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Abstract: The use of wine dealcoholisation has multiplied in recent years as a result of various factors,
including the increase in alcohol content due to global warming and changes in consumer drinking
habits. There are several post-fermentation dealcoholisation methods in the literature which allow
for the partial or total elimination of the alcohol content of wine. However, there are no studies on
the patented very low temperature vacuum wine distillation technology called GoLo. Therefore,
for the first time, this paper evaluates the quality of dealcoholised white, rose and red wines using
GoLo technology. For this purpose, alcohol content, pH, total SO,, free SO;, total acidity and volatile
acidity were measured. There were no significant differences in the variations in pH, total acidity and
volatile acidity after the dealcoholisation process using GoLo technology and dealcoholised wines
showed a reduction of 22.1% in total SO, and a complete absence of ethanol and free SO;. A model
for predicting the total SO, content of dealcoholised wines and a model for predicting the amount
of sulphites to be added after dealcoholisation were found after the statistical treatment of the data.
GoLo dealcoholisation delivers 100% removal of alcohol and free SO, in less time, with less loss and
energy than other dealcoholisation technologies. The verification and extension of these results will
be the focus of future studies.
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1. Introduction

It is well known that wine, a complex and unique beverage consisting mainly of water
and ethanol, is the fermented juice of the grape (Vitis vinifera), and that polyphenols are the
main compounds associated with the benefits of moderate wine consumption due to their
antioxidant and free radical scavenging properties [1,2]. Despite the many health benefits,
the excessive consumption of wine can have adverse health effects due to its alcohol content.
For example, a negative association has been described between the light-to-moderate
consumption of wine and the incidence of certain diseases such as diabetes, ischaemic heart
disease or the induction of cancer or allergies, and it is also an addictive substance that can
lead to dependence and addiction [3,4]. However, this information should be treated with
caution, as there is still a lack of solid “pharmacological” human evidence on the biological
effects of wine polyphenols [5], and a reduction in the risk of heart disease (a lower risk of
myocardial infarction) seems to be the only disease still recognised in critical reviews of
epidemiological data related to wine consumption [6].

Depending on its alcohol content, wines can be classified as alcohol-free [<0.5% (v/v)],
low-alcohol [0.5% to 1.2% (v/v)], reduced-alcohol [1.2% to (5.5%)], lower-alcohol [5.5% to
10.5% (v/v)], and alcoholic wines [>10.5% (v/v)]. These concentrations may vary from
country to country and are regulated by the International Wine Organisation (OIV) and the
regulatory council of each designation of origin (DO) [7-9].
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Wine dealcoholisation processes have been used since the early 1900s [8] and have
multiplied in recent years as a result of various factors such as the increase in alcohol content
due to global warming and changes in drinking habits, with an increase in consumer
demand for beverages without calories, alcohol, or additives [9,10]. Climate change is
causing the fruit to ripen more quickly and to a greater extent, thus increasing its sugar
content, which in turn leads to a higher alcohol content after fermentation [11,12] and
may also lead to a loss of wine typification, as wine typification is based on its alcohol
content, as mentioned above. In addition, this rapid increase in grape ripening can lead to
early harvests, which can result in the incomplete development of secondary fermentation
metabolism and, thus, affect the quality of the wines. The other factors are changes
in drinking habits due to the harmful effects of alcohol, excess calories, or additives on
health [13]. For example, the non-alcoholic wine market in Germany has grown dynamically
in recent years and is expected to grow by 9% per year between 2021 and 2025 [14].

