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Influences of different aging containers on the wine quality analyzed
by electronic nose and HS-SPME-GC-MS
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Abstract: 'Cabernet Sauvignon' dry red wines from the eastern foot of Helan Mountain were used as the mate-
rial, and the effects of aging in stainless steel tanks, micro-oxygenated tanks and oak barrels on the basic physical
and chemical indexes, aroma components and sensory characteristics of dry red wines were studied, with the original
wine as the control. The volatile compounds of dry red wines aged in different containers were analyzed and com-
pared using electronic nose and headspace solid-phase microextraction coupled with gas chromatography-mass spec-
trometry (HS-SPME-GC-MS) techniques. The results showed that there were significant differences (P < 0.05) be-
tween the total sugars, total acids and chromaticity of the wines aged in different containers, and the chromaticity
values of the wines aged in all three containers were increased to different degrees compared to the original wines,
while other basic physicochemical indexes, like alcohol, volatile acids and pH, were not significantly influenced
through it. Both electronic nose and HS-SPME-GC-MS results showed that the volatile components of the original
wine and the dry red wines aged in different containers were different from each other. By HS-SPME-GC-MS, a total
of 66 volatile components were identified in the four dry red wine samples, including esters, alcohols acids, alde-
hydes and ketones, terpenes and other compounds, among them, esters were the most abundant, followed by alcohols.
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Principal component analysis combined with sensory evaluation showed that the three containers aging significantly
enhanced the floral and fruity characteristics of the wines and reduced the fatty taste of the samples compared to the
original wines, and the wines aged in oak barrels and micro-oxygenated tanks were sweet and sour with a smoother

texture. In conclusion, compared to stainless steel tanks, micro-oxygenated tank aging facilitates the maturation of

the wine and plays an important role in the organoleptic enhancement of the wine.

Key words: electronic nose; aging containers; dry red wine; micro-oxygenation; flavor substance
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Table 1  Electronic nose sensor performance
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8 w2S Ttk % T A5
9 W2W FHERSY, MENEAY R
10 W3S e 2R R
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(1) FEMATAEE, FREL 1.5 g NaCl F 20 mL
TS, MNP RE S mL, PRI 10 mL Jii &
W 2.01 g LI 4-F 32 IR I VA E N b
T
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BUSKTE 250 “C224k 10 min. 7E 250 rrmin’. 40 C
THUHS min, TR 30 min JEREEE, SRR
% 240 C, f#W% 10 min.
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0.25 mm, 0.25 um, Agilent), AN/piARHERE, 3
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Table 2 Basic physical and chemical indicators of wine samples

TiH JEI TN TSEHE PR
T (vol %) 13.500.022 13.52+0.01° 13.510.022 13.50+0.03?
S (g LD 3.36£0.02° 3.55+0.032 3.60+0.032 3.18+0.08°
B (gLH) 4.98+0.02 4.96+0.02% 5.01£0.03° 4.95+0.02°
HERE (g LD 0.43+0.022 0.43+0.022 0.45+0.012 0.43+0.02°
pH 3.76+0.04% 3.76+0.01% 3.8420.022 3.75+0.02°
)l 11.55+0.12¢ 11.7940.08¢ 12.89+0.08° 13.08:0.07°
SN 0.81£0.022 0.77+0.02¢ 0.81£0.01° 0.84+0.022

