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II. Abstract 
 

The sensitivity of metatartaric acid (MA) to high temperatures is the main limit for its 

actual use in enology. For this reason MA is generally used only for ready-to-drink wines that 

are stored for few months in bottle. The objective of this work was to obtain more information 

about the use of MA in order to prevent tartaric salts precipitation in wine by monitoring its 

effectiveness along the time. Tartaric stability was followed in a white wine during a ten-week 

experiment. 10 g/Hl of MA was added to wines with different five pH values, namely 3.0, 3.2, 

3.5, 3.7 and 3.9 at room temperature (20°C), and to wines at original pH of 3.2 under three 

different temperatures commonly found in real storage conditions, precisely 12°C, 20°C and 

35°C. To monitor tartaric stability we used a test based on the electrical conductivity 

developed by Boulton (1983). At the end of the experiment we found both a pH and a 

temperature effect. It was found a polynomial relation (R2 = 0,85) between tartaric stability 

and pH. The highest the pH, the highest the instability and the shortest the protection against 

tartrates precipitation. Furthermore, over 20°C we observed a rapid general decrease of MA 

effectiveness and that there was a linear relation (R2 = 0,99) between temperature and 

tartaric stability, so that we can affirm that the highest the temperature, the higher the wine 

instability; this is probably due to a faster MA hydrolysis. Metatartaric acid is surely able to 

prevent tartrates precipitation, but since in our experimental conditions it could not protect the 

wine for longer than one month, we would suggest extreme prudence about its use 

especially during long storage periods. 

 

Key words: wine, tartaric stabilility, metatartaric acid, electrical conductivity, pH, 

temperature. 
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III. Resumo 

 

A sensibilidade do ácido metatartárico (MA) a temperaturas elevadas é o limite principal para 

a sua utilização efectiva em enologia. Por esta razão o AM é geralmente utilizado em vinhos 

correntes que são armazenados por poucos meses em garrafa. O objetivo deste trabalho foi 

obter mais informações sobre o uso do AM, a fim de evitar a precipitação de sais tartáricos 

em vinho, monitorizando a sua eficácia ao longo do tempo. A estabilidade tartárica foi 

monitorizada num vinho branco durante um periodo de 10 semanas. 10 g/Hl de AM foram 

adicionados aos vinhos em cinco diferentes valores de pH, nomeadamente 3.0, 3.2, 3.5, 3.7 

e 3.9, à temperatura ambiente (20°C), e aos vinhos de pH 3.2 mantidos à três diferentes 

temperaturas comummente encontradas em reais condições de armazenagem, 

nomeadamente 12°C, 20°C e 35°C. Para monitorizar a estabilidade tartárica foi utilizado um 

ensaio com base na condutividade eléctrica desenvolvido por Boulton (1983). No final da 

experiência, verificamos tanto um efeito devido ao pH com um efeito devido á temperatura. 

Foi constatada uma relação polinomial (R2 = 0,85) entre a estabilidade tartárica e o pH. 

Quanto mais alto é o pH, maior é a instabilidade e menor a proteção contra as precipitações 

tartáricas. Além disso, geralmente acima dos 20°C observou-se uma rápida diminuição da 

eficácia do AM e foi constatada uma relação linear (R2 = 0,99) entre a temperatura e a 

estabilidade tartárica, de modo que podemos afirmar que, quanto mais alta é a temperatura, 

maior é a instabilidade do vinho, isto, é provavelmente devido a uma rápida hidrólise do AM. 

O ácido metatartárico é, certamente, capaz de evitar precipitações tartaricas, mas dado que 

nas nossas condições experimentais não podia proteger o vinho para mais de um mês, 

sugerimos extrema prudência sobre a sua utilização, especialmente durante longos períodos 

de armazenamento. 

 

Palavras-chave: vinho, estabilidade tartárica, ácido metatartárico , condutividade elétrica, 

pH, temperatura. 
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VIII. Introduction 

 

Wine stability consideration prior to bottling is a necessary step; the problematic to 

produce stable, palatable and consumer-appealing products is nowadays a concern of every 

wine producer since the era when wines with physical instabilities could be released in the 

market has long passed. 

Wines must be stabilized against potential unwanted changes that may be due to 

microbiological agents, can be of chemical nature, or come from macromolecular interaction 

with changes in solubility. Therefore, one of the objectives of the winemaking finishing 

processes also is to guarantee wine clarity as well as its desirable sensory characteristics. 

In the past, the use of physical and chemical approaches to avoid instability problems 

and prevent precipitations of different nature was largely diffused whatever the storing 

conditions, in terms of main parameter to be monitored as temperature, oxygenation, light, 

etc. As common practices we could include classical operations as sedimentation and 

racking used for wine clarification, likewise thermic treatments to avoid microbial problems. 

In the recent past, treatments concerning the use of low temperatures have also been 

developed as alternatives to prevent precipitation after bottling. The most of them had 

empirical basis and were used without well knowing all the real reactions involved in the 

processes, the causes and their effects in the final product. Physical treatments in the agro-

alimentary production, and so in wine, are better perceived by the public, likely because 

other treatment types has always been associated with the idea of an exogenous unnatural 

compound addiction linked to the concept of “unhealthiness”. 

From the vintner point of view, physical treatments are preferred, when possible, 

because they don’t cause unwanted organoleptic modifications in the wine. The truth is that 

both physical and chemical treatment can potentially provoke “alterations” in wine, and at the 

very end what a wine producer seeks is to minimize the treating time and the production 

costs while enhancing the efficiency of all the available input in order to maximize the final 

profit. 

The achievement of tartaric stabilization is really a technical challenge in winemaking 

and a great concern, as wines are shipped to long distances. Tartrate crystals precipitation is 

a natural phenomenon that does not affect product taste or not compromise the consumer 

health. 
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Problems are related to a pure aesthetical issue; in fact crystals are often confused 

with broken glass, sugar, or chemical residues. This is frequently not accepted by 

consumers. Commercially, shipments can be returned, especially in certain export markets. 

For sparkling wines, crystals can cause an excessive loss of product when disgorging or 

when the bottles are opened by the consumers. 

Commercial pressures are therefore increasingly demanding wine stability, 

consequently it is important to identify the most suitable and effective technique in function of 

the specific wine producer needs. 

In order to prevent tartaric precipitation, cold treatments are nowadays the most used. 

Other techniques have also been developed, mostly in order to reduce the wine finishing 

time and obviously the costs. In one hand, some of these techniques are controversy and so 

forbidden in some wine-producing countries, even though when well-performed they don’t 

induce undesirable effects to the wine and sometimes also being more efficient than the cold 

treatments.  

In the other hand, other treatments can be promising and susceptible of an improving 

margin by means of further studies. This could be the case of the Metatartaric acid used as 

wine stabilizer against the tartaric precipitation. Together with techniques apt to wine 

stabilization, some tests to predict the wine tartaric stability have also been tuned and 

perfected. 

The final decision about which technique to use for wine stabilization it is always in 

hand of the wine producer, depending on various aspects as the type of wine to produce, the 

style, the type of modifications induced to the wine by the specific chosen treatment, the wine 

producer economical and social environment and of course its reference market. 
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IX. Bibliographic review 

 

1. Tartaric acid and tartrate salts: potassium hydrogen tartrate and calcium tartrate 

 

1.1. Tartaric acid 

 

Tartaric acid is a white crystalline diprotic organic acid with the following molecular 

basic formula C4H6O6; it is odorless and non volatile mostly present in grapes, and in few 

other species. In unripe grapes and must is one of the most prevalent acids. The natural acid 

occurring form is L-(+)-tartaric acid or dextrotartaric acid. The mirror-image (enantiomeric) 

form, levotartaric acid or D-(−)-tartaric acid can be made artificially (figure 1). 

In musts its concentration may varies in function of several factors as climatic 

conditions, location, variety, soil type, cultural practices and state of grape maturity, but 

averagely is comprised in the range from around 2 to 6 g/L (Flanzy, 1998; Ribéreau-Gayon 

et al., 2006). It is a relatively strong acid (Ribéreau-Gayon et al., 1972) that gives to a wine a 

pH that ranges from 3.0 to 3.5. 

 

 

 

Fig. 1: Tartaric acid in grapes. 
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In wine, tartaric acid (H2T) can be found partially dissociated (HT-), completely 

dissociated (T2-) and can precipitate in two main salt forms, either Potassium Hydrogen 

Tartrate (KHT) that is not very soluble (Ksp: 3.8 x 10-4 at 18°C) or Calcium tartrate (CaT) that 

is not soluble (Ksp: 7.7 x 10-7 at 25°C) (Ribéreau-Gayon et al., 1998). 

Depending on the pH, the prevailing form can be one salt or the other, with more 

calcium tartrate at higher pH values (figure 2). In the typical pH range of wine (3 to 4), KHT is 

predominant and its solubility is the lowest between pH 3.4 and 4 (Fritz and Schenk, 1974). 

The precipitates will form large crystals in the bottom of the wine bottle. 

 

 

 

Fig. 2: Tartaric acid species as a function of pH (Fritz and Schenk, 1974). 
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1.2. Potassium hydrogen tartrate 

 

Potassium hydrogen tartrate is produced after veraison. Potassium moves from the 

soil system to the plant and accumulates into the grape. 

During the ripening, the content of dissociated tartaric form increases with formation 

of mono and dibasic potassium salts. At this stage, the content of tartaric acid is diluted, 

more o less rapidly in function of agronomical, climatic and varietal conditions.  

As a consequence, vintners deal with musts and wines with great variations in KHT 

concentrations, since grapes usually contain a high level of tartaric acid and potassium. In 

the wine-producing Portuguese regions the average values range from 1,8 to 2,3 g/L for the 

tartaric acid and less than 1 g/L for the potassium (Curvelo-Garcia, 1988). Flanzy (1998) 

reports potassium concentrations that generally in wines ranges from 0,4 g/L to 1,84 g/L 

(0,97 g/L averagely). 

All wines differ in their holding capacity for tartrate salts in solution. If the holding 

capacity is exceeded, these salts will precipitate resulting in a sort of tartrate casse that by 

itself is a harmless natural phenomenon. Solubility of potassium bitartrate is dependent 

primarily upon the alcohol content, pH, the temperature of the wine, and the interaction of 

various cations and anions. 

Although KHT is soluble in grape juice, the production of alcohol during alcoholic 

fermentation decreases the solubility and produces a supersaturated state of the KHT 

solution. In a wine the field of supersaturation in regard to KHT is quite large, and 

furthermore some energy is needed for primary nucleation and spontaneous crystallization. 

Therefore any prevision about potential precipitation becomes uneasy (Maujean et al., 1985). 

The percentage of tartrate present as potassium bitartrate (KHT) has its maximum at 

pH 3.7 (Fritz and Schenk, 1974) and, all other factors in the medium allowing, in this situation 

precipitation will be the greatest (Zoecklein, 1988; Flanzy, 1998; Ribéreau-Gayon et al., 

2006; Lin Lin Low, 2007). Therefore, any wine treatment that gives rise to changes in pH, 

such as blending, malolactic fermentation, etc., may affect bitartrate precipitation. This 

mechanism explains the crucial importance of rigorous controls in potassium bitartrate 

stability after every step of the winemaking process till bottling. 
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1.3. Calcium tartrate 

 

Calcium tartrate is a relatively insoluble salt, ten times less soluble than potassium 

bitartrate, but generally its concentration in wines is not very high. Some practices, as the 

use of calcium bentonite or calcium carbonate for wine deacidification, may cause accidental 

addition of calcium and consequent increase the concentration of this salt that combined with 

a high pH value may lead to a supersaturation level causing deposition of calcium tartrate 

crystals. 

In bottled wines this risk becomes real with high contents of calcium, over 60 mg/l in 

red wine and 80 mg/l in white wine (Ribéreau-Gayon et al., 1977). 

An experiment carried by Vallée et al. (1995) has shown that a wine can bear an high 

degree of calcium tartrate supersaturation without crystallization even during very long 

storage and that its least solubility, when compared to Potassium bitartrate, can explain this 

difference between the two salts. 

