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The object of the study is the pro-
duction technology of high-quality
Cahors wines. Although a number of
studies have been conducted on the
production of Cahors wines, the fac-
tors affecting the composition and
quality of the wine material-particu-
larly the regime of thermal treatment
of the mash, as well as the type of
alcohol and the method of fortifica-
tion and their influence on the phys-
icochemical composition of Cahors
wine material-have not been suffi-
ciently studied.

The total content of phenolic
compounds in the control sample
produced by the white winemaking
method was 980 mg/dn?, whereas it
reached 2740 mg/dn?® in the red wine-
making method, 3230 mg/dm? during
thermovinification, and 3860 mg/dm’?
in the Kurdamir method. A simi-
lar pattern, with some exceptions,
was observed for color compounds.
Relatively prolonged thermal treat-
ment (4 hours) resulted in a pro-
nounced caramelized note in taste
and was evaluated 0.2 points lower
than the preceding variant. In terms
of quality, the second variant sub-
jected to thermal treatment at 65°C
for 3 hours performed better, receiv-
ing a score of 8.7 points. According to
the results of organoleptic analysis,
samples fortified with wheat alcohol
were rated 0.9-1.6 points higher than
the others.

Determining the effects of tech-
nological methods on the compo-
sition and quality of Cahors wine
material samples, the duration of
CO, maceration, and the changes in
physicochemical composition caused
by thermal treatment, as well as the
correct selection and use of alco-
hol for Cahors wines, is of practi-
cal importance for production. The
results obtained can be applied in
wineries and wine-producing enter-
prises
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1. Introduction

In the 1980s, 92-95% of the wines produced by the do-
mestic winemaking industry were fortified wines, many of
which gained worldwide recognition. One of the most famous
among them was Kurdamir Cahors, produced using the
local “Kurdamir technology.” In the former USSR, 23 types
of wines were produced using the Kurdamir technology,
including Shamakhi Cahors, Kazakhstan, Nektar, Chumay,
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Black Doctor, and others, many of which are still produced
today. Both French and local Cahors wines are made from
red grape varieties; however, their production technologies
differ fundamentally. While French Cahors is a natural wine
obtained by heating the mash, Azerbaijani Cahors produced
by the Kurdamir method is a dessert wine prepared by forti-
fying the mash with alcohol.

The steady market demand for Cahors wines, their spe-
cial role in maintaining church traditions (as an essential




attribute of church rituals), and their popularity as dessert
wines make the production of this type of wine promis-
ing. This is also supported by the specific features of their
production (obtaining wines through thermal treatment
and fortification methods), as well as their sensory quality.
The increase in production is further driven by the use of
high-quality grape varieties and the application of innovative
technologies. Due to its tonic properties and its ability to
improve blood circulation and strengthen immunity, Cahors
wine is widely used in folk medicine. From this perspective,
expanding the production of Cahors wines-traditionally pro-
duced since the beginning of the last century and having a
well-established consumer base-is highly relevant. In recent
years, the varietal composition of domestic vineyards has
been enriched with valuable grape varieties such as Merlot
and Cabernet Sauvignon, which were previously not used
for Cahors production, and the processing industry has been
equipped with modern facilities. Therefore, the existing
conditions necessitate further research. As can be seen, the
sector faces scientific problems that require resolution.

In the production of high-quality Cahors wines, the
preparation of wine material with a high extract content is
a crucial stage. However, it cannot be stated that sufficient
study has been conducted on technological methods such
as “heating of the mash” and “fortification of the mash”,
which are applied in winemaking. Therefore, determining
the effects of various technological methods, CO, maceration
and thermal treatment, as well as the type of alcohol and the
method of fortification, on the composition and quality of
Cahors wine material samples is highly relevant.

Based on the above, it can be concluded that these stud-
ies-focused on determining the composition and quality
of wine samples depending on the production method, the
type of alcohol, and the fortification procedure, as well as on
investigating the effects of various technological approaches
(including maceration duration and thermal treatment) on
the physicochemical composition of wine materials-are of
significant scientific and practical relevance.

2. Literature review and problem statement

In the paper [1], the results of a study related to the eval-
uation of the quality of wines obtained from certain clones
of the Merlot and Cabernet Sauvignon grape varieties are
presented. It is shown that the three-year average indicators
of the evaluated clones of Merlot and Cabernet Sauvignon
demonstrate the feasibility of producing wines from these
varieties in the given region. In particular, it is reported
that Merlot clones 181, 346, and 348, as well as Cabernet
Sauvignon clones 18A and 163, produce wines with a rich
composition. However, this study has unresolved issues, as
it covers a limited number of clones from only one region
and does not provide comprehensive information on wine
quality across the entire country and the studied varieties.
To address these shortcomings, another study encompassing
a broader area-five regions and the same two varieties - can
be cited. This approach is reflected in [2], which investigates
the anthocyanin profile of Cabernet Sauvignon and Merlot
varieties in five regions of Xinjiang. It was found that, for
Merlot, higher anthocyanin concentrations were observed in
southern Xinjiang under relatively lower average tempera-
tures and higher relative humidity. Compared with Cabernet
Sauvignon, Merlot was reported to be more sensitive to envi-

ronmental factors, with its anthocyanin composition varying
across regions.

The paper [3] presents the results of a study on the ef-
fects of various processes on the production of clarified red
grape juice. It is shown that these processes ensure a 30.9%
reduction in total phenolic compounds and a 99% reduction
in turbidity. However, in this study, other factors affecting
the content of total phenolic compounds, anthocyanins, and
turbidity are not comparatively evaluated. The paper [4]
reports the results of a study on the evaluation of the phys-
icochemical parameters of wines obtained from the Syrah
grape variety grown under different conditions. It is shown
that the composition of wines produced from winter-grown
Syrah vineyards located from north to south and from east to
west differs significantly. Based on the results, it is suggested
that this factor can be used to manage the production of in-
dividual wine styles.

