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Abstract

During the period 2020-2021, within two consecutive harvests, a
study of the agrobiological and technological characteristics of the white
wine candidate variety Paris was carried out. The hybrid was selected and
grown at the Institute of Agriculture and Seed Science “Obraztsov Chiflik”
— Rousse where its agrobiological indicators were defined. The influence
of the weather conditions of the year on these parameters was
established. The grapes were processed at the Institute of Viticulture and

Corresponding Author Enology — Pleven, where their chemical composition was analysed, as well

tion@abv.bg as the composition and organoleptic qualities of the obtained wines.
During the studied period, the candidate variety showed good sugar
accumulation, while maintaining higher titratable acids. The grapes from
the 2021 harvest had better indicators and potential for producing wines
Keywords gf optimal q'uality — higher sugar ratio and glucoacidimetric index, Iqwer
Wine hybrid variety titratable acids, compared to the 2020 harvest. The 2021 harvest wines
Grapes were distinguished by higher alcohol concentration, extractivity, titratable
White wine acids, total phenolic compounds and colour intensity. Despite the

Chemical composition
Sensory qualities

differences in their chemical composition, the experimental samples of the
hybrid from both studied harvests had similar organoleptic qualities.

Introduction resistance to stress-related temperature factors

and diseases (Plasmopara viticola, Uncinula

Grapevine is a plant having high sensitivity
to the environmental factors. That especially
applies to the representatives of the most
widespread species Vitis vinifera. The weather
conditions in the growing region have a strong
influence on the quantity and quality of the
grape harvest obtained.

The application of various breeding
methods in grapevine allows for the
improvement of the economic qualities of the
varieties. Through clonal selection and
hybridization (intraspecific and interspecific),
certain  agrobiological and technological
indicators are enhanced, the vine diversity is
improved, and production with better qualitative
and quantitative parameters is obtained. By
modifying the genotype, varieties with increased

necator) are created (Katerov et al., 1990; Roychev,
2012; Teissedre, 2018; Schoeler et al., 2018).

The quality of grapes as a raw material for
winemaking is formed under the impact of a
number of factors, with the influence of the
variety dominating over all others (environmental
conditions and agrotechnical practices). Grapes of
each variety are characterized by specific features
that are also conveyed in the produced wine. The
main components are sugars and titratable acids,
whose dynamics are decisive for the optimal
harvest time. In white wine varieties intended for
dry wines, the grape harvest is carried out at a
sugar ratio of 18-22%. Organic acids are the
second most important component in grapes,
which significantly affects the organoleptic
properties of wines. Tartaric and malic acids,
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which are found in a free and bound state, are
quantitatively predominant. In the must of the
wine varieties common in Bulgaria, tartaric acid
is contained up to 6 g L', and malic acid up to 5
g L, depending on the variety and the growing
region. Other acids such as citric, succinic, oxalic
acids are also found, mainly in unripe grapes. For
the production of quality white wines, the grape
harvest is carried out at a titratable acidity of 5-7
g L' Overripening, associated with the
accumulation of higher sugar levels, leads to a
decrease in acids and the production of high-
alcohol wines with insufficient freshness and
aroma (Katerov et al., 1990; Yankov, 1992; Maric,
2001; Soyer et al, 2003). Grapes are rich in
phenolic components, which are the third
dominant ingredient after carbohydrates and
acids. Flavonoid phenolic compounds are
localized in the skins, seeds and the stems while
the pulp is rich in more non-flavonoid phenols
(phenolic acids). The phenolic potential of
grapes depends mainly on the variety and
determines the concentration of phenols in the
wine.

The composition and characteristics of
white wines are determined by factors such as
varietal specifics, growing region, agrotechnical
practices applied in the vineyards, and
technologies used for grape processing and
vinification (Chobanova, 2012; Teissedre, 2018;
Tomasevic et al.,, 2019; Fandino et al., 2020).

The composition of wine includes many
non-volatile and volatile components that
originate from the grapes or are formed during
the alcoholic fermentation and storage. The
extract comprises various groups of compounds
such as carbohydrates, organic acids, phenolic
compounds, nitrogen and mineral substances.
They have a strong influence on the wines' taste
properties. Their optimal ratio determines their
harmony and balance (Chobanova, 2012;
Scutarasu et al, 2019; Makhviladze and
Kvartskhava, 2022).

The polyphenols have a high impact on
the oenological quality. They have a direct
influence on the sensorial properties such as the
colour, the astringency and the bitterness. In
white wines, non-flavonoids are predominant,
accounting for 80% of the phenolic content. Of
the flavonoids, (+)-catechin and (-)-epicatechin
are in higher concentration, exhibiting high
reactivity towards oxygen (Bayram and Kayalar,

2018; Seabrook, 2019; Cretescu et al,, 2024).

