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Analysis of volatile substances in Marselan wines from the eastern foot of
Helan Mountain during different aging periods
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ABSTRACT: Objective To explore the differences in volatile aromatic substances of Marselan wine from the eastern

foot of Helan Mountain production area during the aging periods of 0, 3 and 6 months. Methods Comprehensive
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two-dimensional gas chromatography-time of flight mass spectrometer (GCxGC-TOF MS) was used to detect the
volatile aromatic substances in the wine. Key differential volatile substances were screened according to the
variable importance in projection (VIP) value and orthogonal partial least squares-discriminant analysis
(OPLS-DA). Results The types of volatile aromatic substances during the wine aging period mainly included
alcohols, esters, acids, phenols, efc. A total of 1286 kinds of substances were detected in the 3 aging periods. The
relatively high contents of volatile aromatic substances were alcohols, esters and hydrocarbons. With the increase of the
aging period, the content of esters increased from 16.9% to 27.9%, and the content of hydrocarbons increased from 13.6% to
21.5%, both showing a significant upward trend. However, the content of alcohols decreased from 53.8% to 30.3%, showing
a downward trend. Taking VIP=1.22 and P<0.01 as the indicators, a total of 21 kinds of volatile aromatic substances with
important  contributions to the wine in different aging periods were determined, which were
2,6,6-trimethylcyclohexadiene-1-methanol, 2-propyl-1-heptanol, heptanal, 4-tert-butylbenzyl alcohol, (S)-1-phenylethanol,
diethyl methylsuccinate, isoamyl propionate, acetal, methoxyacetaldehyde, 3-chloro-1-butene, 1,8-cyclopentadeca-
1,3-diyne, f-ionone, linalool, linalyl formate, 2-furanmethanol, rose oxide, hexahydro-1,3,5-trinitro-1,3,5-triazine, 4-ethyl-5-
hydroxy-3,5-dimethylfuran-2(5SH)-one, 2(5H)-furanone,4,5,5-trimethyl-3-(3-methyl-2-methylidenebutyl), N-methylhexylamine,

and dimethyl disulfide. Conclusion This study, by analyzing the volatile aromatic substances in Marselan wine during

different aging periods, provides a theoretical basis for the control of the flavor quality during the wineaging period.
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Table 1 Basic physical and chemical indicators of wine before aging

BE/(g/L)  RR/(g/L) WAEE/%vol TR HHI/(g/L) M /(mg/L) i /(mg/L) REN:S 3]
2.6 4.6 13.7 253 862 1230 7.3 0.80
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Fig.1 Three-dimensional total ion current plots for Marselan wine
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Fig.2 Content of volatile compounds in Marselan wine
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Table 2 OPLS-DA model validation parameters

XJHeEH pre RXlcum  R*Y/cum  Q%cum
MSLO vs MSL3
vs MSL6 1+1+o 0.351 0.992 0.594
MSLO vs MSL6 1+1+o 0.544 0.999 0.771
MSL3 vs MSL6 1+1+o 0.56 0.999 0.766
MSLO vs MSL3 1+1+o 0.543 0.998 0.629
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Table 3 Wine differentiation substances

e e TR CAS —EREANE]s  C4EREANEs  SEHE PAE -loglo (P ) VIP
FLER[3.1.0]-3-J-2- 5 28 97631-68-0 2185.88 127 0.03 1.52 1.19
2,6,6- =LA -2 Jd-1-H i i 6627-74-3 1525.92 1.55 0.01 221 1.92
IR XS 2516-33-8 543.32 1.44 0.02 175 1.52

2- TR (RS 6032-29-7 693.98 1.44 0.03 1.60 1.23
2-PSk-1-PEE [ 10042-59-8 1465.93 1.61 0.01 221 1.53
(R)~(-)-2- 1 [EES 31087-44-2 694.98 1.44 0.03 1.58 1.36
b [ 112-54-9 1525.48 2.02 0.01 1.99 1.14

B [ 111-71-7 809.97 1.80 0.01 2.01 1.48

3-(F R 5L P (=3 3268-49-3 1205.95 1.39 0.03 1.46 1.49
XIR[4.2.0]5F-1,3,5- =4 KRS 694-87-1 921.96 1.64 0.02 1.66 1.29
KM KAL) 100-42-5 921.96 1.64 0.02 1.66 1.18

R -2-HHE TR KRB 7476-91-7 1721.91 1.65 0.03 1.46 145
S KIARA DY) 71-43-2 422.00 1.64 0.02 1.72 1.46

4T HoR H KIAULAEDY) 877-65-6 1699.52 1.54 0.01 2.06 1.29
2-FR -1 H IR N e KARUEAEY)  29817-09-2 2011.23 121 0.02 1.76 1.09
2,6-HIFLZE KAL) 581-42-0 1854.34 1.55 0.03 1.54 1.06
1,2,4,5-P0 H 3L RIATUA ) 95-93-2 1169.95 1.90 0.01 1.93 1.34
(S)-1-FE L KIS D) 1445-91-6 1638.92 131 0.01 226 1.23

