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Abstract. Water is essential for life. People use it in almost every aspect of their lives.
Bottled water available on the market for consumption should be free from dangerous
microorganisms and have a stable chemical composition.

The presented study aimed to observe changes in selected water quality parameters in
various conditions after opening a bottle of water. Four types of bottled water with different
degrees of mineralization and carbon dioxide saturation were analyzed. The studies were
performed according to the standards and procedures: PN-ISO 6059: 1999, PN-ISO 6332: 2001,
PN-ISO 7150-1: 2002, PN-EN ISO 10523: 2012, PN-EN ISO 6222: 2004, Method 8149 — 1-(2-
Pyridylazo)-2-Naphthol PAN Method.

A microbiological analysis was carried out in terms of the total number of microorganisms
at a temperature of 22°C at different time intervals after opening the bottle. The analysis of
statistical tests allowed for a comparison of different types of water in terms of its resistance to
secondary microbiological contamination after opening the bottle, as well as for the formulation
of conclusions regarding the time of storage of water in an open bottle, after which the water
does not meet the quality requirements in the analyzed range.

The tested waters were also subjected to physicochemical analysis. The total content of
calcium and magnesium was determined using the titration method with EDTA, ammonium
nitrogen, manganese and iron using the spectrometric method, pH was measured to check the
water quality and whether the tested water meets the requirements contained in the Regulation of
the Minister of Health of 31 March 2011 on natural, spring waters and table waters (Journal of
Laws 01.85.466). The determined physicochemical parameters of selected bottled waters were
intended to characterize and determine differences in the chemical composition of these waters
and to demonstrate. The obtained test results were subjected to statistical analysis, calculating
the arithmetic mean, median, dispersion, standard deviation and relative standard deviation. The
conducted water analysis was compared with the results obtained for tap water in Tarnow, which
were made available by Tarnowskie Wodociqggi Spotka z o.o.

Keywords: microbiological analysis of water, physicochemical analysis of water, UV-VIS,
bottled water, biofilm

Introduction

Water is one of the most important chemical compounds that determines life on Earth. Its
content in the human body varies in individual tissues and organs. The least water is contained in
bones (22%) and adipose tissue (10%), much more is found in the liver, spleen, heart, brain and
kidneys. The highest content of this component is in body secretions (plasma, lymph, sweat, bile,
gastric juice). The body of an adult and healthy person contains approx. 60% water (in a newborn
the water content is 75%, in the elderly approx. 50%). Water is a solvent and carrier of mineral
components and is the environment for many reactions taking place in the human body, and is
also necessary for the proper functioning of the digestive system. It regulates body temperature
and is responsible for the transport of hormones and enzymes in the human body. Water is
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removed from the body through the kidneys, lungs, skin and digestive tract (Brzozowska and
Gawecki, 2008); Hoffman and Jedrzejczyk, 2004; Derkowska-Sitarz and Adamczyk-Lorenc ,
2008; Flis and Konaszewski, 1986, Gajowiak and Molska, 2012). Water is obtained by the human
body from various sources: from food, from consumed fluids and during the combustion of
nutrients (fats, proteins, carbohydrates), (Flis and Konaszewski, 1986, Gajowiak and Molska,
2012). The demand for water depends on climate, temperature, diet and physical activity. Water
must be supplied to the body continuously, because the body cannot store it. Water deficiency can
lead to dehydration and serious health consequences (problems with urination, electrolyte
disorders, changes in blood pressure, kidney disorders). There is a threat to life when water
deficiency reaches 20%. Excess water can be equally dangerous. Single consumption of large
amounts of fluids results in a risk of water excretion by the kidneys significantly exceeding the
norm (Gajowiak and Molska, 2012).

In Poland, according to the Act of 25 August 2006 on food and nutrition safety, bottled water
can be divided into natural mineral waters, spring waters and table waters (Brzozowska and
Gawecka, 2008).

The basic criterion for distinguishing waters and adapting them to individual needs is
carbon dioxide saturation and mineral salt content (Hoffman and Jedrzejczy, 2004). Due to the
degree of mineralization, in accordance with the Regulation of the Minister of Health on natural
mineral waters, spring waters and table waters (Journal of Laws 2011.85.466) of March 31, 2011,
bottled waters can be divided into 4 groups: very low mineralization (<50 mg of mineral salts/l of
water), low mineralization (50-500 mg of mineral salts/l of water), medium mineralization (500-
1500 mg of mineral salts/l of water) and high mineralization (>1500 mg of mineral salts/l of
water). Bottled waters are divided into the following categories depending on their carbon
dioxide saturation level: still water (0 mg CO2 /1 water), low-saturated water (< 1500 mg CO2 /1
water), medium-saturated water (1500-4000 mg COz /1 water) and high-saturated water (>4000
mg CO2/1 water).

Water intended for human consumption (including mineral, spring and table waters) is a
source of minerals essential for health and life. Water from underground resources (natural
mineral waters, spring waters and table waters) contains several dozen elements and chemical
compounds. These include macronutrients (Ca**, Mg?*, K*, Na*, CI;, SO4*, HCO3"), secondary
components (iron, nitrogen compounds, silicates, organic substances) and micronutrients (zinc,
copper, iron, iodine, fluorine, manganese, cobalt, selenium and chromium). More than 90% of
substances dissolved in mineral waters are the main components. Bottled water with a mineral
content exceeding 15% of the daily requirement may have a health effect on the human body
(Brzozowska and Gawecki, 2008; Wojtaszek, 2006; Gratkowska-Zmuda, 2017).

Bottled water not only quenches thirst, but is a valuable source of minerals essential for
the body. Water containing at least one mineral component is considered mineral water. The
content of these components is precisely determined and is of great importance when considering
water as natural mineral water. Some mineral waters may contain up to 70 chemical compounds
and minerals, but only 10 (calcium, sodium, magnesium, carbon dioxide, bicarbonates, sulphates,
fluorides, iodides, chlorides, iron) should be taken into account when selecting water
(Brzozowska and Gawecki, 2008; Wojtaszek, 2006; Gratkowska-Zmuda, 2017).

The content of individual minerals and chemical compounds in bottled water is related to
the composition of rocks, hydrodynamic properties of the aquifer and geochemical processes
occurring in this layer. In the case of spring waters, their composition does not have to meet strict
chemical composition requirements. They are not attributed with any medicinal properties,
because the mineral composition of these waters and their general properties do not differ from
the composition of tap water. The role of water in the human body and life is enormous. If only
because bottled water contains absorbable elements and minerals that occur in ionized form.
When choosing water, the current state of health and individual needs of a person should be taken
into account (Wlodyka-Bergier et al., 2019; Gratkowska-Zmuda, 2019a) .

The physical, chemical and organoleptic properties of water are determined by its
chemical composition (Macioszczyk and Dobrzynski, 2002; Bodora, 2016). The most important
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physical properties include: temperature, electrical conductivity, redox potential and organoleptic
properties (transparency, colour, smell, taste, turbidity). Chemical properties include: pH, total
nitrogen, ammonium nitrogen, nitrate nitrogen, nitrite nitrogen, chemical oxygen demand (COD),
chlorides, carbon dioxide, acidity, manganese, hardness, alkalinity, iron (Hermanowicz et al.,
1999).

Water can pose a serious health risk if it does not meet the relevant requirements
contained in the Regulation of the Minister of Health of 7 December 2017 on the quality of water
intended for human consumption (Journal of Laws 2017, item 2294). Water can be a source of
contamination and transfer of microorganisms, which is why water quality monitoring is so
important. It consists in checking the quality of water and provides information on whether the
tested water meets the guidelines contained in the regulation on water intended for human
consumption (Journal of Laws 2017, item 2294) (Gratkowska-Zmuda, 2019b).

The Regulation of the Minister of Health on natural mineral waters, spring waters and
table waters (Journal of Laws 2011.85.466) of 31 March 2011 does not contain any specific
requirements for bottled waters concerning maximum levels of elements and chemical
compounds (exception: manganese - <0.50 mg/l), as well as pH and water hardness. These
parameters are very different for each water and depend on the content of individual mineral
components. This regulation very precisely specifies the requirements related to microbiological
analysis.

Water intended for human consumption should not come into contact with organic
substances that are a potential source of nutrients for microorganisms, which in turn may
contribute to the formation of biofilm (Szczotko, 2008).

Bacteria and fungi that arise in the natural environment tend to adsorb at the solid-liquid,
gas-liquid and liquid-liquid interfaces. Microorganisms that tend to form aggregated micro- and
macrocolonies are called biofilms, which have the properties of attaching to the substrate (Ctapa
etal., 2016; Kotwzan, 2011).

Biofilm is characterized by significant growth, which allows microorganisms to survive
unfavorable conditions and use any niche. A mature biofilm is a three-dimensional, compact
structure that can consist of one or many species of microorganisms and can be single- or multi-
layered. Between the biofilm structures there are networks of channels filled with fluid. They
connect the environment with the interior of the biofilm. The cells that make up the biofilm are
limited by an extracellular polymeric substance - EPS (extracellular polymeric substances). The
components of EPS play an important role in the construction and functioning of the biofilm. EPS
constitutes 90% of the entire mass of the mature biofilm, and the remaining 10% are
microorganisms. EPS consists of: water, DNA, surfactants, polysaccharides, nucleic acids,
proteins and phospholipids. The structure of the extracellular polymers of the biofilm depends on
the species of bacteria. The qualitative and quantitative composition of the supplied nutrients
affects the amount of polymer produced. The factors influencing its production are: reduced
amounts of nitrogen, potassium and phosphates, pH of the medium and the incubation
temperature. Biofilm bacterial cells have different functions and properties than cells living in a
free form. Microorganisms living in larger clusters provide themselves with protection against the
adverse effects of external factors and create an environment of easier access to nutrients. Biofilm
formation is a multi-stage process dependent on the properties of the colonized surfaces and
structure, as well as on the properties of the microorganisms. Intercellular (Ctapa et al., 2016;
Kotwzan, 2011; Cybulska, 2018; Czyzerwska-Dors et al., 2018; Szczotko, 2019).

Biofilm formation is a significant problem for the drinking water industry as a potential
source of bacterial contamination, including pathogens, and in many cases also affects the taste
and odor of drinking water and promotes pipe corrosion. Biological contamination of water is
largely caused by microbiological growths forming on the surface of the water supply system.
The formation of biofilm in tanks and in the water supply network poses a serious threat to
consumers. The materials from which the water supply network is constructed affect the quality
of water. It has been confirmed that flexible pipes, coatings, foils and sealing materials are
conducive to the growth of microorganisms. Biofilm develops favorably on materials made of
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steel. However, copper pipes become less favorable for biofilm. Materials with which water
comes into contact should not deteriorate the microbiological quality of water. In order to
improve water quality, disinfection should be used and materials that could negatively affect the
quality of water intended for human consumption should be eliminated. Studies have shown that
temperature fluctuations potentially affect not only the initial attachment of bacteria to surfaces,
but also the rate of biofilm growth. Microbiological growths cause dangerous threats related to
the proper water quality, as well as decide about the change of the physicochemical composition
in the water supply network, (Liu et al., 2016; Swiderska-Broz, 2012; Szczotko, 2007).

Materials and Methods

The tests of bottled water available in stores were conducted in the summer. The waters
were purchased in the city of Tarnow and tested in the Water and Sewage Testing Laboratory of
Tarnowskie Wodociagi Sp. z 0.0. Four types of water were analyzed: carbonated (G) and non-
carbonated (NG), each in a variant with low (NM) and high (WM) mineral content. The
individual packages of each type of water came from the same batch.

The first water tested was natural mineral water extracted in Beskid Sadecki (1/NG/WM).
This water is low-saturated with carbon dioxide (up to 1500 mg/l CO2 concentration ) and highly
mineralized. The water was in 1.5-litre PET bottles. This water contained about 1700 mg/l of
dissolved minerals. Anions constitute 77% by weight of minerals in water (1/NG/WM), while
cations constitute 23%. Among the anions, the bicarbonate ion predominates — HCO3™ about —
1270 mg/1, and among the cations, the calcium ion Ca®* predominates — about 170 mg/1.

The second type of water used for analysis was spring water obtained in the Czgstochowa
region (2/G/NM). This water is a low-mineralized water with high carbon dioxide saturation.
According to the manufacturer, the water should be consumed within 48 hours of opening, stored
in a cool and dark place and protected from freezing. Table 2 presents the content of individual
mineral components. The water was in 1.5-liter PET bottles. Water extracted in the Czestochowa
region (2/G/NM) consists of 408.2 mg/l of minerals. Hydrogen carbonate ions constitute 76% of
the weight of mineral components in water. Cations constitute the remaining 24%. Among the
cations, calcium ions play the dominant role.

The next tested and analyzed water was a popular mineral water extracted in the north-
eastern part of the Silesian Voivodeship (3/NG/NM). This water is a low-mineralized, non-
carbonated and low-sodium water. The label contains information that the water is suitable for
people on a low-sodium diet. It has a positive opinion from the Institute of Mother and Child in
the nutrition of children over 1 year of age. The manufacturer recommends drinking the water
within 24 hours of opening and protecting it from sunlight and storing it in a cool, dry place. The
water was in 1.5-liter PET bottles. This water contains about 500 mg/l of dissolved minerals.
Water (3/NG/NM) contains anions constituting 78% by weight of minerals in water, of which the
bicarbonate ion constitutes as much as 68% and 22% of cations, of which 13% are calcium ions.

The last water tested was natural mineral water also extracted in Beskid Sadecki
(4/G/WM). This water is highly saturated with carbon dioxide (containing over 4000 mg/l COz)
and highly mineralized. It contains significant amounts of calcium and magnesium. The
manufacturer included information on the label regarding the storage conditions of the water - in
a cool and dark place at a temperature of 4°C to 20°C. The label did not include guidelines
regarding the time after opening the water is suitable for drinking. Water 4/G/WM contains 2100
mg/l of minerals. Anions constitute 75% of the weight of mineral components in water, of which
bicarbonate ions are as much as 74%. Cations constitute 23%, and the dominant cation is calcium
ion, constituting 15% (300 mg/1).

The water bottles were opened at the beginning of the experiment and then the water was
stored in different conditions simulating the usual storage of this product at home: on a table, near
a window (sunny place, ambient temperature) and in a refrigerator (dark place, refrigeration
conditions).

Each of the waters was subjected to microbiological analysis in terms of the total number of
microorganisms at a temperature of 22°C and physicochemical analysis using several research
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methods and procedures: pH, total calcium and magnesium content, iron, manganese and
ammonium nitrogen were determined.

The determination of the total content of calcium and magnesium involved complexometric
titration of calcium and magnesium contained in the tested water with a disodium versatate
(EDTA) solution in an alkaline environment using mordant black 11 as an indicator, PN-ISO
6059: 1999.

Ammonium nitrogen in water samples was determined by spectrophotometric method. The
determination consisted in the reaction of ammonium nitrogen with salicylate and chlorate(I) ions
in the presence of sodium pentacyanonitrosylferrate(IIl), PN-ISO 7150-1: 2002.

In water tests , a method was used to determine low concentrations of manganese. Ascorbic
acid was used to reduce the oxidized form of manganese to Mn?" . A solution of 1-(2-Pyridylazo)-
2-naphthol (PAN) combined with Mn** ions, forming an orange-colored complex, Method 8149 —
1-(2-Pyridylazo)-2-Naphthol PAN Method.

Iron was determined by spectrometric method wusing 1,10-phenanthroline. The
determination consisted in reducing iron(IIl) to iron(Il) using hydroxylamine in acidic medium
PN-ISO 6332: 2001.

The total number of microorganisms was determined for all water samples. Water samples
were placed on nutrient agar and incubated at 22°C. For incubation, the plates with the tested
water samples were stored in an incubator under aerobic conditions at 22°C PN-EN ISO 6222:
2004.

The obtained test results for water were compared with the results for tap water, as the
basic source of drinking water supply to residents.
Results and Discussion

The test results for different types of bottled water were compared with the results of tests for
water intended for human consumption, i.e. tap water (Table 1).

Table 1 Results of selected parameters within the basic scope of tests of drinking water supplied
to the water supply network on 15/07/2019.

No. Tested parameter Unit The value of the tested tap | Permissible value
water from the Zbylitowska
Gora Water Treatment Plant

Bacteriological index of water quality

1. Total number of microorganisms at jkt/1 ml 0 100
22°C after 72h
Physicochemical indicators of water quality

2. pH - 7.3 6.5-9.5
3. Ammonium ion mg/l <0.052 0.50
4. Manganese pg /1 16 50

5. Iron pg /1 11 200
6. Hardness mg CaCOs 150 60-500

/1

For tap water, the requirements are clearly specified in the Regulation of the Minister of
Health of 7 December 2017 on the quality of water intended for human consumption (Journal of
Laws 2017, item 2294). Of the several dozen chemical and physical quality parameters for which
parametric values have been specified, the pH of tap water should be in the range of 6.5 to 9.5.
The permissible iron content in tap water is 200 pg/l, and manganese — 50 pg/l. In turn, the
parametric value of ammonium ien-in water given to people for drinking is 0.50 mg/l. As regards
microbiological parameters, in addition to the key indicators of microbiological water
contamination, such as coliform bacteria, Escherichia coli or fecal enterococci, tap water is also
tested for the total number of microorganisms at a temperature of 22°C and Pseudomonas
aeruginosa, parameters that are mandatory for bottled water.

Figure 1. Ammonium nitrogen content in bottled water
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Figure 2 shows graphs of
changes in pH values of the tested water
samples depending on the time at which
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of the tested waters was observed 7 days
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Figure 3 Total calcium and magnesium content in the tested water samples immediately after

opening the package
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Figure 3 presents a summary of the
total calcium and magnesium content in
individual waters. The waters were tested for
the total calcium and magnesium content
immediately after opening. The hardest water
was 4/G/WM/22 containing 1091 mg CaCOs3
mg/l and 1/NG/WM/22 containing 733 mg
CaCO3 mg/l. The remaining waters
2/G/NM/22 (265 mg CaCOs mg/l) and
3/NG/NM/22 (314 mg CaCOs mg/l) belong to
low-mineralized waters.

Figure 4. Content of manganese and iron in

the tested water samples immediately after opening the package
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Figure 4 presents a comparison
of manganese and iron content
determined for the tested water
samples immediately after opening.
The highest concentration of
manganese was observed in sample
4/G/WM/22 (313 pg/l). In sample
I/NG/WM/22  the amount of



manganese was 186 pg/l. In the remaining samples 2/G/NM/22, 3/NG/NM/22 the manganese
concentrations were 15 pg/l and 18 ng/l, respectively. The highest concentration of iron was in
sample 1/NG/WM/22 and amounted to 43 pg/l. In the remaining samples 2/G/NM/22,
3/NG/NM/22 and 4/G/WM/22 the iron content was 10 pg/l, 10 pg/l and 13 pg/l, respectively.

The tested bottled waters, which were stored in refrigerated conditions and in a sunny place,
were subjected to microbiological analysis for the total number of microorganisms at a
temperature of 22°C. The graph below (Figure 5) shows the number of colonies in 1 ml of bottled
water stored at a temperature of approx. 20°C.

Figure 5. Microbiological analysis graph at an incubation temperature of 22°C for bottled
water samples stored at approximately 20°C
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When analyzing the graph showing the total number of microorganisms in the tested water
samples at a temperature of 22°C, it was noted that immediately after opening, after 24 hours and
after 7 days from opening, there were colonies of microorganisms in each water. In the case of
water no. 3/NG/NM/22, a small number of microorganisms was determined immediately after
opening (8 jtk/1ml). After 24 hours, a significant increase in bacteria was observed (130 jtk/1ml),
and after 7 days the number of colonies was 300 jtk/1ml. In the remaining waters, the number of
bacteria in all time intervals does not exceed 40 jtk/1ml.

Figure 6 presents a summary of the number of colonies in 1 ml of each bottled water stored at
a temperature of approximately 4°C.

Figure 6. Microbiological analysis graph at 22°C incubation temperature for bottled water
samples stored under refrigerated conditions
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Analyzing the graph in Figure 6 on the total number of microorganisms in the tested water
samples at a temperature of 22°C, it was noticed that immediately after opening, after 24 hours
and after 7 days from opening, there were colonies of microorganisms in each water. In the case
of water no. 3/NG/NM/4, after 24 hours at a temperature of 22°C, colonies of microorganisms
were observed (180 jtk/Iml), and after 7 days the number of colonies was 140 jtk/Iml. Many
colonies of bacteria were observed in water 1/NG/WM/4 immediately after opening the package,
which contained 90 jtk/1 ml. After 24 hours from opening, the number of bacteria decreased (16
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jtk/1ml), and after 7 days the water did not contain any microorganisms. In the remaining waters,
the number of bacteria in all time intervals did not exceed 25 jtk/1ml.

High microbial growth was observed in still, low-mineralized water (3/NG/NM) stored both
at about 20°C and at about 4°C. The waters came from the same batches, which would mean that
the entire batch would have a similar total number of microorganisms at 22°C.

Conclusions

Bottled waters were tested to check their quality and to show differences in the chemical
composition of various bottled waters. Mineral and spring waters were also subjected to microbiological
analysis to determine the total number of bacteria at a temperature of 22°C and how this parameter
changes as a function of time and temperature of water storage.

The study has shown that the content of ammonium nitrogen in sample number 1/NG/WM/22,
stored at a temperature of about 20°C, increases after 7 days from opening the bottle, which could be
caused by an increase in pH and temperature. The "original" state of water is also disturbed by factors
such as temperature, pressure and, above all, contact of water with oxygen contained in the air.

The study has confirmed that waters containing carbon dioxide are acidic. Waters containing high
levels of carbonates and bicarbonates, alkali metals are alkaline. The pH of bottled waters ranges from 5.5
to 7.20. The increase in pH after 7 days from opening the bottle may be largely due to the loss of carbon
dioxide in the case of carbonated waters, and in the case of waters with a low carbon dioxide content,
probably due to hydrolysis reactions of anions originating from weak acids. The change in pH may also be
influenced by changes in temperature and the place where the samples are stored.

It has also been confirmed that 4/G/WM/22 water contains a large amount of calcium and
magnesium, which is consistent with the information on the label. Each bottled water has a different
overall hardness, which is caused by different concentrations of calcium and magnesium.

None of the tested waters exceeded the permissible manganese content specified in the Regulation
of the Minister of Health (Journal of Laws 01.85.466) (maximum manganese concentration - 0.50 mg/l).
The highest iron concentration was recorded in sample 1/NG/WM/22 and amounted to 43 pg/l.

The study has shown that carbonated waters are probably more resistant to secondary
contamination. The producer of water no. 3/NG/NM recommends consuming it within 24 hours of
opening. Studies have confirmed this information. After just 24 hours of opening the package, the number
of colonies increased above the permissible standard. In the remaining waters (1/NG/WM, 2/G/NM,
4/G/WM) after 24 hours, and even after 7 days of opening, the content of bacteria did not exceed the
permitted amount. Based on the studies conducted, it is not possible to state that the tested waters
1/NG/WM/, 2/G/NM, 4/G/WM can be consumed even after seven days of opening the package, so it can
be stated that the values of the parameters tested in waters after 7 days of opening do not constitute a
contraindication to consuming the aforementioned waters.

There was no effect of the storage temperature of bottled water after opening on the degree of
growth of bacterial colonies in them. Their multiplication was the same for a given water at room
temperature and in refrigeration conditions.

Comparing the pH of tap water with the tested mineral waters, it was observed that one of the
tested bottled waters (3/NG/NM) has a pH similar to water supplied by the water supply network. The
remaining waters have a lower pH than tap water. The hardness of tap water cannot exceed 500 mg CaCO
3 mg/l. However, for bottled waters, there is no specific range in which bottled waters should be. Mineral
waters may contain more calcium and magnesium ions because these waters are not used as the main
source of drinking water supply.

The probability of microorganisms developing in bottled water is greater than in tap water. Water
from the tap network is very often monitored and is constantly available in the water network. Bottled
water is monitored before leaving the warehouse and distribution. The manufacturer determines the type
and frequency of such monitoring in the HACCP system. Water that is monitored sporadically may
contain microorganisms. If the total number of bacteria is determined before introducing the mineral water
into circulation and it is significant, then this batch of water is withdrawn. Tap water provides numerous
mineral components that are essential in the daily diet. The appropriate mineral content is provided by
highly mineralized waters.

The studies show that 4/G/WM water could be consumed after a longer period of time after
opening. Probably the main reason for the low bacterial growth in this water was its high carbon dioxide
saturation. The studies show that 3/NG/NM water should not be consumed even after 24 hours of opening.
The bacterial growth observed in this water was the highest among the four waters tested. Highly
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mineralized waters can be a source of minerals essential in the diet. There are different opinions on which
waters are more beneficial to health: carbonated or still. This study has shown that carbonated waters are
more resistant to the growth of microorganisms.

References:

Bodora S (2016).: Physico-chemical studies of mineral waters of Krynica Zdroj (part I). Physical studies , Research,
no. 5, pp. 36-40.

Brzozowska A., Gawecki J (2008).: Water in nutrition and its sources , Publishing House of the University of Life
Sciences, Poznan

Clapa T., Selwet M., Narozna D (2016).: Life in the community — conditions for biofilm formation , Kosmos -
Problems of Biological Sciences, vol. 65, no. 3 (312), pp. 463-468

Cybulska K., Krzysko-Lupicka T (2018).: Microbiological contamination in water — from source to bottle , General
Conference of the Polish Chamber of Commerce "Bottling Industry", No. 1 (55), pp. 9-12.

Czyzerwska-Dors E., Dors A., Pomorska-Mo6l M (2018).: Properties of bacterial biofilm determining antibiotic
resistance and methods of its control , Zycie zachodnie, 93(11), pp. 765-771.

Derkowska-Sitarz M., Adamczyk-Lorenc A (2008).: The influence of minerals dissolved in drinking water on the
human body , Scientific Works of the Institute of Mining, Wroctaw University of Science and Technology, no. 123,
pp- 39-48.

Flis K., Konaszewska W. (1986): Basics of human nutrition, WSiP, Warsaw, 20.

Gajowiak R., Molska R (2012).: Nutrition standards for the Polish population — amendment, edited by prof. dr hab.
med. Jarosz M., Institute of Food and Nutrition, Warsaw

Gratkowska-Zmuda D (2017).: Analysis of chemical stability of bottled spring water "Iwoniczanka ", Journal of Civil
Engineering, Environment and Architecture, pp. 143-150.

Gratkowska-Zmuda D (2019A).: The role of water in human life and health , General Conference of the National
Chamber of Commerce "Bottling Industry", Wysowa Zddj Health Resort, No. 2 (58), pp. 6-8.

Gratkowska-Zmuda D ( 2019B) .: Indicator microorganisms in the monitoring system of the quality of water
intended for consumption, including bottled water, natural mineral water, spring water and table water, National
Chamber of Commerce "Bottling Industry", Warsaw

Hermanowicz W., Dojlido J., Dozanska W., Koziorowski B., Zerbe J (1999).: Physico-chemical examination of
water and sewage , Arkady, Warsaw

Hoffman M., Jedrzejczyk H (2004).: Role in food processing, human nutrition and health. Part I Natural mineral
and spring waters . Food processing technology, 13-17.

Kotwzan B (2011).: Analysis of the biofilm phenomenon — conditions of its formation and functioning ,
Environmental Protection, vol. 33, no. 4, pp. 3-14.

Liu S., Gunawan C., Barraud N., Rice S., A., Harry E., J., Rose Amal R (2016): Understanding, Monitoring,
Controlling Biofilm Growth in Drinking Water Distribution Systems, Environmental Scence&Technology, 50(17),
pp. 8954-8976.

Macioszczyk A., Dobrzynski D (2002).: Hydrogeochemistry. Zone of active groundwater exchange, PWN Scientific
Publishing House, Warsaw

Szczotko M (2007).: Biofilm — a short description of microbiological growths associated with water installations
intended for human consumption, Roczn. PZH, 58, no. 4, pp. 667-675.

