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General description of the work

Actuality of the topic. The XXI* century poses new challenges for mankind's oldest
technological field, winemaking, where 80®-century Georgian enology traditions have potential
to propose effective solutions.

Only high-quality wine is competitive in modern wine market space. The grape quality
and strict adherence to technological rules is a great premise to produce high quality wine.
Specific grape cultivars, together with its origin — ‘“Terroir’, is directly linked with final taste,
aroma and chemical composition of the wine.

However, the visual appreciation is the first to come—clear wine is the most appealing
judging element for the consumers, though even slightly turbid product (even the wines taste
great) creates negative perception among customers to choose the wine for tasting. Clarity of the
wine is also an essential component for organoleptic evaluation of the wine. Turbidity is a bad
sign for the quality of the wine, that lowers the final product value. Wine is a living
organism that is particularly sensitive to environmental conditions. Also the combination of
wine chemical compounds plays geat role. One of the reason for the wine to be unstabile is the
invisible, small-size dispersed particles - colloids that are much smaller than true colloids in
molecular weight.

Grape juice contain largeramount of colloids, which are of various mass ratios depending on
the grape variety and origin. Few amount of those colloidal particles are transferred from grape
juice to the final product, however their proportion in the wine varies. They can cause
significant visual changes, including colloidal swelling, such asturbidity, unclarity, sometimes
creating sediments and etc.

Substances causing colloidal turbidity, including pectin substances of different origin (from
grapes, yeast or fermentation) often play negative role in wine clarification: mostly wine clarity
and clarity retention greatly depends on those substances.

The strategy for the winemakers is to study the main reason of colloidal turbidity
problems — connected with pectin substances, mainly dynamics of pectin accumulation related

with grape vegetation phases and also its impact on final wine quality.
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The aim of the thesis is to study one of the causes of colloidal turbidity problem in
various type of wines produced from different Georgian cultivars, particulary the effect of pectin
substance content and their impac on final wine.

Purpose and objectives of the study:The aim of our study was to determine the accumulation
of pectin substances in grapes and their impact on grape juice and wine quality. In order to
achieve this goal, the following tasks were required:

1. To Study dynamics of accumulation of pectin substances in the grape cluster and its
constituent parts, during different vegetative phases, such as: fruit set, veraison, fruit
ripening and over ripening period; besides to determine soluble and insoluble forms of pectin
substances and their overall quantitative content;

2. To study quantity of protopectin and pectin substances extracted from grape solid parts into
grape juice during physiological maturation;

3. To determine some fermentative chemical activity related with the yield of the different red
and white cultivar grape juice, the pectin content of grape juice and quantity of methanol
produced in wine;

4. To study quantitative changes of pectins and methyl alcohol in different type of the wines
and its impact on organoleptic characteristics of final wine.

Scientific Novelty: For the first tume we studied dynamics of pectin substance accumulation in

different appellation white and Saperavi grape (red variety) clusters and its constituent parts

(amongst Kisi vine variety was studied for the first time). The study took place during different

grape vegetative phases, such as a fruit set, verasion, fruit ripening and overripening period.

Besides soluble and non soluble forms of pectin substances and their overall quantity was

determined. The protopectin substances in red and white grape solid parts and their quantity

transferred to the grape juice during technical maturation was etablished. Some fermentative
chemical activity connected with the yield of grape juice produced from different white and red
grape cultivars, the content of pectin substances in grape juice.Quantitative change of pectin
substances and methyl alcohol in different type of the wines and finally their influence on wine

organoleptic characteristics was revealed.

32



Practical significance of the work:The practical significance of this work is that for the
first time, for grape cultivar Kisi (among other cultivars) the dynamics of accumulation of
pectinic substances during different vegetative phases (soluble and non soluble forms) was
determined.

The activity of some enzymatic substances towardsthe yield of grape juice produced from
different white and red grape varieties, pectin content of the grape juice and on the amount of
methanol produced in the wine was determined; also quantitative changes of pectin and methyl
alcohol in wines made by different technologies and their impact on organoleptic characteristics
of final wines was established.

The reliability of the obtained results is demonstrated by the fact that the study was
carried out by using modern methods, and the estimation analyzes were repeated 3 to 4 times.

Approbation:The results of scientific-research work (2016 - 2019) were presented annually
at other local and international conferences oflakob Gogebashvili Telavi State University,
Faculty of Agrarian Sciences.

Publication: The author of thesis has published 9 scientific works at local and international
journals. Amongst6 scientific research paper were published related with the results of the given
study paper.

Thesis content and structure: thesis consists of a general outline, a literature review, an
experimental section, and the conclusions; The study contains 149 pages in total, 17 tables and 4
charts, 1 image, 12 chromatograms and 89 references.

Experimental part
Object Selection and Research Methods
The dynamics of pectin accumulation in grapes

There are many factors affecting the biochemical characteristics of vines: vine variety,
location, soil, climatic conditions, agro-climatic events and more. The aim of our study was to
identify dynamics of pectin accumulation in different parts of the grape cluster during the phases
of fruit set, verasion, ripening and over ripening vegetative phases of 2017-2019 vintages.

