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Abstract. In Estonia’s very cool climate, excessive acid content in grapes can be a challenge due 
to delayed ripening. This study aimed to compare the acid profiles of commercial single-cultivar 
wines produced by Estonian winemakers, and assess the influence of grapevine cultivar. The 
wines were made from grapes of five different cultivars: ‘Solaris’, ‘Regent’, ‘Leon Millot’, 
‘Cabernet Cortis’, and ‘Marquette’. The results revealed significant variation in malic, tartaric, 
citric, and lactic acid concentrations among the wines. Marquette exhibited the lowest malic acid 
content (0.3 g L⁻¹), while Leon Millot had the highest (4.4 g L⁻¹). Tartaric acid levels in wines 
ranged from 2.2 g L⁻¹ in Leon Millot to 4.1 g L⁻¹ in Regent. Citric acid levels varied considerably, 
with Solaris containing the highest concentration (1.44 g L⁻¹). Marquette had the highest lactic 
acid content (2.27 g L⁻¹), contributing to its smooth character. Total acid content in wines ranged 
from 6.9 g L⁻¹ in Marquette to 9.4 g L⁻¹ in Leon Millot, while pH values varied between 2.9 and 
3.3. These findings indicate that grape cultivar significantly influences wine acid composition. 
Contrary to the hypothesis, excessive acid content was not a major issue in commercial wines; 
however, grape-growing conditions, such as high plastic tunnels, could alter this outcome. This 
study provides valuable insights for winemakers seeking to optimize acid balance and enhance 
wine quality in cool-climate viticulture. 
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INTRODUCTION 
 

As global temperatures rise, the traditional boundaries for grapevine growing are 
shifting, affecting the suitability of certain grape cultivars in specific regions and 
potentially altering the characteristic profiles of wines from these areas (Schultz & Jones, 
2010). Increasing temperatures turning the current wine production areas too warm and 
causing excess sugar levels, whereas the production of dry wines shifts further on to 
North (Sustainable adaption…2017). Consequently, cooler climate conditions present 
both challenges and opportunities in winemaking, significantly influencing the flavors  
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and overall profiles of wines produced from specific cultivars. Viticulture in cooler 
regions is more labor-intensive and carries greater risks; however, it can also attract 
tourists and contribute to sustainable rural development. The unique climate and terroir 
may result in distinctive wine profiles that appeal to niche markets (Schernewski, 2011). 
Although Estonia is not widely recognized for grape cultivation due to its northern 
climate, interest in viticulture is growing as part of a niche industry. Since 2021, Estonia 
has been included in EU wine-growing zone A (Appendix I of Annex VII to Regulation 
(EU) No 1308/2013). In Estonian vineyards, the most common cultivar is ‘Solaris’, 
accounting for 43% of the total number of plants. It is primarily cultivated in high plastic 
tunnels, as it has not proven to be winter-hardy in open-field conditions. Other cultivars 
such as ‘Regent’, ‘Cabernet Cortis’, and ‘Leon Millot’ are also commonly grown 
exclusively in tunnels, and in recent years, wines produced from these cultivars have 
entered the Estonian market. 

Wines from cooler regions are generally associated with higher acid content in 
grapes at harvest (Barnuud et al., 2014; Kemp et al., 2018; Riesterer-Loper et al., 2019). 
This is because cooler temperatures slow down metabolic processes that degrade organic 
acids during ripening. The slower ripening process leads to lower sugar concentrations 
and higher organic acid levels, particularly malic acid. The primary acids in grapes are 
tartaric and malic acid, but malic acid is affected by the temperature the most. In cold 
climates, the degradation of malic acid is slower, resulting in higher overall acidity in 
the grapes and, consequently, in the wines (Barnuud et al., 2014; Plantevin et al., 2024). 
The breakdown of malic acid begins once sugar accumulation starts and is more 
pronounced at higher temperatures (Rienth et al., 2016). The decrease in tartaric acid 
content is relatively small compared to malic acid degradation. 

The total acid content of grapes is also reflected in wines, although it changes to 
some extent during the winemaking process. Wines from cooler regions tend to have 
significantly higher concentrations of organic acids compared to those from warmer 
locations. For instance, red wines from Nova Scotia cooler and warmer locations showed 
strong differences in acids composition, whereas no apparent differentiation was 
observed among white and rosé wines (Chahine & Tong, 2019). The wine acid profile 
can also be influenced by the growing region. Wines from different regions in the USA 
and Italy exhibit significant variations in tartaric and malic acid concentrations (Lima et 
al., 2022). Cool-climate wines are characterized by elevated levels of organic acids, 
particularly malic acid, which can contribute to a sharper taste (Riesterer-Loper et al., 
2019; Wojdyło et al., 2020). Red wines generally have higher acidity and lower alcohol 
content compared to those from warmer regions (Kemp et al., 2018). High acidity in 
wines helps to preserve their freshness and stability over time (Morata et al., 2019), 
which is crucial for maintaining desirable sensory attributes during aging. 

