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INTRODUCTION

Fermentation of wines is a process which involves many different chemical transformations affecting the concentration of most of the components of this complex matrix. Previous 
studies1shown a dramatic evolution in polyphenol and metal concentrations during the first three or four days, remaining almost constant after that time.
Metal concentrations are generally determined both by Atomic Absorption Spectroscopy (AAS) and Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP- AES)2, but 

electrochemical techniques have also been applied to calculate the total and labile metal concentrations depending on the chemical treatment of the sample (digestion, acidification, 
dilution with water with no pH control)3.
Dilution of a wine under no pH control conditions induces important changes in the natural equilibria of the matrix, as has been reported elsewhere4. 
In the present work, an electrochemical technique DPASV will be used to follow up the evolution of ligand-metal complexes during the first sixty days of a wine fermentation under 
dilution at pH control conditions. The concentration of ligand and conditional complexing constants were calculated by Scatchard and Langmuir algorithms5.
Molecular modelling studies of the main polyphenols present in wine were undertaken with Hyperchem®. These studies were done in the presence of Cu and Zn in order to confirm 
the stoichiometry of the most energetically favourable ligand-metal complexes, since the application of Scatchard and Langmuir algoritms implies the formation of 1:1 metal – ligand 
complexes.

EXPERIMENTAL

The studied samples were must and wine (V. vinifera Tempranillo variety grown in Navarra), fermented at different times ranging from 0 to 60 days, being 0 the time when grapes 
were introduced in the vessel where fermentation will take place. Commercial wines selected for this study were also Tempranillo variety from grapes grown in different parts of 
Navarra and La Rioja (Fortius (2002), Alex (2004), Orvalaiz (2003), Palacio de Azcona (2004), Ochoa (2001), Piedemonte (2004), Campo Viejo (2004) and Castillo Rioja (2003)).
All must and wine samples were diluted 10 times with a pH 4 acetic – acetate buffer. Zn and Cu were the metals studied and titration curves for both metals were registered after
spiking the diluted wine samples with 50µL of the standard solutions of Zn (2.5 ppm) or Cu (2.0 ppm).
Total concentrations of Cu and Zn were obtained from AAS measurements of the corresponding digested samples.

Current – Potential curves registered for must and wine samples at different fermentation times  and for commercial wines after the addition of increasing amounts of the corresponding metal.

A: I-E curves for day 1 must. Red line shows the response of the diluted sample; the rest of the lines correspond to the first 20 additions 
of copper.  Evolution of the curves with increasing amounts of copper: both peaks increase  in intensity with copper concentration.
B: I-E curves for day 1 must for the last 20 additions. Peak 1 keeps increasing with copper concentration but peak 2 stops increasing.
C: Titration curve for peak 1: Typical shape for ligand species in solution.  D: Titration curve for peak 2: unusual shape, ligand species 
adsorbed on the electrode surface.  Both titration curves (C and D) show the presence of three different slopes which match with the 
same copper concentration ranges. The first slope in plot C corresponds to Cu(Hg)0/Cu(L)ads

+ reaction. The second slope in the same plot 
corresponds mainly to Cu(Hg)0/Cu(L)2+ [and to a lesser extent to the Cu(Hg)0/Cu(L)ads

+ reaction], and the third slope to Cu0/Cu2+(free 
metal in solution). Titration curve  D corresponds to Cu(L)ads

+/Cu2+ reaction. The three consecutive slopes decrease continuously with 
added copper concentration indicating the progressive saturation of the complexing capacity of the adsorbed ligand. Similar results for 
natural waters have been published elsewhere6.

I-E curves shown below correspond to longer fermentation times and display a similar pattern to the one explained above, although the 
profiles of both peaks are not exactly the same: they evolve with the vinification time and for long times and high concentrations of added 
copper, they behave similarly to commercial wines, e.g. Ochoa. Peak 2 decreases in intensity from day 1 (plot B) to day 58 (last
additions) and tends to disappear for commercial wines, as can be seen in the plot corresponding to Ochoa. Following this behaviour, 
titration curves corresponding to peak 1 display a shortening in the range of copper concentration where the first slope is measured. Even 
for some commercial wines, peak 2 was not observed at all as in the case of Palacio de Azcona, for which peak 1 titration curve shows
just two sections instead of the three sections displayed above because the corresponding ligand is not present in solution anymore. 
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Day 58 (first additions)
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Palacio de Azcona 2004

Commercial wines

5.4800.3024.0495.4990.3153.9180.415Castillo Rioja
5.7720.5921.2555.8320.6791.1560.393Piedemonte
6.2311.7041.5546.3602.2911.4530.727Campo Viejo
5.8090.6442.6265.8120.6492.6150.768Ochoa
5.8880.7732.0675.8800.7592.0890.875Palacio de Azcona
5.8110.6472.4925.8350.6832.4341.055Orvalaiz
5.7070.5102.5095.7700.5892.3200.495Alex
6.0081.0181.5396.5283.3761.1070.752Fortius