During the 2018-2019 vintages, the discussion with viticulturists revealed that the

calendar vegetative phases of the grapes to be sampled (fruit set, verasion, ripening and over
33



ripening phases) varied greatly, such as Akhmeta Saperavi fruit set period in 2018 was 15.06 -
1.08, sample was taken on July 20. Similarly, vegetative phases of Saperavi and other white grape
cultivars: Rkatsiteli, Khikhvi, Kisi and Greens were identified. Fruit set period differences varies
among appellation micro zones. These differences depend on agro-ecological, agro-technological
and other conditions.

Similar differences are noted in other phases of vine development - verasion, ripening and
over-ripening period. The observations showed that the vegetative developmental phases of all
grape cultivars are the same. Fruit set, regardless of the appellation micro zones for all cultivars is
the the same: during 2018 vintage time it beganin June 10-20 and ended between July 25 and
August 15.

From fruit set grapes move to the ripening phase, which also counts for about 35 days.

Thus, the periods of development of experimental white and red vine varieties are
influenced by the year, vine variety, origin, soil, climate (which may vary by years) and other
factors. The fruit set period lasts 40-45 days, and verasion and ripening period varies by year and
place of origin and is approximately 35 days. However, there are exceptions, which are mainly
observed during different vintage time period.

Determination of the quantitative content of soluble and insoluble forms of pectin in a
cluster during various vegetative phases

The aim of this study was to determine the quantitative content of soluble and insoluble
pectin substances found in the cluster of some vine varieties, white and red grape during
different vegetative phases.

Protopectin is an initial form of pectin and is a precursor to other soluble pectin
substances and a source of supply for their production. The amount of soluble pectin in the
subsequent grape juice and wine depends on its content.

The aim of the study was to investigate the quantitative changes of protopectin in the
grape stems and berries content during different vegetative phases. Accordingly, the results are
presented in table 1.

As shown in the table 1, the amount of protopectin decreases in the grape stem and

berries from fruit set to the ripening period. Regardless of the appellationorigin of Saperavi, the
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cluster undergoes certain consistency: during fruit set period the protopectin content in the
cluster of Akhmeta Saperavi is 7,7283% calculated according to dry matter, and in all subsequent
vegetation phases (before over-ripeninng period) during verasion the content is reduced to 6,
9803%, and during ripening periodequals5, 3147%.

As for during over ripening period, the amount of protopectin in all of the samples
increases, due to berry skin cell degradation, byevaporation of the juice and increase in the

concentration of dry substances, including pectin compounds, in particular protopectin.

It is noteworthy that the highest ability to accumulate protopectin during the fruit set
phase, compared to other Saperavi samples, Kvareli Saperavi is distinguished by highest amount
of insoluble pectin content, that equals 7,8910%.

Tsinandali khikhvi amoung other white grape cultivars is distinguished by its high
amount of insoluble pectin substances, during fruit set it reaches 6.1257%, while Kisi variety
from Gulgula region only reaches 3.4956%.

In solid parts of the berires, specifically in skin, seed and pulp,the consistency of
protopectin content reduction is identified from fruit set to ripening phase. Kisi variety from
Kondoli region (3,9703%) is characterized by high content of protopectin during fruit set. During
ripening period, the lowest amount of protopectin is found in Kisi variety from Gulgula region
and Rkatsiteli variety from Tsinandali region (1.0460% and 1.0829%, respectively). The highest

content of protopectin is found in Mtsvane variety from Tsinandali region (1,6325%).
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Table 1

Protopectin content in Saperavi grape clusters and its constituent part of different origin according

to the phases
Calculate dry matter content of protopectin,%
In stems In berries
N Grape varie.t}f / Grape vegetative phase Grape vegetative phase
Place of Origin Fruit | verasi | ripe | Over | Fruit | Veras | Ripe | Over
set |on ning | ripeni | set ion ning | ripeni
ng ng
, 7.72 16.980 | 531 |5.672 | 1.876 | 1,490 | 1.03
1 | Saperavi/ Akhmeta 1.2178
83 3 47 3 0 0 45
5 Saperavi/ 745 |5.176 | 3.83 | 4.037 |1.877 | 1,431 | 0.96 10778
Akhasheni 43 |2 27 |5 4 6 17 '
, . 7.89 |6.237 |5.11 |5.234 | 4.021 | 3,376 | 1.03
3 | Saperavi/ Kvareli 1.3127
10 4 23 5 2 5 14
, .1 6.79 | 4.896 |3.97 |3.995 |2.173 | 1.741 | 1,05
4 | Saperavi/ Napareuli 1.2267
39 8 15 2 4 3 10
R 1727 |5.782 | 3.79 | 4.012 | 3.924 | 3,105 | 1,04
5 | Saperavi/ Tsinandali 1.3456
25 9 27 3 5 7 60
. 1732 |6.767 | 456 |4.610 |2974 | 1,353 | 1,00
6 | Saperavi/ Mukuzani 1.1293
46 6 78 5 2 3 89
7,41 5,973 | 3,77 | 4,593 | 2,807 | 2,068 |1,01
Average value 1,2183
08 3 00 7 8 0 72

The second form of pectinic substances is soluble pectin (hydropectin), which includes
pectin, pectic acid and their salts (pectate). Soluble pectin molecules are free from high-
molecular-weight compound chains (due to their cleavage at certain phases of vegetation and
protopectin destruction process) and are partially or completely demethoxylated.

