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This work enables us to observe that a concentration lower than 50 µmol/L CuSO4,5(H20) does not significantly affect the vi-
ability of the yeasts tested, and conversely, a concentration of 100 µmol/L CuSO4,5(H20) is lethal for all the yeasts tested. In 
addition, we note that all the strains show different sensitivities, and we can now introduce the concept of “dependent strain 
sensitivity”. This concept allows us to classify yeasts in 3 groups: sensitive yeasts No. 8 and No. 12 where the concentration 
at 75 µmol/L CuSO4,5(H20)is lethal, medium sensitivity yeasts No. 1, 2, 3, 4, 5, 9 and 10 where the concentration at 75 µmol/L 
CuSO4,5(H20) has a negative impact on the populations, and finally the resistant yeasts No. 6, No. 7 and No. 11 where the 
dose of 75 µmol/L CuSO4,5(H20) does not affect the population. Copper concentrations tested in this trial are rare in practice, 
but nevertheless are not non-existent. Indeed, we observed during this vintage that some cases of non-generation of alcohol 
fermentation were due to musts with a copper concentration higher than 16 mg/L.

This problem with copper is one of the issues in modern oenology. It requires research on the optimisation of wine quality 
through the control of all the inputs as well as the exterior parameters. Proper management of heavy metals in wines can 
really improve the fermentation of wines and their quality in terms of colloidal stability, colour or optimisation of aroma pro-
duction. This article provides good information on how it is important to know the raw materials intended for winemaking. 
Classical physico-chemical analyses of musts are nowadays very widely practiced (AT, pH, sugar…..). We carry out more 
and more an analysis of nitrogen to provide better adjustment for the nutrition of yeasts. It is also interesting to analyse heavy 
metals in must in order to anticipate problems which could arise during winemaking, and when necessary to apply treat-
ments in case of excessively high concentrations. 
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MECHANISMS OF THE ACTION OF COPPER 
AND THE ADVANTAGES OF AN ELIMINATION TREATMENT

Through this study we find that the presence of copper can explain a certain number of problems that the winemaker encounters 
during winemaking. If the concentration in copper is relatively low after alcoholic fermentation, it can be high on the must and be 
responsible for problems in fermentation, or loss of quality. Historically, heavy metals such as copper and iron were eliminated 
from wine to avoid problems of breakage once the wine was bottled. But copper has other effects which are less well known. 
It is able, for example, to combine into S-H groupings of aromas of volatile thiols, thus causing their precipitation and loss of ar-
omatic intensity in wine. This is what we observe in Sauvignon Blanc. We might conclude that the copper present in the initial 
must caused the precipitation of the volatile thiols as soon as they appeared during alcoholic fermentation. The DTH winemak-
ing supplement, of which one of the properties is to fix the copper, has largely limited the thiol-copper combination, which has 
enabled the initial aromatic pool of the wine to be conserved and to be expressed in large quantities of 4MMP, 3MH and A3MH. 
This supplement also has the capacity to protect aromas for the long term, thanks to the protection that it provides as concerns 
oxidation.
Copper is also an oxidation catalyser. Indeed, its presence is necessary for the action of the polypheoloxydase enzyme, which 
transforms phenol acids into quinones. The greater the concentration of copper, the more the wines will be sensitive to oxidation. 
In addition, the quinones formed have the capacity to combine with the free SO2, thus rendering it ineffective in protecting wine 
from oxidation. In this case, it is necessary to use a much larger quantity of total SO2 to protect wine quality. 
In the wine from Petit Manseng, the DAR winemaking supplement, which has the ability to fix copper, has made it possible to 
limit oxidation reactions. Indeed, the DO320, which represents the concentration of quinones, is present in a smaller quantity than 
in the control sample wine. We also note that the total SO2 quantity necessary to obtain a correct quantity of SO2 is greater for 
the control sample wine than for the wine treated with DAR. These oxidation phenomena have a negative impact on the colour 
of the wine as well as on the aromas which come from very sensitive molecules. The DAR supplement makes it possible to pre-
serve aromatic freshness and the initial colour of the white wine from PetitManseng.
Since 2003, Oenofrance has developed the DIWINE® range, new winemaking supplements to limit the concentration of heavy 
metals in wines and to improve the organoleptic quality of red, white and rosé wines. This range easily replaces the previous 
techniques which used potassimum ferricyanide to eliminate copper and iron in white wines, or calcium phytate to eliminate iron 
in red wines. This range is a new tool to preserve the organoleptic qualities of wines, even when heavy metals are present. 
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The oenological products used in the tests are as follows:
Complete Nutriment: VIVACTIV® PERFORMANCE - DTH Supplement: DIWINE® THIOL - DAR Supplement: DIWINE® ARÔME 

