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Abstract: The effects of mixed-strain alcoholic fermentation (ZAF), traditional sequential alcoholic-malolactic fermentation
(SM), sequential mixed-strain alcoholic-malolactic fermentation (ZSM), and single alcoholic fermentation (AF) on anthocyanins
and color in Cabernet Sauvignon dry red wine were investigated. Spectrophotometric and chromatographic methods were used
to determine CIElab color parameters, wine pigment indices, phenolic content, and monomeric anthocyanin components and
contents in the wine samples. Pearson correlation analysis, principal component analysis, and screening of characteristic differential
compounds were conducted. The results indicated that compared to AF samples, ZAF samples exhibited a 3.73 increase in the red-
green color channel a” value, a 3.17 increase in chroma (C,) value, and a 2.5 increase in free anthocyanin (FA) value. Compared to
both AF and ZAF samples, SM and ZSM samples showed increases of approximately 1.79% and 10.02% in polymerized pigment
percentage (PP%), respectively. Pearson correlation analysis revealed significant positive correlations of ¢” with C, values and

total anthocyanins, and significant negative correlations with hue angle (%,,). Orthogonal partial least squares-discriminant analysis
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identified total anthocyanins, malvidin-3-O-glucoside, PP%, hab, red hue (a*), and C, as characteristic differential compounds

distinguishing the color quality of wine samples from different fermentation methods. In summary, ZAF has potential to enhance

color intensity, while malolactic fermentation improves wine color stability. The selected strains show application potential for

improving wine color quality.
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Table 1 Physicochemical indicators of cabernet sauvignon dry red wine produced by different fermentation methods

EEE AF ZAF SM ZSM
BB /(gL) 3.71£0.01° 3.58+0.01° 3.59£0.01° 3.55£0.01°
LB /(gL 0.68 +0.02" 0.60 +0.01° 0.67 £ 0.03" 0.62£0.01°
B /% vol 12.75 0.04° 11.84 =0.04° 12.86 +0.05" 12.32 +0.02°
pH {4 3.97 £0.06 3.94 £0.04° 3.94+0.11° 3.93+0.11°

H /(gL 37.16 £0.15° 34.86 +0.11° 36.96 = 0.05" 35.83 +0.05"

E: BRETH UM £ AREL AARRNEFEHATFTARFRIE (P<005). FTAF.
*® 2 FAEAREEANBREFRBEHRTLAEEHCIEIAbSH

Table 2 CIElab parameters for cabernet sauvignon dry red wine produced using different fermentation methods

EtE o AF ZAF SM ZSM
L 61.18 £0.08" 58.13 % 0.50" 60.78 £ 0.12° 59.82 %0.03°
a 38.31+0.31° 42.04 +1.96" 33.00 £ 0.56° 32.75+0.11°
b 7.98 £0.19° 3.66 +0.60° 11.02 £0.23° 10.42 +0.05°
C 39.13 £0.34° 4220 £2.01° 34,79 +0.47° 3437 +0.10°
hy, 11.76 £ 0.19° 4.96 +0.60° 18.47 +0.63" 17.64+0.12°
AE, 0.00 £ 0.00° 6.19+0.67" 6.22+0.78" 6.64 £0.20°
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Fig.2 Color intensity and hue changes in cabernet sauvignon dry

red wine under different fermentation methods (Days 2~22)
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Fig.3 Color space diagram of color intensity for cabernet sauvignon

dry red wines produced by different fermentation methods
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Table 3 Color index of cabernet sauvignon dry red wine

produced by different fermentation methods

FaAx AF ZAF SM ZSM
TP 631+0.00° 9.56%0.03" 5.99+0.00° 7.65+0.00°
PP 268+0.10° 3.50%0.03" 2.65+0.04° 3.57%0.05"
PP% 42.44+1.61" 36.66+0.27° 44.23+0.72° 46.68+0.77
FA  133£0.50° 15.8+0.40°
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red wine produced by different fermentation methods
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R4 FRAEBEAARNARKTAARENRGEETSE (mg- L)

Table 4 Monomeric anthocyanin content in cabernet sauvignon dry red wine produced by different fermentation methods (mg-L™")
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Fig. 7 OPLS-DA-based screening of color-discriminating
variables in Cabernet Sauvignon dry red wines produced using
different fermentation methods
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