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ABSTRACT: This study provides a physicochemical characterisation of commercial Brazilian sparkling
wines, aiming to describe the typicity of products obtained using the Charmat and Traditional methods. A
total of 261 wines were analysed, including 119 produced by the Charmat method and 142 by the
Traditional method. The results show distinct compositional patterns across the analysed samples. Wines
produced by the Traditional method, predominantly based on blends of Chardonnay and Pinot Noir, showed
higher levels of lactic acid, volatile acidity, alcohol, and pressure, together with lower residual sugar
contents. In contrast, Charmat sparkling wines displayed greater varietal diversity, including the widespread
use of Glera, and higher levels of residual sugar, malic, and citric acids. A relatively high proportion of
sparkling wines were identified as “Long Charmat”, with maturation periods of six months or more on lees
in tanks, while a subset of Traditional method wines showed ageing times shorter than 12 months. In both
production methods, Riesling Italico (Welschriesling) ranked among the four most frequently used grape
varieties. Overall, the results highlight consistent compositional tendencies within a broad set of
commercial wines. This study establishes a reference compositional dataset for Brazilian sparkling wines,
contributing to the understanding of this expanding wine category by characterizing production practices
and grape variety usage and identifying “Long Charmat” as a distinctive feature in the Brazilian context.

Keywords: Long Charmat; Secondary fermentation; Varietal diversity; Riesling Italico (Welschriesling);
Glera

© 2026 The authors. This is an open access article under the Creative Commons Attribution 4.0 International License
[ (https://creativecommons.org/licenses/by/4.0/).




Food Res. Suppl. 2026, 1(2), 10007. doi:10.70322/1rs.2026.10007 2of 12

1. Introduction

In recent decades, sparkling wines have emerged as the fastest-growing segment of the international wine
trade, with a compound annual growth rate of 7.5% in value and 5.6% in volume over the past 12 years. This
expansion has mainly been driven by the popularity of Italian Prosecco, followed by Traditional French
Champagne and Spanish Cava. This expansion reflects a shift in global consumption patterns, with white wines
outselling red wines, highlighting a growing consumer preference for fresher, lighter, and more versatile
beverages [1]. Similarly, sparkling wine production and consumption have increased significantly in Brazil in
recent decades, establishing the sector as one of the most dynamic in the national wine industry [2,3].

The southern region of Brazil (Serra Gaucha, Rio Grande do Sul) is the country’s largest producer of
sparkling wines. The diversity and quality of these wines are due to various factors, including the
characteristics of the terroir [4,5], the distinct producing regions [6—8], regulatory flexibility, and the
adoption of different production techniques, such as the Charmat and Traditional methods [9]. Most
sparkling wines produced from a base wine undergo a second fermentation and effervescence development
using either the Traditional or Charmat method. In the Traditional method, this second fermentation takes
place in the bottle, whereas in the Charmat method, it occurs in pressurised stainless-steel tanks [10]. In
Brazil, in terms of production volume, the Charmat method is the most widely used, primarily by large
wine companies. According to SEAPI data [11], approximately 2.9 million litres of sparkling wine base
were produced using the Charmat method in the southern region of Brazil in 2024, compared with around
1 million litres using the Traditional method—roughly 2.7 times more. This predominance of the Charmat
method has been recurrent, with volumes approximately two to three times higher than the Traditional
method over the past decade.

The investment of Brazilian companies in producing sparkling wines using the Charmat method may
be linked to climatic and geological factors influencing the economic viability of large-scale production.
The winegrowing climate of Serra Gaticha is classified as IH+1, IF—1, and IS-2: humid and warm temperate
with temperate nights [12]. The warm temperate climate and basaltic rock matrix with shallow soils [13,14]
make it difficult to construct underground cellars or air-conditioned warehouses, which are essential for the
Traditional bottle fermentation method, particularly for large-scale production. The combination of these
climatic and geological challenges, together with high infrastructure costs, makes the Traditional process
less economically attractive for large wineries. In contrast, the Charmat method uses stainless-steel pressure
tanks that enable greater precision in temperature control during fermentation and ageing, and it is also
more adaptable to large-scale production.