Szczotko M (2019), ABC of the problem of secondary microbiological contamination in installations , National
Institute of Public Health

Szczotko M., Krogulska B., Krogulski A (2008).: Development of a method for assessing the susceptibility of
materials in contact with water intended for consumption to the formation of microbiological fouling , Roczn. PZH,
59, no. 1, pp. 103-111.

Swiderska-Broz M (2012).: The effects of biofilm presence in water distribution systems intended for human
consumption, Environmental protection, vol. 34, no. 1, pp. 9-14.

Wilodyka-Bergier A., Bergier T., Gajewska D., Stankowska E (2019).: ANALYSIS OF SELECTED PHYSICO-
CHEMICAL PARAMETERS IN BOTTLED WATERS AVAILABLE ON THE POLISH MARKET, Infrastruktura i
ekologia terenu wiejskie, no. 2, pp. 119-130.

Wojtaszek T (2006).: Preventive and health-promoting effects of mineral waters, Polish Magnesium Society, 11(1),
pp. 119-126

35



1100 53G5Hmmo s domemaomo 3936090 9d9d0 (y39es)

0530L $3060L 06l E ol domgdol by mzbmmo dmpgeo

5H03MMm0 ggams
05300 240390533000l LEbgEMBOL LobgErdfoxzm MbogzgdLoE GO, MIs30
https://doi.org/10.52340/idw.2025.02

SBUABSIH0: ©35350985005 Teaool Jberzemomdo 30(539¢w 580 Yy @gsl geaerbolberdstmzmzsbo
3535098900, (53 30300 3530068005 356060090 36m30980L [9bosb, 3sblsz900696000 30 xsbbse
33965L0256, 930003009050 beyzoos  3GM@YAIO0L  Jomgdsbosh.  3md9tpocmo  Jobbybowsb
850020006569 beagzemol dgeerbgedsdo s 339006 IG9H39¢m8530 RsGormo dgdmodts bbgsosbbzs bsbol
50303650 Jodorm0 sbsdsBgdo s bsGJodosBgb0o, Gsg dhs35¢70 5535 IBOL h563cdmBol Jo By bos.
AOJbobgdo byl wfymBgb  mg560bdoborzol g9¢rs by bsdodo 6030009(98980L - mfbosbBgdob
(575686500L 0953069955070 G3@O5¢980L) Hs6GFMFIOSL. 02530L985¢70 B3OF5¢IB0 536G093093009896 5
b9l 9fgmBb geaemol 08gdornto 0535098980, 06RsGHOb, 0bbryerBob s s. 8. §5630005(985b.

0530 (93060 bolbardstm3m3560 350002¢mmg0s Pstdms@a bl s9d1serey® 365m8ergdsl Fsmsero
b039@00P056mBoLs 5 ©30635¢700980b JsB39698¢n980b 3500m. 33¢v930L Fobsbo oym osgzol (Hz060b
0blryer ol boenmzboyto deaqogerols Gobpsgars, msms gowdamBalicogb bsdzoa®mbserfsdenea bsdwysengdndol
3307935 50 350002¢5800b5030b.

97639603896(9980 BsHs®r@s 09006 3060058398 Readeajodorbo otmddeabol Ggorm@o0. Ggorm@o
329¢0bbImBL 30dd8HIbMB0sBY bsmgdsz0l (89635¢70l 35600b%R96H0) 3569390 993565b @5 d9dogmd
0530l (93060L ool creasareytr  obboggbol  3sermggbols bsorrytoom. Usmgdszobs s bobsorerob
A96000096009090985 0§93L  09530b9R5¢70  3305¢980L  [fistrmfIbsl, Bsg  sBosbgdl  Lobberdstrrgors
9b0m029¢r099b, 03936 09629Ba308980b 380983605 © bolbberdst3980L 0882 Bb.

305z onmds 33079350 563905, Gead sbbozgderyer 8s6do 3005G:IBs 35658aemol Badols
@3Y0s6980b 3905, Gadgeros 363ICPPIBS JIOId2905 099096 6030009985009 500b0F6985 [9tHOerm3560
bobberbsgpg3960, Lobbardst39800 9H00GmEoBI00L s369859900 @5 00638980. Fbrgoendo 3¢70bgds
39393985, 690(mbgdols ©98969Ms30sIC0 (33620en98980. Us3mbdGmm xawnd0 (@sbbozgds bswgdszol
350989) @5 Y0s6980L 3905 56 500b0T6980s.

ps&8mggbocro 8090 550635 BorMm0s, GstH0305 GglsbEreyemgders s 0demg3s 0530 (93060l
J90400 3G59h0329¢ms0 6980L809H0 23500 D300l 065G HOL 39(0b Jomgdol dgbsdergbermdsl. ogo
Os7bodserems  osbarmgdriemos  oblbrenHol  8s630056980b 89696603 3070603295  bepHs0orsb s

UsFr9s¢ngbsb 0dergzs dgz0bpsgermor bbssbbgs bsdze9t65¢rpsderea bsdnsengdgdol gogemgbs bolbberob
80,32050950039¢5305 g, J5000 56(903030b0rIG0, 569009000 S SbHOMFLOIbH DO B96900985.

Usz3660e2 bodg3980: o0bbwicrHo, RmGH00096G0 00630, 02530b H3060L 08gdos,  89bgscrols

350obRgmo, 97639608960 dmgero, 05320b299%5¢70  H50035¢1980, bobberdst3m3560
330002CPMZGOS

dgLsgoeo:

d0mbRBIOML 930MEMA0OH0 3YMTMYMds [oMBMmowaqbl Jbmazom JarMdIY©
36OMdEgdsl. b 9gdm  odGemMo  bgds go®mgdmb  ©sd0bdmegdol
bOHM3MA96900 RodBHMOgd0. FM35¢0 GHM3ILO3MOO 6030009MHGdS 35900IB, Yr0Ib
5 30§0sb (1533900 3OIMMIEJO0) B3OS 3MEbIE MEMRBODIYdTO0.

Q535009050 dmeob Abmxywomdo 30639 5030y oL
2370bobbEds®mO3M3900 9350090900, M3 300306 393806 0s X I6IOMYO
35360930l Folmsb, gobliszmm®mgdom 30 xBLOM 339056, 93MmEMYoMEsE LBMs
360Hm©JBH900L  800gdslmsb.  3mIgmHEoMwo  B0BbgdoIb  godmdobstg  Lmgwob
dgmebgmdsdo s 33990l IM9H39wmdsdo  BsMmMmE  JgaMoFMHs  bbgoolbgs  Lobol

36



305X 9bLIVO  JodoMo IBITsBHJO0 s THsTJ0T0353J00, 3 TMOZIWO I35 JOOL
§o03mIMdol dJobgbos.

0omgdol  gzgws  3OMmEMIGo 8903936 Lbgsolbgs  @mbBom  GHmJLobgdl,
OmIwgdog b3w0gd0sb Bz960 MmMAsb0Bdol Lolberdo. s0bodbmwo GHmJbobgdo byl
MHgmd96  MmOHA60HBToLm30L  Y4zgwsbg Lsdodo 60309MH GOl - MmJLoIBEHIOOL
(59620500L  3530LBI0  M5EO035gdoL) [oMmBMJIbsl. oz30LWRsWO  MOPOIIYdO
330Mm3Mm3009096 s bl Mfiymdgb 4ol 0dgdowEmo 99350 JdJO0L, 0bxsMIE0U,
0bLEEoL o 5. 8. 29630567dLs.

0530l 33060l Lolbds®3m3560 Jsmmemmyos LdE®golmE 33ws3 MRS JeMc-
960 59HPWNIH  3OMdYIs©. OO dobo bzgoomo fmbs bgmzmwo LobEgdol
Q5535009090 IMEMOL. BoPoer0s 98 8935©JB0M  39FM39o  B033EOM0s6Mds s
50635000905, 2580033905 LBOLLEAsMM3M3560 H535IOOL ,,355boYsBMHO3900L”
396963053, 2oLoggd0s, MMI 30l BH30bol  LoLbEdsM3M3sbo  FsmmEmyool
36Mdqds 360936903650 ©53538060900s sgMgm39 LogmEbwols bsby®dwogzmdol
360 qolmsbss.

d9bPogaroen 0dbs 0gmMo 30OHMea3900L Mo30L 33060l oo 39d0LGgMHMYdOL
J9®ddo gmGH™mJodorHo mOHMIdDMBoL dgomom Asdmfizgmwo 0blw@ol dowggdol
b9 m3bv)H0 Imgero.

X960 300093 L5305MmO IHBMLEHGOG0s Mo30L GH306d0 Lolberol dodmgigzol
9ol 3500m969Bol Lsgombo. o bodbgwgl HomBmoygbl ©OEYMHIbE0sMEO
©05abmbog 96y FoMEGHM  50bodbM  smMmEwmyosls s 396GHGIwMo  bgMgzmwo
LoLEBHYIOL Bb3S 5350OYOL FMMOL, G939 M300 0BLMEIEOL bbgsolibgs BMMIYdL
JmM0ls.

590056  299Mm3obstg, oo 36033690 mds  9603Fgds  goBm33wg39dL  sbowro
1593990bsEFodeM L5TMogdgdol dglolifoges BgIMINbodbo ZsmMmEMYyool EOML.

dgm6mg dbO03, (3909060 0bxzsMJGoL 9Judgm0dgbEMWws© Fowgdol dmerm
©OHMIEY 33O FgMmEYd0 FNW0sbs® 396 93059MB0Wgdgb Bobommwmyms
dmmbm3zbgdl, Mosbs3 obobo  ULszdsm@  Mbgdos, 0635BowMEm0s  ©S OO0
dgLobOMgdws [1, 3]. s80@GHmd B3z960 yMGms®gds 89358960900 BMEHMJ0domEs©
39903990 HOMIdMBOL F9gRo© M930L 330600 2sb30mMdMEo  0bgsGJEHOL
Bo0mMyse0dgdol  Imgbyg, MHMIgwos 0.0. YOGLMbOL s ™b.-ob dogh sl
dmfimqdyeo 1985 geml  [3]. 9 890mEo  bs3wgds  0b635BoMEm0s,  0MmEros
d9LOLOMPIWH S 0dEg3s MO30L  B30b60L JgMddo 3ModBHo3mws bydoldogmo
©Mm350Hs3ool  0bxgsdd@ol  3gMol  8oegdol  dgliodegdMdsL. dm35bobgom
50b0dbm0 IMmEgerol 300093 MBOM oM EH039ds.
d5boms s IgomEYdo:

30900 B5MHYdIMES x0dM, DBOHEILOWE FsdOMdomo Lglol, 200-250 aEsdols
fmbol g 300059390Dg. boM3MDBL 30(3930 MEYGMBOL 0bEMI3gMOEHMbMwOo
0bgggoom (100 dg/1009 Hmbsby). 3bmzgmms 30639 Lsgge 9.§. ,,089000L” xamxado (8
3bm39w0) 3964398  0ga39o3s  0,250¢0/100y  Gmbsbyg,  37°C  Hg9d396sd Mol
30G™IYOHABMI056g  Lowgdsgzol,  dgbgowol  3sMmEolRgMol  blbsto  (1533/19¢w
530DoME®ma0M BLbsMT0, Ladmemm 3mb3gbE®mozos 20 da/100 g HmbsBy). sdol G909
3HM39wL 350530930 BEBHIMIMGHJLMO  bgarbsfgmdo. s30L  Joesl  @sdodzwgdoL
39609399, 8995 bsB0osb 288-000 dsMrx3603 S YMO353295 BB 2 33-0m 356 Josl
39bb039d@om 45 ol 296353 Mdsdo 3sermqbols by MOL igos®rmsb (243, 250 3¢)

37



330399600 30 F3mL bLbogasd@GHs®mol 39d39md0m (0sdg@EeMo 383). slbogzgdol Lodmemm
LoddEs3Mg F9go0gbs 0,64 33H/LF%. LoMdMEO 9x9gIGHOL FsTMEOEb30L JobBbom Jogrsls
5Lb0ggdoL BMbIL MFY39GO®© 393M0EIOOM (3030 BOBOMEMYOMMHO blbstroom olyg,
™3 39939605GHMMOL Lbgomds slboggdol sbshgolido s Job draenmls 56 509G JIMOS
1°C.

RGHMBIBLOEGMOO  Bogdsgol 0dgbgsol  35MmEOLRIMOL  Fgyzsbs ©s 9999
33060l OH™Igeodg «dbol 3oemygbols dmjJom 0bEHIBLoMMO slboggds 0fj393L BH30bol
50907 ds6do 009300l 39MHoL  gob3z0msMOSL. Bowgdsgzol @s Lobsmerol Lbogol
2)OH09M3MJdgqd0l g9  IIMOYMBs  OEO  MOMPIEMOIOM  MOZOLYIBOO
65035900, MMIwgdog 039396 Lobbeds®®3gdol gbmmgEowdol X MgEIdOL
99936560l w030©JdOL  39MMJLOEIEOSL,  MOMIVIMBFOGHIOOL  SZMYEIGOSL,  MLSS
LodMEMMmE dm3Yy3z90s LOLLEPIsMM3900L MOMIdMDO S 039300l 2o630MMYds Md30L
33060l JgMdol Tglsdsdols 9d56d0. LoLbEds®M3900L JbEMmMYEr0Mdol ESB0sBYdOL
9909290 0BMmEYds LOoLbbEPdsMP39d0L  39OEOL  A963WHMBY, Z0MIMPYds  3H30bol
99913905, 653 300093 NBROM  53doxzMIOL  ™Mo30L  GH30b60L  Jumzowol  sBosbYdL.
00OMIIIDOL hsdMYse0d9ds 0§Yygds slb03ggd0sb 30 {mmol 9999y s Jmeztmgds 4
Lo5MOL derEMLOMZ0L [2, 3].

30005339006 JgmEg - LogmbEOMmem xamxndo (6 3b™M39w0) 258033 qdwmE
Joosl 3olb039d0m 96Ol 35MmPOLBIMOL Jggzs60L Q5¢9T9.

30390006 Tgmmbg LssmoL dMEMbMZoL MmM0399 XFMIBOL  Z0OHMoy39g0L
©9139NPOIOIMPOID  GHOBLIIOOMEO  39OHBMNDos x9MH  37°C-0l  BobomEmyomEo
blbo®oom 30-45 {odol 496353wmdsd0, 99009y 30 37°C-0l GH8om. Joerssb sdmmgdwyem
3306l 35830JL0MYPPOD FMOIseobdo, 35dBsgdom 100333 Loligol 3oLGHmemyome
365090l 2539406530 803OMEHMT0M S 30JOSZ3POM SHNYM-gmBobom.

0OMIBIBo® IH0s6JdIMwo  Jumz0wol BIODMIL ZLoBEOIMIZom LMo
36500 gdbBg BHM39300L BIOOMOOL BMOIMwom: S=(a+b)*h/2, Lowsg a ©s b oL
65393305 849d9900, h - dobo Lodswery.

09990960 Jum300l  3oLEMEMA0MmO Jglhogwrols dobBbom ®mMm03zg Xx3MBoL
3060093390l ©913900JOMES ©Y39303)5(309. 300l 35530JL0MJdOM BMMT>e0bols 10%-056
blbo®do s 8030MmGH™MIom 358HBoEIdE0m 5-7 938 LolLgol sbsIgAL, GMBGILSS
3099530000 3995¢™JLowob-gmBoboo.

339300 990093900 s 3300 gsbbomgs:
30005339008 9306 330600, OMIgEmsE BoBHIMEIM ©slboggds 3sermaqbols

d99doo 39650l 35MoLGgMHOL 8993560l gocgdg (LEIMBGHOMWM XAR0), CMAMEOS
05360033990 EIMZIW0YMHJO0m, 51939 65V gdol do3MMLIM3Mwo dglfsgwomsg,
53006 $3060L IHB0BYdOL 3965 396 0dbs 5©0IMPIBOEO. 30BN MMSE 500b0TbYdIM©S
dbbgowo Lobbwds®®3gdol gmmgdo ©s GHMAGHJd0, MOMIWgdog 0bsdMSIE  ogm
393900 Edom. Lobsmerols dozmmbizm3dom 100 838 sbsmEIgdOL WsMZ50gMHGIOLSL
5006036930Mm©s 51939 G0 MbsdMSE T93LgdO 3530EMO JugEro.

,0399008”  XgMBolL  3000533900L 33060l  30BMEEMMO  IMZIW0YMYOOLSL
390603690m©s GHdoom dgmqd0wo Jumzomwom 93580m© d9ambsbnzmwo 33O Moo
3YOOL  @ods, MMIgls3 dImfomswm gwrgdl sdwgzs 899I Ydwo  Lobberoom
390053b90wo MH58ybodg Albgowo LolbEdsMm30. 356030 3390008 OMZ50YMHGIOLSL
500603690Mm©s 356500l BMEOIOL IHB0sBYdOL 3960, MMIJWOoE 3MOEILOIOIMES
J96dd399s m9gm® 6030009693509, Bogr  MBBdo  saMgm3g  AeTMboGMEo  0ym

38



090G0™3560 LolbWRJEI3900, GMIYdOE sD0sDYOIMW MBBL Imfomswm gurg@L
5d930s. 965w gdol Lobsmerols JozMmbizm3om Fgbfogwolsl 0bgsdd@ol gm3miido

500b03bgdMm©s  GHmdom 993Lgdo FbmErmE GsdEgbodg LOLbEdsME30. GMAMOS
3930oMqd0lL, 91939 3MmGS MBO™  dbbgowo  Lolbds®Eggdol  doGomoo ol
993900 0gm JOHOMOMEFOEJO0m. DBMPOIMHM M3OSEE Lobberds®mzdo Ewdom
396879bos  dghy39dowo  ogm  domdo  GoMHImIMdowo  0OHMIdJOOL  edm.
396035539 MMs©  500b0dbgdMm©s  JOHOMOMEFOEJOOL M35 OmOEbM3bo  ABM39d0.
5308 3H30b0L JgMdol 0d9dos g439moby 93930Mm©  FodmbsGwo oym sLbboggdoL
d9Ls050l  dsbdo (099800l 3gMHOBRMISWNOHO  MOSbo).  IBOSBYdIL  gosBbos
Q59bEMgd00 35605300l BMMI> Bdol Bgdmo.

L9gOOME 565EGOBY PIH0569dWO DMbOL BsOPMMOOL oBMIZ3000 @S 0dgdools
39600 dm3MEMdOL godmmzwom d0mgde 0465 8909y0 8mabigdgdo:

,0390008”  ®¥aMBoL 30MHMo390d0 BBl 3960l Lsdrsm  FmMEIMDdS
9950996 21,91~ 3,3902.

Lo3MBBHMMEWM 300H™53900L X aRT0 Mo30L 33060l Jg@ddo oblEol 396s 56
500b608690m0.

09990960 Mdbgdol 3oLEHMEWMA0MOo TguHogzwom Asdmzwgboww odbs Jgedol
©90mo0b0dbe  Bmbsdo MHgmdMmogz0 T9bgdols  Imdwrs, 6gomMbgdol  4sdmz5M©boL
3M3gwo  dbgdo.  Bgommbgdl  dmGol  Log®Eggdo  Jsbogos  Fgdvm3gdsl,
396L539MGO0m 39MH0EILIME ©S 39M035L35¢ M J0sTMYdTo, GOl godms GH30b0L
Jimgoo  oym  BoFoLgdMO  Jglobgomdol.  bgoGmmbgdol  MIMIZEGLMdS  0g™m
9930b3b0o,  BsBMBOWMGO.  353MEsBsE0dLY s 3036mBL  gsborgobyb
6906Mbgdol doM™M3900, GMIGEMS 3mbGHMMGd0 LYLEHOIE 96 Loghomm® 56O 3w0bgds.
Md0oo  oMLoLs s 063 gMHE3IMIOOMo  LoLbEdsMP3gd0  2oa3b0gMHGdIMO s
Lobbeologly  ogm.  3930o6gdd0  500b0dbgdMPS  JMOMOMEOEIOOL 530953 90O.
393056M900L 0633003 bAoMo® 35dMbsGIE0 0Ym 9HOMOMPO39 oL dmgurgbgdo.

©513369%0:

05308 $30b0L  MmIseHo 0Bl Eol  Jolowgds B39BL Boge  sMBRgmEo
AB0EH™MJodoNHo  HOHMIBdMDOL  FJOMEO  5M90635HD0MM0s, 0MmE0s  TGLOLMEGOWS,
009935 530L $3060L JgMddo 365JE03ws© BxdoLd0gMHO WM 35E0BIE00L 065356 JE0L
3960L 800qdolL dglodegdEMmdsl s dodmomBgzs dsldo dmbsfiowwg s 3wwobozmmo
0093060 0bLYYEEHOL 35000969 MM0 3gdsboBBgdoL oo Abgyeglgdoom [2, 3]. sdo@ma
RmGHMJodon®o  0OHMIdMDOL FgomEo  [oMdmoygbl ™m3EH0BoerMms  dmbymbgdmen
dmgl 30l 3H30b60L 0bxOIBHDY Lbzoolbgs bsd3MObsefsdem  3Mg3s69EHd0L
393w9bol dglsbfogars [2]. dm@geo b8 gdsls 0dggzs dg30Lfogzermm bbgoolbgs
MO0 09 9MMOYBMwo  b0gm0gMgdgdol  OId0MO  (MYMS30VIE0)
56MHYMR0000 dngddggool BsGmm 139dGHeo.

B39b0 999m33w939000m Fogdmero dmbs3gdgdo 339830JM9d0bgdL, MH®A ™mogol
&30b0l Jodddo bgwwmzbm®o Rsdmygsodgdmewo 089dorMo 3965 FoglodowrmEsEYs
905bM3909wo 0blE oL 39630ms6Mgdol dMbgdMmO3 3robol M LYIMIMsb. Impgwo
LodMOgdSL 3591993l F9g30Lfogzemm Bbgoslbls 36M935M5EJdoLs s Bogm0gMgdgdOL
9mgd99ds Lolbol Jo3OMEOM3MWS305DY, Bsmo sbGH0303mduow®mo, sbEoodgdom®o,
3630mJloEBEGHMOO s 03YbMBsFMEPMEO0MIdIo  dMJdgYdS, Y] OHMIMO 0(393L
00MIdIM30EGHIO0L s JOHOMNOM30EHJOOL 39Fd6Ms6sL, LolbEds®39dol 9bmmgwondl,
Omam®  Mdoll byl Rm®dosbo  gugdgb@GHgool 3039693693058 ©s  MOMAdOL

39



§o600mgddbsl. 4963L5BOZIOM®D EsPOMAdDOE LOLLEIIsMOZMS MOMEIBMBdS Msgz0L FHZ30bol
Jumgoendo.
50239050, B396 Fogh 936OHMBOMGdIMo ™30l BH30bol  0blwEol dowgdol

b9wmgzbmMo dmgero JgbodErgdemdsl 235deg3l JOmbozmwo s 973539 (30900L
BoBoM900L  LodMogdsl  Lbgoalbgs 36093565300l dmddggdol olaygbs. oo

3JBHoMEs© s  FomG035  Fgodgds  259mygbgdme  0dbsl  3wobozmMo o
994b396M0896GHMwo 33930l 3OMEgLYdT0. FgLodGI MO §35d¢g3L  Fgz0Lfogermm
00MWMYONMS®©  5JBH0MOO  gLsOL 5030009Mgds, MHMIgEoE  bYYe3wgbsls  sbgbl
33060l Jumzowol 0dgdomeo 3900l BsdMYsE0dgdsdo dmddg  momddol  yzges
350Mma9bgHM6 99doboBIbYg. gobgloBLgOM™M Fomo 3mEgbgom®o Bsd3MMbswm gngd@o
5308 $H3060L  d0M0MIEO  LBOLBEAsM3M360  s5350YOgdOL -  3039MHGHMboMwo
Q553500900 Q5 5MJOMLIIOMBOL FGMEMSPO 3OMBOWSIE0Z0LOMZ0b.

@oHIHIGYG;

1. Molinari G.F., Laureut J.P. Stroke, 7, 1, 14-17, 1976.

2. Van Reempts J., Van Deuren B., Van de Ven M., Cornellissen F., Borgers M. Stroke, 16, 1113-1119, 1987.
3. Watson B.D., Dietrich W.D., Busto R., Wachtel M.S., Ginsberg M.D. Ann Neurol., 17, 497-504, 1985.

Artificial Model of Cerebral Stroke Induction
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Iakob Gogebashvili State University, Telavi

Abstract

Cardiovascular diseases rank first among global health concerns, directly linked to healthy
lifestyle practices, particularly nutritious diet and consumption of ecologically clean food
products. For commercial purposes, various unhealthy chemical additives and pesticides have
extensively infiltrated agriculture and the food industry, becoming causative factors for numerous
diseases. These toxins facilitate the formation of substances most dangerous to the human body—
oxidants (oxygen free radicals). Free radicals provoke and contribute to the development of
ischemic heart diseases, myocardial infarction, stroke, and other serious health conditions.

Cerebrovascular pathology of the brain represents a critical medical challenge due to its
high mortality and disability rates. The aim of this research was to study an artificial model of
cerebral stroke to improve the investigation of therapeutic agents for this pathology.

Experiments were conducted on white rats using the photochemical thrombosis method.
This technique involves the subcutaneous administration of a photosensitive dye (Rose Bengal)
followed by local irradiation of the cerebral cortex with a halogen lamp. The interaction between
the dye and light generates free radicals, which damage vascular endothelium, induce platelet
aggregation, and ultimately lead to thrombosis of blood vessels.

Histological examination revealed the development of a parabola-shaped lesion in the
irradiated area extending to the subcortical white matter. Punctate hemorrhages, erythrocyte
aggregates, and thrombi were observed in the blood vessels. Tissue examination demonstrated
edema and degenerative changes in neurons. In the control group (irradiation without dye
administration), no lesions were detected.

The presented model is non-invasive, easy to implement, and enables the creation of
infarction foci at virtually any location within the cerebral cortex. It closely resembles the natural
clinical manifestation of stroke development and allows for the investigation of various
pharmaceutical agents' effects on blood microcirculation, as well as their antihypoxic, anti-
ischemic, and antioxidant properties.

Key words: Cerebral Stroke, Photochemical Thrombosis, Cerebral Ischemia, Rose Bengal,
Experimental Model, Free Radicals, Cerebrovascular Pathology
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The medical plant found in some regions of Georgia — Zmerkhli
(Ruscus Hypophhyllum L)

Alasania Nargiz
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SHota Rustaveli State University, Batumi

Abstract

Zmerkhli (Ruscus Hypophyllum L) is an evergreen shrub from the Asparagaceae family
that can grow up to 60 cm tall. Although this plant is widely distributed according to its
range, its population is small, and it has significantly decreased in recent decades due to the
aforementioned factors. For this reason, Zmerkhli is rightly considered a plant on the brink of
extinction, as indicated in the Red Book of the USSR, which suggests that it is necessary to
prohibit the harvesting of this plant everywhere and to promote its propagation.

In the past, an infusion of Zmerkhli was used to treat the uterus and as a uterotonic to
help expel blood after childbirth. The seeds were groundused as a flower substitute. The fruit
1s edible, but due to its rather unappealing taste, it is consumed infrequently.

Zmerkhli, Colchic Tagvisara (Latin: Ruscus colchicus), is a dioecious plant belonging to
the Asparagaceae family. It is a low, rhizomatous, evergreen semi-shrub; the ultimate
branches of the last shoots are transformed into leaf-like, large, leathery, glossy green,
pointed, thornless phylloclades, with the lower ones opposite and the rest alternate. The fruit
1s red. It flowers and bears fruit from April to September. It is fairly widely distributed. It
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grows in lowland, mountain, and subalpine belt forests and shrublands. It is found in the
western and, rarely, central parts of the Caucasus ecoregion. It is an endemic species of the
region. In Georgia, it occurs in Abkhazia, Adjara, and Kartli. It is used in ornamental

horticulture. Although this plant is widely represented in its range, its population is small and
has sharply declined in recent decades.