The primary organic acids in wine include tartrate (~1.5–4.0 g L⁻¹), malate  
(~0–4.0 g L⁻¹), lactate (~0.1–3.0 g L⁻¹), acetate (> 0.2 g L⁻¹, measured as volatile 
acidity), citrate (~0–0.5 g L⁻¹), and, in some cases, succinate (0–2 g L⁻¹) (Ribéreau-
Gayon et al., 2006). The grapevine cultivar plays a crucial role in determining these 
characteristics. Different cultivars exhibit varying rates of malic acid degradation during 
ripening (Plantevin et al., 2024). Some cultivars metabolize malic acid more rapidly, 
which affects the overall acidity of the wine. Cultivars also differ in how they modulate 
tartaric acid, particularly under high temperatures, impacting the wine's acid content and  
 



pH levels. White wines, such as Riesling, are often characterized by high acids. The 
choice of cultivar and the timing of malolactic fermentation significantly influence the 
final wines acid levels (Knoll et al., 2012; Wojdyło et al., 2020). Interspecific hybrid 
grape cultivars, such as ‘Brianna’, ‘Frontenac’, ‘La Crescent’, and ‘Marquette’, tend to 
exhibit high acid content, primarily due to elevated malic acid concentrations (Riesterer-
Loper et al., 2019; Scharfetter et al., 2019). At the same time total acid levels in Danish 
Solaris wines were moderate to low considering the cool climate, which documented the 
good adaptation of these cultivar to the cool Scandinavian climate (Liu et al., 2015). 

In addition to cultivar characteristics, acid content is also influenced by  
vine-growing techniques. For example, canopy management practices such as pruning 
time, leaf removal and shading can affect grape acid content (Rätsep et al., 2014; Lampíř 
& Źaloudek, 2018; Ghiglieno et al., 2023). Proper defoliation helps to maintain higher 
acid levels, which is particularly important for sparkling wines that require high acidity. 
Cluster thinning can also impact acids in grapes. For instance, early leaf removal and 
cluster thinning have been shown to decrease titratable acidity in certain cultivars, such 
as ‘Cabernet-Sauvignon’ (Ivanišević et al., 2020). Similarly, leaf removal at véraison 
combined with potassium foliar applications in ‘Beibinghong’ vines reduced titratable 
acidity (Le et al., 2022). A study on hybrid cultivars over three consecutive growing 
seasons demonstrated the significant beneficial influence of pre véraison leaf and lateral 
shoot removal on titratable acidity. This effect was associated with increased berry 
temperature and higher levels of photosynthetically active radiation in the fruiting zone 
(Scharfetter et al., 2019). The cultivation of wine grapes in high polytunnels significantly 
affected their technological maturity parameters: juice pH was significantly higher, and 
acid content was lower in tunnel-grown grapes compared to those grown in an open field 
(Maante-Kuljus et al., 2019a). 

High acidity in cool-climate wines can make spontaneous malolactic fermentation 
problematic, yet this process is essential for developing desirable sensory characteristics 
(Vigentini et al., 2009; Mota et al., 2017). Spontaneous malolactic fermentation is a 
critical secondary fermentation process in winemaking, primarily driven by lactic acid 
bacteria such as Oenococcus oeni, Lactobacillus, and Pediococcus species. This process 
converts malic acid into lactic acid, reducing wine acidity while enhancing its stability 
and sensory profile (Alexandre et al., 2004; Lonvaud-Funel, 2022). High acidity can 
mask fruit flavors and result in a less balanced wine. Adjustments in winemaking 
practices, such as the use of specific yeast strains and fermentation techniques, are 
necessary to manage these effects (Knoll et al., 2012; Kemp et al., 2018). Properly 
managed malolactic fermentation can enhance the aromatic complexity and stability of 
wine, whereas improper management may lead to undesirable flavors and spoilage 
(Lasik-Kurdyś et al., 2017; Lasik-Kurdyś et al., 2018). The biological reduction of 
acidity has been shown to have no significant impact on phenolic content or antioxidant 
capacity (Wojdyło et al., 2020). 

Based on the above, it could be hypothesized that excessive acid content may 
become a challenge in wines produced in Estonia’s very cool climate. The aim of this 
study was to compare the acid composition of commercial single-cultivar wines 
produced by Estonian winemakers and to determine the influence of grapevine cultivar. 

 



MATERIALS AND METHODS 
 
Viticulture and vinification 
The grapes for the test wines were harvested from three different vineyards in 2023 

in South Estonia (58° 17′ 1″ N, 26° 33′ 41″ E, 57°58′58.6″ N 26°34′04.2″ E, 57°55′24″ 
N 26°43′9″ E). The vines were grown in high plastic tunnels. These foundation-free 
tunnels measured 28 m in length, 7.6 m in width, and 4.6 m in height, and were covered 
with 0.18 mm thick UV-stable low-density polyethylene. The ends of the high plastic 
tunnels were open from spring to autumn. 