IMPACT OF COPPER ON THE ORGANOLEPTIC QUALITIES OF WINES
We then set up a micro-winemaking test with copper-sensitive yeast (No. 8) and resistant yeast (No. 6) on a white Sau-
vignon must naturally containing 1 mg/L of copper. The yeasting was done to attain a population of 106 yeasts/mL, and 
a complex nutriment was added to the dose of 20 g/hL. We treated part of the must with 30 g/hL of a winemaking sup-
plement specifically developed to optimise thiols formulated partially with a chelating polymer of heavy metals (noted 
DTH), the other volume being vinified as a control sample. We monitored the alcoholic fermentation of the two yeasts 
and had the concentration of volatile thiols analysed in the vinified wine with yeast No. 8, known for its capacity to re-
veal the great quantities of volatile thiols from the aromatic precursors of the must. These results are shown in Graph 

No. 2 and Table No. 2. First of all the results indicate 
that the DTH methods lead to an alcoholic fermenta-
tion of better quality. Indeed, adding this supplement 
shortens the latency phase significantly. The impact is 
even greater for copper-sensitive yeast since the DTH 
method terminates the alcoholic fermentation 48 hours 
earlier than the control sample. When examining the 
results of aroma analysis, we find that the wines pro-
duced with the DTH method show concentrations in 
volatile thiols much higher than the control samples. 
This increase is very significant, in particular the quan-
tity of 3 MH in the wines treated is doubled compared 
with the non-treated control samples. These results 

are even more interesting when we are well above the perception threshold of 3 molecules of volatile thiols analysed 
4MMP, 3 MH and A3MH which are respectively 0.8 ng/L, 60 ng/L and 4 ng/L. The negative impact of copper on the ar-
omatic compounds of volatile thiol type of Sauvignon were confirmed by other tests, and we observed that this effect 
became notable as soon as the concentration of copper in the musts exceeded 0.5 mg/L.

CONCLUSIONS

INTRODUCTION
The safety of the consumer takes precedence over all other issues. In wine, just as throughout the entire agri-
cultural food sector, the competent authorities limit the presence of molecules which can be dangerous for the 
consumer (RCE 1881/2006). As a result, the legal concentration of heavy metals is constantly being reduced. 
The European Union has just lowered the maximum legal content of lead in wine from 0.2 to 0.15 mg/L. Other 
recommendations limit still further the presence of heavy metals in wine: treatment of vines with sodium arsenite 
is now banned, brass has disappeared from wineries and has been replaced by stainless steel. However, certain 
vine treatments, such as the use of copper-based derivatives, are difficult to replace. (Abrahao et al, 1985; Galet 
1999; Park et al 2000). During winemaking the problem is far more complex. Regulations require the winemaker 
to make analyses on finished wines to verify that the concentration of heavy metals in their wines is lower than 1 
mg/L. In fact, however, the concentration found is usually much lower than the maximum authorized value, and 
is between 0 and 0.2 mg/L (COFRAC analyses conducted by the SOFRALAB network of laboratories). Wine-
makers therefore think that there is no problem with copper. Unfortunately this is not true. 
The purpose of this publication is to show that a high percentage of musts have a copper content greater than 1 
mg/L, and that this has a negative effect on vinification. Copper, a recognised antiseptic, has more or less toxic 
effects on yeasts (Ruzic 2000, Cavalieri et al, 2000). We will show here that oenological yeasts can have differ-
ent reactions, and introduce the notion of “strain dependant toxic effect”. These toxic effects can subsequently 
lead to complications in fermentation, even causing blockage of alcoholic fermentation.
We will now show that heavy metals can harm the organoleptic quality of wines, and that a method exists to 
prevent this. Indeed, in musts which have a high concentration of copper, the elimination of copper through an 
innovative winemaking supplement makes it possible to achieve the optimum aromatic potential of wines, and 
also considerably limits oxidation reactions.
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A second test was conducted on 1.8 hL of Petit Manseng must naturally containing 0.82 mg/L. This must was divided into two 
equal volumes, one of which was treated with 30 g/hL of a winemaking supplement specifically developed to increase the ar-
omatic intensity of wines and to limit oxidation phenomena, formulated partially with a chelating polymer of heavy metal (note 
DAR). The musts were then supplemented with a complex nutriment with a dose of 20 g/hL before being yeasted. During 
this test we also noted a longer latency time of about 24 hours in the control sample method compared to the DAR method. 
These results are not presented here. The analytical results of the wines are shown in Table No. 3. 