Key words: The medical plant; regions of Georgia; Zmerkhli; Ruscus Hypophhyllum L
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Determination of atmospheric air pollution in the Tbilisi
agglomeration using moss bioindicators

Nana Berdzenishvili

Iakob Gogebashvili State University, Telavi

Abstract

The paper discusses the ecological state of the atmospheric tank of the Thbilisi
agglomeration, which I investigated using bioindicators of Sphagnum - white moss, which is
the most sensitive to environmental pollution and which is rare all over the world. The
biomonitoring method was used, special measures were taken to prevent pollution from glass,
Teflon and steel materials. Monitoring was carried out for three months. The results of the
study conducted in Tbilisi and Rustavi showed an increase in the amount of polycyclic
aromatic hydrocarbons: pyrene, benzoanthracene, benzaprene, phenols, nitrobenzene,
dibenzofuran, pyridine, phthalates, alkylbenzenes, toluene, styrene, xylene, benzene, ethanol,
benzaldehydes, acetophenone, benzoic acid and its esters, alkanes, stigmasterol, formamides,
furans, furfural, n-hexadecanoic acid and its esters, which are harmful to human health:
decreased lung function, poisoning, cancer development.

Keywords: agglomeration, bioindicators, aromatic hydrocarbons, Sphagnum.
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3BUAGSIA0. 809099¢70 3307935 JoBbs 0bsbsglh bbzssbbgs 30265969300l (1-sb 5%-
dyg) dobymsereyio Gstoemrgdol (NaCl, MgSO,, CaCOs;, K;HPO,, KNO;) gogargbol dgbpszamsl
SHHOb6M30399900L GHsdgdol (25, 57 s 124) 56(908036008:9¢7 59503285Yg CPI-gcvey200b0b
b33396  5699800.  56958260LHIH0 5950380 Fglsgsligberso  3odmygbadoer  ofbs  droo
R0A33008960960 8355905 38560l O Z-0RI VOGO Ggodmpoor s d9Rsbs LB Boerwmo
Bmbols ©osGgHho  Jocrodyd98do. G9g8g0ds 5B396s, (el Ostoenmzsbo  dgdswggbermds
d603369¢7m36500 356bs bmzmsglb SHH0b 305999800 56(9080,365m89¢v 030b98980.
356Ls37900698000 GHodo 57 3s0moGEgm@s  Gs@s¢ro 5590308000 MgSO,-0b  23(H0dscreyr0
3639609053006 306089800, boever K HPO, @©s NaCl-ob 0m353989¢70 ©mbggédo dobo
800259903085 Fb0T3269¢m3b650 G9dpotk@s. CaCOs-0b dgdobg93500 sghoz0m80l 6083269¢7m3560
63e0en98900 56 sR0FJboms, beagne bbgs JBHsdgdobozolb (25 s 124) dbeagrm Gpotkgo
356L535298960 50060369620s. 3307935 bsBl lbzs0b 08 g3s@9dmb Jodowmto Gsbsbosogdergdol
db0G369¢mm8slb,  G@Oemgdog  30H306  Ydmdiwgdl  sbH0T0GHmBremo 53969900
IRTH05b6MBsYg @5  F0rg00098L 59 H0b0oggB980l  Boracrmgonto  3m9broserol
8059760208096 ©95¢0 V3305 B9 braggemols 8gentr698530.

bs335602  bodg3980: 399063093900, Fobg®sera®mo  dstroemgbo,  s69030360809¢m0
SHH0383, BOB3500039629(50 8555960980, 8o BgFb02¢PZ0s.

dgbsgseo

3dBobmdogg@gdo (Actinomycetes) - 059 IO0M0O, domocwo GC dgdiE3gwrmdols ddmbg
BoEsdgbGHMEmo  dodBHaMogdo - geo-ghmo  dbodzbgwmgzsbglo  fgsdms  sbE0To3MMdMMmo
6030009M90930L  doMmbobmgbolimzgol, OMIWIdoE RBIOOME  Fsdmoygbhgds  BMTS3IZGI,
3MHMB0MEJIBMEMA0e ©s 339006 0bEMLEHMOsdo (Rani et al., 2021; de Souza Rodrigues et al.,
2024). 30 bs@o Fo0Imddbsb IH935¢0x5gMHM3960 doMadEHoMo bsgmmgdo goblsbmgmogl dom
LAOIGIROE OMEDL, OMAMOE dbgdM0g d0MIMBEOMEOL 539630l ©s §3MEMYOMMS©
000350 d0M3MM1YIEJOOL 30FIb30YHO AFoMTMgdEqdoLs (Subramani & Sipkema, 2019).

®565990060M39 d0MmE9dbmMEmynsdo sd@0bmdoEgdgool 4edmyggbgds gobobowrgds HmymO3
93MMA0MM0 5¢@IMboG035 53MMmJ0d0353gd0obodo. dsmTo Fomdmgdweo sbGH0dOMEH03gd0 ©o
96%00900 98399@GMMe© Bgdmddggdgb Lbgoalibgs BoGHM3smMygbe FozMMmMmAB0BIBY, Mo
dom 39OL39JBHOMEL bEol MMM doMMLIRONbMYdOL 3mbEgJu@Gdo (Barka et al., 2016;
Oyedoh et al., 2023). 53 9036 Y60DINS dBOMELMYOMOHO 5dEH03MdOL 45dm3gbs 30 dFoMHME
5oL YIM3IOEIOMWO  9Mg0Mm  BOJGHMMGODY - Food ImOOL 1533900  96MggdoL  JodomE
3905009950357 s 496Ls3MMMGd0m F0bgMSEXOHO o0 gdol 3mb39bEHME0sDY.

30bgMoMo JoMogdo 3609369wm3z56 MMl SMMEgdgb odBHobmdogg@gdol dmMgm-
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BoDBOMWMY0ME 4563000509055 s  FGBIOMWNO  5JBH03MdsTo.  33¢93900 9h3gbgdL, GMI
3Mb30gEHmwo FoMowgdo, Hmammoass NaCl, MgSO,, CaCOs;, K;HPO, @s KNO3, s6o dbmerme
239309656 obgbab 5dBH0obmAoEgdHgool BOIBY, Mg 33wosb dsmo  bEH0T03MMdIMMo
3090900l 063 IbLOgMdLS s L3gdBH®L  (Jakubiec-Krzesniak, Rajnisz-Mateusiak, Guspiel,
Ziemska, & Solecka, 2018; Selim, Abdelhamid, & Mohamed, 2021). dovbgsogzs© 5MLYdMIO
3OmMgbols,  Bogzwgds  sMol  Jglfsgeoo oy Gmamm  dmddggdl gl BoMowrgdo
060030005 mEs© 96 LEAHOMIGHMOMs© 3M63OYGME 83sdgdDBY O OMYMO gobs30MMdYOIE
29bLb35390@0 56@SRMBOLEMMO M175d309d0L 259M3w0bgdL BOGMIsmMYgbgdols Jodston.

§0b53gdsMy 330935 B0BBs 0LEbIZL 53dE0bMI0EIEHIOOL 3MB3IMgEHWEo FEsdqdol (25, 57,
124) 56&000360mdwo 5J§G03mdoL dgx3sL9dsl dobgGogrmmo dsowgdol (NaCl, MgSO,, CaCOs,
K,HPO, s KNO3) Ubgoslbgoazst 3mb3gbdMsgosdo, CPI germ3m®Bol  s0gbg bOol
306t1390d0, Groms go0M339L FoM0wrms Bgyo3wgbol 3930103 s 3mEHIbE0MMmo gsdmyabgdols
9005690900 d0MEgdbmemyomemo Jobbydolimgol.

©5LObEO FoBBOL 2obLEBMEF0Y IS o0LObS T9da0 sdmMEsbgdO:

1. 9d&Hobmdoig@gdol 8@sdgdol 0bBmemaE0s s 00096E0R030MY0s 11533930 ToboEr0Eb.

2. 9obgMoeMo oMo gdol Lbgoolbgs 3mbi39bEHMs300L 4oblsb®agMs s Fs00 ©sTSEHJOS
1533900 56)9900LMZ0L.

3. 5d®obmdoEg@gdol 9b6GH0303MMdMWo  5JBH03MmdolL Fgxsligds s35Mm0L  OL3-oRBoYHO
3900Mm@OM GoGHM3500MPIBMMH0 BHLE-MMRB0BTGd0L Fobsswdwgy.

4. 9obgMoeMo  FoMoegdol  353wqbol  dgsMgdomo  sboseoBo  mommgmeo  J@sdol
36308030000 5dGH03Md0L (33000 gdsbY.

33930l JgoMEOEM™y0s

53d30bmdogg®gdol obmEssos

33w930Bom3z0L  353mYygbgdeo  9dBHobmdosg@gdol  9BHedgdo  (Ne25, Ne57 o Nel24)
0BMwoMmgdme 0g65 Bossgol 60339306 bEbEIMEHWo F03MMdOMEWMY0Gmo JgmmEadols
23090yg9bgd0m. 30M39WOEO 0BMEIsE0s FIbbMOE0ogmw©s LEHIMOWMEMmO Bossaol gs6Bsz3900l
0900M©OM 5 E3LHMGLOE 98MYxbgdme 0gbs Lobsdgdem-35Hgobosbo godbsmo Bs3zgdo g
(Williams & Davies, 1965). 9¢sd9d0l dgBg3s  asbbmOEogw@s  dsmo  3mermbogdol
ImOHRMEMA00Ls S 9BGH0803MMdIMo  9dBH0gmdoL  Fobslfs®o  BHLEGH0MGOOL  LoxrzmdIzgEDY.
0000090 9EHsdo 0bsbgdms 4°C-Bg L3MMHGOOL FGMEOISTo.

15533990 59980 5 JsMoEgdol 3Mb3gbGHMsgos

3dBHobmdog@gool  BOEoLs @y  9BGH0003OMdMWo  sd@ogmdol  Fglogsligdes
24590myggbgde 0dbs CPI (35Hg0b0-393EHmMmbo-M3065) qamm3mbBol bs3ggdo oMg. 33eg3580 ymgzgge
3omobg  39dmygbgdmer  odbs  1-@sb 5%-0g 3mbEgbGH®eE0s.  FoMowgdo  §IoEYOMES
LBHIOO0WODI30509Y, LBEHIOOWMMHO 306HMBJOOL I330M. MDY 0bmIMEoMmgds bgdmEs
LGHObIOEGMo  3Hgdbozom sdobsrmer dmdudo. LogmbE®mMmEm 30MHMds©  gobobowgdmes
doMOMSEO 509, MMmIgEdoE JoM0egdo Fo®dmpygbowo oym LEBEIMEME, dsE MbyBy.

AILGH-mG360HBIG0 S 56Fs3MboLEHMGO sdE03mdol Fgnsligds

36G9gMmbolGMMO  9dBH03mdoL  ©oAg6s  2bbMME309wEs  9g9MOL  OLI-OBYDOWGO
dgoomeom (Balouiri, Sadiki, & Ibnsouda, 2016), ®mIol GoMawgddos od@0obmdoag@gdom
060379006730 ©oL3Id0 (EIBEMGd0m 6 33 OLTgEGHMOL) IMMaglbs BJuEH-MGYIBOBIGdOL
5355790 BYa30MHBY s 063M00MEIdMEs 48 Lssmolb gobdsgermdsdo. sbEH0Toz3MMdMEO
9%399A0 998395bs LGHIOOEOHO BMBOL OsTgEHMOL (33) LgymdzgEBy.

ALGH-mOY60BIGos  9MBgMwo  0dbs 9090  BoEM3smMygbmo  dodBHYMogdo:
Pseudomonas syringae, P. tumefaciens, Xanthomonas vesicatoria, X. campestris, Pectobacterium
phytophthorum, P. aroideae 5 P. carotovorum, Gm3gdo3 3bmdogos 93gbstgms se35090900L
2400039300 @5 HAoMmsE F93Mm0Yygbhgds 96E0T03MMdIMWO 93963l GguBHoMgdsdo (Weinberg,
2020; Torres-Rodriguez, Reyes-Pérez, Quifiones-Aguilar, & Hernandez-Montiel, 2022).

39003900 5085305 F0IMOMBOMEMAOMMO  2odmmMZgdol  Bsdwswgdom, JoMHOMIWO
949965000005  3595H30WES  MOMMGMEo  BsMoEol  bgdmddggdsby 9BHedgdol  bBeMELs
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96¢000360:mdM@ 5JE03mdsDY.
331930l 390092990 ©s dsmo 3sbboengs

BoBoMgdmmo 9580330939000 ©sR0bEs, MMI 153390 MY, Losg 033wgds K2HPO4
3mb396@®oE0s 85@gdoLszgh, LYLESE 30MsMEPYds FGsdo 57, 00 0dwg3zs JMBEHMMEOLIYH
25bUb39390@ B0dz39w, Mg 3MEMmbogdl.

g39ws  LogIwo  IMWGHMMS 39O 300000900 Lo3gzgd  9Mgbg,  HMIol
9905009903580  (335¢9dsmdL  KNO3  1-0ob  3%-00g 3mbigb@®sgoom. 58  dsGoob

3Mb396GHME00L 3500EIOILMDE ghms 860dzbgumzbs LLBgds dFsdo 57-0b M. 0yo
300390 3000Mmbogdol  Lobomoss, 396o3L  bogmgzog®gdol mbs®l, ofGobmdogg@ol 2 ULbgos
39IGHMO 30 SBo 306-MBJIT0 39O F0IMPOIDS.

Bg9bo  990m33wg390000 NaCl 3mb3gbGHMogool (33w gdolsl  LylGs@ 300050 ds
dbmrmE @990 57. 030 035wbsBobm 2sbLbb3530gds 3MBEMmMEOLSL.

CaCOs3  Ubgoslbgs  3mb3gbdHMogos o6 0f393L  Losgguro  3Mw@G«egdol  Moody
256Ub35390E BOM-295630150M9dL 3MBEOMEOLHYE. I3 Wb 500b0dbML, HMA 3@ sdo 124
3905609000 LLES 30M5MEIOS LYo 50gBg, 3000 JOMOMSVDY.

B39bL Bog® asdmEo 0dbs  syMgmgg, FeSOs 9o3wabs  9dBHobmdogg@gdol  bMs-
3963000069059, B391gdm03 gb 60300gMYds 3350l Lobom FgEol JoMHOMsEO 1533980 SGOL
990500396 mds30 o 1s3dsMmobos dobo 930609 (33¢0wgdgdoE 30, ®MI 3MWEGMMIdOL B
Q50000 MbMb. 59EH0bmToEgEJdoL $6EH0T03MMBME 59E03MdDsBg FoMoms 3mb3gbEMmogools s
dobo 0bsdo3zoL 2o3cgbols gbfageroliol oEY0bs, GMI gl BoJBHMOO OoE Bgdm]dggdsl
3bgbl 3MEEMMgd0L 56FSFMbOLEHME 03019093 bY.

Domdmygboe Nel 0sg®s3sd0 sSbsbwemos 9Esdo 57-ob 96EGH0TozOMdMwo 5JE03mdoL
00653035 830000 GHILEGH-MMHR60BTol 0By JobgMsm®mo domowgdol (NaCl, MgSO,, CaCOs,
K,HPO,, KNO3, FeSO,) (335090500 30633963 6930900L 306:m090d0. 890093900 boymgl, Hma
dobgMomMo  BoMowgdo  goblbgegqdmws dmgdggdgb od@obmdosgdol  sb@odsd@gmore
3mBGH9bEoswmby.

OmameOEg  Nel  ©osyMsdosb  BsbL,  KeHPOs  3mbggb®®ogool  1-4%  BG@OoLsL
96009369 mgbs 930Mmgds 93980 57 65EH00030MdMWo 5dBH0gmds, 5% 3mbizgb@®mogoolsl 3o g
30L905 LOMWSE 5MsM 3er0bgds.
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MgSOs  3mb39b@GH®MoEo0l  BoBgdsbomsb  ghmo  doMomss@  0BOHEYds  J@sdo 57
963000360000 5JE03MdS 000Jdob 439w 90900 BHLE-Md0g]EOL B0dsMm.

Bggbo as0m33¢g39000 NaCl ©@MBGoolL oBOELML ghms IzoMEgds dFsdo 57
9b63H0303MMdMWo 5JBH03Mmds s 4-5% EOML 30 gl M30Lgds WM 30bEgds TN GO
05d3H9M0900L B0dsM0.

SMLYOOMO© MOMJToL SO A5BLLZs3ds CaCOs bbgoolibgs 3mbEIbEH®Ms30900L 990339
90990bg  2obMowo  3MWEHWOIOOL  96FGH0T03OMMIMWo  sJBHo3Mds - Lo3mbGHOHMEMm
390 GHOLSE 89oMgd0om.

53 9995905 8@oagdL 25, 124 om0 9630003000 5JEH030ds LogMAbMdEs© o@remdls
KNOs @s MgSOs 3mb3gb@®mszogdol BeHalosh ghms. K2HPOs 99dmbgggzsdo 3o gl 093090
X966 0DOEIdS O FoIO PMHBYOOU (4-5%) OML »360d36qwm d30MEYds.

NaCl 3mb396@®s30ool 35@gdol 306H:mdgddo @sdo 25-0bs s 124-0b sbEH0T03MMdMEO
5dBH03m0s 56 goblibzoggds b MIB0I3zbgrMm© 3O MBL 3MBEHOMEMB Fgsdgdom. CaCOs
©MBYdoL FoBgds 0figggl 9Bsdo 124-0L odGHogmdol Mdbodzbgerm ©og3zgomgdsl, @sdo 25-ob
99BH03mds 30 DMy F900bg03590 Jod e mdl, BmaX IO 3€gdEMdL.

B39b0 dmboigdgdom, FeSOs 3mb396¢®mogool «9d60d3bgem a500wgdom 53 399 @Ewegdols
59dH03m05 0BEMYds, 89909 30 96083690 m3bs I300M©ds.

513369

0m3g9Mee  33eg3sdo  dgbfogeoe 0odbs Lbgoolbgs dobgMoww®o doGogrgdol (NaCl,
MgSO,, CaCOs, K;HPO,, KNO3) 3m6396@®0300l gog3egbs od@obmdogg@gool 8@sdgdol (25, 57,
124) 56®300030mdm@ 5J&H03mdsbg. 9900989005 56396, MMI 30063M9G™ME FoM0EgdMb s Tom
300 3mb395GHM30gdMb msbbgg®sdo dgladwgdgos 9Esdgdol  sb@EeamboliEwdo
dmg09qdol 3603369c0m3bs godaogMgds. asbbo3Mm™Mmadom 9x39dEwIOo sdmBbos 9@sdo 57,
H0Iwolb  5bGH0003OMdME0  5dBH03M0d  BoGM350MmPbMOH0  BoLGH-MGY60DBIGdOL  dodsMo

03580Mm© gogdxmdILES 2oM339Mee 30MHMdYdT0. 33eng358 babo domligs dobgMowmMo Lo33900
3500 gdoL HmEol 36033069 mdL doMEMA0MH0 5296@Jd0L doMEHYIbmEMa0H 45dmygbgdsdo
©5 domoms  39ML3gdE0390%g s3MmdomEgdbmemaom®mo  96E0T03OHMdMmO  3Mg356MaEgdol
090993953900L 303N gdom.
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The Effect of Mineral Salts on the Antimicrobial Activity of Actinomycetes

Davitashvili Magda

Zuroshvili Lamara

Margalitashvili Darejan

Iakob Gogebashvili State University, Telavi

Abstract

This study aims to investigate the effect of different concentrations (from 1% to 5%) of
mineral salts (NaCl, MgSO,, CaCOjz;, K,HPO,, KNO3) on the antimicrobial activity of
actinomycete strains (25, 57, and 124) in CPI-glucose nutrient media. To assess antagonistic
activity, seven phytopathogenic bacteria were used in the agar disk diffusion method, and the
diameter of the inhibition (sterile) zone was measured in millimeters.

The results showed that salt composition significantly determines the antimicrobial
properties of the actinomycetes. In particular, strain 57 exhibited high activity under optimal
MgSO, concentration conditions, whereas its bioactivity was significantly reduced at elevated
levels of K;HPO, and NaCl. In the case of CaCOs3, no significant changes in activity were
observed, while for the other strains (25 and 124) only minor differences were noted. The study
highlights the importance of the chemical characteristics of the environment that directly affect
the efficacy of antimicrobial agents and suggests the biotechnological realization of the biological
potential of actinomycetes in agriculture.

Keywords: actinomycetes, mineral salts, antimicrobial activity, phytopathogenic bacteria,
biotechnology.
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Seasonal Dynamics of Solid Marine Debris Along the Batumi Coastline

Dumbadze Guguli
Shaindze Marina
Machutadze 1zolda

Shota Rustaveli State University, Batumi
https://doi.org/10.52340/idw.2025.06

Abstract. The growing accumulation of marine litter has emerged as a serious global ecological
challenge, exerting significant pressure on coastal and marine ecosystems. This study aimed to identify
and evaluate the quantitative, morphological, and compositional characteristics of marine debris along a
specific section of the Batumi coastline. The research further sought to classify the waste types and
determine their primary sources. The study was conducted using the methodology developed by the Food
and Agriculture Organization of the United Nations (FAO) for beach macro-litter monitoring (>5 cm)
(Methodology, 2016). The surveyed area extended across coastal coordinates from 41°31'24.3"N —
41°32'47.8"E to 41°39'25.7"N — 41°38'33.8"E.

Findings revealed that the dominant categories of waste included plastic, wood, metal, textile, rubber, and
organic matter, with plastic comprising the highest proportion—40.6% of the total waste collected. The
distribution of other waste types varied significantly across seasons. The primary sources of pollution
were identified as urban runoff, polluted rivers, tourism-related activities, and transit transportation.

This study underscores the substantial ecological and socio-economic impacts of marine debris,
particularly its detrimental effects on tourism and fisheries. The findings highlight the urgent need for
integrated coastal zone management strategies and transboundary environmental cooperation, offering an
evidence-based foundation for sustainable marine and coastal ecosystem protection in the Black Sea
region.

Keywords: Marine debris, plastic waste, Black Sea, seasonal variation, coastal pollution

Introduction

The Black Sea, situated between Eastern Europe and Western Asia, is a unique semi-enclosed
marine ecosystem characterized by its limited water exchange with the global ocean, elevated
biodiversity, and high socio-economic value for the surrounding nations (Stanev & Ricker, 2019).
In recent decades, the influx of solid marine litter—predominantly plastics—has emerged as a
global environmental crisis, significantly affecting both marine ecosystems and human
livelihoods (Galgani, Hanke, & Maes, 2015; UNEP, 2016). Marine litter is not only persistent and
slow to degrade but also fragments into microplastics, posing severe threats to aquatic
biodiversity, food chains, and public health (Simeonova et al., 2017).

Despite various international initiatives and regional monitoring programs addressing marine
litter in the Black Sea basin (e.g., EMBLAS-II, BBSEA), significant knowledge gaps remain—
particularly regarding the Georgian coastline. The Batumi coast, a key recreational, ecological,
and economic zone, is increasingly vulnerable to anthropogenic pollution from riverine discharge,
tourism, and urban runoff. However, scientific data on the structural composition, quantity, and
source identification of marine litter along this area remains scarce.

This study aims to perform a structural, compositional, and quantitative assessment of marine
litter along the Batumi coastline, thereby contributing empirical data to an understudied region of
the Black Sea and supporting future policy frameworks for marine environmental protection.

To achieve the stated aim, this study focused on the structured assessment of marine litter along
the Batumi coastline through spatially representative data collection and seasonal evaluation. The
key objectives were to identify and delineate coastal sampling zones based on environmental
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criteria; to assess the volume and composition of stranded marine litter during multiple seasonal
phases; to classify debris by material category, including plastics, metals, glass, wood, textiles,
and rubber; and to determine the relative proportions and dominant types of litter present. A
further objective was to evaluate the primary sources of pollution influencing the Batumi coastal
zone, including land-based inputs such as river discharge and urban runoff, as well as maritime
and recreational activities. This framework provided the analytical foundation necessary for
understanding the spatial and temporal patterns of marine debris in a critical area of the Eastern
Black Sea.4. Significance of the Study

This research addresses a critical environmental and data-driven gap by providing the first
systematic, seasonally stratified investigation into the nature and origin of marine litter along the
Batumi coastal zone. The outcomes are highly relevant to environmental governance,
contributing to marine conservation strategies, integrated coastal zone management, and public
awareness. The study directly supports global efforts to achieve key Sustainable Development
Goals—specifically SDG 14 (Life Below Water), SDG 12 (Responsible Consumption and
Production), and SDG 3 (Good Health and Well-being).

While selected sections of the Georgian Black Sea coastline, such as the Sarpi beach area, have
been partially included in broader international assessments, no comprehensive studies have yet
investigated the full Batumi coastline, particularly in a seasonal framework. This study is the first
to systematically map marine debris along the entire coastal stretch from the Sarpi border
crossing to the Alphabet Tower in Batumi. By identifying major litter categories and their likely
sources, the research highlights the necessity of long-term monitoring systems and advances the
understanding of marine litter dynamics in a strategically significant, yet previously under
examined, region of the Black Sea.

The study was conducted along the urban beaches of Batumi, Georgia, within the geographical
boundaries defined by GPS coordinates 41°3124.3"N to 41°39'25.7"N and 41°32'47.8"E to
41°38'33.8"E. Field surveys were performed during four distinct seasons—spring, summer,
autumn, and winter—between 2024 and 2025, covering different sections of the coastline. The
collected material consisted of marine debris deposited onshore by wave action.
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Figure 1. Study Area
The collection, morphological categorization, and quantitative assessment of marine litter were
carried out in accordance with the FAO-recommended methodology for beach macro-litter
monitoring (>2.5 cm) (FAO Methodology, 2016). This standardized protocol was developed
within the DeFishGear project, funded by IPA-Adriatic, with the primary objective of supporting
integrated regional efforts to reduce marine litter and promote sustainable coastal and marine
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environmental management in the Adriatic—lonian macro-region.

The methodology is grounded in international frameworks, including the EU Marine Strategy
Framework Directive Technical Group on Marine Litter (MSFD TG10) “Guidance on Monitoring
of Marine Litter in European Seas” (2013), the OSPAR “Guidelines for Monitoring Marine Litter
on the Beaches in the OSPAR Maritime Area” (2010), NOAA’s “Monitoring Marine Debris:
Guidance and Protocols” (2013), and the UNEP/MAP MEDPOL monitoring document for
Ecological Objective 10: Marine Litter (2014). These documents collectively informed the design
of the survey protocol, ensuring consistency, comparability, and scientific rigor in the assessment
of macro-debris on Batumi’s beaches.

Results and Discussion

Marine Litter Composition and Seasonal Variability on the Batumi Coastline

Marine litter surveys conducted across four coastal sectors of Batumi in 2023-2024 revealed
significant seasonal fluctuations in debris composition, reflecting both anthropogenic pressures
and hydrometeorological events. The study areas included the Sarpi border beach, the mouth of
the Mejinistskali River, the section near Batumi State University (BSU), and the Alphabet Tower
beach.

Quantitative and morphological analyses were performed using the FAO methodology for macro-
litter monitoring (>5 cm). The total weight of debris collected (excluding wood) on the Alphabet
Tower beach over a 3200 m? area reached 56 kg. When including storm-transported wood
fragments, the total weight increased to 2 575 kg, highlighting the disproportionate influence of
extreme weather on natural debris inflow.

Across all seasons, plastic emerged as the most dominant litter category, with an average share of
40.6%. Its highest prevalence was observed in autumn (51.05%) and the lowest in winter
(36.08%), indicating relatively consistent year-round pollution from plastic packaging, bottles,
caps, and fragments. These findings are consistent with global assessments showing that plastic
constitutes the bulk of marine litter due to its durability and ubiquitous usage (Galgani et al.,
2015; UNEP, 2016).

Wooden debris exhibited a dramatic seasonal spike, reaching 97.87% of total litter in summer,
likely due to intense rainfall and riverine floods transporting logs and branches into the sea. By
contrast, its presence was significantly lower in spring and autumn, averaging 34.45% annually.
This variability underscores the role of inland hydrological processes and forestry activities in
natural debris generation.