The paper [5] presents the results of a study aimed at
determining the optimal method for quantifying resveratrol
in three different grape varieties. It is shown that, for the
extraction of resveratrol from 1 g of berry skin or leaf tissue,
10 mL of a 50:50 methanol-ethanol mixture should be used
under dark conditions at 25°C for 24 hours. However, this
study does not address other groups of stilbenes or phenolic
compounds. Article [6] reports the results of studies related to
the determination of wine origin. It is shown that identifying
the chemical compounds present in wine and the differences
between them is important for determining wine origin.
Phenolic and aroma compounds are identified as the most
important factors determining wine quality. However, the
individual roles of different groups of phenolic compounds
and specific aroma components are not addressed, making
the study impractical for applied purposes.

The paper [7] presents the development and application
of an express method for determining the phenolic content
of winemaking by-products. It is shown that seeds, skins,
stems, and pomace exhibit different phenolic profiles and an-
tioxidant activities in terms of quality and quantity. However,
only three groups of phenolic compounds were identified and
studied, while other groups were not considered. The paper [8]
presents the results of studies on various maceration methods
and different processing techniques. It is shown that microwave
and ultrasound treatments increase the content of polyphenols
with high antioxidant activity. Compared with enzymatic
methods, catechins increased from 0.87 to 37.40 mg/100 g
and trans-resveratrol from 0.09 to 0.23 mg/100 g. However, no
comparative analysis of other alternative methods and macer-
ation techniques was performed.

The paper [9] presents the results of studies on the deter-
mination of phenolic compounds and antioxidant properties
at different mash maceration durations. It is shown that,
as the maceration duration increases, the total content of
phenolic compounds, anthocyanins, hydroxycinnamic acids,
and antioxidant activity also increase. However, this study
does not address the qualitative composition of phenolic
compounds and anthocyanins, and different phenolic groups
are not represented. The paper [10] presents the results of
studies aimed at improving the quality of aronia juice. It is
shown that, compared with traditional methods, ultrasound
and microwave technologies open new possibilities for qual-
ity improvement. The extraction of color, sugars, acids, and
phenolic compounds improves. However, a limited number
of maceration methods were used, and the issue was not re-
solved at the industrial scale.



The paper [11] presents the results of studies on thermal
and enzymatic treatments. It is shown that thermal treat-
ment increases flavanol concentration by 41%. In general,
thermal and enzymatic treatments-especially at high enzyme
concentrations-increase the quality and content of biologi-
cally active components in juice obtained from the Merlot
Cantus variety. However, this study does not present results
on the negative effects of thermal treatment on biologically
active components. The paper [12] reports the results of
a study on the combined effect of thermal treatment and
pectolytic enzymes. It is shown that the combined effect of
different concentrations of pectolytic enzymes and thermal
treatment increases the content of biologically active com-
pounds and juice yield in Merlot Cantus grape juice. A total
of 78 individual phenolic compounds were more pronounced
during treatment with high enzyme concentrations. Howev-
er, other components contributing to extractability, including
polysaccharides, were not investigated.

The paper [13] presents the results of studies on cold macer-
ation. It is shown that prolonged maceration enhances the color
intensity and aroma of wine obtained from the Syrah variety,
while also increasing astringency, which is reflected in the
organoleptic properties of the wine. The paper [14] presents the
results of a study examining the effects of various pre-macera-
tion methods. It is shown that maceration methods that include
preliminary thermal treatment produce lighter or redder juices.
After fermentation, all samples were characterized by weak red
and more yellow hues. This indicates that these methods do not
produce wines with an intense red color.

Article [15] presents studies on experts’ mental perceptions
of oxidation. It is shown that the views of 26 French experts, half
from Burgundy and half from Jura, on oxidation are generally
consistent, although their opinions on oxidation types differ.
This study is purely sensory in nature and reflects subjective ex-
pert opinions, making practical application difficult. Article [16]
presents the results of studies on oxygen addition during alco-
holic fermentation and lees aging. It is shown that oxygen ad-
dition at early stages of winemaking can significantly affect the
composition of volatile compounds and organoleptic properties,
influencing wine style diversification. However, these studies do
not focus on the physicochemical composition of juice and wine
material following oxygen addition.

Article [17] presents the results of studies on three
widespread non-microbial wine defects. It is shown that
preventive measures play a key role in eliminating non-mi-
crobial defects in wine. However, no experimental studies
are provided. Article [18] presents the results of studies on
maintaining wine quality from production to consumption.
It is shown that balanced effects of closure selection, oxygen,
temperature, and light are vital for preserving wine quality.
However, as in [7], no experimental results on physicochemi-
cal and sensory characteristics are presented.

Article [19] presents the results of studies on the compo-
sition and quality of products obtained from unripe grapes. It
is shown that, although such products are often considered
vineyard by-products, they are rich in various compounds,
including organic acids, phenolic compounds, vitamins, and
mineral salts, and are important for the pharmaceutical,
cosmetic, and food industries. However, this study does not
investigate the possibility of using such raw materials for
the production of different wines. Article [20] presents the
results of studies on the extraction of phenolic compounds
from winemaking by-products. It is shown that phenolic
compounds extracted and purified from winemaking resi-

dues by water extraction are as effective as commercial grape
extracts. However, changes in the content of other extractive
substances, as well as their separation and use during purifi-
cation, are not addressed.