 

 

1.4. Potassium hydrogen tartrate crystallization and precipitation 

 

Grape Juice arrives before alcoholic fermentation in a supersaturated state in regard 

to potassium bitartrate. During fermentation, with the increase in alcohol content, we have a 

decrease in the potassium bitartrate solubility with the result of a slow precipitation of the 

potassium bitartrate in form of crystals (this deposit is commonly known as cream of tartar); 

with sufficient time this phenomenon occurs spontaneously. This happens because KHT in 

wine is relatively insoluble while the potassium concentration is generally relatively high, so 

its concentration product is greater than the solubility product: 

 

CP > SP                                                                                                                                  (1) 
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Where, CP is the concentration product function of pH and medium composition, SP 

is the solubility product, the maximum amount that can be dissolved at the equilibrium in turn 

function of ethanol content and temperature (Ribèreau-Gayon et al., 2006). 

In a supersaturated solution like wine, the crystallization process occurs in two 

stages. In the first stage, called nucleation, nuclei or crystals germs are formed. It is 

important to note that for nucleation to occur in a supersaturated solution the concentration of 

KHT must reach a critical level. Below this level nucleation will be slow and this is the case of 

spontaneous primary nucleation. The latter can also be homogeneous (presence of tartrate 

salts only) or heterogeneous (e. g. involving other impurities, rugosities). 

In a liquid phase, the formation of these small crystals corresponds to the creation of 

an interface between two phases that requires a great amount of energy known as interfacial 

surface energy. Together with the low number of nuclei at adsorbent surface level this is the 

reason why spontaneous crystallization, under natural conditions, is a slow, unreliable and 

unpredictable phenomenon (Ribéreau-Gayon et al., 2006; Jackson, 2008). 

Secondary nucleation is related to the rupture of pre-existing crystals. In rapid 

stabilization processes, the wine is added directly with exogenous nuclei in order to increase 

the supersaturation level and have a fast growth with the increased adsorbent surface. 

In the second stage the nuclei grow into crystals. Crystal growth occurs when the 

KHT ions migrate to active sites on the surface of the seed crystals and are incorporated into 

a crystalline structure. If for some reason the active sites on the crystal surface are blocked 

(e. g. due to colloids adsorption) crystal growth is inhibited (Celotti et al., 1999). 

Maujean et al. (1985) defined the supersolubility field of KHT in a given wine that is 

amongst the stability and crystallization field, so that the width of the supersaturation field is 

dependent on wine composition. Therefore, it is possible to determine the state of a wine at a 

known temperature with considerable accuracy and tests are needed to assess the wine 

actual stability level. 

Crystal growth consists in two steps. The first step is the ions diffusion in the 

boundary layers, and according to Nernst (1904) this growth can be calculated by the 

following equation: 

 

ds/dt = kd(A/δ)(C-C*)                                                                                                               (2) 
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Where, ds/dt is the solute transfer rate, kd is the velocity constant, A is the crystal 

surface, δ is the boundary layer thickness and C-C* the saturation degree. 

The subsequent step is ions integration in the crystal lattice with an increase in size. 

According to Dunsford and Boulton (1981), crystal growth can be calculated with the 

equation: 

 

ds/dt = ksA(C-C*)n                                                                                                                   (3) 

 

Where, ks is the integration coefficient and n is the order of the overall crystal growth 

process. 

The growth rate will depend on the supersaturation degree (C-C*), number and size of 

nuclei (A), mixing conditions (δ, A, etc..,) and the overall crystallization kinetic is limited by 

the critical nucleation stage. 

The formation of crystals in wine is influenced by various factors such as seeding 

level, particle size, temperature, ionic strength of the solution, alcohol content, presence of 

malic acid, agitation, pH, wine composition, metals ions (Zoecklein et al, 1995; Abguéguen 

and Boulton, 1993; Clark et al, 1988).  

The temperature is one of the most important parameter influencing KHT crystal 

formation. Dunsford and Boulton (1981) showed that crystal growth was faster and more 

efficient with low temperature due to extensive nucleation. 

All the wine compounds that interact with tartaric salts making them unavailable for 

precipitation have a clear importance for wine stabilization. There is no doubt about the 

affinity of KHT, due to its electrical characteristics, with the negatively charged colloidal 

fraction present in wine (Abguéguen and Boulton, 1993; Jackson, 2008), as well as the 

presence of polysaccharides or polyphenols that compete with the KHT salts in the actives 

sites on the surface of growing crystals, blocking their further development (Ribéreau-Gayon 

et al, 2006; Dharmadhikari, 2002). The influence of polyphenols on tartaric acid in red wines 

can cause a delay in precipitation and for this reason in white wines the precipitation is 

supposed to be faster (Zoecklein et al, 1995). In white wines proteins can bind bitartrates 

ions and hinder KHT crystals formation, in the same way of tannins in red wines (figure 3). 
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Crystals growth is also directly dependent upon the available surface area, so that is 

very important to maintain a constant agitation to favor crystallization. During the seeding 

process with continuous agitation tartaric acid, potassium and concentration product (CP) 

values are lower than in static conditions (Blouin et al., 1979). 

Because of what described so far, it is doubtless important to take into account and 

eliminate, when it is feasible, all those factors that can lower the efficiency of a tartaric 

stabilization treatment, for example clarifying and filtering the wine prior stabilization 

processes. 

 

 

Fig. 3: KHT crystals formed in white wines (left) and in red wines (right). 

 

 

1.5. Calcium tartrate crystallization and precipitation 

 

Calcium tartrate precipitation is less common and more troublesome to prevent and 

control because its solubility is less sensitive to low temperatures and the increase in alcohol 

content in comparison with KHT (Postel, 1983). 

This is mainly due to the low concentration of calcium in wine that is around 5 to 10 

times less respect to potassium (Amerine and Ough, 1972). There is a very small number of 

available nuclei for nucleation and consequently a reduced surface area that exposes active 

sites for crystal size growth, so that calcium tartrate is unable to nucleate in wine and 

precipitate. 
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Furthermore, for the same saturation level at 20°C a decrease in temperature is able 

to increase the solubility of KHT 3 times more between 4°C and 20°C, but the CaT solubility 

is only doubled. Generally, low temperatures favor more nucleation and subsequent 

precipitation of KHT (Berg and Keefer, 1958; Berg and Keefer, 1959). From here rises the 

importance of a CaT high seeding rate in order to overcome this limitation and to have 

precipitation (Abgueguen and Boulton, 1993), since spontaneous stability needs months to 

develop. The Temperature range for crystal growth and precipitation was found to be 

between 5 and 10 ºC (Jackson, 2008). 

KHT crystals in wine don’t influence the nucleation of CaT, but it has been observed 

the opposite phenomenon of KHT crystallization induction (Flanzy et al, 1998). 

Malic acid exerts a high inhibitory effect on the crystallization rate entering in 

competition with tartrate or with calcium ions either in solution or in crystal form (Clark et al, 

1988). Thus, malolactic fermentation has a high influence on the wine stability with regard to 

CaT. 

When seeding with CaT for achieving wine stability, it is more efficient to use a 

racemic mixture of nuclei with both L and D isomers instead of the only L natural isomer. The 

slow conversion of the L form to the D form is one of the principal reasons of instability in 

bottled wines (Ribéreau-Gayon et al., 1977; Jackson, 2008). 

 

 

2. Tests to predict tartaric stability in wine 
 

Nowadays, there are several methods to measure and assess KHT wine stability and 

among them there is not an official standard used in the wine industry. This is 

understandable if we consider that stability is a relative term, currently variously defined by 

the different vintners (Zoecklein, 1988) in function of their specific needs. 

Some of these tests are the most used or have a good potential for further tuning and 

implementation in sight of an actual use by the industry. These are the refrigerator test or 

“freeze test”, the ‘mini-contact’ test, the Wurdig test, the concentration product test or “CP 

test” and a test based on electric conductivity determination. 
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2.1. The refrigerator test or “freeze test” 
 

This is a traditional method and somewhat empirical. It consists in to put a 100 ml 

wine sample in a freezer at -4°C for 4-6 days or if not possible at 0 °C for 15 days, depending 

on the type of wine to test. After the test time is passed, in absence of crystals deposit the 

wine is considered stable. 

With the increase in ice formation the wine result relatively more and more 

concentrated in all the chemical species in the sample, including the alcohol and with a 

boosting effect in nucleation and crystallization. However in this conditions is not really easy 

relate KHT instability with the crystal formation. 

In reality this test is essentially more a crystallization-rate test than a real stability test 

(Boulton, 1983). 

Sample filtration alters the test response inasmuch crystal nuclei will also be 

removed, so the test will only results in a measure of KHT ability to nucleate and precipitate 

(Zoecklein, 1988). This test is surely simple and practical to perform, it doesn’t require 

special equipment, but it is mainly qualitative with not very accurate information about the 

wine’s degree of stability. 

Furthermore, the test result takes long time and is clearly incompatible with all short 

contact technologies where is needed a rapid response to check the effectiveness of a 

treatment. Finally this test is unreliable and with poor repeatability being dependent on the 

spontaneous crystallization phenomenon (Ribéreau-Gayon et al, 2006). 

 

 

2.2. The ‘mini-contact’ test 
 

This test is based on homogeneous induced nucleation, which is faster than primary 

spontaneous nucleation. A wine sample is added with 4 g/l of KHT salts and maintained at 

0°C for 2 hours in constant agitation. After this period, the sample is cold filtered and the 

precipitated salts (exogenous plus endogenous tartrates) are collected and weighed so that 

crystals growth can be assessed (Müller-Spath, 1979). 



Influence of pH and Temperature on Metatartaric Acid Efficiency in White Wine Tartaric stabilization 
_________________________________________________________________________________________ 

 
 

Page | 24  
 

This test has some drawbacks, it doesn’t take into account neither the size of the 

added KHT seeds nor the crystals associated with precipitated condensed coloring matter in 

wine with an high aging potential (Ribéreau-Gayon et al., 2006); furthermore, it tends to 

overestimate the treatment effectiveness or the wine stability (Boulton, 1982). 

In order to overcome these drawbacks some variants have been tuned. Martin 

Vialette Company (cited by Ribéreau-Gayon et al., 2006) proposed to seed the wine sample 

with 10 g/l of potassium bitartrate at 0°C and measure the drop in electric conductivity, since 

during crystal growth the conductivity decreases due to K+ ions integration within the crystal 

lattice. 

After 5-10 minutes if the conductivity drop is less than the 5% of the initial conductivity 

value the wine is considered stable, if instead the actual percentage is over 5% the wine is 

considered unstable. This variant is faster, more reliable and compatible with the dynamic 

contact process. On the other hand, not always it takes into account KHT particle size and is 

based on excessive small variation in conductivity during a too short contact time (Rhein and 

Neradt, 1979; Gumberteau et al., 1981; Blouin, 1982; Abgueguen and Boulton, 1993). 

Another variant is proposed by Escudier et al. (1993), where a wine sample is first 

filtered and then cooled down to -4°C for 4 hours with the addition of 4 g/l of potassium 

bitartrate. Conductivity measures are taken along 4 hours with a subsequent extrapolation in 

an infinite time. Stability is assessed by the formula: 

 

Critical rate = [(Ci(0) - Cf(inf))/ Ci(0)]                                                                                       (4) 

 

Where, Ci(0) is the conductivity initial value at time 0, and Cf(inf) is the conductivity 

final value at infinite. According to this formula, if we obtain a conductivity drop lower than the 

3% the wine is considered unstable. 

All these variants, whose goal is to give a rapid response on the actual stability of a 

wine or the real effectiveness of a stabilizing treatment, show some of limits and are 

considered not completely reliable. 
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2.3. The Wurdig test: concept of saturation temperature 
 

The concept of saturation temperature states that at low temperatures the more 

potassium bitartrate a wine is able to solubilize the less is the state of supersaturation in 

regard to this salt, therefore, the more stable should be the wine (Wurdig et al., 1982); it is 

basically the lowest temperature at which a wine is able to dissolve the salt. 

