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Abstract: The aim of this research was the development of technology,
which is based on the winemaking from freeze dried grape raw materials.
Results of research on the drying of Cabernet Sauvignon grapes were
shown. The regimes of preparation of grape raw materials and its
subsequent freeze-drying are offered, providing the possibility of
successful use in the dried state in the technologies of winemaking. The
main feature is the use as a raw material of whole grape berries with skin.
The physicochemical analyses, the content of phenolic compounds and
sensorial analyses of wine produced by traditional technology, and wine
produced from freeze-dried grape raw materials were done. Their
comparative evaluation was carried out. It is shown that freeze drying
provides a high level of preservation of properties both in raw materials
and in the red wine. The sensorial analyses showed that the wine
produced by the proposed technology had a more intensive colour and
had a slightly more pronounced taste of sweetness and acidity compared
to traditional wine. The advantage of this technology is the ability to
transport the freeze-dried grape raw materials to any point close to the
consumer and to make wine there.
Keywords: Vacuum Freeze Drying, Grape Raw Materials, Wine,
Physicochemical Analyses, Phenolic Compounds, Sensorial Analyses

Introduction
The cultivation of grapes is at least 6,000 years
old. Back in Ancient Greece, the technologies of
viticulture and winemaking were widely developed,
then the grapes began to grow in all regions of the
Mediterranean, as well as in the regions of the
Transcaucasia. Grapes are an excellent raw material
for winemaking, because of grapes contains sugars
and acids in optimal quantities.
The culture and scale of the use of high-quality wines
from grape raw materials has a stable tendency to
develop, both in foreign countries and in Russia
(Jacobson, 2006). Numerous researches of the nutrition
of centenarians in the southern regions have proved that
50-100 grams of dry wine per day favorably affect the
body, as they are the source of a wide range of vitamins,
minerals and antioxidants (Antonini et al., 2005;
Stavridou et al., 2016; Johnson et al., 2006).
Bioactive compounds and vitamins, which are part of
the grape raw material, are unstable during storage

(Baraboy, 2009; Sen and Kesgin, 2014; Crisosto and
Mitchell, 2002). As a result, grape must be processed
within a relatively short time after harvest. For this
reason, traditionally the winemaking is tied to the
places of growing grapes. Therefore, there is a
situation in which specific brands of wines can be
produced only in a strictly defined place. This situation
leads to an inevitable increase in the prices of finished
wines from the customers, it connects with the costs of
transportation, storage, customs clearance. However, the
development of modern technologies for the preservation of
food raw materials through vacuum freeze-drying allows
radically changing this centuries-old tradition and
produce wine, for example, in the North of Russia or in
Finland from grapes grown in sunny Australia. Another
advantage of this technology is the possibility of
winemaking without being bound to the time of year.
The aim of our research was to develop a vacuum
freeze-drying technology of grape raw materials, to
make wine from this raw material and to compare its
quality with the traditional winemaking.
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carry out the fermentation reaction with maceration.
Then the prepared solution was pressing. After pressing
the juice was allowed to stand to separate the solids.
Then sulphur dioxide was also added to the grapes to
prevent oxidation and inhibit microbial activity. Then,
the process involved fermentation, formation of wine,
and its stabilization.
The freeze drying grape powder was rehydrated with
water in a ratio of 1: 3 (1 kg of dry grape powder per 3
litres of water) to a sugar content of 20±2 g L−1. The
product with water was mixed for acceleration the
process of a rehydration. The selected level of the ratio
of grape powder and water was successfully used in
experimental winemaking in volume of 50 litres.
Then sulphur dioxide was added to the prepared
solution in an amount of 75 mL per litre. At the same stage,
4 g of dry enzyme pectinase per 100 litres was added.
The grape pulp was inoculated with yeast 25 g per
100 litres. The fermentation with maceration was carried
out during for 5 days at a temperature of 25-32°C with
slow mixing. Then, the pulp was separated from the
solution by pressing and squeezing.
The sulphating was carried out in a ratio of 20 mg of
sulphur oxide per 1 litre. Further fermentation was
carried out at 22°C for about 7 days. The final formation
of wine took place for about 30 days, and then the wine
was stabilized, after the wine was bottled. The bottles
were stopped with cork and stored at 16°C until analysis.

Materials and Methods
Materials
Raw materials were grapes of European red variety
Cabernet Sauvignon, grown in the region of the
Krasnodar Territory (Russia) in September 2015.
The grapes were separated from the stems, crushed
together with berry skin, and the seeds were removed.
Grapes raw material was put on trays by layers; thickness
10±2 mm and then the trays were moved to freezing.

