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Table 1. The concentrations of fining agents.

Fining agents Control Concentration 1 Concentration 2 Concentration 4
Gelatin 0 3.7 ghl 7.5 g/l 15.0 g/hl.
Gelatin + Kieselsol 0 25g+25ml Sg+50mL 10+ 100 mL
Egg white 0 | 2 4
Isinglass 0 0.7 ¢/l 1.5 g/l g/l
PVPP 0 0.3 g/l 0.7 g/l 117 ¢
Bentonite 0 50 g/hL 100 g/l 200 g/l
Evaluation of antioxidant activities of wines
Total phenols Figure 2 demonstrates the antioxidant capacitics of
wines trcated with different fining agents concerning
4000 agent type, concentration and time of analysis. As in the
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Fig. 1. Total phenol concentrations (mg/L GAE) of wines treated
with different fining agents (gelatin, gelatin +Kieselsol. egg
white. isinglass, PVPP. bentonite) at three concentrations.
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Fig. 2. Antioxidant activity (%) of wines treated with different
tining agents (gelatin, gelatin +Kieselsol. egg white. isinglass.
PVPP, bentonite) at different concentrations.
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RESEARCH SUMMARY

Research urgency

Recent research has bestowed new effect to Kakhetian wines
and its consumption. In the past if its consumption was connected to
alcohol consumption, nowadays its use is highly important to human’s
health and prolongation of humans’ lifespan.

The solid parts of grapes in fermentation process enrich the
Kakhetian wine with biological active substances, specifically with
antioxidants. Current research is urgent as it is targeted at getting it in
a natural way, without using commercial fining materials, stabilizing

compounds and filtration.

Research goal
Kakhetian wine-making has a long history. Since the
discovery of biologically active substances — phenolic compounds
(antioxidants), which are necessary for humans’ live, in the solid
parts of grapes, a huge perspective was set for its mass production as
alcohol beverage as well as a necessary diet product for human’s
health.
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The solid parts of grapes (stalk, skin, pip) are partly studied,
but their examination is not done in all directions.

The goal of the research was to study chemical composition
of the solid parts of grapes and their influence on the quality of the
Kakhetian wine, for further regulation and perfection of technological

processes.

Research objectives

The main objectives of the research were:

¢ to define the amount of extracted biologically active
substances from the solid parts of grapes and the
regulatory of this process during the fermentation
process in Kakhetian wine-making,

o to identify the length of time for leaving skin
contact, using maximally ongoing oxide-reduction
processes in a qvevri,

e toimprove the organoleptic indicators of wine,

e to achieve its colloid and microbiological stability in
a short period without adding fining agent and
preservative substances and filtration, which would
support to maintain existing biological active

substances in wine,
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e to define the construction and size of a qvevri for
Kakhetian fermentaion and storing,

e Finally, to sum up all above mentioned points to
develop rational technologies for the production of
natural high quality colloid and microbiologically
stable Kakhetian wine.

The novelty of the research: the rational technology for the
Kakhetian wine, the optimum time for skins contact in wine is

defined and high economic efficiency is obtained.

The pragmatic value of the research

The scientific basics of the Kakhetian wine production are
elaborated. Rational technology was developed for the Kakhetian
wine, to obtain highly orgenoleptic and colloid stable wine. From this
technology application of fining substances and wine filtration are
eliminated.

The validity of gained results is expressed in accurate
analyses. All research was conducted 3 times; the means were
processed by mathematical statistics. Analyses were conducted in
the laboratory of the Institute of Horticulture, Viticulture, and
Winemaking and in the testing laboratory of Agrarian University of

Georgia Institute of Horticulture, Viticulture, and Oenology.
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Approbation
The research results were discussed in 2010-2011 on the
sessions of the faculty of agriculture and food processing at lakob
Gogebashvili Telavi State University.
Publications: 5 scientific papers are published. One of them
was presented at the First World Congress of Qvevri wine and 2 were

delivered at conferences.

Experimenting

Nowadays studies on antioxidants are especially emphasized,
since the shortage of antioxidants as well as their excess affects
humans and causes various diseases. Strong antioxidants from
flavonoids are catechins, polyphenol compounds, which are in a great
amount in grapes and wine made in Kakhetian way.

Grapes and wine tannins represent condensed compounds,
which are obtained by polymerization of some flavan molecules.
While ageing wine the degree of condensation is increased, which
influences the color of tannin in solution and its organoleptic
properties. The degree of condensation can be classified by defining
the average molecular mass.

Ribereau-Gayon defined this indicator; it is about 700 (in

young wine) and up to 4000 (in aged wine) (see tab. 1). It corresponds
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to the condensation of three Flavan molecules in young wine (chart
N2 formulas (8) and (9) 14 molecules in aged wine.