Saturation temperature is determined recording the increase in conductivity of a wine 

sample with no added KHT crystals while increasing the wine temperature and further 

comparison with the increase in conductivity of another sample collected from the same KHT 

crystals-added wine. 

The wine samples were first both brought close to 0°C, then the temperature was 

raised by 0,5°C subsequent increments till 20°C; for each temperature increment the 

variation in electrical conductivity was recorded. The second sample was added with a dose 

of 4 g/l of KHT crystals and constantly agitated. Based on this trials performed in several 

wines, a linear correlation was found between the saturation temperature of a wine and the 

variation in conductivity at 20°C before and after the addition of KHT (Wurdig et al., 1982). 

This is a method based on salt solubilization that is a fast, spontaneous and 

repeatable phenomenon, not influenced by the effect of protective colloids during wine 

storage and aging, therefore more reliable with regard to tartaric stabilization of wine in a 

long term period (Ribèreau-Gayon et al., 2006). 

The linear correlation above mentioned has been verified only in wines where the 

solubilization temperature of KTH is between 7 and 20°C, but some red and rosé wines show 

a saturation temperature over 20°C. In order to determine their precise saturation 

temperatures wine samples have been heated up till 30°C (Maujean et al., 1985). 

Since for a wine producer is more interesting to know the critical temperature to have 

tartaric instability than the stability temperature, Maujean et al. (1985, 1986) tried to find out 

the relationship between stability temperature and saturation temperature and proposed the 

following equation: 

 

Tcs = Tsat - 15°C                                                                                                                      (5) 
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Where Tcs is the temperature of spontaneous crystallization and Tsat the wine 

saturation temperature.  

This equation doesn’t take into account the protective colloids effect and is true for a 

wine with the 11% v/v of alcohol content. In case of white wines with an alcohol content of 

12,5% v/v and for those that will undergo second fermentation increasing their alcohol 

content, the previous equation becomes (Ribèreau-Gayon et al., 2006): 

 

Tcs = Tsat - 12°C                                                                                                                      (6) 

 

In case of red wines, Gaillard et al. (1990) related tartrates stability only to saturation 

temperature, taking into account the effect of the polyphenols. They estimated that a wine 

can be considered stable if: 

 

Tsat < (10,81 + 0,287 TPI)°C                                                                                                   (7) 

 

Where, TPI is the total polyphenols index. TPI determination balances the raw 

measure of Tsat (Berger et Gaillard, 1988; Balat et al., 1989) 

According to Flanzy et al. (1998), a red wine could be considered stable if the Tsat is 

equal or lower than 24°C for a TPI that is equal or lower than 50, or if Tsat is equal or lower 

than 22°C for a TPI greater than 50. 

 

 

2.4. Concentration product test or “CP Test” 
 

This is another traditional test that expresses quantitatively the relationship between 

tartaric acid and the respective potassium ions. According to Berg and Keefer (1958) is 

possible to establish solubility levels for potassium bitartrate and calculate solubility product 

values: 
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CP = [K+][H2T](%HT-)                                                                                                             (8) 

 

The concentrations are expressed in moles per liter. In function of the tested wine, if 

the calculated concentration product values are above the published limit values the wine 

can be considered unstable and have bitartrate crystals precipitation. In order to use this 

method some preliminary analysis regarding alcohol content, pH, potassium ions and total 

tartaric acid content are needed. This method is considered reliable but it doesn’t take into 

account the seizing action of other constituents in the wine and needs some time to be 

performed (Zoecklein, 1988). 

 

 

2.5. Test based on electric conductivity determination 
 

This test essentially consists in creating all the favorable conditions for potassium 

bitartrate precipitation. After seeding with tartrate crystals, we follow the drop in electrical 

conductivity due to disappearance of potassium ions from the solution until the final stability 

value is found. Furthermore, the choice of the test temperature should forsee the lowest one 

at which the bottled wine is supposed to be exposed during storage. 

The test procedure has been outlined by Boulton (1983) and consists to bring a 100 

ml wine sample close to the chosen temperature, while under constant agitation measure the 

conductivity value. Immediately after, 1 g of powdered potassium bitartrate is added and the 

conductivity drop is noted at 1-2 minutes intervals till the value become stable. The whole 

test should be no longer than 30 minutes, and because the conductivity values are sensitive 

to temperature, the temperature during the test must be constant. 

The difference between the conductivity value taken before adding powdered 

potassium bitartrate and the final stable value gives the measure of the potential stability. 

When this difference is found to be less than the 5% of the initial value the wine is 

considered stable and we could confirm the efficacy of a specific stabilizing treatment or, on 

the contrary, the need of tartaric stabilization. 



Influence of pH and Temperature on Metatartaric Acid Efficiency in White Wine Tartaric stabilization 
_________________________________________________________________________________________ 

 
 

Page | 28  
 

This test is rapid and relatively cheap, it needs only a conductivity meter and a 

freezer, it is easy to perform and allow checking the wine evolution along time in regard to 

tartaric instability. 

 

 

3. Preventive technologies used for tartaric Stabilization 
 

The technologies commonly used to prevent tartrates precipitation in unstable wines 

are based on crystallization induction, ions removal and crystallization inhibition; these 

methods will be described here below. 

 

 

3.1. Cold stabilization 
 

Cold stabilization is a traditional method used to prevent tartaric instability in wine. 

This technology basically consists in cooling the wine down to temperatures close to its 

freezing point in a range between -2°C and -4°C (Boulton et al., 1996; Uitslag, 1996; 

Ribéreau-Gayon et al., 2006) and keeping it at low temperature for a certain lapse by the 

mean of a plate heat exchanger in order to decrease the tartaric salts solubility and 

consequently induce crystals precipitation. 

An estimation of stability temperature for inducing tartrates precipitation is given by 

Perin (1977) with the following empiric formula: 

 

Temperature (-°C) = (% alcohol/2) -1                                                                                     (9) 

 

This is indeed an experienced technique that also supports colloidal coloring matter 

stability in red wines and protein stability in white wines; a further recovery of tartrates also is 

possible. 
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This technology has some negative facets since is time and energy consuming, the 

winery needs to be provided with isothermic tanks equipped with plate heat exchangers, 

requires previous filtrations, another additional filtration to remove crystals, and furthermore 

microbial stability also is not guaranteed because once the temperature rise resistant 

microorganisms can proliferate again (Ribéreau-Gayon et al., 2006). 

The use of low temperatures include processes that can be classified in slow and 

rapid cold stabilization, the latter can further be divided in static contact process and dynamic 

continuous contact process. 

 

 

3.1.1 Slow cold stabilization 
 

This is the most traditional process which consists in cooling the wine down to -4°C 

with a rate that can vary in function of the available equipment. Faster cooling promotes a 

more efficient precipitation in form of small crystals compared with the big crystal formed with 

slow cooling, although the latter are easier to remove with cold filtration (Ribéreau-Gayon et 

al., 2006). 

The time the wine stays at low temperature is a function of the wine type and is longer 

for red wine, due to the action of protective colloids, and it approximately ranges from few 

days to several weeks (Blouin, 1982). According to Ribéreau-Gayon et al. (1977) the time 

needed to remove colloids from red wine is just 1 or 2 days but for the tartaric stabilization it 

is up at least to 10-15 days. 

Regarding the tartrates crystals precipitation kinetic, it has been observed that while 

at the beginning this process is very rapid, after some days it sensibly slows down with the 

decrease of the potassium bitartrate saturation level in the wine. Obviously variations in 

temperature affect the crystals nucleation rate and the consequent precipitation phenomenon 

(Zoecklein, 1988; Dharmadhikari, 2002). 

A recent evolution of this cold stabilization technique was tuned in order to speed the 

whole process up and consists in adding small amounts of crystals seeds to the wine 

together with constant agitation and trying to avoid at the same time an excessive oxidation 

phenomenon (Flanzy, 1998; Ribéreau-Gayon et al., 2006). 
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3.1.2 Rapid cold stabilization: static contact process 
 

This technique consists in seeding the wine with 400 g/Hl of potassium bitartrate 

crystals (Rhein and Neradt, 1979; Guimberteau et al., 1981; Flanzy, 1998) with an optimum 

particle size of 40 μm (Rhein and Neradt, 1979) in a crystallizer equipped with a drain in 

order to remove crystals excess at the end of the cycle. The wine needs to be in constant 

agitation to maintain the particles in suspension and ensure crystals aggregation. The wine is 

cooled down to 0°C for the white wines and even to 5°C for red wines, so that the whole 

treatment is only 4 hours long and sometimes even less in case of white wines (Guimberteau 

et al., 1981; Ribéreau-Gayon et al., 2006). 

The advantages of this method are shorter treatment time because the crystals 

nucleation phase is eliminated so that the whole process is speeded up and the use of higher 

temperatures that minimize the energetic costs and also frost deposit on the equipment. 

When the wine is considered stable, the most of the tartrates can be allowed to settle down 

at the crystallizer bottom. 

This type of treatment compared with slow cold stabilization produces small-sized 

crystals that are more difficult to eliminate, also if good results are obtained with horizontal 

plate filters. Crystals settling and wine filtration, necessary to avoid bitartrate salts back in 

solution, must be performed at the same temperature chosen for the initial treatment, also 

taking into account the higher oxidation risk at low temperature (Ribéreau-Gayon et al., 

2006). 

Furthermore, another drawback is the cost of the seeding crystals although partially 

overcame by recycling potassium bitartrate crystals several times with previous washing for 

removing possible fouling contaminants and grinding to reduce their increased size; it is 

unavoidable crystal loss in the range of 3-6 % (Dharmadhikari, 2002). 

Recycle is not possible with red wines because crystals are fouled by phenols and 

coloring matter and quickly lose their efficiency. 

This is a method that can be adapted to treat small wine batch 2-3 times per day 

(Ribéreau-Gayon et al., 2006), hence really suited for the needs of small and medium sized 

wineries. 
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3.1.3. Rapid cold stabilization: dynamic continuous contact process 
 

This continuous process allows treating big wine volumes. Unstable wine goes inside 

a crystallizer after a cooling down by means of a heater exchanger. Inside the crystallizer we 

have crystals seeding, crystals formation and growth during constant agitation. Agitation that 

is partly provided by the turbulence created from the wine inlet in the liquid mass allows 

keeping in suspension even the smallest crystals. The treatment output or rather the time 

necessary to treat a given wine volume depends on the crystallizer volume itself; here is very 

clear the importance to rapidly confirm the effectiveness of the treatment (Ribéreau-Gayon et 

al., 2006). 

When using rapid cold stabilization methods, we need first to look at the wine type, 

the alcohol level and any previous treatment, in particular we need to check if the wine has 

been properly clarified to ensure the highest level of stabilization efficiency. 

This continuous treatment is surely more efficient than other methods but it also 

requires higher energetic costs, continuous monitoring and a fully equipped winery. 

 

 

3.2. Ion exchange resins 
 

This technology in wine is used not only to obtain tartaric stability but also to eliminate 

iron and some heavy metals like copper and lead and for wine acidification. These resins are 

polymers usually made of a styrene and vinyl benzene mixture activated by different 

functional groups. In function of their polar groups these resins can be classified in two 

groups and specifically as strong and weak acid cation exchangers and as weak anion 

exchangers. In the first case, the active group of cation exchange resins is usually sulphonic 

acid (-SO3H) but can be also carboxylic acid and in the second case the active radical of 

anion exchangers consists of a quaternary ammonium or tertiary amine salt (Caputi, 1994; 

OIV, 2012b; Ribéreau-Gayon et al., 2006). 

These resins can stabilize the wine in three different modalities, by replacing 

potassium and calcium with cations exchanged by the cationic resin; by replacing tartrate 

anions with hydroxyl or other anions exchanged by the anionic resin; by replacing potassium, 
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calcium and tartrate ions with hydrogen and hydroxyl ions in a cationic and anionic exchange 

resins, exchanging the potassium hydrogen tartrate and the calcium tartrate for water 

(Rankine, 1985; Mourgues, 1993). 

