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Copigmentation has been assessed in model solutions at pH 3.6 containing malvidina 3-O-glucoside (Mv, 50 µM) and different phenolic compounds
(PC): quercetin 3-O-glucoside (QG), caffeic acid (CA), (-)-epicatechin (E), (+)-catechin (C) and gallic acid (GA), prepared at four different
pigment/copigment molar ratios (1:1, 1:2, 1:3 and 1:4). Also, the copigmentation due to grape white skin polysaccharide (P) at molar ratios 1:1 and 1:0.5
has been assayed, and the role of these compounds in the copigmentation between the anthocyanin and the PC assayed has been assessed by CIELAB
colorimetry under the same conditions. To do that, ternary mixtures (Mv-PC-P, 1:1:0.5 molar ratio) have been studied.
Furthermore, the colorimetric and chemical stability of the flavylium cation (25 ºC for 5 weeks, pH 1.1) in presence or absence of the PC and P
previously assayed, at 1:1, 1:2, 1:3 and 1:4 molar ratio for Mv-PCs and 1:1 molar ratio for Mv-P, was studied by CIELAB colorimetry and HPLC-DAD.
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METHODS

RESULTS

CONCLUSIONS

INTRODUCTION

Anthocyanins are one of the most important pigments responsible for red wines giving them that attractive
colour. Their red colour is mainly due to the flavylium cation, which is the predominant form at acidic pH
(pH≤2). Copigmentation is an important mechanism by which flavylium cation is stabilized at higher pH
values in aqueous medium such as red wine, then stabilizing red wine colour. This phenomenon is mainly
due to non-covalent hydrophobic molecular associations between the aromatic rings of the coloured forms of
anthocyanins and other organic molecules, such as phenolic compounds, known as copigments. This
copigmentation interactions with different phenolic compounds have been studied to evaluate their role in
wine colour. However, the role of polysaccharides not only as copigments by themselves but also in the
copigmentation reactions between anthocyanins and phenolic compounds is not well known yet.
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Chemical and colorimetric study of copigmentation between 
malvidin-3-O-glucoside and wine  polyphenols and polysaccharides

Results at pH 3.6 showed that L* value is significant lower for those solutions containing
QG and for those containing P (both in the binary mixture and also in ternary mixtures).
It should be noted that there is a very important decrease in hue value due to
copigmentation, specially in Mv-QG and Mv-P and in the ternary mixtures. There is also
an increase in C*ab, in ternary mixtures and Mv-QG binary solutions.

Color parameters obtained for the different model solutions assayed at pH 3.6

Different letters in each column indicate significant differences (p<0.05)
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L* C*ab hab

2h
Control Mv 66.93 e,f 63.15 a 13.03 a

Mv-P 66.18 f 60.26 c 5.89 c

1 week Control Mv 67.63 d,e 62.34 a,b 12.19 b

Mv-P 67.33 d,e 58.05 d 3.41 d

2 weeks
Control Mv 67.94 c,d 61.71 b 12.27 b

Mv-P 68.06 c,d 58.21 d 2.99 d

3 weeks
Control Mv 68.25 c,d 61.99 a,b 12.39 b

Mv-P 69.84 b 59.18 c,d 2.03 e

5 weeks Control Mv 68.64 c 61.55 b 12.16 b

Mv-P 71.26 a 58.91 d 1.73 e

Different letters in each column indicate significant differences (p<0.05)
Results obtained for the solutions studied at pH 1.1 showed that there are clearly significance
differences in colour due to the presence of polysaccharides. Mv-P showed higher L* values than
Mv solutions from week 2 and, especially, after 5 weeks. It should be also noted that there is a
very important hab decrease due to Mv-P interaction, which may point out that the interaction
between Mv and polysaccharides might lead to a stabilization of blue quinonoidal forms. This
also could explain the lower C*ab values observed in Mv-P solutions when compared to Mv.

