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Changes in Volatile Compounds in Satsuma Mandarin Wine with Different Fermentation Periods
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Abstract: In this study, Satsuma mandarin juices with and without pomace were used to ferment wine after being
inoculated with active dry wine yeast. The volatile flavor compounds of orange wines fermented for 7, 14, 21, 28, and
35 d were analyzed by solid phase microextraction and gas chromatography-mass spectrometry (SPME-GC-MS). Gas
chromatography-mass spectrometry-olfactometry (GC-MS-O) was used to describe the odor properties and determine their
intensities. The results showed that 78 and 76 volatile compounds were detected in the juice wines with and without pomace,
including hydrocarbons, alcohols, aldehydes, ketones, esters, and acids. Among them, esters were the most important flavor
compounds, accounting for more than 60% of the total volatile compounds, followed by alcohols. Octanoic acid ethyl ester,
ethyl decanoate, and caproicacidethylester were the main ester compounds while phenylethyl alcohol and 1-amyl alcohol
were the main alcohols with contents of 10.72, 59.58 pg/L and 8.75, 83.17 pg/L in the 35-d fermented juices with and
without pomace. The results of GC-MS-O indicated that the presence of pomace had a significant impact on the volatile
flavor compounds of wine. Seven characteristic flavor substances were found in the wine without pomace: isopentyl formate,
ethyl caproate, D-limonene, phenylacetaldehyde, ethyl caprylate, ethyl decanoate and phenethyl alcohol, and ethyl caproate,
phenylacetaldehyde, phenethyl alcohol, ethyl caprylate, and ethyl decanoate were the characteristic flavor compounds in the
wine with pomace, accounting for more than 68.04% and 48.10%, respectively. Slight difference existed.
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Fig.1  Changes in the numbers of volatile compounds belonging to
different chemical classes during different fermentation periods
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Table3  Contents of volatile compounds during different fermentation periods
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e R
1% Ok 2.11 2.17 0 0 0 BZNERH 620  3.85 150 033 0.02
2% N 0.3 0.8 0.67 0.55 0.17 KN 0.43 1.28 1.66  0.68  0.07
3% (+) -Frigss 0.94 3.58 14.96 6.03 0.58 (+) ¥ 1.87 796 1143 2020 0
4% XU 0.48 0.22 0.21 0.16 0 XU S 0.08 0 1.85 0.51  0.13
5 1-1% 5% 5449  12.81 2.55 0 0 3-2.HE-3- AL P 0.15 0 0 0 0
6 14-1% 0% 0 0.44 0.27 0.15 0 FHEHEI A b 1.66  0.74 0 0 0
7 1,2- LTI 0 0 0 0.09 0.35 1 0 0.21 0.08 0 0
8 JRIEHEI P ot 0 0 0.06 0.17 0 1 LRI 0 0.03 0.21 0.16 022
9 LSRRI 0.77 0.99 0.11 0.07 0 K- f 0 0 0.16  0.61 0
e [icE
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2% 3-SR LR 0.11 0 0 0 0 3-SR TR 0.08  0.19 0 0 0
3% () -2,3-ffin 0.41 0.32 0.16 0 0 (+) -2,3-ffx 0.21 0.39 0 0 0
4% 2-CL K- 1-58 0.74 0.38 0 0 0 2- - 1- 24 i 0 0.05 021 0.39 0
5% 1-7 0.26 75.33 302.66  66.38  59.58 - A% 206 2215 4227 7185 83.17
6* HHE 38.03  55.62 14136 778 10.72 L 3691 49.87 23.68 1922 875
7% 2-7.F O 0 0 0.56 0.15 0.09 2-7.F W 0 0 0.14 039 122
8 1E ¥ HE 0.45 2.38 1.33 0.33 0.52 1,2-3 A -3- U 0.04 0 0 0 0
9 2- )R 0.21 0.08 0 0 0 1-3 i 0 0.19 025 0 0
10 2,3-T il 0.37 0.15 0 0 0 2R 0 0 0 6.44 15.10
11 1-F s 0 3.49 0.51 0 0 + 0.08 033 0.5 0 0