COMMERCIAL WINES
5.3090.2043.5245.3190.2093.4040.23332
5.9650.9231.5695.9870.9701.5350.2259
5.7390.5481.4885.7680.5861.4390.2708
5.6970.4983.4555.6920.4923.4780.3397
5.8610.7261.5055.8530.7131.5150.5316
5.8880.7731.0525.9060.8051.0210.2015
5.8660.7340.7295.8770.7530.7130.2304
5.3310.2142.7545.3580.2282.6330.2563
5.9800.9540.5996.0471.1140.5710.2952

6.4142.5940.3300.4461
FERMENTATION PROCESS

log K'CuK'Cu x 10-6  

(M-1)LT (µM)log K'CuK'Cu x 10-6  

(M-1)LT (µM)

SCATCHARDLANGMUIR
Total Cu  
(mg/L)

5.4800.3024.0495.4990.3153.9180.415Castillo Rioja
5.7720.5921.2555.8320.6791.1560.393Piedemonte
6.2311.7041.5546.3602.2911.4530.727Campo Viejo
5.8090.6442.6265.8120.6492.6150.768Ochoa
5.8880.7732.0675.8800.7592.0890.875Palacio de Azcona
5.8110.6472.4925.8350.6832.4341.055Orvalaiz
5.7070.5102.5095.7700.5892.3200.495Alex
6.0081.0181.5396.5283.3761.1070.752Fortius
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5.3090.2043.5245.3190.2093.4040.23332
5.9650.9231.5695.9870.9701.5350.2259
5.7390.5481.4885.7680.5861.4390.2708
5.6970.4983.4555.6920.4923.4780.3397
5.8610.7261.5055.8530.7131.5150.5316
5.8880.7731.0525.9060.8051.0210.2015
5.8660.7340.7295.8770.7530.7130.2304
5.3310.2142.7545.3580.2282.6330.2563
5.9800.9540.5996.0471.1140.5710.2952
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SCATCHARDLANGMUIR
Total Cu  
(mg/L)

6.131.340.6836.141.370.6500.166Castillo Rioja
5.600.3963.115.570.3733.2080.053Piedemonte
5.620.4211.205.670.4681.150.084Campo Viejo
5.810.6531.255.810.6491.3400.113Ochoa
6.674.630.7736.593.910.7950.117Palacio de Azcona
6.261.800.5896.261.810.5870.157Orvalaiz
5.680.4821.905.680.4781.890.037Alex
6.131.350.6276.101.270.6360.049Fortius

COMMERCIAL WINES
6.221.661.316.201.601.300.06358 days
6.211.601.666.211.631.650.15832 days
6.302.001.396.312.041.390.13118 days
6.322.101.816.332.141.800.19010 days
6.251.792.306.261.832.290.2029 days
6.241.732.366.231.692.360.1788 days
6.211.632.666.191.552.690.1677 days
6.281.893.556.261.803.590.1806 days
6.442.752.286.422.602.300.1705 days
6.543.471.986.553.531.980.2074 days
6.101.264.076.071.184.150.2903 days
6.181.502.556.121.322.630.4332 days
6.201.603.166.211.613.180.9581 day
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5.600.3963.115.570.3733.2080.053Piedemonte
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Table 2

Table 2: Evolution of total copper concentration, total ligand 
concentration (Lt) and conditional stability constant (k’Cu) for the 
different times of vinification and for commercial wines, 
calculated from Scatchard and Langmuir algorithms. The 
applicability of both algorithms means that the stoichiometry of 
metal – ligand complex is 1:1. The values show a good 
correlation between both algorithms. 

Zn Cu

I-E curves for different fermentation times  and for a commercial wine  after the addition of 
increasing Zn concentrations (first 20 additions). Samples corresponding to days 1 and 2 
show a characteristic evolution of the voltammograms, related to the nature of the sample. 
This behaviour disappears after the third day of vinification and the I-E curves registered 
from that time on follow the same pattern as the one shown by commercial wines.

Commercial wine

Table 1

Table 1: Evolution of total zinc concentration, 
total ligand concentration (Lt) and conditional 
stability constant (k’Cu) for the different times of 
vinification and for commercial wines, calculated 
from Scatchard and Langmuir algorithms. The 
applicability of both algorithms means that the 
stoichiometry of metal – ligand complex is 1:1.
The values show a good correlation between 
both algorithms. 

Theoretical study

Study of the inter- molecular approaching interaction for the system Cu-Catechin. The optimised molecular systems
were calculated using molecular mechanics. In the case of Catechin, three stable interactions were obtained. Two of
them with similar stability: one involving the aromatic π electrons on the rings A and C, and the phenols in 5 (ring A) and 
in 5’ (ring C) (Structure 1); and another involving the aromatic π electrons located on the structural group formed by rings 
A and B, and the oxygen of the phenol in position 5 (Structure 2). And finally the most stable interaction involving the 
aromatic π electrons located on ring C and the oxygen of the phenol in position 3 (Structure 3). It was noteworthy that 
those interactions involving aromatic π electrons were associated with a decrease in the aromatic character of the 
related rings. This fact was reflected in the conformational changes undergone by those aromatic rings.

Catechin was selected as model compound because it is one of the most abundant
polyphenols in wine and –possibly- one of the complexing ligands for copper and/or
zinc7. Theoretical studies were carried out to verify the stoichiometry of the metal-
ligand complexes.
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