Freezing
Grapes raw material was frozen at -25°C under
conditions of forced convection (5-7 m/s) in a freezer for
5-7 h. It has been experimentally established that this
period was sufficient to freeze most of the moisture in
the raw material. The frozen product in the trays is
presented in Fig. 1.

Vacuum Freeze-Drying
For vacuum freeze-drying, trays with frozen grape
were placed in a lab scale freeze dryer SVP- 0.36 (Fig.
2), the design of it is described in (Semenov, 2013).
The choice of the parameters of vacuum freeze
drying grape was carried out as follows. It is known
that a high level of quality of thermo labile materials
during freeze drying is achieved when 80-85% of
moisture is removed by phase converting ice-to-vapour
(Popovski et al., 1975; Clark, 2009).
Numerical values of the quantity of frozen moisture (ω,
%) [omega] in the research samples at different freezing
temperatures (tf, °C) was calculated using the formula:
ω = (1 − tcr / t f ) × 100%

Physicochemical Analyses of Wine:
Alcohol Content
Ethanol production during fermentation was
monitored through the measurement of specific gravity
and corresponding potential alcohol content extrapolated
from the relation.
% Potential alcohol by volume = 1000 × (Starting
specific gravity-Final specific gravity) ÷ 7.36
(Duncan and Acton, 1967).
The actual alcohol content of the finished wine and
vinegar was measured by distillation (AOAC, 2007).
The test sample (100 mL) was diluted with 50 mL of
distilled water and the solution was neutralized with 1
M NaOH solution. The sample was then distilled at
100°C until 100 mL of distillate was obtained. The
percentage alcohol by volume was measured using an
alcohol hydrometer.

(1)

The cryoscopic temperature (tcr) was determined
experimentally and its value for the research red grapes
was min 1.5-2°C. The obtained value corresponds to the
data of other researchers (Alegria et al., 2014).
In accordance with the results of calculations from
formula (1) in the experiments on vacuum freeze drying,
primary drying was carried out at a temperature of min
30-35°С. At the secondary drying the temperature was
always the same, equal to 38-40°C. The total duration of
the drying cycle was 12-14 h. The final moisture content
of the freeze-dried grape was 1.5-1.8%.

Winemaking

Sugars

The winemaking of red wine from the freeze-dried
material included rehydration of the freeze-dried powder
from the grape pulp. Then sulphur dioxide was added to
the grapes to prevent oxidation and inhibit microbial
activity. Enzymes also were added to break down the
cell walls. The grape pulp was inoculated with yeast, to

Sugars were measured by Refractometer (RL3).

Acidity (Titratable)
Acidity (Titratable) was measured using Titrimetric
Method of AOAC (2007) (Method 962.12).
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Fig. 1. Cabernet sauvignon grape variety, crushed with skin and frozen for freeze-drying

Fig. 2. Head view of the lab scale freeze dryer SVP- 0.36

Acidity (Total Volatile)

Analysis of Organic Acids

Acidity (Total Volatile) of wine was measured
using Titrimetric Method of AOAC (2007) (Method
964.08).

Analysis of Organic Acids was measured by
Capillary Electrophoresis with Direct UV Detection
(Castiñeira et al., 2002; Mato et al., 2007).

Extract

Analysis of Phenolic Compounds:

Extract of Wine was measured using Pycnometer
Method of AOAC (2007) (Method 920.62).

Analysis of phenolic compounds in wine was
measured by Capillary Electrophoresis with Direct UV
Detection (Peres et al., 2009; Sáenz-López et al., 2003).

Specific Gravity

Sensorial Analyses

Specific Gravity was measured by Pycnometer
Method of AOAC (2007) (Method 920.56).

Sensory analyses of wine were determined using with a
panel of 9 panelists (5 males and 4 females from Moscow
State University of Food Production). The panel was
requested the participation of healthy adult volunteers (from
18 to 55) who were consumers of red wine and did not have
allergies concerning the consumption of wine.

Active Acidity (pH) Determination
Active acidity (pH) was measured using pH-meter
(Mettler Toledo AG). (Method 960.19 of AOAC)
(AOAC, 2007).
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Cabernet Sauvignon produced by the traditional
technology was used as standards. The sensorial analysis
included colour intensity (Colour); total aroma intensity
(Aroma), extract, acidity, sweetness, astringency. Panelists
evaluated each attribute using a ten-point scale to compare
red wine produced by the proposed technology with red
wine produced by the traditional technology and
analyzed as described above (Antoce et al., 2008; Antoce
and Namolosanu, 2010; Jackson, 2009). Then, panelists
evaluated overall acceptability of the proposed wine.

titratable acids content, volatile acids content, extract,
specific gravity, organic acids content in the finished wine.

