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Polyphenols are second metabolites originating from vegetable sources. They 

are of great importance due to their capacities of capturing free radicals which are 

known to be responsible for damaging cells and tissues. In grapes and subsequently 

in grape must, among other constituents, polyphenols, originating from grape skin, 

are found in good amount, especially in the red varieties.  

In this article, the attention was focused on the influence of some added 

metals on the polyphenols content in grape must, during must fermentation process. 

The influence was studied through spectroscopic techniques UV-VIS and 1H-NMR. 

The results showed that metals, added in a pre-fermentative stage of the grape must 

determine a more pronounced colour and a higher number of polyphenols in the 

final product: wine. 
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1. Introduction 

 

Nowadays, one important topic of research is related to the use of 

antioxidants compounds in the prevention or treatment of illnesses [1, 2]. Stress, 

genetic factors, or diets are the main factors for diabetes, cardiovascular or 

neurodegenerative diseases, the disorders of our decade. Researchers and 

nutritionists are striving to identify the natural, potential compounds which can act 

as antioxidants or health promoters reducing the oxidative stress by minimizing 

the content of free radicals [3, 4]. Besides fruits and vegetables, rich in vitamins 

and other biologically active compounds, wine contains 50-525 mg/L of 

polyphenols, essential compounds for the plant growth and prevention of diseases 

[5]. Polyphenols are a group of biologically active molecules, capable of catching 

free radicals, formed following oxidation reactions. These can be classified in two 

groups: flavonoids and non-flavonoids (including anthocyanins). It can exist in 

free forms, polymerized forms or linked to another compounds, being a colourless 

organic structure or a macromolecule. However, polyphenols are susceptible to 
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oxidation, losing their biological function, all by damaging the heterocycle from 

its structure [6].  

Researchers succeeded in prolonging the lifetime of polyphenols by 

adding different amount of metals, in wine, which act as chelators, protecting 

them from environmental conditions [7, 8]. Metals accumulate in wine not only 

through specific treatments required for its stabilisation, as bentonite or sulfiting 

procedures, but also by direct addition [9,10]. Literature data confirms 

interactions between polyphenols and low metal concentration leading to 

complexes. 

In other alcoholic beverages, like whiskey, cognac, the presence of metals 

in limited quantities can emphasize the organoleptic properties, as flavour, odour 

or colour. In the same time, the specific quantity can be an useful tool in the 

identification process and recognition of pattern of different types of brandies or 

whiskey [11-14]. 
 

 

 

 

 

 

 

 

 
 

 

Fig. 1. Anthocyanins structure dependent on the pH of the solution, [20] 

 

However, high quantities of these metals can lead to polyphenols 

reduction and colloidal instabilities of wine. During the harmful process, 

polyphenols, in presence of Fe(II) – Fe(III) and copper Cu(I) – Cu (II), as 

mediators, are oxidized losing their specific colour. At the beginning of the 

fermentation process, anthocyanins and tannins, major type of phenolic 

compounds is pruned, dependent on solution pH, see Fig.1, being the first 

oxidized. Various studies based on the interactions of anthocyanins with itself or 

with other phenolic compounds, show that oxygen exposure has a great influence 

on wine colour [15, 16]. Polyphenols can undergo chemical oxidation, due to the 

presence of metals, resulting in pigmented polymers or pyranoanthocyanins, more 

stable, over time. 

The aim of this paper was to investigate the influence of added metals in 

trace amounts, on the evolution of phenolic compounds present in red wine. 

During the red wine fermentation, due to the enhance amount of ethanol, the 

grape skins release a larger quantity of polyphenols in the grape must but 
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diminishes the level of pigmentation. This amount could be influenced by the 

presence of specific metal ions capable to link or interfere with polyphenols, see 

Fig.2 [17, 18]. The experiments were conducted using different spectroscopic 

techniques, as UV-VIS and 1H-NMR. 
 

 
 
Fig. 2. Polyphenols oxidation in wine, in presence of Fe2+/Fe3+ and Cu+/Cu2+, [18] 

 

2. Experimental 

 

The red grape samples were purchased from local market. It was processed 

for grape must extraction, by crushing and destemming the grapes. Must (300 mL) 

and grape skins (100 g) were introduced into the fermentation tank. A total of 6 

fermentations were investigated: control (only grape must and skins), sample 1 

and sample 3 (grape must, grape skin and a solution of FeNH4(SO4)2), sample 2 

and 4 (grape must, grape skin and a solution of CuSO4,) as presented in table 1. 