Rubber waste, primarily from footwear and vehicle parts, peaked in summer (26.61%) and
averaged 15.74%, suggesting intensified tourism and transport-related inputs. Organic matter,
including food residues and agricultural byproducts, was highest in summer (26.61%)—likely
associated with peak tourist activity—and declined to 4.54% in winter. Textile waste was most
frequent in spring (20.2%), possibly from spring cleaning and urban runoff.

Hazardous waste, such as pesticide containers, chemical bottles, and batteries, was detected in all
seasons, averaging 3.63%, and found particularly after storms near the Alphabet Tower. Paper
and cardboard appeared only in autumn (8.39%), representing a small but notable fraction of
overall litter (2.1%).

Spatial Trends and Pollution Sources

Spatial analysis showed higher plastic concentrations near the Alphabet Tower and the
Mejinistskali estuary—areas exposed to wave accumulation and river discharge. In contrast, Sarpi
beach revealed a higher presence of organic and wooden debris, potentially originating from
upstream agriculture and waste mismanagement. The BSU coastal sector demonstrated a more
balanced distribution, with plastic and textile waste predominating.

The Mejinistskali River, classified as heavily polluted, contributes substantially to coastal debris
inflow. Additionally, the coastal current from Turkey to Georgia further complicates source
identification, as marine litter may drift across national borders. Seasonal hydrodynamics, storm
events, and land-based activities collectively shape the litter distribution across Batumi's beaches.

Environmental and Socioeconomic Impacts

The study confirms that Batumi’s coastline faces significant environmental challenges due to
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persistent marine litter, primarily plastics. These materials threaten marine biodiversity, impact
recreational beach quality, and impose escalating cleanup costs on municipal authorities.
Moreover, the presence of hazardous and medical waste introduces potential public health risks,
particularly during peak tourist seasons.

Despite daily municipal cleaning, litter accumulation remains a persistent issue, often due to
upstream inputs and storm-driven deposition. Comparisons with studies conducted along
Turkey’s Black Sea coast (Terzi & Seyhan, 2017) reveal similar patterns, emphasizing the
transboundary nature of the problem.

Illegal landfills near river sources (e.g., Mejinistskali and Barkhana) and poor waste management
infrastructure further exacerbate pollution. Strengthening legislative frameworks—such as
Georgia’s Waste Management Code—and implementing targeted interventions (e.g., public
education, monitoring systems, enforcement of river protection laws) are critical to addressing
this multifaceted issue (Shainidze, Dumbadze, 2023).

Table 1. : Seasonal Distribution of Marine Litter Types (%)

Category Spring Summer Autumn Winter Average
Plastic 43,13+14,73 40,17+10,45  [51,05+1,85 [36,08+11.47 40,60
Wood 9,5+3,86 97,87+0,27 7,15£3,64  [23,29+12,56 34,45
Rubber 14,5+5,63 26,61+11,44 3,5+2,58 18,35+3,29 15,74
Organic 3,82+1,16 26,61+11,44 16,08+£3,64 |54+1,37 12,76
Textile 20,2+9,32 9,11+ 1,47 — +2,35 10,06
Metal — 12,67+1,11 — 4,1+1,33 4,19
Glass 5,7242,34 — 4,89+2,37 — 2,65
Hazardous 3.05+1.09 3,91+2,09 4,89+2,37  2,68+1,13 3,63
Paper/Cardboard — — 8,39+2,64 — 2,1
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Figure 2: Marine debris composition in the research area

Conclusions
This study provides compelling evidence that the Batumi coastline is under persistent pressure
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from both land-based and marine-derived litter sources. Plastic debris was found to be the most
consistent and dominant component across all seasons, indicating chronic pollution linked to
widespread consumer use and insufficient waste management infrastructure. The episodic influx
of wooden material, particularly during summer storm events, highlights the ecological
consequences of extreme weather and riverine flooding. Furthermore, the spatial distribution of
debris near hydrodynamic accumulation zones and river mouths suggests that both natural
processes and anthropogenic activities jointly shape coastal litter dynamics. These findings
underscore the urgent need for integrated, multi-scale approaches to address the ecological,
public health, and socio-economic dimensions of marine litter pollution in the eastern Black Sea.

Recommendations

To effectively respond to the identified challenges, we recommend the institutionalization of long-
term, seasonally stratified litter monitoring programs; the implementation of upstream pollution
control measures targeting river discharges and urban runoff; and the reinforcement of cross-
border cooperation within the Black Sea region. Strengthening public environmental awareness
and ensuring the enforcement of national waste management legislation are critical steps toward
behavioral change and systemic reform. Additionally, given the observed plastic fragmentation,
the inclusion of microplastic monitoring should be integrated into future coastal assessment
protocols.

References:

Galgani, F., Hanke, G., & Maes, T. (2015). Global distribution, composition and abundance of marine litter. In M.
Bergmann, L. Gutow, & M. Klages (Eds.), Marine Anthropogenic Litter (pp. 29-56). Springer.
https://doi.org/10.1007/978-3-319-16510-3_2

Shainidze M., Dumbadze G.. Terrestrial sources of pollution of the Black Sea on the example of the small rivers of
Adjara - Mejiniskali and Bartskhana. Proceedings of the Student’s Csientific-practical conference - "SCIENTISTS
OF THE FUTURE", ATSU, IMERETI AGROECOLOGICAL ASSOCIATION. ISBN 978-9941-495-94-6,
Kutaisi-2023. 285-290 pages.

Simeonova, A., Chuturkova, R., & Yaneva, D. (2017). Marine litter accumulation along the Bulgarian Black Sea
coast. Marine Pollution Bulletin, 119(1), 110-118. https://doi.org/10.1016/j.marpolbul.2017.03.042

Stanev, E. V., & Ricker, M. (2019). The physics of the Black Sea: A review of the current state of knowledge and
perspectives. Regional Studies in Marine Science, 32, 100832. https://doi.org/10.1016/j.rsma.2019.100832

Terzi, Y., & Seyhan, K. (2017). Assessment of beach litter along the southeastern Black Sea: A case study from
Trabzon, Turkey. Turkish Journal of Fisheries and Aquatic Sciences, 17(5), 1027-1035.
https://doi.org/10.4194/1303-2712-v17 5 13

Topeu, E. N., Tonay, A. M., Dede, A., Oztiirk, A. A., & Oztiirk, B. (2013). Origin and abundance of marine litter
along sandy beaches of the Turkish Western Black Sea Coast. Marine Environmental Research, 85, 21-28.
https://doi.org/10.1016/j.marenvres.2012.12.006

UNEP. (2016). Marine plastic debris and microplastics: Global lessons and research to inspire action and guide
policy change. Nairobi: United Nations Environment Programme. https://www.unep.org/resources/report/marine-
plastic-debris-and-microplastics-global-lessons-and-research-inspire-action

99560 LoBgsm 6sGRY6IdOL LybMbMMo 065303 dosmvydol LsbsdoMm bmerdo

©9)305dg yyNo
3506009 356065

953@odg 0dme©s
;s HMLMeggeol Labgwdfogm «bogg®dlodgdo, dsmwdo

LoBEZsM Bs®Bgbgdol HoMmEbmdol BEMEs L FoMTmoygbl LYMOMDBYE AWMBIWH
93M@A0M 200mf393sL, Mo 9608369wm3zsb gogagbsls sbgbl LobsdoMmm s Lsbgzom
930L0LEJI9dBY. 99 33g30L Fobsbo ogm 3509dol LsbsdoMm Bmerols dmbszzgmdo Lobmgsm
Bo®bgbgdol  MomEabmdmogo s  FMOHBMEMY0Mo  dgygboErmdol  oblsbmgMs,  Tsmo
30b0x035(305 S FoMdMBMdoL s mgdol 0wgbGHoxnoE0MYds. 33e935 3BBMOEF0©s Fo96MML
LOLLOOLS s bLmBEOL  IgMObgmdol  MmEORBoBsgool  (FAO)  dogé  899mdszgdwgero

62



0900M@MEMmyool  Logdzgabyg, MOmdgoi 9dwgbgds 3wsgdbg do30Mmbscmbgbgdol (>5 UI)
dmbo@GmMmobal (Methodology, 2016). 33¢030L 560950 IMO(3930S 3MMmMHEObsGEJool 41°31'24.3"N —
41°32'47.8"E-q06 41°39'25.7"N — 41°38'33.8"E-d09 Bo63gddo 99dstg 35007930l 3enosl.
9900990005 9B39b6s, OHMI Bs®hgbgdol doMOMOEO  BHO3gd0s: 3G, Tghdsbo, Tg@swo,
A9JuBHowo, MIBobo s MRG0 Tobos, Losg 3slEdsls ™IobsbEB o oym s
09500996005  bs@Bgbgdol  LogPmm  MomEabmdol  40.6%-U.  ©Bs®Bgbo  BHo3gdol oo
3600369crm3b6500 033w gds LYBMEMGSE. JoMOMIEO IBOEINEOOOL [fysPrmgds godmzwobos
WEOOBMwo  BsdMbogbo, dobsggdol  ©sd0bdMHGds,  BHWMOLAEHMEO  5dGH03MdJBO
Lo@®BDOEHM FIHSMBS.

331935 HoBL MUzsaL LoBEZsM Ba®bgbgdol 360369 M350 BgImJdggdSL HMYMEF g3MEMYOwW©,
oy bLeEOSYWG-93mbmTogme  S139dBJODBY, 2obLEIMPMGO0m  BHWOHODBIoLs s MY3BF MOl
LgzgO™o.

bs33560e2  bodgzgd0: bsbmzsm 656696980, 3crsbdhisbs, dsgo bwgs, Lybmbato ©@obsdoys,
bsbs306e2 5806095985

The research was conducted within the framework of the EU-funded grant project BSB00559,
CARE SEA - "Cooperation and Awareness for a Pollution-Free and Environmentally Sustainable
Black Sea," under the Interreg NEXT Black Sea Basin Programme. The project falls under the
programme priority: Clean and Green Region.

63



1100 53G5Hmmo s domemaomo 3936090 9d9d0 (y39es)

The Influence of Qvevri-aged Saperavi and Saperavi Elixir on the Organoleptic and
Chemical Characteristics of Bread

Elanidze Lali’

Khositashvili Tea’

Iakob Gogebashvili Telavi State University, Telavi
Narkabulova Nargiza?

Tashkent State Agrarian University, Tashkent
https://doi.org/10.52340/idw.2025.07

Abstract. This study investigates the migration and concentration of phenolic compounds in
bread enriched with Qvevri-aged Saperavi wine and Saperavi elixir. The analysis focused on
total phenolic content, proanthocyanidins, tannins, anthocyanins, catechins, and antioxidant
activity. Following the incorporation of 30 mL of Qvevri-aged Saperavi wine and 30 mL of
Saperavi elixir into the bread formulation, the total phenolic content reached 1,483 mg/L and
2,100 mg/L, respectively. Anthocyanin concentrations were measured at 912.8 mg/L in the wine-
enriched bread and 602 mg/L in the elixir-enriched bread; proanthocyanidins at 391.2 mg/L and
600 mg/L; and catechins at 889.8 mg/L and 901 mg/L, respectively. Antioxidant activity was
determined to be 94.8% in the wine-enriched sample and 90.9% in the elixir-enriched sample.
Both types of enriched bread exhibited significantly elevated phenolic content and strong
antioxidant potential. In addition to the distinctive Saperavi aroma and balanced tannin profile,
the successful transfer of phenolic and other bioactive compounds contributes to the bread's
enhanced nutritional value and functional properties. These findings suggest the potential of such
products to serve as functional foods with prophylactic and preventive health benefits.

Keywords Qvevri-aged Saperavi, Saperavi elixir, phenolic compounds, anthocyanins,
antioxidant activity, functional bread.

Bread, one of the oldest staple foods, has maintained its relevance through millennia
and continues to be a key component of the modern human diet. Therefore, ensuring a
balanced composition and enhancing its nutritional value remain highly relevant and
significant issues in contemporary life [6].

Adding various natural ingredients to bread products allows for the extension of shelf
life, texture improvement, development of dietary and therapeutic-functional products, and
compensation for nutritional deficiencies in the human diet [2,13,8]. Bread typically exhibits
a broad flavor spectrum, enabling a wide range of product variations and allowing the
incorporation of various natural, health-promoting ingredients, thereby transforming bread
into a functional food. Several researchers have investigated the content of phenolic
compounds and antioxidant activity in breads enriched with fruits and vegetables. Their
findings confirmed a significant increase in the total phenolic content and antioxidant
activity in these types of breads [3,4]. Furthermore, the impact of winemaking byproducts,
specifically dried grape pomace obtained after alcoholic fermentation, has been studied on
bread’s functional characteristics, such as texture, sensory attributes, and physicochemical
properties. It was established that grape pomace serves as a valuable enriching ingredient in
bread production, as its addition leads to an increase in antioxidant activity and phenolic
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compound concentration in the final product [14]. According to scientific research, phenolic
compounds possess strong antioxidant, antibacterial, and antiviral properties, as well as a
wide spectrum of biological activities. Recent studies have demonstrated that phenolic
compounds are effective as adjunctive therapeutic agents in the treatment of COVID-19, both
during the acute phase and in the management of post-COVID syndrome [11].

Bioactive substances found in grape juice and the solid parts of grapes represent a rich
raw material due to their high antioxidant capacity and other biological activities [15].
Notably, phenolic compounds, classified into flavonoid (including oligomeric and polymeric
procyanidins, catechins, flavonols, and anthocyanins) and non-flavonoid groups (such as
phenolic acids, stilbenoids, and others), are characterized by their high biological activity in
various physiological pathways. The concentration of these compounds in wine and grape-
derived products largely determines the functional role of such products, particularly
concerning their therapeutic and preventive health benefits [5,9,10,16]. The positive effects
and biological activities of polyphenols have been scientifically confirmed. These include
antioxidant, antimicrobial, antihypertensive, anticarcinogenic, immunomodulatory, and
antiviral properties, particularly important for human health [12].

The organoleptic quality of bread depends on its appearance, crumb structure, taste, and
aroma, significantly contributing to its overall nutritional value. The concentration of flavor
and aromatic compounds in bread is primarily determined by the type and quality of flour
used, the formulation, the specific characteristics of dough preparation, the addition of
various natural ingredients, and the duration of baking. Among the most popular biologically
active natural additives are those that enhance the quality parameters of bread products and
increase their nutritional value [3,4]. One such component that allows the enrichment of
bread with biologically active compounds is Qvevri-aged Saperavi, a traditional red dry wine,
and Saperavi elixir.

Based on the aforementioned, it can be concluded that the use of grape-derived
components in bread production is both relevant and important. Accordingly, this study
aimed to investigate the presence of certain phenolic compounds transferred into bread
enriched with Qvevri-aged Saperavi wine and Saperavi elixir.

Research Objects and Methods. The objects of the research included the following:

Control bread sample )
Bread enriched with Qvevri-aged Saperavi wine (II)
Bread enriched with Saperavi elixir (I11)
Qvevri-aged Saperavi wine (Iv)

Saperavi elixir (V)

The samples of bread enriched with Qvevri-aged Saperavi wine were prepared at
the vocational college “Prestige”. The Qvevri-aged Saperavi wine used for enrichment was
traditionally vinified in the family winery “7zabani” (located in the village of Kvemo Alvani,
Akhmeta Municipality, Georgia) using the Kakhetian method of fermentation on grape
pomace in a clay vessel (Qvevri) for two months. The bread samples enriched with Saperavi
elixir were prepared at the pilot bakery of the Tashkent State Agrarian University. The
Saperavi elixir was produced in the laboratory of the Department of Storage and Processing of
Agricultural Products (Tashkent) using grapes harvested at their technological ripeness stage,
including stems. The production process involved pre-freezing the grapes at —11 to -10°C for
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4 hours, followed by mechanical crushing, low-temperature pasteurization (55°C for 12
hours), and thermal stabilization (60-65°C for 4 hours). The final product, rich in phenolic
compounds, was obtained through filtration [9,10]. All samples, both control and
experimental, were prepared following the technological sequence and process parameters
required for the proper execution of operations.

Organoleptic parameters of the control and experimental bread samples were evaluated,
including color, odor, taste and aroma, surface characteristics, crumb structure, and porosity.
The results of the study are presented in Table 1. For accurate and structured evaluation, the
data are presented in the form of a spider (radar) diagram, clearly illustrating the organoleptic
advantages of each sample (Figure 1).

Qrganoleptic Evaluation of Bread Samples
Conhtrol Bread Sample
= Bread Enriched with Qvevri Saperavi
—— Bread Enriched with Saperavi Elixir
b Structure

cEMAppearance

Figure 1. Comparison of the organoleptic properties (aroma, taste, color, texture, surfase,
porosity, grumb structure) of the control sample, bread enriched with Qvevri-aged Saperavi, and
bread enriched with Saperavi elixir.

Total phenolics, anthocyanins, proanthocyanidins, catechins, and antioxidant activity of
the Saperavi wine and Saperavi elixir used during the bread-baking process were determined
by spectrophotometric methods. Total phenolics and anthocyanins in the crumb of the
experimental samples were quantified according to the Gloria method [7], using a
spectrophotometer (HACH/DR/3900) at wavelengths of 480 nm and 520 nm, respectively
(Table 2). Antioxidant activity was measured by the DPPH assay (DPPH, 517 nm) [1].
Proanthocyanidins and catechins were determined at wavelengths of 500 nm and 280 nm,
respectively.

Table 1. Organoleptic Characteristics of Control and Experimental Bread Samples

Research Results
Qua
lity Control Sample Test Sample
Indicators I Bread Enriched with Bread Enriched with
Qvevri-aged Saperavi Wine 1II | Saperavi Elixir
III
With slight Uniform, without cracks Straight, uniform,
Surf | unevenness, no cracks or | or fissures, with a uniformly | without cracks or fissures,
ace fissures, and a uniformly | colored crust. with a uniformly colored
colored crust crust.
Well-baked; no Well-baked; no signs of Well-baked; no signs
Cru | traces of under-kneaded | under-kneaded dough observed | of under-kneaded dough
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mb dough detected in the | in the cross-section; thin-walled, | observed in the cross-section;
structure cross-section; thin-walled | with uniform porosity and | thin-walled, with porosity
with uniform porosity and | without hollow spaces. and without hollow spaces.
free of hollow pockets.
Color Off-white to creamy With a pinkish-purple With a light pinkish-
coloration hue purple hue
Well-baked,  with With thin walls, the With thin walls, the
Porosity thin walls; the crumb is | breadcrumb is porous and | breadcrumb is porous and
porous and elastic, | elastic, easily regaining its shape | elastic, easily recovering its
regaining its original shape | after =~ compression. =~ When | shape after compression. It
after light finger pressing. | touched, it does not leave a | does not leave a sticky
When touched, it does not | sticky or moist sensation. sensation upon touch and is
leave a sticky or moist moderately moist.
sensation.
Pronounced bread Very delicate aroma of With a light,
Aroma aroma with a very light, | Saperavi with a harmonious | harmonious aroma of
harmonious sour note. scent. Saperavi.
Characteristic taste With the characteristic The wvarietal aroma
Taste and | and aroma of wheat bread, | taste of  wheat bread, | notes of Saperavi grape juice
aroma with a mild acidic note. complemented by light, | were evident, accompanied
pleasant, and harmonious notes | by a balanced, tannic, and
of Saperavi aroma. harmonious taste
characteristic of grape must.

Table 2. Total Phenolics, Proanthocyanidins, Anthocyanins, Catechins, and Antioxidant

Activity Transferred into Bread Enriched with Qvevri-aged Saperavi Wine and Saperavi

Elixir
Name Total Anthocya | Proanthoc Catechins | Antioxidant Organoleptic
phenols nins yanidins (mg/L) Activity by Characteristics
(mg/L) (mg/L) (mg/L) DPPH at 517
nm (%)

Kvevri- 1473 1027.6 | 440.4 883.8 75,5
aged Saperavi

Saperavi 2190 670,8 590, 6 880.3 92,77 With a
Elixir distinctive

varietal
aroma

100 g flour, - - - - - Typical
yeast, salt, water
(control sample)

100 g flour, - - - - - Typical
yeast, salt, water
(control sample)

100 g 1483 912.8 391.2 889.8 94.8 With harmonious
flour, yeast, salt, aromatic tones of
water, 30 mL Saperavi and a
Qvevri Saperavi. light pinkish-

purple coloration.

100 g 2100 602 600 901 90,9 Light Saperavi
flour, yeast, salt, notes  with  a
water,  Saperavi balanced, tannic, and
elixir (30 mL) harmonious flavor of

grape pomace.

67




This study represents the first attempt in Georgia, specifically at Telavi State University
named after Ivane Javakhishvili, and in Uzbekistan, at Tashkent State Agrarian University, to
investigate the enrichment of bread with Qvevri-aged Saperavi wine and Saperavi elixir as
functional, biologically active ingredients. The research focuses on evaluating their impact on
the organoleptic properties and biochemical characteristics of bread, with particular emphasis
on the preservation of phenolic compounds and antioxidant activity.

The results obtained demonstrated that the addition of small doses of Qvevri-aged
Saperavi wine and Saperavi elixir during the bread-baking process improves the organoleptic
parameters of the bread and significantly enriches its chemical composition. The addition of
30 mL of Qvevri-aged Saperavi imparted a distinctive varietal aroma of Saperavi to the
finished bread, with the crumb characterized by a pinkish-purple hue typical of Saperavi,
which enhanced the visual identity of the bread. The bread retained the neutral, mild flavor
characteristic of wheat, enriched with aromatic, slightly tannic notes of Saperavi. A well-
balanced sensory harmony among the components was observed. In the finished bread, the
total phenolic content was 1483 mg/L; anthocyanins measured 912.8 mg/L;
proanthocyanidins amounted to 391.2 mg/L; catechins were 889.8 mg/L; and the antioxidant
activity reached 94.8%. The Saperavi wine itself was distinguished by a high concentration of
phenolic compounds (1473 mg/L) and anthocyanins (1027 mg/L). A slight increase in total
phenolics was recorded in the finished bread, which may be attributed to the concentration
and stability effects within the dough matrix. Regarding the observed decrease in
anthocyanins, it is presumed to be a result of thermal degradation during the baking process.

Phenolic Compounds and Antioxidant Activity in Enriched Bread
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Figure 2. Comparative content of phenolic compounds and antioxidant activity in bread
enriched with Qvevri Saperavi wine and Saperavi elixir.
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During the bread-baking process, the addition of Saperavi elixir imparted varietal aroma
notes of Saperavi grape juice, characterized by a balanced, tannic, and harmonious flavor
reminiscent of grape must. The bread crumb exhibited a light pinkish-purple coloration, with
a fine and uniform pore structure, soft consistency, and elasticity. The addition of the elixir
enhanced not only the bread’s aromatic profile, color, and structure but also significantly
increased the content of biologically active compounds - total phenolics, anthocyanins,
proanthocyanidins, and catechins. In bread enriched with Saperavi elixir, the total phenolic
content reached 2100 mg/L; anthocyanins were 602 mg/L; proanthocyanidins amounted to
600 mg/L; catechins measured 901 mg/L; and antioxidant activity was 90.9%, indicating the
high antioxidant potential of the elixir and confirming its functional role as a natural and
bioactive source of polyphenols [Fig.2,3].

Antioxidant Activity by DPPH at 517 nm
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Qvevri Saperavi Bread Saperavi Elixir Bread

Figure 3. Antioxidant activity of bread enriched with Qvevri Saperavi wine and
Saperavi elixir.

Despite equal addition volumes of 30 mL during baking, the initial phenolic
concentration of the Saperavi elixir was approximately 48% higher than that of the Qvevri
Saperavi wine. This difference should be carefully considered when comparing results to
objectively assess the transfer efficiency of phenolic compounds.

Phenolic compounds from grape-derived products partially transfer into the bread;
however, their retention quality significantly depends on the initial phenolic concentration,
thermal stability, dough structure, and baking conditions. Bread enriched with Qvevri
Saperavi wine and Saperavi elixir demonstrated superior results in terms of both total
phenolic content and antioxidant activity.

Considering the above, it is advisable to conduct further in-depth studies on the impact
of these additives on the shelf life and nutritional value of the bread, as well as to evaluate the
potential beneficial effects on human health with regular consumption.

Based on the results of this study, we can conclude that enriching bread with Saperavi
wine and Saperavi elixir represents an effective strategy to improve the sensory properties,
enhance the nutritional value, and diversify the product assortment. The bread stands out not
only with its characteristic Saperavi aromatic flavor and harmoniously tannic notes but also
due to the phenolic compounds transferred into the bread. These compounds, together with
other beneficial nutrients present in the product, contribute to its high nutritional value and
consequently to its functional purpose from a prophylactic and preventive perspective.
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33936 0L LogzgMsg0Ls s LoxgMsgoL gugdlo®mob 93w gbs 3vMol MmGMYIBMmEg3E03Me s

Jodon® 3sB3969d¢gd%bg
9es60dg oo
bembo@sdz0wo mgs
05300 3039050300l LobgermdOL Lobgwdfozm MboggmLoE g0, Mgwsgo
65635035 boMaobs

39839630 Lobgedfogm sgMIMMwo MbogzgMLOGIGHO, 3993960

BBEHMsdH0. BoBomadmeos Bsxggmszol 30boms s LyggMszol  gargdlo®oo
39900090 3MMHT0 goILIo BgbMWmHo bsghHmgdol 33935, 390mIM, LygMmnMm
196MmEgdol,  3MMIbEGHM30560006930L,  BHoB0bgdOL,  bFHME0sbgdols s sby3y,
36¢0MmJLoBEHMMO 5JEH03MBOL JoBLEBE3EMs. 30 e LoggMszoL V3060l OTsEYdOLSL
LogOMM B9BMEgdOL MoMEIBMdsT Tgoaobs 1483 dp/ew, bmerm 30 de Logg®ogol
99gboMOL TG JOoLSL 3o - 2100 T/, 56EHME05BIdOL MoMYbMdsd, FqLodsdobo,
99500065 912.8 I/ s 6020/, 303056@M 305600006900l - 391.2 dp/w s 600 /v,
39%970b6900L MoMmEabmdsd 30 - 889.8 I/ s 9013/, bmerm, s6E0MmJLobEH™GIs
5d3H03M0d50 895009005, Fglodsdolo, 94.8 % s 90,9 %. LExxgMs30L  30boms o
LoR3xMo30L JergdLoMOm 50O EMYOMETs 3MMTS 583965 Bo3gmglic F9ga0 MMM
LogOnMm Bgbmegdol, 51939 96GHOMJLOBEHMMO 5JBH03MOOL MZsWLsHBOOLOM. 39O
399066935 565 FoOGH™M BoBYIMS30L SOMIsE0 399M0 S 35MMboIs© G9B0bosbo
A&Mbgdom, 56599, 3MMT0 oILMEo FIbMEMOO Bosgemgdo, 3MMmEMJ@do Tgdsgsw
bbgs LoloMYYdWM bmEM096EJOMB JOMO© 9b3306MHMdYd96 MOl Towowr 339000

006093 gdsLS s Fgbsdsdols BMBI30Mm BOTBEMEGOLL, 3OHMBOEIsIGHO0ZMOO ©s
3693963010 M35¢BsBOHOLOm.

bs33560m  bohg3980: 4393006 Lsxgmszo, Usxzgmsz0b  gengfboto,  39bc2¢me60
6596002980, s6¢902bo6GHIH0 37H038s.
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1100 53G5MHmmo s domemmaomo 3936096090900 (y39es)

L53MM3M0 LMoL gs3agbs LoggMsgol gz0bols doMomso JodowmMo
935B396909d0lL B50MYys¢r0d9d5DY

398b0330@o0 606m!