Article [21] presents the results of studies on fruits rich
in valuable compounds. It is shown that Opuntia ficus-indi-
ca fruits are rich in compounds with high nutritional value
and medicinal properties. However, no studies are provided
on the extraction and specific use of these compounds. Ar-
ticle [22] presents the results of studies on obtaining wines
of different colors from the autochthonous Madrasa grape
variety. It is shown that, according to the developed techno-
logical scheme, it is possible to produce delicate white wines,
slightly different rosé wines, and extract-rich red wines from
the red Madrasa grape variety. However, detailed analyses
of phenolic compounds, anthocyanins, and their qualitative
composition are not performed.

One way to overcome this limitation is to study the
content of phenolic compounds at different maceration du-
rations. This approach is reflected in [23], where Madrasa
grape mash was macerated for different durations and at
different temperatures, and the phenolic compound content
was determined in each case. It was found that higher levels
of phenolic compounds were obtained when the mash was
macerated for 144 hours at room temperature (20°C) and for
96 hours under cellar conditions (10°C). However, changes in
color intensity were not investigated.

Article [24] presents the results of studies on producing
wines from red grape varieties without maceration. It is
shown that, in some grape varieties where color compounds
are located in the skin, gentle separation of the skin without
maceration yields uncolored white wines. Prolonged macer-
ation affects wine color intensity. However, individual color
components and their qualitative composition are not exam-
ined. Article [25] presents the results of studies on juices and
wines subjected to various processing methods. It is shown
that, compared with traditional (thermal pasteurization)
methods, samples treated with ultraviolet radiation practi-
cally retained their natural color and flavor, although phys-
icochemical parameters changed more significantly under
traditional processing. However, different groups of phenolic
compounds were not comparatively studied.

Article [252] presents studies on enriching wine compo-
sition by adding extracts obtained from pomace. It is shown
that, in functional wine samples prepared with added extracts,
the phenolic compound content increased by 100 mg/dm?3,
along with increases in vitamin and resveratrol content.
However, this study is applicable only to individual grape
varieties and cannot be generalized to wines produced from
all grape varieties. Article [26] presents studies on the effect
of initial raw material processing on the extraction of pheno-
lic compounds. It is shown that initial thermal treatment of
raw materials increases the content of phenolic compounds.
However, a decrease in ascorbic acid-one of the main compo-
nents-negatively affected overall quality.

Article [27] presents studies on the effect of cultivation
conditions on the composition of juices and wines obtained
from cherries. It is shown that the growing zone significantly
affects the dry matter content of the resulting juice, while
soil and climatic conditions also act as influential factors.
However, the qualitative composition of phenolic compounds
and anthocyanins is not investigated. Article [28] presents
results of studies on factors affecting malt enzyme activity.
It is shown that the aminolytic and saccharifying activities



of barley and rye malt enzymes depend on temperature. Ar-
ticle [29] presents the results of studies on new malt extracts
for the production of non-alcoholic beverages. It is shown
that buckwheat extract powder can be used as an ingredient
in beverage production and as a standalone product for indi-
viduals with gluten intolerance.

The analysis of the conducted literature review shows that
individual factors affecting the composition and quality indi-
cators of Cahors wine material have been widely studied in
various research works. However, in existing scientific studies,
the complex and interactive mechanisms of these factors have
not been systematically investigated. Thus, the effects of the
methods of obtaining Cahors wine material and the ingredi-
ents used on its physicochemical composition and quality in-
dicators have not been sufficiently substantiated. In particular,
the regularities of the influence of applied technological meth-
ods -including maceration duration, thermal treatment of the
mash, and other technological parameters — on the chemical
composition of the wine material have not been determined.

At the same time, a unified methodological approach
has not been formed for the comparative analysis of the
composition and quality indicators of wine samples obtained
depending on the type of alcohol and the fortification regime.
In existing studies, the mentioned factors have mainly been
studied separately, while their interaction and synergistic
effects have not been adequately evaluated.

The fact that these issues remain unresolved is associat-
ed with a number of objective and subjective reasons. These
include the lack of standardization of research methods and
technological regimes, the diversity of raw materials and
ingredients used, differences in experimental conditions, as
well as the multifactorial and complex nature of technological
processes. Thus, based on the conducted literature analysis,
it is determined that there are still significant scientific gaps
in studying the complex effect of the technology for obtaining
Cahors wine material, the ingredients used, and technolog-
ical parameters on its composition and quality indicators.
This, in turn, conditions the existence of an actual scientific
problem in the field that requires a solution and necessitates
conducting targeted research in the specified direction.

3. The aim and objectives of the study

The aim of the study is to identify the factors affecting the
composition and quality of Cahor wine material and thereby
improve the quality of the wine.

To achieve this aim, the following objectives were set:

-to determine the influence of various technological
methods on the physicochemical composition of Cahors wine
material samples;

-to study the effect of heat treatment regimes on the
physicochemical and organoleptic characteristics of Cahors
wine material.

4. Materials and methods

The object of the study is the technology of producing
high-quality Cahors wines. The hypothesis of the study is
that the quality and chemical composition of Cahor wine
material are closely related to the initial characteristics of the
grapes (sugar content, acidity, phenolic compounds), as well
as to the parameters of fermentation and thermal processing,

and storage conditions; when an optimal combination of
these factors is selected, the color, taste, and aromatic char-
acteristics of the wine material can be significantly improved.

