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Abstract: This study systematically investigated the color and flavor characteristics of Cabernet Sauvignon dry red wines
from the Hexi Corridor by analyzing their physicochemical properties, colorimetric parameters, phenolic composition,
organic acids, mineral elements, and volatile aroma compounds. Comparative analyses were conducted against wines from
four representative regions—Ningxia (China), Chile, the United States, and Argentina—using correlation and cluster anal-

ysis approaches. The results showed that Cabernet Sauvignon wines from the Hexi Corridor exhibited relatively light color
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intensity (a'<23.8), a yellow-shifted hue (H',,<1.8), and high lightness (L">69). A total of 51 and 46 volatile compounds

were identified in the two representative samples, encompassing the typical aroma constituents of Cabernet Sauvignon

wines. Among these, f-damascenone displayed exceptionally high odor activity values (OAV>106), contributing pro-

nounced floral and fruity notes. Nevertheless, the overall aroma intensity was relatively weak, as evidenced by lower elec-

tronic nose response values. From a compositional perspective, Hexi Corridor wines were characterized by low antho-

cyanin concentrations (13.40~30.11 mg/L), high malic acid levels (538.0~643.7 mg/L), comparatively low lactic acid con-
tents (1277.7~1335.3 mg/L), elevated potassium (1850.18~1944.23 mg/L) and calcium (302.41~320.28 mg/L) concentra-
tions, and high pH values (4.09~4.18). Excessive potassium and calcium accumulation, together with elevated pH, likely

undermined anthocyanin stability and color expression. Moreover, the altered ionic composition and acid—ester balance sup-

pressed aroma release, thereby contributing to insufficient color depth and reduced flavor intensity. In conclusion,

improving the color and flavor quality of Cabernet Sauvignon wines from the Hexi Corridor required targeted process opti-

mization. Regulatory strategies focusing on potassium and calcium management, pH adjustment, enhancement of antho-

cyanin stability, and enrichment of phenolic compounds are essential for achieving improved sensory performance.
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Table 1 Wine sample information of Cabernet Sauvignon dry red wines
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Table 3 Physicochemical parameters of six commercial Cabernet Sauvignon dry red wines across regions
(R RS RS (Y%ovol) TREY(g/L) pH R (g/L) HR(g/L) R (g/L) iSO, (mg/L)
FEL 12.42+0.66° 37.93+0.37° 4.09+0.13° 1.94+0.01% 5.35+0.12° 0.33+0.03 11.52+0.56°
FEf2 12.82+0.06™ 33.72£0.23° 4.18£0.15° 2.47£0.02% 5.61+0.40" 0.30+0.01% 7.68+0.29°
Z 1 12.49+0.40° 33.18+0.52° 3.960.10° 2.44£0.37" 5.44+0.03" 0.42+0.03" 7.68+0.29°
ZHH2 13.84+0.20™ 41.30+0.32° 4.08+0.15° 2.62+0.21° 4.67+0.09° 0.24+0.01° 8.96+0.19¢
Z 3 14.52+0.12° 33.64+0.01° 3.90+0.01° 1.87+0.10¢ 5.9420.20° 0.48+0.04° 12.80+0.34
284 13.30+0.67™ 28.40+0.60° 3.81£0.07* 2.8140.34° 5.23+0.05" 0.39+0.05" 14.08+0.07
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218 3(P<0.05), 5SHAASEIC 25 b 1/

P 2 MRS S TSR 2 1S 4, (HK T8
3, gl 22 5 W3 (P<0.05), FEf 1(0.33 g/L) FIFE T
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Fig.1 Changes in chromaticity, color value, and hue of six S A, RITPISIRE Al 22 28 o 25 b, B
Cabernet Sauvignon dry red wines at 0, 3, and 5 h At 1ORIARR 2 BT R ASEE | AR | fi i G Y
after opening the bottle FHIE, HH B2 5 W
46 FREER L4 CIELab Bl S 5U(H
Table 4 CIELab color parameter values of six Cabernet Sauvignon dry red wines
ERTE TR r a b H Cy AE,,
FEAn 79.38+3.57* 17.04+0.15" 15.82+0.05° 1.76+0.05° 17.32+0.54 4.23+0.13°
Fih2 69.72+0.53° 23.78+1.03° 25.38+0.20° 1.52+0.11° 23.44+0.58° 1.4420.04°
21 71.77£0.01° 26.06+0.30° 11.24+0.06" 3.02+0.09* 26.05+0.35¢ 1.65+0.07°
22 52.610.30° 41.06+0.60° 38.63+0.61° 2.39:0.10° 40.89+0.27° 2.43+0.02°
263 44.89+0.00° 46.62+0.68° 45.54+0.14° 2.84:+0.13° 45.06+0.67° 5.55+0.25°
214 59.00+1.00° 37.69+0.28° 33.37+0.06° 2.89:£0.10° 36.05+0.64° 4.34+0.06°
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2.2.3 HIFIEBEZEY)E T P AT RO AT T 8 A HLIRAY & i, 45 R AR 6 P,

