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Abstract. The present work was undertaken to study the effect of the treatment temperature on the potassium
bitartrate stability and composition of young wines. The thermodynamic parameters, namely ∆G°, ∆H°, ∆S° were
calculated to predict the nature of potassium hydrogen tartrate (KHT) precipitation. According to the achieved results,
the exothermal nature and thermodynamical feasibility of KHT precipitation in young wines were established. Based
on thermodynamics, negative ∆G°, ∆H° values and positive ∆S° value give a spontaneous KHT process at lower
temperatures.
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Introduction
Wine is a complex chemical mixture and its stability depends on the activity of microorganisms and the changes
in its environment. Less than half of the found in grapes tartaric acid is free standing, the majority of it being presented
as potassium acid salt (KHT, etc.). Once bottled, a wine may cause cloudiness, formation and precipitation of tartaric
crystals. Under certain conditions, e.g. storage at low temperature, the dissolved form of KHT become insoluble forming
small crystals, which settle to the bottom [1-3]. As it is known, for the commercial distribution of wines in bottles, the
wine must not only be clear at the time of bottling, but also must remain in this condition over the time.
Numerous efficient treatment methods for the stabilization of wines are known up to now: cooling [4], cationic
exchange [5-6], reverse osmosis, electro-dialysis [7] and the addition of selected additives [8-9]. From the abovementioned techniques, cooling alone has found commercial application for the tartaric stabilization of young wines. This
method involves cooling the wine near its freezing point to encourage the tartrates to crystallize and precipitate out of
the wine before bottling.
The present study was conducted in order to study the variation of thermodynamic parameters of KHT
during the cold treatment of white and red young wines. Our efforts were also directed to the determination of some
thermodynamic parameters, which describe the precipitation process at the equilibrium, such as: equilibrium constant,
entropy change (ΔH°), enthalpy change (ΔS°) and Gibbs free energy (ΔG°) of KHT precipitation.
Materials and methods
Investigations have been conducted on two young wines obtained from Chardonnay and Merlot varieties of
vintage 2014. Experiments were carried out during September - December 2014, at the Oenology Research Centre of
Technical University of Moldova. The tartrate precipitation is induced by such essential factors, as: the concentration of
tartaric acid, cations and anions, pH value and presence of various complexing agents. The studied grapes varieties were
vinified by classical technological schemas and after the alcoholic fermentation, wine samples were decanted and fined
to ensure their colloidal stability. The used gluing agents for white wine was bentonite of Super type [10] at doses 0.5
g/L and gelatin of Pulviclar S type [11] at 0.4 g/L for the red wine, respectively. After the gluing treatment, wine samples
were subjected to membrane filtration and tartaric stabilization by conventional cold stabilization at the temperature of
minus 5°C (filtration at the seeding temperature, to avoid resolubilization of potassium bitartrate crystals into wine).
Physico-chemical characteristics of the wine were evaluated by the alcohol content, total acidity, pH value, conductivity,
content of phenolic compounds and others, using the methods presented in national and international standards [12-13]
at the National Audit Centre of Alcoholic Products (Chisinau, Moldova). The content of components of studied reaction
at the equilibrium – tartaric acid and potassium ions, was determined by atomic absorption spectrometry and capillary
electrophoresis methods. The obtained data were used to calculate the equilibrium constant of the reaction, according
to the proposed methodology [14-17].
Results and discussion
Data on the main wine composition characteristics before and after the tartaric stabilization are presented in
Table 1. Colour intensity, content of tartaric acid and total polyphenol index of wine samples diminished within the
limits of 23÷40 % of the initial values during the stabilization. Content of tartaric acid and potassium has also decreased
in the following order: 37.7 % and 22.5 % for white wine sample and 28.5 % and 42.86 % - for the red one, respectively.
Comparative analyses of these two young wines reveal that values of all parameters decrease more significantly in the
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case of white sample. In terms of organoleptic analysis, treatment of young wines enhances the aroma expression, the
flavour persistence and specific colour for the certain type of wine. The decrease in conductivity depends on the wine
type, varying in our case from 318 to 331 μS (Table 1).
Table 1

Stabilized

Initially

Stabilized

Sample 2 of Red wine

Initially

Physico-chemical characteristics of the wine samples.
Sample 1 of White wine

Ethanol (± 0.06% v/v)

12.62

12.50

10.25

10.20

pH (± 0.01)
Total acidity in tartaric acid (± 0.04 g/L)
Content of tartaric acid (± 0.01 g/L)
Content of potassium (± 0.002 g/L)
Colour intensity A420 nm (± 0.001)

3.13
7.82
2.60
0.920
0.092

3.08
6.80
1.62
0.713
0.048

3.30
8.43
2.07
1.071
1.483

3.20
7.62
1.48
0.612
1.121

Total polyphenol index (TPI) (± 0.02 mg/L)