Assumptions adopted for the study:

- the composition and quality of Cahors wine material di-
rectly depend on the biochemical characteristics of the grape
variety used (sugar content, acidity, phenolic substances);

- with the increase in the technological ripeness level of
grapes, the amount of sugar and extractive substances in the
wine material increases, but acidity decreases, which affects
the balance of the product;

- the temperature regime of the fermentation process has
a significant effect on the preservation of color substances (an-
thocyanins) and aromatic compounds in Cahors wine material;

- heating of the mash (in accordance with Cahors tech-
nology) increases the extraction of phenolic substances and
color components, thereby improving the color intensity and
structure of the wine material;

- an increase in alcohol content enhances the stability of
extractive substances, but at high levels may disrupt the taste
balance;

- the yeast strains used have a significant impact on the
aromatic profile of the wine material and the composition of
fermentation products;

- storage duration and conditions (temperature, contact
with oxygen) affect the chemical stability and organoleptic
indicators of Cahors wine material.

Simplifications adopted for the study:

- the grapes used during the study are of the same variety
and grown under the same agrotechnical conditions, i.e.,
homogeneity is accepted;

- the technological processes (crushing, fermentation,
heating, etc.) for all samples are carried out under the same
standard regime;

- the influence of climate, soil and other ecological fac-
tors is assumed to be constant and unchanged;

- the effect of production equipment on the material is
assumed to be minimal and at the same level;

- the fermentation and oxidation processes proceed un-
der ideal conditions without side reactions;

- operator influence in technological processes is not
taken into account and it is assumed that all operations are
carried out accurately;

—errors of measurement methods are not taken into
account and it is assumed that the results are obtained with
high accuracy.

The main idea of the study is to determine the influence of
various technological methods and heat treatment regimes on
the physicochemical composition of wine samples, as well as to
investigate the effects of alcohol type and fortification procedure
on the physicochemical characteristics of Cahors wine material.
The application of modern processing techniques and analytical
methods significantly facilitated the research process.

Grapes cultivated in the Ganja region (Gdygdl, Ganja,
Shamkir, and Samukh districts) were used as raw materials
for the study. During harvesting, the grapes were cleaned
of diseased and damaged parts, leaves, broken shoots, dust,
and other impurities. The raw material was then divided into
equal portions (40 kg each).

In the study, raw materials harvested from vineyards culti-
vated in the Ganja region (Goygol, Ganja, Shamkir, and Samukh
districts) were used. During harvesting, grapes are cleaned from
diseased and damaged parts, leaves, stem fragments, dust, etc.
Then they are divided into equal-weight portions (40 kg each).



The first sample is crushed and fermented together with the
stems (using the Kakheti method). In subsequent samples, the
stems are separated and crushing is carried out, and processing
is performed according to the following variants: the crushed
mass is immediately pressed and the juice is separated (white
method), and fermentation takes place in the juice. Other por-
tions are macerated in CO, atmosphere for 12, 16, and 36 hours;
fermented in the crushed mass (red method); the crushed mass
is heat-treated at different durations and temperatures (ther-
movinification); and alcohol enrichment of the crushed mass is
carried out (Kurdamir method). Then the crushed samples are
pressed separately and collected. A portion of the samples ob-
tained for each variant is taken for analysis, and the remaining
main portions are subjected to further processing.

In the first variant, the grapes were crushed and fer-
mented together with stems (Kakheti method). In subse-
quent variants, the stems were removed before crushing,
and the mash was processed according to the following
schemes: immediate pressing of the mash with fermentation
carried out in the juice (white method); maceration of the
mash in a CO, atmosphere for 12, 16, and 36 hours; fer-
mentation on the mash (red method); heat treatment of the
mash at different temperatures and durations; fortification
of the mash (Kurdamir method). After processing, the mash
samples were pressed separately. A portion of the obtained
samples was used for analytical measurements, while the
remaining volumes were subjected to further technological
operations.

Heat treatment of the mash was carried out at tem-
peratures of 55°C, 65°C, and 75°C for durations of 2, 3, and
4 hours. Additionally, the possibility of using grape alcohol
and rectified wheat alcohol in fortified wine production was
comparatively evaluated. For this purpose, fortified wines
were produced using rectified wheat alcohol with a strength
of 95% (v/v) and grape alcohol with strengths of 65% and
87% (v/v), and the resulting samples were analyzed.

The physicochemical and organoleptic parameters of
raw materials, semi-finished products, and final wines were
determined using standard oenochemical analysis meth-
ods [30, 31]. Statistical analyses were performed using the
SPSS 18 software package [32].

The mass concentration of phenolic compounds in wine was
determined using the Folin-Ciocalteu method. The Folin-Ci-
ocalteu reagent oxidizes phenolic groups in the wine and is
reduced to form a blue-colored complex, the intensity of which is
proportional to the concentration of phenolic compounds.

Volatile components and bouquet-forming substances in
wine materials were determined using gas-liquid chromatog-
raphy with a flame ionization detector. The method is based
on gas chromatography principles. Metal content was deter-
mined by atomic absorption spectroscopy.

5. Results of studies on the identification of factors
affecting the composition and quality of Cahor wine
material

5.1. Determination of the influence of different
technological methods on the physicochemical indica-
tors of Cahors wine material samples

Taking into account the role of Cahors wines, the influ-
ence of fermentation carried out in a carbon dioxide environ-
ment on the amount of phenolic compounds and anthocya-
nins was studied (Fig. 1, 2).
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Fig. 1. Effect of carbon dioxide maceration time on the
amount of phenolic compounds
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Fig. 2. Effect of carbon dioxide maceration time on the
amount of anthocyanins