05300 339059300l LEbgEMdOL Lobgwdfogm »boggdLoEYEH0, Y30

395605 seng3m 2

9mmd OMLm39w0l Labgwdfozm Mmbogzgdlodg@o, dommdo

530059300 I35

05300 3M905930¢0lL LobgemdOL Lobgwdfoxm MboggMLo@gdo, Mmgwsgo

https://doi.org/10.52340/idw.2025.08

331935 ©580656LgdME0s Fmms GHYLmsggmob LsgdsGmggmml ghmgbrymo
b53936ogHm Bmbeol dogh {3MsbGol bmdgmo - FR—22-6630 N22 17.03/2023 .}

38bAGsgAo. 9939¢m9b0  Ps&8mBdobs @5 IH335¢7FbGogo  dbodzbgcrmbol  bsggmszol
X000l gmdbolsgsb  bogsozgereado  dbso@gds  bsezgogber  bstobbol,  sgeiero
5QZ0oCP30IMB0L  sbsbyergdol 12 30msbozwm0o foomgero 3060, Gmdcm)dbooss ©O@os
5QZ0oerB6030 @5 3bgero Fmdbdsm9bemols Jmombmzb0¢r98s. ydps, 50 bsey3909b0 bsmolbl
Jods G9golbbgzs  Ubbgsslbbzs 803602Bbsdo ((B96Ge15(530) 379¢7H030098<9cm0 bsggms30b5856
@030 (03060980 950059636985 Lgblicatrwyaw dsbsbosogdengddo, Gsg Pstrdmsggbl
FoGowemo  J9m3069m80b  350mf3935b. 9b0acmmgos sYGom, 58 RsFBHob 9HgB0  SBLYdocmo
dobgbos  «bmgoosb GgdmdHsbocro s dsbemdmozs 330049698500 FTMHS0 3490
bsg560. 500HMBs; 30 36:028¢m9dolgsb gsdmbsgsero mgerszol bsbgerdpogem «boggmlodgdol
d96609005 89505  J903069m80L 000090 J03G02bmbobscmgol (3060l bszms@o
39 ANOm0  bsges®mol  3sdmyzs6500  ©s0bsbs s dgfdbs  39bsdgbBitro 3629930,
OmGgemsg 2023 fgerlb mos Gbosggerol bsgstoag9cmmb 96m369¢m0 bsdgsbogmer gmbools
bsdperosbo  3@sbdo  Jmodmzs. gb  sGob  39¢7935,  Gmdgcrog  bogs®omggermdo  sGsbmogl
BBHOgBLIms - 000990 SQOBOCPHHI080b bs3gtsg0bsoz0b  Fgbisbsdobo Saccharomyces
cerevisiae-b bs329005(0 [f00bs Ghsd9dol, 59509 sGsGbgdeaemo [dobos 379¢detgbol - psem-
35€739 3500439565, J03602B26980L Fobyz000.

3699H0b  BsM3er98do 10 J0o3602Bmbolsorzol  dgoddbs  dgbsdsdobo  379¢reyBercro
bsg563980, (09805 AILPsga0m0s 0360080m¢Pe80-9H5© ©5 0@IbHOR0E0GIBrIc0s ©bJ-
ol dobyoz000;  3odmyz560¢m sbsev GHodpd by @sdbsos 3060980, Gmdgemors doBoosEO
O97602¢rm30960  Fsboliosongbengdolb — (semizmdemero,  HOAGXmo  Fi33056098s, s s0
0753056085, 97bA®39H0) 3367930L Osbs¢m9Bo [strdmagbocros 50 630GmIT0; 356G5¢nIErwIM5C,
Ggbpsgeroeros  bbgs  3m8096c029¢w  bsgops@96Dg 00539  b90m979c0bsgsb  ©sy9698-9acmo
306096006 Jsbsboscgdm9b0, sbser 379e7H21H96Bg ©s0VsIBrIcmo 030602980l 0230698980056

d9bssM98¢ms.

bs335602  boBdgzg8o:  Uspgtsz0,  (HgO«sto, Saccharomyces cerevisiae, S¢V32302¢70,
AOAOIe0 J530560285, 976G HO,

80 Lo3mbgbg dgBo bBbolb oLEGMMooL dJmbg  Johomwo  Ignzobgmds  ©EIL,

23903399 fos®, Bgbl »figmdl dbmuwom bsdgEbogmm-39dbozme® 3MMAMILL S (FEOEPMBL,
23900536M5L ol 459m393900, o3 dob Hobsdg ooygbs 3sbsdgEMmM3gMdT: Johmmer ©30bmby

©OJOLEMZ0L FOBOHEOO, SPAOCMOIMOZ0 S N3BMNMO LodsBMHM 3390900, SWIM3MEIYMO
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Loldgergdol 3603369wmgzsb0 sEYoo JoMomeE 93mbmdozsdo, Lsm3zmbol dogH Bm@Gsbogro,
X 96IOMgEXMdOL 45073539000 3O:MOGIJOO S BMY0IM0 TomRIBOL gooFMol  306mlmb
abmoMgdmwo a%s [398bodzowo b., 2012].

JoOmem  393965b9mdsll 56 5305 35BoL  X08gdol  LodMegy, 93GMIEHMbMMO vy
0b6@mMmE300Hgdwo  (500-Bg dg@o TbmermE sA0WmdM0305) [https://wine.gov.ge/Ge/Wine,
3Mdsbodg ., 2014]. oo FmMoL, o300 VOMLYdJdOMS S BodgMMbgm-E9dbmemaom®o
30098900, O3,  PodmEPByMwos  MboswMo  3sBolb  xodo - Loxggmszo
[https://agrokavkaz.ge..sapheravi], ®mdgeHgosz 0mEol sbmgmdo GgowoHgdmwmo Jo®mwyeo
03060 439wsBY OO Fowo; g 5GOL JsOmw X0dgdl FmEOL MboZswmMo Ggdbmewmyon®o,
300gH 300 ©o  LYIYEOEEbm oMWW GdGOOL  Jmby,  KIBIGMYIWMBOLIMZOL,
3OMBOWIJEH03IO0 MZ5BsBOOLOm, Yzgwsbg d60dzbgarmgsbo ym@dbol xodo [39ubodzowo
s bbg. 2011].

mdz9egbo  HomBmTmdol  LoggMogo  LodoMmzgewml, momddol, ygzgms  Mgaombdos
23930390 MWo @S MBIV DgMgdo  39dqbgdmwo.  ®IOLsmMzolL  sOLYdMo 32
30360mBMbosb [https://wine.gov.ge/Ge/Wine], 12-80, Logg®sgol xodol yoy@dbobogsb dBowgds
L5993909bM  bsMOLLOL, 3O SEAOWHMTMTMOOL  EILILYEGdOL  JaslogmMo Fomgwo
©30b6mgd0,  OMIWIdDIPIE  ©OPOS  SEPOWMOMH030 @S NMibmgwro  ImIbTsMdEol
dmmbmgbowgds. 0d3s, s©Lsb0dbsgos, ®MT 93 Lov3zgogbm  bsGolbLl dowds dqgodhbggs
Ubbgosbbgs  d03™mbmbsdo  m3Mazowo  LoggMegobogsb  sdBsgdmwo  w30bmgdol
JO0OBIOM36905 LbLmOHYe  Fsboliosmgdegddo [Jackson, 2009]. Moo, §gbom, GHgewysmol
(00360mbmbol)  98gdBHds -  bosogo,  GIwogRo,  Jods@o,  JoMm9ImIEggero  ¥Mbgds,
0Q0WMdMH0Z30  LOBIOO - 930L0 ,LoGYzs Mbs MJ3zsb“ 3060l 0bogzoEILEIMGO
30L90900L Bsdmyo0dgdsdo.

093009Mms 5 BHYbmEmams sHBOHom, 59 FogBHolL ghmgMmo sOLYdoMo dobgbo Mbs
09gmb gobrgaro Lo 3960L dmemb LodsOmzggermdo (0bg3g, MMMz dgm30bgmdol 8936 J3994s65d0)
M3b™gm0b FsbMdM0350 g8mEsbowo, s30ms® JmbdsMgdso s dsMEGH035© dgbsbzswo
Saccharomyces cerevisiae-lb 396050 379GHYOMEO boBwsOOL 650OLILYMdJd0, [Alexandre et al.
2004], HMIggdbgsE ©INEIds JoM0Eo 306mgdo. ghmo FoMmamBsgzemdol byxwysOL ghmo
000oOHMgdom  d03g4ogl gHmO  x0Tobogob TV  ©V306mgdIOL  MmEYIEMEgE 03,
g496dbol Bbgoslibgs 50 fomdmdmdols s bbgs@alibgs Gghvystyaro 9i39J@0ob dowmbgsga.
0505b5@5dg, Lobgbgs  MI3bEgo  Jshmmwo  Fguz069mdol  3GMdMgTs:  893965bgmdols
Lbgoolbgs  8030mbmbsdo 3w EH030MGgdMwo  ghmo  xodol  gmdbobash  syqbgdmeo
©306mgd0L  9hmxgMmzs60 boslosmo. 53 3MHMIWYIoLasb 2s0mlsgso mgwsgol Lobgwdfonm
mB039MOLOEYEHOL Tg3bogPms xaMxds  d93965bgmdOL MmomMmgmEro d03OMBMboLsmzolL w3060l
15370 3N EWOYIO BsgBSOOL A50MY356580 s0bsbs.

LoxgMo30Log0  ITBIIdMWo  Lbgoslbzs  5yoEHomIMIMdOL  z30bolsm3z0L
06©0300oMmdol  ©adMHMBIdOL  Tglodergdemdols  dgbslfiagmo  8goddbs  3Gmgd@o
209J5OM3gmlb  BHIOoGHMAH0sDY  LsxgMsgol  FsBol  x0doLsysh  Fo®Imgdmmo EsEgMEo
50030fsGIMTMdoL  EILEbgEgdol ®306mgdOLOMNZOL  Saccharomyces cerevisiae-b Ls@SGOL
bgms 3Nm@GMegdol gsdmygmas ©s dsmo 1B39308031Ho m30Lgdgdol dglfsgums LsdMgfgguam
390myggbgdol dobbom*, OHMIgedsis, JOMZBMWO O IMHPOL 2563056 YdOLIM30L  MOoEILO
06009369 @dol  go8m, dmms MMLmsgzgEol LodsOmzgeml ghmgbowmo bsdgsbogmm rmbool
Lodherosbo  9MbEBHO  Tmo3mzs. gl SMOL  33w93s, MMIgErog  LoJoMmzgEmdo  sGSLMEIL
BOGIMPOIMS - 0I0MMIMWO SEAOWHFIOTIMIMOOL LBogggesgzolsmgol  dgLsdsdolo Saccharomyces
cerevisiae-l 1537)M5M0 dobs 9EHsdgdoL 5dsdEyg SMOLYdMwo oobws JMWwEHMMYdOL -  (3o¢-
3939 399My3569, 303OMBMBIdOL Bobgz00m.

000MJwo 303OMBMBOLMZOL dodmyzsbowo (dobs 3w EMMgdo dglfsgarow odbs
3030MO0MEMY0Ms; 50 sboer FFsIg0by ©ITIBOES ©306Mmgdo, HMIgWms FOMHOMDIPO
399bm@myom@mo  Fobsliosmgdergdol  (sen3m3meo,  GoGHMEo  T553056Mmds,  sJMMEs©o
0553006005, 9duGHeogd@o) 3330l doboergdo FoMmdmagbowos 3 BsdMMTT0; 3565w IMS,
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dgbfogeoos  Lbgs  3mdghgome  Logmemgdby 00539 bgmgmeobogsb  sygbgdmeo
©306mgd0L dobsliosmgdEgdo, sHoE 3MWEHWMIODY ITHBIVIOMWO MW306MmgdOL M30LYdGOMD
d9L5IMYOWs@. bYogLo 331935 - LOZMPG s WYEbMMO BogMsOHDBY ITDBIIOMEo ©30boL
3090900l J9aMgds, MmOMb, 33oMy FsbTEHd0m - BsBsMmgdME0s MgLavy-bi JogolEMol dogH
[Vephkhishvili et al. 2024]. gl LsdoaoLbEHM™M 339353 ©IBR0BBLYdIMOs Fmms Glmeggeol
LogoMm39w™L gHM36mwo Lsdg3b0gHm gmbool dog 2023 §geb.

33930l md309d3Hgd0 s dgmmEgdo. 1s33eg3 MB0YJBIJOL HoMdmogbws LodsMmzgaeml
093965bgmdols s 9903069mdol  s0 B03OMBMbsTo - bogs®gmwo, JobddsMomwo, 3m39bsbo,
435M90, 5b59960, sbmgdo, 53963, Fobsbwowo, bsddo, dmebobo - #gdbozm® Lodjoxgdo (20-24
dm3.% 85d6., 5,5-6,6 3/c BHOGHOWWO 0553056Md0m), BHJMHYsMOL F5gJLoTSIMIQ IGOWJIVICO
3RA0MYd0sb  FM3MgRowo  Logghsogol xodol  gmmdbologsb L3MbE B MM (390G
LoggamDyg), Jsbogw®mo dgmmeoo [Jackson, 2008] 7-10 oL 56353 mdsd0  dMEPMI©Y
QOIEMWIOMO 030606 WgJgd0Esb godmymzomo ©s gobvrmeggdwo [3axapos u ap. 1984,]
LogwysMOoL §dobs FFs8900; Tomysb FozMMBOMEMYOMMO A5sMbgz0L dgommegdom [Richards,
1967, Benitez et al., 1983, Tikka et al., 2013] 996bgmwo dwogho, ©mIobsbEo B@Esdgdo;
000MgMwo  Jomsbo  0©IbGHOBR0E0MJOWMWwos  I@S-3x6 (PCR) dgom@om  [@opo
0M0@Bgmol,  J.6mM30P0L  J30Med  0BLEOEGHNMBHOL  J03OMBOMEMYool  ASBYMmBoEgds];
90360Md0ME™A0M0 39mMm©gd0m dgbfagzeowos Mommgwo dozmmbBmbolsmgzol dowgdmeo
3CAMOME0 Bdxg®mol Jo3MMBOMEMA0M-Bqdbmermaom®o  m30lgdgdo[Zambonelli, 1988,
Richards, 1967, Tikka et al., 2013]; 99630 ©@®dobsbEo §dobps 9Esdgdo mbgze@o sM0@sb
293360505 oMGBO0B300L  FgNMEOm:  goladBMmdo 60dMBgdo gsogobs xgM - 45°C-bg,
8900098 @omGBooBG0s RGNS WdMMIGHMMoM Moy yobmwdo (laboratory freeze
dryers, labconco-Kansas City, MO, USA ) - 84°C -%g olg, 6md 86Gmdobsl 60dwdby
$9939M53HwOH0o HBgdmgdggds o6 bEgdms.

1533930 MB0YJBHIO0 0ym, U939, bbgsslbgs - Logzmme®o, dBgdGH030 (39¢MO) s
™m0 MbemGo - LOFWSMOm SO F0ZOMDBMBOL  LoggMegoLygsb  3wsbozwmemo dgommpom,
3IOGHPE0 MOHEOMDBY EMYVOEOm, TDsIIMWo  Homgwo w3zobmgdo [Jackson, 2008],
Omdgms oMo Gdbmemaom®o  Bobsbosmgdwgdo  dgbfiagarowos  sE3Mm3mmMo
LobidgegdOl WsdMEMSEHMMOMO 33¢g30LsM30L 5S3MHMBOMGINMWO LogHmsdmMHobm FgmmEadols
259mygbgdoo [OIV-dgmmqdo, 2010].

99b3960896¢G0 @s BgEgagdo. 3OmgAHoL 30Mzgw Fawl ysdmyzsbow ogbs NwEHNOYwo
LoRYMYO0 LoBgIMI30LmM30L, F03OMDBMbIdoL Jobgwzom. Lsgdudg®odgb@me dgMbgme odbs
Lodo®mggarml 99396sbgmdols s 990306gmdol 10 doghmBmbs: 9 - Jsbgmls s 1 - Jggdm
Johmdo,  Lssg  Imfigmmo  Logggmogolbogob  dBo@gds 3slogMMo,  IEIo
330 HoMIMTMO0L LY gdol  30bmgdo:  ,BogsMgmwo-fomgwo©, »J0bddsMovge0,
»09399D060%, Y3509,  ,0b58960%, ,0bmgdo”, ,03m6s%, ,Fobsbswo-Homgwo®, ,bsddo’,
»00bolo%. 3 ©306MmMoxsb Bmyo TIMsos (dMEWMBdY EOIEMMIDIYOs Todoo), bmyo - 30
Bobgzho G3dowo.

99b3960396F0LsM30L  y3z9es  B0ZOMBMBOL  LoggMmegol ym®mdgho 903 dszws o
©OOMOES dermdEy, bafocro - 3agMGH0sbs©, Bofoero - 3arg®EHOL go®gdy. ©odbswgdIo
0306m900L  9Jo@sb  sgdME  bodwdgddo (90 gOHmMGMEro) F90MOYMm S RoLIRMSZO.
Saccharomyces cerevisiae-b 006560 §obs 830900, beagrem 0gMHIMLEHGHOMIO0M ST
bbgoabbgs gm®mdols s 3mbLoLEgbiool 300-0wg 3mermbos.

MxO9IIO0L  FmOToby S ©9330MGHI0L, 9xMgM3g, L30OEDY J9OROE HBOHOIMOOL
dobgz0m, 10 3036HMBMB0IE MmommgMmeolsmgol 8go@bs 2-3 0Bms@o, Ly, 20 (dobos
390GHMO, O™Iwgdog dglhogrom 0dbs Lbgoalbgs GHgdbmemaonm®o m30Lgdol dobgwgoom:
2309653 gdol  30693030L, gmobmol, Aw3mbols s SO2-0L Lbgzsslbgs 3mbEgbE®MsEool
00056H®  BHMEgMobEBHMO0L, 1533900 9MOL Lbgosbbgs pH-Ls ©o 9d3gcms@®sby beob,
3 3m3mob Homdmddbol »bsmol dobggzom.

53039 90360mBMb0Esb Fgombs Lom3z90glm FobolosmMgdgdol Mmomm J@sd0: 43sMmYEo
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15, sbmgdo 26, sbs8gbo 45, JobddsMomero 50, bsgodgmmo 51, Imzmbsbo 58, s3mGs 61,
$0bsbsgo 81, b583do 105, demebolbo 109. dsmo 2-2 gaHga3ErsM0 49693H0329M0 FoM0oMmGdOLIMZOL
2950300365 0baeoldo, ool I EH-3X6 (PCR) 9g00m©om  Bo@oms domo 0©gbEonozssos
©b63-0b EMmbgBy. smo 603MFoEb MoMMmgmEds sb396s L3gE0R03MMO BMEOl 3OHMGBoEo. Sy
MO0,  obws  Jowgdo NGO  9FGS0900L  IME3EIH-d0MEMYPOMMO
0630530353000 50Mm30bEs 376930390 2oblbgeggdmwo bsHgdo, MTs3 I9EILEVIOS
3500 0600300 >MDS.
3905 5Fols, MHY390  9M0ELD HIobs  JMWEHMOFIOL  WOMBOWODIFOS

BOGIOHOS WodMmGa@EMmMonen ddMsen yobrmerdo, - 84°C -Bg, Mol 899gas3 dom doomgl ddMmso
30bLoLEBHYBEOS.

3Mmgd@ob  dgmeg Fgb  ©sdBos@s  3wslogmmo Fomgwo ©30bmgdo 00539
903600MmBMmbgd0sb  dMm3Mgn0wo  Bsxkggmsgzol  ym@mdbobogsb, (obs fgwl 36Hmgddol  doge
209myg3z960, dqLsdsdol §dobs 83sdgdHg ©IMVIdIOm, Fogowoms: do3OMmBMmbs dm37Hbols
LOgIMOZ30 IO  LOBWSMOm  ,339Dsb0%,  TogMMBMbs  JobddsMsmeols  Logghsgo -
LRS00 ,,J06dToMOO“ s 5.0.

39056M900L5MZ0L, 356M5EGEIMS, 5939, JLSLOZYOHO TJNMPOM IPVIVES VZ0bMmgdo
[39®30, 2018; Ribéreau-Gayon et al. 2006] 08539 bgoegmeolbsgsb m@o Lsbol 3mdgdEowmen
Loggro®mbg - XPURE o SO.FLAVOR - @5 39«60 baggos®ol gs69dg, 349690603 (39¢M)
Logwomby.

303905, 00MMIMwo  JozOHMbBMbolmzol ghmo s 00539 by gmeom, Bsy®msd
bbgoobbgs LsgzmsMom sdBIEES W306Mad0 MM 35M0s6E, bem, 10 JozMmbmbobsmzgol -
40 60dwdo. mommgEobmgol:

N 1 - Logzwmo®o 3 GO0 BogrsMo;

N 2 - 303963090 bsgrs®oom XPURE;

N 3 - 3m39630o bsgrs®oom SO.FLAVOR

N 4 - 3960 bogrs®om

9JO»b50M0  306MHMd7d0L  Fgloddbgs© LBsM®s®o  FMFwgdo 4obmsgLs ghmbso®o
305G 0 306090l dmbg bLogMigdo, ¥bogzgMLoGyBHOL ©3060l Fs65680, 9MmMTsbgmolisysb
0BMWOMHPMWI©. 935300  3MBEHMHMEWOIIMPS OYOHEML Yool JodEobsMgMds S
3993965GHw65. dMEMIO) OIPVIVES Y39Wd 030bMm s FMobLBS FoF0@sb, Mobog Im3yzs, g6 -
9d0dg gdosb s, dMEmb, M39gbxgMdg - Abwydydo wgdosb dmblibs.

g496»dbol 300¢ol FodMol goM©oddbsby 330639050 sB3965, HMI sdBHoMMo© oofym
QOIROo Y39ws (oobs 3GV ©aygbgdrwds 6037)gdds. FoO®s F9W O LoBIODBY
35©M@s®  ©MMEML.  Gemymeg  BBL, ©Oool  sLsfiyolbdo - Tod@gdol  Fooends
3Mb396GHM53050 - I, MPOEOL drErMl - 5¢3M3MeErol Bowods 3mbiEgbEHMoE0sad - GgoxgMbo
390960 LoBYSGOL Bmddngds.
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The Impact of Indigenous Yeast on the Formation of Key Chemical Parameters in
Saperavi Wine

Vepkhishvili Nino

Iakob Gogebashvili State University, Telavi
Kalandia Aleko

SHota Rustaveli State University, Batumi
Davitashvili Magda

Abstract

Twelve highest quality, classical red wines, all with protected designation of origin, are
produced in Georgia from Saperavi grapes, which is a variety of ancient origin and broad
significance. These wines are in high demand among both local and international consumers.
However, despite their excellence, wines made from Saperavi cultivated in different micro-zones
(terroirs) often show a noticeable uniformity in sensory characteristics. This has become a
significant challenge for Georgian winemaking. According to enologists, one essential reason for
this phenomenon is the widespread use of imported, commercially available dry yeast strains. To
solve this issue, a research team from Telavi State University proposed developing and using
indigenous cultured yeasts tailored to each specific micro-zone. This idea led to the creation of
a fundamental scientific project, which in 2023 was awarded a three-year grant by the Shota
Rustaveli National Science Foundation of Georgia. This research represents an unprecedented
groundbreaking effort in the country: the isolation and development — for the first time — of
distinct pure strains of Saccharomyces cerevisiae, specific to each Saperavi-growing micro-
zone, previously nonexistent as pure cultures.

As part of the project, tailored starter cultures were developed for ten distinct micro-
zones. These yeast cultures have been studied microbiologically and identified through DNA.
Wines were produced using these newly isolated strains, and their key technological parameters
— including alcohol content, titratable acidity, volatile acidity, and extract — are presented in
this paper. In parallel, wines made from the same raw materials using commercial yeast strains
were also analyzed, in order to compare their characteristics with those of the wines fermented
using the newly developed local cultures.

Keywords: Saperavi, terroir, Saccharomyces cerevisiae, alcohol, titratable acidity, extract.
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Modern Sharecropping and Regenerative Agriculture Model for Social
Innovation in Rural Areas: The Pilot Case of Kemaliye Village, Giresun

Tiirkseven Cem Mutlu
Bilen Ali

Giresun Governorship, Tiirkiye
https://doi.org/10.52340/idw.2025.09

Abstract: This article presents a pilot implementation of the “Modern Sharecropping and
Regenerative Agriculture Model” developed under the coordination of the Giresun Governorship in
Kemaliye Village, Tiirkiye. The project addresses the critical decline in hazelnut productivity due to aging
rural populations and labor shortages, as well as the lack of professional agricultural care and youth
involvement. A comprehensive farm analysis and orchard scoring system was applied to 14 hazelnut
producers' lands, totaling 300 decares. Based on over 60 indicators—ranging from topography and soil
quality to pest damage and yield history—a digital scoring software generated customized agricultural
calendars and harvest-sharing offers for each landowner.

In parallel, 240 young individuals were certified as hazelnut maintenance technicians through
structured vocational training. A four-story abandoned village school was transformed into a
multifunctional rural hub that now hosts a training center, women-led production areas, and guest
accommodation. At the end of the project, the S.S.TEKFINDIK Women's Cooperative was established to
maintain operational sustainability.

This model, which combines traditional sharecropping logic with digital agriculture, vocational
training, and social entrepreneurship, has created an integrated framework for rural revitalization. It
demonstrates that local development is achievable when digital tools, professional labor, and cooperative
governance intersect with community-based action.

Keywords: modern sharecropping, regenerative agriculture, rural development, agricultural
innovation, digital farming, youth employment, women's cooperatives

Background

Hazelnut agriculture, which is an important economic value in Turkey, especially in the
Black Sea Region, has been facing a serious productivity problem in recent years. Structural
reasons such as the aging of the rural population, the withdrawal of young people from
agriculture, urbanisation trends and the weakening of family management have led to the neglect
of the maintenance of hazelnut orchards. As a result, quality and quantity losses are experienced
in production, agricultural incomes decrease and regional development is negatively affected
(Erdogan, 2018; An et al., 2020).

On the other hand, the need for knowledge-based, sustainable and professional maintenance
services in hazelnut agriculture is increasing. However, the limited availability of qualified
human resources in this field, the fact that young people do not see a future in hazelnut
agriculture and the lack of adequate professionalisation models for this field create a structural
gap in the production process (Kantar et al., 2017; Berk, 2018).

In this study, the "Modern Semi-Forestry and Restorative Agriculture Model" developed
under the coordination of the Governorship of Giresun and piloted in Kemaliye Village is
introduced; the contributions of this model in terms of social innovation, agricultural productivity
increase, youth employment and women's cooperatives in rural areas are explained.

Introduction

Hazelnut cultivation is one of the cornerstones of the economic and social structure of the
Black Sea Region of Turkey. However, there has been a significant decline in production
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capacity and productivity in recent years. The study by Erdogan (2018) lists the most important
problems facing hazelnut production in Turkey as the aging agricultural population, soil
fragmentation, inadequate garden maintenance and lack of technological investments. Similarly,
An et al. (2020) emphasised the importance of transition to sustainable agricultural practices by
revealing the negative effects of climate change on hazelnut production. It is stated that this
situation is more evident especially in the Black Sea Region and alternative care and management
models are needed for the continuity of production (Islam et al., 2024).

The migration of the young population from rural to urban areas and the gradual decrease in
the number of young people working in agriculture also deepen this problem. Kantar et al. (2017)
listed economic uncertainty, low prestige of agriculture and lack of career opportunities as the
main reasons for rural youth to move away from agriculture. In addition, Berk (2018) states that
the main factors for young farmers to leave the sector are lack of economic gain, difficult
working conditions and professional uncertainty. This situation shows the importance of
professionalisation and professionalisation in agriculture. This situation shows the importance of
professionalisation and professionalisation in agriculture.

Research on the necessity of professional maintenance services in agriculture reveals that
hazelnut orchards with regular maintenance provide significantly higher yields. Yaman (2019)
conducted a field study showing that yield can increase significantly with regular and
professional maintenance. Oztiirk and Islam (2019) stated that professional maintenance
techniques are inevitable for the sustainability of hazelnut production, and the application of these
techniques depends on trained and qualified labour force.