148.8

86.3

1498.1

1158.3

Conductivity at 20°C (± 1 μS/cm)

1988

1670

2066

1735

Organoleptic analysis (± 0.1 points)

7.7

7.8

7.8

7.9

Parameters

In our opinion, in order to gain an insight into KHT precipitation process, it is absolutely necessary to take
into account the thermodynamic parameters of the process such as: enthalpy, entropy and free energy. The precipitation
of potassium bitatrate can be summarized by the following reversible process, which represents a heterogeneous
equilibrium:
HT   K  l KHT

(1)

For determining the thermodynamic parameters of the process (1), the value of equilibrium constant of reaction is
initially calculated by Eq.(2). The free energy of a precipitation process is a function of state, which is related to the
equilibrium constant by the classical Van’t Hoff Eq.(3):

K eq
'G q

C prod
Creac
 RT ln K eq

(2)

(3)

where: Cprod - concentration of reaction products at equilibrium,
Creac - concentration of reactants in solution at equilibrium,
ΔG° - Gibbs free energy change (kJ mol-1),
R - ideal gas constant (8.314 J mol-1 K-1),
T - absolute temperature (K).
Subsequently, the equilibrium constant is expressed in terms of enthalpy change of precipitation (ΔH°) and entropy
change (ΔS°), as functions of temperature, following the Eq.(4):
ln Keq

'Sq 'Hq

R
RT

(4)

The determined thermodynamic parameters for the wine samples are presented in Table 2. For sample 1 the following
ΔGo values for the KHT precipitation processes at 268, 273 and 278 K were obtained: -6.36, -5.35 and -1.33kJ·mol-1,
respectively. These negative ΔG° values indicate that precipitation of KHT compound onto wine is thermodynamically
feasible and spontaneous. The augment of temperature induces a significant diminution of Keq and ΔG° values. On the
contrary, the entropy changes are well-correlated with the temperature of the system and positive entropy describes an
irreversible heat flow through a system during KHT precipitation.
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Table 2

Type of sample
White wine

Red wine

Thermodynamic parameters change of the KHT
precipitation reaction versus temperature for the wine samples.
Thermodynamic parameters of KHT precipitation
Temperature of
Equilibrium constant, Gibbs free energy, ΔG°,
treatment,
kJ·mol-1
Keq
K
268
273
278
268
273
278

17.37
10.54
1.33
20.90
12.14
3.17

-6.36±0.74
-5.35±0.51
-1.33±0.27
-6.77±0.73
-5.67±0.42
-2.67±0.17

Entropy, ΔS°,
J·mol-1·K-1
985.74
978.46
977.88
627.05
641.52
604.19

Temperature dependence of the KHT precipitation is associated with the studied thermodynamic parameters. In order to
define the significant dependence of these parameters as a function of temperature, the Pearson correlation coefficient
(R2) was determined according to the reported method [18]. For that, graphics of dependence: lnKeq= f(1000/T) and
ΔG°=f(T) at the 268, 273 and 278 K temperatures were built (Figures 1 and 2).

Figure 1. Van’t Hoff plots for KHT precipitation at
different temperatures in wine samples.

Figure 2. Gibbs plots for KHT precipitation at
different temperatures in wine samples.

The values of ΔH° were determined by using the Van’t Hoff Eq. (4), the average value constituting –263.6 ±
6.9 kJ·mol-1 for the white wine and –165.4 ± 6.9 kJ·mol-1 for that red one, respectively. A negative value of ΔH° expresses
that the precipitation process for KHT is exothermic and the positive value of ΔS° shows the increased randomness at
the solid/solution interface during the precipitation.
The Gibbs free energy indicates on the degree of spontaneity of the KHT process and the higher negative value
reflects a more energetically favourable precipitation. As depicted in Figure 2, the increase in temperature determines a
significant decrease of the ΔG° value. Also, the high value of R2 (within the limits 0.9848 and 0.9876) shows correctness
of the selected functions and that the variance of issue parameter is attributed to the relation existing between the
temperature (x) and free energy or equilibrium constant logarithm (y).
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Conclusions
Cold stability is often considered an essential step in producing of qualitative wine. A lot of production methods
are used in industry as means to cold stabilization. Often, winemakers are looking for more economical or efficient
solutions for cold stabilization of wines. The study of the temperature influence on the solubility and the forms of
potassium bitatrate from wines, allowed to obtain data necessary for explaining physico-chemical phenomena, which
influence the stability or instability during the cold stabilization treatments, related to the precipitation of tartaric salts.
Thermodynamic parameters suggested that the KHT precipitation process is spontaneous and exothermic. Also, the
negative ΔG° and ΔH° values and positive ΔS° values give a spontaneous process at lower temperatures with an easier
KHT precipitation.
To our knowledge this is the first report on the thermodynamic study of the precipitation of potassium bitatrate
in a real system (such as wine) and not in an aqueous solution.
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