It has been found that the duration of carbon dioxide macer-
ation, although it does not significantly affect other parameters,
has a distinct impact on the amount of phenolic compounds.
For instance, after 12 hours of maceration, the concentration
of phenolic compounds was 1700 mg/dm? and the coloring
substances (anthocyanins) 410 mg/dm?, whereas at 36 hours of
maceration these values reached 2150 mg/dm?3 and 510 mg/dm?3,
respectively. The application of different technological methods
in winemaking also caused changes in the amount of anthocya-
nins at various stages of production. In wine materials obtained
through the red method (fermentation on the pomace), thermo-
vinification (heat treatment of the pomace), the Kurdamir meth-
od, and the Kakhetian method (fermentation with stems), the
anthocyanin content tended to decrease progressively during
the successive stages of production (Fig. 3).
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Fig. 3. Changes in the amount of anthocyanins (mg/dm?)
at different stages of wine production using different
technological methods



During the different stages of wine pro-

duction, the total amount of anthocya-
nins varied depending on the technologi-
cal method applied: 221.1-416.5 mg/dm3

Table 2

The effect of the extraction method on some compositional parameters of

wine samples

for the red method, 260.0-401.2 mg/dm3 . Volume Mass density
for thermovinification, 340-584.0 mg/dm? Options for | fraction of | |Titrating|Volatile| p 0. 1 o vides, | Extracted,
for the Kurdamir method, and 381-622 mg/dm? practice ethyl g/dm? a°1d5’3 a°1d5’3 mg/dm? o/dm’
for the Kakhetian method. A decrease in the - aleohol, % g/dm” | g/dm
amount of nitrogenous substances was observed | hite method 162 | 1601 | 5.1 0.2 185 16.7
during the fermentation process (Fig. 4). Com- (controD
pared with the control, it became clear that heat Red n.le.thOd. 161 | 1600 | 53 0.3 270 254
treatment of grapes intensifies the transfer of |Inermovinification| 160 |1601] 4.9 0.4 396 352
nitrogenous substances into the juice. While in [ Kurdamirmethod | 162 | 1602 | 5.0 0.3 294 328
the control the amount of total nitrogen before 4500
fermentation was 360 mg/dm3, in the exper- 4000
imental variant it reached 410 mg/dm3. Howev- 3500
er, the post-fermentation situation was somewhat ¢ 3909
different, with a greater decrease observed in the % 2500
experimental variant. € 2000

As is well known, in wines particularly those 1500
belonging to the Cahors type the amount of phe- 1000
nolic compounds is one of the main indicators re- 500 :L
flecting quality. Depending on the grape processing 0 - ‘
method, changes in the amount of anthocyanins Control (white Red method  Thermonification Kurdamir method

and in color intensity were observed during the fer-
mentation process of the obtained juice (Table 1).

It has been established that during the fermen-
tation of juice obtained through heat treatment
of grapes, a decrease in anthocyanins and color
intensity is observed as fermentation approaches its
final stage. In contrast, in wine material obtained by the red
method, an increase in the amount of anthocyanins becomes
noticeable. The studies showed that the use of different tech-
nological methods resulted in wine materials with diverse
compositions (Table 2, Fig. 5).
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Fig. 4. Changes in the amount of nitrogenous substances
during fermentation in samples prepared by different
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Fig. 5. Effect of extraction method on the amount of total phenolic

compounds and anthocyanins in wine samples

As can be seen, the wine samples do not differ significant-
ly in terms of alcohol, sugar, and titratable acids. However, this
cannot be said for phenolic compounds. For instance, while
the total amount of phenolic compounds in the control variant
was 980 mg/dm?3, in the sample prepared by the red method
it reached 2740 mg/dm3, during thermovinification it was
3230 mg/dm?, and finally, in the material obtained through
the Kurdamir method the amount rose to 3860 mg/dm3. A
similar situation, with some exceptions, was observed for
color substances as well. One such exception is that during
thermovinification, the amount of coloring substances was
lower than in the second variant (the red method). This can
be explained by the degradation of pigments under the influ-
ence of temperature during thermovinification.

5.2.Determining the effect of heat treatment re-
gimes on the physicochemical and organoleptic indica-
tors of cahors wine material.

One of the modern methods used in Cahors wine pro-
duction is thermovinification, which literally means “wine-
making by heating”. Even the ancient Greeks and Romans
practiced heating crushed grapes in
kettles. As a result, intensely colored
juice with a high sugar content (due
to gradual evaporation) was obtained.

Table 1

The fermentation continues, day

Preparation method and indications
0 05| 1 3 5

The end of the ferment

This process also contributed to the
production of wines resistant to spoil-

Fermentation of juice obtained from hot

age. Based on numerous studies, the

processing of grapes: 870 | 982 | 686 | 590 | 560 496 heating of the mash was carried out

. 3 .
- anthocyanins, mg/dm under three regimes: at 55°C, 65°C,
- color intensity 4.01(4.36|2.01| 1.7 | 1.9 1.20 and 75°C. To clarify the effect of heat

Red method (fermentation in the mash):

- anthocyanin content, mg/dm? 3601290 3511390 480

516 treatment on composition, a control

- color intensity 0.41|0.62 (0.65|0.96|1.42

mash without heating was maintained
0.88 alongside the heated mash. As seen, in




terms of the amount of phenolic and nitrogenous compounds
as well as organoleptic quality, the third variant (65°C) yield-
ed a more optimal composition (Fig. 6, 7).
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Fig. 6. Changes in some compositional parameters during
thermovinification

Studies show that heat treatment of grape mash enhances
the activity of the grape’s pectolytic enzyme preparations.
As a result, better clarification is observed in some wine
material samples. In this case, oxidases are also activated.
At 75-80°C, both enzymes become inactivated, and oxida-
tion and pectolysis processes are eliminated. This negatively
affects the clarification process of young wine material.
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Fig. 7. Optimization of hot processing temperature of the
pulp for organoleptic quality

Control
(without heat
treatment)