Resins can exchange sodium, magnesium and hydrogen ions for remove potassium 

and calcium ions from the wine (Ribéreau-Gayon et al., 1977; Rankine, 1985; Mourgues, 

1993). If the resin is in hydrogen form, the release of hydrogen ions will provoke an important 

decrease of pH after treatment, so in order to avoid this side effect we treat only a fraction of 

the total wine volume or we can use a mixed form of resins (Mourgues, 1993). Another way 

can be to use exchange resins in magnesium form or a double cation-anion exchange, 

however the latter can influence drastically the wine pH even if the effect is temporary 

(Ribéreau-Gayon et al., 1977). 

Prior to use this technique for tartaric stabilization, enologists perform a slight cold treatment 

(OIV, 1998). This technique is not allowed in some countries because it can alter the wine 

aroma and color with a decaying in quality. In Europe it can be used only for tartaric 

stabilization with cation exchangers in acid cycle (OIV, 1995). 

 

 

3.3. Electrodialysis 
 

This is a process that allows separating ions in a medium by means of membranes 

that are selectively permeable only to cations or anions depending on their charges. The ions 

movements toward a specific charged membrane are guided by an electric field (Moutonet et 

al., 1994; Escudier et al., 1998; Ribéreau-Gayon et al., 2006). 

An elecrodialysis cell unit is composed by two compartments delimited by alternating 

anionic and cationic membranes, the former permeable only for potassium, calcium and 

sodium cations, the latter only for tartrate anions (Biau and Siodlak, 1997). 

The membrane is made up of styrene divynilbenzene copolymer that carries sulfonic 

radicals as functional groups, if permeable only to cations, and quaternary ammonium or 

quaternary ammonium-divinylbenzene copolymer for membranes permeable only to anions 

(OIV, 2012b). 
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The difference in potential between the anode and cathode generated by the electric 

field causes the migration of cations and anions that pass through the corresponding 

permeable membranes and, at the same time, are restrained by the next membranes of the 

cell unit which are impermeable respectively to cations and anions. 

Stability is achieved gradually and, at the end of the cycle, the first compartment 

contains the ions-less diluate, while the second compartment contains an ions-concentrated 

solution called precisely concentrate. Both diluate or treated wine and the concentrate, 

properly a saline solution, are collected separately. 

The system is made of several hundred of these cell units and is subjected to a 

potential difference of 1 V/cm (Ribéreau-Gayon et al., 2006). Is it possible to use membranes 

with different characteristics in function of the ions to eliminate in order to enhance potassium 

removal with little influences in wine composition; these membranes must follow some 

requisites to be used (OIV, 2012b). 

The process length mainly depends on the wine type, the desired degree of wine 

deionization and the electrodyalizer throughput.  

The influences of electrodialysis on wine composition other than ions removal are 

reduction in tartaric acid and a slight reduction in volatile acidity and alcohol content, the 

other wine compounds are not influenced (Ribéreau-Gayon et al., 2006). 

This treatment can be adapted to each wine type and be reliable requiring reduced 

pretreatments, can also remove calcium ions, doesn’t influences the organoleptic 

characteristics of the wine (Cameira dos Santos et al., 2002), has no color losses but doesn’t 

help color stability either; furthermore, there is no need for filtrations aids or tartrate crystals 

seeds and it has low energetic and operative costs (Wucherpfennig, 1976). 

On the other hand, this technique has a high initial investment cost and may create 

problems because of unwanted malate ion removal. Beside, this technique produces liquid 

wastes and it is not really well adapted to wines that present high degree of instability and a 

very low pH. 
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3.4 Precipitation inhibitors 
 

The importance of using inhibitors of tartrate crystals formation in order to achieve 

tartaric stability in wine lies primarily on the need to reduce the energetic and operative high 

costs concerning traditional cold treatments. These agents of inhibition are alternative 

methods which hinder crystals formation and growth, specifically increasing the width of the 

supersaturation field both for potassium bitartrate and calcium tartrate in wine; more 

precisely they are adsorbed on the active centers on the surface of seed crystals preventing 

tartrate crystals precipitation. 

Regulations regarding the use in enology of these substances are reported by the 

International Enological Codex (OIV, 2012b). 

 

 

3.4.1. Yeast mannoproteins 
 

It has been observed that in Bordeaux the majority of dry white wines aged on lees 

considered unstable with regard to tartaric salts precipitation, after the first winter around 

July, became stable without any additional cold treatments (Moine-Ledoux and Dubourdieu, 

2002). 

Mannoproteins are mannose-containing glycoproteins found in the outer layer of 

yeast cell walls and are released into the wine both during fermentation and by autolysis 

during aging on lees. In wine they act as protective colloids showing some properties as 

tartaric stabilizing agents; at average wine concentration they give a complete protection 

against tartrate crystallization. 

The preventive action of heat-extracted mannoproteins was first observed in wine 

models solutions during wine aging on lees by Lubbers et al. (1993). The conditions for 

proteins extraction in his experiments turned out to be very different respect to those found in 

spontaneous enzymatic release by aging on lees.  

Dubourdieu and Moine-Ledoux (1994) found the inhibiting effect in mannoproteins 

extracted by enzymatic treatment of yeasts cell walls and observed its efficacy in white, rosé 

and red wines, while a preparation of the same heat-extracted mannoproteins dose was not 
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able to guarantee protection against tartaric salt precipitation in wine (Dubourdieu and 

Moine-Ledoux, 1995). On the contrary, excessive doses were found unable to protect the 

wines (Moine-Ledoux et al., 1997), from here the importance of performing some tests for 

assessing the right dose to use. 

The protective action shown by these mannoproteins was so strong that the effect 

lasted even after keeping the wines at -4°C for 6 days (Moine-Ledoux and Dubourdieu, 

1999). Analyzing the extracts, mannoproteins responsible for tartrate stabilization were 

observed to be highly glycosilated with a molecular weight between 30 and 40 KDa and 

having specific type of glycosilation that carries a glycosyl-phosphatidyl-inositol group, GPI 

(Moine-Ledoux and Dubourdieu, 1999; Moine-Ledoux and Dubourdieu, 2002). 

Compared to other inhibition agents, mannoproteins were observed to be more stable 

and have a better efficiency in preventing tartrate crystallization. 

 

 

3.4.2. Carboxymethylcellulose 
 

Carboxymethylcellulose (CMC) is a compound whose use in winemaking for tartaric 

stabilization has only been recently authorized in white and sparkling wines. Sodium 

carboxymethylcellulose is a polysaccharide, a polymer formed by units of β-D-glucose that 

has its primary and secondary alcohol functions etherified by sodium acetate groups (-CH2-

COONa). Due to its nature, this compound behaves as protective colloid hindering crystal 

growth and specifically exchanging Na+ with K+ ions, making the latter unavailable. 

CMS is characterized by two main parameters, the degree of etherification of its 

alcohol functions also known as degree of substitution (DS) and its degree of polymerization 

(DP), namely the average number of functional units carried by the polymer molecule. The 

DP determine the viscosity of a given CMC so that the higher the molecular weight, the 

higher the viscosity, also, the higher the number of divalent cations bounded in the functional 

sites, the lower the viscosity and the more functional sites the molecule has the more 

efficient it is as a protective colloid (Lubbers et al., 1993). 
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Nowadays, commercial CMCs have very low viscosity because of their high purity 

levels, around 99,5% and a sodium content that ranges from 7 to 8,9% (Ribéreau-Gayon et 

al., 2006), so it can not alter the wine viscosity. 

Studies by Crachereau et al. (2001) demonstrated that these low viscosity CMCs 

were very efficient to prevent tartrate crystals precipitation in various white and red wines 

with doses ranging from 2 g/Hl to 4 g/Hl, considerably lower than those regularly used in the 

food industry. In comparison with metatartaric acid, the same authors also observed that 

CMC is highly thermostable and capable to give a similar protective action in wines with 

lower doses. 

CMC protects against tartrate crystals precipitation making bitartrate molecules less 

available for the growing crystals and slowing down the growth of some crystals faces 

(Gerbaux, 1996). 

CMC also caused an increase of the supersaturation field with regard to potassium 

bitartrate in Champagne base wines inhibiting crystallization (Maujean, 1997). 

This stabilizing agent is quite efficient, easy to use, doesn’t require specific equipment 

for performing the treatment and is relatively inexpensive. 
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3.4.3. Metatartaric acid 
 

In Europe, the enological use of metatartaric acid (MA) as inhibitor of tartrate 

crystallization has been authorized in the mid-fifties for ready-to-drink wines, usually 

designed for a short storage. 

Metatartaric acid is a polyester obtained by inter-molecular esterification of two L-

tartaric acid molecules. Specifically, when heated at 150-170°C at atmospheric or under a 

reduced pressure (Chattaway and Rey, 1921), tartaric acid powder goes through a 

transformation with acidity loss and a water molecule release. The molecule is re-arranged 

and condensed by an intermolecular esterification reaction between an acidic function of one 

tartaric acid molecule and a secondary alcohol function of a nearby tartaric acid molecule 

forming a polymerized substance (figure 4). 

When metatartaric acid hydrolyzes tartaric acid is released again, although not all of 

the acidic functions react (Ribéreau-Gayon et al., 2006). 

 

 

 

Fig. 4: Intermolecular esterification between a carboxylic group and a secondary alcohol 

function of two tartaric acid molecules. 

 

 

Metatartaric acid is a dispersed polymer, properly a mixture of polymers with different 

molecular weights whose primary constituents are the ditartaric monoester and diester in 

variable proportions based on the combination of two molecules of tartaric acid with water 
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loss, mixed with variable quantities of non-esterified tartaric acid, pyruvic acid and small 

quantities of poorly known polyester acids (OIV, 2012b). 

According to the work of Ribéreau-Gayon et al. (1977) several trials have been 

carried out for obtaining the theoretical 50% of esterification rate among the acid functions 

once hypothesized by Chattaway and Rey (1921). 

The reaction yield averagely was ranging from 33 to 36%. Scazzola (1956), noted 

that we are close to the case where three molecules of tartaric acid with six acid functions 

lose by esterification two of those functions with the expulsion of two water molecules, or in 

other terms, they have a 33% esterification rate. 

By heating tartaric acid powder to 160°C in a partial vacuum it is possible to obtain an 

average esterification rate higher than the 33% equilibrium rate for a secondary alcohol, so 

that the thermodynamic esterification equilibrium is shifted by eliminating water, with a 

maximum slightly over the 40% (Ribéreau-Gayon et al., 1977, Ribéreau-Gayon et al., 2006). 

Despite products derived by tartaric acid fusion were known since long ago, the anti-

crystallizing properties with regard to tartrate crystals formation in wine were pinpointed only 

during the mid-fifties (Scazzola, 1956). The inhibiting power of this compound reveals an 

effectiveness that is strictly function of the esterification index that characterizes a given 

metatartaric acid preparation. 

Detailed studies have been carried out on several metatartaric acid preparations 

allowing to determine various parameters, among these also the esterification index. The 

preparation conditions namely pressure, temperature and treatment time have clearly shown 

their great importance in assessing this value (Peynaud and Guimberteau, 1961). 

The commercial synthesis of metatartaric acid produces constantly some impurities, 

mainly pyruvic acid that averagely account from 1 to 6% by weight in the preparation. 

The presence of the pyruvic acid slightly alters the esterification index value, thus the 

index needs to be corrected deducting the influence of these impurities obtaining slightly 

higher values (Peynaud and Guimberteau, 1961). 

There are many laboratory tests for assessing the effectiveness of a given 

metatartaric acid preparation to keep tartrates in solution. The inhibiting power varies in 

function of the crystals chemical nature. 
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These tests also remarked how the inhibition of calcium tartartes deposits is more 

sensitive to the quality of metatartaric acid in comparison with the case of potassium tartrates 

deposits. 