In very aged wines this molecular mass is reduced; it is caused
by transition of exceptionally condensed tannins into colloid condition
and later by their sedimentation.

Jurdi (1969) and Ribereau-Gayon (1973) presented several
schemes N3 (picture 1 and 2) which were obtained by condensation of
two or three elementary flavan molecules.

The condensation process can last until getting polymers

which consist of about 14 and/or more flavan elementary molecules.

Condensed phenol compounds content in different aged wines
(Ribereau-Gayon 1971)

Average Molecular Number of

Mass flavan
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Wine .
Vintage
sample
Produced
Wine
1914 1952
Vitis | 1957 1962
Vinifera | 1966 1967
1968 1969
Wine
from
hybrid | 1967 1968
types

Overall
tannins

gram/I

1,7 4,5
2,9
2,535
29 19
2,0

1,7 1,1

First
definition

739+49
3750+600
2995+400
2010+211
21344303
22004230

1071+58

895+ 34

2150+360
1900+235
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(R=H; Catechin) (R=OH; Lelcoantoclanidin)

Flavan
(I.ole_oantoela!lldln)
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Picture 2

1. Autocondesation of Catechin

H
{)
He O on
OH
OH
OH
OH
H ‘ OH
H
OH
2. Oxidative condensation of Catechins
H 0
7/
0
——
H OH

OH H
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Picture 3

Different schemes of Flavan molecule condensations

Flavans
(Catechins)
HO oxidable

condensation

The goal of our research was physico-chemical examination
of the Kakhetian wine produced by different technologies and
organoleptic evaluation, afterwards in winemaking refining and
implementing corresponding technological processes.
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Ongoing oxidative processes play important part in
production of high quality Kakhetian wine. Once grapes are pressed,
grapes juice and husks of grapes are constantly in enzymatic
fermentation process until the alcohol fermentation starts.

The transition of substances at the stage of fermentation is
caused by the mechanical and chemical composition of grapes,
activity of various enzymes in grapes juice, external temperature,
aeration, content of nonorganic catalysts, inhibitors, and activators in
grapes and grapes skins. The knowledge of essence of biochemical
and chemical processes during the fermentation process enables a
technologist to run these processes purposefully.

The chemical composition of the Kakhetian wine is
conditioned by substances from solid parts moving into the juice, as
well as the transition of substances, caused by ferments in husks of
grapes, which are oxidoreductases or oxide-reduction enzymes -
dehydrogenases, oxidases, peroxidases, catalases. Grapes, grape
juice, husks of grapes, overall are a product of organic composition,
which is quite rich in enzymes.

Oxidation usually happens by removing hydrogen from an
oxidable substance; therefore, the enzymes of this reaction are called
dehydrogenases.

According to Lashkhi A.D., when dehydrogenase removes
hydrogen from substrate into oxygen, it is connected to oxidase i.e.
oxidation is conditioned by oxidase system.

Diphenoloxidase oxidizes poliphenol-tanning and colouring
substances. It is protein which includes 0,2% copper. It is adsorbed
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on solid parts of grapes, skin, and pulp. In wine it can maintain about
60 % of its activity for more than a year.

In grape must poliphenoloxidase oxidizes poliphenols to
produce guinones, however it is again reduced to poliphenol by
ascorbic acid. The reactions are conducted in the following way:

Catechins + 1/2 02+ o- Diphenoloxidase —quyinones +
H20 (1)

quinones+ ascorbic acid ——» Catechins +
dehydroascorbic acid 2

quinones — coloured condensed product (3)

Oxidation system of ferments is affected while exposed to
air; it oxidizes pyrocatechines, pyrogallols, tyrosines, poliphenol-
catechines, etc.

Oxidation of poliphenlcatechines acquires great importance,
as one of these properties is used in the elaborated technology,
when at a definite fermentation stage grape juice separation,
providing conditions for improvement wine taste and colloid
stabilization.
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The significant result of the research was the discovery of
catechines and resveratrol in the wines made through the
experiment.

OH

HO N

OH

Resveratrol

Experiments were conducted in production conditions.
Rkatsiteli, a kind of grape was used to make the Kakhetian wine. 500-
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litre qvevris (a wine vessel, which is usually buried below ground
level) were used. Experiments were repeated for 2 years. From the
same vineyard physiologically ripe grapes were harvested, then
sorted out, after wine pressing, must was placed equally in all wine
vessels (qvevri); it filled 80% of the whole volume of a vessel. In all
vessels the fermentation went on with the help of wild yeast. The
fermentation process was observed. The samples of experimentally
made wine were chemically analyzed by the methods considered by
state standards which are accepted in Horticulture and Biochemistry.

