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Abstract

Cold treatment has been characterized on Sherry wines to adapt it to each type of wine and to improve its results. Rapid response

conductivity measurements were used to control the process. Cold treatment leads to more rapid tartrate stability than usually used,

and Fino, Manzanilla and Oloroso wines are stabilized in only one day. Medium and Cream wines need at least three days, but some

of these wines are hardly affected by the treatment, as a result of their complex nature. Cold treatment can be carried out simul-

taneously with the fining process in Fino and Manzanilla wines, attaining the tartrate stability in five days.

� 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

The tartrate stabilization process for wines has be-

come widespread in the last 50 years and today it is
applied to almost all wines before bottling (Ribereau-

Gayon, Peynaud, Ribereau-Gayon, & Sudraud, 1977).

Among the techniques used in this area, cold treatment

is without doubt the most widely applied (Celotti, Bor-

nia, & Zoccolan, 1999; Goertges & Stock, 2000; G�oomez

Ben�ııtez, Szekely Gorostiaga, Veas L�oopez, Palacios

Mac�ııas, & P�eerez Rodr�ııguez, 2002; Guerif, 1993; Mour-

gues, 1993; Moutounet, Saint-Pierre, Batlle, & Escudier,
1997; Ribereau-Gayon, Glories, Maujean, & Dubor-

dieu, 1998). Several modes of operation can be found for

this technique but the method designated �traditional
cold treatment� is the most commonly used (Blouin,

1982) (henceforth this method is referred to as cold

treatment). This technique involves cooling the wine

down to a temperature close to its freezing point and

storing it in isothermal tanks during a period of ap-
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proximately one week (Ribereau-Gayon et al., 1977).

This treatment is usually carried out after fining and

filtration of the wine in order to facilitate the crystalli-

zation of potassium bitartrate (KHT).
There is a wide range of Sherry wines and these differ

according to the ageing process used (biological or ox-

idative) and the composition of the blending (dry or

sweet wines) (C.E., 1988; C.E., 1999; Gonz�aalez Gordon,

1972; Jerez-X�eer�eez-Sherry, 1977; Mart�ıınez, P�eerez, &

Ben�ııtez, 1997; P�eerez Rodr�ııguez, 1991). These differences
induce different behaviours during the tartrate stabili-

zation treatments. The biological ageing of Fino and
Manzanilla wines produces a decrease of the dry extract,

a modification that facilitates the precipitation of KHT

(Mart�ıınez de la Ossa, Caro, Bonat, P�eerez, & Domecq,

1987). In contrast, the use of natural sweet wines and

‘‘colour wines’’ (obtained by flame-heating wines di-

rectly) as components of the blends for Medium and

Cream wines (Gonz�aalez Gordon, 1972) introduces a

large quantity of colloids (Usseglio-Tomasset, Bossia,
Delfini, & Ciolfi, 1980) which inhibit the precipitation of

KHT (G�oomez Ben�ııtez, Palacios Mac�ııas, S�aanchez Pazo,

& P�eerez Rodr�ııguez, 2002). Consequently, in these types

of wine frequent troubles with stabilization arise which

have not been definitively resolved.
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In Sherry wines it is especially important to have a
reliable and rapid system to determine tartrate stability.

The traditional method is to observe the formation of

crystalline sediment in a sample stored at low tempera-

ture (Berta, 1993; Brugirard & Rochard, 1992; Cola-

grande, 1984). However, this method suffers from low

reproducibility and is time consuming. Therefore, sys-

tems used today are based on rapid response conduc-

tivity measurements and these methods include the
saturation temperature of the wine in potassium bitar-

trate (Ts) and the minicontact test (Mc) (G�oomez, Pala-

cios, Caro, & P�eerez, 1999).
The time periods involved in the traditional treat-

ments and control by the traditional systems are not

well-suited to the current logistical needs, which demand

minimum response times. Furthermore, the cold treat-

ment process has high operational costs in terms of la-
bour and energy, and these costs can rise to 0.76 euros/hl

(G�oomez Ben�ııtez et al., 2002).