Insoluble protopectin and soluble hydropectin Seperately in grape stem and berries,
according to vegetative phases.Quantitative content of insoluble protopectin and soluble
hydropectin according to vegetative phases was determined separately in grape stems and berries.

The results are shown in table 4.
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The process of the accumulation of hydropectins in grape clusters according to vegetative
phases, is very interesting. Studies show that during fruit set, their number is almost zero
(quantity of hydropectins produced from protopectins can only be sorted as minimal quantity).
During this phase, however, protopectin "prepares” for a significant transformation, which begins
during verasionand continues through ripening phase.

During verasion, almost in all grape varities, from different appellations, lower amount of
pectin substances is found in different parts of the cluster. Hydropectin produced in grape stem,
can be found next to protopectin that moves towards the berries, and hydropectin derived from
protopectin found in solid parts of grape berries, such as skin, seeds and pulp is mobilized into
grape juice.

For example, as a result of these processes, the destruction of protopectin in soild parts of
the grape is followed by the process of accumulation of hydropectin in the grape juice, which
lasts until ripening. The decrease in the amount of protopectin before maturity and the increase
in the amount of hydropectin over ripening phase result in a consistent increase in the
concentration of both of them.

Concentrations of protopectin and hydropectin in grape samples were determined
spectrophotometrically at a wavelength of 525 nm during fruit set, verasion, ripening and over
ripening phases. Please refer ro Tables 2 and 3.

According to the appellation origin, during ripening period Akhasheni Saperavi variety is
distinguished by ability to accumulate the highest number of pectin substances in soild parts of
grapes (0,003-0,5193 - 0,6787 - 0,8321 %%, from fruit set to over-ripening phase, respectively),
and during ripening period, hydropectin amount found in berries of Saperavi cultivar from
Mukuzani region is the lowest, (1,0089%), which is an important fact for future wine quality.

Among experimental samples of white grapevine have the highest ability to accumulate
hydropectin, Mtsvane cultivar from Tsinandali region, is characterized by the highest amount of
soluble pectin content increases from 0.0062% to 0.928% from fruit set to ripening
period.Rkatsiteli variety from Tsinandali region has the lowest amount of hydropectin
contentduring ripening period (0.0817%). It is noteworthy that during fruit set Mtsvane variety

is characterized by high protopectin content (4,0455%), and high hydropectin content during
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ripening period. Rkatsiteli variety from Tsinandali region that has the lowest protopectin
content, respectively has thesmallest amount of hydropectin during ripening period. However,
these empirical results cannot, be generalized to other varieties, since the high protopectin
content during fruit set period, may show little hydropectin content during ripening period, and

vice versa.

Table 2

Quantitative content of pectin substances in Saperavi clusters of different origin

Calculate pectin content by dry mass,%

N Grape variety / Protopectin Hydropectin
Place of Origin ) Verasio ) )
Fruit set Fruit set | Verasion
n

1 | Saperavi/ Akhmeta 2,1467 1,5720 | 0,005 0,2635

2 | Saperavi/ Akhasheni 3,2658 1,7735 | 0,003 0,5193

3 | Saperavi/ Kvareli 4,5246 3,5077 {0,010 0,4948

4 | Saperavi/ Napareuli 3,0743 2,1905 | 0,0006 0,4217

5 | Saperavi/ Tsinandali 3,9742 2,0293 | 0,0200 0,3063

6 | Saperavi/ Mukuzani 2,8964 2,0652 | 0,0012 0,2520

Average value 3,3136 2,1897 | 0,0066 0,3762

Studies of experimental samples revealed the tendency to accumulate high pectin
substance, mainly protopectin; however, according to the appellation origin and cultivar,
different amounts of soluble and insoluble pectins are present in grape stems and berries, but in
all cases there is one common consistency:during verasion, protopectin demethoxylation and
soluble pectin (hydropectin) accumulation in soild parts of the grape have already begun,

followed by grape pulp softening phase, followed by ripening phase.
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Table 3

Quantitative content of pectin substances in ripening and over ripening phases of white

grapeclusters

Calculate pectin content by dry mass,%

N Grape variety / Protopectin Hydropectin
Place of Origin o o o Overripenin

Ripening Overripening Ripening o
1 | Khikhvi/ Tsinandali 1,0330 1,1457 0,6123 0,8223
2 | Kisi/ Gulgula 1,2253 1,3683 0,5565 0,6247
3 | Kisi/ Kondoli 2,0358 2,1568 0,7461 0,8237
4 | Rkatsiteli/ Tsinandali 1,9892 2,3249 0,0817 0,1012
5 | Mtsvane / Tsinandali 1,0425 1,1623 0,928 1,3292
Average value 1,4606 1,6316 0,7073 0,7402

Quantitative change in total pectin content according to vegetative phases of grapes

Various technologies of wine making help to reveal and transform all chemical

components accumulated in grape berries during all previous vegetative phases. The grape

clusters parts, such as: stem, grape skin, pulp and seeds - enriches the grape juice with substances

that undergo various chemical, physical and biochemical changes and their interrelation in final

product wine express varied specific characteristics.

Vine varieties, environmental conditions and other factors influence the difference for

both mechanical and chemical composition of grape clusters.

This attitude is also reflected in inter-correlation of grape solid parts and grape juice.