As a result of these developments, cooperative models have emerged as an important
solution for professionalisation in agriculture and rural development. Lan et al. (2014) and
Figueiredo and Franco (2018) show the positive effects of social entrepreneurship-oriented co-
operatives on economic growth, social solidarity and environmental sustainability in rural areas.
In the case of Turkey, Kili¢ and Aydogan (2022) elaborate on the role of cooperatives in social
and economic development and emphasise the necessity of cooperatives in rural development. In
particular, women's co-operatives are critical for gender equality, economic empowerment and
social innovation in rural development. Boz and irmis (2023) examine the active role of women's
co-operatives in rural development through social entrepreneurship activities, while Kazar (2019)
and Akkaya Aldirmaz (2018) highlight the impact of women's co-operatives on poverty
alleviation and their importance in creating sustainable economic activities in rural areas.

Finally, Deichmann et al. (2016) and Gumbi et al. (2023), who examined the impact of
digital agriculture practices on smallholder farmers, stated that digital technologies have great
potential for efficiency, transparency and economic gain in agricultural production. It is stated
that these digital tools facilitate farmers and increase the capacity for sustainable agricultural
management (Boz Yilmazer and Tunalioglu, 2024). For this reason, the aim of this study is to
address the effectiveness and sustainability of the Modern Semi-Farming and Restorative
Agriculture Model applied in Giresun Kemaliye Village.

Method

This study is a qualitative research. Data were obtained from project reports, local
stakeholder interviews, digital agricultural software records and implementation outputs.

Kemaliye Village, where the study was conducted, was selected as the pilot implementation
area as it is a rural settlement where structural problems such as aging agricultural population and
loss of young labour force are intensely observed. The project process carried out in the village
consists of three main components: field analysis and garden scoring, vocational training
programme and social cooperative infrastructure.

Field Analysis and Garden Scoring

Within the scope of the project, a detailed field analysis and scoring study was carried out
on a total of 300 decares of hazelnut land belonging to 14 garden owners in Kemaliye Village
who could not maintain their own gardens for various reasons. In these analyses, approximately
60 different indicators including physical characteristics of the gardens, soil structure, disease and
pest status, yield history and ownership information were evaluated. The scoring system is
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categorised under six main headings:

Location and Slope: The direction, altitude, wind exposure and slope of the gardens were
evaluated. Especially areas with a slope of 5-25%, south orientation and easy accessibility
received high scores.

Soil Quality: Physical and chemical properties such as organic matter content, soil type,
drainage and pH level were scored.

Garden Structure: Number of hearths, branch height, density of bottom shoots, suitability
for machine harvesting and general maintenance status were evaluated.

Diseases and Pests: Biotic threats such as shatterwort, powdery mildew, brown skunk,
mossing were scored according to a 4-grade observation system.

Property Status: Administrative variables such as whether the title deed is shared or not,
CKS registration, zoning pressure and infrastructure access were included in the evaluation.

Yield and Yield: The average yield and yield quality of the last three years were analysed
by examining producer declarations and delivery receipts.

With the help of the garden scoring software, the current conditions of the gardens were
comprehensively analysed and the agricultural calendar for the following years was determined.
As a result of this evaluation, each garden owner was offered a harvest sharing model at different
rates according to physical conditions, maintenance requirements and production potential. This
approach ensured both efficient use of resources and the establishment of a fair and sustainable
partnership model.

Training, Infrastructure and Cooperatives

In parallel with the scoring process, a hazelnut maintenance technician training programme
was carried out in order to encourage professionalisation in hazelnut agriculture. A total of 240
young people successfully completed 80 hours of training and were awarded certificates. Training
contents consist of pruning techniques, soil nutrition, pest control, machine harvesting and
occupational safety modules.

In addition, the 4-storey old village school building in Kemaliye Village was restored and
turned into a multifunctional rural centre within the scope of the project. The building includes a
technical training workshop, women's production and sales areas, a local breakfast hall and a
guest house.

At the end of this whole process, “Tekfindik” Women's Initiative Production and Business
Cooperative with Limited Responsibility was officially established and started its activities in
order to ensure sustainability. The cooperative undertakes maintenance by making harvest
sharing agreements with garden owners and continues the production process with professional
staff.

Findings

Multifaceted and measurable outputs were obtained as a result of the pilot implementation
of the ‘Modern Semi-Farm and Restorative Agriculture Model’ in Kemaliye Village. These
findings were evaluated on the axis of agricultural production, human resource development,
social structure and institutionalisation.

Productivity Potential in Agricultural Production

The maintenance practices carried out according to the priorities determined as a result of
field analysis and garden scoring system have provided a visible improvement in hazelnut
gardens from the first year. In most of the gardens, bottom shoot cleaning, fertilisation and
pruning operations were carried out, and suitable branch height and garden layout were targeted
for machine harvesting. According to the observation reports, the average yield increase
expectation for the next production season is estimated to be 20-30 per cent.

Professionalisation and Youth Participation
As a result of the training programmes carried out within the scope of the project, 240
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young individuals were certified as hazelnut maintenance technicians. After the training, a
significant number of the participants were either directly employed within the co-operative or
started to take part in seasonal maintenance works on a contractual basis. This situation shows
that hazelnut agriculture has gone beyond being a means of livelihood and gained the status of
‘profession’.

Cooperative Based Social Entrepreneurship

The “Limited Responsibility Tekfindik” Women's Initiative Production and Business
Cooperative, established at the end of the project, ensured the active participation of rural women
in the production process and started to act as an institutional framework for issues such as
garden maintenance protocols, equipment sharing and local sales organisations. In its first year of
operation, the co-operative provided services to 14 garden owners and received new application
requests for the following period. Following the trainings, women members have become more
visible in social and economic life by taking part in production areas.

Digitalisation and Agricultural Planning

The developed garden scoring software enabled maintenance and production plans to be
made in a data-driven manner, allowing resource utilisation to be optimised. Thanks to the digital
agricultural calendar created for each garden, fertilisation, spraying and pruning procedures are
synchronised, ensuring efficiency and time management in the field. The system was integrated
into the co-operative's digital archive to increase traceability.

Infrastructure Transformation and Rural Revitalisation

The restoration of an idle village school and its re-functioning as a training centre,
production and sales area, guesthouse and local breakfast venue has increased social interaction
in the village and created a new focal point for the local community. The multi-purpose use of the
space ensured the continuity of education and production activities, and demonstrated that
abandoned buildings in rural areas can be utilised as a development tool.

Discussion

The ‘Modern Semi-Farming and Restorative Agriculture Model” project implemented in
Kemaliye Village provides a concrete example of integrating traditional agricultural practices
with contemporary rural development approaches. The findings show that effective and locally
context-sensitive solutions can be developed to structural problems in agriculture such as loss of
labour force, youth disengagement from the sector and lack of maintenance.

Firstly, intervention planning through field analysis and garden scoring system strengthened
the expectation of yield increase in hazelnut production. The fact that this system takes technical
decisions out of heuristic approaches and makes them data-based supports professionalisation in
agricultural production. This is in line with the ‘direct effect of quality of care on yield’
emphasised by Yaman (2019) and Oztiirk & Islam (2019).

In terms of increasing the participation of young people in agricultural activities, hazelnut
maintenance technician trainings seem to play an enabling role. Kantar et al. (2017) and Berk
(2018) show uncertainty, precariousness and low prestige as the main reasons why young people
move away from agriculture. The training and certification system developed within the scope of
this project has managed to break these barriers by transforming agriculture into a profession for
young people.

The inclusion of women in co-operative-based production and governance processes is
noteworthy in terms of gender equality and rural women's employment. In line with studies such
as Boz & Irmis (2023) and Kazar (2019), women in this project are positioned not only as
producers but also as decision-making actors. This sets a strong example in terms of establishing
sustainable structures in the field of rural social entrepreneurship.

In addition, the introduction of digital agricultural practices in rural areas has been a
transformative factor for small producers. The advantages of digital tools such as transparency,
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time management and efficiency emphasised by Deichmann et al. (2016) and Gumbi et al.

In conclusion, the combination of the traditional sharecropping model with modern
agricultural planning, digital monitoring, training and social co-operative systems shows that
rural development can be realised not only in economic but also in social and institutional
dimensions. In this respect, the project presents a strong model for sustainable rural development
policies that prioritise local development.

Conclusion and Recommendations

Within the scope of the study, unmaintained gardens were brought into production and
productivity was increased. Agriculture has become a certified profession for young people
beyond a source of livelihood. Women have taken an active role in local production processes
and gained economic autonomy. Thanks to digital agricultural practices, production processes
have become planned and traceable. An idle public building in rural areas was transformed into a
multifunctional rural centre. In this context, the following suggestions can be given for
sustainable development activities that can be implemented in rural areas;

The agricultural sector should be presented as a profession that requires technical
knowledge and competence, not just a temporary occupation for young people. Digital
applications such as garden scoring should be made widespread and producer decisions should be
based on scientific data. Cooperative structures should be strengthened to enable women to take
active and decision-making positions in the agricultural production chain. Unused rural buildings
such as schools, lodging houses, etc. should be restored and re-functionalised as education,
production and social centres. Pilot projects should be scaled up and successful practices such as
the Kemaliye model should be scaled up in other rural areas and integrated into rural
development programmes.
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Abstract: Georgia is a country with a moderate climate, and its unique geographical, climatic and
soil conditions create a diversity of flora and provide the opportunity to cultivate valuable species,
including medicinal, melliferous, dye, aromatic, poisonous and spicy plants. There are more than 4,100
species of vascular plants in the phytogenetic resources of the country, about 21% of them or about 900
species are endemic. The demand for medicinal, melliferous, dye, aromatic and spicy plants is increasing
more and more, because of use of chemical preparations leads to complications (allergies, etc.). The
compounds formed in the plant during the ontogenesis period are very important for the metabolic
processes in the living organism. Therefore, taking herbal preparations is safe, simple and effective,
because they do not cause allergic or other negative processes in the body.

Therefore, the sustainable use of medicinal, melliferous, dye, aromatic, poisonous and spicy plants,
including ethnobotanical skills, is very important and promising. The production of medicinal,
melliferous, dye, aromatic and spicy plants will significantly increase the country's economic potential.

Samtskhe-Javakheti is a region distinguished by biodiversity. Javakheti plateau and the Lesser
Caucasus mountain system, as the center of evolution of many unique life forms, are an open-air museum
of rich genetic resources. Vegetation research data of Samtskhe-Javakheti region are scarce.

Keywords: Origanum Vulgare, biological characteristics, biodiversity, Javakheti Plateau, Lesser
Caucasus mountain system

Medicinal, dye, melliferous, aromatic and spicy plants contain pharmacologically active substances
in a defined ratio and quantity against the background of different ecosystems. At the same time, many
countries have banned the addition of synthetic antibiotics to food for adults and animals. Against this
background, natural phytosupplements will occupy a special place in the world market. Biodiversity of our
country is rich in such plants, which determined the relevance of the thesis and prospects of using the
selected plant - Origanum Vulgare. In this direction, study of ethnobotanical skills in the country is
important in phytomedicine, phyto cookery and phyto perfumery.

Origanum Vulgare is an important, valuable and irreplaceable raw material, not only for the
industry of our country, but it also has a serious prospect for export. Therefore, cultivation of oregano
plantations will be important and quite effective. Accordingly, growing of oregano plantation is important
and quite efficient.

The goal of research:

* Study of Origanum Vulgare botanical, biological and bio-chemical peculiarities considering the
parameters of ecosystem and soil fertility to get the material which is ecologically pure, containing of
biologically active substances. It is valuable melliferous plant as well.

» Creating a database of ethnobotanical skills will ensure protection of phytoresources of this unique
plant and sustainable use of its components;

The area and scheme of trial: The series of the experiements have been conducted at the following
areas: Akhaltsikhe municipality, trial plot of Samtskhe-Javakheti State University; Village Ghebi, Oni
municipality.

Therefore, it is important to supply high-quality and competitive phytotherapeutic medicins, natural
dyes and flavoring agents produced in our country, taking into account the modern forms and standards, to
the world market.

86



Our goal is to improve the health status of the population with high-quality, effective and safe
phytomedicines. For this, the further development of competitive enterprises and distribution practice
standards (GMP/GDP) should be promoted in order to stably protect the safety and quality of
phytomedicines in accordance with international standards.

In the folk and traditional medicine, plants are the main source of medicinal products. Curable
plants have been successfully used in Georgia since ancient times. One of the important supporting factors
of this process was the geographical location of Georgia, its unique and richest biodiversity, soil-climatic
conditions, etc. Samtskhe - Javakheti is a region distinguished by biodiversity. Javakheti plateau and the
Lesser Caucasus mountain system, as the center of evolution of many unique life forms, are an open-air
museum of rich genetic resources. Vegetation research data of Samtskhe-Javakheti region are scarce. One
of the popular, widely used medicinal, aromatic, spicy, melliferous and dye plant - Origanum Vulgare is
found among the plants distributed in Georgia. It is the strongest antibiotic, contains essential oils, tannins,
vitamin C, flavonoids, phytoncides, alkaloids, carbohydrates, organic acids. The composition of plant
includes a large amount of carvacrol, exceeding many existing antibiotics and antihistamine drugs with its
activity. It is recommended to use preparations for different chronical and severe diseases for treatment or
prevention. Vitamins or essential oils, tanning substances or alkaloids, glycosides or many other
biologically active compounds accumulated and produced in the plant as a result of biochemical reactions
during ontogenesis have a mild and long-lasting effect on the human body, the result is characterized by a
fairly stable and high physiological effect. Plants are an inexhaustible source and reserve of many
medicinal substances. Today, more than 30% of medicinal preparations are obtained from plants. This
means that every third medicine on the world market is of herbal origin. It should also be noted that price
of herbal preparations is quite low compared to synthetic ones. Today, chemical composition and
properties of useful plants are being studied in depth for improving human health and well-being.

Research Object:

One of the widely used medicinal, aromatic, melliferous, spicy and dye plants - Origanum vulgare
is a perennial herbaceous plant from the Labiatae family, with size of 45-50 cm, mostly branched from the
base, leafy, leaves are located opposite, stalked, oblong-ovate, pointed at the tip, finely toothed or almost
with the whole edges, 2.1-4.0 cm long, leaves become smaller towards the stem. The stem is four-lobed,
weakly pubescent or almost bare, ending with a flower in the upper part, which is a shield-like stalk.
Many-flowered bracts are longer than calyx, oblong, acuminate, calyx with triangular lanceolate teeth,
glabrous or shallow indumentum, corona is bicuspid, flowers are narrow, 3-5 mm of length. Root is
branched, often scandent. Color of leaves is green on the upper side, dark green on the lower side, the
stems are green or purple, the co-flowers and calyx are black-purple or greenish-black, the crown is black-
purple or black-pink, it is distinguished by a specific aromatic smell and bitter-sweet taste.

The experiment scheme:

* Study of botanical, biomorphological peculiarities and chemical compositions of cultivated Origanum
Vulgare in the period of ontogenesis;

* Study of wild Origanum Vulgarum botanical and biomorphological peculiarties and chemical
composition;

*  Development of recommendations for growing of Origanum Vulgare plantations and its sustainable
use;

» Establishment of the seed bank;

* Study of ethnobotanical skills of Origanum Vulgare for sustainable use.

*  Origanum Vulgare as a natural spicy and dye plant.

Results

The scheme of bio-morphological peculiarities is studied. Agricultural and biological peculiarities
have been idenrified during the entire ontogenesis based on the age phases of plant and organ development
process mechanism and it became ground for producing highly productive plantations.

It is determined that characteristics of phenological phases of Origanum vulgare during the entire
period of ontogenesis are regular and follow the classical model of development of herbaceous plants. The
seasonal development cycle of Origanum vulgare consists of strict regularly alternating different stages
and depends on ecosystem parameters, like light, day length, temperature regime, precipitation periodicity,
soil fertility.

Well-developed root system is characterized for cultivated Origanum Vulagare based on its
biomorphological and botanic features, which reaches around 19 - 22 cm in length and about 23-30 g of
weight. In case of applying organic fertilizer (burnt manure) the length achieves about 27 cm and the
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weight is about 34,5 g.

Optimal model for diagnosis of Origanum vulgare has been established. Considering soil fertility
and ecosystem parameters in the block: soil-environment-fertilizer-crop including background of heavy
metals. Applying 40 t/ha of organic fertilizer significantly increases productivity and quality indicators,
which in turn has a positive effect on the price of raw materials; Optimum feeding areas for industrial
plantations of Origanum vulgare have been determined: 45X30; 70X30, when there is a development of
powerful assimilation apparatus, which is a necessary condition for maximum productivity.

The whole scheme of parameters for establishment of standard seedbank has been developed
including the terms and conditions of its harvesting and storage. The seed shall be taken gradually when it
is ripened from well-developed plant, it is sorted according to the fractions based on the germination
quality. In the nutritaion area 45X30 and 70X30, during treating with the organic fertilizers, the
productivity of seed increased 1.2 times almost. Considering agrobiologically peculiarities of Origanum
vulgare the sowing terms have been specified. Its sowing is recommended in summer, autumn and winter,
though the first half of September is more recommended, as newly germinated plants ultimately use
humidity and warm, both in Autumn and spring, when metabolic processes take place in spring.

Dry substance content in the cultivated forms of Origanum vulgare reaches 91%; while it is around
88,2% in wild forms. Accordingly, content of carotenes reaches up to 12.5 mg/100g and 10.1mg/100g, and
the content of chlorophyll is up to 91.8% and 103.6 mg/100, depending on the ecosystem parameters;

Conclusions

Creation of industrial plantations of Origanum vulgare will help preserve country's unique gene
pool, increase productivity; The mass of cultivated varieties exceeds mass of wild forms, therefore seed
yielding also increases, which is the result of intensive technologies.

Optimal terms for sowing of Origanum Vulgare is the first half of September, nutrition area is
45X30 cm, 70X30 cm is in case of applying machinery; optimal feeding scheme for obtaining ecologically
pure raw materials is 40 t/ha of organic fertilizer (burnt manure).
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Abstract: The lori River basin in eastern Georgia is in the Kakheti and Mtskheta-Mtianeti
regions. Agriculture and the industrial sector are well developed here. Recreational facilities such as the
balneological resort of Ujarma and the resort of Gombori are currently functioning. The lori River is used
for irrigation. Its water irrigates more than 90,000 hectares of the lori Upland. The lori River basin
includes the Tianeti Municipality, Sagarejo Municipality, Dedoplistskaro Municipality, and partly the
Sighnaghi Municipality.

We conducted research on the lori River in 2023-2024 seasonally in the territory of Sagarejo
Municipality. We selected this point according to the following criteria: it is a densely populated area and
includes the city of Sagarejo and 44 villages. Anthropogenic pressure is observed on the lori River basin
and its ecosystem.

Since the content of biogenic elements accurately reflects the degree of pollution of water bodies
by domestic and communal wastewater and fertilizers used excessively in agriculture, it is relevant to
determine their individual forms NO;, NOs, NH,", PO/ in the water of the Iori River, which are
indicators of fecal pollution.

The results of our seasonal research show that in the summer and autumn of 2023-2024, the
ecological state of the lori River at the point we selected is unsatisfactory. The impact of anthropogenic
factors is indicated by the concentration of nitrogen-containing ions recorded in the lori River. In the
summer and autumn seasons of 2023-2024, the ammonium ion indicator exceeded the maximum
permissible concentration. In 2023, its content was recorded in the summer at 0.552 mg/l, in the autumn at
0.693 mg/l. In 2024, the ammonium content in the summer was 0.489 mg/l, and in the autumn at 0.477
mg/l. The high concentration of ammonium observed in the water of the lori River, in our opinion, is
caused by the excessive use of nitrogen fertilizers in agriculture, biogenic elements washed away from
farms, untreated domestic and communal wastewater, and illegal landfills on the riverbank.

Key Words: Antropogenic pollution, biogens, nitrates, nitrites, sulphates, amonia ions.

Introduction: The Iori River basin is located in the Kakheti and Mtskheta-Mtianeti regions (Tianeti
Municipality). The Iori River, with a total length of 320 km, originates on the southern slope of the Main
Caucasus Range, at an altitude of 2,600 m above sea level (Tsvervali Borbalo) and, like the Alazani, flows
into the Mingechauri Reservoir. The basin area is 4,650 km2. The river is mainly fed by rain and snow
water. The lori Gorge is narrow and deep at the beginning. Then it flows into the Tianeti Plain (the right
tributary - Kusnoti and the left tributary - Sagami flowing into the Iori) and ends in the Sioni Gorge (Sioni
Reservoir). Several irrigation systems have been built on the river, including the important Samgori Upper
Main Canal and the Dali Mountain Reservoir, which is located downstream in the Dedoplistskaro
municipality.

The Tori River basin is divided into two parts: lori-Alazani and Iori-Mtkvari. It is joined along its
entire length by right and left tributaries: Adzedzi, Gombori, Gorana, Tvaltkhevi, Lapiankhevi, Sagami,
Khusno, Chailuri, Chiauristskali, etc. The Iori River basin includes Tianeti Municipality, Sagarejo
Municipality, Dedoplistskaro Municipality, and partially Sighnaghi Municipality.

The territory of Sagarejo Municipality, whose area is 1554 km?, is divided into two parts by the Iori
River. Agriculture (livestock breeding, farming, viniculture), the industrial sector (wineries, poultry
factories, wool, dairy, and wood processing enterprises, etc.) are well developed here. Recreational
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facilities such as the Balneological Resort Ujarma and the Gombori are functioning. Sagarejo Municipality
includes the city of Sagarejo and 44 villages. The lori River is used for irrigation and its water irrigates
more than 90,000 hectares of the Iori Plateau.

Based on the above, monitoring its ecological condition and maintaining its cleanliness is important.
Therefore, we considered it relevant to determine the content of biogenic elements in the water of the Iori
River along with its physical and chemical indicators.

Research results: We conducted research on the lori River seasonally in 2023-2024 in the territory
of Sagarejo Municipality. We selected this point according to the following criteria: anthropogenic
pressure is observed on the lori River basin and its ecosystem, which is caused by the discharge of
untreated and/or insufficiently treated urban/municipal, industrial wastewater into it, pollution caused by
agricultural activities (pesticides, fertilizers), and illegal landfills on the riverbank.

The main physical and chemical indicators of the river are given in the table Nel

TableNel
Physical-chemical indicators of the River lori
The river Iori
Sagarejo (village Sasadilo)
2023 2024
v TTEE | 21 :
| E E s | £ 2
n 2 = < = ©»n D = < E
Temperature , t°C 13.5 20.8 15.6 14.8 21.6 16.2
Smell, points 1.3 1.2 1.5 1.8 1.1 1.2
pH 8.40 8.50 8.15 8.12 8.25 8.30
. 10.1 10.8
Dissolved oxygen (mg/1) 10.55 11.15 12.05 9.88 5 5
Electrical conductivity, usms/cm 328.5 488.6 311.7 258.4 %22' 3595'
BOD s, (mg/l) 2.77 3.14 3.52 3.10 3.35 3.40
Sulphate (mg/1) 445 66.2 40.7 35.0 45.8 32.8
Chloride (mg/1) 9.40 8.55 7.80 8.68 9.92 10.22
Hydrocarbonate (mg/1) 155 142 152 170 177 160
Potassium (mg/I) 14.2 10.8 13.8 14.2 14.4 13.8
Sodium (mg/1) 8.4 6.7 8.2 7.5 6.2 7.4
Calcium (mg/l) 55.60 4235 44.38 4881 | 4824 | 39.99
Magnesium (mg/1) 12.50 18.12 19.47 11.20 1530 | 18.25
Mineralization (mg/1) 188 199 210 205 198 200

According to two-year monitoring data, BODs, which is a measure of organic water pollution
(typically, 5 days), is expressed as the mass of consumed O, in mg/1 liter and indicates the amount of
dissolved oxygen required by aerobic biological organisms in the river. It varies seasonally and fluctuates
within the range of 2.77 - 3.40 mg/L. Mineralization ranges within 188-210 mg/L. The highest indicators
of BODS5 and mineralization were recorded in the autumn season of 2023, although their quantities also
increased during the summer of both years. The dissolved oxygen content is satisfactory and ranges within
9.88 - 12.05 mg/L.

Since the content of biogenic elements well reflects the degree of pollution of water bodies by
domestic and communal wastewater and fertilizers used excessively in agriculture, it is relevant to
determine their individual forms NO2-, NO3-, NH4+, PO43- in the water of the Iori River, which are
indicators of fecal pollution.

In 2023, data on the content of biogenic elements in the water of the lori River, collected
seasonally, are given in Tables No. 2.3.4
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The Iori river
(Sagarejo)
Test parameters Unit Obtain MPC
ed result
sgring
Nitrites 0.168 3.3
Nitrates 0.722 45
Phosphates Mg/l 0.170 3.5
Ammonium 0,479 0.39
The Iori river
(Sagarejo)
Test parameters Unit Obtain MPC
ed result
Summer
Nitrites 0.197 3.3
Nitrates Mg/l 2.145 45
Phosphates 0.152 3.5
Ammonium 0.552 0,39
The Iori river
(Sagarejo)
Test parameters Unit Obtain MPC
ed result
Nitrites 0.139 3.3
Nitrates Mg/l 1.356 45
Phosphates 0.158 3.5
Ammonium 0.693 0.39

The Iori river
(Sagarejo)
Test parameters Unit Obtain MPC
=ﬂlreslllt
Spring

Nitrites 0.057 3.3

Nitrates Mg/l 0.577 45
Phosphates 0.099 3.5
Ammonium 0.385 0.39
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Table Ne2

Table Ne3

Table Ned

Data on the content of biogenic elements in the water of the lori River, conducted seasonally in 2024,
are given in Tables No. 5,6,7.

Table Ne 5



The Iori river

(Sagarejo)
Test parameters Unit Obtain MPC
ed result
Summer
Nitrites 0.144 3.3
Nitrates Mg/l 1.425 45
Phosphates 0.110 3.5
Ammonium 0.489 0.39
The Iori river
(Sagarejo)
Test parameters Unit Obtain MPC
ed result
autumn
P —
Nitrites 0,175 3.3
Nitrates Mg/l 1,240 45
Phosphates 0,150 3.5
Ammonium 0.477 0.39
loririver.
village Sasadilo
0.6
0.5
0.4
0.3
0.2
0.1
0
NH4+ {Spring) NH4-+ NH4- NH4+ {MPC)
{Summer) [Autumn)

Table Ne6

TableNo 7

Chart 1. Dynamics of changes in ammonium ion concentration in the water of the Iori River (2023)
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lori river , village Sasadili

0.5
0.4
0.3
0.2
0.1

NHA+ (Spring)  NHA+ (Summer) NHA+ (Autumn]  NHA+{MPC

Chart 2. Dynamics of changes in ammonium ion concentration in the water of the Iori River (2024)

The impact of anthropogenic factors is indicated by the concentration of nitrogen-containing ions
recorded in the Iori River. Their indicators by year give the following picture: in the summer of 2023, the
highest content of nitrites (0.197 mg/l) and nitrates (2.145 mg/l) was recorded, while the ammonium ion
indicator exceeded the maximum permissible concentration in the spring and autumn seasons. Their range
varied (0.552 mg/1-0.693 mg/l). In the autumn of 2024, the highest indicators of nitrites (0.175 mg/l) and
phosphates (0.150 mg/l) were recorded, although their amount is lower than the MRL. As for ammonium,
its content in the summer (0.489 mg/l) and autumn exceeded the maximum permissible concentration
(0.477 mg/1).