For these reasons, there are several methods of dealcoholisation that allow for the
partial or total elimination of the alcohol content of wine, which also eliminates other com-
ponents of the wine such as volatile compounds, which, in many cases, can be re-introduced
into the dealcoholised wine. These methods are used at different stages of the winemaking
process, including pre-fermentation, during fermentation and post-fermentation. The
pre-fermentation stage uses techniques to reduce fermentable sugars such as viticultural
practices (leaf area reduction, pre-harvest irrigation, the application of growth regula-
tors or reduction in photosynthetic activity), early grape harvest, the dilution/blending
of grape must, the filtration of grape juice or the addition of enzymes such as glucose
oxidase [9,15,16]. The fermentation stage uses techniques to reduce alcohol production,
including arrested or limited fermentation, biomass reduction, the use of non-Saccharomyces
cerevisige yeasts or the use of modified yeast strains [9,15,16]. The post-fermentation stage
uses filtration techniques to remove alcoholic content in wines includes nanofiltration
(NF), reverse osmosis (RO), osmotic distillation (OD), also called evaporative perstraction
or pervaporation (PV), and non-filtration techniques such as vacuum distillation (VD),
spinning cone column (SCC), multi-stage membrane-based systems [9], supercritical fluid
extraction with CO,, extraction with solid CO,, microbial fuel cell [16], freeze-drying [17]
or the patented very low temperature vacuum distillation technology called GoLo. This
technology is very similar to SCC and integrates classic multi-batch separation operations
into a single, continuous, easy-to-use process, while providing a thin film formation system
that operates highly efficiently with no moving parts. In a single pass, GoLo can remove
almost 100% of the volatile aromatic compounds, which can be reincorporated into the
dealcoholised wine, and dealcoholise the wine to 0.05% (v/v) [18]. Some of these techniques
have drawbacks, such as using high temperatures that can significantly degrade the wine,
being expensive or using a lot of energy [19].

On the other hand, during the process of the dealcoholisation of wine, the volatile
fraction is also removed along with other compounds that can cause allergies. Allergenic
substances in wine include sulphites, as the addition of sulphites during the winemak-
ing process is a common practice. Inexpensive and easy to use, sulphiting agents allow
for the avoidance of competition between common microorganisms and fermentation
yeasts and provide post-fermentation and colour stability [20-22]. However, the use of
sulphites cannot be considered a harmless additive for humans, as the ingestion of foods
containing elevated concentrations of sulphites may cause food intolerance symptoms and
allergic reactions in sensitive individuals [23,24], as aforementioned. The use of sulphites is
regulated by the EU 1169/2011 [25], where SO, and sulphites at concentrations of more
than 10 mg/L, in terms of the total SO,, must be declared on the label. In addition, the
maximum daily intake of sulphites for humans determined by the European Food Safety
Agency is 0.7 mg/kg [26]. Currently, the regulatory trend leads to products with lower
concentrations of total SO,, in addition to the commercial rejection of allergen labelling.

There are many analytical determinations that can be carried out on wine to charac-
terise its composition and evaluate its evolution, from sugar content to the presence of
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heavy metals. However, in terms of wine quality, the most important determinations for
practical and legal purposes include alcohol, total acidity, volatile acidity and free and total
SO, [27,28]. In this sense, there are several studies in the literature on the evolution of the
physico-chemical, sensory and quality parameters [13,29-33] of dealcoholised wines using
different technologies or on the waste produced by high temperatures for the production of
low-alcohol wines [34]. However, there are no studies on the evolution of physicochemical
parameters of dealcoholised wines using GoLo dealcoholisation technology. Therefore, the
aim of this study was to assess, for the first time, the evolution of alcohol, free and total SO,,
pH, total acidity and volatile acidity using GoLo technology methods in order to achieve
the total dealcoholisation of red, rose and white wines on an industrial scale.

2. Materials and Methods
2.1. Sample Selection

A total of 274 samples of different types of wine [183 white (B), 64 red (T) and 25 rose
(R)] were obtained from the Spanish commercial market including different DOs. The
varieties of white wines were Airen, Sauvignon, Chardonnay, Verdejo, Macabeo, Moscatel,
Syrah and coupage; the varieties of rose wines were Garnacha, Tempranillo, and coupage; and
the varieties of red wines were Merlot, Cabernet, Syrah, Tempranillo, Garnacha and coupage.
Non-dealcoholised wine samples were analysed, dealcoholised using GoLo technology
and analysed again over a 12 month period between January 2023 and January 2024.
Samples were supplied by a company in central Spain and analysed in the laboratories
of the University of Murcia in collaboration with a private laboratory with ISO 17025
accreditation [35] that specialised in wine analysis.

2.2. Chemicals

A buffer solution with pH 7.0, sodium hydroxide 0.1 mol/L and bromothymol blue
indicator solution were purchased from Sigma-Aldrich (Stenheim, Germany) to analyse
total acidity. Tartaric acid, hydrochloric acid (37%), potassium iodide, starch and sodium
tetraborate decahydrate were purchased from J.T. Baker (Deventer, The Netherlands) for
the analysis of volatile acidity. Sodium hydroxide 0.1 mol/L, iodine 0.005 mol/L, acetic
acid 0.1 mol/L and lactic acid 0.1 mol/L solutions were purchased from Sigma-Aldrich
(Stenheim, Germany) for the analysis of free and total SO5.