Despite Brazil’s consolidation as a producer of sparkling wines and its recognition in markets, few
studies have been dedicated to the physicochemical characterisation of commercial Brazilian sparkling
wines, resulting in a limited understanding of their analytical profiles. Previous research has primarily
addressed sparkling wines produced with two fermentations [9,15] and aromatic sparkling wines made
using the Asti method [15-17], yet the overall database remains insufficient. Given the growth in national
production, expanding technical and scientific knowledge is necessary to understand the characteristics of
these wines. This limited body of research is consistent with a broader scarcity of studies on sparkling wines
from emerging New World regions. This study aims to address this gap by characterising Brazilian
sparkling wines produced via the Traditional and Charmat methods through an analysis of key
physicochemical parameters. A range of commercial white and rosé samples from the domestic market was
examined to determine the profiles associated with each production method. The findings provide a
benchmark for the scientific community, contributing to the understanding of the oenological potential and
characteristics of sparkling wines from Brazil.
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2. Materials and Methods
2.1. Sparkling Wines Analysed

A total of 261 commercial sparkling wine samples produced using the two-fermentation process were
analysed, including 142 produced by the Traditional method and 119 by the Charmat method. Of these, 75
were rosé sparkling wines (46 produced using the Charmat method and 29 using the Traditional method),
while the remaining 186 were white sparkling wines. The samples corresponded to vintages ranging from
2012 to 2021, with only 18% classified as vintage sparkling wines. The analytical values, together with all
other information used in this study, are provided in Supplementary Material (Table S1).

2.2. Physicochemical Analyses

Physicochemical analyses were conducted based on official and validated methods. Total titratable
acidity was determined according to the method OIV-MA-AS313-01 Total acidity [18], after decarbonation
of the samples. A preliminary test with a buffer solution was carried out to ensure the correct colouration
of the titration endpoint, followed by the addition of bromothymol blue solution and titration with sodium
hydroxide until the colour changed to blue-green. The results were expressed in g/L of tartaric acid. Volatile
acidity was quantified according to Method 06 of the MAPA Manual of Methods for the Analysis of
Beverages and Vinegars [19], using a Super Dee distiller and the Bubble Quick automatic titrator (Gibertini).
The decarbonated samples were subjected to steam distillation and subsequently titrated electronically, with
the results expressed in g/L of acetic acid. Malic, tartaric, and citric acids were quantified by enzymatic
analysis using Multiparametric Hyperlab Smart equipment (Steroglass®) with commercial kits of the same
brand. The decarbonated samples were analysed after calibration with specific standards and curves, and
results were expressed in g/L.

The concentration of total reducing sugars was determined according to Method 13 of MAPA [19], by
titration with Fehling A and B solutions after dealcoholisation, fractionation, acidification, heating, and
neutralisation of the sample. Results were expressed in g/L of glucose. Alcohol content was determined by
distillation according to Method 03 of MAPA [19], using the Super Dee distiller and the Super Alcomat
hydrostatic balance (Gibertini), with the results expressed as a percentage by volume (v/v). The pH was
measured using a digital pH meter according to Method 04 of MAPA [19] after verifying and adjusting the
standard solutions (1.68, 4.01, and 6.86 pH) and taking duplicate readings to calculate the final mean.

The free sulfur dioxide content was obtained by air-stream distillation according to the modified Ripper
method [20], using automated titration in the Bubble Quick system. Total SO2 was determined using
Method 06 of MAPA [19], which also involved distillation and electronic titration. Both results were
expressed in mg/L. Bottle pressure was measured using the method OIV-MA-AS314-02 ‘Overpressure
measurement of sparkling wines’ [21], after the samples had been stabilised for 24 h in a refrigerator (4 °C).
Measurements were performed using an appropriate analogue pressure gauge, and results were expressed
in atmospheres (atm) at 20 °C.

2.3. Statistical Analysis

The data were analysed using descriptive and exploratory statistical approaches. The results are
presented as scatter plots showing the individual data points for each sample. The median (horizontal line)
represents the central tendency, and the interquartile range (IQR, error bars) represents variability. The
dataset was further explored using principal component analysis (PCA) after standardisation (mean = 0;
standard deviation = 1) to evaluate patterns and relationships among the samples and variables. The number
of components to be retained was determined using parallel analysis (Monte Carlo simulation) with 1000
simulations and the 95th percentile. PCA was performed using the continuous quantitative variables that
were active in the model: total acidity; malic, lactic, and citric acids; volatile acidity; pH; residual sugars;
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alcoholic strength; pressure at 20 °C; and lees contact time (in months). Missing values in the variables
volatile acidity and lees contact time (see Supplementary Material Table S1 for details of missing values,
including ND—not detected or not reported) were handled by imputation using a central tendency measure,
calculated as the median of each treatment.