Vines grafted onto SO4 rootstock were planted in 1.6×2 m spacing, trained on low 
double-trunk trellises, and pruned using the spur method. The vine rows were oriented 
from north to south, with the ground covered by woven ground cover fabric. The 
vineyards' soil was high-productivity sandy loam Haplic Luvisol. Grapevines were 
cultivated in a tunnel without a foundation, and therefore, precipitation still affected the 
soil moisture regime within the tunnel. This can be explained by the fact that water in 
the soil moves not only vertically but also horizontally due to soil capillarity, porosity, 
and gradients in water potential. Consequently, rainfall outside the tunnel can spread 
laterally into the root zone soil, particularly in soils with good hydraulic conductivity 
and favourable structure. Therefore, the vine plants did not need fertilizers, or additional 
irrigation. At the beginning of veraison, leaves were removed from the cluster zone. In 
all vineyards, leaf removal was performed both below the grape clusters and on the side 
opposite to the clusters, in order to improve air circulation, enhance sunlight exposure, 
and reduce the risk of fungal diseases. 

The experimental grapevine cultivars were as follows: ‘Solaris’, ‘Regent’, ‘Leon 
Millot’, ‘Cabernet Cortis’, and ‘Marquette’. Harvest dates differed among cultivars and 
were determined by monitoring the °Brix level of grape samples collected from the 
vineyard using a portable refractometer. Harvest was carried out once the °Brix value 
had stabilized and showed no further significant increase. The grapes for the 
experimental wines were picked in the morning in mid-September, and the berries were 
crushed and destemmed with a destemmer on the day of harvest. The resulting juice had 
the soluble solids content as follows: ‘Solaris’, ‘Regent’, and ‘Leon Millot’ 16 °Brix; 
‘Cabernet Cortis’ and ‘Marquette’ 23 °Brix. Total acids contents were: ‘Solaris’ 6.8, 
‘Regent’ 8.8, ‘Leon Millot’ 9.4, ‘Cabernet Cortis’ 8.5 and ‘Marquette’ 8.7 g L-1, and pH: 
‘Solaris’ 3.07, ‘Regent’ 3.01, ‘Leon Millot’ 3.25, ‘Cabernet Cortis’ 3.08 and ‘Marquette’ 
3.20. Dried active yeast of the Saccharomyces cerevisiae strain was added to the musts 
according to commercial specifications. Fermentation with skins and seeds took place 
over seven days (including Solaris but excluding Cabernet Cortis rosé wine), with cap 
punching performed four times a day. For the production of Cabernet Cortis rosé wine, 
the maceration time was limited to 24 hours only. Pressing of all treatments was carried 
out using a 20 L stainless steel water-pressure press. Further fermentation and maturation 
were conducted in 100 L stainless steel tanks with floating lids at a temperature of  
18–20 °C. To enhance the final alcohol concentration (excluding ‘Cabernet Cortis’ and 
‘Marquette’), glucose was added prior to fermentation, based on findings that 
Saccharomyces cerevisiae, including commercial oenological strains, preferentially 
metabolizes glucose over other sugars due to its efficient uptake and rapid conversion 
via glycolysis (Berthels et al., 2004). Glucose was added based on the °Brix reading 
separately for each cultivar, and all wines were fermented to dryness (reducing sugar 



< 4 g L⁻¹). No malolactic fermentation was carried out. The finished young wine was 
used for instrumental analysis four months later. The alcohol content was: ‘Solaris’ 9.8, 
‘Regent’ 9.8, ‘Leon Millot’ 10.8, ‘Cabernet Cortis’ 10.7 and ‘Marquette’ 12.7%. 

 
Chemical analyses  
The analysis of different organic acids in the tested wines was performed in three 

replicates. For the measurement of total acids, malic and tartaric acids, the wine samples 
were carried over to the 5 ml syringe and injected into the flow system, and scanned 
using a horizontal platinum diamond attenuated total reflectance (ATR) single reflection 
sampling module cell mounted in a Bruker Alpha FT-IR Wine analyzer (Bruker Optics 
GmbH, Ettlingen, Germany). Before scanning, wine samples were automatically 
stabilized in the cell at 40 °C as recommended by the manufacturing company with 
reference background spectrum recorded between different samples using deionised 
water. The ATR-NIR spectra were recorded by OPUS software version 7.5 provided  
by Bruker Optics (Bruker Optics GmbH, Ettlingen, Germany). The spectrum of each 
sample was obtained by taking the average of 120 scans. The maximum deviation  
from average of IR-analysis for prediction for total acid was ± 0.5 (g L⁻1), malic acid 
± 0.6 (g L⁻1), tartaric acid ± 0.3 (g L⁻1) and pH ± 0.12. 

 
Weather Conditions 
To characterize the weather conditions during the grapevine growing season  

(May–September) in Southern Estonia in 2023, temperature and precipitation data  
were presented alongside the 1991–2020 long-term average (Fig. 1 and Fig. 2;  
Estonian Environment Agency, 2025). The average temperature in May was 11 °C, 
which is exactly the same as the long-term average, but May was the most extreme 
month, with a minimum temperature of -6 °C, which is unusually cold for spring (Fig. 1). 