Hydrochloric acid (37%), hydrogen peroxide (>30%), methyl red solution and carbonate-
free sodium hydroxide [50% (w/w)] were purchased from Sigma-Aldrich (Stenheim, Ger-
many). Ethanol [min 99.9% (v/v)] was purchased from ].T. Baker (Deventer, Netherlands).
Water quality type I (>18 MQ?) from Millipore was used.

2.3. Total Dealcoholisation of Wines Using GoLo Technology

GoLo is the most advanced dealcoholisation technology on the market today. This
technology integrates classic multiple batch separation operations into a single, continuous,
easy-to-use process, while offering a thin film creation system that operates highly efficiently
with no moving parts. In a single pass, GoLo can achieve the separation of almost 100%
of the volatile aromatic compounds (the essence), dealcoholise the wine up to 0.05% (v/v)
and rectify the alcohol up to 85% (v/v) (Figure 1), being able to obtain a final product with
the desired alcohol content and the initial aromatic fraction [18].
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Figure 1. Scheme of the GoLo dealcoholisation process. (ABV: alcohol by volume).

The GoLo dealcoholisation technology is based on vacuum distillation (—83-90 KPa)
at low temperatures (4547 °C) and the outlet temperature of the dealcoholised wine is
2 °C. The process consists of three distillation columns (C1, C2 and C3) which can be
described as stainless steel cylinders filled with stainless steel pellets as a filter with a large
interfacial area.

The wine to be dealcoholised is introduced at the top of column C1 and by gravity
moves down through the column packing to the bottom of the column, where it is collected
by a centrifugal pump and sent to the top of column C2. The dearomatised wine coming
from the bottom of C1 contains 1 to 3 degrees less alcohol than the input wine. The vapours
(100% of wine aroma and flavour, rich in low molecular weight aromatic compounds) are
extracted, condensed and stored by the head of column C1 to be reincorporated into the
final product at the end of the process.

The product sent to the top of column C2 moves down through the column filler to
the bottom where the product would already be dealcoholised and is sent to the storage
tanks (this product may be considered a fully dealcoholised wine or a wine with reduced
alcohol content). The alcoholic vapours produced in column C2 [40-50% (v/7v)] are sent to
the top of column C3, which moves to its bottom by passing through the packing. From the
head, it is sent to a condenser, and some of the liquid (water) is recirculated to column C2,
and some is extracted as concentrated alcohol and sent to another storage tank.

The vapours that move to the top of the columns are produced in the evaporator at
the bottom of column C2. This evaporator is heated by boiler steam and boils some of the
liquid from the bottom of the column, which flows counter current to the liquid through
the packing, acting as an extracting agent for the more volatile components of the product
(alcohol and flavourings). These vapours pass to the bottom of column C3, although a
certain percentage of them also pass to column C1. Once the dealcoholisation stage has
been completed, the aromatic compounds recovered in column C1 (100% of the aroma and
flavour of non-dealcoholised wine) are reincorporated into the dealcoholised wine, so that
it retains its organoleptic qualities intact.

According to information supplied by the company that provided the samples for
this study, which has both SCC and GoLo technology in its facilities, compared to SCC
(the dealcoholisation technology most similar to GoLo), GoLo operates at higher flow rates
(2200 L/h compared to 1800 L/h for SCC) with lower energy consumption (0.021 kw /L
compared to 0.028 kw /L for SCC) and lower losses (15% compared to 30% for SCC).
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2.4. Sample Analysis and Determination

The samples of non-dealcoholised wines were analysed after being delivered by the
company. The samples were analysed again after the process of dealcoholisation using
GoLo technology. Each sample was analysed in triplicate.

According to EC [36] and OIV [27], the method based on electronic densimetry was
used for the analysis of alcohol in wines before and after the process of dealcoholisation
using GoLo technology.

Free and total SO, content in wines before and after the process of dealcoholisation us-
ing GoLo technology were analysed via the optimised Monier-Williams method [27,37,38].
It is known that the optimised Monier-Williams method has limitations due to background
interference or unsatisfactory accuracy [22]. However, these limitations have not been
determined for wines. Finally, pH, total acidity and volatile acidity content were measured
according to the Compendium of International Methods of Analysis of Wine and Must
OlV [27].