Wine vessels were divided into control and experimental. In
control vessel from the first day of crushing to the end of
fermentation process the mass had been punched down with a
wooden stick (special tool) four times a day.

In experimental vessels, grape skins pushed to the surface
and other solids created caps, which were also punched down from
the first day of pressing with a wooden stick four times a day. The
punching down continued unless the sugar content in must was
reduced to 12%. At that time the must was maximally saturated with
CO2. Subsequently, once a day fermentation juice was completely
taken away and relocated through aeration in an empty vessel, later
on it was brought back through aeration in its original vessel on
grapes skins, where it belonged to. This process was repeated every
day unless the fermentation process was completely finished (it
approximately proceeded 7 days). After alcohol fermentation was
over and pomace of grapes descended to the bottom, 40 mg/I of
sulphur dioxide was added in both control and experimental vessels.
Then the vessels were filled up and in a traditional way, finally
covered with a stone closer, sealed with clay.
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The samples of wines were taken from both experimental and
control vessels every month and they were studied chemically and
given organoleptic evaluation (see table N4 and N5).

42



Table N4

g/l
The period of skin contact = B
; %D NI S Py o
5 of wine = = ® B 2 X
g E S o |8 2 o
s Z| o ® 2 o o c o
e 2| 2 I = = o £ 5 o
& £.73 o Q@ £ ¢ c 9 £
582 |E |2 |€f e |8 |5 |2
1 | Beginning of fermentation 1.000 12.7 55 035 4.8 215 20 10.1
2 | 1 month after fermentation | 0.9922 12.7 55 0.35 4.8 254 2.0 8.5
3 12 months after | 0.9919 12.6 53 0.38 477 25.0 22 93
fermentation
4 13 months after | 0.9920 | 12.7 5.0 0.38 477 255 23 9.2
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fermentation

= The period of skin contact of mg/

4 months after | 0.9919 12.7 50 0.35 4.8 24.5 23 10.1
fermentation

5 months after | 0.9918 12.7 50 0.38 4.8 235 23 9.6
fermentation
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Beginning of Fermentation -- 10,5 0,25 24 02 — 0.669 15

1 month after fermentation 760 12.8 0,35 2,5 0.18 8.5 0,705 18
2 months after fermentation 783 13,0 0,36 3,5 0.18 8.0 0,705 20
3 months after fermentation 875 14,0 041 5,2 02 94 0,860 25
4 months after fermentation 917 15,0 0,39 5,78 0.19 9.8 0,867 30
5 months after fermentation 817 14,0 0,39 5,7 0.37 9.8 0,867 30

Table Ne5
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During the aeration carbon dioxide is removed from wine and it is
enriched with oxygen. Generally in vessels while making wine according to the
Kakhetian technique during the phase of active fermentation the amount of
oxygen given to fermenting mass is restricted. This hinders the oxido-reduction
processes and partly inhibits the activity of yeasts.

Separating liquid from fermenting mass (sugar content 10%-12%) by
winnowing and taking back helps intensify oxido-reduction processes. Without
pressing grapes, maximum amount of grape juice is extracted from fermenting
grapes skins. It increases free-running fraction of wine and its enrichment with
nonaggressive (organoleptically) phenol compounds. Aldehydes can be easily
oxidized when exposed to air, creating acids which in inter-reactions with
spirits produce compound esters, which increase the abundance of wine
bouquet. The described process idiosyncratically influences wine taste and its
structure. Experimentally obtained wine samples are distinguished by clear
fruit and dried-fruit aroma.

During the aeration existing tannins react with proteins and
polysaccharides in wine. Oxidative and non oxidative polymerization occurs to
tannins. Non oxidative polymerization causes development of “compact
polymers”, which have limited ability to react with proteins. These kinds of
polymers are very important in Kakhetian wine-making to form fine structure
of wine and reach soft taste. “Compact polymers” react with salivary
glycoproteins (mucins) with difficulty and do not cause harshness and
astringency in wine.

During the aeration of fermenting grape juice, through oxidation,
polymeric tannin chain grows. This growth increases its mass and
sedimentation. At that moment all unnecessary organoleptically, coarse
polymers, which intensely react with salivary glycoproteins and induce
harshness and astringency in wine, are settled at the bottom.
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Air oxygen reacts with strong reducers — creating pyrocathechines,
ortho-benzoquinone, which may contain aminoacid or any compound as a
fragment.

OH 0

OH 0

Pyrocathechines, Ortho-benzoquinone,
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It is assumed that the analogue process can run in aminoacid ring
found in protein and induce sedimentation of proteins which results in protein
stability of wine. Phenilalanine when exposed to air transforms and its final

product is quinones.