AT | T B Bk AE 2 B AL R
), LA R B A EE . L, BT 6 3KIREE
ERT LU A I AE O L ST L BN A B A Y
5, g5 5 R,

3 5 Al 0L, BR45h 1 FIEESD 2 MRS 2
R4 22 5 B 2% (P<0.05) . A4 & 5(13.40 Fl1
30.11 mg/L) BEM TS84, S8 1 EOH S
B (116.79 mg/L) . FESh 1 FIEES, 2 AR . BT
HEEMESEEFN TS 2 MSK 3, A5 T2
BEC1, X EA R ORE Sl 1 ) SR AR RATR, JE AR 4
Frorm B EARE . U5 RH, g, fetts
S HE YR M R RE . AR
R, [RE B2 & AR R, S 3805 S MR AR B[R]
2R REN, 4 AR A AR SO A RN
JRHRZ—,
2.2.4 HIEW A PR AT A b A BLER R
I BE AT 2 M R 285V A XUBR R €2338, EL P A 6
By A 2, R L, B2 T 6 FONEEER T LI

B 6 L, BEAL 1A 2 A NLERH 5=
BEZH 2255 W 35 (P<0.05) . PIZAEEMm 2 = 3E
g . AIRFLIR” A RRAE : SEIR IR & &2 (435~ 538.0 Fl
643.7 mg/L) W35 T A S B4 ; LR & & (535
Sy 13353 F1 1277.7 mg/L) B3FL T8 3 fi=g
4, 508 1 f1Z08 2 A TFAHIEBAROK S ; [FIA, Hw
ARETERTSR 1 HE TS 3 iz 4, 38R
TEE TS 2 SR 3, X R I NS T B
SEIRAR-FLIR & I (MLF ) AN 75y, SECER R AR 757
FeAb 7L
2.2.5 AW RICERSTHT 0T BT ER XA 2
B A —2 mys2mat>, fitk, 48T 6 SRR ER
TLIAAF Y O F P BioeE, 4513 7 R,

FHER 7 AT, AEAL 1 FIAESD 2 f81(1856.18 mg/L
1 1944.23 mg/L) F14%5(302.41 mg/L F1 320.28 mg/L)
HEBES TS (P<0.05), T T “mEipss”
FRARE . RS 1 FRES: 2 AO4N. B85, 47, Zeih & &
I F AR o AR, FES 1 FIRES, 2 g

£5 6 FAREER LAWY R

Table 5 Phenolic substances in six Cabernet Sauvignon dry red wines

EiEtn FEf FEh2 ZHR1 ZIH2 3 Z 4
e (g/L) 1.87+0.09¢ 2.32+0.03¢ 1.48+0.06° 2.82+0.12° 3.03+0.06" 2.42+0.08°
H7(g/L) 1.6120.13¢ 1.87+0.09° 1.36+0.08° 2.13+0.05° 2.28+0.07° 1.85+0.13°