 

 
 

Figure 1. Monthly average, minimum and maximum air temperature (°C) from May to 
September 2023 in South Estonia, compared to the average of many years (1991–2020). 

 
It was warmer than average during the ripening of the berries - the monthly average 
temperature in August was 18 °C, which is 1 °C higher than the long-term average of 
17 °C, and in September 15 °C, which is 3 °C higher than the long-term average of  
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12 °C. The maximum temperatures during summer were consistent, ranging from 27 °C 
to 33 °C. September was still warm - the minimum temperature was 2 °C, suggesting 
cool nights, but the maximum reached 26 °C, which is quite warm considering early 
autumn. In general, it can be concluded that the weather in 2023 was highly variable, 
especially in spring. May was very cold and unstable, summer months were generally 
warm, and August was the warmest. 

Spring and early summer (May and June) were unusually dry, with significantly 
less rainfall than average (Fig. 2). July was exceptionally wet, experiencing nearly twice 
the normal rainfall. August was near normal, and September was slightly drier than 
usual. Overall, 2023 had inconsistent precipitation patterns, with a very dry start, a wet 
mid-summer, and a slightly drier-than-normal early autumn. 

 

 
 

Figure 2. Monthly total precipitation (mm) from May to September 2023 in South Estonia, 
compared to the average of and many years average (1991–2020). 

 
Statistical Analysis 
The results in figures were represented as three replicates means ± standard 

deviations. One-way analysis of variance (ANOVA) was performed to evaluate the 
existence of differences between experimental wines′ acids. The coefficient of 
determination (R2) was used to explain how much the variation in the dependent variable 
(acids, pH) can be explained by the independent variable (wines′ cultivar). Comparison 
of means was done by using Fisher’s Least Significant Difference (LSD) test to confirm 
the statistically significant differences. Different letters in the figures indicate 
statistically significant differences (p ≤ 0.05). 

 
RESULTS AND DISCUSSION 

 
The malic acid content in different wines revealed significant variation among them 

(Fig. 3). The lowest malic acid concentration was observed in Marquette (0.3 g L⁻1), 
whereas Leon Millot wine exhibited the highest content (4.4 g L⁻1). The other wines fell 
within this range, with Solaris containing 2.4 g L⁻1, Cabernet Cortis 2.9 g L⁻1, and 
Regent 3.7 g L⁻1. The coefficient of determination (R² = 0.87) indicates a strong 
correlation within the dataset, suggesting reliable variability in malic acid content across 
different wines.  
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Figure 3. Effect of grapevine cultivar on malic acid content (g L⁻1) in wine. Different letters 
present statistically significant differences at p ≤ 0.05. 

 
The tartaric acid concentrations varied among the tested wines (Fig. 4). The lowest 

level was detected in Leon Millot (2.2 g L⁻1) and Solaris (2.5 g L⁻1) whereas the highest 
was found in Regent (4.1 g L⁻1), followed by Cabernet Cortis (3.7 g L⁻1), and Marquette 
(3.6 g L⁻1) wines. The R² value (0.96) suggests that 96% of the variation in tartaric acid 
content can be explained by cultivar differences.  

 

 
 

Figure 4. Effect of grapevine cultivar on tartaric acid content (g L⁻1) in wine. Different letters 
present statistically significant differences at p ≤ 0.05. 

 
Citric acid concentrations in wines were generally lower than malic and tartaric 

acid levels, but substantial variation was observed (Fig. 5). The lowest concentrations 
were recorded in Marquette (0.13 g L⁻1) and Regent (0.14 g L⁻1), whereas Cabernet 
Cortis contained 0.36 g L⁻1. Higher concentrations were observed in Leon Millot 
(0.70 g L⁻1), with Solaris showing the highest level (1.44 g L⁻1). The cultivar effect on 
citric acid content was highly significant: 87% of the variation in total acids content 
could be explained by cultivar characteristics. 
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Figure 5. Effect of grapevine cultivar on citric acid content (g L⁻1) in wine. Different letters 
present statistically significant differences at p ≤ 0.05. 
 

The results indicate significant variation in lactic acid concentration depending on 
the grape cultivar of wine (Fig. 6). Among the wines studied, Marquette exhibited the 
highest lactic acid concentration (2.27 g L⁻1), which was considerably higher than the other 
wines. The lactic acid contents of the Leon Millot (0.52 g L⁻1) and Regent (0.32 g L⁻1) 
were similar, and Regent did not differ from the Solaris and Cabernet Cortis. The R² for 
the dataset was 0.98, indicating a very strong correlation between the observed values. 
This suggests that cultivar explains most of the variation in the lactic acid content. 

 

 
 

Figure 6. Effect of grapevine cultivar on lactic acid content (g L⁻1) in wine. Different letters 
present statistically significant differences at p ≤ 0.05. 