Conclusion: Thus, we can conclude that the ecological state of the lori River in the summer and
autumn of 2023-2024, at the point we took, is unsatisfactory. Biogenic (ammonium) pollution was
observed in the water of the lori River, which, in our opinion, is caused by excessive use of nitrogen
fertilizers in agriculture (they have a high concentration of biogenic substances), untreated domestic and
communal wastewater, and illegal landfills on the riverbank.
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90006569 0M0l s6mOHM3MYgbmMo Bod@mMgdol ysgwgbom gsdmfizgmwo
30ma96vHo ©sd06dGHYdOL TgBsLYdS

3M3@™bsdz0@o mso

;s HMLMeggeol Labgwdfogm «bogg®dlodgdo, dsmwdo

839w gho mgs

05300 3My905930¢0l LobgEMdOL Lobgwdfonm MboggMLoGgE0, M9Es30
M @0d) Jg0)3eb

050v9dol FMms HMLMeggeol babgedfogm mboggdbo@g®o, dsommdo

3BUABSIHO: 50Ibs30m900 bsgs®039¢ml do0bs®g 0cGob sepbo 8gbstgemdl 35690006 s
93b9m9-0056gmol Mga0mbdo. 5 390250 5OOL 49630050900 Lmgwol dgmMHbgmds s
36M9039mdol  bgdBHmOo. FMBIE0MmboMmIBL  LaMg3Mgogom ™MdOYJBHId0 - doWbgmeEMmyom®o
3OMBOoL  JMNOMOGO VXIS ©o  JMNOMOG0  amddmMo. dobsMy om®o  godmoygbgds
LOOMOYS30M. JoLo Yoo 06fjy390s 03MOL BgysbBy BoOP™dOL 90 000 35-Bg dg@0. Iobaty
0mMoL  smBol  Jgdoygbermdsdo  Fgol  Mosbgmol  Bmbogodswodg@o,  LogsMgxml
01603035¢03H)H0,  ©IEMBEOLHYIOML  IMboEo3swo@gdHo s bsfowmdmog  Lowbswols
dmbogodswodgdo.

B396 0096 330939090 GHoMIdIMEs Iobodg om®mBg 2023-2024 fiergddo LyBmbmGmso
LogoMgx ML IMB0E0350EIGHOL BHIMOGHMM0sDY. s0bodbmmwo fadEowo dgzs@bogo F9dwgyo
3603 9m0dob dobgz00: ob HoMmBMo 96l IF0MHME LB BHIOOGHMOOSL S FMOoEI3L
Joamog Logs®gxmlb s 44 Leggel. 3obsdg omEmol s7bBLs @s Tob g3mbobEgdsby dgobodbgds
bOOHM3Mygbmeo Bghmas.

306500006, domggbmMmo  9ugdgb@gdol 999339 mdOL  MomEgbmds  39Mas©  SLobogL
095b53H93900L  Loymxogbmz®gdm - 3m0mbsery@o  hs8obstg  fywmgdoom ©@s  Lmgwob
09Obgmdsdo  FoM0s©  9dMmYgbgdeo  Loldgdoo  sd0bdMMHGIOL boMolbL, od@EwowmEmos
906569 0mMob fgoedo Fomo ow3gMEo gmMdgdol NOZ, NO3, NHs, PO goblsbmzco,
MIgdog Homdmoaabgb 89350 dOEINMHYOOL 0bEOZsEHMMYOL.

B39bL dog® LgBMbYGmsE BoEBIMIdIMO 330930l T99agd0@6 BBL, BHMI 2023-2024 Ferob
Dogbmwbs ©s 99g0mEamdsbyg, dobstry oMol g3mEmyom®mo Eymdscgmds, h3zgbl dogH
5090 F9OEG0do, 56505353054MmBogdgE0s. 36mOHMIMYI6MMH0o BoJBHMOMYOOL A93w9bsby
0019m0mgdL 9. 0mMHdo sxogloMgdMWo sHBMmEOL 99033900 0mbgdol 3mbEgbdEGagos. 2023-
2024 Hool bosgbryamol s d9dmamdol LeHBmbEBg s3mbomdol ombol 5B39b9g0geTs oosFoMmds
D3 L3390 3MmbEgbEHMOE0sL. 2023 gl dobo 99339wmds Bogbvyedo ogodlotms
0.552 3/, dgdmeymdoom 0.693 dp/en. 2024 gl 30 sdmbowdol 899339 mds bBosgbyedo oym
0.489 dp/, bmem  dgdmeamdol Lgbmbbg - 0.477 T/ww. dobodg omGol  fysedo
©5530JL0MYOWO S3MBOIol Bowowo 3mbi3gbEGME0s, B3gbo sHEMom, sdmfizgmeos Lmgwol
09mBgmMdsdo  Fodo@  98myYygbgdmeo sBmE0bo  Lalivydgdom, BgMIgd0EIb BsdmMgisboeo
00m9699M0  gargdnbBHgdom, ofidgbsgo  LogmxobmzMgdm - 3mdnbserm®o bsdobstyg
99000 ©s 30bsMobL LsbsdoMmMbBg SGBYOMEIO SCIBEMGRIEYIMHO BogogloygMguadoo.

bszggs6dm  bodg3g80:  sbormea3eaggbeamo  ©sdobd98s,  Bomggbgdo,  bodGsBHHb0,
603G0980, braernsdgbo, sdmbordol ombo.
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OueHka OMOTeHHOr 0 3arpsi3HEHUs1, BBI3BAHHOI0 AHTPONOTreHHbIMH (aKTOpaMu B
pexe Hopu

Konronamsuiau Jlanu
Barymckuii rocynapctBeHHbli yaHuBepcuteT nMeHH Illota Pycrasenu, barymu
Muenaypu Tea
TenaBckuii rocyaapcTBEHHBIN YHUBEpCUTEeT nMeHU Skob6a ["orebamBunm, Tenasu
Joaunze KereBan
Barymckuit rocynapcteennsiit yauBepcuteT umenu 1llora Pycrasenu, barymu

Annoranus. bacceitn pexu Mopu B Bocrounoit I'py3un Haxogutcs B peruonax Kaxeru u
Mixera-MTraneTu. 371eCh XOpOIIO Pa3BUTHI CENbCKOE XO3SHCTBO M MPOMBILUIEHHOCTh. B
HacTosIee BpeMs GYHKINOHUPYIOT TaKHE PEKPEallMOHHbIE OOBEKTHI, KaK KypOpTHI Y IUKapMH U
I'om6opu. Pexa Mopu ucnonssyercs mist opomeHusi. Ee Boasl opomrarot 6o1ee 90 000 rekrapos
HNopckoit Bo3BelIeHHOCTH. bacceitH pekn Hopu BriIo4aeT MyHUUUNAIUTETHl THAaHETH,
Carapemxo, Jenomnmcukapo 1 4acTHYHO MyHULIMNIanuTeT CUrHaxu.

Ms1 npoBoaunu uccienoBanusa peku Mopu B 2023-2024 rogax ce30HHO Ha TEPPUTOPUU
myHurunanurera Carapexo. Mbl BbIOpaqM 3Ty TOYKY IO CIEAYIOLUIMM KPUTEpUSAM: 3TO
I'yCTOHAceJIeHHasi TeppUTOpHs, BKItovaromas ropoy Carapemxo u 44 nepesnu. Ha Gaccelin peku
Hopwu u ee sxocrucTeMy HabIIOIAE€TCsl aHTPOIIOT'€HHOE JIaBJICHHUE.

[Tockonbky conep:kaHue OMOTEHHBIX BJIEMEHTOB JIOCTATOYHO TOYHO OTPAXKaeT CTETCHb
3arpsi3HEHNUs] BOJOEMOB XO3SHICTBEHHO-OBITOBBIMH M KOMMYHAJBHBIMH CTOYHBIMH BOJAMH, a
TaKkXke YIOOpeHHsIMH, W30BITOYHO HCIOIB3YEMBIMH B CEIBCKOM XO3AHCTBE, TO aKTyaJIbHBIM
ABJIAETCS ONpeseNeHne B Bojie peky Mopu nx mHamBuayanbHeIXx popm NO2', NOs-, NH4', PO4*,
KOTOpBIE SIBIISIIOTCS WHAMKATOpaMH (PeKalIbHOTO 3arps3HEHUs. Pe3ynbTaThl HAIIMX CE30HHBIX
HCCIeA0BaHU MOKa3bIBAIOT, YTO JETOM U OCeHbI0 2023-2024 IT. 5KOJIOTrHYeCKOE COCTOSTHUE PEKU
Hopu B BIOpaHHOM HaAMU TOYKE SBJISIETCS HEYAOBIETBOPUTEIbHBIM. O BIMSIHUN aHTPOIIOTEHHBIX
(bakTOpOB CBUAETENBCTBYET KOHIIEHTPALUS a30TCOJEpKAIUX HOHOB, 3a()MKCUPOBAHHAS B peKe
HNopu. B nernuit u ocennuit cezonsr 2023-2024 rr. mokaszatenb HOHA aMMOHHS IPEBBIIIAI
MpeAeNbHO JOMyCTUMYIO KOoHIeHTpanuio. B 2024 roxy conepskaHne aMMOHHUS JE€TOM COCTaBHIIO
0,489 mr/11, a ocenpro 0,477 mr/i. Beicokasi KOHIIGHTpaI¥sl aMMOHUS, Ha0JtojaeMasi B BOJIC PEKH
Hopwu, mo Hamemy MHEHHIO, 00YCIIOBIICHAa Ype3MEPHBIM UCIIOJIb30BaHHEM a30THBIX yI0OpeHUH B
CEeITbCKOM XO3SHCTBE, CMBIBOM OMOTE€HHBIX JJIEMEHTOB C (pepM, HEOUHICHHBIMH OBITOBBIMU U
KOMMYHaJIbHBIMH CTOYHBIMH BOJAMH, a TaKXe HECaHKIIMOHUPOBAHHBIMU CBajKaMu Ha Oepery
peKu.

Kniouesvie cnoea: Anmponocennoe 3acpsizHeHue, OUO2eHbl, HUMPAMbI, HUMPUMBL,
cynvghamol, UOHBL AMMOHUS.
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Abstract: The River Khrami, flowing through eastern Georgia's Shida Kartli region, is a
vital water resource whose ecological condition has recently deteriorated. Pollution from
industrial, agricultural, and domestic waste, threatens both its ecosystem and its usability. its
tributary, the Mashavera, exacerbates the issue by introducing heavy metals into the Khrami,
primarily due to a large polymetallic ore mining and processing enterprise in the Bolnisi
municipality. Heavy metal pollution of the Khrami threatens aquatic animals and plant diversity
also preventing the sustainable use of water resources.

Heavy metal contamination, especially cadmium (Cd) and mercury (Hg) endangers
aquatic biodiversity and hampers the sustainable use of water resources. Fish, being sensitive
bioindicators, help assess ecological health, as heavy metals accumulate in their bodies due to
their solubility in fat.

In October 2024, we conducted research on local fish, using modern, EU-standard
methods and equipment. The research revealed low concentrations of Cd and Hg in the fish,
indicating that, despite ongoing anthropogenic pressures, the river water is not currently polluted
with these metals and poses no significant threat to aquatic life.

Although the water of the Khrami is not polluted with cadmium and mercury, and therefore
does not threaten fish and other aquatic organisms, continuous eco-chemical monitoring is
necessary to detect potential increases in heavy metal concentration. Such monitoring helps
prevent future contamination that could lead to the poisoning of aquatic organisms, reduced
biodiversity, and degradation of natural landscapes.

Keywords: fish, heavy metals, cadmium, mercury, water pollution.

Introduction: The River Khrami flows in eastern Georgia. It is a right tributary of the
River Mtkvari called Ktsia in the upper reaches. The Khrami River originates on the slopes of the
Trialeti Range and flows into a deep valley. Its length is 201 km, and the basin area is 83402 km.
It is fed mainly by snow, does not freeze in winter, and is used for irrigation in the lower reaches.
The tributaries of the Khrami are: Debeda and Mashavera (right), which significantly influence
its structure.

There are three large hydroelectric power stations in the Khrami River basin: Khram HPP
I, Khram HPP II, and Dmanisi HPP (Mashavera). Several industries are developed in the Khrami
basin: steel production, small wood processing plants, construction materials factories, and
several canning and dairy enterprises. The Khrami River is of vital importance to Kvemo Kartli.
It is used for irrigation. It is joined by the Mashavera River from the right, near the village of
Nakhiduri. Five irrigation systems operate on it, which irrigate thousands of hectares of
agricultural lands in Bolnisi and Marneuli. Therefore, to maintain the desired ecological state of
the river, constant eco-chemical monitoring is necessary. To prevent the deadly threat of
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environmental pollution by heavy metals, it is imperative to control their content not only in
water but also in aquatic organisms (e.g., fish) [Mchedluri. 2016].

Research methods: We researched to determine the content of Cd and Hg in fish from
the Khrami River. The analyses were conducted using modern methods and equipment that meet
and comply with European standards, namely: in the analyzed product, fish, the concentration of
mercury was determined by the colorimetric method (ISO 26927-86), and the concentration of
cadmium - by the atomic absorption method (ISO 30178-96).

Research results: The ecological state of the Khrami River is influenced by its tributary
Mashavera. Mashavera is polluted by its right tributary Kazretula. It flows through the territory of
ore processing enterprises and, loaded with heavy metals, flows into the Khrami River.
According to research, as a result of mining activities in the Bolnisi municipality of Kvemo Kartli
region, the area and scale of pollution have increased to an alarming level. The entire territory of
the Bolnisi municipality and a large part of the Dmanisi municipality are polluted with heavy
metals. Cadmium levels have been increased in several villages, where they exceed the MPC (as
determined by the study) (Mchedluri. 2018). River water contaminated with heavy metals is used
to irrigate local agricultural fields, and the resulting product is consumed by the population of the
entire country. The ore polymetallic plant is expected to become a source of heavy metal
pollution in the region's ecosystems. The priority pollutant is heavy metals. The increase in their
content poses a particular threat to the ecological state of the environment. Due to anthropogenic
pollution of the Khrami River, the content of heavy metals in the water is possible to increase,
which will have a serious negative impact on the ecological state of the river, the diversity of the
aquatic ecosystem, and fish. It is noteworthy that in terms of studying the degree of pollution,
systematic ecological monitoring is not carried out on it. Accordingly, all this makes the
assessment of the modern ecochemical state of this river relevant.

Cadmium and mercury are dangerous toxic pollutants of water bodies from heavy metals.
Even their low concentrations can be fatal to fish and other inhabitants of the aquatic ecosystem.
Due to their bioaccumulation, biomagnification ability, and acute toxicity, they have a
detrimental effect on fish and other aquatic organisms. Due to their easy solubility in fat, Hg and
Cd penetrate the body of fish and accumulate. An increase in their concentration in water can
poison aquatic organisms and/or reduce their number, pollute natural landscapes, and destroy the
biodiversity of aquatic ecosystems.

Considering the above-mentioned problem, we considered it relevant to determine the
content of mercury and cadmium in the fish of the Khrami River. The Khrami River basin is rich
in fish species. 23 species are widespread. Among them are the Caucasian spined loach and trout,
which are included in the Red List. Also widespread are the amur bitterling (Rhodeus sericeus),
Kura barbel, carp, barbel(Luciobarbus mursa), varicorhinus, varicorhinus capoeta sevangi, Kura
gudgeon, eastern bream, Transcaucasian bleak, black brow bleak, Caspian shemaya, red-lipped
asp, Kura nase, common herring, Kura Rutilus, etc (Mchedluri, T. 2012)

We conducted research on fish from the Khrami River in October 2024. We determined
the Hg and Cd contents in the fish organism. The results are presented in Table 1.2.

Table Ne.1
Hg content in the analytical samples of fish from the Khrami River
Place of Time of Heav Result MPC
. . Note
sampling sampling | ymetal | mg/kg | mg/kg
River 24.10 H 0 Analyt@al weight 350 gr.
. 0.0080 .5 (Material removed from
Khrami .2024 g .
5 pcs. fish)
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Table Ne.2

Cd content in the analytical samples of fish from the Khrami River

. H R M
Samplﬁ:]e of szrr:eli(;f eavy esult PC. Note
pling pling metal mg/kg | mg/kg
e T I B e
Khrami .2024 d 038 05 .
5 pcs. fish)
River Khrami
"VALUE]
0.05
0.045
0.04
0.035
0.03
0.025
0.02
0.015 [VALUE]
0.1
0.005
0
Hez River lorl MPC
River Khrami
0.05
0.04
0.03
0.02

Cd River lori MPC

To determine the Cd and Hg contents in the fish body, we used material extracted from 5
pieces of fish, the analytical weight was 350 g. The results of the study show that the content of
Cd (0.038 mg/kg) and Hg (0.0080 mg/kg) in the fish body is below the MPC.

Conclusion: Thus, the ecological state of the Khrami River is influenced by its tributary
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Mashavera, which has been under serious anthropogenic load for years due to mining processing
facilities and the Sakdrisi gold mining enterprise, from which wastewater contaminated with
heavy metals is discharged. Nevertheless, the content of Cd and Hg in fish of the Khrami River
was recorded in small concentrations, which are much lower than the MPC. From the results of
our study, we can conclude that despite the pressure of anthropogenic factors acting on the
Khrami River, pollution of river ecosystems and fish with cadmium and mercury has not yet been
observed.
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Onpenenenue cogepxxanusi Hg u Cd B npo6ax pbi0bl u3 peku Xpamu
Muenaypu Tea
TenaBckwuii rocyrapcTBeHHBIN YHUBepcUTeT uMeHN S ko0a ["orebamBunm, Tenasu
Xoxo0amBuiau TunaTtun
3apnanze Hana
barymckuii rocynapcteennsiii yauBepcuteT umenu 1llora Pycrasenu, barymu

AnHoranusi: Pexka Xpamu, mporekaeTr B BOCTOUHOM wacTu ['py3uu, B peruone Illuma
Kaptau, u sBnsercs oaHo# U3 BaXKHEHIINX BOJHBIX PECypcoB. 3a MOCIeIHUE TO/Ibl 3HAUUTEIHHO
YXyILIMIOCH SKOJOTMYECKOe COCTOSIHUE PEKHU. 3arpsi3HEeHHE BOJBI, B OCHOBHOM 3a cueT cOpoca
MIPOMBIIIJICHHBIX, CEIbCKOXO3SICTBEHHBIX M OBITOBBIX OTXOOB, MPEACTABISET Yrpo3y Kak JUis
9KOCHCTEMBI, TaK U €€ BOAOMNOJb30BaHus. Ha sxonornyeckoe cOCTOSHNE PEKH HETaTUBHO BIIUSET
ee NpuTOK MamaBepa, ¢ MOMOIIBI0 KOTOPOrO MOCTYHAIOT TSDKEIbIe METaJIbl. 3HAYUTEIbHBIM
HUCTOYHUKOM XHMHUYECKOTO 3arpsi3HEHUSI PEKH SBJIseTcsl JAeUCTByromMid B bBomHuccKoM
MYHHUIMMAIUTETe  KPYNHEHIIMHA  ropHOMOOBIBAIOIIMA W mepepadaThIBAIOIM  3aBOJ
MOJIMMETAINIMYECKUX PYJ. 3arps3HEHHE PEeKU XpaMH TKENBIMH MeTaUIaMH TIPEACTaBISET
coboif 0co0yro yrposy Uil BOJHBIX >KHBOTHBIX W PAacTUTENILHOIO pa3zHooOpasus. A Takke
HPENATCTBYET yCTOMYMBOMY HCIOIb30BAaHUIO BOAHBIX PECYPCOB.

T.k. pbIObl SABIAIOTCS YYBCTBUTEIbHBIMM OHOMHIMKATOpaMM HW3MEHEHUH B BOAHOM
HKOCHUCTEME, MBI CUMTAEeM BaXXHBIM ompenenuTh coiepxkanue Cd m Hg B opranusme poiO,
oOuTaromx B peke Xpamu, Ha (OHE YCWIMBAIOIIEIOCS AaHTPONOI€HHOIO 3arps3HEHHS.
bnaromaps Jerxkoifl pacTBOPUMOCTH B JKUpPE OHM NPOHMKAIOT B OpPraHW3M pbIO U
aKKyMYJIHPYIOTCSL.

UccnenoBanus Ha peidax MbI MPOBOIWIM B OKTs0pe 2024 roja, HCIONIb3ys COBPEMEHHBIC
MeTobl M 00OpyAOBaHUS, COOTBETCTBYIOIIME E€BPOMEWCKHM CTaHmapraMm. B pesynbrare
MCCIIEIOBAaHHUS MOKHO C/I€aTh BBIBO, YTO HECMOTPS HAa BO3/ICHCTBHE aHTPOMIOTCHHBIX (haKTOPOB
Ha peKy Xpamu, B opraHuzMme pbl0 HaOmomanuck HeOombiue KoHueHTpauuu kaamusa (Cd) u
pryru (Hg),

Hecmotpss Ha TO, 4uTO BOJa pekn XpaMu He 3arpsi3HeHa KaJMHEeM W PTYTbIO, U HE
NPEICTaBIsIeT CYIIECTBEHHOM yrpo3bl i pel0 M JAPYrUX TUAPOOHMOHTOB, HEOOXOAUM
PEryJspHBIi IKOXMMMYECKMH MOHUTOPHHI PEKH ISl BBISBICHUS 3arps3HEHUS TSDKEIbIMU
MeTaJUIlaMH C HEJIbI0 HEJOMYILICHUs TMOBBIIICHUS MX KOHLEHTpAIlMd B BOJE, YTO NPHUBENET K
OTPaBJICHUIO TUAPOOMOHTOB W/WIM CHIKCHHUIO WX YHCICHHOCTH, 3arps3HEHHUIO IMPHPOHBIX
JTaHAmAa(TOB U Pa3pyIICHUIO OMOPa3HOOOPa3Hs BOJHBIX 3KOCHCTEM.

Kniouesnie cnosa: puvlOvl, msdicenvie Memanivl, KAOMULl, pmyms, 3a2psi3HeHue

101



1100 53G5Hmmo s domemaomo 3936090 9d9d0 (y39es)
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Abstract. The paper discusses the growth and developmental characteristics of certain rare
woody plant species introduced in the Kakheti region. The study focuses on the target species:
Ginkgo biloba L., Cryptomeria japonica (Thunb. ex L.F.) Don., Pinus strobus L., Liriodendron
tulipifera L., Quercus alba L., Quercus rubra L., Quercus suber L., Juglans nigra L., Firmiana
platanifolia Schott et Endl., Gymnocladus dioica (L.) K. Koch, Sophora japonica L., and
Eucommia ulmoides Oliv. The research examines their phenology and phenometry, flowering and
fruiting periods, seed quality, drought and frost resistance, the duration of cambial activity in 1—
3-year-old shoots, and summarizes the outcomes of acclimatization and adaptation processes.

The results revealed that all studied species exhibit good growth and development, their
annual developmental cycle includes all morphophysiological phases, they are not damaged by
frost, they flower, bear fruit, and some even propagate naturally.

It is recommended that these species be widely introduced both in natural habitats
and in cultivated landscapes.

Keywords: Introduction, growth and development, vegetation, cambial growth, flowering

Introduction

Plant introduction is proceeding successfully in Georgia, as evidenced by the presence of
over 2,000 plant species in botanical gardens. However, only a small portion of the global flora
has been utilized so far. The enrichment of artificial landscapes with decorative, medicinal and
other valuable plants will make a significant contribution to the greening and afforestation across
Georgian cities and regions.

The Kakheti region is rich in both native and introduced woody plant species and is
characterized by climatic conditions favorable to their growth. It serves as one of the important
sites for the introduction of woody plants in Georgia, hosting over 200 species of introduced
plants from various climatic zones.

The Kakheti region is distinguished by its diverse and complex terrain and, accordingly, a
variety of natural conditions. It is quite well protected from strong winds, but remains relatively
open from the southeast and is characterized by abundant precipitation, especially during the
autumn and winter months.

Species that are characterized by polymorphism and whose natural distribution area share
similar soil and climatic characteristics with those of Kakheti, are relatively better adapted to the
climatic conditions of Kakheti. Kakheti is one of the important sites in Georgia for the
introduction of woody plants. Many ornamental and valuable forestry plants from various
geographical regions have been introduced here. Studying the characteristics of acclimatization
and adaptation of introduced plants will facilitate their use in decorative gardening and
landscaping.

Research Objective:

The research objective is to summarize the growth and development patterns, bioecological
characteristics, current ecological status, and the acclimatization and adaptation features of some
rare woody plant species introduced to the Kakheti region.
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Research object and methods:

The object of the research is the study of introduced, rare woody plants species found in the
greenery and park gardens of the Kakheti region (Telavi, Kvareli, Lagodekhi, Sighnaghi) and
their bioecological characteristics. To this end, the following target species were selected: Ginkgo
Biloba L., Cryptomeria japonica (Thunb.ex L.F.)Don., Pinus strobus L., Liriodendron tulipifera
L., Quercus alba L., Quercus rubra L., Quercus suber L., Juglans nigra L., Firmiana platanifolia
Schott Et endl., Gymnocladus dioica (L.) K.Koch, Sophora japonica L., Eucommia ulmoides
oliv.

Tsinandali Park was selected as the site for stationary research. In order to study the above-
mentioned issue, a phenological study was conducted on the target species over the past 5 years.
The periods of flowering and fruiting, seed quality (determination of germination capacity),
drought resistance, and the duration of cambium activity in 1- to 3-year-old shoots were studied
in accordance with the methodological guidelines of A. Tsitsvidze, E. Lobzhanidze, and L.
Yatsenko. [1],[2],[3]. When collecting samples for analysis, the age of the plant, light conditions,
exposure to sunlight, and vegetative state were taken into account. Samples (3-5 cm long sections
of 1- to 3-year-old shoots) were collected every 5 days during the period of bud opening and the
end of apical growth, and every 10 days during the rest of the growing season. The five-year data
were processed using the method of variation statistics.

Research results:

The study revealed that the growth rhythm and flowering phenophases of the studied plants
change in accordance with the characteristics of the hydrothermal regime. In the Kakheti region
these plant species begin their vegetation in spring, when the average daily air temperature
reaches 5-10°C.

Ginkgo Biloba L. - is a gymnosperm, deciduous plant, naturally distributed in China, where
its life expectancy can reach up to 2000 years. It was introduced to Georgia in the 19th century
and is well adapted to the climatic conditions of the country. It is widespread in both eastern and
western Georgia. As a mesophytic, in eastern Georgia it tolerates dry air if watered in the
summer. It is characterized by the distinctive crown with beautiful leaves. In Kakheti, it is found
in the Telavi, Gurjaani, Kvareli, Lagodekhi, and Sighnaghi regions, in the form of single
specimens.

Some of its specimens reach 25 meters in height and 85-90 cm in diameter at the age of 80-
100 years. It is characterized by a healthy vegetative state in Kakheti. In Tsinandali Park, the
Ginkgo Biloba L. was introduced 150 years ago. Here it exhibits good growth and development,
with vegetation beginning in the first half of April. During the study period, bud opening was
observed on April 10, cambium activity started on April 12, and ended on September 28. The
duration of cambial growth was 169 days. It blooms in May, produces fruit well, and
demonstrates natural self-seeding.

Several times during the study period, spring frosts significantly damaged the buds of the
ginkgo, which resulting in infertility. No other notable damage was observed to the tree. In
addition to being a beautiful ornamental plant, it also holds significant importance in medicine.
Its seeds have been used in traditional Chinese medicine since ancient times. Scientifically,
ginkgo is known to contain specific compounds that enhance the elasticity of cerebral blood
vessels and promote their dilation, thereby improving the brain’s supply of oxygen and nutrients.

Ginkgo Biloba L.is significant as an ancient relic on the verge of extinction. It is resistant to
air pollution caused by industrial emissions, as well as to fungal diseases, and it is rarely affected
by insects. Therefore, the introduction of this species is recommended not only for gardens,
parks, and squares but also for urban street landscaping. Its well-developed specimens can be
found in the Tbilisi Central Botanical Garden and Lagodekhi.

Cryptomeria japonica (Thunb.ex L.F.) Don. - is naturally distributed in central and
southern Japan and China. In many European countries it is widely used in decorative gardening
and for the cultivation of forest crops. In the South Caucasus, it is characterized by the best
growth and development in Western Georgia. It is found in Kakheti, in Kvareli, where it exhibits
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a good vegetative state. In the Lagodekhi Nature Reserve, where there is quite deep and fertile
ochre-type soil, it has a remarkable vegetative state. It reaches a height of 20 meters and a
diameter of 25 cm. Average annual growth is 48 cm in height and 1, 2-5 cm in diameter. It bears
fruit abundantly and produces high- quality seeds, with a germination rate of 30-40%.