According to all of the before mentioned, grapes can be used to produce different type of the
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wines (Kakhetian method (long skin contact), fortified wines and etc.), though it is evident if the
selection of vine variety changes the final product type also changes.

To produce high quality wines, one has to study technical and mechanical composition of
the grape and grape solid parts, those parameters influence the quality of future wines greatly.

The chemical composition of the grapes is quite complex and is represented by
compounds of different groups and classes that are unevenly distributed in the grapes.

Distribution of chemical components among individual grape cluster parts depends on the
vine variety and other factors; stems used during alcoholic fermentation enriches the final wine
with phenolic and pectin substances.

Grape stems have also positive impact. It forms pores during alcoholic fermentation and
supports grape juice in aeration process, that enhances the viability of yeast metabolism and
improves the grape juice fermentability pocess, also plays the role of drainage and facilitates to
remove marc fromgrape juice or wine during pressing.

If grape skin and seeds have been in contact with grape juice for a long time, then the
juice has ability to extract the constituent compounds that affects the quality of the product.

In different parts of the clusters, the amount of protopectin decreases in soild parts of the
grape, and hydropectin consistent accumulation takes place in the grape juice.

The aim of our study was to study the dynamics of total pectin content in different phases
of vine vegetation in some of the major vine species of Kakheti viticulture micro-zones.

As shown in the table, the total amount of pectin in all the appellations of origin and in all
experimental varieties of grapes varies at different stages of vine development. For example, in
the specific area of Tsinandali micro zone the total amount of pectin substances found in
Rkatsiteli grape clusters during fruit set was 2,8762%, during verasion it slightly decreased up to
2,8501% and during ripening phase it reached 1,6453%.

In the Rkatsiteli grape cluster, the total amount of pectin decreases from fruit set to
ripening period - from 2,8762% to 1,6453%, so by 42,8%. In over-ripening phase, its number
increases and equals 1,727%, which is at least 40% lower than that of pectin during the fruit set
phase, and compared with ripening phase is more than 5%.

The total amount of pectin substances is shown in table 4.
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Table 4

Quantitative content of dry and pectinic substances by vegetative phases in Saperavi grape clusters

Calculated total pectin content in
Dry matter content,%
dry mass.,%
N Variety / place of origin Vegetative phase of grapes Vegetative phase of grapes
. ) Over ) | .. .| Over
Fruit | Verasi . . . | Fruit | Verasi | Ripeni | ., |
Ripen| ripeni ripeni
set on set on ng
ng ng
1| Saperavi/ Akhmeta 18,3 21,22 | 274 | 4051 |2,1517 | 1,8355 | 1,4287 | 1,5021
2| Saperavi/ Akhasheni 23,2 2559 |323 | 385 3,2688 | 2,2928 | 1,9726 | 2,0040
3| Saperavi/Kvareli 17,7 19,8 29,3 | 335 45346 | 3,9995 | 3,4668 | 2,5535
4| Saperavi/ Napareuli 16,2 20,0 30,1 | 34,8 3,0749 | 2,6122 | 1,2195 | 1,2250
32,0
5| Saperavi/ Tsinandali 16,8 21,38 g 33,54 | 3,9942 | 3,9624 | 1,1539 | 1,2741
. . 245
6| Saperavi/ Mukuzani 15,3 19,3 3 31,8 2,8976 | 2,4974 | 2,3920 | 2,3972
On average 17,9 21,2 29,3 | 354 3,3203 | 2,8666 | 1,9389 | 1,8250

Investigation of the total quantitative change of pectin substances by the phases of

vegetation in grape clusters

The data obtained from experiments on other varieties also enables us to prove, that the

decrease in total pectins in the grape cluster from fruit set to ripening phase is a common

consistency for all trial vine species.

The amount of total pectin content in all varieties increases during the ripening phase

compared to the over ripening phase. This fact can be explained by the fact that during the

developmental phase of the vine (physiological maturity), its constituents lose interconnection,

disrupting the connection between both stems and berry cells. This results in partial evaporation

of the liquid mass in the cells and an increase in the concentration of dissolved substances.
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There is also a difference in the total amount of pectin substances among the grape
varieties, and this difference also depends on the appellation origin. During the ripening phase,
the total amount of pectin decreases as compared to fruit set and verasion phases.

In the ripening phase of the vine, the lowest content of pectins can be found in Rkatsiteli
from Tsinandali and Kisi from Kondoli region (1, 6453% and 2.0716%, respectively), and the
highest content is characterized forMtsvane and Kisis varieties from Gulgula region (2,5818%
and 3, 1708%, respectively);

A similar relationship is observed in the content of total pectin compounds of Saperavi
grape clusters. As observed, total pectin content was studied in Saperavi grape cluster during
different vegetative phases, the highest content was found during fruit set.

It was observed that pectin content in grape cluster from verasion to ripening phase
decreses. The quality of those changes depends on variety, appellation origin, more probably on
the age of the vine, agroecological conditions and other factors. The study results for Saperavi
grapes of different origin I shown by diagram, calculated according to average values:

The diagram shows that the average protopectin content in the clusters during the
vegetation phases decreases from fruit set to ripening, and slightly increases during over ripening
period. As for hydropectin and the quantitative content of dry matter, both values increase

unequivocally. At a higher degree, dry matter accumulates.
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Diagram 1. Diagram of change of pectinic substances of Saperavi grape
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Investigation of pectin content in grape juice of different varieties

The pectin content in grape juice deserves special attention as it has a significant impact
on the quality of future product. The moderate pectin content of grape juice plays an important
role in creating smooth, velvety and mild taste.