The work described here was undertaken to charac-

terize and improve the cold treatment of Sherry wines.

The objective of the study was to gain an understanding of

the effects of the treatment process for the different types

of wine and to tailor the process for each specific type. The

improvements were aimed at reducing the treatment du-
ration and to simplify the operations involved.
2. Materials and methods

2.1. Methodology

A sampling was carried out in a commercial cellar

during two years in order to determine the effect of the

cold treatment on the composition and stability of the
wine. Samples of different blends of wine were taken

both before and after cold treatment and at least 24

samples of each type were obtained.

Another sampling was carried out in order to study

the effect of a reduction in the length of the treatment.

Six experiments were performed on each type of wine

and samples were taken before treatment, after having

passed through the refrigeration equipment, on a daily
basis until the seventh day and, finally, after filtration.

Six treatments of Fino and Manzanilla wines were

sampled in order to study the effect of cold treatment

with simultaneous fining. The finings were performed

with 10 g/hl of gelatine and 50 g/hl of bentonite.

These samplings were carried out in commercial cellars

in the Sherry area (Denomination of Origin Sherry-X�eer�eez-
Sherry and Manzanilla de Sanlucar de Barrameda).

2.2. Cold treatment

A standard cold treatment process was used by means

of the refrigeration of the wine at a temperature close to
its freezing point (between )6 and )8 �C) and storing
it at this temperature during one week; the maximum

increase in the wine temperature during the treatment is

2.0 �C/week.
An installation with a refrigeration capacity of 98 kW

and a maximum flow of 7500 l/h was used. The storage

tanks had a capacity of 23,000 l and were constructed

from AISI 304 stainless steel. These tanks were covered

with an insulating layer of 30 cm thickness and the
maximum temperature increase in the wine during the

treatment was 1.7 �C/week.
2.3. Determination of saturation temperature (Ts) and

Minicontact test (Mc)

An automatic system was used to determine Ts and
Mc values (Angele, 1992; Gaillard, Ratsimba, & Favarel,

1987) This system, which is based on the polythermal

method, measures wine conductivity in two samples, a

control and another sample with added KHT (4 g/l)

(Garc�ııa Ruiz, Alc�aantara, & Mart�ıın, 1991). The first run
is carried out at a heating rate of 2.7 �C/min and the

second at 1.7 �C/min. The saturation temperature is the

point at which the conductivities of the two samples are
equal. The error in the Ts measurement, within the range

of alcohol strengths of Sherry wines, is +0.30 �C (G�oomez

et al., 1999). This accuracy is suitable to control the

process. In the minicontact test the wine, with 4 g/l of

KHT added, is kept at a temperature of 0� 0.1 �C
during a maximum time of 18 min. The result of the test

is the decrease in the conductivity and this value is

named Mc (G�oomez et al., 1999).
2.4. Analytical determinations

European official methods of analysis were used to

determine the pH and total acidity (C.E.E., 1990). The

determination of potassium was carried out by flame

emission photometry. The tartaric acid content was
determined by HPLC, with UV detection at 214 nm

(Frayne, 1986). Tartrate stability was measured by ob-

serving the formation of crystalline sediment in a sample

stored at low temperature ()6 �C) during one week

(Brugirard & Rochard, 1992).

All the determinations were carried out in duplicate,

with the arithmetic means of the results presented.
2.5. Statistical analysis

A significance level of 95% was used to determine the

confidence interval. The determination of the t Student
factor was carried out in coupled samples with two-

tailed distribution.