 
The total acidity of the analyzed wines varied from 6.9 g L⁻1 in wine Marquette to 

9.4 g L⁻1 in Leon Millot, which did not differ significantly from the wines Cabernet 
Cortis and Regent (Fig. 7). Intermediate value was recorded for Solaris (7.8 g L⁻1). The 
R² value (0.87) in this dataset indicates that 87% of the variation in total acid content can 
be explained by cultivar differences. 
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Figure 7. Effect of grapevine cultivar on total acid content (g L⁻1) in wine. Different letters 
present statistically significant differences at p ≤ 0.05. 

 
The pH values of the analysed wines ranged from 2.9 to 3.3, indicating differences 

in acidity levels among the wine samples (Fig. 8). The lowest pH (2.9) was observed in 
Cabernet Cortis and Regent, suggesting a higher perceived acidity. Solaris and 
Marquette had similar pH values, whereas Marquette was similar to the wine Leon Millot 
(3.3). An R² of 0.76 indicates a moderately strong relationship between cultivar and pH level. 

 

 
 

Figure 8. Effect of grapevine cultivar on pH in wine. Different letters present statistically 
significant differences at p ≤ 0.05. 

 
The results of this experiment illustrate the distinct acid profiles of the tested wines, 

which can significantly impact wine stability and aging potential. Acid content and pH 
play an important role in the sensory properties and equilibrium of wines (Comuzzo et 
al., 2019). At high pH values, red wines are naturally less protected against oxidation 
and are less stable (Forino et al., 2020). Meanwhile, tartaric acid, a key factor in wine 
acidity, exhibits notable differences that could affect overall sensory perception. Due to 
its stability and the fact that yeast and other microorganisms are unable to metabolize 
tartaric acid, it is the most commonly used acid for pH adjustment in the wine industry  
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(Volschenk et al., 2006). Tartaric acid levels in the tested wines ranged from 2 to 4 g L⁻¹, 
which is also common in wines from warmer climates (Ribéreau-Gayon et al., 2006). 

In cooler climates, however, malic acid can become a problem. Under very cool 
climate conditions, malic acid can comprise up to 50% of the total acidity because malic 
acid-related respiration is slower at lower temperatures (Volschenk et al., 2006). 
According to Ribéreau-Gayon et al. (2006), the malic acid content in wines can reach up 
to 4 g L⁻¹. Based on this, it can be concluded that only Leon Millot wine had high total 
acidity (9.4 g L⁻1) with a dominance of malic acid (4.4 g L⁻¹). Previous experiments in 
Estonia have shown that the cultivation method (either open field or tunnel) also has a 
significant effect, and malic acid levels were at an appropriate level in tunnel-grown 
grapes of ‘Rondo’ (Maante-Kuljus et al., 2019a). In Estonia, the temperature in high 
plastic tunnels for viticulture has been 2–4 °C higher than in the open field (Maante-
Kuljus et al., 2019b) The tested wines in this study were all made from berries grown in 
a tunnel, and the weather in the tested year also had an impact - it was warmer than the 
average of many years, during the berry ripening period in August and September. In 
Estonia, a major viticultural challenge is early spring warming followed by late spring 
frosts, which can severely damage fruit-bearing shoots and subsequently affect both vine 
growth and berry ripening. During the experimental vintage, night frosts in spring 
reached as low as –6 °C, significantly delaying the onset of vine growth. However, the 
test year were distinguished by a warmer and drier September than average for many 
years, which positively affected grape ripening. For all cultivars, leaf removal was also 
performed around the grapes, which further enhances sunlight exposure and increases 
berry temperature. The breakdown of malic acid begins once sugar accumulation starts 
and is more pronounced at higher temperatures (Rienth et al., 2016). Therefore, the late 
summer weather has a significant impact on the malic acid content. 

The variation in malic and citric acid content suggests differences in metabolic 
pathways among the tested wines, which may influence their suitability for malolactic 
fermentation. At the beginning of the production of Marquette wine, the initial acid 
content of the must was high, 8.7 g L⁻1, but after fermentation 6.9 g L⁻1. The wine had 
an extremely low malic acid content (0.3 g L⁻¹) and a high tartaric acid content 
(3.6 g L⁻¹), meaning it is naturally stable and smooth. However, this tested wine had a 
very high lactic acid content (2.2 g L⁻¹), suggesting that most of the malic acid may have 
been metabolized during fermentation, possibly due to spontaneous malolactic 
fermentation. When only alcoholic fermentation occurs, lactic acid levels in the wine 
remain low, typically below 0.3 g L⁻¹ (Bauer et al., 2005), as the conversion of malic 
acid to lactic acid has not taken place. Malolactic fermentation is recommended for 
wines with very high malic acid levels. For example, if the malic acid level is 9.5 g L⁻¹, 
successful malolactic fermentation can significantly reduce malic acid levels, often by 
more than 80% (Lasik-Kurdyś et al., 2017). 