During organoleptic analysis, this variant was evaluated
0.2 points higher than the control. However, heating at high-
er temperatures resulted in a decrease in organoleptic quality,
with that variant being rated 0.1 points lower compared to
the control. In determining the duration of heat treatment,
the amount of phenolic compounds in the wine material
played a decisive role (Fig. 8).
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Fig. 8. Determination of thermovinification (heat treatment) time

based on the amount of phenolic compounds

As can be seen, all experimental samples differed from
the control by containing higher amounts of phenolic com-
pounds and color substances. Under the influence of heat,
the solid parts of the grape undergo faster maceration, the tis-
sues soften, and phenolic compounds pass into the solution.
Relatively long heat treatment (4 hours) was accompanied by
a sharp caramelized tone in taste and was rated 0.2 points
lower than the previous variant. In terms of quality, the
second variant (3 hours) was evaluated more favorably, being
awarded 8,7 points during tasting (Fig. 9).
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Fig. 9. Optimization of the hot processing time of the pulp
for its effect on organoleptic quality

Thus, after heating, the juice acquires significant color
intensity and a sufficiently high amount of anthocyanins,
which can further increase during pressing (in fermentation
without maceration). However, once fermentation begins,
a continuous decrease in their amount is observed, which
persists almost until the complete depletion of fermentable
sugars. Heat treatment was reflected to varying degrees in
the physicochemical and organoleptic properties of the wine
material. When the grape mash was heated, the amount of
tartaric acid in it nearly doubled, while the malic acid content
showed a slight increase. As the heating temperature in-
creased, diffusion intensified accordingly. A similar situation
was observed with the main cations as well. Fermentation,
accompanied by the formation of ethyl alcohol, also influ-
enced this concentration (Fig. 10, 11).

The significant differences observed between organic
anions and cations during fermentation and heating are
associated with their localization in different parts of
the grape berry (cell vacuole, pulp, skin, cellulose-pectin
membrane, seed). At the same time, both in juice and
wine, cations may be partially bound within colloidal
macromolecules; by the end of fermentation, the per-
centage content of these components corresponds to that
of their control samples (classical winemaking). Obser-

vations show that the decrease in tartaric and malic
acids during fermentation occurs as follows: during
mash fermentation, the concentration of tartaric acid
increases until the second day, after which it begins to
decrease until the end of fermentation. The amount of
potassium reaches its maximum at the conclusion of
fermentation. This clearly indicates that tartaric acid
located in the skin diffuses into the juice at the begin-
ning of fermentation simultaneously with potassium.
With the formation of alcohol, potassium tartrate pre-
cipitates, but the precipitation of potassium bitartrate
(wine stone) occurs only at the end of fermentation.
On the other hand, pressing grapes after heating ensures
the immediate extraction of skin components, which are
subsequently found in the juice. At the very beginning of
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heating, the juice becomes enriched with calci-

100

um, after which a significant amount of tartaric

acid anion precipitates together with Ca2+ and
K* ions. The concentration of calcium is

higher at the start of fermentation but equals
or falls below the wine content by the end
of fermentation (in classical winemaking).
Thus, the concentrations of tartaric acid and
Ca’t and K+ ions tend to equalize with their
levels in wine by the end of fermentation.
Studies aimed at determining the nature of
color changes during alcoholic fermentation
revealed that the intensity of color decreased
more significantly in the juice obtained from
heated grapes (Table 3). Unlike in classical
winemaking, where the amount of anthocy-
anins increases proportionally along with
the rise in color intensity, the fermentation of juice from
heated grapes shows two phases. In the early hours of fer-
mentation, the content of anthocyanins and color intensity
remains stable, but during the first 24 hours a significant
reduction in both is observed. The weakening of color
during fermentation cannot be explained by adsorption on
yeast, as its contribution does not exceed 2%.
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Fig. 11. Effect of heat treatment and non-treatment on the amount of anions

in the fermenting material

The amount of anthocyanins in wine material obtained
from heated grapes with added sugar increases with higher al-
cohol content. However, at 10% alcohol and above, stability or a
slight decrease is observed. It can be assumed that phenolic com-
pounds in general possess a certain solubility, but after a certain
amount of alcohol, their concentration begins to decrease. If this
factor is of a general nature, then a significant increase in color

through grape heating should not be expected.

2500 Even if all coloring substances are extracted from
2000 the skins, this assumption remains valid. Antho-
cyanins and phenolic compounds are more or less

E 1500 condensed, interact with other molecules, dissolve
% to a greater or lesser extent, and also undergo
g 1000 chemical transformations, many of which are not
500 yet sufficiently studied. Heating grapes enhances

the solubility of non-colored phenolic compounds.

0 This occurs to a greater extent in red winemak-
Before After Before After Before After ing (fermentation of the crushed mass without

Potassium Calcium Mg pressing) compared to winemaking without mac-

= Control = Hot processed grapes eration (fermentation of the pressed juice). In the

first case, three processes occur simultaneously:

Fig. 10. Effect of heat treatment and non-heat treatment on the amount of ~ fermentation, maceration, and alcohol formation.

cations in the fermenting material

The results are given in the table below (Table 4).
Table 3

Effect of heat treatment on the amount of anthocyanins and color intensity in fermented juice