3. Results and Discussion

A total of 261 sparkling wines were analysed: 119 were produced using the Charmat method and 142
using the Traditional method (Figure 1). Of the 142 sparkling wines analysed that were produced using the
Traditional method, 42 are single-varietal, indicating that approximately 70% are blends (Figure 1b).
Among the sparkling wines produced using the Charmat method, of the 119 analysed, 52 are single-varietal,
showing that around 56% are blends (Figure 1b). The higher number of varietal sparkling wines produced
using the Charmat method may be associated with the more frequent use of the Glera grape, which is
normally linked to the production of young, fresh, varietal sparkling wines (Figure 1c¢).

a b

Charmat Traditional

Total=261
[ Charmat B Traditional I Varietal I Blend
Charmat Traditional
[1 Chardonnay ] Chardonnay
[ Pinot Noir [ Pinot Noir
I Glera [[] Riesling ltalico
[ Riesling ltalico M Merlot
B Others B Others

Figure 1. Composition of Brazilian sparkling wine. (a) Commercial sparkling wines analysed; (b) Number of varietal sparkling
wines and blends; (c¢) Prevalence of grape varieties in each method.

In the Traditional method, the predominant varieties are Chardonnay, Pinot Noir, and Riesling Italico
(Welschriesling—variety number VIVC 13217—origin: Italy) [22]. Around 46% of sparkling wines
contain Chardonnay, 37% contain Pinot Noir either as a varietal or in a blend, and approximately 6%
contain Riesling Italico as a minor component. Additionally, 4% of sparkling wines contain Merlot, and 7%
contain other varieties, totalling 10 varieties in this category. Of the 19 sparkling wines that include Merlot
in their composition, only three are white; the remainder are rosés produced using both methods (Table S1).

Of sparkling wines produced using the Charmat method, 31% contain Chardonnay, 21% use Pinot Noir,
14% are made with Glera, 10% contain Riesling Italico (in blends), and 21% include other varieties. This
covers a total of 25 different grape varieties in addition to the four main ones (Table S1). Generally,
Charmat sparkling wines display greater varietal diversity, with the ‘other’ category representing 21% of



Food Res. Suppl. 2026, 1(2), 10007. doi:10.70322/1rs.2026.10007 Sof 12

the total and encompassing 29 different grape varieties. In contrast, sparkling wines produced using the
Traditional method have a more conservative profile, with the ‘other’ category corresponding to 7% and
comprising 14 different grape varieties.

The Italian variety Riesling Italico is one of the four most frequently used grape varieties in both
production methods, alongside Chardonnay and Pinot Noir. In Brazil, this grape variety has long been used
to produce sparkling wines [6,9,23] and is included in blends due to its distinctive acidity profile (attack
acidity). Its base wines demonstrate consistent quality across vintages, which may justify its continued use.

These findings demonstrate that although Brazil has an established tradition of sparkling wine
production, its approach differs from that of European regions with established appellations of origin, where
the authorised varieties are limited [10,24]. Therefore, Brazil can be considered a ‘sparkling wine
laboratory’, as except in regions with an Indication of Origin (IO) or one of the two Designations of Origin
(DO), Vale dos Vinhedos and Altos de Pinto Bandeira, which specify permitted varieties and production
criteria—any variety of the Vitis vinifera species can be used to produce sparkling wines, regardless of the
method employed or variations within each method.

Figure 2 provides an overview of the acidity of Brazilian sparkling wines. In terms of pH (Figure 2a),
most samples produced using either the Charmat or Traditional method fall within the range of 3.2 to 3.4.
This range reflects the typical acidity of Brazilian sparkling wines, which tend to have a higher pH (lower
acidity) than products from cooler regions such as Champagne in France, where mean pH values are usually
closer to 3.0 [25,26].

Total acidity (Figure 2b) exhibits a similar pattern to that of pH, with values consistent with those
observed in sparkling wine-producing regions with milder climates. Most samples exhibited total acidity
above 5.5 g/L, which is the minimum reference value for sparkling wines from the Cava region in Spain
[27]. Examining the data distribution revealed that sparkling wines produced using the Traditional method
exhibited greater variability in both pH and total acidity, whereas those produced using the Charmat method
were more concentrated around the median (Figure 2a,b). Regarding organic acids, malic and lactic acid
concentrations (Figure 2¢,d) varied among samples in a manner associated with production practices.
Sparkling wines produced using the Charmat method generally displayed higher levels of malic acid and
lower levels of lactic acid compared with those produced using the Traditional method. This pattern reflects
differences in winemaking style, varietal selection, and product characteristics. Grape varieties that are
naturally lower in acidity, such as Glera and Riesling Italico, benefit from the preservation of malic acid
for freshness and vibrancy. In contrast, varieties such as Pinot Noir and Chardonnay typically exhibit lower
levels of malic acid in the final product (Figure 3d).