Pectin substances also have negative effects on wine. The presence of pectin in young
wines causes turbidity, as it is a protective colloid that inhibits wine turbidity and hinders the
filtration and sedimentation process.

The cell walls of the grape's skin contins various types of substances, such as: phenolic
compounds, colour compounds, aromatic compounds. Amongst is protopectin substance - a
source of pectin compounds in the vine.

As the grape matures, as a result of the process of breaking down the cell wall of the
berries, cellular constituents are moved into grpe juice, including pectin compounds.

The aim of our study was to determine the amount of soluble pectin substances in the
white and red grape juice of different varieties during technical maturity. The total amount of
pectin substances found in the grape juice and the insoluble pectin content in soild pats of
clusters are given in table 5. The table below shows the yield of grape juice (in deca liters),sugar
level of grape juice during maturation phase (%) and titrable cidity of grape juice duing same
phase (g /L).

As can be seen from table 5, the pectin concentration in all juices of different grapes in
the ripening phase is lower than the total amount of insoluble pectin residualsfound in grape
soild parts.

During the ripening phase, when the juice accumulates in the berries, the insoluble
protopectin gradually transformsinto soluble forms, moves to the grape juice, where the amount
of hydrolyzed pectins increases, causing softening of berries, ripening and extaction of juice from
berries becomes easier. However, insoluble pectin substances still remain in larger quantities in

grape soild parts.
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The transition from insoluble pectin to soluble form also makes grape pressing easier, so

the amount of free run juice greatly depends on it, which is about 35-40%.
Determination of technical conditions for pectolytic enzymes

Pectolytic enzyme activity is influenced by fermentation time and temperature. Its
activity is measured by the number of substances converted into a time period. The activity of
pectolytic enzymes reaches its optimum pH and temperature.

The aim of this study was to determine the activity of pectolytic enzymes in red and
white grapes. The object of the study was pectolytic enzymes,for which the technological
characteristics are shown in the study methods (Chapter 2.2).

One of the uses of enzymes in winemaking is to increase the yield of the grape juice,
which depends on the activity of those enzymes. Enzyme activity, in turn, depends on the
fermentation temperature.

To determine the activity of pectolytic enzymes, grape juice of Mtsvane variety from
Tsinandali micro zone and Saperavi grape variety were taken. The high content of pectin
substances was the reason to select Mtsvane variety for study, which is presented by protopectin
and hydropectin.

The reason of the expirement was to determine the activity of different enzymes at
different temperature produced by different brands. Temperature ranges 20, 30, 40, 50, and 70 °
C were selected to conduct an experiment. From initial must grape juice (free-run) was
established and total pectin content was analyzed.

2,5 liter of grape juice was taken from Qvevri, enzymes prepared in advance was added,
the samples were warmed up at the optimum temperature for fermentation. After fermentation
the samples were drained, must was measured and yield of the grape juice due to enzyme

activity was determined.The amount of pectins in grape juice was measured.
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Table 5

Grape sweetener solution and chemical composition

Sweet Pectinic substances
. . Protopectin
Grape variety / . Titrable ) )
. Solution, . in grape | Hydropectin
origin Sugar,% | acidity, ) Do
dcl solid in juice,%
G/L
parts,%
Rkatsiteli/
) ) 40,1 23,1 5,8 1,0330 0,0817
Tsinandali
Mtsvane/
) ) 39,5 21,6 5,7 1,2253 0,928
Tsinandali
Khikhvi/
] ) 37,6 20,8 6,1 2,0358 0,6123
Tsinandali
Kisi / Kondoli 38,2 22,8 5,4 1,9892 0,7461
Kisi/ Gulgula 38,1 21,2 48 1,0425 0,5565
Average value 38,7 21,9 5,56 1,4606 0,7073
Saperavi/ Akhmeta | 35,5 22,2 7,2 1,0386 0,3901
Saperavi/Akhasheni | 35,0 22,6 6,7 1,2390 0,6787
Saperavi/ Kvareli 35,0 20,7 7,6 2,9547 0,5121
Saperavi/ Napareuli | 36,2 21,0 7,0 0,7125 0,5070
Saperavi/
) ) 36,5 23,4 5,3 0,7459 0,4080
Tsinandali
Saperavi/
. 36,8 23,6 5,4 2,0363 0,3607
Mukuzani
Average value 35,8 22,25 5,56 1,4545 0,4766

As temperature increses enzyme activity increases consequentely, which is revealed by
increase of gape juice yield and amount of pectin substance. For example, when LAFASE® XL
EXTRACTION enzyme was used at 20°C, yield of Saperavi grape juice equaled 36.2 %, at 50°C
the yield was increased by 43.4 %, and at 70 °C reached 50 %.