N—¢—c
H c H2 OH
> O
Phenilalanine Quinones

In experimentally made wines the following were defined: alcohol,
titratable acidity, volatile acids, glycerin, antioxidant activity, overall amount of
phenols, content of resveratrol. It was experimentally determined, that in
vessels, wines made by aeration are quite different from wine samples from
control vessels. They differ by physico-chemical indicators as well as
organoleptically. Their quality surpasses greatly the quality of control samples.
The experimental samples are reasonably refined organoleptically, quite
mature and round in a short period of time. These samples are fairly stabilized
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regarding colloid turbidity. The control wines lag in taste properties and as it is
obvious from the table they contain phenols and small amount of antioxidants.

The answer to this phenomenon is the positive influence of oxygen
during the aeration, which helps to manage purposefully bio-chemical
processes in wine. In fermentation process the aeration facilitates physiological
activity of yeasts, which at last results favorably in development of wine
bouquet and its aroma. Using oxygen properly enabled us to acquire Kakhetian
type of wines, which are refined orgenoleptically and colloidal stable.

The abovementioned technology permits to acquire high flavour
qualities without application of fining substances. It maintains high nutritional
and medicinal properties of wine. All fining substances change a wine structure
and precipitates antioxidants and necessary microelements for human health.
From the table it is apparent that different fining agents reduced phenol
compounds and antioxidants.

Table 1. The concentrations of fining agents

Fining agents Control Concentration 1 Concentration 2 Concentration 4
Gelatin 0 3.7 g/hl 7.5 g/l 15.0 g/hl.
Gelaun + Kieselsol 0 Sg+25mh Sg+50ml 10 g + 100 ml
Egg white 8] 2 i

Isinglass 0 7 g/hl 1.5 g/hl 3 p/hl

PVPP 0 0.3 p/1 0.7 g/ 1.17 ¢
Bentonite 0 100 g/hl 200 g/l

Evaluation of antioxidant activities of wines

Total phenols Figure 2 demonstrates the antioxidant capacitics of
wines treated with different fining agents concerning
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Technological scheme

of rational technology of Kakhetian wine- making

Grapes should be harvested during the complete physiological ripeness.

1. Crushing grapes

2. Grape must (with a stalk - complete or partial, it depends on the
ripeness of stalk) placed in wine vessels, about 80% of whole volume of
vessel.

3. Empty space in the top of vessels is filled with CO2

4. Before fermentation the cap needs to be punched down twice a day.
Each time empty space in the top of vessels is filled with CO2

5. After the beginning of fermentation the cap needs to be punched
down four times a day.

6. After 10-12% of sugar content reduction fermenting juice is removed
from vessels by aeration and again poured back through aeration on
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10.

grape skins. This operation is conducted unless the complete fission of
sugar for about 7 days.

After complete fission of sugar vessels are filled up with the identical
wines from other qvevris.

When malo-lactic fermentation is over, 40-50 mg/| of sulphur dioxide
(SO2) is added and vessels are covered with stone closer and sealed.
Leaving wine on grape skins for 4 months.

Wine racking from grape skins, storing, maturing wine and bottling it.

Conclusions

It is established that for making high quality Kakhetian wine it is
imperative to use only the existing construction of a qvevri (a wine
vessel), which provides optimal conditions during the fermentation
process to regulate not only the temperature, but also optimum
contact of solid parts with juice during fermentation and later
maceracion on grape skins.

In Kakhetian wine-making the ongoing processes in vessels during
alcohol fermentation as well as maceracion on grape skins, correspond
the theory of slow oxidation, which results in high quality wine.
Through the experiment it is concluded that the solid parts of grapes (a
stalk, skin, and pip) take part in alcohol fermentation process and if
wine is left on grape skins stipulates the transition of maximum
amount of phenol compounds and antioxidants, which make the
Kakhetian wine a beneficial product of food ration.

In Kakhetian wine-making after alcohol fermentation is over, ideal
period for the skin contact is between 4-5 months, which is enough to
complete maturing of wine and the stability.
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It is defined that after 4-5 months in the Kakhetian wine in vessels the
most unstable colloids are settled to the bottom; afterward, this makes
wine colloid stable.

Rational technology of Kakhetian wine-making is developed.

The new technology of the Kakhetian wine-making excludes newly
acquired ways of wine processing; it stipulates production of natural
wine.

Economic efficiency of our developed Kakhetian wine production is
3500 GEL for 100 hl

New technology is implemented in production and wine obtained
through this technology is exported to some countries (USA,
Switzerland, Germany).
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