Figure 2e shows that a higher concentration of citric acid was observed in sparkling wines produced
using the Charmat method. This acid occurs naturally in musts at concentrations generally below 0.5 g/L,
and levels above this value may result from its addition through the expedition liqueur. Approximately 27%
of Charmat wines exhibited citric acid concentrations exceeding 0.5 g/L., compared to closer to 15% of
Traditional method wines. Using citric acid to adjust acidity levels is a common oenological practice [28—
31], and the OIV permits its use at concentrations of up to 1.0 g/L [32]. Unlike tartaric acid, citric acid does
not induce tartrate instability when added to microbiologically stabilised wines [27,30]. Regarding volatile
acidity, sparkling wines produced using the Traditional method exhibited slightly higher median values
(Figure 2f), though all samples remained below the OIV limit of 1.2 g/L, expressed as acetic acid [32].
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Figure 2. The acidity of Brazilian sparkling wine. (a) pH; (b) Total acidity (expressed as tartaric acid); (¢) Malic acid; (d) Lactic
acid; (e) Citric acid; (f) Volatile acidity (expressed as acetic acid). Scatter plots show individual data points for each sample. The
error bars represent the interquartile range (IQR), and the central line indicates the median.

Figure 3 illustrates compositional differences related to sparkling wine style. Alcohol content was
generally higher in wines produced by the Traditional method, whereas Charmat wines tended to show
lower ethanol levels. These differences can be associated with grape variety selection (e.g., Glera, which
typically accumulates less sugar) and the fresher, more youthful style characteristic of Charmat wines.
Additionally, Charmat wines generally received slightly lower sugar additions in the tirage liqueur
(approximately 2—4 g/L less), which may contribute to the observed variation in alcohol content. Regarding
bottle pressure (Figure 3b), Charmat wines tended to exhibit lower, more consistent internal pressures, with
values concentrated around the median. Traditional method wines showed a wider range of pressures,
reflecting variability in production practices related to second fermentation and ageing [33,34].
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Figure 3. Physical and chemical characteristics of Brazilian sparkling wine. (a) Alcohol content; (b) Pressure; (¢) Residual
sugars; (d) Ageing with yeast; (e) Free SO»; (f) Total SO,. Scatter plots show individual data points for each sample. The error
bars represent the interquartile range (IQR), and the central line indicates the median.

Another relevant parameter is residual sugar concentration (Figure 3c). Over 75% of the Brazilian
Charmat sparkling wines analysed were classified as Brut (8.1-15 g/L) under national legislation [35],
whereas wines produced by the Traditional method showed a broader distribution of dosage levels. A
considerable proportion of these wines fell into the Nature (<3 g/L) and Extra-Brut (3.1-8 g/L) categories,
representing 24% and 19% of the samples, respectively. This distribution reflects the diversity of styles
observed among Brazilian sparkling wines, with Charmat wines generally associated with fruit-forward
profiles and Traditional method wines encompassing a wider range of compositional profiles.

Figure 3d illustrates the duration of contact with the lees. In the Traditional method, most sparkling
wines remained sur lie for one to two years, with some exceeding three years, while shorter ageing periods
of less than one year were also observed. Although Brazilian federal legislation does not stipulate minimum
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ageing periods for sparkling wines on the lees, regional appellations such as Altos de Pinto Bandeira require
a minimum of 12 months, whereas Vale dos Vinhedos requires a minimum of 9 months. In the Charmat
method, most wines are marketed within five months of the second fermentation. However, a substantial
proportion of the samples analysed (30%) showed lees contact exceeding six months, with some wines
remaining in tank for more than two years. This approach, referred to as ‘Long Charmat’ [10], has been
increasingly reported in the Brazilian context. Wines produced under these conditions are associated with
more complex and evolved profiles, approaching those observed in Traditional method sparkling wines
with comparable ageing times. A Brazilian study [36] reported similar behaviour, indicating that sparkling
wines produced by both methods from the same base wine and under identical secondary fermentation
conditions showed comparable sensory profiles.