E: FAT ARG FREFROREREE (P<0.05).
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Figure 2 Principal component analysis of electronic nose of
various wine samples
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Table 3 Contents of aroma compounds in wines aged in different containers and their substances with O4V > 0.1
R ‘ ik (ug' L S Eﬂﬁ_/
JR AN [E &N (&t (ng'L'H
IR 6 829.19 +47.44¢ 698.63 £10.09¢ 8 384.9 £62.04° 9565.19 +85.15° 7 500
THR T 863.76+6.32° 1 039.43 +51.05° 791.11 £21.07¢ 711.28 £10.36¢ 400
SRR T 101.73+4.09° 95.72 +3.56¢ 171.16 +2.52 80.66 +1.93¢ 3
YNl 4 164.52+15.44b 2829.7 +138.20¢ 13 354.59 +140.57* 3376.56 £125.57° 30
ECR B 22 189.55+40.04° 20397.59 £168.87¢ 19 86537 £134.00¢ 23 710.69 +243.89° 5
BEIE 2.1 203.62+3.02° 197.46 +2.19¢ 230.89 +1.32% 273.57 £3.66° 400
FLIER 2.5 1561.47+21.84¢ — 2436.56+77.61° 3 787.95+57.71° 14 000
SR 281.43 £4.76° 305.46 +3.63° 355.81+7.36* 191.94 +2.54¢ 500
FR LR 35723.08 +24.05¢  39502.92+153.54 43 138.12 +249.20° 37 022.60 £509.98¢ 2
ZET £ T 8 780.96 £194.35° 5151.78 £16.28° 3702.6 £114.73¢ 2 087.41 +7.84¢ 200
IR B 161.82 +4.68° 105.86 +0.93¢ 656.28 £3.02° 113.57 +5.70° 250
HRERR 2.1 1011.15+8.122 640.78 +4.45° 856.26 £31.89P 526.39 £23.124 1500
S 2652533 +63.160  31244.74+116.62¢ 38369.32 +164.83% 34306.00 £325.51° 30000
IECEE 2 056.65 +11.29° 2041.61 £19.45° 3 143.03 £19.72° 4295.40 £72.93° 8 000
1-FfE 242.71 +£5.87° 231.69 +1.87° 202.76 £3.65° 226.73 £3.28° 600
KB 22100.93 £87.49¢ 22 804.81 +151.94¢ 39 575.34+297.61° 36 114.03 +438.60° 14 000
S 1399.66 +123.45¢ 1 768.47 +54.76 1 600.40 +£25.84V 1516.54 +41% 3 000
R 2 406.52 +27.64° 3 653.69 +34.72¢ 3 630.95 +50.03¢ 1911.09 +49.98° 500
51 469.85 +£9.48 520.63 £27.62% 448.86 +21.12° 503.13 +3.00% 1000
e — — 4023.32 435.29 — 14 100
JiREE — 313.36 £3.61° 393.89+16.03% 337.48 £13.41° 252
2,4 ZRUT HOR R 250.94 +20.00° 209.37 +5.45¢ 403.17 +£6.30° 265.05 £3.60° 200
HER ‘ i} 04V — S
JRA AN [E &N (et
LR 0911 0.093 1.118 1.275 REWR. ek
T2 2.159 2.599 1.978 1.778 FRAK SRR, AR
IR T 33.910 31.907 57.053 26.887 IR ATIER, HAR
LIRS IR 138.817 94323 445.153 112.552 RAEM, WA
IECFR 2 4437910 4079.518 3973.074 4742.138 BRI, GSE R
PR 2 T 0.509 0.494 0.577 0.684 —
AR L. 0.112 0 0.174 0271 FLERWR. TR
FR NS 0.563 0.611 0.712 0.384 ARAR BIFH AR
R g 17861.540 19751450 21 569.060 18 511.300 BEH %H*Eﬁz?i% AT
SR LI 43.905 25.759 18.513 10.437 RAE. Femivk. MRk
LR T 0.647 0.423 2.625 0.454 BOLE. SERR. HE. SHEEE
JHERR 2B 0.674 0.427 0.571 0.351 AR, REE
S 0.884 1.04 1 1.279 1.144 LEEUR, VR, FE
ECEE 0.257 0.255 0.393 0.537 AERR. FHR, Rk, AR
1-TEE 0.405 0.386 0.338 0.378 B, SRR, B, FE
FHE 1.579 1.629 2.827 2.580 Bk, EHBR. fEFR
[ 0.467 0.589 0.533 0.506 AR, B
¥R 4.813 7.307 7.262 3.822 R iR
&R 0.470 0.521 0.449 0.503 AR AR R
e 0 0 0.285 0 FEbE, Ak, BTk
JiRERE 0 12.435 15.631 13.392 . RE. #HE
2,4 ZRUT IR 1.255 1.047 2.016 1.325 Tk

E: FfTARDNG FREFRORERESE (P<0.05) ;

Rrp “7 FORRE W BT 2R it A ARSI 1% AU
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Figure 3 Principal component analysis diagram of different
wine-like volatile substances (OAV > 0.1)
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Figure 4 Wine sensory analysis radar chart
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