Volatile components include about 400
compounds (ethanol, esters, aldehydes, ketones,
higher alcohols, terpenes) that form the aroma
(bouquet) of wine. A small part of them is
transferred from the grapes, and these
substances are usually specific for the variety.
Most are formed during the alcoholic
fermentation and the wines' aging (Benkwitz et
al, 2012; Chobanova, 2012; Calin et al., 2019;
Piras et al, 2020). The use of enzyme
preparations (pectolytic and B-glucosidases
enzymes) in the vinification process positively
affects the volatile composition of wines and
intensifies their aromatic profile (Scutarasu et al.,
2019; Tomasevic et al.,, 2019).

The objective of this study was an
agrobiological and technological characteristics
of the white wine candidate variety Paris to be
made, selected and grown at the Institute of
Agriculture and Seed Science (IASS) “Obraztsov
Chiflik” — Rousse, Northern Bulgaria.

Material and Methods

The agrobiological and technological
characteristics of the white wine candidate
variety Paris were studied within two consecutive
harvests — 2020 and 2021.

The hybrid was selected and grown at the
IASS “Obraztsov Chiflik” — Rousse through
hybridization of Naslada x Chardonnay varieties
(Figure 1).

Paris was grown in the experimental
vineyards of the IASS “Obraztsov Chiflik" -
Rousse. The vines were planted at a distance of
2.70 m/1.40 m and trained in bilateral cordon
system with a stem height of 0.60 m. The applied
pruning was mixed, with a load of 34-36 winter
eyes (two fruiting canes of 12 winter eyes and 6
spurs of 2 winter eyes each).

The cluster was medium-sized, conical
and compact. The berry was medium-sized, oval,
with a moderately thick and firm skin, yellow-
green in colour, the flesh was juicy, and the taste
— neutral and harmonious. The hybrid ripened
around September 20th.

At technological maturity, the grapes
contained about 22.00% sugars and 8.00 g L™
titratable acids, the berries did not crumble and
had very good transportability. The grapes were
suitable for the production of quality white
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wines. The fertility of the vines was high, and the
yield per hectare was about 12 - 13 t.

The vines were characterized by high
resistance to diseases and frost up to -24 to -
250C without significant damage to the winter
eyes. In case of stronger frosts and damage, they
showed a very high regenerative capacity.
During the study period, the climatic factors in
the growing area were monitored. The
meteorological factors were followed daily. Data
on temperature (minimum, maximum, average
value), amount of precipitation and their average
monthly values were registered by an automatic
meteorological  station located in the
Experimental field of the IASS "Obraztsov Chiflik”
— Rousse.

The grapes were harvested upon reaching
technological ~ maturity,  respectively  on
September 16th, 2020 and September 15th,
2021. The grape yield per vine was recorded and
a mechanical and chemical analyses of the
grapes were performed (Katerov et al., 1990).

After the harvest, the grapes were
delivered to the Experimental Winery of Institute
of Viticulture and Enology (IVE) — Pleven for
vinification. It was processed using conventional
technology for the production of dry white wines
under microvinification conditions (Yankov,
1992): white grapes — crushing — sulphiting (50
mg/l SO;) — straining off — pressing — must
clarification — adding pure culture dry wine
yeast Saccharomyces cerevisiae (10 g/hl) -
alcoholic fermentation — decanting — further
sulphiting — storage. During both years of the
study, the yeast Fermactive Blanc Aromatique
Saccharomyces cerevisiae var. cerevisiae (Sodinal)
was used, which organoleptically imparts floral
notes and a fresh fruity flavour to the wine. The

Figure 1. White wine candidate variety Paris.

alcoholic  fermentation  occurred at a
temperature of 18-20°C, with daily control. After
the process was completed, the wines were
decanted, further sulphited and analysed for the
basic chemical indicators.

The chemical composition of the grape
must and the produced experimental white
wines were determined by methods generally
accepted in winemaking:

« sugars, % (grapes) - hydrometer of Dujardin
(lvanov et al., 1979).

+ glucose, g L' — iodometric method, based
on the oxidation of glucose by iodine (J2) under
alkaline conditions (lvanov et al., 1979).

« fructose, g L' — calculation method as the
difference between sugars content and glucose
(lvanov et al., 1979).

« glucoacidimetric index (GAI) — calculation
method as the ratio of sugars (%) and TA (g L")
(Yankov, 1992).