. . . Winemaking in the classical method Fermentation of juice obtained from heated red grapes
Continuation of fermentation, hour - - - - - -
Anthocyanin content, mg/dm?| Color intensity | Anthocyanin content, mg/dm?3 Color intensity
0 252 0.37 816 3.08
3 248 0.45 810 2.98
6 244 0.47 824 3.35
10 200 0.48 936 3.36
24 260 0.51 596 1.23
72 302 0.81 508 1.00
96 400 1.16 540 1.20
The end of the ferment 468 0.75 476 0.92
Table 4
Effect of heat treatment on the content of colorless phenolic compounds in wine
Wine making method Leucoanthoc3yan1ns, Permanganate | Folin |Indicators at
g/dm number number | 280 nm
Fermentation of grapes without heating (fermentation on the press) 1.90 35 19 37
Fermentation of heated grapes (fermentation on the press) 2.68 46 25 47
Fermentation of pressed heated grapes (fermentation of the must using the
. . N 2.01 42 24 43
white winemaking method)




Hot processing enhances the solubility of colorless pheno-
lic compounds in grapes. It should be noted that, compared
to the white method (fermentation of pressed juice), in the
red method (fermentation of the crushed mass without press-
ing), more of such compounds pass into the wine material.
This is because, in the first case, heating, maceration, and
alcohol formation occur simultaneously. When grapes are
fermented without heating, the amount of leucoanthocya-
nins is 1.90 g/dm?3; when fermented with heating, this figure
increases to 2.68 g/dm3; and when processed with heating
using the “white method”, it reaches 2.01 g/dm3. As can be
seen, hot processing has a significant effect on the amount
of leucoanthocyanins, as well as on the permanganate index,
the Folin index, and indicators determined at a wavelength
of 280 nm. Another influential factor is whether the product
is fermented by the white or red method. The results show
that these indicators are higher when heated grape mash
is fermented. During fermentation of juice obtained from
heated grapes, a decrease in total and amino nitrogen was
observed. Thermal treatment of grapes enriches the wine
with nitrogen, including free amino acids (arginine, histi-
dine, and lysine) and peptides. It is assumed that peptides,
which quantity increases significantly during heating, play
an activating role in yeast propagation. Compared to wines
produced by classical methods, wines obtained from heated
grapes are usually not completely transparent, and their tur-
bidity remains for a long time. This fact, also confirmed by
other researchers, can be explained by the breakdown of nat-
ural pectolytic enzymes in grapes during heating. In classical
winemaking, these enzymes hydrolyze pectin, thereby en-
suring clarification. Wines from heated grapes are richer in
colloids, some of which possess strong protective properties
that prevent the sedimentation of suspended particles. The
addition of pectolytic enzyme preparations to juice obtained
from heated grapes reduces turbidity and improves filtration,
but the results still do not match the control samples made
from unheated grapes. In some cases, after not excessively
long storage or sufficient aging, wines from heated grapes
can become clear, producing a wine that is fine and delicate
like the control. Such wines are fuller-bodied, more velvety,
and smoother in texture. Thus, there is no general rule re-
garding the influence of grape heating on the organoleptic
properties of wine. The result seems to depend on the com-
position of the skins and seeds from which the substances
are extracted during heating. On the other hand, over time
the taste improves, and certain artificial notes (including
amino-like flavors) diminish. Compared with the control, the
color acquires brick-red shades more rapidly.

6. Discussion of the results on some factors affecting
the composition and quality of Cahors wine materials

The effect of maceration time in a carbon dioxide envi-
ronment on the amount of phenolic compounds was deter-
mined. It was found that as the maceration time increased,
the amounts of total phenolic compounds and anthocyanins
also increased. Changes in the amount of anthocyanins and
nitrogenous compounds were studied during the different
technological stages of wine sample preparation.

In wines obtained from both preheated and non-heat-
ed grapes, it was revealed that as fermentation of the juice
approached completion, the content of colored phenolic
compounds and color intensity decreased. However, in wines

obtained by fermenting the must, the amount of anthocy-
anins increased. The thermal treatment of the must was
carried out at 55°C, 65°C, and 75°C. Processing at 65°C
resulted in wine with a more optimal composition, which
was evaluated 0.2 points higher than the control. Prolonged
heating (4 hours) caused a strong caramelized taste, and this
variant was evaluated 0.2 points lower than the previous one.
In terms of quality, the second variant (3 hours) was rated
the best, with a score of 8.7 points. The physicochemical
and organoleptic properties of the heated samples reflected
these differences to varying degrees. Heating the grapes
enhances the dissolution of colorless phenolic substances. In
red winemaking, such compounds are extracted in greater
amounts compared to the white method. Unlike wines made
by the classical method, wines obtained from heated grapes
were less transparent and retained their turbidity for longer
periods.

The type of alcohol and the method of alcohol enrichment
have also been shown to affect the composition and quality of
Cahors wine material. As can be seen, this research work is
aimed at solving a complex problem by covering only part of
the factors involved. During the study of the effect of fermen-
tation carried out in a carbon dioxide environment on compo-
sition indicators, it was found that an increase the maceration
time from 12 to 36 hours leads to a noticeable increase in
the total amount of phenolic compounds and anthocya-
nins (Fig. 1, 2). Changes in anthocyanin were observed under
various technological methods, including the “red” method,
“thermovinification”, “Kurdamir” and “Kakheti” methods.

These processes was also observed during the production
of wine material from juice and during clarification and fil-
tration operations.

