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Abstract       The influence of ripening stage on the concentration of grape 
berry components was investigated in Traminer must in three growing 
seasons (2017-2019), with large climate variability (temperature and rainfall) 
from the vineyard from Buteni area, Arad County. Grape samples were 
collected during four stages of ripening till the harvest time. The berry 
composition was analysed for total soluble solids (Brix), malic acid, total 
acidity, pH and Yeast Assimilable Nitrogen (YAN) by using OenoFoss ™ Go 
analyzer. The increase of components concentration was obviously from first 
stages of ripening to the harvest time, but main differences were observed at 
each stage after another of sample collection. All grape berry components are 
influenced by cultural practices, vine nutrition and environmental conditions, 
but temperature has high impact on total acidity and malic acid 
concentrations. Higher malic acid and total acidity concentrations provide tart 
flavour wines. The harvest moment is decisively decision with major impact 
on grape berries and wine quality. Knowing the berries composition in 
different ripening stages, helps winemakers to choose the most favourable 
time of harvest depending on the type of wine they desire.   
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The Traminer wine was mentioned for the first 

time in the 11th century in South Tyrol, more precisely 
in the town of Tramin (Termeno) in the province of 
Bolzano and was confirmed by the latest historical 
reconstructions, although German origins have long 
been discussed [16]. Also known as Gewurztraminer, 
Klevner, Savagnin and many others designations, it is 
grown in the form of three varieties of berry color: 
black, pink and white [22]. The variety with medium-
sized pink berries and juicy pulp is resistant to diseases 
and pests. The white berries are a variety of the pink 
one, and have a spicy taste. The black berry variety 
appeared relatively recently in Greece (2007). The 
ball-shaped berries are medium size. The skin is thick 
and waxy. The pulp is juicy and aromatic, specific to 
the variety. It is a late variety; berries reach maturity in 
late September and October when harvesting is also 
recommended [6]. This vine is resistant to frost but is 
sensitive to drought [18]. Fertility is good, about 70% 
fertile shoots [8]. The grapes are of medium-small size, 
60-70 grams, thick, conical winged [23]. It has been 
cultivated lately on growing areas not only in Europe 
(Italy, Germany, Austria, France, Romania, Croatia, 
Spain or Hungary) but also in wine-growing countries 
around the world [20]. Traminer vines find ideal 
growing conditions on sandy and loamy soils, 
preferably on slopes in alpine microclimates [21]. The 

aroma of the berries has special, characteristics of 
roses, orange and cloves [7]. Traminer varieties have 
low resistance to diseases (downy mildew - 
Plasmopara viticola, powdery mildew - Uncinula 
necator  or gray mold - Botrytis cinerea) and need up 
to six treatments based on sulphur and copper 
(depending on climate conditions) [13]. For a stable 
yield, the vine bush must be trained properly every 
growing season on trellis; the available buds upper on 
the shoot are left for fruit and bunches are removed 
from the lower canes (branches) [17]. Usually the sugar 
concentration in grape berries is considered an 
indicator of quality, increases with maturation and is an 
indicator for the harvesting time [5,9]. The stability of 
the wine is correlated with the pH of the grape must, 
which increases with maturation [12]. Other grape 
must quality parameters like malic and titratable acidity 
accumulate in smaller amounts in warmer growing 
seasons [10;14]; for white wines grapes are usually  
harvested at titratable acidity from 7.5 g/l for dry wines 
to 9.0 g/l for sweet wines [4]. The research aimed to 
investigate the effect of the maturation stage on the 
concentration of the main components in white 
Traminer juice during three growing seasons, with 
variability in temperature and rainfall. 
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Material and Method 
 

The study was carried out in the 2017, 2018 
and 2019 growing seasons, in a vineyard located in 
Buteni area from Arad County. Traminer vines rows 
are planted on slope with an altitude between 260 and 
280 meters and bunch are Guyot trained on the trellis. 
Four sampling were set stages at one week interval in 
the last month before harvest, which took place 
between 10 and 20 October. The grapes were harvested 
manually every year, between 7 and 10 o’clock in the 
morning from three plots for each colour variety. Grape 
samples (a total of four kg each stage) were collected 
avoiding vines with unequal vigour and grape yield. 
The berries detached from the bunch and the grape 
must was extracted by hydraulic pressing. The juice 
was kept cold until analysis. The composition analysis 
of the must was performed with the OenoFoss ™ Go 

analyzer (FTIR technology for wine analysis) for total 
soluble solids (Brix), malic acid, total acidity, pH and 
Yeast Assimilable Nitrogen (YAN). 