The limit of quantification for each technique was 5 mg/L for free and total SO, and
0.1% v/v for alcohol, volatile acidity and total acidity. For calculation purposes, the values
of samples with results below the limit of quantification were transformed by dividing the
limit of quantification by 2 [39].

2.5. Statistical Analysis

The RStudio IDE Desktop 2023.09.01 tool and R 4.3.1 were used for data analysis and
graph generation [40]. This software is free and can be used in both desktop and cloud
versions. RStudio allows scripts to be created using code written in R. This can be used to
automate optimization for future studies. Different R libraries were used depending on the
analysis carried out; for example, the data import into R was performed using the Readxl
library, and graph analysis and Student’s t-test for paired samples were performed using
ggplot2, corrplot, Performance Analytics, dplyr and car. The R script code used in this
paper is available on request from the corresponding author. A more detailed analysis of
the data contained in the present manuscript can be consulted at the following web address
https:/ /rpubs.com/chemavb /1159224 (accessed on 15 March 2024).

3. Results and Discussion
3.1. Analysing the Dealcoholisation Process Using GoLo Technology

Figure 2 shows the composition of all the non-dealcoholised wines analysed where
each sub-figure, represented by a grey rectangle, indicates the interquartile range (25%
quartile to 75% quartile). Within each rectangle, there is a shaded line representing the
median or central value, and above and below the rectangle, there are vertical dashed
lines representing the minimum and maximum values for each variable. Each figure also
includes rounded points representing values that were identified as outliers because they
are far from the maximum and minimum. Of note, the median and interquartile range of
the data are presented in a boxplot for a better interpretation of the results obtained after
the dealcoholisation process using GoLo technology.

Table 1 shows the composition of all the non-dealcoholised wines analysed broken
down by type of wine. As can be seen, the results presented in Table 1 and Figure 1 are
similar to those reported in previous studies on commercial white, rose and red wines
from Spain [41-46]. On the other hand, the total SO, content is sufficiently variable (from a
minimum of 52.75 mg/L to a maximum of 115 mg/L) to be able to evaluate, in different
ranges, what happens to the SO, content after the GoLo process at a medium-high ethanol
content between 9.56 and 13.6%.
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Figure 2. Boxplot of the composition of all the non-dealcoholised wines analysed. (a) Alcohol (% v/v);
(b) total acidity (g/L); (c) volatile acidity (g/L); (d) pH; (e) free SO, (mg/L) and (f) total SO, (mg/L).

Table 1. Characterisation of non-dealcoholised wines studied as median and interquartile range

(Q1-QB).

. .. Volatile o Free SO, Total SO,
Wine pH Total Acidity (g/L) Acidity (g/L) Ethanol (% v/v) (mg/L) (mg/L)
White 3.29 (3.20-3.41) 4.66 (4.27-5.36) 0.17 (0.05-0.32) © 516(1'1717 30) 23.15 (16.5-29) 93 (77.5-113.5)

10.92
Rose 322314330 510(471-555)  018(015-025) 07 230(120-250)  92(720-1150)
Red 3.61 (3.52-3.69) 4.65 (4.43-4.95) 0.46 (0.38-0.52) 12.23 22.0 (16.0-28.0) 65 (52.75-82.25)

(11.04-13.06)

Figure 3 shows the parameters studied for all the dealcoholised wines using GoLo
technology, and Table 2 shows those parameters broken down by the type of wine. The
ethanol contents of the 274 non-dealcoholised wines were between 5.57 and 14.59% v/v.
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Figure 3. Boxplot of composition of dealcoholised wines using GoLo technology. (a) Total acidity
(g/L); (b) volatile acidity (g/L); (c) pH; and (d) total SO, (mg/L).
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Table 2. Characterization of dealcoholised wines studied as median and interquartile range (Q1-Q3).