Furthermore, we can divide the commercial metatartaric acid preparation in three 

qualitative classes, the first with an esterification index that ranges from 36 to 40%, the 

second from 30 to 35% and the third with indexes less than 30% respectively with high, 

average and insufficient effectiveness in treating wines (Peynaud and Guimberteau, 1961). 

Nowadays the minimum esterification index for commercial products is legally 

imposed at 40% (Ribéreau-Gayon et al., 2006). 

 

 

3.4.3.1. Mechanism of tartrate crystallization inhibition 
 

Crystal germs are the starting points for crystals development by progressive 

aggregation of molecules in overlapping layers, so that new crystal units are continuously 

adsorbed on the crystal surface prior to be integrated in the crystal network. The presence in 

the medium of some other compounds capable to be adsorbed on the growing crystal matrix 

can modify crystals development and consequently also their shape (Ribéreau-Gayon et al., 

1977).  

Metatartaric acid acts exactly with this mechanism; its macromolecules are adsorbed 

onto the crystal nuclei surface and oppose their growth. Metatartaric acid molecules insert 

between the layers of the growing crystal coating them and halting the tartrates feeding 

process. If metatartaric acid is used in insufficient doses, tartrate crystals are still able to 

grow being only partially inhibited, while showing some anomalies and unevenness in shape 

due to an unequal development of the various crystal layers (Ribéreau-Gayon et al., 1977, 

Stocke and Goertges, 1989). 
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3.4.3.2. Metatartaric acid instability 
 

Metatartaric acid in aqueous solution is unstable so that its protective effect is only 

temporary. The esterification index slowly and steadily drops because the molecule ester 

functions re-hydrate again and hydrolyze back to tartaric acid. 

This is the reason why its inhibiting power effectiveness is strictly in function of the hydrolysis 

rate. In a 2% metatartaric acid aqueous solution stored at 18-20°C this drop is so drastic that 

after 20 days the esterification index is found to be around the 50% of its initial value (figure 

5). During the first day the decrease is very rapid, but immediately after the daily dropping 

rate is around 1% (Ribéreau-Gayon et al., 1977). 

 

 

 

Fig. 5: Hydrolysis rate of two qualities of metatartaric acid in 2% solution at 18-20°C, 

followed by a decrease in the esterification index (Ribéreau-Gayon et al., 1977). 

 

 

The hydrolysis phenomenon also is temperature dependent and metatartaric acid 

protection over 20°C shortly fades away (Ribéreau-Gayon et al., 1977; Scholten et al., 2003). 
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Complete hydrolysis with increase in titratable acidity was observed in a 2 g/L 

metatartaric acid solution within three months and ten months when stored respectively at 

23°C and 5°C (Carafa, 1958). After 10 g/Hl metatartaric acid addition, the same instability 

was also observed in wine (Carafa, 1958), therefore, in order to ensure its effectiveness 

solutions must be prepared just prior to use. 

Ribéreau-Gayon et al. (1977) after some more trials concluded that a wine added with 

metatartaric acid could be preserved with regard to tartrate crystals precipitations for several 

years at 0°C, over two years at 10-12°C, one year to 18 months at temperatures very 

common in cellar, varying between 10°C in winter and 18°C in summer, three months at 

20°C, one month at 25°C, one week at 30°C and few hours between 35 and 40°C. 

Metatartaric acid can be applied also considering the wine saturation conditions. 

A white wine can be temporarily stabilized at saturation temperature ranging from 

12°C to 16°C, and as we approach the range limit there are higher risks of tartrates 

precipitation in bottle in a prolonged storage. In red wines, tartrates precipitation risk is not 

proportional, they are usually quite stable and, because of the limited lifetime of metatartaric 

acid, it is an unnecessary additive in red wines (Scholten et al., 2003). 

 

 

3.4.3.3. Use of metatartaric acid for tartrate stabilization in wine 
 

The sensitivity of metatartaric acid to temperature is the main limit for its functional 

use in enology and for this reason is generally used for those products that have to stay only 

few months in bottle as some dry white wines produced for a ready consumption. 

Nevertheless, metatartaric acid is one of the products most widely used for preventing 

bitartrate and calcium tartrate precipitations in wine with a maximum dose allowed of 10 g/hl 

(Ribéreau-Gayon et al., 1977; OIV, 2012c). 

The product exists in crystalline masses or in powder form with a white or yellowish 

color. It has a faint odor of toast or caramel and is very deliquescent. It is highly soluble in 

water and alcohol and rapidly hydrolyzes in aqueous solution at 100 °C, but much more 

slowly at cold temperatures (OIV, 2012b). 
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Metatartaric acid is strongly hygroscopic and must be properly stored. Naturally the 

using conditions are in function of the metatartaric acid properties. 

A 200 g/L metatartaric acid concentrated solution should be prepared at the time of 

use (Ribéreau-Gayon et al., 2006), possibly in cold water for delaying as much as possible 

the hydrolysis phenomenon (Peynaud, 1984). Generally there is a loss in effectiveness when 

treating wines with a high concentration of calcium (Ribéreau-Gayon et al., 1977). 

The product can cause a beginning of flocculation and be partially eliminated so that 

its addition is recommended after the fining process. Metatartaric acid is particularly affected 

by bentonite and potassium ferrocyanide treatments (Cantarelli, 1961; Ribéreau-Gayon et 

al., 1977). In the case someone prefers to work with limpid wines is it possible to prepare 

product solution right the night before, since a slight hydrolysis avoid this colloidal 

phenomenon (Ribéreau-Gayon et al., 1977; Ribéreau-Gayon et al., 2006). 

Sometimes after metatartaric addition, it could be observed in the wine a slight 

opalescence especially when using products with high esterification indexes, therefore has 

been suggested to add metatartaric acid before the final clarification just prior to bottling. 

If properly stored and used metatartaric acid does not have any influence on wine 

odor, flavor or color (Stocke and Goertges, 1989) and is a very easy-to-use and relatively 

cheap product. 

 

 

4. Work objectives 
 

The objective of this work was to study the stabilizing effectiveness of metatartaric 

acid (MA) added in a white wine by monitoring its protective action against tartaric 

precipitation along time. More precisely, we wanted to observe the possible influences on 

wine stability exerted by different storing temperature and wine pH values. 

The choice to perform a test based on electric conductivity was also made in order to 

observe its actual suitability for evaluating wine stability, since this method is considered 

relatively cheap, easy to perform and then feasible also in small-sized winery. 
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X. Material and methods 
 

1. Material 
 

1.1. Wine 
 

During the experiment we used a white wine vinified in 2011 at the experimental 

winery of ISA, Instituto Superior de Agronomia at the Universidade Técnica de Lisboa. It is a 

blend of seven varieties and precisely Moscatel de Setubal (25%), Encruzado (23%), 

Viosinho (15%), Arinto (14%), Alvarinho (10%), Macabeo (10%) and Moscatel Galego (3%). 

The musts were fermented together in stainless steel tanks for approximately a week with an 

average temperature around 20°C; no maceration and malolactic fermentation were 

performed. Before destemming, grapes were added of 50 mg/Kg of SO2 and after 

fermentation free SO2 was corrected to a final value of 40 mg/L. The wine has been stored in 

stainless steel tanks with no oak aging. 

Before starting the laboratory work, the wine was fined with 30 g/Hl of sodium 

bentonite both in order to avoid partial elimination of metatartaric acid after its addition 

because of possible flocculation and to minimize as much as possible influences of wine 

compounds with protective-colloid properties. Then, the wine was allowed to sediment for 

four days before undergoing to standard polishing filtration. 

 

 

1.1.1 Wine physical and chemical characterization 
 

Before the addition of metatartaric acid into the wine, some general analyses have 

been carried out together with the potassium and tartaric acid content determination in order 

to characterize the wine object of the experiment and have a better comprehension of the 

many possible factors that could influence the tartaric stability dynamics and the actual action 

of the stabilizing agent added to the wine; analyses were carried out in replicates and the 

final results are shown in table 2, here presented in paragraph 2 of Results and discussion. 
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1.2. Conductivity meter description 
 

The conductivity test in order to determine potassium bitartrate stability in our wine 

was performed with a conductivity meter Denver Instrument, Model 220 that precisely 

combines electrical conductivity, pH and mV meters (figure 6). The possible instrument 

conductivity range varies from 0.01 to 3x105 μS/cm. 

This model is equipped with a 4-band conductivity cell and automatic conductivity 

calibration. In our case, we chose to calibrate the instrument cell with two conductivity 

standard buffer solution. During each calibration, the values of the standard solutions were 

corrected in function of their actual temperature using the default temperature coefficient of 

1.9%/°C. The conductivity meter has been calibrated twice per day for all the length of the 

experiment. 

 

 

 

Fig. 6: pH/mV/electrical conductivity meter Denver Instrument, Model 220. 
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1.3. Metatartaric acid characterization 
 

The product used during the current experiment is distributed by AEB Group with the 

commercial name of Cremor Stop Extra 40. The producer claims it to be a very pure 

metatartaric acid preparation with an esterification index over 40% able to eliminate any 

occurrence of opalescence and allowing a slow hydrolysis even at temperature and acidity 

conditions in wine that generally could reduce its effectiveness. 

The main physical and chemical properties are powder form, whitish-cream color, 

caramel odor, melting point 170°C, the pH value of a 5% solution is 5, apparent specific 

weight 1,1; it presents an acid reaction. It is opportune to remind some stability and reactivity 

properties; the product seems stable at room temperature and strongly hydroscopic, in fact it 

slowly absorbs water degrading into tartaric acid. 

The product was purchased in 1 kg pack and properly stored; since the package was 

not brand new, before starting the experiment we proceeded to characterize the product 

esterification index in order to check its effectiveness using the OIV official methodology (E-

COEI-1-METACI: 2000) (OIV, 2012b). 

It has been found a total tartaric acid content after hydrolysis of 131,63% and the 

41,81% of esterified acid. These parameters were perfectly in line with the official 

specifications (OIV, 2012b), thus the product should be still very effective. 

 

 

1.4. Potassium bitartrate characterization 
 

The product used to seed the wine for inducing tartrates precipitation during the 

stability test was purchased in 1 kg pack and is distribute with the name 

Kaliumhydrogentartrat by AlliedSignal Inc., today’s Honeywell. The molecular formula is 

C4H5KO6, with molecular weight of 188,18 g/Mol. The product with reference to the dried 

substance is a 99,5% pure potassium hydrogen tartrate and can contain traces of arsenic, 

heavy metals as lead, chlorides and sulfates. It has both a 2% maximum loss on drying and 

free tartaric acid content. The main physical and chemical properties are white odorless 

crystalline powder, slight solubility in water and a density of 1,984 g/cm3 at 18°C. 
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2. Methods 
 

2.1. Analytical methods 
 

Before addition of metatartaric acid into the wine, general analyses have been 

performed in order to characterize the wine object of the experiment and have a better 

comprehension of the many possible factors that could influence tartaric stability dynamics 

and the actual action of the stabilizing agent added to the wine. 

The analyses were carried out in the laboratory “Ferreira Lapa”, located into the 

Departimento de Cièncias de Ingenherias de biosistemas, secção Ciência e Tecnologias dos 

Alimentos of ISA, Instituto Superior d’Agronomia, at the Universidade Técnica de Lisboa. 

 

 

2.1.1 Methods for wine characterization 
 

The physical and chemical wine analyses were mostly performed following the official 

procedures and are here listed together with their specific reference code (OIV, 2012a). The 

only exception is the alcohol content that was performed with a different method; all the 

analyses have been reported below: 

 

• Alcohol content (%/vol.), determination by ebulliometry (Zoecklein et al., 1995). 

• pH - OIV-MA-AS313-15. 

• Total acidity (g/L expressed in Tartaric acid) - OIV-MA-AS313-01. 

• Volatile acidity (g/L expressed in Acetic acid) - OIV-MA-AS313-02. 

• Reducing sugars (g/L) - OIV-MA-AS311-01A. 

• Tartaric acid (g/L) - OIV-MA-AS313-05A. 

• Volumic Mass (g/cm3) - OIV-MA-AS2-01A. 