Statistical Analysis

Sensorial Analyses

The results are presented as the values ± Standard
Deviation (SD). Tukey′s test (p<0.05) (Bower, 2009) was
used to detect signiﬁcant diﬀerences between treatments. Pvalues below 0.05 were considered significant.

Sensorial analyses of traditional wine and the wine from
freeze-dried grape raw materials are shown in Fig. 3.

Phenolic Compounds
Table 2 shows the content of phenolic components in
wines made using traditional and proposed technology anthocyanins, catechins, leucoanthocyanins, tannins
(polyphenols),
flavonols
and
flavones.
These
biologically active substances first of all form the
intensity of the colour of the finished wine and its taste.

Results
Vacuum Freeze Drying
The freeze-dried grape raw material was a porous layer.
It was easily breakable and converted into small particles.
The resulting fine particles were less hygroscopic than the
freeze-dried pure grape pulp without skin.

Physicochemical Analyses of Wine
Table 1 presents the values of physicochemical
parameters of the wine produced using the proposed
technology: pH, alcohol content, content of sugars,

Fig. 3. Sensory profile of the research wine

Table 1. Physicochemical parameters of the researched wine from freeze-dried grape raw materials
Physicochemical analyses
Standard
рН
3.0-4.2
Ethanol (% vol.)
>9
Sugar, g/l
<4.0
Acidity (Titratable), g/l
>4.0
Volatile acidity, g/l
<1.2
Total Extract, g/l
>18.0
Specific Gravity, d
Content of organic acids in wine:
Tartaric acid, g/l
1.5-5.0
Malic acid, g/l
< 5.0
Lactic acid, g/l
0.5-2.5
Succinic acid, g/l
0.25-1.0
The ratio of organic acids:
(Lactic acid + Malic acid)
Tartaric acid/(Lactic acid + Malic acid)
Tartaric Acid/Malic Acid
Table 2. Phenolic compounds of the researched wine from freeze-dried grape raw materials
Phenolic compounds (mg/l)
Traditional technology
Anthocyanins
350-500
Catechins
380-500
Leucoanthocyanins
90-180
Tannins (polyphenols)
600-4800
Flavonols
30-40
Flavones
2-8

214

Values
3.5+0.1
10.97±0.06
5.4±0.2
6.4±0.1
0.52±0.08
27.9±0.3
0.9993±0.0002
2.29+0.14
1.61+0.32
0.51+0.06
1.33
2.12
1.08
1.4

Proposed technology
410
450
140
2840
37
7
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Physicochemical Analyses of Wine

wine decreases. Specific Gravity at level 1 is a sign of
wine readiness. These values were obtained in our
research, which indicates the readiness of the wine.

Active Acidity

Organic Acids

Active acidity is required to confirm the quality and
identification of many foods. The pH forms the taste and
the shelf life of the finished wine, and pH is correlated
with the other properties. Freezing and freeze drying by
their physical nature are processes that do not lead to a
change in pH values in the dried raw materials.

Organic acids play an important role in the formation
of sensorial characteristics of wine. They determine one
of the most important indicators of wine tastecharacteristic for this type of active and titratable acidity.
The results show that the winemaking from the
freeze-dried grape raw materials does not lead to a
decrease in the level of acids in it compared with the
use of traditional raw materials from fresh grapes.
This is due to the fact that the vacuum freeze drying
was carried out without contact of the material with
oxygen, and prevented a change in the
physicochemical parameters of the raw materials.
The amount of lactic and malic acids and the ratio of
tartaric acid to the amount of lactic and malic acids are
indicators that are used to identify the authenticity of the
wine. Also important is the ratio of the two main acids tartaric and malic, and, the ratio influences on the taste
of wine according to Rodopulo (1983). Wine with a
better taste and bouquet is obtained at a ratio of 1: 1 to 1:
3 (Rodopulo, 1983). The results of the researches
correspond to these parameters characteristic of
traditional red wines (Seliverstova et al., 2001)
The results of the research showed that vacuum
freeze drying with the use of the calculated regime
parameters ensured the level of preservation of the
complex of native properties of grape raw materials,
allow to produce wines not inferior to traditional wines
made from natural grape raw materials. The proposed
regime parameters are adapted to the technical
capabilities of industrial drying equipment for
production of freeze-dried fruits and vegetables.

Discussion

Alcohol Content
The results of the researches showed that the alcohol
content was at the level of 11% by volume, and the
titratable acidity was 6.4 g/dm3, which indicates the
completion of malic-lactic fermentation. In the process
of fermentation of rehydrated freeze-dried grape raw
materials the alcohol content corresponding to the
generally accepted values for dry red wines is obtained.
The alcohol content also characterizes the preservation
of sugars during freeze drying, which have a major effect
on the fermentation process and its result.