Wine pH Total Acidity (g/L) Ac?g)iltz;ti(lge/” Alcohol (% v/v) F{Ieneg/SS 2 T?::;/SL())Z

White 3.18 (3.10-3.30) 5.05 (4.52-5.89) 0.17 (0.05-0.35) <0.1 <5.0 (84.15(121.57.5)
Rose  3.10 (3.08-3.19) 5.76 (4.92-5.96) 0.19 (0.16-0.29) <0.1 <5.0 (70.5_71'28.0)
Red 3.44 (3.36-3.51) 5.25 (4.98-5.57) 0.49 (0.41-0.55) <01 <5.0 (7 4.5531'% 40)

The results for ethanol are not shown in Figure 3 because the dealcoholisation process
using GoLo technology reduced the initial alcohol content of the wines to levels below
the method’s limit of quantification (0.1% v/v), thus achieving a 100% yield. The total
dealcoholisation of wines has also been reported using SCC to achieve a final wine alcohol
content of 0.3% v/v with high capital and operating costs due to the number of ancillary
devices required [47]; however, technologies such as NF, RO, OD or PV can achieve a final
ethanol content in the wine of more than 0.5% v/v [9]. It can, therefore, be said that the
GoLo technology achieves the total dealcoholisation of wines in less time, with less losses
and with less energy consumption than other dealcoholisation technologies.

The free SO, content obtained for the 274 non-dealcoholised wines was between 5 and
61 mg/L. Similar to the alcohol content and as would be expected, the dealcoholisation of
wines using GoLo technology also provides the 100% removal of free SO, along with its
antioxidant and antimicrobial activity. The mechanism by which free SO, is removed in
the wine dealcoholisation process was previously reported by Belisario-Sanchez, Taboada-
Rodriguez, Marin-Iniesta and Lopez-Gomez [31]. Briefly, they reported that after the mass
balance of the SCC distillation, ethanol and free SO, have a similar relative volatility with
respect to water, because the free SO; of the non-dealcoholised wine is mainly present
in the ethanol fraction. In this sense, if the content of free SO, in the wine is less than
15 mg/1, the wine would be unprotected and susceptible to microbial spoilage, which is
why dealcoholised wines require the addition of preservatives to achieve the required
shelf life on the market [48,49]. These preservatives include SO itself and other traditional
preserving agents such as dimethyl decarbonate or potassium sorbate, Valcorin [50] or
Nagardo®(Lanxess Corp., Pittsburgh, PA, USA), the natural preservative for dealcoholised
drinks approved by Food and Drugs Agency of USA in 2017 at concentration levels ranging
from 2 to 100 ppm [49].

The total SO, present in wine is partly gaseous (SO,) and partly dissolved (HSO3;~
and SO327), forming what is known as free SO,, and partly combined with acetic aldehyde,
sugars, tannins, colourings, etc., forming combined SO;. This distinction is important for
practical purposes, since the SO, with antiseptic action is the free one, while the combined
one constitutes the necessary reserve for the free fraction. In other words, the two forms
are in equilibrium, which is influenced by pH and temperature (the lower the pH and the
higher the temperature, the greater the proportion of free SO,). The sum of the free and
combined SO is equal to the total SO, [51].

With this in mind, and knowing that dealcoholised wine contains no free SO,, only the
combined SO, should remain as a contributor to the total SO, in the dealcoholised wine.
In this sense, the total SO, content obtained for the 274 non-dealcoholised wines ranged
from 2.5 to 196 (mg/L), while for the corresponding dealcoholised wines, it ranged from
55 to 86 (mg/L), which represents a reduction of 22%. A paired samples t-test showed
that there were significant differences (p = 2.35 x 10~%) in the reduction in total SO, in the
dealcoholisation process using the GoLo technology. Significant reductions in total SO,
were also achieved with other dealcoholisation technologies such as RO or VD [52].

With regard to the other parameters studied, there was a 3.6% increase in the pH value
(from 3.24 to 3.36) after the dealcoholisation process using GoLo technology, total acidity
decreased by 9.3% (from 5.15 to 4.69) and volatile acidity decreased by 4.3% (from 0.24 to
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0.23). However, after statistical analysis using the t-test, it was found that there were no
significant differences in the variations in these parameters. Thus, pH, total acidity and
volatile acidity were not affected by the dealcoholisation process using GoLo technology.
This fact has also been observed using other dealcoholisation technologies such as PV [53],
OD [13], RO [54] and SCC [55].

