191.24+17.64 - 214.68+38.75 255.98+29.23
27 1518 1569 Dihydroedulan I SRR EATT Ci3HpO  194.17 75.82+6.03 191.68+7.66 61.19+£12.27 60.99+7.43 59.54+6.61
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28 15.26 1862 2-Methyl-naphthalene 2-FHE CiHy 142.08 349.11+44.96 285.21421.41 151.69+26.67 146.3+£19.52 113.83+22.45
29 1547 1529 Ethyl nonanoate B LBg CiiHpO, 186.16 - 81.49+13.26 337.714+43.51 87.53+12.03 243.41+19.65
30 1555 1300 Tridecane + =% Ci3Hy 18422  184.52+17.38 118.08+24.72 - - -
31 1596 1790 2,4-Decadienal 2,4-% Wl CioH;gO 15212 150.56+26.02 - - - -
32 1681 1895 Ethyl phenylpropionate KA LB CiHi40, 1781 85.53+21.42 45.18+7.81 104.96+19.84 117.35+24.69 199.62+18.78
33 17.04 2178 Eugenol TAHE CioH;p0,  164.08 46.74+9.87 100.65+14.03 234.18+17.36 472.63+28.90 589.06+42.56
34 17.15 2032 2(3H)-Furanone,dihydro-5-pentyl- 2(3H)-"k"ff, —£-5-%3- CoH;0, 156.12  239.95+29.60 560.44+42.76  1785.17+168.40 1147.97+88.95 1015.24496.06
35 1744 2284 Decanoic acid RBR CioHxO, 17215  540374£71.61  2085.87+183.44  1289.05+165.51 4834.13+265.93 5284.84+171.39
36 17.72 1834 B-Damascenone B-K &R Ci3HisO  190.14 99.57+13.98 196.05+17.84 97.57+£28.90 187.78+11.57 175.91+16.40
37 1781 1609 Hexyl Caproate TER T CipHyO,  200.18  246.25+£31.85 326.06+45.04 519.51+48.78 475.14+19.56 463.13+22.18
38 1784 1692 Ethyl 9-decenoate 9- R M BR LB CipHpO, 198.16 - - 519.71£78.84 463.16+26.18 472.05+18.82
39 18.06 1632 Ethyl caprate RER T CipHxO,  200.18  766.25+103.65 1023.91+£140.96  7313.48+492.54 8133.96+358.36  17410.13+696.41
40 1814 1400 Tetradecane +wk Cy4Hso 19824 310.46+42.42 261.42+20.46 157.61+£30.44 206.76+17.04 179.39+43.56
41 1822 1579 Longifolene Kot b CisHyy  204.19  141.91+£25.68 154.64+16.18 125.93+£27.30 - -
42 1836 1716 Dodecanal + o CppH,O  184.18 93.87+21.75 105.12+14.20 105.43+17.21 158.43+23.72 110.04+16.04
43 1890 1901 Ethyl-3-methyl butyl succinate TR CA3-F A THES CiHyO, 216.14 78.55+16.14 117.46+19.68 159.67+26.38 180.554+22.72 151.61+14.60
44 1930 1656 Caprylic-3-methylbutyl ester FER-3-F AT Ci3HyO, 214.19 - - 172.33£32.89 224.35+27.89 388.83+32.65
45 1945 1845 Geranylacetone Aot A AR CisHpO 19417 192.85+16.71 192.15+29.68 98.68+£17.94 227.99+11.96 167.49+16.96
46 1975 2012 Ethyl cinnamate M AEER LB CyH;pO,  176.08  446.34+51.85 440.01+27.60 315.4+61.12 365.05+46.02 292.66+11.76
47 1994 1909 Butylated hydroxytoluene THEAT R CisHyO  220.18 - 327.56+24.10 65.81£16.63 130.374+21.48 -
48 2040 1725 propyl decanoate KB A B CisHyO, 214.19 - - - 123.9+£14.96 99.49+19.83
49  20.60 1500 Pentadecane + A% CisHsp, 21225 203.5+28.14 126.19+15.05 111.13424.45 146.97+18.78 119.85+£24.79
50 2095 2323 2,4-Di-tert-butylphenol 2,4- =T A KB CisHpO  206.17 720.7+42.83 666.72+36.67 523.6+24.90 595.1+28.04 570.32+18.12
51 2170 1750 Isobutyl decanoate KBRS+ T B CisHy0, 22821 - - 98.28+12.93 78.02+12.08 160.28+24.16
52 2216 2502 Dodecanoic acid + =8 CipH 0, 200.18 - 180.56+25.22 117.02+28.68 295.3+11.81 353.81+14.24
53 2284 1845 Ethyl dodecanoate + R T CisHy0, 22821 158.65+21.35 563.21+43.53 6278.6+£614.41 10541.294395.42  15677.51+427.10
54 2294 1600 Hexadecane ookt CieHss 22627  189.58+13.58. 159.53+28.38 190.7+38.67 293.334+22.37 228.22+12.88
55 2396 1867 Pentadecang} +ABR-3-F AT B CisH300, 24223 - - 155.65+£27.26 325.25+30.11 600.5+42.02
acid-3-methyl-butyl ester
56 2403 1855 2-Methyl-n-butyl decanoate RBR-2-F A T Bs CisHy0, 24223 - - 149.93+37.95 173.38+35.26 193.71424.77

TR



1€

=
#ER
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58 26.14 1964
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64 31.15 2258
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Ethyl tridecanoate
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Ethyl tetradecanoate
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Ethyl pentadecanoate
Dibutyl phthalate
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Ethyl Oleate
Ethyl octadecanoate
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CaoH360,
CaoH3:0,
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24223
256.24
256.24
270.26
270.26
278.15
282.26
284.27
308.27
310.29
3123

125.24+17.59
508.61+50.34

274.94+37.99
91.87+15.67

- 88.3+13.53

742.11+£49.68 7538.33+401.53

- 32.13+12.52

- 157.39+£29.56
693.49+37.74 55.18+10.72
123.02+24.92 805.66+64.22

1652.06+£124.08  13066.77+687.22

746.6+:46.86 7877.96+481.15
282.68+31.31 2870.91£364.84
- 176.38+32.50

115.73+£22.96
69.68+19.32
7210.32+312.88
229.5+29.18
333.17+23.32
193.48+39.27
525.88+85.21
10680.3+451.42
2826.52+113.06
1129.814£92.45
209.7+28.82

104.96+19.84
53.53+12.14
11423.71+456.94
254.11+16.44
312.8+12.52
310.13+£25.40
512.89+120.51
15353.14+514.13
3110.02+202.18
1294.02+106.87
178.82+32.81
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fermentation
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