« alcohol, vol. % - distillation method, DEE
distillation apparatus Gibertini (Italy) with
Densimat and Alcomat. The densitometer
automatically measured the density and alcohol
content of the obtained distillate sample.

« residual sugars, g L (wine) — Schoorl
method (lvanov et al., 1979).

« total extract (TE), g L' — distillation method,
DEE distillation apparatus Gibertini (Italy) with
Densimat and Alcomat. The densitometer
automatically measured the total extract content
of the obtained distillate compared to the
density of the wine sample.

« sugar-free extract (SFE), g L — calculation
method as the difference between TE and sugars.

« titratable acids (TA), g L™ - titration with 0.1
N NaOH using bromothymol blue indicator
(lvanov et al., 1979).

« tartaric and malic acid, g L - Pochinok's
method, based on the difference in solubility of
their calcium salts (Pochinok, 1976).

« volatile acids, g L™ — distillation method with
subsequent titration with 0.1 N NaOH using
phenolphthalein indicator (lvanov et al., 1979).

* pH — pH-meter (FEP20-ATC-KIT, Mettler
Toledo, Switzerland).

« total phenolic compounds, g L™, gallic acid
eq.- method of Singleton and Rossi with a Folin-
Ciocalteu reagent and measurement of sample
absorption spectrophotometrically at A 750 nm
(UV-Vis spectrophotometer Cary 50, Varian,
USA) (Chobanova, 2007).
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« colour intensity | [abs. units] — method of
Somers based on the measuring absorption
spectrophotometrically at A 420 nm in a 1 ¢cm
cuvette (UV-Vis spectrophotometer Cary 50,
Varian, USA) (Chobanova, 2007).

The organoleptic properties of the wines
were assessed by the tasting panel of the IVE —
Pleven according to 100-score scale for the
indicators: colour, aroma, taste and general
impression (Tsvetanov, 2001).

The statistical analysis of the results was
performed using the standard deviation method
(£SD), with Microsoft Office Excel 2007.

Results and Discussion

The weather conditions in 2020 were
favourable for vine development. In terms of
climate, the year was characterized by a mild
winter and a warm spring, without late spring
frosts. In February, the lowest absolute minimum
air temperature for 2020 was recorded -9.5°C.
This value was within the minimum temperature
range for the region. The increase in
temperatures in February and March, when the
maximum values reached 22.2°C (February) and
25.5°C (March), respectively, stimulated the
development of the vine.

The total temperature sum (TTS) in 2020
was 5064.90°C, and the average monthly
temperature during the warmest months, July
and August was 24.1°C and 25.3°C, respectively.
The amount of precipitation during the growing
season was 391.90 mm m™, with an uneven
monthly distribution of rainfall, as well as
variability ~ within individual months. The
recorded amounts of precipitation ranged from
1.10 mm m™ (July) to 126.00 mm m™ (June). The
most unfavourable conditions for vine
development were the rainfall during the last ten

days of May (28.90 mm m™) and June (126.00
mm m?), which coincided with the periods of
flowering and pollination of the tassels. The
climatogram for the region of “Obraztsov
Chiflik”, Rousse indicated a moisture deficit
during the months of April, July and August
(Figure 2). The meteorological conditions in 2021
were also favourable for vine development
(Figure 3). The total temperature sum (TTS) in
2021 was 4371.2°C, and the average monthly
temperature in the warmest months, July and
August, was 24.6°C and 23.9°C, respectively. The
climatogram for the region of “Obraztsov Chiflik”
- Rousse showed a moisture deficit in the
months of July, August and September.

The amount of precipitation during the
growing season was 287.30 mm m™, with uneven
monthly distribution, as well as within the
individual month. The recorded amounts of
precipitation ranged from 1.00 mm m™ (July) to
121.00 mm m™ (June). The most unfavourable
conditions for vine development were the
precipitations in the second half of May (73.50
mm) and June (121.00 mm), which coincided
with the periods of flowering and pollination of
the tassels. The high atmospheric humidity
(about 70%), along with air temperature in the
range of 20-25°C, close to the optimal for the
development of fungal pathogens, created
favourable conditions for disease development
that caused damage to the tassels and shoots.

The data from the mechanical analysis of
grapes from the candidate variety Paris are
presented in Table 1. It was evident that the
values of the indicators varied considerably
between the harvests of both studied years. In
2021, the yield, the average mass per cluster and
berry as well as the resistance to pressure were
significantly lower compared to those reported
in the analysis in 2020.