• Sulphur dioxide, total and free (mg/L) - OIV-MA-AS323-04A. 

• Potassium (g/L) - OIV-MA-AS322-02A. 
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All the analyses were performed in replicate and results are showed in table 2, here 

presented in paragraph 2 of Results and discussion. 

 

 

2.1.2. Conductivity test 
 

The test here adopted to measure the electrical conductivity changes in our wine 

seeded with potassium hydrogen tartrate crystals is based on the work of Boulton (1983). 

 

 

2.1.2.1 Method principle 
 

The goal of this method is to induce into the wine object of the test all the favorable 

conditions for tartrate crystals precipitation when before a supersaturated medium with 

regard of potassium bitartrate. 

A wine sample is cooled down to a temperature very near to 0°C, or the lowest 

temperature expected in commercial storing conditions.  

Crystals' rapid growth is triggered by addition of 10 g/L of powdered potassium 

bitartrate. In the seeded wine progressively free potassium ions disappear by precipitation, 

mainly in form of KHT, provoking a change in its electrical conductivity. This drop in 

conductivity of the solution can be instrumentally measured and verified. 

When the crystals growth halts the drop in conductivity stops and the final reading on 

the conductivity meter screen gives the real wine stability value. 
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2.1.2.2 Analysis equipment 
 

The equipment for performing a single test is very common end easy to provide; it is 

needed essentially a conductivity meter that can compensate for the temperature, a 

magnetic stirrer with its magnetic bar, a pipette or a graduate cylinder to measure 100 ml, 1 g 

of powdered potassium bitartrate, a bucket of ice kept constantly at 0°C, a beaker of 100 ml, 

another beaker of 250 ml, a thermometer and a chronometer. 

As an alternative for keeping constantly the wine sample the closest to 0°C during the 

test is it possible to use a thermostated bath and a standard freezer (figure 7). 

 

 

2.1.2.3 Practical procedure 
 

A 100 ml measured wine sample is poured in a beaker of the same capacity with a 

magnetic bar on the bottom and placed inside the previously prepared thermostated bath. 

The latter, now containing the wine to test, is placed on the magnetic stirrer. While stirring, 

we wait until the wine sample temperature steadily reaches 0°C to take the first conductivity 

measure (figure 7). 

Since the conductivity value is affected by temperature changes, it is important to 

keep the sample temperature stable for all the duration of the experiment. 

Then, one gram of powdered potassium hydrogen tartrate is added and the 

conductivity reading is noted every minute while constantly mixing. Readings are noted until 

the conductivity value remains stable for three successive intervals.  

The average duration of a single test, sample preparation and actual test 

performance, was about 45 minutes. 
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Fig. 7: Potassium bitartrate stability test running (left); detail of a wine sample into a 

thermostated bath (right). 

 

 

2.1.2.4. Wine stability evaluation criteria 
 

The final conductivity value corresponds to the actual stability value of the tested 

wine. This test can be useful to decide if it is opportune to stabilize a specific wine in regard 

to tartrates precipitation, or also to verify the effectiveness of tartaric stabilization treatments 

at winery level. 

The difference between the initial conductivity value before powdered potassium 

bitartrate seeding and the final stable value is a measure of possible wine tartaric stability. If 

this difference in conductivity is less than 5% of the initial value, the tested wine is 

considered to be stable. On the contrary, if it is greater than 5% of the initial conductivity 

value, the tested wine can be considered unstable and can be treated with conventional 

stabilizing methods. 
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2.2. Statistical determinations 
 

In order to evaluate the KHT stability test we decided to have a measure of its 

reliability performing a repeatability test. 

 

 

2.2.1. Repeatability test 
 

We tried to give a quantified indication of the potassium bitartrate stability test 

precision, also known as the concordance degree among independent tests results, 

expressed as its repeatability r. 

With the term repeatability is intended the value below which the absolute difference 

between two single test results obtained using the same method on identical test materials, 

under the same experimental conditions (same operator, same apparatus, same laboratory, 

and a short period of time) may be expected to lie within a specified probability (OIV, 2012a). 

In our case, this test was carried out for both an unstable and a stable wine; about the 

latter wine, tartaric stability was assured by cold stabilization at 4°C during about three 

weeks, one week more than what was suggested by the literature (Ribèreau-Gayon et al., 

1977). 

For both wines we measured ten times the actual stability value, and all measures 

were taken in the same day. During the test all usual experimental conditions were kept 

constant. 

Then, we proceeded to calculate the repeatability standard deviation sr and the 

repeatability r values. 
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3. Experiment 
 

The experiment took place from the end of February to mid-May; the whole duration 

was ten weeks. 

The total wine volume used during the trial was 75 liters. 50 liters out of the total 

amount were treated with metatartaric acid using the maximum legal dose of 10 g/Hl in order 

to prevent tartrate precipitation. A solution with metatartaric acid was prepared by dissolving 

one part of product in ten parts of cold water during continuous agitation. 

Due to the product high esterification index, the resulting solution was stored for some 

hours to let begin the metatartaric acid hydrolysis in order to avoid possible haze formation 

and so an additional filtration operation (Ribéreau-Gayon et al., 1977; Ribéreau-Gayon et al., 

2006); subsequently, the solution has been incorporated into the wine by a pumping over. 

The remaining 25 liters were used as control wine with no metatartaric acid addition. 

The main goal of this work was to investigate the effect of different storing 

temperature and wine pH values on metatartaric acid effectiveness for achieving tartaric 

stability, hence to monitor the evolution of this stability for all the experiment duration. For 

this purpose we chose to store the wine in glass containers under three different 

temperatures and five different pH levels. The temperature and pH values chosen were 

12°C, 20°C, 35°C and 3.0, 3.2 (original wine pH), 3.5, 3.7, 3.9 respectively. 

Forty out of the total 75 liters were designed to temperature treatments and 

successively divided in smaller portions. Precisely 15 liters were put in a stove at 35°C, 15 

liter at a room temperature of 20°C and 10 liters were put in cold room at 12°C; for each 

treatment other additional five liters were set as control. 

The remaining 35 liters were instead designed to the pH treatments. In four out of the 

five treatments, the original wine pH of 3.2 was changed into the wanted value before 

metatartaric acid addition and stored in smaller 5 liters containers at room temperature of 

20°C. Sodium hydroxide 1 N has been used to modify the original wine pH in the three new 

values of 3.5, 3.7 and 3.9 and Sulphuric acid 1 N to obtain the desirable lowest pH value in 

the 3.0 pH treatment. Only for pH 3.2 and 3.7 we set a five liter control. 

In order to monitor the wine samples tartaric stability for all the experiment duration, 

we carried out a test based on the electrical conductivity. Analyses were performed twice per 

month for the wine at 12°C, twice per week for the wine at 35°C and weekly for both the wine 
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at 20°C and all the pH treatments. An overview of the experiment settings is reported in table 

1. 

Table 1: Experiment settings overview (MA, metatartaric acid). 

Treatment 
type 

Wine total 
volume (L) 

Control with 
no MA 

Sample 
conditioning 

Analysis 
frequency 

12°C 10 yes cold room twice/month 

20°c 15 yes none weekly 

35°C 15 yes stove twice/week 

pH 3.0 5 none pH change weekly 

pH 3.2 10 yes none weekly 

pH 3.5 5 none pH change weekly 

pH 3.7 10 yes pH change weekly 

pH 3.9 5 none pH change weekly 

 

 

Preliminary analyses were carried out for evaluating both the original wine and the 

metatartaric acid added wine stability initial values. All the analyses were performed in 

duplicate. 
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XI. Results and discussion 
 

1. Repeatability results 
 

The repeatability (r) gives the method precision, so it is a measure of the results 

dispersion due to random factors given by performing on the same sample various analysis 

repetitions. In a normal data distribution the random dispersion around the mean value is 

measured through the repeatability standard deviation sr which is then used to calculate the 

repeatability value r. Both are characteristic values of the analysis method used (OIV, 

2012a).  

Since the precision may vary with the analyte concentration measured, we used two 

wines. The first wine with an average difference between the initial and final electrical 

conductivity of 4,28% was considered stable, while the second wine having a greater 

average difference of 9,91% was considered unstable (see table 5 in the Annexes). We 

calculated sr and r in regard to both the unstable and stable wine, obtaining respectively the 

following results: 

 

- Unstable wine: sr = 1,16% and r = 3,3%. 

- Stable wine: sr = 0,46% and r = 1,30%. 

 

A precise estimation of repeatability sr for an experimental method has a crucial 

importance when measuring a method precision, permitting to compare a laboratory 

performance with that declared in an official method procedure. In this case it seems that our 

experimental method precision was higher in the case of stable wine. 

However, we don’t have a target or official r to compare with our results, so that the 

values reported above are a mere indication referred to the experimental condition in our 

laboratory. 

Furthermore, in order to have a complete scenario of a method precision we should 

also calculate the reproducibility (R) standard deviation value sR and the reproducibility value 

R. 
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Reproducibility precision is obtained when all the factor that were kept constant in 

repeatability experimental conditions (see paragraph 2.2.1.) do vary; reproducibility is 

estimable only by inter-laboratory trials (OIV, 2012a). 

 

 

2. Physical and chemical analyses 
 

In the table 2 we reported the results of the general analyses performed on the white 

wine object of the experiment. 

 

Table 2: Analyses performed on the original wine. 

Analysis performed Unit Values 

Alcohol content %/vol. 12,8 

pH — 3,2 

Total acidity g/l (of tartaric acid) 6,40 

Volatile acidity g/l (of acetic acid) 0,26 

Reducing sugars g/L 1,2 

Tartaric acid g/L 1,64 

Volumic mass g/mL 0,9955 

Sulphur dioxide (total/free) mg/L 35/10 

Potassium g/L 0,66 

 

 

These parameters have all to be considered very important in order to seek wine 

quality, because of their specific influences on physical, chemical and microbiological 

stability. Some of them have specifically an important role in influencing wine tartaric stability 

as alcohol content, pH, tartaric acid and potassium concentrations exerting a large influence 

on wine organoleptic characteristics and its preservation during wine storage. 
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In this case, all the parameter analyzed observe all the legal limits and are present 

with average values for a Portuguese dry white wine; specifically, potassium and tartaric acid 

are in slightly low concentrations (Curvelo-Garcia, 1988; IVV, 2012). Therefore, we do not 

expect any out-of-the-ordinary influences on wine tartaric stability. 

The use of metatartaric acid as a preventive agent against tartrates precipitation does 

not alter those parameter and if properly stored and used does not have any influences on 

wine odor, flavor and color (Stocke and Goertges, 1989). 

 

 

3. Tartaric stability evolution 
 

We investigated the protective effect of metatartaric acid on a dry white wine 

observing for how long this inhibitor of tartrates crystallization was active under different pH 

and temperature conditions during a ten-week experiment. The evolution of wine tartaric 

stability was monitored by a test based on electrical conductivity. 

The results here presented indicate the decrease in percentage respect to the initial 

electrical conductivity value measured in a wine sample during the test. According to this 

analytical method if this difference in conductivity is less than 5% of the initial value, the 

tested wine is supposed to be stable. On the contrary, if this difference is greater than 5% of 

the initial conductivity value, the tested wine can be considered unstable. 

During these trials, we observed in all treatments an effect on tartaric stability exerted 

by both different temperature and pH conditions. 
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Unfortunately, except for the experience of Scholten et al. (2003), where they gave 

some information, regarding the other previous works we don’t have any other details about 

neither the experimental wine conditioning nor the wine physical and chemical 

characterization. 

In order to properly compare their with our experimental findings and try to 

understand why we were not capable to observe similar results, it should be helpful to have 

complete information about the treatments their wine received before MA addition. For 

example, to know the volumes used for each treatment and more about the wine physical 

and chemical characteristics like pH, alcohol content, potassium ion concentration, presence 

of compounds that act as protective colloids and all those possible factors that can influence 

tartaric stability in a given wine. 
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XII. Conclusions 
 

This work had the objective to obtain more practical information about the MA use to 

prevent tartrates precipitation in wine by observing its effectiveness evolution under different 

temperature and pH conditions in a given time. In order to monitor this evolution we used a 

test based on electrical conductivity measures. 