By increase of grape juice yield, the amount of total pectins in juice was increased. After

tasting of the samples, it was proved that by increase of temperature above 40 °C the
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organoleptic properties of the samples were deteriorated - wine was characterized jammy
aromas and unpleasant astringent taste, which lead to unspecific parameters of wine colour,
aroma and taste.
Based on the results of the observation, for almost all enzymes the optimum fermentation
temperature was 40° ° C andduration 1 hour.
Influence of pectolytic enzymes on the yield of grape juice and pectin content of wine

In order to increase the yield of grape juice, the most active enzyme was selected among
the tested pectolitic enzymes: LAFASE® XL EXTRACTIONfor red grape varieties,
andLAFAZYM® 600 XL “Efor white grapes were selected.

Pectolytic enzymes react on the skin and pulp of the grape cell, and the amount of
hydropectins in the grape juice increases. As insoluble pectins undergo hydrolysis and transfers
into the fluid, which, due to their presence in juice, creates a risk of colloidal turbidity.

The purpose of our study was to investigate the impact of the pectolytic enzyme on the
amount of hydropectins found in grape juice, on the yield of the grape juice and the content of
pectin substance in the final wine.

The LAFASE® XL EXTRACTION enzyme for red varieties was tested, optimum dose was
tested in the Saperavi grape from Tsinandali egion. In case of white grapes, the LAFAZYM 600
XL ICE enzyme was tested on Rkatsiteli and Mtsvane grapes from Tsinandali microzone.

For Rkatsiteli, Mtsvane and Saperavi grapes, the yield of the grape juice was higher in the
samples with enzyme addition rather than without enzymes. For example, for Rkatsiteli the
range was increased from 40.1% to 44.3%.

Compared to the initial grape juice, the pectin content was decreased. For example: if the
initial amount of pectin in Saperavi grape juice was 1.1539%, without addition of pectolytic
enzyme it was reduced 47 times (to 0.0245%) and with addition of enzymes it deceased about
500 times (up to 0.0023%).

The same consistency is found with other sample wines.

The experiment provides a striking example of the effect of pectolytic enzymes to

increase the yield and reduce pectin concentrations in wine.
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Influence of pectolytic enzymes on pectin content of wine and the amount of produced
methanol

The trials on wines made with Kakhetian technology, were carried at normal ambient
temperature conditions. The chemical content and organoleptic properties differ from the same
characteristics of classical European wines. Due to the presence of grape solid parts during
alcoholic fermentation, together with other chemical substances, pectin subtsances are
transferred from grape soild parts into grape juice, many of which are degraded by
depolymerization and demethoxisation, which is followed by the formation of methyl alcohol in
wine.A small fraction of soluble pectins remain soluble in the final wine. Due to high quantity,
wines become unstable.

The aim of our study was to investigate the role of different pectolytic enzymes depicted
in the amount of residual hydrolyzed pectin compounds and methanol produced in the finished
wine. As fo reference wines, the same vine varieties without enzyme addition. For the study we
selected wines of Mtsvane and Saperavi grapes, rich with pectin substances during ripening
period.

The concentrations of pectinic substances and methanol determined in trial wines, made
according to Kakhetian traditional methodin Qvevri are given in table 6 and on chromatogram
1. As can be seen from table 6, wine made from Mtsvane variety is characterized by higher
amount total pectins compared to the wines with enzyme addition. The total amount was
0,2075%, while the amount of pectins in wines with enzyme addition varied from 0.1171 to
0.788. It seems that during fermentation, the pectolytic enzyme destroys the cell membrane and
as a result the constituent substances are transferred to grape juice (aromatic, phenolic, nitrogen
compunds and etc.). The amount of pectin substances in grape juice tends to increase, but the
enzyme continues to split pectins into pectic acid. While during alcoholic fermentation the
pectic acid is sedimented. At the same time, the enzymes polygalacturonase and methylesterase
continue to degrade pectin to galacturonic acid and, due to this, the grape juice becomes poor
with pectin substances. From the various enzymes used for white wines, the LAFASE®600
XLICE enzyme was most effective. The total amount of pectin in it

is 0,1171%.A similar attitude is observed in the samples of Saperavi wine with enzyme addition.
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Production and presence of methanol in the liquid: Its quantity depends on the degree of

pectin hydrolysis, pH and temperature.

Table 6
Influence of different pectolitic enzymes on Qvevri wine pectin substances and methanol
content
_ Concentration of pectin Methyl alcohol
Name of the wine ]
substances,% concentration, mg /1
Mtsvane
Control 0,2075 25
Enartis Zym AROM
0,1978 27
MP
Trenolin® Bukett DF, 0,1366 94
LAFASE®600 XLCE 0,1171 114
Control 0,1283 80
COLOR PLUS 0,1402 154
VIAZYM ROUGE 0,1351 180
Endozym ICS 10 Rouge 0,0838 183
LAFASE® XL
0,1278 174
EXTRACTION
_ Concentration of pectin Methyl alcohol
Name of the wine _
substances,% concentration, mg /1
Mtsvane
Control 0,2075 25
Enartis Zym AROM
0,1978 27
MP
Trenolin® Bukett DF, 0,1366 94
LAFASE®600 XLt 0,1171 114
Control 0,1283 80
COLOR PLUS 0,1402 154
VIAZYM ROUGE 0,1351 180
Endozym ICS 10 Rouge 0,0838 183
LAFASE® XL
0,1278 174
EXTRACTION
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Methyl alcohol content in wines varies depending on the activity of the used enzyme.
Where the pectin content is low, the concentration of methyl alcohol is increased. This fact
proves that pectin compounds were demethoxylated.