4MMP (ng/L) 3 MH (ng/L) A3MH (ng/L)
1 3.1010 3,27.1010 1,80.1010
2 7,95.109 7,33.109 6,1.109

Table No. 2: Dosage of volatile thiols of Sauvignon Blanc corresponding to the average of 2 repetitions (4MMP = 4 methylmercaptopentanone; 
3 MH = 3 mercaptohexanol; A3MH = Acetate of 3 mercaptohexanaol).

IMPACT OF COPPER ON THE METABOLISM OF YEASTS
To show the toxicity of copper on yeasts we tested the sensitivity of 12 strains of commercial yeasts on solid nutritive media, 
enriched with copper in 3 different concentrations (8, 12 and 16 mg/L of copper) corresponding to 50, 75 and 100 µmol of 
CuSO4,5(H20). The 12 yeasts were rehydrated with sterile physiological water, and then dilutions were carried out to seed the 
Petri dishes. This operation was conducted in triplicate. The results of the enumeration of the 12 yeast strains in the sample 
nutritive media and in those containing copper are shown in Table 1.

Yeast must 
number (No)

Control sample
(without copper)

50 µmol/L
CuSO4,5(H20)

75 µmol/L
CuSO4,5(H20)

100 µmol/L
CuSO4,5(H20)

1 3.1010 3,27.1010 1,80.1010 0
2 7,95.109 7,33.109 6,1.109 0
3 2,29.1010 2,14.1010 1,6.1010 0
4 1,90.1010 2,21.1010 1,23.1010 0
5 3,53.1010 2,24.1010 2,15.1010 0
6 2.1010 1,98.1010 2,21.1010 0
7 3,6.1010 3,36.1010 3,1.1010 0
8 3,86.1010 4,1.1010 0 0
9 1,74.1010 1,90.1010 1,27.1010 0

10 2,82.1010 3,04.1010 2,43.1010 0
11 1,67.1010 1,95.1010 1,47.1010 0
12 2,67.1010 2,47.1010 0 0

Table No. 1: Measurement of copper toxicity in 12 commercial strains (monitoring of the populations on the petri dishes).

The results show that the treatment of must with the winemaking supplement have enabled the production of a wine which is 
less rich in polyphenols (DO280), and above all less rich in quinones (DO320) than the control sample wine. On the other hand, 
we note that to obtain an equivalent free SO2 in both methods, a total SO2 concentration of 155 mg/L is necessary for the 
control sample wine, whereas 118 mg/L of total SO2 is sufficient for the DAR method.

TAV
In % V/V

Residual 
sugar 
in g/l

Total 
acidity in 
g/l H2SO4

pH Free SO2 
in mg/l

Total SO2 
in mg/l DO280 DO320

Control 15,28 2,1 5,90 3,36 16 155 16,8 17,1
DAR 15,21 2,0 5,50 3,35 19 118 15,1 12,6

Table No. 3: Final analysis of the wines coming from the fermentation of must naturally containing copper.
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Graph No. 2: Monitoring of fermentation of a Sauvignon Blanc must with a copper 
concentration of 1 mg/L with and without addition of a winemaking supplement. 

EVALUATION OF THE COPPER CONCENTRATION IN MUSTS
400 musts from the various regions in France producing red, rosé and white wines were analysed in a network of partner labo-
ratories using the flame spectrometer atomic absorption method. The results are shown in Graph No. 1. 
They indicate that 38% of the samples analysed have a 
copper concentration higher than 1 mg/L, the value con-
sidered as being the maximum authorized threshold for 
the sale of wines. Our various experiments on this sub-
ject lead us to say that copper begins to have a negative 
impact on the organoleptic qualities of the wine as from 
0.5 mg/L. When we add a fraction ranging from 0.5 to 
0.99 mg/L, nearly 80% of the samples analysed present 
a risk of harm to organoleptic qualities. 
These results will have to be confirmed in other vintag-
es, but this study already shows that the initial copper 
concentration in musts is much higher than most wine-
makers think. It should be noted that after the alcoholic 
fermentation of all these musts the copper concentration 
was lower than 0.5 mg/L, which confirms the natural im-
pact of fermentation on the elimination of copper.

Graphic No.1: Percentage of samples per range of copper concentrations found in 
the musts.
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