High temperatures are considered detrimental on the lifetime of metatartaric acid 

(MA), limiting its effectiveness in function of the storing period and consequently its actual 

use in enology. For this reason, MA traditionally has been used for those products that must 

go through a short storage in bottle like some dry white wines produced for a ready 

consumption. 

After a ten-week long experiment, in function of our results we can present some 

main conclusions. 

Firstly, we can observe a pH effect that is strong at extreme pH values. At pH 3,0 the 

wine remained stable the longest, while at pH 3,9 the shortest. On the contrary, at the most 

common pH values found in wines (3,2-3,7) there were not so many evident differences in 

MA effectiveness, at least at room temperature (20°C). 

According to our results there is a significant relation between the wine stability and 

the pH. The highest the pH, the highest the instability and the shortest the protection against 

tartrates precipitation. 

Secondly, the effect of temperature on MA effectiveness was in general stronger than 

the pH effect especially in the experiment at highest temperature of 35°C; in fact, averagely 

the wine became unstable almost a week earlier. 

The wine stored at the lowest temperature of 12°C showed the highest degree of 

stability if compared with its control curve, and we can report a similar evolution also for the 

treatment at room temperature. This means that in our case there were not really evident 

differences in tartaric stability under these two storing temperatures. 

We could also observe that generally over 20°C the effectiveness of MA rapidly tend 

to decrease and that there is linear relation (R2=0.99) between temperature and wine tartaric 

stability. In fact, we can also conclude that the highest the temperature, the higher the wine 

instability, probably due to a faster MA hydrolysis. 
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During our experiment we could not observe the same protection length against 

tartartes precipitation given by MA as described in previous works, since averagely after a 

month our wine became completely unstable. 

Therefore, we confirm that MA is surely able to prevent tartrates precipitation to a 

certain extent, but we suggest extreme prudence about its use especially in case of long 

storages. 

In order to gain a better comprehension about all the factors that can influence MA 

effectiveness it would be really interesting to carry out some trials on different wines, perhaps 

with different concentration of potassium ions, or to observe the possible influences when 

increasing the experimental volumes, like in a winery scale.  

At last, it can also be useful to better understand why we had no similar results 

respect to previous works, for example by investigating if the preparatory wine manipulation, 

and specifically the changes in pH we performed, could have abruptly influenced the wine 

tartaric stability final results. 

  



Influence of pH and Temperature on Metatartaric Acid Efficiency in White Wine Tartaric stabilization 
_________________________________________________________________________________________ 

 
 

Page | 70  
 

XIII. References 
 

• Abgueguen O., Boulton R., 1993. The crystallization kinetics of calcium tartrate from 

model solutions and wines. American Journal of Enology and Viticulture, 44(1): 65-

75. 

 

• Amerine M. A. and Ough C. S., 1972. Recent advances in enology. CRC Critical 

Review of Food Technologies, 2: 407-515. 

 

• Balat M., Boiret M., Marty A., Prosdocimi P., Spinner B, Guittard A., 1989. Procédé 

pour évaluer le risqué de precipitation d’un composes solide dans le vin. Brevet 

européen n. 0 300 901 A2. 

 

• Berg H. W., Keefer R. M., 1958. Analytical determination of tartrate stability in wine, I. 

Potassium bitartrate. American Journal of Enology, 9: 180-183. 

 

• Berg H. W., Keefer R. M., 1959. Analytical determination of tartrate stability in wine, I. 

Potassium bitartrate. American Journal of Enology, 10: 105-109. 

 

• Berger J.L., Gaillard M., 1988. La stabilization tartrique des vins. Onzième SITEVI. 

Prog. Agric. Vitic., 105 (11): 287-292. 

 

• Biau G., & Siodlak A. 1997. Conception, réalisation et utilisation d’une unité 

industriale de stabilisation tartrique. Revue Française d’OEnologie, 162: 18-20. 

 

• Blouin, J., 1982. Les techniques de stabilisation tartrique des vins par le froid. 

Connaissance de la Vigne et du Vin, 1: 63-67. 

  



Influence of pH and Temperature on Metatartaric Acid Efficiency in White Wine Tartaric stabilization 
_________________________________________________________________________________________ 

 
 

Page | 71  
 

• Blouin J., Guimberteau G., Andouit P., 1982. Prevention des precipitations tartriques 

dans les vins par le procede par contact. Connaissance de la vigne et du vin, 13: 

149-169. 

 

• Boulton, R., 1982. La cinétique de la precipitación du bitartrate de potassium des 

vins. Revue Française d’OEnologie, 87: 97-100. 

 

• Boulton, R., 1983. The conductivity method for evaluating the potassium 

hydrogentartrate stability in wines (I). Enology Briefs, 2: 1-3. 

 

• Boulton R., Singleton V. L., Bisson L. F. e Kunkee R. E., 1996. The Physical and 

Chemical Stability of Wine, Principles and Practices of Winemaking, Chapman and 

Hall Publisher, New York. 

 

• Cameira dos Santos P., Gonçalves F., de Pinho M.N., 2002. Optimisation of the 

method for determination of the temperature of saturation in wines. Analytica Chimica 

Acta, 458: 257-261. 

 

• Cantarelli C., 1961. Vini d’Italia, 14, p: 295. Cited by “Ribéreau-Gayon J., Peynaud E., 

Ribéreau-Gayon P., Sudraud P., 1977. Traité d’Œnologie. Sciences et Techniques du 

Vin, Vol. IV: Clarification et Stabilization. Dunod Éditeur, Paris.” 

 

• Caputi M. A., 1994. Résines échangeuses d'ions cations. Feuillet vert, 980. OIV, 

Paris. 

 

• Carafa P., 1958. L’acido metatartarico in enologia. Rivista di Viticoltura e di 

Enologica, 11, p: 363. 



Influence of pH and Temperature on Metatartaric Acid Efficiency in White Wine Tartaric stabilization 
_________________________________________________________________________________________ 

 
 

Page | 72  
 

• Celotti E., Bornia L., Zoccolan E.,1999. Evaluation of the elettrical properties of some 

products used in the tartaric stabilization of wines. American journal of Enology and 

viticulture, 50(3): 343-350. 

 

• Chattaway D.F., Rey F.E.,1921. The decomposition of tartaric acid by heat. Journal of 

Chemical Society, Transactions, 119: 34-37. 

 

• Clark J., Fugelsang, K., Gump, B., 1988. Factors affecting induced calcium tartrate 

precipitation from wine. American Journal of Enology and Viticulture, 39: 155-161. 

 

• Crachereau J.C., Gabas N., Blouin J., Hébrard S. and Maujean A., (2001). 

Stabilisation tartrique des les vins par la Carboxyméthylcellulose (C.M.C.). Bulletin de 

l’OIV, vol. 74, 841-842: 151-159. 

 

• Curvelo-Garcia A.S, 1988. Controlo de Qualidade dos Vinhos. Química Enológica - 

Métodos Analíticos, Instituto da Vinha e do Vinho, Lisboa. 

 

• Dharmadhikari M., 2002. Methods of Cold Stabilization. Vineyard and Vintage View: 

18(2): 1-4. 

 

• Dubourdieu D., Moine-Ledoux V., 1994. Produit biologique pour la stabilisation 

physico-chimique d’un vin. French patent n. 94 13261. 

 

• Dubourdieu D., Moine-Ledoux V., 1995. Œnologie 95, V Symposium International 

d’Œnologie de Bordeaux, tec et Doc., Lavoisier Éditeur, Paris. 

  



Influence of pH and Temperature on Metatartaric Acid Efficiency in White Wine Tartaric stabilization 
_________________________________________________________________________________________ 

 
 

Page | 73  
 

• Dunsford P., Boulton R., 1981a. The Kinetics of potassium bitartrate crystallization 

from table wine, I. Effect of particle size, particle surface area and agitation. American 

Journal of Enology and Viticulture, 32(2): 100-105. 

 

• Dunsford P., Boulton R., 1981b. The Kinetics of potassium bitartrate crystallization 

from table wine, II. Effect of temperature and cultivar. American Journal of Enology 

and Viticulture, 32(2): 106-110. 

 

• Escudier J. L., Moutounet M., & Saint Pierre B., 1993. Stabilisation tartrique des vins 

par électrodialyse. Revue des OEnologues, 69: 35-37 

 

• Flanzy C., 1998. Œnologie. Fondements Scientifiques et Technologiques. Tec et 

Doc, Lavoisier Éditeur, Paris. 

 

• Fritz J., Schenk G., 1974. Distribution of species program for tartrates. Quantitative 

Analytical Chemistry, 3rd Edition. Allyn and Bacon Publisher, Boston. 

 

• Gaillard M., Ratsimba B., Favarel J.L, 1990. Stabilité tartrique des vins: comparasion 

de différents tests, mesure de l’influence des polyphénols. Revue Française 

d’OEnologie, 123: 7-13. 

 

• Gerbaux V., 1996. Détermination de l’état de sursaturation et effet des 

polysaccharides sur la cristallisation du bitartrate de potassium dans les vins. Thèse 

de Doctorat, Institut National Polytechnique de Toulose, Toulouse. 

 

• Guimberteau, G., Duboudreiu D., Serrano M., Lefebvre A., 1981. Clarification et mise 

en bouteilles, chapter n. 8 in “Actualites oenological et viticoles”, Ribéreau-Gayon P. 

et al., eds., Dunod Éditeur, Paris. 



Influence of pH and Temperature on Metatartaric Acid Efficiency in White Wine Tartaric stabilization 
_________________________________________________________________________________________ 

 
 

Page | 74  
 

• Jackson R. et al., 2008. Wine Science - Principles and Applications. 3rd Edition, 

Academic Press/Elsevier, London. 

 

• IVV I.P., 2010. Limites analíticos e limites de emprego de certas substâncias em 

vinhos, bebidas espirituosas e vinagre de vinho, teores máximos de contaminantes 

em vinhos e bebidas espirituosas e limites máximos de resíduos (LMR) em uvas. 

Instituto da Vinha e do Vinho I.P. Website, webpage: http://www.ivv.min-

agricultura.pt/np4/89. 

 

• Lin Lin Low, 2007. Evaluation of Tartrate Stabilization Technologies for Wine 

Industry. PhD Thesis, University of Adelaide, Australia. 

 

• Lubbers S., Léger B., Charpentier C. and Feuillat M., 1993. Effet colloïdes-protecteur 

d’extraits de parois de levures sur la stabilité tartrique d’une solution hydro-alcoolique 

modèle. Journal International des Sciences de la Vigne et du Vin, 27: 13-22. 

 

• Maujean A., Sausy L., Vallée D., 1985. Détermination de la sursaturation en bitartrate 

de potassium d’un vin: quantification des effects colloïdes protecteurs, Revue 

Française d’OEnologie, 100: 39-34. 

 

• Maujean A., Sausy L., Vallee D., 1986. Influence de la granulométrie des cristaux de 

tarter de contact et des traitements de collage sur la cinétique de cristallisation du 

bitartrate de potassium dans les vins blancs. Revue Française d’Oenologie. Cahier 

Scientifique, n. 104: 34-41. 

 

• Maujean A., 1997. Personal Communication. Cited by “Ribéreau-Gayon P., Glories 

Y., Maujean A., Dubordieu D., 2006. Handbook of Enology: The Chemistry of Wine 

Stabilization and Treatments, volume 2. Dunod Éditeur, 2nd Edition, John Wiley & 

Sons, Ltd Publisher, West Sussex, Chichester, England”. 



Influence of pH and Temperature on Metatartaric Acid Efficiency in White Wine Tartaric stabilization 
_________________________________________________________________________________________ 

 
 

Page | 75  
 

• Moine-Ledoux V. and Dubourdieu D., 1999. An invertase fragment responsible for 

improving the protein stability of dry white wines. Journal of the Science of Food and 

Agriculture, 79: 537-543. 