S T HRRT FRIR S ATA W) 97-72-3 1217.95 2.06 0.02 1.62 1.45

iR FRIR S AT A=) 64-19-7 1193.95 1.18 0.03 1.47 1.28

TR FRIR B ATA ) 106-31-0 1842.70 1.75 0.03 1.49 1.03
TR EBS 123-29-5 1307.72 2.15 0.02 1.81 1.63

A5 — i — H g [ 131-11-3 2081.89 1.31 0.03 1.56 1.03
FH LBE IR — LR e 4676-51-1 1442.43 1.60 0.01 225 1.35
BRI s B 105-68-0 817.97 2.05 0.01 221 157
LRI iz 932-92-3 1113.95 248 0.04 143 1.09
s fikk 105-57-7 354.00 2.02 0.00 230 2.05
K= 3 fik s 10312-83-1 418.00 133 0.00 237 1.35
2-HEIE I fi 109-85-3 493.99 1.42 0.03 1.47 125

—4 bR PIHHESRIAY  10024-97-2 378.00 1.55 0.03 1.58 133
1-J#fs,4-H 5k ek 13151-05-8 1949.90 1.64 0.02 1.80 1.55
3-E-1- T J& 21020-24-6 839.97 1.42 0.00 233 1.48
1,8-FRIF%% — J& 4722-42-3 1736.58 1.59 0.01 2.04 127
BANTAE s Jak 6746-94-7 2222.32 1.34 0.01 1.91 1.74
3,6,6-— F 22 3R 2 451 -l ik 23438-77-9 1205.95 1.72 0.01 2.04 1.17
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1-FRPS TN -1 FiZ 6704-19-4 825.97 1.58 0.02 1.61 1.17
BKITH BEFRAIZEIE ST 555-10-2 845.97 2.44 0.03 1.60 132

6.10 ;:le;— ﬁ %1 i NEERMZENR T 51411-24-6 2049.89 1.50 0.01 2.19 1.14

B2 i SRR 79-77-6 1785.91 1.73 0.01 2.24 1.64

Eha EFRAIEIESS T 503-74-2 1473.93 1.22 0.02 1.62 1.26

Pa NEERENE T 78-70-6 1313.94 1.58 0.00 235 1.34
(Z6E)-IEJEHE MRS T 3790-71-4 2109.89 1.53 0.02 1.63 1.13
2-(4-F L3 FR D B N NERHIZEIESr T 29548-14-9 1423.93 1.74 0.03 1.53 1.25
RS A BERAKESS T 115-99-1 1313.94 1.58 0.00 235 1.37

2-filg Ik Z I ARG FHHLAY 1,38 5390-28-3 1308.94 1.20 0.03 1.60 133
BT AR R 75-91-2 1415.53 147 0.02 1.70 1.11

O-H HLA e 67-62-9 1888.57 1.10 0.03 1.54 1.18

4-F3E-5- 2 I Sk gempy AHZMEEY)  1759-28-0 1293.94 1.50 0.03 1.56 1.97

2-Ink g Y LN 5989-33-3 1189.95 1.71 0.01 2.29 1.54
Bk FHZEMESY)  16409-43-1 1061.95 2.10 0.01 227 1.49
ANE35-CR-135-2E AHIAAMEASY 13980-04-6 455.99 1.47 0.01 2.14 1.55
252 HHZEMESY)  36431-72-8 1281.94 245 0.05 1.30 1.02
DL-7Z 1&g FHZSMESY  79-50-5 1873.90 121 0.04 1.35 1.81
+-LIES SIS S- HUAIMEEY  50461-82-0 1833.91 153 0.01 2.04 131

— -2 (S -
4.5-—5(-5-P 5L 1 H-NHms EHZERMESY 75011-90-4 842.47 1.69 0.01 1.96 1.61

2.2 4 4- 0 B ELPU Sk FHZEMESY)  3358-28-9 1209.44 1.83 0.04 145 1.26

2(5H)-W i, 4,5,5- = H13%-3-

(G2 AL T8 HHMEEY)  89902-33-0 1445.93 1.96 0.00 231 1.24
VAL g HHLERMSY)  865-40-7 1354.94 1.12 0.02 1.65 1.24
N-H3E U AU EFEMAGY)  35161-70-7 479.99 133 0.00 231 1.49
1N E 2 BHLSRMLEY 4025370 49532 1.49 0.02 1.75 1.45

—HIE sk HILGHALSY 624920 628.65 1.63 0.01 2.03 1.77
HR 79-09-4 1307.54 1.20 0.05 133 1.30
PUIEE(10) 18283-93-7 1681.47 1.80 0.03 151 1.49
KR, 2-F EJE 90-05-1 1696.91 1.31 0.02 1.65 1.27
4
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Fig.5 Heat map of 21 kinds of characteristic differentiating substances in wine
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