Compared with the “red” method and the amount of antho-
cyanins in the obtained juice decreased during “thermovinifica-
tion”. Although an increase in this amount was observed in the
“Kakheti” method with, a similar situation was also observed
in the “Kurdamir” method with pomace fortification. After fer-
mentation, although a several-fold increase in anthocyanin con-
tent was observed in the samples compared to the juice, across
the variants the values still tended to return to levels similar to
those in the juice. Clarification and filtration processes also led
to a decrease in anthocyanin content (Fig. 3). During fermenta-
tion, the amount of nitrogenous substances decreased, and this
decrease was much greater in the heated must compared to the
control. This is explained by the reducing effect of heat treatment
on nitrogenous compounds, as they undergo decomposition and
reactions with other compounds to form complexes (Fig. 4). It
was found that changes in anthocyanin content during fermen-
tation were more intensive in juice obtained from heated grapes
compared to fermentation in the must. In contrast, in the must
fermentation variant, the anthocyanin content increased toward
the end of fermentation. If the anthocyanin content in the un-
fermented sample was 360 mg/dm?3, by the end of fermentation
this amount reached 516 mg/dm?3. A similar trend was observed
in color intensity across the variants (Table 1). The study of the
effect of processing methods on the physicochemical indicators
of wine samples revealed that compared to the “white” method,
the “red” method, “thermovinification,” and “Kurdamir” meth-
od resulted in increased amounts of total phenolic compounds
and color substances (Tables 2, 5). The study of the effect of
thermal treatment regimes of the must on the physicochemical
composition of the samples showed that, in terms of phenolic
and nitrogenous compound content as well as organoleptic qual-
ity, the third variant, i.e., heating of the must at 65°C, produced



the most optimal composition. Heating at higher temperatures,
however, resulted in a decline in organoleptic quality (Fig. 6, 7).

In order to correctly determine the duration of heat
treatment, experiments were carried out with samples
processed for 2, 3, and 4 hours. The amount of phenolic
compounds in the wine material played a decisive role
in determining the duration of heat treatment. Studies
have shown that prolonged heating (4 hours) creates
a sharp caramelized tone in taste and was evaluated
0.2 points lower than the previous variant (3 hours of
heat treatment). The second variant (3 hours of heat treat-
ment), considered better in terms of quality, was awarded
8.7 points during tasting (Fig. 8, 9). The heat treatment of
the mash also affects the amount of cations and anions.
During heating, the amount of tartaric and malic acids
increased, in other words, the higher the temperature,
the greater the increase. During the process, a decrease in
the amount of anions and cations was observed, in some
cases nearly twice (Fig. 10, 11). Studies conducted to de-
termine the nature of color change revealed that during
fermentation of juice obtained from heated grapes, the
intensity of color decreased more significantly. While in
classical winemaking the amount of anthocyanins and
color intensity increase evenly, in the fermentation of juice
obtained from heated grapes, the anthocyanin content and
color intensity remained stable during the first hours but sig-
nificantly decreased within the first 24 hours (Table 3). Heat
treatment enhanced the dissolution of non-colored phenolic
compounds in grapes. In this case, wines obtained using the
“red” method contained more such compounds compared
to the “white” method. This is because, in the first case,
heating, maceration, and alcohol formation occur simulta-
neously (Table 4). During the fermentation of juice obtained
from heated grapes, the total and amino nitrogen content de-
creased. Although before fermentation the nitrogen content
of heat-treated samples was higher than the control, after
fermentation it was lower. Compared to wines produced by
classical methods, wines from heated grapes were usually
not completely transparent and remained cloudy for a long
time. This may be explained by the decomposition of natural
pectolytic enzymes of grapes during heating.

The limitations of this study are following:

— the study was conducted only on certain grape varieties,
and the influence of other varieties was not considered. This
limits the generalization of the results;

- climatic and soil conditions were assumed to be con-
stant, and the impact of different agro-climatic zones was not
separately investigated;

- since the technological processes were carried out un-
der laboratory or semi-industrial conditions, different results
may be obtained at an industrial scale;

- fermentation and thermal processing parameters were
studied within a limited range. Different results are possible
over a wider range of parameters;

- sensory analyses were conducted by a limited number
of experts, and the element of subjectivity in these evalua-
tions was not completely eliminated;

- the storage period covered a relatively short duration, and
the effects of long-term aging processes were not fully assessed.

In future research, it is considered appropriate to expand
work in the following directions:

- investigation of a wider range of grape varieties and
comparative analysis of their effects on the quality of Cahor
wine material;

-study of the influence of different climatic and soil
conditions (terroir factors) on the chemical and sensory char-
acteristics of wine material;

- modeling of production processes at an industrial scale
and conducting comparative analysis with laboratory results;

- application of mathematical models and statistical
methods for optimizing fermentation and thermal process-
ing parameters;

- comprehensive investigation of the effects of long-term
storage and aging processes on quality.

7. Conclusions

1. Compared to the “white method”, wine samples ob-
tained by variants involving contact with solid parts contained
higher amounts of extractive substances, including phenolic
compounds and nitrogenous components. During 12-hour
CO, maceration, the amount of phenolic compounds was
1700 mg/dm? and anthocyanins were 410 mg/dm?, whereas
during 36-hour maceration these indicators were 2150 mg/dm3
and 510 mg/dm?, respectively. The total amount of anthocya-
nins varied between 221.1-416.5 mg/dm? in the red method,
260.0-401.2 mg/dm?3 in thermovinification, 340-584.0 mg/dm?
in the Kurdamir method, and 381-622 mg/dm3 when obtained
by the Kakheti method. Compared with the control, it becomes
clear that the heat treatment of grapes intensifies the transfer
of nitrogenous substances into the juice. If the total nitrogen
content before fermentation in the control was 360 mg/dm?3,
in the experimental variant it was 410 mg/dm?3. However, the
post-fermentation situation was somewhat different, with a
greater decrease observed in the experimental variant.

2. Optimal parameters of mash heat treatment were de-
termined. Wine samples prepared with 3-hour heat treatment
at 65°C stood out in terms of composition and quality and
received 0.8 points higher than the control and 0.2-0.6 points
higher than other analogs during organoleptic evaluation.
Lower temperatures did not provide the desired effect, while
higher temperatures resulted in a sharp burnt tone and dete-
rioration of organoleptic quality.
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