Confirmation of this fact is the correlation between the amount of pectin substances in
the control wine and the methyl alcohol content. In this case, on the contrary - the amount of
pectin substances is higher and methyl alcohol content is lower.

The same is true for Saperavi grape wine materials.

Studies show that the activity of pectolytic enzymes increasedthe yield of grape juice, also
the amount of methyl alcohol was increased, and most importantly, the amount of pectin
substances wee reduced. This is an important factor in stabilizing the future wine.

Although the methyl alcohol level has increased in the wines treated with pectolytic

enzymes, compared to the control wine, the amount still stays in acceptable norms.

Study of quantitative changes of pectin substance in wines made by different technologies

Pectin decomposition products givewine softness and velvety taste perception.However,
the pectin substancescan cause wine turbidity. Pectin is a colloidal compound, characterized by a
strong negative charge, it actively reacts with protein and does not allow tannins to form
protein-tannat compounds, thus preventing the process of flocculation in wine. As a result, the
sedimentation, wine clarification and filtration processes are hindered.

The purpose of study was to determine the quantitative changes of pectins and methyl
alcohol in the wines made by different technological process. Trials were conducted with wine
made from different grape varieties grown in different microzones, made according different
technological methods. The wines were produced at larger scale winery conditions, using

different technological processes. We followed all necessary production instructions.

Sample 1. Control - table white wine from Rkatsiteli variety made by classical technology

Sample 2. Rkatsiteli grapes fermented with grape solid parts in Qvevri
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Sample 3. Rkatsiteli grapes are destemmed and crushed and grape juice with grape solid parts
except stems is put into Qvevri vessel

N4. Mtsvane —destemmed and csuhed grapes fermented in Qvevri

N5 Mtsvane —wine fermented in Qvevr with grape solid parts except stems

N6. Mtsvane —wine fermented with grape solid parts, including stems

It is well known that red wine is fermented either with their grape solid parts, including
stems and only with must without stems. The red wine fermented without stems is softer and
elegant, rather than wines fermented with stems. Of course the constituent substances of the
stems play great role in the given fact.

It is necessary to have skin contactfor the production of table red wines. For Qvevri red
wine production process is similar with classical red wine production. Red wine organolptic
characteristic and colour is effected greatly by long skin maceration, racking the wine from
grape soild parts (marc) is unenecessary as it my cause pale colour and poor organoleptic
properties in the final wine.

Stems mature together with beries. Grape stems are the source for extracted ubstances,
such as tannins, pectin substances, etc. The wine fermented with stems too harsh and is
disntiguished with great astringency. Especially unripen stems - gives wine very unpleasant
taste. In case of ripen stems, it is important to maintain and then to involve in the fermentation
process.

Sample 7. Control red wine sample made from Saperavi grape from Tsinandali microzone,
according to classical method (with grape solid parts except stems)

Experimental Samples 8 and 9 were made from the same red wine materials, with grape
solid parts without stems and with stems

As shown in Table 7, the alcohol content of wines is quite high and exceeds 13 vol. %.
Exception is the sample No. 2 - Rkatsiteli with stems, alcohol volume content of 12,9 vol. %.
However, this volume is not considered as low alcohol content either. The amount of residual
sugars in these samples ranges from 0.1 to 0.3% and the given data are within the normal range.

The samples were also evaluated organoleptically by evaluation system with highest score

number 8. Rkatsiteli received the highest score,the one which was fermented with stems (7.9
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points); From Mtsvane grape wine samplesthe highest score was given to the sample which was
made withgrape solid part contact, without stems, with score of 7.4 points.Similar result was
obtained for Saperavi wine, produced with grape solid contact without stems, the score was 7.8
points.

After chemical analysis and organoleptic evaluation, the pectin content and methyl
alcohol content were determined in the samples.

Table 7

Chemical characteristics of trial and control wines made by different technologies

- Chemical characteristics
2 8
E g g '§ Ethyl Sugar, T/ Volatile
Q 5 = g* alcohol, | g/100 | acidity, acidity, Extract, g/1
5 8 |volume% | ml % g/l
Classical
Rkatsit (Europea | 13,1 0,1 53 0,33 19.9
) n)
| el With
/Tsinan 12,9 0,1 5,0 0,46 205
dali stems
Without | 4 ) 0,2 5,1 0,40 20.1
stems
Classical
E . .
Mitsvan (Europea | 13,5 0,3 5,2 0.38 20.2
/ n)
e :
2| Tsinan | ViR 132 0,1 48 0.48 21.0
dali stems
Without | 14 5 03 5,0 0.42 20.4
stems
Classical
(Europea | 13,7 0,3 5,6 0,40 279
Saperav
i/ )
Tsinan | Vi 13,4 0,2 5.7 0,53 27.9
3 dali stems
Without |4 ¢ 03 5,3 0,48 27.8
stems
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Picture 1 Rkatsiteli Qvevri wine with stems (shown with black graph) and without
stems(shown with red graph) methanol chromatogram