The metal ions solutions were added at the beginning of the process, prior to 

fermentation (Fig.3). Each experiment was conducted in duplicate for each metal 

concentration. 
 

Table 1. Concentration of metal solution contained in the samples, mg/L 

Samples 
Control 

samples 

Sample 1 

Fe2+ 

Sample 2 

Cu2+ 

Sample 3 

Fe2+ 

Sample 4 

Cu2+ 

Concentration, 

mg/L 

- 
6 6 104 104 

 

2.1. Materials and Reagents:  

The reagents gallic acid, Na2CO3, FeNH4(SO4)2, CuSO4 used in the 

research were of analytical purity. Folin Ciocalteu reagent was purchased from 

Merck and kept at 4°C before use. 
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2.2. Methods: 

Total polyphenol content analysis: The Folin Ciocalteu’s method was 

applied for quantification of total polyphenol content: 0.1 mL of red must was 

contacted with 1 mL of distilled water and 1.5 mL of Na2CO3. After a period of 

10 minutes of dark incubation, 0.5 mL of Folin Ciocalteu reagent was added. The 

sample was kept in a dark place for 30 minutes and then analysed by UV-VIS 

using a Thermo α Helios UV-VIS spectrometer. 

Calibration curve was obtained using a standard gallic acid solution of 10-4 

mg/L concentration. 

The wine colour intensity: The method consists in measurement of 

absorbance at 3 wavelengths 420, 520 and 620nm, of red wine samples diluted 

1:10 v/v. 

The wine colour intensity results by adding together the 3 values for each 

sample: 

 I = A420 + A520 + A620.   

This method considers the contribution of 3 wavelengths: 420, 520 and 

620 nm, specific for red, yellow, and blue components of wine [19]. 
1H-NMR analysis: The sample preparation consisted in the dilution of 

wine (must) with deuterated water (9:1 v/v). The D2O solution contains 10mmol/L 

TSP (deuterated trimethylsilyl propionate sodium salt) as internal standard. The 

samples were analysed on a Bruker Ascend 400Mhz using a 45º pulse, without 

power attenuation, with an acquisition time of 2,05 s, a spectral window of 6,4 

KHz, 16 scans, with a number of recorded points of 26K, respectively d1 = 1 s 

(delay).  

 

3. Results and discussion  

 

The fermentation in presence of high amount of metals was evaluated for 

14 days. The polyphenols concentration in the first days of fermentation is 

increased due to mechanical forces applied for the destemming and pressing 

processes as it can be noticed in Fig. 4. Around the sixth day, a slight decrease 

can be noticed. The decrease could be caused by the assemblies formed between 

anthocyanins and macromolecular compounds, such as polysaccharides or 

proteins or even anthocyanins themselves, see Fig. 4. The assemblies could 

simply catch anthocyanins, making it impossible for analytical detection. 
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Fig. 3. Fermentation tanks: control fermenter (a), fermenter with iron (b) and fermenter with 

copper (c) 

 

 
 

Fig. 4 . Types of interactions antocyanins can undergo (A – self association, B – intramolecular 

copigmentation, C – metal complexation and D – intermolecular copigmentation) [22] 

 

However, following the fermentation process, along with the synthesis of 

a higher amount of ethanol content, the extraction of polyphenols, especially 

anthocyanins and tannins, from the grape skin is accelerated. During the next 

week of fermentation, the polyphenols content was strongly influenced by the 

presence of copper. 

 There were some distinctive phenomena observed when high and low 

amount of metal ions were added. When the added metal concentration was 

higher, cause of Fenton Reaction, Fig.1, polyphenols were oxidized to quinones, 

reactions mediated by ferric and ferrous states of the iron or cupric and cuprous 

a b c 
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state of copper [17]. The result was the minimization of their functional 

properties, even colour of the final product was altered, see 9th and 10th day from 

the table 3. In case of small amount of metal ions added, the situation was 

completely different, the colour of the final product was 7 time more intense than 

in the previous case (high amount of metal ions). 
 

