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Effects of Different Base Wine Volumes on Volatile Compound Profile of Distilled Merlot Wine Analyzed by Headspace
Solid-Phase Microextraction Combined with Gas Chromatography-Mass Spectrometry
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Abstract: The effects of different base wine volumes (150, 200, and 250 L) during the distillation process on the volatile
compounds of distilled wine made from Merlot grapes from the Jiaodong Peninsula were investigated in order to optimize
the distillation conditions of distilled Merlot wine. In this study, headspace solid-phase microextraction combined with gas
chromatography-mass spectrometry (HS-SPME-GC-MS) was used to qualitatively and quantitatively analyze the volatile
compounds of the intermediate distillates from different volumes of base wine. In addition, statistical analysis of the volatile
composition data was performed by principal component analysis (PCA) and orthogonal partial least squares discriminant
analysis (OPLS-DA). In total, 67, 67, and 64 aroma compounds were detected in the distillate samples from 150, 200,
and 250 L of base wine, respectively. In each sample, 37 esters were found. Ester content was significantly higher in the
distillate from 150 L than 200 and 250 L from base wine. PCA and OPLS-DA results consistently showed that 13, 1, and 1 aroma
substances had positive effects on distilled samples from 150, 200, and 250 L of base wine, respectively. This study will lay the
foundation for the production of high-quality distilled wine and thereby contribute to the development of the wine industry.
Keywords: base wine volumes; volatile compounds; distilled wine; headspace solid-phase microextraction combined with
gas chromatography-mass spectrometry; principal component analysis; orthogonal partial least squares-discriminant analysis
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BUREE NARIE, TRA), 1.0 pLELEEERE, BERE IR
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10 uL 4-F3E-2- /R B (i EiRE1.020 0 ¢/L) 3 A kxR,
RSO T, N B S EFE AR AL, $RIE AL N
450 r/min, 50 ‘CF{10 min, @#idFR#RdENZERGL, 2
30 min, i ANGC-MSHEFE RN 10 min, #47GC-MS
IIHT e BEAEERNS AFAT R . GCHMF: M,
SYEERE (5:1) , BEREOEE250 C, HECRARE
POt REHIR4S C, fRFFS5 min, B3 C/minTt &
130 C, #%Ja, LS C/minftiE %230 'C, {#§F5 min,
fEFE R, WE ] mL/mine MSZ&AF: ilk-Fik i iR
250 'C, B 7IRE)E200 C, HEER R TR EE
(electron ionization, EI) , ZHLGHEET0 eV, i
X, FEFGEEmz 30~500.
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Table 1  Standard curves for volatile compounds determined by HS-SPME-GC-MS
L iked HERMAEY LR AL R EMEVU ) (mg/L)
A5 IR I 4-F L2 y=7.085 5x+0.040 1 0.999 1 0.054 5~3.633 3
B3 3-FE-1-T R A-HIJE-2- TR »=0.369 6x+0.001 7 0.999 7 0.052~10.4
A6 LR 2B O T e »=0.136 1x+0.031 6 0.999 4 0.048 5~9.7
All FR 7. Cg T g y=0.355 7x+0.076 6 0.998 8 0.05~5
Al6 B4R 2.1 R TR y=0.291 8x+0.549 2 0.997 6 0.5~10
A33 TR O T B »=0.348 2x+0.023 5 0.999 8 0.05~3.3333
B9 K 2-F g »=0.032 6x—0.030 1 0.998 4 0.375~7.5
A36 +IURR 2. B R TR y=0.187 9x+0.012 2 0.999 8 0.027~2.7
A38 RIS S R TR y=0.166x+0.022 3 0.999 9 0.033 5~3.35
A37 /N8 B 2-3F [ y=0.613 9x+0.265 3 0.997 4 0.023~2.3
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Y FEVEAR I

AW HEER T AWM T 24150, 200 LFI250 L 3 A4
BEWRIAFRE, BNMEEXRMFTHEI -5 G i
M, SRR, Fra SRS R R A
(177.354049) ~ (198.06+1.16) mg/Lx [a], WAL T EHix
MER200 gL (WUTKZEED Y, FFEEZbRMEER,
23 IR R Y B 4 R M O b