Regarding free SO2 (Figure 3e), sparkling wines produced using the Traditional method tended to show
slightly higher levels, although values were generally comparable between the two methods. In most cases,
free SO2 did not exceed 20 mg/L. Total SOz content showed a similar distribution, with median values
ranging from 100 to 150 mg/L. All analysed sparkling wines complied with OIV regulations, which
establish a maximum limit of 200 mg/L for white and rosé¢ wines [32].

Principal component analysis (PCA) applied to the ten physicochemical variables of the sparkling
wines resulted in the retention of three principal components, selected by parallel analysis, which together
explained 54.87% of the total variance (PC1 = 26.79%; PC2 = 15.04%; PC3 = 13.04%). PC1, which
explained the largest proportion of the variance, showed high positive loadings for total acidity (0.747) and
malic acid (0.845), and negative loadings for lactic acid (—0.832) and pH (—0.569). This component
describes a gradient associated with the relative distribution of organic acids and pH among the samples.
The opposition between malic and lactic acids along this axis reflects differences in acid composition within
the dataset. PC2 explained 15.04% of the total variance and was influenced by residual sugars (0.691),
alcoholic strength (—0.593), and lees contact time (—0.587), representing a compositional gradient
associated with sweetness level, alcohol content, and maturation. PC3, responsible for 13.04% of the
variance, showed greater contributions from internal pressure (—0.593), pH (—0.483), alcohol (—0.441), and
lees contact time (0.417), representing a secondary axis with lower interpretative relevance compared to
the first two components.

Projection of the samples in the multivariate space revealed patterns of distribution between sparkling
wines produced by the Charmat and Traditional methods, particularly along PC1 (Figure 4). Wines
produced by the Traditional method were generally located towards negative values of this axis, associated
with higher lactic acid and lower malic acid levels (Figure 2), whereas Charmat wines were more frequently
distributed towards positive PC1 values, reflecting higher malic acid and lower lactic acid contributions
(Figure 4). Along PC2 (Figure 4), additional dispersion of samples was observed, mainly associated with
residual sugar content, alcohol level, and lees contact time. Although some overlap between the two
production methods was evident, the distribution suggests differences in compositional profiles, with
Charmat wines generally associated with higher residual sugar levels, lower alcohol content, and shorter
maturation periods. Overall, PCA highlights variability in acid composition and technological parameters
among Brazilian sparkling wines, suggesting that multiple factors, including grape variety and production
practices, contribute to the observed physicochemical profiles. Similar patterns have been reported for
sparkling wines from other regions [37,38], where organic acids and fermentation-related parameters are
important descriptors of compositional variability.
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Figure 4. Principal component analysis (PCA) biplot (PC1 x PC2) of sparkling wines produced by the Traditional and Charmat
methods. Vectors represent the physicochemical variables, while points correspond to individual samples.

In summary, the results emphasise the diversity of production practices and compositional profiles
among Brazilian sparkling wines. The coexistence of the Charmat and Traditional methods, combined with
a broad varietal base and flexible oenological approaches, illustrates the range of production practices and
compositional variability in the Brazilian sparkling wine industry in response to climatic conditions and
market demands. This study provides a framework for understanding the oenological characteristics of
Brazilian sparkling wines and supports future studies of their quality attributes and sensory expression.

4. Conclusions

This study provides a comprehensive characterisation of Brazilian sparkling wines, highlighting the
coexistence of the Charmat and Traditional methods and a broad varietal base, including the recurrent use
of Riesling Italico (Welschriesling), which is less common in other sparkling wine-producing regions.
Variations in organic acid composition, alcohol content, pressure, and residual sugar illustrate the diversity
of compositional profiles observed, reflecting differences in grape varieties and production practices. In
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this context, wines produced by the Traditional method were generally associated with higher levels of
lactic acid, whereas Charmat wines tended to show higher concentrations of malic and citric acids. These
compositional features span a range of styles, from fresh, fruit-driven profiles to more structured, evolved
expressions. An interesting aspect of Brazilian sparkling wines is that the relatively high proportion of
products made using the ‘Long Charmat’ approach is associated with increased compositional complexity
and contributes to a distinctive production style. Overall, these results emphasise the versatility of Brazilian
sparkling wine production, its ability to diversify styles in response to market demands, and its capacity to
establish a unique oenological identity on a global scale.

Supplementary Materials
The following supporting information can be found at: https://www.sciepublish.com/article/pii/980,
Table S1: Physical and chemical analyses of Brazilian sparkling wines.
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