Volatile Acids
Volatile acids of wine are by-products of alcoholic
fermentation. Volatile acids form its characteristic aroma,
which is an important property of the quality of wine.
Volatile acids are not stable compounds and their
concentration can be significantly reduced with the wrong
technology of winemaking. However, the proposed vacuum
freeze drying regimes provide a high level of preservation
of these acids. The volatile acid content obtained in the
research Table 1 corresponds to the values recommended
by the leading experts in winemaking. (Ferreira et al., 2000;
Oliveira et al., 2004; Vilanova et al., 2006; 2007).

Total Extract

Phenolic Compounds

Total extract is considered one of the important quality
indicators, allowing assessing the taste of wine. Many
components of extractive substances are consumed by yeast
and precipitate due to a decrease in solubility in the alcoholcontaining solution. The amount of extractive substances
can be reduced by filtration, heating and ageing of wine.
The content of the extract depends on the variety of grapes,
soil-climatic and meteorological conditions, the degree of
maturity of the berries, the way they are processed, and
also the type of wine (Chemisova et al., 2014; Comfort,
2008). In our research the total extract content corresponded
to the traditional values in the practice of winemaking.
This is also evidence that vacuum freeze drying
technology ensures the preservation of raw materials.

Taste and aroma of fruits and berries, their colouring
depends on the content of phenolic compounds. Phenolic
compounds play an important role in the metabolism, are
of great practical importance (Kravchenko et al., 2013;
López-Vélez et al., 2003; Lachman et al., 2009;
Kanner et al., 1994).
The data presented in Table 2 show the level of
preservation of phenolic compounds. Preservation of
phenolic compounds is important for the formation of
the colour of wine, and for its taste characteristics
(astringency and fullness of taste). We took for
research some grapes of high quality. In addition, in
the proposed technology, a peel of grapes was also the
raw material, it is rich in phenolic compounds.
Freezing and vacuum freeze drying in the
recommended regime parameters ensured the
preservation of phenolic compounds both in raw
materials and in the finished product.

Specific Gravity
It is known, the specific gravity of grape juice is
more than 1. During fermentation, the specific gravity of
215
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the achievement of the taste inherent in high-quality red
wines from the grape variety Cabernet Sauvignon.
The proposed technology of winemaking from
freeze-dried grape raw materials can be realized in
regions where grapes are not grown. This will reduce the
transportation costs for the delivery of wine to
consumers. Winemaking without being bound to the
harvesting time is another advantage of this technology
The authors received a patent for the proposed
technology (Semenov et al., 2017).

Sensorial Analyses
Dry wine produced by the proposed technology has
a gently red colour, a harmonious aroma with spicy
tones, and a full, harmonious taste. Panelists noted the
pleasant bitterness in the taste of wine, which is
usually due to the presence of succinic acid. Also,
panelists evaluated the shades of astringency in the
taste of wine, characteristic for red wines containing
tannins, catechins and leucoanthocyanidins.
The most important characteristic of wine is
aroma. According to the aroma, specialists can
determine what kind of grape is made of wine. They
can understand ages of wine and they can guess where
it is from. Variety of grapes and terroir is combination
of natural and climatic conditions in which it is
cultivated and it is the initial parameters for the
formation of wine aroma (Chemisova et al., 2014).
According to this significant attribute, panelists noted
that both variants of wines are identical.
During the sensorial analyses of the traditional
wine, the panelists evaluated its sweetness and
characteristic acidity. At the same time, the colour of
wine from freeze-dried grape raw materials was more
intense then that of traditional red wine. However,
these differences are insignificant and do not affect
the overall acceptability of the two variants of wines,
as they are practically equivalent.
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Our researches showed that grapes of the European
red variety Cabernet Sauvignon, assembled in the
region of the Krasnodar Territory (Russia), possesses
a complex of technological characteristics allowing it
used for traditional winemaking and for winemaking
from freeze-dried raw grape material for subsequent
use throughout the year.
We suggested and tested the regime parameters of
preparation, freezing and vacuum freeze-drying of raw
grape materials. They preserve the original properties of
raw grape materials for the production of wine,
comparable in quality with the wine produced by
traditional technology.
The important point of this technology is that raw
grape materials with grape skin is used for obtaining
freeze-dried fine particles, and the rehydration of the
freeze-dried particles is carried out by adding water in a
ratio of 1: (3-6) to a sugar content of 20±2 g L−1.
Freeze-drying
using
recommended
regime
parameters does not influenced significant on
physicochemical parameters, preserves phenolic
compounds grapes (anthocyanins, catechins, tannins,
leucoanthocyanins, flavonols and flavones), maintains
sensorial and taste profile obtained with their use wines.
The content of organic acids (tartaric acid, malic
acid, lactic acid, succinic acid) also does not change in
the dried grape raw materials. This also contributes to
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