Evolution of color parameters for Mv-Polysacharide at pH 1.1

Results obtained from HPLC-DAD analysis show that, on the third week, the presence of the PC tends
to stabilize the flavylium cation. This tendency seems to consolidate after 5 weeks for AG and Q (Fig
a). Therefore, these phenolic compounds may stabilize anthocyanins due to the interaction with the
flavylium cation. On the contrary, the presence of the P in the solution leads to significant lower levels
of anthocyanins when compared to Mv solutions after 3 weeks of storage (Fig b).

L* C*ab hab
Control Mv 95.27 a 8.67 f -3.66 a

Mv-QG 94.10 c 10.63 b -12.11 c

Mv-CA 95.04 a,b 9.02 e -5.07 a

Mv-E 95.20 a 8.81 e,f -4.60 a

Mv-C 95.28 a 8.81 e,f -4.92 a

Mv-GA 95.23 a 8.79 e,f -4.64 a

Mv-P0,5 94.13 c 9.46 d -10.06 b

Mv-P 93.63 d 10.35 b -15.36 d

Mv-QG-P 93.39 d 11.19 a -17.41 e

Mv-CA-P 94.06 c 9.87 c -11.53 b,c

Mv-E-P 94.23 c 9.43 d -11.54 b,c

Mv-C-P 94.70 b 9.53 d -10.66 b,c

Mv-GA-P 94.20 c 9.64 c,d -11.27 b,c

b) Evolution of concentration of cation
flavylium in Mv-P solutions

v Among PC studied in this work, QG has shown to be the copigment, leading to
solutions with lower L* and hue values (darker and bluish colors) and higher C*

ab
values.
v Polysaccharides from white grape skin has been revealed as a good copigment,

with similar effects on colour to that observed for QG.
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a) Evolution of flavylium catión concentration
in Mv-PC (1:4) solutions

L* C*ab hab
2 h Mv 78.52 a,b 46.07 a 2.07 a

2h Mv-QG200 76.88 b 44.79 a,b -9.57 b
W1 Mv 79.49 a 44.96 a,b 2.34 a

W1 MvQG-200 79.68 a 45.76 a,b -13.00 c

W2 Mv 79.77 a 44.92 a,b 2.18 a

W2 Mv-QG200 78.57 a,b 44.68 a,b -11.87 c

W3 Mv 79.82 a 44.34 a,b 2.15 a

W3 Mv-QG200 78.60 a,b 43.91 a,b -11.85 c
W5 Mv 79.29 a,b 43.49 b 2.34 a

W5 Mv-QG200 80.54 a 43.76 b -13.36 c

Evolution of color parameters for Mv-QG at pH 1.1

Different letters in each column indicate significant differences (p<0.05)

The interaction between QG and Mv at pH 1.1 seems to significantly modify the color
of the solution. Those solutions containing Mv-QG (1:4) showed, during all the study,
much lower hue values than the corresponding control solutions (Mv), without
significantly change on the other CIELAB parameters. Moreover, in Mv-QG solutions, it
can be observed a significant decrease in the hue after 5 weeks, whereas no changes in
hue values over time were detected in Mv solutions. Thus, the interaction between QG
and Mv at pH 1.1 leads to a bluish color in the solution that intensifies over time.

OBJECTIVES
• To study, by tristimulus colorimetry, the copigmentation

effect between Mv and different wine phenolic compounds.
• To asses the role of polysaccharides as copigments and in the

copigmentation reaction between anthocyanins and phenolic
compounds.

• To study the stabilization effect on the flavylium cation due to
the copigmentation interactions with both phenolic
compounds and polysaccharides.

v PC assayed and, especially QG and AG, could increase the chemical stability of 
flavylium cation, whereas P showed the opposite effect.

v Polysaccharides  and  QG could also modify the color of flavylium cation solution by 
stabilizing blue quinonoidal forms, leading to bluish solution which hue decreases 
over time.
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