NRIE 5 AN 7] 5 VPG 25 8 0T 7 TR R B R M R T
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e B Z8 TR Y B 1R 4 R VR 0T 3k AT 8 PR E = AT
B 2T R, 3 ol 5 7 2 A B 45 R M T 3R A I
74 Fho LR EON150 LI & LA H 67 F, &
JRERRE (127 042.1245595.27) pg/L. Hur, #E%
37 B, EEE8 R, EEEAK4 Rh, BRI B, WEMGES
C-ME R I 2Ks P, damedsd Pp, ZEZEMATE
Yra F, HARZE3 Py B R E200 LI I £ JLAG I H
67 Fh, MFIEIWE (117 371.704+2904.73) ng/L, H
HHERR3T B, EESR10 B, EEERR3 R, ERR2 B, B
KEC P LIRS M, 43 M, ZEREFMTAE
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Table2  Concentrations and RI of volatile compounds in distilled wine samples

R (pg/L)

o s
i YE R W RI 0L S00L 501

Al LRI 899 5504.32+82.70 3515.984+273.07 5467.30+275.49
A2 ST 1043 355.78 £22.20 273.84+21.26 356.59+37.28
A3 %R B 1072 447.61+17.36 374.48+5.95 456.314+14.99
A4 2-HEET R 1 1120 209.32+13.19 158.73+16.19 266.34+86.58
A5 LRSI 1127 134.06+4.68 98.80+4.46 134.53+£5.93
A6 WAy 1238 1795.38498.72 1091.99410.02 1 486.97+49.96
A7 TR 1269 49.78+1.04 26.58+4.78 48.124+7.02
A8 R B 1322 81.83+11.59 65.234+13.35 83.63410.37
A9 BRIR 2.1 1337 57.1146.73 38.41+3.28 54.40+4.50
A10 FIR TS 1393 152.96+7.52 103.56+9.01 nd

All ¥R ZBE 1443 5312.69+245.49 3644.13+59.46 4378.73+81.95
Al2 R 5 IRl 1 462 979.54428.90 667.59+38.31 957.48+27.80
Al3 VR TR 1523 562.65+45.70 332.16429.47 412.561+49.99
Al4 T 2.1 1540 519.64+16.17 352.05+13.77 387.81+8.22
Al5 FRRT T 1555 204.31+6.11 14526+ 14.62 191.05+7.41
Al6 B4R T 1650 7 626.28+426.77 4525.684+175.19 5500.29+48.40
Al7 FEIR 5 1 664 2522.52+167.32 1 884.62+19.28 2320.63+69.12
Al8 TR0 1684 345.984115.62 276.4442.66 247.73+6.94
Al9 9-Z2IIR L 16 1696 912.14+395.94 5110.65+189.97 6806.61+137.66
A20 ZETR T 1728 603.184+173.79 533.47432.21 435.96455.25
A21 5 Tl 1760 258.824+133.19 nd 187.58+36.94
A22 LR CIH 1276 nd 35.55+2.17 29.01+5.06
A23 2-CUEIR LB 1350 543.82418.64 342.06422.68 504.31410.02
A24 FIRA 2399 76.95+24.39 51.07+3.69 36.21+11.24
A25 +)\& . I 2463 nd 104.46+3.05 83.43+20.94
A26 TR 2.1 2486 494.474182.32 681.914+10.89 520.76+85.52
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k2
o R JREIE (ug/L)

WS BRI RI 150 L 200 L 250 L
A27 PR £, B 2535 647.194252.15 858.66+41.42 619.46+129.46
A28 W HRIR .8 2605 141.49+65.57 128.56+94.78 121.71+18.84
A29 RN YA 2156 170.514+30.48 145.9449.74 137.384+17.63
A30 7K1 R 1786 232.724179.98 318.90+135.68 198.33 +60.49
A31 TR LT 1795 125.25+92.31 154.4346.55 68.27+4.36
A32 a5 Y 1826 579.16470.07 530.47+38.98 509.20424.39
A33 + g 21 1 850 1370.65+128.02 769.68+12.16 1037.70450.11
A34 BRI 5 G 1 866 1 074.75+103.06 1097.08+113.46 852.48 +67.52
A35 YRR OS] 1932 29.22+13.38 nd nd
A36 + VYRR 2. 2053 269.65+41.49 218.44+2.34 235.97+16.82
A37 1N 2259 877.99+156.79 945.65+112.87 1 049.25+45.16
A38 RIS S e 2282 156.89466.13 95.6249.93 204.364+62.97
A39 Q- NI R 2.1 2286 3972.06+338.39 3942.81+91.13 3 818.08+182.50
A 2B 47 608.96+2 714.04 33 640.96+677.75 40 205.53+291.52
Bl ST 1094 178.30+84.40 1907.13471.86 2216.78+£393.81
B2 T 1145 nd 56.41+9.50 55.29+5.39
B3 3-HE-1-T 1210 62019.544+2101.26 65 866.8211 808.78 69 762.38 13 346.45
B4 E Sl 1 560 263.431+6.38 285.731+6.36 269.25412.70
B5 1E 24 1767 767.26+151.27 855.924+44.18 758.48+43.41
B6 4-FBE 1R 1316 nd 56.83+£5.79 56.98+1.94
B7 3-H - 1 - 1329 190.58+10.01 211.7440.76 202.35+7.53
B8 ECEE 1355 2 976.48+99.40 3256.52+41.81 3243.10+£26.08
B9 K OBE 1923 2346.55+71.28 2179.66+241.80 2577.34+104.28
B10 1-|-Pu s 2176 247.01450.04 233.01440.95 212.48422.46
B FE 70 593.84+2 531.84 74909.784+2 111.17 79 354.4343 842.86
Cl1 2-PEfi 1185 nd 16.41+1.14 23.04+4.80
2 2-F 1392 69.00+2.26 nd 58.10+1.77
3 2- = 1813 69.76+5.19 nd nd