Berry composition was influenced by climate 
during all three growing seasons which show large 
variability (figure 1). The first season (2017) was reach 
in humidity especially in September, while in 2018 the 
ripen stage was dry and hot more favourable for higher 
berry components assimilation.  In 2019 rainfall were 
relatively balanced and correlated with high 
temperatures during daytime provide more favourable 
conditions for berry quality then 2017 growing season. 
Statistics analysis was carried out by XLSTAT version 
2014.5.03 (Copyright Addinsoft 1995-2014). Results 
for all parameters are expressed as mean ± SD 
(standard deviation).  Significance level was for p < 
0.05.. 

 

 
Figue 1. Temperature and rainfall during 2017-2019 growing season in the vineyard from Buteni area, Arad County 

 
Results and Discussions  
  

The grape must composition indicates 
significant changes especially for sugars, total acidity 
and pH (Table 1, 2 and 3) during ripening and harvest 
time in all three seasons. The soluble solids are 
commonly used for determine the stage of maturation 
during ripening and optimum moment of harvest. The 

grape must from samples collected in 2017 vintage 
showed lower values for sugars then must from other 
two growing seasons. Heavy rainfall and night-time 
low temperatures from September and first decades of 
October slow the ripening and dilute the berry 
concentrates. The risk of berry attack by Botrytis 
cinerea was higher and part of crop was lost.. 

 
Table 1. Grape must composition in white Traminer variety during 2017 ripening to harvest stages 

2017 
 30 days 22 days 15 days 7 days Harvest  

Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD p sign 
Sugars (oBrix) 12.86±1.54 13.79±1.93 16.94±2.18 18.02±1.63 20.16±2.14 0.026 * 
Titratable acidity(g/L) 15.96±2.58 13.45±1.85 9.66±1.02 7.38±0.48 4.57±0.22 0.023 * 
pH 2.29±0.26 2.89±0.37 3.61±0.20 3.78±0.24 3.98±0.29 0.016 ** 
Malic acid (g/L) 10.06±2.21 7.99±0.89 6.11±0.98 4.45±0.25 2.47±0.74 0.213 ns 
YAN (mg/L)  254±52.33 239±44.11 198±39.25 176±31.46 166±30.19 0.347 ns 
(YAN = yeast assimilable nitrogen; significant differences at p < 0.05) 



 117

Lower rainfall in 2018 (Table 2) during 
ripening time and harvest stage, correlated with hot 
weather during daytime were favourable for typical 
level of berry components. Sugars level registered the 
highest values compared with the other two growing 
seasons while the titratable acidity was the lowest from 

the key indicators. At each stage after another sample 
collection the results show significant increase of 
components concentration.  For all berry components 
analysed variability ranked between low limits, 
excepting yeats assimilable nitrogen (YAN). 

 
Table 2. 

Grape must composition in white Traminer variety during 2018 ripening to harvest stages 
2018 

 30 days 22 days 15 days 7 days Harvest  
Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD p sign 

Sugars  (oBrix) 15.24±1.91 16.33±1.82 17.52±2.06 19.75±1.63 23.31±2.23 0.024 * 
Titratable acidity (g/L) 14.25±2.40 11.33±1.76 8.92±0.93 6.19±0.26 3.81±0.11 0.014 ** 
pH 2.76±0.28 3.01±0.32 3.27±0.19 3.41±0.21 3.33±0.27 0.012 ** 
Malic acid (g/L) 7.81±0.74 6.28±0.83 4.33±0.77 3.15±0.19 2.05±0.22 0.018 * 
YAN (mg/L)  217±44.13 203±37.21 171±33.18 125.11±29.81 114±26.08 0.392 ns 
 (YAN = yeast assimilable nitrogen; significant differences at p < 0.05) 
 

In the third growing season analysed for grape 
must quality components, titratable acidity and pH 
opposite correlated, show significant differences 
between the results sampled in the last month before 

the harvest. For malic acid and yeats assimilable 
nitrogen (YAN) was registered larger variability but 
was not significant from one sample to another..  

 
Table 3. 

Grape must composition in white Traminer variety during 2019 ripening to harvest stages 
2019 

 30 days 22 days 15 days 7 days Harvest  
Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD p sign 

Sugars  (oBrix) 13.44±1.66 14.82±1.61 16.43±2.11 18.12±1.22 21.18±2.09 0.036 * 
Titratable acidity(g/L) 15.57±1.19 13.73±1.55 11.58±1.14 8.27±0.72 4.09±0.41 0.042 * 
pH 2.38±0.31 2.79±0.36 3.53±0.23 3.76±0.39 3.58±0.34 0.031 * 
Malic acid (g/L) 9.79±2.11 7.23±1.79 5.42±1.32 3.26±1.04 2.75±1.09 0.937 ns 
YAN (mg/L)  232±48.36 221±33.08 188±37.59 163±30.61 152±28.13 0.169 ns 
(YAN = yeast assimilable nitrogen; significant differences at p < 0.05) 

 
In figures 1, 2, 3 are presented the changes in 

grape berry composition during ripening stage and 
harvest time for major components (sugars, titratable 
acidity, pH and malic acid).  