 

• Moine-Ledoux V. and Dubourdieu D., 2002. Rôle des mannoprotéines de levures vis-

à-vis de la stabilisation tartrique des vins. Bulletin de l’OIV vol. 75, 857-858: 471-482. 

 

• Moine-Ledoux, V., Perrin, A., Paladin, I. and Dubourdieu, D. (1997). First results of 

tartaric acid stabilization by adding mannoproteins (Mannostab ™). Journal 

International des Sciences de la Vigne et du Vin, 31: 23-29. 

 

• Mourgues J., 1993. Utilisation des résines échangeuses d'ions. Revue Française 

d’OEnologie, 69: 51-54. 

 

• Moutounet M., Escudier J. L., Saint-Pierre B., 1994. L’électrodialyse. Adaptation á la 

stabilisation tartrique des vins. In: Les acquisitions récentes dans les traitements 

physiques du vin. Tec&Doc, Donèche B. Éditeur/Lavoisier, Paris. 

 

• Muller-Spath H., 1979. Stabilisation du tartre avec le procedé à contact. Revue 

Française d’OEnologie, 73: 41-47. 

 

• Nernst W., 1904. Theoretical Chemistry: from the Standpoint of Avogadro’s Rule and 

Thermodynamics, Macmillan and Co Publisher, London, New York. 

 

• OIV, 1995. Résolution OENO 4/95: Résines échangeuses de cations. Office 

International de la Vigne et du Vin, Paris. 

  



Influence of pH and Temperature on Metatartaric Acid Efficiency in White Wine Tartaric stabilization 
_________________________________________________________________________________________ 

 
 

Page | 76  
 

• OIV, 1998. International Code of oenological practices. International Organization of 

Vine and Wine, Paris. 

 

• OIV, 2012a. Compendium of International Methods of Wine and Must Analysis, 

Volume 1 and 2. Office International de la Vigne et du Vin, Paris. 

 

• OIV, 2012b. International oenological codex. International Organization of Vine and 

Wine, Paris. 

 

• OIV, 2012c. International Code of oenological practices. International Organization of 

Vine and Wine, Paris. 

 

• Peynaud E., Guimberteau G., 1961: Detailed analysis of various metatartaric acid 

preparations at different Temperatures. Annales des Falsifications et des Fraudes, 

vol. 53, p: 567. 

 

• Peynaud, E., 1984. Knowing and Making Wine, John Wiley and Sons Publisher, New 

York. 

 

• Perin J., 1977. Compte rendu de guelgues essois de refrigeration des ins. Le 

Vigneron Champenios, 98(3): 97-101. 

 

• Postel W., 1983 Solubilité et inhibition du crystallisation de tartrate de calcium dans le 

vin. Bulletin de l’O.I.V, 56: 554-568. 

 

• Rankine, B. C., 1985. Using ion exchange for prevention of tartrate precipitation in 

wine. Australian Grape grower Winemaker, 263: 18-21. 



Influence of pH and Temperature on Metatartaric Acid Efficiency in White Wine Tartaric stabilization 
_________________________________________________________________________________________ 

 
 

Page | 77  
 

• Rhein, O., Neradt, F. (1979). Tartaric stabilization by the contact process. American 

Journal of Enology and Viticulture, 30(4): 245-271. 

 

• Ribéreau-Gayon P., Glories Y., Maujean A., Dubordieu D., 2006. Handbook of 

Enology: The Chemistry of Wine Stabilization and Treatments, volume 2. Dunod 

Éditeur, 2nd Edition, John Wiley & Sons, Ltd Publisher, West Sussex, Chichester, 

England. 

 

• Ribéreau-Gayon P., Glories Y., Maujean A., Dubordieu D., 1998. Traité d’Œnologie, 

vol. 2. Chimie du vin, stabilization et traitements. Dunod Éditeur, Paris. 

 

• Ribéreau-Gayon J., Peynaud E., Ribéreau-Gayon P., Sudraud P., 1977. Traité 

d’Œnologie. Sciences et Techniques du Vin, Vol. IV: Clarification et Stabilization. 

Dunod Éditeur, Paris. 

 

• Ribéreau-Gayon J., Peynaud E., Ribéreau-Gayon P., Sudraud P., 1972. Traité 

d’Œnologie. Sciences et techniques du vin, Dunod Éditeur, Paris. 

 

• Scholten, G.; Müller, T.; Friedrich, G., 2003. Tartrate stabilization with metatartaric 

acid. Der Deutsche Weinbau, Neustadt, 11: 30-33. 

 

• Stocke R. Goertges S., 1989. Retardation of calcium tartrate crystallization. 

Weinwirtschaft Technik, 3: 30-32/4: 24-28. 

 

• Uitslag H., Minh-Nguyen S. G., & Skurray G., 1996. Removal of tartrate from wine by 

electrodialyisis. Australian and New Zealand Grapegrower and Winemaker, 390a: 75-

78. 



Influence of pH and Temperature on Metatartaric Acid Efficiency in White Wine Tartaric stabilization 
_________________________________________________________________________________________ 

 
 

Page | 78  
 

• Vallée D., Bagard G., Salva M., Raoulx-Pantalacci, Bourde L., Lavergne C., Albertini 

M., Serpentini M.J., 1995. Journal International des  Sciences de la Vigne et du Vin, 

Tome 29, 3: 143-158. 

 

• Zoecklein, B., Fugelsang, K., Gump, B., Nury, F., 1995. Wine Analysis and 

Production. Chapman & Hall, Aspen Publisher, New York. 

 

• Zoecklein B.,1988. A review of Potassium Bitartrate Stabilization of Wine. Virginia 

Polytechnic Institute and State University, publication n. 463-513. 

 

• Wucherpfennig K., 1976. Impediment to the tartar separation with electrodialysis. 

Industria delle Bevande, 5: 97-113. 

 

• Wurdig G., Muller T., Treves G., 1982. Méthode pour caractériser la stabilité du vin 

vis-à-vis du tartre par détermination de la température de saturation. Bulletin de l’OIV, 

613: 220-229. 

  



Influence of pH and Temperature on Metatartaric Acid Efficiency in White Wine Tartaric stabilization 
_________________________________________________________________________________________ 

 
 

Page | 79  
 

XIV. Annexes 
 

1. Temperature and pH treatments stability values 

 

In the table 3a and 3b are reported all the stability values regarding the wine pH 

treatments, together with the replicates mean and standard deviation (SD) along all the ten-

week experiment. In the tables 4a and 4b the stability values relative to the wine temperature 

treatments. 

A stability value is given by the difference between the conductivity value taken 

before adding powdered potassium bitartrate and the final stable value. When this difference 

is found to be less than the 5% of the initial value the wine is considered stable. 

 

 

Table 3a: Stability values during the ten-week experiment for the pH treatments 3.0, 3.2, 3.5, 

3.7 stored at 20°C. 

Days after 
MA Treatment Treatment Treatment Treatment 

addition pH 3,0 pH 3,2 pH 3,5 pH 3,7 

  
Mean 
(%) 

SD 
(%) 

Mean 
(%) SD (%) Mean 

(%) SD (%) Mean 
(%) SD (%)

0 3,50 0,31 3,50 0,31 3,50 0,31 3,50 0,31 

7 2,69 1,43 2,28 1,27 3,70 0,33 2,88 0,17 

14 2,94 0,33 4,21 0,74 3,90 0,01 4,37 0,33 

21 5,08 0,64 6,45 0,63 7,00 0,81 8,05 1,29 

28 7,88 1,21 8,16 1,38 7,78 0,26 8,30 0,43 

35 8,12 0,82 8,15 0,32 9,29 0,28 8,89 0,95 

42 9,59 0,81 9,42 0,57 9,11 0,27 8,63 0,96 

49 8,59 0,00 9,80 0,83 7,83 0,24 9,55 1,45 

56 — — — — — — — — 

63 — — — — — — — — 

70 8,93 0,07 10,34 0,80 10,13 0,51 10,82 0,21 
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Table 4b: Stability values during the ten-week experiment for the pH treatments 3.9, control 

pH 3.2 and control pH 3.7 stored at 20°C. 

Days after 
MA Treatment Treatment Treatment 

addition pH 3,9 Ct pH 3,2 Ct pH 3,7 

  
Mean 
(%) SD (%) Mean 

(%) SD (%) Mean 
(%) SD (%) 

0 3,50 0,31 8,86 0,69 8,86 0,69 

7 3,44 1,31 9,01 0,65 9,28 0,37 

14 5,68 0,75 8,73 0,37 15,67 0,32 

21 6,09 0,75 13,50 0,19 15,43 0,26 

28 10,85 0,43 11,39 0,24 15,66 0,04 

35 9,45 0,42 13,28 1,62 15,59 0,66 

42 7,59 0,21 12,65 0,29 11,39 0,23 

49 7,90 0,00 12,83 0,00 13,95 0,01 

56 — — — — — — 

63 — — — — — — 

70 12,77 0,54 12,51 1,13 12,62 0,84 
 

Table 5a: Stability values during the ten-week experiment for the temperature treatments 

stored at 12°C, 20°C and 35°C. 

Days after 
MA Treatment Treatment Treatment 

addition 12°C 20°C 35°C 

  
Mean 
(%) SD (%) Mean 

(%) SD (%) Mean 
(%) SD (%) 

0 3,5 0,31 3,5 0,31 3,5 0,31 
7 — — 3,87 1,16 2,84 0,42 

14 3,68 0,72 3,77 0,75 6,09 0,59 
21 — — 5,41 0,02 7,8 0,69 
28 6,58 0,02 7,27 0,71 10,2 0,94 
35 — — 7,84 0,64 10,44 0,38 
42 7,64 0,56 8,41 0,57 11,16 0,29 
49 — — 8,37 0 10,75 0,33 
56 — — — — — — 
63 — — — — — — 
70 8,7 0,08 9,47 0,6 11,34 1,4 

 



Influence of pH and Temperature on Metatartaric Acid Efficiency in White Wine Tartaric stabilization 
_________________________________________________________________________________________ 

 
 

Page | 81  
 

Table 6b: Stability values during the ten-week experiment for the temperature control 

treatments stored at 12°C, 20°C and 35°C. 

Days after 
MA Treatment Treatment Treatment 

addition Ct 12°C Ct 20°C Ct 35°C 

  
Mean 
(%) SD (%) Mean 

(%) SD (%) Mean 
(%) SD (%) 

0 8,86 0,69 8,86 0,69 8,86 0,69 
7 — — 10,34 3,34 9,42 1,16 

14 10,81 0,43 9,12 0,1 8,11 1,45 
21 — — 10,29 1,63 14,02 1,07 
28 10,85 1,91 11,69 0,41 13,17 0,09 
35 — — 12,35 0,37 15,22 0,34 
42 14,02 0,28 13,84 0,89 12,56 0,63 
49 — — 11,11 0,29 12,52 0,66 
56 — — — — — — 
63 — — — — — — 
70 12,11 11,82 12,32 0,17 11,48 2,16 
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2. Repeatability stability values 
 

In table 5 are reported the stability values measured during the repeatability test for 

both an unstable and a stable wine. For both wines we measured ten times the actual 

stability value, and all measures were taken in the same day. During the test all usual 

experimental conditions were kept constant.  

The ten-repetition mean and the repeatability standard deviation (sr) for both the 

wines are also reported. 

 

 

Table 7: Stability values measured during the repeatability test for an unstable and a stable 

wine. 

Repetition N° Unstable wine Stable wine 

 
Value 

(%) 

Mean 

(%) 

sr 

(%) 

Value 

(%) 

Mean 

(%) 

sr 

(%) 

1 11,66 9,91 1,16 4,49 4,28 0,46 

2 11,66 — — 4,55 — — 

3 8,33 — — 4,49 — — 

4 8,97 — — 3,37 — — 

5 10,19 — — 3,98 — — 

6 10,76 — — 4,49 — — 

7 9,38 — — 5,00 — — 

8 10,00 — — 4,52 — — 

9 8,75 — — 3,95 — — 

10 9,38 — — 3,95 — — 

 