Table 1

Values of different parameters in traditional cold treatments of Sherry wines

Wine pH Titratable ac. (g/l tartaric acid) Potassium (mg/l) H2T
a (g/l) Tsb (�C) Mc

c (lS/cm)

AMd te AMd te AMd te AMd te AMd te AMd te

(a) Fino and Manzanilla

Cf 3.09� 0.02 1� 10�21 4.32� 0.09 5� 10�11 791� 31 1� 10�13 2.43� 0.07 4� 10�20 22.8� 0.6 1� 10�25 106� 26 1� 10�7

CTg 2.91� 0.01 3.82� 0.04 575� 11 1.66� 0.03 12.6� 0.3 2� 0.4

(b) Oloroso

C 3.17� 0.16 0.03 5.43� 0.12 0.11 600� 24 0.03 2.13� 0.10 1� 10�3 22.2� 0.31 3� 10�4 40� 2 3� 10�5

CT 3.07� 0.10 5.02� 0.16 443� 36 1.70� 0.08 15.7� 1.1 1� 0.5

(c) Mediums A and B

A C 3.25� 0.05 0.11 4.76� 0.11 0.06 820� 35 2� 10�3 2.15� 0.18 3� 10�4 25.7� 0.9 7� 10�6 31� 4.5 5� 10�5

CT 3.18� 0.03 4.46� 0.06 690� 22 1.49� 0.09 20.3� 0.6 4� 0.8

B C 3.11� 0.04 0.28 4.33� 0.09 0.06 715� 26 0.21 2.02� 0.15 0.21 20.3� 0.7 2� 10�3 9� 1.5 0.02

CT 3.09� 0.02 4.23� 0.04 685� 17 1.91� 0.06 18.8� 0.4 3� 0.7

(d) Creams A and B

A C 3.47� 0.05 0.23 4.00� 0.07 7� 10�3 900� 55 0.01 1.89� 0.21 0.04 26.3� 2.9 0.05 22� 11.3 0.27

CT 3.43� 0.02 3.74� 0.13 777� 30 1.44� 0.07 21.4� 0.4 1� 0.4

B C 3.11� 0.10 0.69 4.00� 0.12 0.49 629� 48 0.71 1.75� 0.17 0.82 17.9� 0.9 0.28 1� 0.5 0.30

CT 3.08� 0.09 4.00� 0.09 603� 25 1.66� 0.14 17.2� 0.8 1� 0.4

a Tartaric acid.
b Saturation temperature.
cMinicontact test.
dArithmetic mean and confidence interval.
e t Student factor.
f Control.
g Cold treatment.
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Fig. 1. Evolution of saturation temperature values during traditional

cold treatment.
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3. Results and discussion

Cold treatment led to decreases in the pH, total

acidity, potassium, tartaric acid, Ts and Mc, and these

values changed in different ways depending on the type

of wine (Tables 1 and 2). In all cases there was good

correlation between the values of Ts (�C) and potassium

(mg/l) (correlation coefficient: 0.992); therefore, this

magnitude could be used as a control method for the
treatment process. Likewise, a good correlation between

the variation in Ts and the initial Mc value (lS/cm)

(correlation coefficient: 0.96) is observed; consequently,

Mc could be used as an indicator of the stabilization

potential of the wine.

The largest decreases were observed in Fino wines

(Table 1(a)) and, to a lesser extent, in Oloroso wines

(Table 1(b)).
Medium and Cream wines have been separated into

two groups (A and B) according to their composition.

Wines of type B had a greater colloidal matter content

than those of type A. This colloidal matter originated

from sweet wines and colour wines when used in larger

proportions during blending (Usseglio-Tomasset et al.,

1980). Medium and Cream A-type wines (Table 1(c) and

(d)) had a similar behaviour to Oloroso wines but, in
contrast, the composition of Medium and Cream B-type

wines changed only slightly during the treatment (Table

2). In both groups the decreases in the parameters under

investigation were larger in Medium wines than in

Cream wines.

This behaviour was confirmed by the t Student factor,
which showed very small values in the Fino and Man-

zanilla wines and larger values in the other types of
wine.