3.2. Variable Correlation Analysis

Since the statistical analysis of parameter reduction did not reveal any differences
between the wines taken as a whole or by typology (white, rose and red), a variable
correlation analysis was carried out to identify possible relationships between the different
quality parameters affecting the GoLo dealcoholisation technology. The same analysis
was also used to identify the relationship between both free and total SO, before the
dealcoholisation process and the total SO, after the dealcoholisation process.

Figure 4 shows the scatter plot of the relationship between free and total SO,, and by
evaluating the regression model, Equation (1) was obtained.

Free SO, = 12.20848 + 0.11785 x total SO, (1)

where free SO, and total SO; are the contents of free SO, and total SO,, expressed in mg/L,
of the non-dealcoholised wine.

Plot of Total SO2 vs Free SO2

. s L Y . e

-
e em - . . - e

50 100 150 200
Total SO2 (mg/L)

Figure 4. Scatter plot of the relationship between free and total SO,.

Coefficients and the model were significant (p-value < 0.01), indicating a relationship
between the response variable (free SO,) and predictor (total SO,). However, the value of
R? was low (0.1437), and the standard residual error was high (9.54), which would allow it
to be used not for precise predictions but only for first approximations.

Figure 5 shows the analysis of correlations between the variables studied before the
GoLo dealcoholisation process and the total SO, content after the dealcoholisation process.
The distribution of each variable is shown on the diagonal. At the bottom of the diagonal
are the bivariate scatter plots with a fitted line, at the top of the diagonal are the correlation
value plus the significance level as stars, and each significance level is associated with a
symbol of the p-values [0.001 (***), 0.01 (**), 0.05 (*), 0.1 (“.”), 1 (“ ")].
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Figure 5. Correlations analysis between the variables studied.

Figure 5 shows that the total SO, content of dealcoholised wines using GoLo tech-
nology is correlated with the total SO, (0.82; p-value = 0.001), pH (—0.17; p-value = 0.01)
and the alcohol content (—0.13; p-value = 0.05) of the non-dealcoholised wines. Given the
existence of significant variables in the correlation analysis, a linear multivariate regression
model was adjusted, obtaining the model shown in Equation (2).

= 42.95 4 0.45328 x alcohol(%‘vl) —13.13024 x pH + 0.77445 x total SO, (%) 2)
where total SO, GoLo is the content of total SO,, expressed in mg/L, that is expected in the
dealcoholised wines on the basis of the alcohol content (% v/v), pH and total SO, (mg/L)
of the non-dealcoholised wines.

The model obtained showed an R? of 0.69, which indicates that the model is capable
of explaining 69 percent of the variability observed in the total SO, value, which was
2.2 x 10716, indicating that the model is significant. In this sense, this model can be used
to accurately predict the total SO, content after the GoLo process, thus saving the time and
cost of laboratory analysis.

Finally, due to the loss of free SO, in the dealcoholisation process, and in order to
ensure a sufficient level of SO, in the wine to guarantee its preservative, antioxidant and
microbial functions, Equation (1) together with Equation (2) can be used as an approxima-
tion of the amount of SO, to be added to the dealcoholised wine to ensure a minimum total
S0O; level to guarantee its quality but without exceeding the maximum permitted level [56].

The use of GoLo technology for wine dealcoholisation allows for the complete dealco-
holisation of any type of wine, eliminating all free SO, and significantly reducing total SO,
without altering pH, volatile acidity and total acidity. This provides access to a new type of
technology that is economically viable and easy to implement in companies that have a
need to dealcoholise wine.

4. Conclusions

For the first time, this paper studies the quality of wines dealcoholised using the
patented dealcoholisation technology called GoLo. There were no significant differences
in the variations in pH, total acidity and volatile acidity after the dealcoholisation process.
Compared to other dealcoholisation technologies, GoLo achieves the total dealcoholisation
and free SO, removal of wines in less time, with fewer losses and with less energy consump-
tion. During the process, free SO, is also eliminated and sulphites or other preservatives
should be added to guarantee the dealcoholised wine’s shelf life. The variable correlation
analysis revealed a model for predicting the total SO, content of dealcoholised wines as a
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function of pH, alcohol content and the total SO, of non-dealcoholised wines, as well as a
model for predicting the amount of sulphites to be added after the dealcoholisation process.
These results will be subject to verification and extension in future studies with an increase
in the number of parameters under investigation such as colour, phenolic profile, reductor
sugars, volatile fraction analysis or sensory evaluation.
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