AT (mg/L) 13.40+1.05° 30.110.92¢ 116.79+1.63" 98.83+1.65" 57.72+2.08° 65.40+1.50°
HBERE (mg/L) 44.72+0.15 33.11+0.03¢ 19.22:0.02° 52.85+0.28° 50.10£0.09" 45.46+0.06°
1 R [F— AT AR R R AR 035 25 5 (P<0.05), 6~ 87,
F 6 MK 6 PR BTk T L0 A58 A HLIR (mg/L)
Table 6 Organic acids of Cabernet Sauvignon dry red wine from 6 wine regions (mg/L)
EERiINi HEfh1 FE2 ZR1 Z: 82 Z I3 Z: R4
R 27.30+0.38° 25.59+0.46° 25.90+1.015% 26.47+0.06% 37.46£0.113° 29.43+0.28°
AR 2147.3+15.6° 2247.7+11.0° 2646.0+35.1° 2259.0+22.4° 2073.7+32.1¢ 1981.3£18.1°
SRR 538.0+4.0° 643.7+10.1° 432.7+2.1¢ 383.743.5° 525.0+3.6° 424.0+3.5¢
L 1335.3£4.0° 1277.7+17.6° 1378.0+11.0° 1237.0£6.6" 1851.0+15.5° 1462.7+5.5°
L 44.67+2.52° 29.33+1.53¢ 34.67+2.52° 27.00+1.73° 44.33+3.06 36.33+£2.52°
Frigm 47.67+1.53¢ 54.3342.52¢ 36.3345.51¢ 86.33+6.03" 75.00+3.61° 53.33+3.06°
BRI 103.6745.13% 115.00+4.36° 114.00+6.24° 56.00+3.00° 54.00+2.65¢ 90.33+3.21°
LRI AR 51.87+0.59¢ 65.50+1.11° 65.93+0.55" 57.50+0.46° 61.87+0.59" 41.73+0.47°
F£7 AREFEX 6 AREHR T A8 AW ot R (mg/L)
Table 7 Mineral elements in Cabernet Sauvignon dry red wines of six brands from different production areas (mg/L)
U715 FEf 1 2 2 2 23 24
ke 15.92:0.65° 14.33+1.44° 27.32+0.71° 18.5140.59" 13.010.66° 11.34+0.78°
i 1856.18+32.25° 1944.23+47.73° 1292.03+50.78° 1315.82+42.70° 1230.11+74.63° 1153.07+17.19¢
5 302.41+7.27° 320.28+17.57* 255.65+4.95° 238.80+16.56° 245.36+18.83° 233.30+14.39°
B 51.30+6.90° 33.75+0.48° 45.60+11.01° 53.82+3.43" 54.65+3.83" 96.73+6.71°
BE 0.70+0.01¢ 0.66+0.08° 1.23+0.11* 0.69+0.04°¢ 0.97+0.06" 1.27+0.02°
B 2.45+0.44° 1.25+0.03¢ 3.19+0.21° 2.86+0.09" 2.59+0.15¢ 5.56+0.68"
i 0.45+0.03° 0.49+0.0® 0.24+0.01¢ 0.55+0.02° 0.53+0.02° 0.36+0.02°
i 1.01+0.06° 1.08+0.02" 1.63+0.15 0.58+0.01¢ 0.56+0.03¢ 1.13+0.05°
% 0.25+0.08° 0.22+0.10° 0.29£0.01® 0.30+0.04* 0.26+0.02° 0.31+0.08"
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Fig.2 Correlation analysis of quality indexes of Cabernet
Sauvignon dry red wine in 6 wine regions
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Fig.3 Electronic nose radar charts of six Cabernet Sauvignon

dry red wines upon opening and after 0, 3 and 5 h of oxidation

FEERAE AL /0 284K 5 h e, REBTRER T s 1A
FEDEAIRASE TF22 . FES 1 ZERERSHE S I
PR AR T2 08, 446 S h )5, FE -5 2 IR i)
MABEA T r S AT BRIy IR 2 B e A
WIHAA 5 2035, BERT R HERS, #501R Uk Y
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SR 51, 46, 39, 43,37 Fl 36 Fig A ML 5.

FH & 4 AT 0L, BE5 1 FIFRES, 2 & S 4 &



5478 15

PR, S PO R AR T AU AT B AR T 43 -

%8

Table 8 GC-MS analysis results of volatile components in 6 kinds of Cabernet Sauvignon dry red wines from different