12 1,4- T —HiEE 0 0 0 0.11 0.16 I R 0 0 0.17 0.12 0
13 b T 0 0.05 0 0 0
23 [
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3% 4-FRFE TS 0 0 0.21 0.68 0.90 4-TRFET 0 0.17 1.02 1.15  0.62
4% J-2-2F J 0.06 0.10 0.07 0 0 J-2-3F ) 0.11 0 0 0 0
5 St g 0.09 0.05 0 0 0 7 FE 030  0.16 0 0.08 0.14
6 TR 0 0 0.15 0.41 0.66
[iEES LEES
1* LR 1.09 2.19 3.55 4.67 3.15 LR T 0.28 0.74 0.97 1.87  2.59
2% FAR-2-7K T 0 0 0.37 0.23 0.06 FFIR-2-2K .15 0 0 0.18 039  0.12
3% 2K I H =R R 0 0 0 0.05 0.08 2R W H R 0 0 0.05 047 0.1
4% LR 5 IR 5.84 3.89 0.18 0.42 0.75 LRI 3.47 1.37 0.75 1.05 047
5% + ZPR-F S 2 R 0.05 0.17 0 0 0 + R-F L 2 S R 0.07 021 0.18 0 0
6* 2K HR 21 0 0 0 0.08 0.09 R 2B 0.55 284 247 127 1.20
7% 3-FNER 2Bk 0.50 1.62 1.32 0.35 0.47 3-FKNER 2T 0.22 0.94 0.51 048 036
8* 9-F /BRI IR LB 0 3.55 0.76 0 0 9-T/NERIFIR LT 0 312 035 0 0.22
9% 9-FEIFHIR LTk 2132 4219 11.91 4.15 2.41 9-FEIFHIR LI 5.21 393 0.62 0 0.89
10% TR 0.19 0 0.13 0.11 0.09 SO 2 0 0 1.35 0.14 033
1% FRER 2.1 2.92 4.14 15.89 1.05 0.90 PR 16 1.61 1.46 1.33 097  0.87
12% T 2. 1.17 5.17 2.16 2.18 3.84 T/ 2. 073 242 272 113 1.07
13% ¥R 4190  238.50 66.43 25.54 25.75 FIR 0K 2683 5536 3881 21.07 21.56
14%* ¥R S 0.99 1.94 0.56 0 0 VTR I 0 144 075 0.38 0
15% LT S 1R e 1.13 1.63 0.77 0.13 1.08 4R S I R 0.14 048 035 022 041
16% VI Sor B 0.30 0.77 0 0 0 VRSN 048  0.76 0 0 0
17% FIR3-FHE T R 0 0 0 0.19 0.12 SERR3-H AR TS 0 0 0.45 0.17 021
18% IECUR 2B 18.78  16.54 4.46 3.05 5.48 ECRR 752 385 241 3.69 333
19% DU 2B 0 0.43 0.66 0.86 1.35 DU R 2. B 0 0 022 059 038
20% TR 1 0.29 231 1.22 0 0 RWAY T 0.15 1.20 0.86 0 0
21% FHEFR 2. 6.96 19.45 9.51 4.98 0.65 AR 2. 480 2462 2628 741 549
22% 2o kRS 0.03 0.11 0.34 0 0 T FERR TG 0.11 0.25 0 0 0
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RS 7 14 21 28 35 ) 7 14 21 28 35
23% RIR T 97.94  387.42 93.56 44.56 29.80 RIR T 1921 9220 6771 24.19 31.58
24 RS 7 LR B 0 15.37 34.56 55.63 90.06 6,6,6- =5 C.FR 2.1 0 0 0 020 032
25 ORI 0.27 0.05 0 0 0 SRR 0 0 0 0.08 0 0.04
26 TELERR 2.1 0.38 0 0 0 2. FR6-2. 3L Pk 0 0 0 0.06  0.09
27 S CUE 2.1 0 0 0.32 0.55 0.62 2 T HER LT e 0.05  0.16 0 0 0
28 R 0 1.51 0 0 0 PEIR2- 23 i 0 0 0 1643 43.01
29 ZERIE T B 0.44 0 0 0 0 8- T Mtk .1 0 0.15 0 0 0
30 & N I 0.09 0 0 0 0 9-5A MR- R LB 0.18 039 0 0 0
31 K5 Tl 0.19 0.50 0.31 0 0 (Z2) -4-Z&)7 .16 0 0 0.03 022 0.09
32 ORI R 2B 0.16 0 0 0 0 JR-4-ZEIHTR LT 0 0 0.21 0.36 0
33 N-FIE SRR 2.1 0 0 0 0.11 0.27 1B R 1E %3 1 0.03 0.12 0 0 0
34 12-H FERR 216 0 0 0.19 0 0 R 2l 0 0 0.16  0.08  0.09
35 T (2-238) CfE 0 0 0 0.06 0 +—MR I 0.73 0.47 0.46 0 0
36 2-ZRBEEPIIIR T IR 0 0 0 0.14 0.28 +PURR 2.1 0 0 0.56 0 0
37 HEIEZER-2-T = 0 0 0 0.02 0.08 ERAFTR 2.1 0 0 0.12 031 0.09
39 TR H J-2- 25 2. 0 0.15 0 0 0

[ZES P&
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2% FE 0.08 7.39 0.19 0 0 a7 0.08 135 044 0 0
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4% 2-F IR 0 0 0.05 0.26 0 2GR R 0.05 0.33 0 0 0
5% 2-FHH LR 0 0.02 0.16 0 0 2-FIERK LR 0 0.04 032 0 0
6 2-ZHE ISR 1.79 6.75 0 0 0 E24HR 1.10 0 0 0 0
7 -5 E-4-FER R 0.12 0 0 0 0
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3 2-T:fif 0.57 0.98 0.15 0 0 A2 0 0.11 0.06 0 0
4 PP T 0.54 1.48 0.59 0.31 0.21 4-$72FE-1- i 0 0 0 032 0.62

By I 5E P ) 0 0 0 0.06  0.08

T AL 1S ZH2 T SR ) A UK A0 5
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