The pH of the grape juice across different cultivars ranged from 3.0 to 3.2, and that 
of the corresponding wines from 2.9 to 3.3. The common pH range of wines is between 
3 and 4, and pH measurement is also important because, at high pH values, wines are 
naturally less protected against oxidation and are less stable (Forino et al., 2020). A 
significant drop in anthocyanin solubility was observed at pH 3.3, indicating that the red  
 
 



tested wines also have good colour stability. Wines with high acidity typically have low 
pH values, and this is because organic acids, such as tartaric and malic acids, contribute 
to the overall acidity of the wine, thereby lowering the pH (Vilela, 2019). Cabernet Cortis 
and Regent wines exhibited the lowest pH (2.9), indicating a higher total acid content. 
However, this relationship was not observed in all wines. For example, Leon Millot wine 
had a high acid content but also a higher pH value, which was influenced by its higher 
malic acid content. Previous wine analyses have shown that different organic acids have 
varying strengths and buffering capacities (Picariello et al., 2019; Gancel et al., 2022). 
Therefore, pH is not always directly related to acid content, making it important to 
consider multiple acidity indicators. 

 
CONCLUSIONS 

 
These findings highlight the distinct acid profiles of test wines made from different 

grape cultivars grown in Estonia, allowing predictions about their stability and suitability 
for aging. The hypothesis was not confirmed, as excessive acid content did not become 
a problem in common commercial single-cultivar wines produced in Estonia, in a very 
cool climate condition. However, it should be noted that the hypothesis does not hold if 
the grapes used for winemaking are grown in high plastic tunnels. 

Based on the grape cultivars of tested wines, the following conclusions can be 
drawn regarding wine acidity: 

• Cabernet Cortis and Regent wines exhibit high acid content and relatively low 
pH, suggesting a fresh, crisp taste. Leon Millot wine has high total acid content, 
dominated by malic acid. These wines may benefit the addition of oak chips to soften 
acidity. 

• Solaris wine has balanced acidity, moderate pH, and high citric acid content, 
making it a well-structured wine with potential for both freshness and stability. 

• Marquette wine is naturally smooth, with very low malic acid content, indicating 
spontaneous malolactic fermentation.  

 
ACKNOWLEDGEMENTS. This research was funded by the Ministry of Regional 

Affairs and Agriculture. Project: ‘Mapping and quality analysis of grape wine cultivars 
grown in Estonia for domestic grape breeding’. 

 
REFERENCES 

 
Alexandre, H., Costello, P., Remize, F., Guzzo, J. & Guilloux-Benatier, M. 2004. 

Saccharomyces cerevisiae-Oenococcus oeni interactions in wine: Current knowledge and 
perspectives. International Journal of Food Microbiology 93, 141–154. 
doi: 10.1016/j.ijfoodmicro.2003.10.013 

Barnuud, N., Zerihun, A., Gibberd, M. & Bates, B. 2014. Berry composition and climate: 
Responses and empirical models. International Journal of Biometeorology 58, 1207–1223. 
doi: 10.1007/s00484-013-0715-2 

Bauer, R., Volschenk, H. & Dicks, L.M. 2005. Cloning and expression of the malolactic gene of 
Pediococcus damnosus NCFB1832 in Saccharomyces cerevisiae. Journal of Biotechnology 
118(4), 353–362. doi: 10.1016/j.jbiotec.2005.04.015 



Berthels, N.J., Cordero Otero, R.R., Bauer, F.F., Thevelein, J.M. & Pretorius, I.S. 2004. 
Discrepancy in Glucose and Fructose Utilisation During Fermentation by Saccharomyces 
Cerevisiae Wine Yeast Strains. FEMS Yeast Research 4(7), 683–689. 
doi: 10.1016/j.femsyr.2004.02.005 

Chahine, S. & Tong, A. 2019. Effect of climatic conditions on organic acid composition of some 
wines obtained from different sources. AIMS Agriculture and Food 4, 27–40. 
doi: 10.3934/agrfood.2019.1.27 

Comuzzo, P., Battistutta, F. & Morata, A. 2019. Acidification and pH control in red wines. Red 
Wine Technology, 17–34. Academic Press. doi: 10.1016/B978-0-12-814399-5.00002-5 

Estonian Environment Agency, 2025. Climate normals, weather records, temperatures, 
precipitation. https://www.ilmateenistus.ee/kliima/kliimanormid/ohutemperatuur/?lang=en 
(last access 23.05.2025) 

Forino, M., Picariello, L., Rinaldi, A., Moio, L. & Gambuti, A. 2020. How must pH affects the 
level of red wine phenols. LWT 129, 109546. doi: 10.1016/j.lwt.2020.109546 

Gancel, A.-L., Payan, C., Koltunova, T., Jourdes, M., Christmann, M. & Teissedre, P.-L. 2022. 
Solubility, acidifying power and sensory properties of fumaric acid in water,  
hydro-alcoholic solutions, musts and wines compared to tartaric, malic, lactic and citric 
acids. OENO One 56(3), 137–154. doi: 10.20870/oeno-one.2022.56.3.5455 

