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Rapid Monitoring of Key Quality Indicators of Red Wines
Based on UV — Vis Spectroscopy
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Abstract; Consumer demand for high-quality and safely produced wines requires high standards in terms
of quality assurance and process control methods, which in turn requires proper analysis of wines during
and after production. The role of phenolics and color characteristics in ensuring wine quality at all stages
of the production process is gradually gaining recognition and importance. However, traditional chemical
analysis methods required cumbersome pre-treatment, expensive instrumentation requirements, time-
consuming determination procedures, and harsh operating conditions. The evolution of phenolics and
color was monitored, as well as UV — Vis absorption spectral characteristics, and a partial least squares
regression ( PLSR) model was developed for phenolics and color parameters based on UV — Vis
spectroscopy during wine fermentation and aging. The results showed that the content of total phenols,
total tannins and total flavanols were increased continuously during fermentation and decreased gradually
during aging. In contrast, total flavonoids were increased and then decreased during fermentation and
gradually decreased during aging. In addition, the maceration process and the early stage of fermentation
were the critical periods for color formation, while the color was gradually aged during the aging. The
calibration set correlation coefficients R’ and validation set correlation coefficients R’ of the UV — Vis
spectroscopy-based phenolic and color parameter prediction models were both no less than 0. 84, and the
residual predictive deviation (RPD) was no less than 2. 54, thus the models could achieve the prediction
purpose. Therefore, UV — Vis spectroscopy combined with chemometrics was a simple, economical and
efficient way to monitor phenolic compounds and color evolution during red wine fermentation and aging.
Key words: red wine color; quantitative prediction; rapid monitoring; UV — Vis spectroscopy;
chemometrics
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Fig. 1  Evolution of phenolics during wine fermentation and aging
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Fig.2 Evolution of color during fermentation and aging
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Fig.3  Evolution of UV — Vis absorption spectra

during fermentation and aging
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Fig. 4  Principal component analysis of UV — Vis spectra
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Tab.1 Best model performance indicators for phenolic substances and color parameters
REIE 4 LATE S
B IE 4 AT S
S8 A B IE4E KA LioaT S|
Kofi R, R RAH Al R BER BRAH
% TR iR 2% o % 7R 2 o
W i 25 ) s 2%
T SO A 449.67 ~ 514.67 ~
54 0.91 163.80 mg/L 0.91 3.11 27 0.92 181.69 mg/L 0.92 2.89
Jics 2514.67 mg/L 1969. 67 mg/L
S BT B 243,51 ~ 192. 96 ~
54 0.97 130.57 mg/L  0.97 5.43 27 0.96 151.41 mg/L  0.96 5.25
e 7 2892.78 mg/L 3057.59 mg/L
ST e I I 41. 80 ~ 50.02 ~
54 0.89 125.05 mg/L 0.89 2.76 27 .84 127.23 mg/L  0.86 2.85
T 762.37 mg/L 696. 86 mg/L
Sl TR B 46.00 ~ 41.71 ~
54 0.89 15.64 mg/L 0. 89 2.54 27 0.91 17.08 mg/L  0.92 2.56
Bk B 122.43 mg/L 128. 86 mg/L
AL 64. 69 ~ 48.37 ~
54 0.98 8.25 mg/L 0.98 6. 68 27 0.98 7.69 mg/L 0.94 7.71
e 240.20 mg/L 236. 12 mg/L
RAEI AT 10. 87% ~ 13.04% ~
54 0.99 2.16% 0.99 11.11 27 0.94 6. 00% 0.98 10.21
LERORCS s 60. 74% 63.34%
L 54 67.11 ~91. 34 0.97 2. 10 0.97 2. 60 27 67.09 ~92. 46 0.93 2.70 0.93 2. 65
a” 54 8.13 ~49.56 0.91 2.44 0.91 3.41 27 6.67 ~49.90 0.94 1.48 0.73 5.78
b* 54 -4.91~10.85 0.9%4 0.99 0.94 4.27 27 -3.32~14.19 0.87 1.59 0. 84 2.54
CJ; 54 8.26 ~59. 69 0. 86 2. 68 0. 86 2.99 27 7.07 ~59.91 0.92 1. 84 0.95 4.51
ho, 54  -78.37° ~26.54° 0.93 3.52° 0.93 2.83 27 -5.64° ~29.14° 0.89 4.01° 0.87 2.59
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