Plots of the Ts values versus time during the process

were inherently different for the different types of wine

(Fig. 1). The curves showed very pronounced initial

decreases and subsequent stabilizations in Fino, Man-

zanilla and Oloroso wines. This situation was particu-

larly remarkable in Fino and Manzanilla wines, because

Ts decreases by 7.5 �C upon passing the wine through the
refrigeration equipment. In Medium and Cream A

wines, the graphs showed smaller initial decreases but

the trend is maintained over longer periods. In Medium
Table 2

Variations in the concentrations of potassium, tartaric acid, and saturation

Wine Potassium (meq/l)

Fino and Manzanilla 5.52

Oloroso 4.01

Medium A 3.32

B 0.77

Cream A 3.14

B 0.66

a Saturation temperature.
and Cream B wines the variations in the Ts values were
very small.

The behaviour patterns observed in terms of Ts were
in direct relationship with the intensity of the inhibition

phenomena of KHT crystallization caused by the

components of the different wines, particularly the

colloidal matter. In all the wines a slight increase of Ts
was observed at the end of the treatment and this was

due to some KHT redissolving during the earth filtra-

tion.

The parameter Mc showed a similar evolution be-

haviour as Ts, although the most pronounced variations

were seen in the first few days (Fig. 2). Fino, Manzanilla

and Oloroso wines were stabilized from the first day and

Medium and Cream A wines from the third day (Table
3). Medium and Cream B wines were stable before

treatment.

A relationship between wine stability and Mc value

was observed in all of the wines studied here (Table 3,

Fig. 2); when the Mc value was equal to or lower than 10

lS/cm the wine was stable for at least one week at 4 �C
(G�oomez et al., 1999).

Therefore, the length of the cold treatment process
could be reduced to one day for Fino, Manzanilla and

Oloroso wines, or three days for Medium and Cream A

wines. On the other hand, the intensity of the treatment

(in terms of time and/or temperature) of some of the

Medium and Cream B wines could be reduced and

others in this group could be not treated at all. This
temperature during traditional cold treatment

Tartaric acid (meq/l) Tsa (�C)

5.1 10.2

3.89 6.5

3.20 5.4

0.73 1.5

3.01 4.9

0.60 0.7
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should be confirmed in each case by determining the Mc

value.

The fining process, when performed simultaneously

with cold treatment, produced an additional inhibition

to that caused by the components of the wine itself.

Therefore, it was only feasible to apply the fining pro-

cess to Fino and Manzanilla types, which represent 40%

of Sherry production. Under these conditions the de-

creases in the Ts andMc values were less marked than the
corresponding values in the absence of the fining agent

(Fig. 3(a) and (b)). Nevertheless, at the end of the

treatment there were no appreciable differences between
Table 3

Tartrate stability test during the traditional cold treatment

Wine Treatment duration (days)

0 REa 1 2

Fino and Manzanilla 1 >7 >7 >7

Oloroso 3 6 >7 >7

Medium A 4 5 7 7

Medium B 7 >7 >7 >7

Cream A 5 5 6 7

Cream B >7 >7 >7 >7

Values in days without sediment.
aAfter refrigerator equipment.
bAfter filtration.

Table 4

Evolution during the cold treatment with simultaneous fining in Fino and M

Treatment duration (days)

0 1 2 3

pH 3.21 3.15 3.13 3.

Titratable ac. (g/l) 4.77 4.49 4.36 4.

Potassium (mg/l) 747 657 620 589

Tartaric acid (g/l) 2.65 2.30 2.11 2.

Ts (�C)a 22.1 17.9 16.2 14.

Mc (lS/cm)b 95 65 40 22

Stability test (days) 1 2 3 5

a Saturation temperature.
bMinicontact test.
them, and the tartrate stability was achieved on the fifth

day of the treatment process (Table 4).
3 4 5 6 7 Fb

>7 >7 >7 >7 >7 >7

>7 >7 >7 >7 >7 >7

>7 >7 >7 >7 >7 >7

>7 >7 >7 >7 >7 >7

>7 >7 >7 >7 >7 >7

>7 >7 >7 >7 >7 >7

anzanilla wines

4 5 6 7

12 3.11 3.10 3.10 3.10

3 4.27 4.25 4.24 4.24

565 553 545 538

00 1.93 1.90 1.89 1.88

7 13.6 13.0 12.6 12.3

12 5 4 3

6 >7 >7 >7
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