From one ripening stage to another, the 
average grape must composition indicates changes. The 
lower sugars concentration in grape must were lower at 
first point of sampling while the highest values were 
reached at harvest, correlated with the berries softening 
and ripening [19] in all three growing seasons. 
Ćirković et al. (2012) [3] found similar sugars values in 
white Traminer (22.39%) and red Traminer (20.94%) 
from Nis vineyards. 

The highest amount of rainfall during the 
ripening time of 2017 growing season correlated with 
lower temperatures during night resulted in dilution of 
components concentration and slows ripening. 
Titratable acidity was higher during the wet ripening 
season from 2017 than in the grape must from the other 
two growing seasons. However, the titratable acidity 
during all three seasons was lower compared to 
titratable acidity found in Red (5.4 g/l) and White (6.5 

g/l) Traminer by Ćirković et al. (2012) [3]. 

 
Fig. 1. Principal component analysis (PCA) of Traminer 

berry composition changes during ripening stage and harvest  
(2017 growing season) 
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Titratable acidity found in “Gewürztraminer” 
from northern Italy by Nicolini et al. (2020) [15] 
ranked between 15.9 g/l at 28 days before and 8.5 g/l at 
harvest in 2014. Grape must acidity ranged from the 
lower limit 3.33 and the higher limit of 3.98 in the 
sample analysed at harvest in 2018 and in 2017, 
respectively. Results reported for grape must acidity by 
the Nicolini et al. (2020) [15] at harvest time were 
(3.25 in 2014 vintage and 3.50 in must samples from 
2018. The same research team found for malic acid, 
results between 4.5 g/l in 2014 vintage with less 
rainfall but much insolation during ripening and 
harvest time and 1.6 g/l in 2018 with heavy rainfall 
after ripening. Temperature and rainfall more balanced 
in 2018 growing season had higher impact on titratable 
acidity and malic acid concentration than summer 
pruning, considering that Traminer variety is sensitive 
to draught and resistant to lower temperatures [11]. 
Cooler nights from 2019 late ripening stage increase 
the malic acid concentration in the ripe berries because 
lower temperatures decreases malic acid breakdown 
[10; 24]. 

The malic acid concentration was also 
influenced by crop load from each growing season, as 
Bravdo et al. (1985) [2] and Vos (2014) [25] also 
reported (the malic acid amount increase as crop load 
increased). Large variability was found for yeast 
assimilable nitrogen (YAN); results in the grape must 
samples from harvest showed values correlated with 
growing season climate. The wet and lower 
temperatures after ripening 2017 vintage stand out with 
the highest YAN value of 166 mg/l; results from 
research, fall within those mentioned in the literature 
for white Traminer variety. Grape must with lowest 
yeast assimilable nitrogen (YAN) concentration have 
to be supplemented before the fermentation is started 
[1]. 

 
Fig. 2. Principal component analysis (PCA) of Traminer 

berry composition changes during ripening stage and harvest 
(2018 growing season) 

 

 
Fig. 3. Principal component analysis (PCA) of Traminer 

berry composition changes during ripening stage and harvest  
(2019 growing season) 

 
Figure 4 show the changes in yeast assimilable 

nitrogen (YAN) during all three growing seasons 
(2017-2019) in Traminer berry juice. 

 

 
Fig. 4. Principal component analysis (PCA) of Traminer 
berry composition changes in YAN (yeast assimilable 

nitrogen) during ripening stage and harvest   
(2017, 2018 and 2019 growing seasons) 

 
Conclusions 
 

The climate variability of 2017, 2018 and 
2019, show the final concentration of sugars much 
higher in Traminer grape must during the second 
growing season (2018).  In 2017 and 2019 sugars were 
quite similar. Temperature during day and night-time 
influenced the accumulation of soluble solids and 
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titratable acidity. The 2018 vintage was more balanced 
for rainfall and temperatures and grape must 
parameters were positive influenced. All fruit 
parameters were influenced by stage of maturation and 
climate which indicates that not only soluble solids 
must be considered the indicator for choosing the 
optimum harvest date.  Depending on the sunlight, 
temperature and precipitation, the vineyard manager 
can choose the summer pruning, such as leaves 
removing to expose more or less the grapes bunches for 
better maturation. The winemakers can delay the 
harvest until late maturation for reduce the titratable 
acidity and malic acid or to hasten the harvest to avoid 
crop losses due to Botrytis, when yield parameters are 
often checked. 
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