AEFAIX 6 PR EEBR L1 2 %5 R GC-MS ZMHr4s 5

producing areas

> Fr ik B (pg/L)
5 L7y
21 Z 2 23 24 Bl FEfh2
[i52S
1 RTHE 192.75+15.00° 147.42+1.36% 132.77+10.25° 188.74+4.53" 180.88+26.47™  164.09+12.44"°
2 3-FEE-1- R mE 16.54+1.04° 14.29+0.83% 12.91+0.78° 11.80+0.37° 7.12+0.77° 7.10£1.97°
3 1E L 310.09+25.53% 107.23+5.84¢ 129.30+1.47¢ 203.24+7.78° 339.27+21.58"  285.90+12.68"
4 B 30.30+3.25° 19.08+2.29° 20.01+2.08° 24.56+0.71% 19.94+3.11° 23.34+2.31°
5 2-Z I 7.02+0.84° 6.33+0.08° 16.13+0.60° 9.09+1.10° 42.49+0.32° 27.34+0.26"
6 17 38.41+2.39° 26.41+1.59° 29.61+1.90% 36.2142.71% 29.26+3.10™ 35.55+3.94%
7 1-Z4 - 6.96+0.33" 7.17+0.82° 7.50+1.35° 5.47+1.37° 5.99+1.57°
8 SN 4913.33+128.59°  4146.00+68.41° 3720.89+262.26° 4178.10+71.90° 3183.28+210.53 3461.10£190.50%
9 it 4.87+1.51° — 2.49+0.13° 4.65+1.13® 6.28+0.23" 4.77+0.36"
10 1-2FJ5-3-1% 3.63+1.16* 2.68+0.06° 2.68+0.18* 4.2140.03 3.09+1.04° 4.06+0.01°
11 2- T 24.73+1.53 17.83+0.71° 23.03+0.88" 22.23+2.52° 22.30+1.37 22.97+1.33
12 1E TP 6.58+1.15® 4.59+0.18" 6.44+0.80™ 7.06+1.08" 3.82+1.05¢ —
13 p7 = — — - - 2.45+0.38 -
14 (2R,3R)-(-)-2,3-T —JE 57.81+4.42° 40.10+2.06° 75.58+2.70° 29.70+2.12¢ 15.82+3.03° 38.02+45.10°
15 3-C -4 - 10 5.50+1.31 4.04+0.49¢ 5.39+0.57% 7.56+0.19° 17.2740.48° 32.97+3.24
16 4-H 31 7.34+0.74 6.99+0.69™ 7.34+0.06° 8.59+0.40° 5.08+1.10™ 4.56+1.47°
17 At 4.25+0.62° 4774027 - — — 5.02+0.04°
18 7 =RE - 5.66+0.40" — — 2.31£0.14° 2.02+0.39°
19 g 22.49+1.80° 18.87+2.60™ 14.15+0.04° - 5.82+0.05° 14.36+3.29°
[liEs
20 R IR 36.29+1.98¢ 102.44+£12.27 67.88+9.22° - 40.50+0.94° 59.03£1.49°
21 IECRZFR 88.74+4.83® 75.73+1.22" 73.20+2.93° 74.93+4.25" 94.10+12.9° 89.10+11.45%
22 TS IBE R 208.07+17.33° 200.89+2.49° 336.42+25.04"  309.76£38.50°  146.87£12.59°  191.86+16.59"
23 N 1324.89+137.62°  1286.82+51.86°  2615.50+56.02° 2281.25+150.11°  1606.70£33.90°  1923.78+39.21°
24 FR T 59.13+5.93° 57.05+3.46° 31.63+2.04° 32.27+3.08° 61.59+9.67° 111.01+4.64°
25 FLRR S 65.76+8.00 37.78+3.18¢ 49.73+1.94° 32.27+0.38¢ 64.36+2.50° 76.25+1.21°*
26 3ot v 7.96+0.32° 4.67+0.23¢ 12.65£1.17* 15.33+1.47° 9.99+2.23% 8.71+0.73°
27 LR 249.91+8.14° 25.44+1.95° 496.29+1127°  497.52+33.87 41.93+2.59° 246.97+35.43"
28 TR 12.15+1.95° 20.45+1.43° - 15.51+0.44° 24.99+2.00° 24.16+2.23%
29 FiEhEmR e 8.85+0.39" 8.52+1.57° 3.18+0.49° 5.42+0.50° 13.08+1.62* 8.53+0.42"
30 SR Z g — — — — 10.010.72° 3.89+0.22"
31 FLAR 5T ik 2.93+0.56 — — 2.30+0.66" 5.17+0.12° 5.03+0.52°
32 e I 135.68+11.45° 28.56+2.57° 49.59+4.28" 47.86+2.55" 11.58+1.48¢ 16.20+1.19¢
33 KR TR 17.1242.56 7.44+1.57° 19.85+1.69° - 5.66+0.84° 6.68+0.23"
34 LN v - 2.09+0.12° — - 1.90:£0.03" —
35 T =R - - 5.44+0.75° 5.65+1.16* 4.0040.09* 2.10£0.07°
36 2% 7 e 24.89+3.13° 21.40+1.13% — - 16.17+0.34° 34.36+3.71°
37 2-BEIR T — — 2.27+0.51* — 2.49+0.76° —
38 AR W5 TR 10.60+1.65° 4.78+0.44 5.80+0.63" 7.08+0.67 3.62+0.33¢ 4.43+0.73%
a2k
39 Lk 19.38+1.36™ 19.98+0.66° 15.71£0.89° 9.63+1.93¢ 26.61+2.96° 21.79+0.73°
40 E+H =k 2.14+0.42° - 3.48+0.84% - 4.59+0.35° —
41 RN - - - - 7.00+0.28 -
42 RN — 4.48+0.43" - 5.77+0.57" 4.38+1.79° 4.55+0.36"
43 B - — - - — 11.1142.14
RS
44 3,4-Z I EEOR HI S 229.554+20.82° 63.67+2.13¢ 48.00+1.75° 147.91+15.56° 46.53+4.01° 39.83+0.91°
45 T 8.46+1.13° 4.4240.63° 7.63+0.16° 6.88+0.96" 4.8240.56° 4.89+0.07°
46 R 4.7120.66° 2.65+0.53" 4.01£0.71° 5.10£0.41° 3.65+1.76° —
47 e — — - — 2.2540.15 -