C4 TRE 1397 116.61+2.15 143.76+4.44 nd

C5 &g 1502 nd 135.89415.92 nd

Cc6 2,4- LR R 1822 280.344-26.17 nd nd

C [T 535.71+26.74 296.06+11.15 81.13+5.95
DI O 1855 566.834+63.22 629.224172.30 508.07+31.66
D2 P 2282 877.90+110.18 1014.11+£199.08 1401.84+140.99
D FAlIES 1 444.73+134.89 1 643.33+229.48 1909.91+160.76
El K 2 1530 nd nd 1201.534+40.24
E2 5 A 1551 70.06+4.81 76.67+6.86 75.234+3.90
E3 A EE 1771 412.584+116.85 500.91+61.42 368.85+31.55
E4 B- R 1829 578.32+73.48 709.40+47.81 582.23+18.54
E5 S AL AU 2046 1 149.65+188.46 776.94+172.54 564.33+46.39
E6 G I 2364 46.05+12.86 29.62+1.08 30.124£10.99
E RS C - P I M2 2822.29447.12 2093.534-240.45 2822.29486.21
Fl 1-ZEE B 1040 2096.84+87.42 1739.62+75.53 2101.844199.24
F2 ST 23 Y51 1055 74.13+£6.56 nd nd

F3 1-(1- 25 HE 25 E)-3- - T e 1111 108.65+5.07 105.08+5.18 122.46+15.90
F4 1L,1,3-= 28 5% 1308 129.524+35.89 125.10+19.58 24.28+1.55

F GEEER 2409.144125.69 1969.80465.77 2248.58+209.30
Gl 2% 1751 309.31419.69 372.59427.89 nd

G2 123 4-DU%-1,1,6-=HFE-1-25 1558 100.06£8.07 91.23+11.63 118.66+9.09
G3 1,2-750-1,1,6- = F 2% 1754 1163.55+136.81 1519.44464.54 1779.68+113.17
G4 - 328 1863 169.44+10.07 379.534+114.63 nd

G ERERTED 1742.35+£151.99 2362.78+£74.82 1.898.34+119.57
H1 2,3- AL AW 2273 175.95+30.04 181.83+£30.05 134.40+9.64
H2 2,4- T R 2322 136.67+21.41 132.87423.83 29.32+5.68
H3 I J2 2Tk 1514 139.10410.38 140.76412.40 nd

H Hith 451.724+58.72 455.46+25.33 163.724+39.82

SRR A 127 042.1245 595.27 117 371.70+£2 904.73 128 683.95+3 599.54

T nd RAT Y PR3 REESRHTFEE, 4R DrEsEoR,
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64 M, BFREWEE (128 683.95+3 599.54) pg/L, H
HHEEIE3T P, EEIS10 B, REEEZR2 AR, BRR2 Fh, 0
ARG C-BE R 26 B, ZRIEIR3 B, ZEKZEM
FTA2 P, HABZE2 Fho AN () 560G 26 5 75 TRV VY £
VERMEDR &R EER,

Fis KW 2 R A SR R B R, £
B IE I R T R 2 TR O R v I S AN LR TR A A FH A B
KA RN EMENEEFMRE. SGRER, EN
BB N150, 200 LAN250 LA 2845 1 & g 2R i 1)
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Fig.1  Contents (a) and OAYV (b) of medium-chain fatty acid ethyl

esters in distilled wine samples
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