26,0
240

22,0 ¢
20,0 ¢
18,0
16,0 -
140
120 ¢
10,0 ¢
80
6,0 -
40 |
20 H
00 =

temperature, °C

v v
Precipitation, mm e Precipitation average for 1896-2005, mm

I 1}
Bl Temperature, °C

Vi

- 130,0
1200
+ 110,0
100,0
90,0
80,0
70,0
- 60,0
- 50,0
—+ 40,0
30,0
- 20,0
10,0
- 0,0

precipitation, mm

Vil

Vil Vi 1X X XI X
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The chemical composition of grapes is
complex and includes various groups of
compounds. Sugars are the main component
and accumulate during ripening. They are mainly
represented by the monosaccharides glucose
and fructose. As the ripening process progresses,
their ratio changed in favour of fructose and
when reaching physiological maturity, it is
approximately 1 (one). The acid composition also
varies depending on the variety and the degree
of maturity. At technological maturity, 90% of
the organic acids consist of tartaric and malic
acids. The predominance of one or the other
depends on the variety and harvest. The ratio
between sugars and acids in grapes has practical
importance regarding its production purpose.
The optimal value of GAI at the moment of
physiological maturity for most wine varieties is
about 2.5 - 3.0 (Yankov, 1992; Soyer et al., 2003;
Teissedre, 2018; Shahood et al., 2020).

The grapes of the candidate variety Paris
from the studied harvests had a chemical
composition presented in Figure 4. The 2021

harvest demonstrated better indicators, where
the grapes showed an optimal sugar content
(225.00 g L), lower titratable acids (8.22 g L™),
and GAl of 2.74. The more intense accumulation
of sugars this year was due to higher
temperatures and drought during ripening. For
the period of the study, the hybrid revealed an
average sugar accumulation of 209.50+21.92 ¢
L7, glucose 8825+19.02 g L7, fructose
121.25420.94 g L"'and GAIl 2.49+0.36. In 2020,
the amount of glucose and fructose was almost
equal, with a slight predominance of glucose. In
2021, their ratio was less than 1 (one), with an
almost double predominance of fructose. This
was due to both higher sugar accumulation and
climatic factors during the growing season. High
temperatures, drought and the reported
moisture deficit during the months of July,
August and September of 2021 in the growing
region (Figure 3) favored higher fructose
accumulation, which led to a lower glucose-
fructose index. The results of the chemical
analysis of the grape must showed that, despite

Table 1. Mechanical composition of grapes from the candidate variety Paris for the period 2020 - 2021.

Indicators 2020 2021 +SD

Yield per vine, kg 5.200 3.000 4.100+48.63

Cluster: size, cm 14.20/11.50 14.92/8.83 14.56+£0.51/10.17+1.88
average mass, g 290 250 270+£28.25

Berry, mm 17.19/16.50 12.72/12.56 14.96+3.16/14.53+2.78
average mass, g 2.90 1.60 2.25+0.92
resistance to pressure, g 1000 460 730.00+81.38
tear resistance, g 450 560 505.00+£57.78
consistency fleshy-juicy fleshy-juicy

Number of seeds in 100 berries 220 248 234.00+19.80

Mass of 100 seeds, g 4.65 3.49 4.07+0.82

Analysis date 16.09.2020 15.09.2021
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the good sugar accumulation, the studied
candidate variety was characterized by
maintaining a higher titratable acidity which is a
variety feature. The average content of titratable
acids was 8.46+0.34 g L. No consistent trend
was found in the amount of the analysed organic
acids from both harvests. In 2020, tartaric acid
predominated in the grape must, while in 2021
the malic acid was dominant. During the normal
ripening process malic acid typically degrades
faster, while the concentration of tartaric acid
decreases more slowly. In 2021, due to the
combined stress of drought, fungal diseases
development, and impaired photosynthesis, the
reduction of malic acid was slowed down, which
was the reason for its higher levels in the grapes.

The pH value remained constant in both
years. The grapes in 2021 had a significantly
higher GAI (2.74), which indicated that the raw
material from this harvest had better indicators
and potential for producing good quality wines,
with an optimal ratio between the sugars and
acids in the must. With a properly conducted
technological regime, the varietal nature of the
wines is directly dependent on the specific
characteristics of the variety and the degree of
grape ripeness. The qualitative features of the
wine, such as the alcohol content, the residual
sugars, the dry extract along with others are
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influenced by many factors. Differences in the
chemical composition and variations in the
physical parameters of wines are related to their
origin and geographical region (Teissedre, 2018;
Makhviladze and Kvartskhava, 2022; Cretescu et
al, 2024). The alcohol strength of a wine is
dependent on the total sugar content of the
grapes. Acidity and pH are relevant to the
sensory perception of wine, essentially defining
its structure and equilibrium. Excessive acidity
increases the perception of sourness since low
acidity decreases the flavour balance (Scutarasu
et al., 2019).