Ghiglieno, I., Carlin, S., Cola, G., Vrhovsek, U., Valenti, L., Garcia-Aloy, M. & Mattivi, F. 
2023. Impact of meteorological conditions, canopy shading and leaf removal on yield, must 
quality, and norisoprenoid compounds content in Franciacorta sparkling wine. Frontiers in 
Plant Science 14, 1125560. doi: 10.3389/fpls.2023.1125560 

Ivanišević, D., Kalajdzic, M., Drenjančević, M., Puškaš, V. & Korac, N. 2020. The impact of 
cluster thinning and leaf removal timing on the grape quality and concentration of 
monomeric anthocyanins in Cabernet-Sauvignon and Probus (Vitis vinifera L.) wines. 
OENO One 54, 63–74. doi: 10.20870/oeno-one.2020.54.1.2505 

Kemp, B., Pedneault, K., Pickering, G., Usher, K. & Willwerth, J. 2018. Red winemaking in cool 
climates. Red Wine Technology, 341–356, Elsevier. doi: 10.1016/B978-0-12-814399-
5.00023-2 

Knoll, C., Fritsch, S., Schnell, S., Grossmann, M., Krieger-Weber, S., Du Toit, M. & Rauhut, D. 
2012. Impact of different malolactic fermentation inoculation scenarios on Riesling wine 
aroma. World Journal of Microbiology & Biotechnology 28, 1143–1153. 
doi: 10.1007/s11274-011-0917-x 

Lampíř, L. & Źaloudek, J. 2018. Influence of summer management practices and date of 
harvesting on organic acids concentration and sugar concentration in grapes of Vitis vinifera 
L., cv. Riesling. Horticultural Science 45, 213–218. doi: 10.17221/213/2017-HORTSCI 

Lasik-Kurdyś, M., Gumienna, M. & Nowak, J. 2017. Influence of malolactic bacteria inoculation 
scenarios on the efficiency of the vinification process and the quality of grape wine from 
the Central European region. European Food Research and Technology 243, 2163–2173. 
doi:10.1007/s00217-017-2919-x 

Lasik-Kurdyś, M., Majcher, M. & Nowak, J. 2018. Effects of different techniques of malolactic 
fermentation induction on diacetyl metabolism and biosynthesis of selected aromatic esters 
in cool-climate grape wines. Molecules 23(10), 2549. doi: 10.3390/molecules23102549 

Le, Z., Zheng, W., Dong, M., Cai, M., Gutiérrez-Gamboa, G. & Sun, B. 2022. Leaf removal at 
véraison and foliar K+ application to Beibinghong vines improved berry quality under  
cold-climate conditions. Plants 11, 2361. doi: 10.3390/plants11182361 

Lima, M., Choy, Y., Tran, J., Lydon, M. & Runnebaum, R. 2022. Organic acids characterization: 
wines of Pinot noir and juices of ‘Bordeaux grape varieties’. Journal of Food Composition 
and Analysis 114, 104745. doi: 10.1016/j.jfca.2022.104745 

https://doi.org/10.1016/B978-0-12-814399-5.00002-5
https://doi.org/10.20870/oeno-one.2022.56.3.5455


Liu, J., Toldam-Andersen, T., Petersen, M., Zhang, S., Arneborg, N. & Bredie, W. 2015. 
Instrumental and sensory characterisation of Solaris white wines in Denmark. Food 
Chemistry 166, 133–142. doi: 10.1016/j.foodchem.2014.05.148 

Lonvaud-Funel, A. 2022. Malolactic fermentation and its effects on wine quality and safety. 
Managing Wine Quality, 105–139. Woodhead Publishing. doi: 10.1016/B978-0-08-
102065-4.00008-0 

Maante-Kuljus, M., Rätsep, R., Mainla, L., Moor, U., Starast, M., Põldma, P. & Karp, K. 2019a. 
Technological maturity of hybrid vine (Vitis) fruits under Estonian climate conditions.  
Acta Agriculturae Scandinavica, Section B - Soil & Plant Science 69(8), 706–714. 
doi: 10.1080/09064710.2019.1641547 

Maante-Kuljus, M., Vool, E., Mainla, L., Starast, M. & Karp, K. 2019b. Berry quality of hybrid 
grapevine (Vitis) cultivars grown in the field and in a polytunnel. Agricultural and Food 
Science 28(3), 137–144. https://doi.org/10.23986/afsci.76822 

Morata, A., Loira, I., del Fresno, J.M., Escott, C., Bañuelos, M.A., Tesfaye, W. & Suárez 
Lepe, J.A. 2019. Strategies to improve the freshness in wines from warm areas. IntechOpen. 
doi: 10.5772/intechopen.86893 

Mota, R., Ramos, C., Peregrino, I., Hassimotto, N., Purgatto, E., Souza, C., Dias, D. & 
Murillo, R. 2017. Identification of the potential inhibitors of malolactic fermentation in 
wines. Ciência e Tecnologia de Alimentos 38. doi: 10.1590/1678-457x.16517 