- 44 - 5 Tk BB 2026 4F 8 H
5%k 8
oy Wk SRR (ng/L)
)
i o e B2 B3 B4 FEST FER2
48 =i 8.44+1.00° 10.45+1.47" 17.82+0.99° 12.710.84° 12.04+1.11° 8.32+0.82°
49 7- = Jil 4.54+0.08"® 6.11+0.48° 4.20+0.08% 3.98+0.74° 5.31+0.57% 5.66+1.16™
50 K- — 7.66+0.54° - — 5.34+3.16° 7.64+1.42*
HAh
51 1,6-C % 6.04+1.27" 4.92+0.23" - 5.30+1.59* 4.37+0.24° 3.89+1.75°
52 N-52 %3 2 ke — 13.52+0.91° - — 9.9142.30° 13.24+0.22°
53 ZRAHR — - - - — 10.74+0.21
54 ES — 3.44%0.61° — — 4.10£0.14° 3.69+.019°

TE: =" FORAREN % BT Rl 0] R R R ROR AP 35 22 57 (P<0.05)

%9 RAFEK 6 SR Bk FA MBI ERIENT OAV 47

Table 9 OAYV analysis of characteristic volatile compounds in six Cabernet Sauvignon dry red wines from different regions

OAV

=) I [16] =3 24[20]
¥ LY/l F{E" (/L) pryTe pryes, Py T e PR F A

1 P 200 0.10 0.12 0.15 0.10 0.12 0.12 DI I |

2 IECEE 8000 0.04 0.04 0.04 0.01 0.02 0.03 AER= 1 SN A QN YD N N
3 Ty 252 0.23 0.57 0.89 0.75 0.56 0 MR R G
4 TR B 20 1.25 1.21 0.61 1.02 0 0.77 i) BT R

5 LR TR 7500 0.01 0.03 0.03 0.01 0.07 0.07 AT, F

6 LR LT 250 0.05 0.06 0.54 0.12 0.2 0.19 JBR. KPR HIABR
7 R 5 30 1.34 1.97 1.21 3.41 2.26 0 IR HAIR

8 IEC R TR 5 18.82 17.82 17.75 15.15 14.64 14.99 IR ZRpIRR
9 FR TR 2 30.79 55.50 29.57 28.53 15.82 16.14 PERR BR JEFIR RFH®
10 YT 39 0.41 0.88 0.64 0.55 0 0 IR JRIR .

11 K- 0.05 106.72 152.73 0 153.17 0 0 W Rk ETH

B FER2
4 3
%04 Z 4
0 1 Z R 1 0 0 £
1 1 0 o L 0
0 0 1 q 0 0 0 1 0
0 ; 0 9 " 0
00 ) 29 0 00 2 27 0
2 2 0
1
0 1 0
0 1 2
0 4
0 5 1 0
0 0 . g
%13 S0 Z:13 %142
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Fig.4 Venn diagram of volatile components in sample 1, sample 2, and other reference groups
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Fig.5 Cluster analysis of color and volatile flavor compounds
in Cabernet Sauvignon dry red wines
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getEE R

HEIEE T EIR. UFE SO, FLIR . WR . %
KB LTR MR . R T 7R SO, AHLIRA U 2E
RSB E R TR (PR R TR S LR TR, 2
il T AROUANT A R e PR AL -

Spuirh, B8 (a", b)) 5 TR Y . Wik
B HUT R BUREmE AR SRR AR IR O —2E, U]
IX L) TG [ A B T R A T B B 5 JRE TP AR A4
il FEAL 1 RN 2 H ISR bR G, IX H S
T P A | S IR

SIS, AL T R Bk OBE . BRI IE AR
IXISHRPROCHR T Hebli- S < Jm e 1, S i 1 A o8
R IR AV EAT Ko

3 ht54Ee

AT R GESIAT T PRI P8 A JER = X ) AR B R
41 A 25 W 5 U SR At XS B Y S AR B L FS
b BRERFNEAE . 2P0 PR . ) 0 R &
PEIXUBR B 43 o

TE 5L (07 1T, Wy 24 o LA v 55 2 I0] P4 2 JER AR
EEER 2T A A T B (o R B ) R R 2 R 28 . HAARAIG
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