Table 2. 

Colour Intensity of the samples for the 6 mg/L concentration of the metal solutions added 

Days 
I of Control 

sample 

I of Fermenter 

with iron 

I of Fermenter 

with copper 

0 3.45 3.45 3.32 

5 1.20 2.61 2.51 

6 1.11 1.00 1.11 

7 2.83 2.42 2.21 

8 3.62 3.16 2.29 

11 1.83 1.17 1.18 

12 3.89 2.91 3.67 

13 5.82 5.04 6.43 

 

Table 3.  

Colour Intensity of the samples for the 104 mg/L concentration of the metal solutions added 

Days 

I of 

Control 

sample 

I of 

Fermenter 

with iron 

I of 

Fermenter 

with copper 

1 1.18 1.18 1.2 

2 1.22 1.21 1.21 

3 1.15 1.12 1.13 

4 1.20 1.13 1.09 

5 0.89 1.07 1.05 

8 1.00 0.97 0.93 

9 0.90 0.89 0.84 

10 0.84 0.79 1.04 

 

Regarding the variation of colour in the fermenter containing the smaller 

amount of added metal, table 2, it can be noticed that in the 13th day, in the 

presence of copper, the intensity of the colour is the highest. 

 The total polyphenol measurements confirm the observation made 

previously, regarding the colour intensity. As shown in Fig. 5 the variation of the 

total polyphenol content in the samples fermented in presence of metal ions 

indicate a higher concentration of polyphenols in the obtained wine for the wine 
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fermented with low amount of metal ions, as well a slight decrease of the total 

polyphenols in the presence of iron by comparison with coper. 

 
Fig. 5. Variation of polyphenols concentration with a metal solution concentration of 6 mg/L 

added. 

 

Using 1H-NMR analysis the fermentation process was monitored. In fig. 5 

it is shown the NMR spectra of the grape must samples after 5 days of 

fermentation. It could be noticed that the sample with added iron ions (2) contains 

less ethanol in the same fermentation conditions as the one containing copper ions 

(3) or the control (1). In the same time the amount of polyphenols (visible in left 

side of Fig. 5, spectral area 10-6 ppm) is higher in the samples fermented with 

metal ions (2 and 3) by comparison with the one without added metal ions (1). 

 

 

 
 

 

 

 

 

 

 
  

 

 

 

Fig. 5. NMR Spectra for must samples after 5 days of fermentation, (1- control, 2-with iron ions 

and 3- with cupper ions) 

 

1 

2 

3 

ethanol 
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Fig. 6. Area of 5.2-10 ppm of 

1H-NMR spectra for must/wine 

samples after 30 days of fermentation 

(1 and 2- must and wine with added 

iron ions and 3 and 4 - with must and 

wine with added cupper ions) 

 

 

 

 

 

 

 

 

When the fermentation occurs in the presence of metal ions the profile of 

the polyphenols present in the final product (wine) is similar (fig. 6). It ca be 

noticed on the other hand that in the case of fermentation with added cupper ions 

(fig.6, spectrum 4) by comparison with the fermentation in the presence of iron 

ions (fig.6, spectrum 2) the amount of the polyphenols in the obtained wine is 

slightly higher. Therefore, the results obtained by the two previous methods (total 

polyphenols and wine colour intensity) are confirmed by 1H-NMR analysis. 
 

6. Conclusions 

 

Adding small amounts of solutions containing metal ions, iron and copper, 

prior to fermentation, could lead to assemblies of anthocyanins with polyphenols, 

protecting them from environmental oxidation. Therefore, the presence of iron 

and copper ions in the fermentation process impact the progress of the 

fermentation process, from the formation of ethanol to the amount of polyphenols 

and anthocyanins in the obtained wines. 

In addition, the colour of the wine is strongly influenced by the presence 

of phenolic compounds, anthocyanins at the beginning of the fermentation and 

condensed tannins and copigments formed between pigments and organic 

molecular structure, colourless, during the fermentation and the weeks, following 

this process. Oxygen exposure is of great importance, it being capable of 

intensifying the pigments extraction during the maceration process and to generate 

colourful compounds. 
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