Table 8

Content of common pectin and methyl alcohol in different style of the wines made by different

technologies
Total pectin concentration,% Methyl Tasting
: In the assessm
Sample of wine . alcohol,
sweetness of In the wine ent,
mg /1 .
the grapes Bali
Rkatsiteli 0,0817
N 1. With classical technology 0,006 0,18 7,5
N?. Kakhetian technology, 0,011 0.35 77
without stems
N 3. Kakhetian technology, with 0.056 0.34 79
stems
Mtsvane 0,928
N4. With classical technology 0,107 0,12 6,9
N.5. Kakhetian technology, 0,149 0.40 7.4
without stems
N 6. Kakhetian technology, with 0,69 0.27 6.6
stems
Saperavi 0,4766
N 7. With classical technology 0,027 0,14 6,9
N?. Kakhetian technology, 0,050 056 78
without stems
NO. Kakhetian technology, with 0.261 0.35 75
stems
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As it is shown by tables 7 and 8, the total pectin content of initial grape juice of Rkatsiteli
variety is 0.0817%. Total pectin substance amount differes among the wines that differ by
technological process—grape juice, without stems, with stems.

Thus, during alcohol fermentation, there is a decomposition of pectin substances-
depolymerization - demethoxylation reactions, resulting in a low molecular, non-pectin
substancescreation.

Amount of pectin substances found in wines made by skin contact compared with wines
made byclassical winemaking method, are higher at least by 83% (0,011 and 0, 006%). The role
of pectin substance content in grape solid parts during alcoholic fermentation should be
considered.

At any stage of ripening, begining from verasion phase, insoluble protopectin is partially
transformed into hydropectin in solid parts pf grape, part of which is transferred to the grape
juice during ripening phase, though some of them remain in grape solid pats during harvest
time. Residual protopectins that are located in grape solid parts are involved in biochemical
tansformations that is the reaon of long skin macerartion during fermentation process, and as a
result wine is enriched bypectin substances

The pectin ubstance increase is also observed in othe experimental varieties Mtsvane and
Saperavi.

In all cases, the highest amount of pectin substances is found in the wines fermented with grape
solid parts, including stems, which in most cases causes wine turbidity level to increase.

In the process of alcoholic fermentation, pectinic substances undergo high-molecular-
weight polysaccharide chain depolymerization reactions and hydrolysis of ether bonds. As a
result of these reactions, in addition to galacturonic acid, methyl alcohol produced from methyl
radicals is produced.

Our aim was to study the accumulated amount of methyl alcohol in experimental wines,

for which, together with the total amount of pectin substanceswe measured amount of methyl
alcohol, using gas chromatography. The results are shown in the same table in table 8 and

chromatogram in picture 1.

53



As the study data (table and chromatograms) show, the methanol content in the test
samples increases in the sequence of: without grape solid parts<fermented with grape solid parts
including stems<fermented with grape solid parts without stems.The same tendency is found in
Saperavi wines. The results of taken from the experiments shows that the phenolic compounds
present in the stems and grpe solid parts, inhibit the activity of enzymes, including
methylesterase.

It is known that constituent substances of stems are transferred into grape juice during
fermentation process. The juice is enriched by grape solid part substances. During long
maceration with grape solid parts the dynamic equilibrium is established among stem chemical
substances.

Besides, stems have ability to absorb chemical componenets from wine. This is proved by
the fact that long maceration on stems tends to decrease the wine colour, phenolic compounds,
ethyl alcohol, methyl alcohol and others. According to organoleptic evaluation, the highest score
was given to Rkatsiteli wines fermented with stems; in case of Mtsvane and Saperavi varieties
the wines fermented without stems were appreciated mostly, due to aromas and taste.

Conclusions
The accumulation of pectin substances in grapes and their impact on grape juice and wine
quality was studied. Following was concluded:

1. dynamics of accumulation of pectin substances in the grape cluster and its constituent parts,
during different vegetative phases, such as: fruit set, veraison, fruit ripening and over ripening
period was established; besides soluble and insoluble forms of pectin substances and their overall
quantitative content was determined: vine varities differ by development phases, amongs due to
vine vegetative phases; in experimental white and red vine varieties the vegetative phases
change according to vintage, cultivar, appellation origin and other factors; According to
vegetative phases quantity of protopectin and pectin substances extracted from grape solid parts
changes; fruit set lasts 40-45 days; verasion and ripening period is about 35 days

2. Protopectin substances found in grape solid parts and pectin content of the grape juice was

studied in different red and white vine varieties during physiological maturation:
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The following varieties are distinguished by different tendency of accummulation of
Protopectin;

For high accummulation tendency: different appellation origin Saperavi varieties and kisis
variety from Kondoli region ; For low accummulation tendency: Kisis variety from Gulgula
region and Rkatsiteli from Tsinandali.

Total pectin substances found in all studied vine varities, from different origin varies

according to vegetative phases. One law is consistent for everyone: during verasion protopectin
demethoxylation and soluble pectin (hydropectin) accumulation in soild parts of the grapes
already takes place, which is followed by grape pulp softening phase; pectin substances found in
stem equals total amount of pectins found in in skin, pulp and seeds together.
3. Some enzyme activity for the yield of the grape juice, pectin substance content of the grape
juice and amount of methanol produced in final wine was established in different white and red
cultivar grapes., The optimal temperature for enzyme acitivity (40°C) and delay time (1hou) was
determined
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