Picariello, L., Rinaldi, A., Martino, F., Petracca, F., Moio, L. & Gambuti, A. 2019. Modification 
of the organic acid profile of grapes due to climate changes alters the stability of red wine 
phenolics during controlled oxidation. Vitis: Journal of Grapevine Research 58, 127–133. 
doi: 10.5073/vitis.2019.58.special-issue.127-133 

Plantevin, M., Merpault, Y., Lecourt, J., Destrac Irvine, A., Dijsktra, L. & van Leeuwen, C. 2024. 
Characterization of varietal effects on the acidity and pH of grape berries for selection of 
varieties better adapted to climate change. Frontiers in Plant Science 15, 1439114. 
doi: 10.3389/fpls.2024.1439114 

Ribéreau-Gayon, P., Glories, Y., Maujean, A. & Dubourdieu, D. 2006. Handbook of Enology: 
Volume 2-The Chemistry of Wine Stabilization and Treatments, 2nd ed.; Wiley: 
Chichester, U.K. 1–441. doi: 10.1002/0470010398 

Rienth, M., Torregrosa, L., Gautier, S., Ardisson, M., Brillouet, J.M. & Romieu, C. 2016. 
Temperature desynchronizes sugar and organic acid metabolism in ripening grapevine fruits 
and remodels their transcriptome. BMC Plant Biology 16, 85. doi: 10.1186/s12870-016-
0850-0 

Riesterer-Loper, J., Workmaster, B. & Atucha, A. 2019. Impact of Fruit Zone Sunlight Exposure 
on Ripening Profiles of Cold Climate Interspecific Hybrid Winegrapes. American Journal 
of Enology and Viticulture 70, 286–296. doi: 10.5344/ajev.2019.18080. 

Rätsep, R., Karp, K., Vool, E. & Tõnutare, T. 2014. Effect of pruning time and method on hybrid 
grapevine (Vitis sp.) ‘Hasanski Sladki’ berry maturity in cold climate conditions. Acta 
Scientiarum Polonorum. Hortorum Cultus, 13(6). 

Scharfetter, J., Workmaster, B. & Atucha, A. 2019. Preveraison Leaf Removal Changes Fruit 
Zone Microclimate and Phenolics in Cold Climate Interspecific Hybrid Grapes Grown 
under Cool Climate Conditions. American Journal of Enology and Viticulture 70, 297–307. 
doi: 10.5344/ajev.2019.18052 

Schernewski, G. 2011. Adaptation to Climate Change: Viniculture and Tourism at the Baltic 
Coast. In: Schernewski, G., Hofstede, J., Neumann, T. (eds) Global Change and  
Baltic Coastal Zones. Coastal Research Library, 1. Springer, Dordrecht, 233–247. 
doi: 10.1007/978-94-007-0400-8_14 

Schultz, H. & Jones, G. 2010. Climate Induced Historic and Future Changes in Viticulture. 
Journal of Wine Research 21, 137–145. doi:10.1080/09571264.2010.530098 

https://doi.org/10.1186/s12870-016-0850-0
https://doi.org/10.1186/s12870-016-0850-0


Sustainable adaption of typical EU farming systems to climate change. 2017. A1: Baseline reports 
for the 4 main EU Climate Risk Regions. Available at https://agriadapt.eu/wp-
content/uploads/2017/04/A1_Baseline-report_Full-version_V3.pdf 

Vigentini, I., Picozzi, C., Tirelli, A., Giugni, A. & Foschino, R. 2009. Survey on indigenous 
Oenococcus oeni strains isolated from red wines of Valtellina, a cold climate wine-growing 
Italian area. International journal of food microbiology 136, 123–8. 
10.1016/j.ijfoodmicro.2009.09.009 

Vilela, A. 2019. Use of Nonconventional Yeasts for Modulating Wine Acidity. Fermentation 
5(1), 27. https://doi.org/10.3390/fermentation5010027 

Volschenk, H., van Vuuren, H.J.J. & Viljoen-Bloom, M. 2006. Malic acid in wine: Origin, 
function, and metabolism during vinification. South African Journal of Enology and 
Viticulture 27(2), 123–136. doi: 10.21548/27-2-1613 

Wojdyło, A., Samoticha, J. & Chmielewska, J. 2020. The influence of different strains of 
Oenococcus oeni malolactic bacteria on the profile of organic acids and phenolic 
compounds of red wine cultivars Rondo and Regent growing in a cold region. Journal of 
Food Science 85(4), 1070–1081. doi: 10.1111/1750-3841.15061 

https://agriadapt.eu/wp-content/uploads/2017/04/A1_Baseline-report_Full-version_V3.pdf
https://agriadapt.eu/wp-content/uploads/2017/04/A1_Baseline-report_Full-version_V3.pdf

	Acid composition of wines depending on grapevine (Vitis spp.) cultivars grown in Estonia
	R. Rätsep1,2,*, M. Maante-Kuljus1, K. Karp1, K. Seeme2 and U. Moor1