The experimental white wines of Paris
variety, from the studied harvests, had the
chemical composition presented in Table 2. No
deviations were found in the rates of the studied
indicators. Due to higher sugar accumulation in
the grapes from the 2021 harvest, the obtained
wines had a higher alcohol content — 12.83 vol.
% The average alcohol concentration of the
samples was 12.56+0.39 vol. %. In both years, the
alcoholic fermentation was completed fully, with
a residual sugar rate in the wines on the average
1.80+1.22 g L, which classified them as dry. The
extract was an important indicator of the wines’
composition, as it also affected their
organoleptic properties.

The samples from the 2021 harvest were
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Figure 4. Chemical composition of grape must from the wine candidate variety Paris for the period 2020 - 2021.
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Table 2. Chemical composition of experimental white wines from the candidate variety Paris for the period 2020

- 2021.
. Vintage

Indicators 2020 2021 +SD
Relative density 0.9917 0.9928 0.9923+0.03
Alcohol, vol % 12.28 12.83 12.56+0.39
Residual sugars, g L™’ 0.94 2.66 1.80£1.22
Total extract, g L™’ 18.20 21.20 19.70+2.12
Sugar-free extract, g L™’ 17.26 18.54 17.90+£0.90
Titratable acids, g L™’ 6.55 8.20 7.38+1.17
Volatile acids, g L’ 0.42 0.18 0.30+0.17
Tartaric acid, g L' 1.24 2.76 2.00+1.07
Malic acid, g L™’ 245 6.13 4.29+2.60
Total phenolic compounds, g L™ gallic acid eq. 0.34 0.40 0.37+0.04
Colour intensity | [abs. units] 0.25 0.31 0.28+0.04
pH 3.32 333 3.32+0.01

characterized by higher extract content,
respectively 21.20 g L™ (total extract) and 18.54
g L7 (sugar-free extract). This was due to the
better ripening of the grapes and the more
favourable impact of the weather conditions
during the year on this process. The
experimental wines had normal volatile acidity
(average 0.30+0.17 g L) and titratable acidity
(average 7.38+1.17 g L"). The sample from the
2021 harvest retained higher titratable acids —
8.20 g L', compared to 6.55 g L" in the 2020
sample. The content of both analysed organic
acids in the 2021 wine was significantly higher. In
this sample, the concentration of tartaric acid
was almost twice as high, and of malic acid nearly
3 times higher than in the 2020 sample. Their
reduction compared to the grape must was due
to the course of normal physicochemical
processes associated with their precipitation in
the form of tartrate salts. The titratable acidity of
white wines varied widely from 4 to 8 g L, with
the amount of tartaric acid being on the average

74.00
7343
c 73.22
2 73.00
S 73.00
©
>
(V]
[®)]
£
8 72.00
2020 2021 average
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Figure 5. Tasting score of experimental white wines
from the candidate variety Paris for the period 2020 -
2021.

about 2.5 g L', and malic acid varying from 4-6
g L. The total phenolic compounds in white
wines were in the range from 30 to 350 mg L™
(Yankov, 1992; Chobanova, 2012). In the studied
experimental samples, the amount of phenolic
components fell within the characteristic ranges
- an average of 0.37+0.04 g L. In the 2021
sample, the phenolic content was higher, as it
also had a higher value of the colour intensity.
Despite the differences in the chemical
composition, the experimental white wines from
both studied harvests exhibited similar
organoleptic qualities and were rated closely by
the tasting panel. The difference in the tasting
score between both samples was 0.43 points.
They had a good colour, an insufficiently
developed aroma, and the taste was
characterized by titratable acids, which defined
them as not sufficiently harmonious (Figure 5).

Conclusion

Based on the obtained results from the
study it could be summarized as follows:
« The values of the indicators for the mechanical
composition of the grapes varied in different
directions for both years of the study. In 2021,
the yield, the average mass per cluster and berry
and resistance to pressure were significantly
lower compared to those reported in the analysis
in 2020.
« For the study period, the candidate variety Paris
showed good sugar accumulation, while
maintaining higher titratable acids.
+ The grapes from the 2021 harvest had better
indicators and potential for producing wines of
optimal quality — higher sugar content and GAl
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and lower titratable acids, compared to the
grapes from 2020.

» The wines produced from the 2021 harvest
were characterized by higher alcohol content,
extract, titratable acids, total phenolic
compounds and colour intensity.

» Despite the differences in the chemical
composition, the experimental samples of the
Paris hybrid from both studied harvests
exhibited similar organoleptic qualities.
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