There are 6 Cryptomeria japonica trees in Tsinandali Park. At the age of 90, it reaches 22 a
height of 22 meters and a diameter of 70 cm.[1] Here, Japanese cryptomeria is affected by
droughts and soil salinization. In winter, it is also damaged by frost, resulting in the withering of
both terminal and lateral branches. Vegetation begins in the first half of April. During the study
period, cambial growth began on April 10 and ended on September 21, lasting for. 164 days.
Cryptomeria japonica is characterized by better growth and development under the
environmental conditions of Lagodekhi and Sighnaghi.

Pinus strobus L. - is naturally distributed in North America and Canada. In its homeland,
it forms pure or mixed groves. It is characterized by a wide distribution area. It is not demanding
on soil can grow in various soil types. It is frost-resistant and can withstand temperatures as low
as -26 - 30°C.

It grows up to 40-50 meters in height, with a trunk diameter of 100-180 cm. The branches
are arranged in a ring on the trunk, forming a wide pyramidal crown. It has thin, grayish-green
needles, 5-10 cm long, which live for 2-3 years. This species is characterized by rapid growth and
high-quality wood, which contributes to its widespread introduction beyond its native range.

Pinus strobus was introduced to Eastern Georgia in the in the 1880s. It adapts well to the
climatic conditions of Kakheti and is therefore widely distributed. In Tsinandali Park, the species
demonstrates robust growth and development. At approximately 90—-100 years of age, it reaches a
height of 20-21 meters and a trunk diameter of 70—75 cm. It produces abundant fruit with high-
quality seeds and occasionally regenerates through self-seeding. Its growth begins in May, the
duration of cambial activity is 145 - 150 days. Due to its successful growth in inner Kakheti, it
can be widely introduced into decorative gardening and forest crops.

Liriodendron tulipifera L. - naturally distributed in the eastern part of North America, it
forms only mixed coenoses. This deciduous tree reaches a height of 50-60 meters and is
distinguished by its large, 4—6-lobed leaves and greenish-orange flowers It is a light-demanding,
frost-resistant species. If irrigated, it tolerates dry soil and air. It was introduced to the Thbilisi
Botanical Garden at the beginning of the 20th century. In Tsinandali Park, a 100-year-old
specimen reaches 30 meters in height and 55 cm in diameter. It is not damaged by frost, blooms
and bears fruit. Liriodendron tulipifera L. - is characterized by good growth and development in
the Kvareli and Lagodekhi regions as well.

In Tsinandali Park, the North American Quercus alba L. can be found - a deciduous tree
reaching up to 40 m in height, characterized by an ovoid crown and erect, deeply lobed leaves. It
is rare in culture. In eastern Georgia, it occurs only in Tsinandali Park, where at the age of 100 it
is 22 m in height and 70 cm in diameter. Here, vegetation begins in mid-April. Cambium
activation begins in the lateral branches, 2-3 days before bud opening, and lasts for 160 days. The
growth of lateral branches ends in May. It bears fruit quite abundantly and produces high-quality
seeds. Occasional natural self-seeding is also observed here. In Tsinandali, the species is not
damaged by frost.

Quercus rubra is a deciduous tree of North American origin. In its native range, it grows
2040 meters tall and typically spreads on slopes and along riverbanks, forming both pure and
mixed forests. In Tsinandali Park, a single specimen is found, which, at the age of 50, reaches a
height of 12—15 meters [4]. Vegetation begins in mid-April. Cambial growth continues 153 days.
Flowering occurs in April-May, similar to its native range. With periodic irrigation, the species
tolerates soil and air dryness well and is not damaged by frost. However, it produces fruit weakly.
During the study period, secondary growth of lateral branches was observed in late July to mid-
August. These shoots exhibit rapid growth but often do not have sufficient time to lignify and
may be damaged by early frosts. In addition to Tsinandali, Quercus rubra L. is also found in
Kvareli (Kakheti region), where it is also characterized by good growth and development,
reaching a height of 16 meters and a trunk diameter of 3540 cm.
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Quercus suber L. - Naturally distributed throughout the Mediterranean countries. In
Kakheti, it can be found in Kvareli region and Tsinandali Park, where several of its plants reach
2-3 meters in height, bloom and bear fruit, and are not affected by frost. [4] Vegetation begins,
similar to the red oak, in mid-April. Cambium activity begins 3 days before bud break and ends
in early September. Like Quercus rubra , Quercus suber undergoes flowering first, followed by
leafing, and finally fruit ripening. It blooms in April - May. The coefficient of variation is 7.57..

The lateral branches of Quercus alba , Quercus rubra , and Quercus suber are
characterized by such rapid growth that the length of the new shoot reaches 70-90% of the entire
annual increment within 20-25 days. Their growth in height stops in May-June.

Juglans nigra L. is naturally distributed in North America. It is a mesophytic species that
can tolerate dry air when adequately watered. The tree prefers deep, fertile soils and tolerates
calcareous substrates well. It features a dark gray to black, deeply fissured stem, and produces
black or brown fruits with a grooved shell that are inedible. Its high-quality wood is widely used
in furniture manufacturing. In its homeland, it can live for 300400 years. With a strong growth
potential and ornamental appeal, it is widely cultivated. Juglans nigra is also actively used as a
rootstock for grafting common walnut varieties, both in its native range and in European
countries.

In Kakheti, gmgarsobl bog@ms is not damaged by frosts. As in its homeland, here it
blooms in May, with a flowering period lasting 20-25 days. Seed viability ranges between 15—
20%. Vegetation begins at the end of April, the apical growth of shoots ends at the end of May,
with an average elongation of 10 cm. Cambial activity in shoots begins 5-6 days after bud break,
at the end of April and ends in early October. Cambial growth lasts for 154 days.

Firmiana platanifolia Schott Et endl. - is a valuable ornamental plant. With large leaves and
smooth greenish-gray bark. It is naturally distributed in China and Japan. It can be found in
Kakheti, in Telavi, Tsinandali, Lagodekhi and Sighnaghi. It adapts well to the climatic conditions
of Kakheti. It is not damaged by frosts and summer droughts. However, under conditions of
moisture deficiency, often begins to exhibit dieback at the age of 60-70 years, with partial
withering of lateral branches. This indicates premature onset of senescence.

In Tsinandali Park, a 100-year-old of its specimen can be found, which is characterized by
good growth and development, drought and frost resistance.[4] In Tsinandali, vegetation begins
in late April. During the study period, bud opening was recorded on April 23, cambial activity
began on May 2 and ended in late September. Its cambial growth lasts 145 days. The coefficient
of variation is 8%. During the study period Firmiana platanifolia vegetation began when the
minimum air temperature reached 5°—15°C. The species bears fruit abundantly, however drying
of lateral and apical branches is observed. In its homeland, it blooms in July, and in Tsinandali
flowering occurs from June to July.

Firmiana platanifolia also demonstrates good growth and development in the Central Botanical
Garden of Thbilisi.

Gymnocladus dioica (L.) K.Koch.-Naturally distributed in North America. Several
specimens are found in Tsinandali Park, characterized by good growth and development. At the
age of 100-120 years, the individuals reach 25 meters in height, and 90 cm in width. although
mesophytic, it tolerates dry and shallow soils well if irrigated, it is not limited in growth and bears
fruit, has large bipinnately compound leaves, and finishes leaf growth in May. It begins
vegetation in late April, the cambial activity begins on April 20 and lasts 163 days, until the first
half of October, i.e. its radial growth is 1.5-2 months shorter than the vegetation period of the
study region. It blooms in May and June, the fruits ripen in the autumn of the same year. The
linear growth of lateral branches lasts 40 days, with an average increase of 20 cm.

In addition to Tsinandali Park, Gymnocladus dioica can be found in the village of
Napareuli, Kakheti, where at the age of 100 it is 25 meters high, 55-60 cm in diameter. The
species demonstrates excellent adaptation to the local soil and climatic conditions, resulting in
abundant natural regeneration. Numerous self-seeded offspring form dense thickets over a
considerable area around the mother plant.
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Japanese Sophora (Sophora japonica L.) - Naturally distributed in Japan and China. It has a
spreading, thinly branched stem. Its leaves contain vitamin C. The species blooms in June — July,
and its fruit ripens in December — January. It is thermophilic and light-demanding, with good
drought tolerance. Once it reaches fruit-bearing age, it is not affected by frost. However, it cannot
tolerate shading, grows poorly on stony and saline soils. It reproduces only vegetatively, mainly
by grafting. In Tsinandali Park, 13 specimens of Sophora japonica are present. Its 90-year-old
specimen reaches 25 meters in height and 92 cm in diameter. During the observation period, bud
opening began on April 9, the cambium activity began on April 12 and ended in late September,
lasting 148 days. The coefficient of variation was 12.77..

Eucommia ulmoides oliv. - is naturally distributed in China. It is notable for its ionizing
properties, the phytoncides secreted by Eucommia have a lethal effect on various bacteria, which
is why this plant should be given a special place in landscaping. Due to the above-mentioned
properties, eucommia plantations are built near residential buildings in its homeland - China.
Additionally, the bark of  g;mddos is widely used in traditional medicine.

@090 andmowyl is found in the Tbilisi Botanical Garden, in the Lagodekhi State
Reserve, and in Napareuli, Kakheti. In all locations, it is characterized by normal growth and
development, successfully bears fruit, and produces high-quality seeds. Generally, this species
prefers moist soils and demonstrates good tolerance to droughts and frosts, withstanding
temperatures as low as —30°C.

Conclusion:

As a result of the research, it was determined that the introduced woody plant species distributed
in the Kakheti region: Ginkgo Biloba L., Cryptomeria japonica (Thunb.ex L.F.)Don., Pinus
strobus L., Liriodendron tulipifera L., Quercus alba L., Quercus rubra L., Quercus suber L.,
Juglans nigra L., Firmiana platanifolia Schott Et endl., Gymnocladus dioica (L.) K.Koch,
Sophora japonica L., Eucommia ulmoides oliv. adapt well to the local soil and climatic
conditions. Their annual developmental cycle includes all morphological and physiological
stages. These species are characterized by good growth and development, are not damaged by
frosts, all of them bloom and bear fruit, and some even reproduce naturally—an important
indicator of their successful adaptation to the climatic conditions of Kakheti. The wide use of
these species in the greening of the Kakheti region is of great importance from both scientific and
practical perspectives.
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Modified Technology for the Production of Natural Grape Juice Using the Aseptic
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Iakob Gogebashvili state University, Telavi

Abstract
A modified technology has been developed for storing natural grape juice using the
aseptic method by partially changing some of the existing methods of aseptic juice
preservation. This new approach maximally preserves all the beneficial chemical compounds
found in grape juice, such as carbohydrates, organic acids, vitamins, and others. The following
auxiliary materials were used during grape processing for this research: ICEZYM BIANCHI
MP — an enzymatic preparation with pectolytic activity; LAFAZYM PRESS — a pectolytic
enzyme used in the processing of white grapes; and LAFAZYM 600 XL — a pectolytic
enzymatic preparation used for clarifying white must.
Based on the research, the developed modified technology for producing natural grape
juice using the aseptic method ensures the maximum retention of all beneficial chemical
substances contained in the juice.

Keywords: Grape, technological ripeness, natural grape juice, aseptic method,
carbohydrates, vitamins, modified technology.
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Mulching as a Measure for Increasing Crop Yields and Preventing Soil Erosion

Chikovani Aluda
Tsereteli State University, Kutaisi

Abstract

The paper discusses the critical role of mulching as a modern agrotechnological practice
in increasing crop yields and effectively combating soil erosion. It presents an analysis of various
forms of mulching, such as organic and inorganic types, examining their specific characteristics
and areas of application. Special attention is given to the positive impact of mulch on the physical
and chemical properties of soil, including the maintenance of optimal moisture levels—which,
according to research, can reduce irrigation water needs by up to 50%—and the regulation of soil
temperature regimes. The importance of mulching in weed control is also discussed, with
potential reductions in weed spread ranging from 70% to 90%, thereby decreasing the need for
herbicides. The paper analyzes mulch's function as a protective barrier that slows erosion
processes; studies show that mulching can reduce soil wash-off by more than 90%, particularly
on sloped land. Additionally, the contribution of organic mulch to improving soil fertility is
emphasized, through increased organic matter content, which may rise by 0.5% to 1% annually.
The study highlights the multifaceted economic benefits of mulching, including yield increases
ranging from 20% to 100%, depending on the crop, as well as its ecological importance in
promoting the principles of sustainable and environmentally friendly agriculture.

Key words: mulching, soil erosion, yield, soil fertility, organic, inorganic.
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Ecotourism in the National Botanical Garden of Georgia

Chkhartishvili Marina
St. Andrew the First-Called Georgian University of the Patriarchate of Georgia, Tbilisi

Abstract

Human was born and developed in the bosom of nature. He is a child of nature and is its
integral part. Along with the development of civilization, humans attitude towards nature
and forms of relationship have changed. For many centuries, nature has had only a
consumption value for human. That is why, human's consumer approach to nature has led to
the depletion of natural resources, while the scientific and technological revolution and
human's unconscious interference in the processes taking place in nature have led to a
violation of balance. The time has come when all people of goodwill have felt the danger
caused by carelessness towards the nature, therefore, we must make every effort to preserve
Mother Nature and save the world from ecological disasters.

One of the most important aspects of protecting Mother Nature is the development of
ecotourism. Ecotourism is a form of sustainable tourism that is based on the protection of the
natural environment, biodiversity, and cultural heritage. The Georgian National Botanical
Garden is a prime example of ecotourism, where visitors have the opportunity to explore
diverse plant collections, receive environmental education, and learn about the principles of
nature conservation.

Keywords: ecotourism, sustainable tourism, biodiversity, nature conservation,
conservation
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9060350 LOEIBMLEHIGOM JIWws - 7,6 d5¢00, doomm b0ddgdds, OHMIWOOs
900900 0gm 3300wol LYIEROGHSE00L 2909T). b 306MmBsboErgdo gsdmo®mBgms
wb9do 3990000 s 5OMI>GT0 2569dg BHMbgdOL SOLYdIMOdOm.

900900 990093900l 565¢0Bds 5B39bs 3MEMIGEs30s 30bMAsLoEol Y3560
9JbBH®agdBlbs s EroEgMobl Fm®ol. s3sLmsb, bgdmm dmyzsbowo Bsb3z969dwgdOL
Asbmmo  3mbi3gbEMsgos 36093690 Mm3b650sd ©sFM30©YIMWO MmA0MEOL omJloob
393960 H5mEgbmdsby.

S13MEOBOBOL  g535L  299MmYygbads  BH3B0olL  LYGBOEGSE00LIL byl »Mfymdl
0306m35L5¢sdo eroEgMobol JslmMo 3mb396E®O300L s Y3560 gJuBHMOJEHOL
3600369 mdol  dmAsBHqdsl, Mog  ©oYdomo  dmIghGH0 LYBOHOL  ©306MadOL
§o00mgdolsl (Byprsar,2004).

gb®oo 2
33000l LYYEGBOESEOOL Mg70ToL 93w 9bs VZ0bMToldEPOl BGBMEH
3033wyduby
3oL 35G0s56BHo B9bmm@Ho 65gHmgdol dsby@o 3mbggbB®ogos, dy/d?
9y/0d°
(Gp/0) LogBoO™M | 3mE0dgH o 360 m30560@0bgdo | 3s60eob-
x3mO3900 dm6953069
603009050900
SO, -0 179 6 14,5 7,0
S0,- 50 199 29 22,7 6,8
SO,-75 207 21 22,5 8,7
SO,- 100 209 27 27,5 11,0
SO,- 120 224 46 45,1 9.3
SO2-75 233 0 17,8 10,0
3L 3Mm™d.35535-60
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L53Yo 6503Fgd0L BbMEMMHO 3033cgdLol sb5EPOBTs 5h39bs, MM HMYoMEOL
o0mgbool dqls@obo 3mbEgbEH®ogool BOOLLL 50-sb 120 /-0y LsgBmnm
3396mmo 603m0gMgdgdol 999339wmds 450BsM©s 13%-0m (EbGowo 2). 535bmsb,
396mmo BogmHmgdol 3me0dgH o BmMIGIOL oBHgdsd dgsyobs 57%. gl 3sgGo
300m9dL 3MmA0MHOL OMJLoEOL Bo39M9300L A5dmA(393 M30L9dgdBY 5MS TbMmEME
3396MOH0o bsgM09d0L, 560539 95569930 B9MHTGBEGHIOOL B0sMMSG.

00 608d90do, MO0 IMIBIIOE0 0gm SLZMMBdOBOL T5535L godrmygbgdom,
396  6030gMgdsms  BsbImo  3mb6396GGs30s  13%-0m dg@os  LH3MBGHOMEM
3500560l sbsermyome 360936900 md90DY.50505b, Loy 3560s6ET0 3mEwodgmHyero
3mEOIGO0 5O 23300, bmwm 3OME3056006gd0L Fsbymo  3mb3gbEGMsE0s 1,3-x9M
Q50505 13MBBHOMWMBMIb  FgsMgdom.  dJowgdmwo  F9EIRJ00  SEILBEGHMMYOL
3b3MMOObOL T31535L 508YI6 30193908 BIbME OO 659MHMIOOL o596 BMEOIGOOL
90356 0.

3309308 9900939  ©o©P0bs, ®MI  sMOLYdMOL  FFoEOHM  3MEOIWS30MO0
©59M30090gds  BgbmwmGo  6030009MHgdgd0L  TlE  3b3gbGHGSEOLS s
09300 900L 3993390 MdSL  JmMoL.  Loggwr  ©306msboergddo  Fgobodbgds
39300900l 999339 Md0L HBOES BIEXBOESE00L EMDOL BMToEJOOLSL, M3 S0blbgds
3MA0M©OL  omdbool  Jgd™mIFZ0m Mool 36Om3gbdo  HoMdmgdbowro
93939 @9g300L J0gM s 5¢EI30YMA0MM3560 T5535L Ho@dmddbom. isYgboros,
O™3  sbZMOOObOL T35l 499MmYgbgds bawls MHYMAL 9 g30EYdOL @S dFSMTso35L
dsbymo  3mbEgbGH®ogool  (Aglodsdolo 34% o 28%-0m) b653wgd  IYOMZIISL
L53MBGHOMWMBMIE T9sM9d0.

©306m35b5egd0l  3mBGHYb3omIgEmHwo 85839698 gd0l  sbseroBol  Fggyo
990d@gds 35533650, OMI 33000l LWBOEHIE00L MBOLIYD ITMM30IdS©
0306m3sLoergddo  Lsfiyolbo  MgMmdL-3mEHIbE0swols  360d369wmds  356M0MgdL  3ofOm
©0535Dmbdo - 290-296 93-0L BoMygddo (3HOOWO03). 3MA0MHEOL OoMJLoEOL s
sb3MEOObOL  F55535L  9OHPMIE030  49dMYgbgds  MYBOHMb3gWYMRL  59by39-smgbomo
33963050l 36083369 mdol 15%-000 Jgd;3060935L Lo3MBBHOMEMbmsb Fgsmgdom.
39bmMmo  Bogmmgdol o6y MEmdol  35B39bgdol  860d3bgrmds  ymyoMEob
©0MgloOL s SB3MOBOBOL B5535L Fg@oboLLL 509BsBHYds b3y 60dMdgdol B myor®
05639690egdl  1,1-1,3-x96. sb3mOd0BoL  T5535L  godmyggbgds bgwls MHgmdl 9@ o
509600 ©306MBsloEgdol FoMYdSL.

3bMoo 3
LYYEBOESEG00L 095080 o3 9bs ©306MAsLEEIGdOL 3mEHIb0MIgBH O
056396909
3039630039 EHOMEo 3563969090
30U 356056¢0
(9/ 03 X
S0, -0 321
S02- 50 290
S02-75 290
S0O»- 100 296
S02- 120 294
S02-75 252
313M©d.d5535 - 60
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©51336s. 93G5, B30l  LMWROGIEO0L FJOMPO MOl SMS  FbmeErme
33000l s 306mIsLoerols 303MMdMo LGB0 MdOL MHEMMBlzgwymgol bgMbo,
365990 B53w95¢qdsl 0dg3s, 335OHPMM®M VOOl 3OMEILO Y3600 9JuE®sgEOU,
30339MH0bol,  B9bmEmMo  bsgMMgdoL  3mEodgPrwo  Bm®mIGOoL, 9 Y30EIOOL,
00563515358 8993390™d0L, 939  3MmBHIbEoMIgEGOWMwo  F5B3969dgdolL  9M0MIGOOL
d0Bbom.  BHIdowdo ama0mEOL  omdbool  (758y/d%) s  SLIMEBOLOL  Tgo35L
(600/03%) 9gohmOOMMwo  Jg@obs  bgwl  MPgmdl  odsEo  55b35-50ygbomo
303963050l 9dmbg, 9930 gd0L s  dFEMTo35L  dSWO  T9d (339 ™MdOL
0306m35b5¢rgd0L BoMYdL.
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The Influence of Sulfitation on the Qualitative Indicators of Table White Wine

Tsiklauri Lela
Iakob Gogebashvili Telavi State University, Telavi

Abstract

An effective method for regulating oxidative-reductive processes in grape must—and,
consequently, the quality of the final product—is the use of oxidase inhibitors. Today,
antioxidants such as sulfur dioxide, tannin-based preparations and ascorbic acid are actively used
in winemaking to block oxidative enzymes.

This study examined the influence of sulfitation regimes of grape must on the quantitative
content of carbohydrates and acids, components of phenolic and aroma-forming complexes in
wine materials, as well as on potentiometric characteristics. It was established that sulfitation of
must serves as a tool for managing the fermentation process by altering the content of dry extract,
glycerol, polymeric forms of phenolic compounds, aldehydes, acetic acid, and

potentiometric parameters.

The combined introduction of sulfur dioxide (75 mg/dm?) and ascorbic acid (60 mg/dm?)
into the must facilitates the production of wine materials with low oxidative-reductive potential
and reduced mass concentrations of aldehydes and acetic acid. The use of ascorbic acid during
must sulfitation contributes to increased glycerol content and higher dry extract values in wine
materials, which is a positive factor for the production of table wines.
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Analysis of the phenolic complex of test samples showed that increasing the concentration
of added sulfur dioxide from 50 to 120 mg/dm? led to a 13% increase in total phenolic content.
The increase in polymeric forms of phenolic compounds reached 57%. This indicates the
macerating effect of sulfur dioxide not only on phenolic compounds but also on oxidizing
enzymes.

In samples prepared with ascorbic acid, the mass concentration of phenolic substances was
13% higher than in the control variant. At the same time, no polymeric forms were detected in the
experimental variant, and the mass concentration of procyanidins was 1.3 times lower compared
to the control variant. These results confirm the reducing properties of ascorbic acid in relation to
the oxidized forms of phenolic compounds.

Keywords: wine materials, ascorbic acid, organic acids, sulfitation, oxidative-reductive
potential
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1100 53G5Hmmo s domemaomo 3936090 9d9d0 (y39es)

5336380 (LsAbOYM 3MWbYT0) 3530391 g0 GMBMLsbms (Lamiaceae.L)
5ol Lsd3MMbseem 93gbsMgms BM35¢BIOM369ds S JMbmIgoiobsdo
399mygbgds

X3Y9wo g6
3503360dg bsomgms

0vM3sbodg 6sbo

3mmd OMLmo39w0l babgwdfonm mbogzgdbo®g@o, dommdo
https://doi.org/10.52340/idw.2025.18

SBUAGsIBH0: b5THmFT0 356boereyemos sFstsd0 (bsdb@gor 303¢nbgordo) 333639¢298:9¢70
OBmbsboms (Lamiaceae.L) mysbdo 35960005698:9¢m0 bsdzo9:65¢7m Jpgbs69980b  bsbgmdmozo
30535¢1229(0236985 @5 902602990306500 G000 35902996960b SU3995980, ©3OZIOOCT0S 8356580
- bsdb@go> 3020690080 8530390 9809cm0  (H2bealsbors capesbolb  bolhgdsdozo960 bAHGoId 6.
Ipsgcroaros gorbmbrBsboz o 3ebspgdydo, G930m398:9¢0 065 G969309980, Bdergdog
ps63s5598000 3500049698 Fabsbrgmdsdo. 33¢793000 Ggorml  fs®8ms@agbl  HHsogosemo
97639000305-996396b00b,  Gpgbstgos  3509Gwemo  @sITs3900b,  0IOHOR0FGOL O
Je2bsbergmB8sbsb 903b2Be2H56032950 3000635G0b Jobgz000 063903079 Bsfgtob dgomgdo.
sdsmol  Reroboer  Bs0mbdo  Hbeabsbos  casbol  bsdzmbserer  Gpgbstggdo
ps@dm@ggbocros 12 ggs(00 s 17 bosbgmdoo. bsd-Usd  bsbymbsl 596005698  335(980:
Calamintha s Mentha, 6o bsbgmdsb dmopszl 33560 Clinopodium, bexerer 3gs50980: Glechoma,
Lamium, Leonurus, Melissa, Origanum, Scutelaria, Salvia, Satureia, Stachys (50089600705 000
bsbgmBom. g39¢rs Js0gsbo IMH335¢hermg560 Bsersbmzsbo Jpgbs699805. oG0S SGH0SE
90963560 bo9bol 89895390 Jpgbs9980, sdodd obobo Jgop0bsdo 353049698056 35600
39905 Go0o>.

5F50580-bsdb@Ggor  300¢7bgodo  3o3039¢9809cm0  Aebmbsbods (Lamiaceae.L) capesbol
bs@z9m65¢nm  Jpgbs9960 3300099696056 8900980 ©3335098900L oBeml:  bsmg9crdogbo
(Calamintha grandiflora, C.nepeta, C.officinali), ©s3500300989¢70, bsgeieng bsd=psemgds (Leonurus
quinquelobatus , Melissa officinalis, Mentha longifolia, Mentha aquatica, Satureia spicigera),
©s05993000989¢v0,  fbggolb ©sdfgz0-(Clinopodium umbrosum, C. Vulgare, Origanum vulgare),
bsbrbordo 3b900b @ss35098980: (Glechoma hederacea, Satureia spicigera),  Uolbgergbols
G905B9698g¢ro  (Lamium album), 373-b6sfcrsz0l  ©@ssz35@098960 (Mentha pulegium, Satureia
spicigera, Salvia glutinosa); J6b03-9¢m0 ©OsMs (Satureia spicigera), s0s09d300989¢v0: (Origanum
vulgare, Scutellaria galericulata), 5609800 bsffobssmdgsc (Stachys officinalis, Salvia glutinosa).

bs33560e2 bodgz980: 9006039005065, (Hrbeabsbors mxsbo, bsdzembserer Jpgbseg, sFsMs

dgbsgoeOo

0 FoMol (Lodbego  3mEbgomol)  39¢IMHO  FEomEs  J9BLLIMOMGdMO
96535 x39MOM3690000 5M0L FoMIMYIbowo, Mo gsdmf3gwos $FoM0L 3odsGom ©s
39358300 3EYOIMIMBOM. 5FMS 430M0MBg3s  Boero, beahocr ¢odsHoo ©s
93203000 35900 IH335¢»R90m369800, o3 3565308908 Jpbs®giero
bsgs®mol  bormbagb @5  06535¢7396(2369850, Odgcrog  bsgs®oz9cmmb  bbzs
AIO0HH0sYy 36 33630985 (3503sbodg 2013, 2014, xoygwo 2016,) oFs@sdo
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333069CPIBLIC05 39¢PIH0 Rera®ol 1837 Lobgmds, MHMAwgdoiE 159 mxsbly s 742
3435630 960005690006 (Amurpuesa 1990, Manvelidze 2008).

$306 30g® by fiewrgddo Poda®gdyero 33wg3900L J9YRs@ 399m3wobs,
O™ 5305 - LETLOYNO JMEbgmo  AsTIMoMBYZs LHTFMObsEM F3gbsdrgms Lowbgzom s
AoJumboms 89350 xgMHM3bgdom. 5 93039 gdYo 194 Lobgmdol  Lsd3m@bogm
93396569, ©MIGdO3 299N 056900 68 MmYsbLs s 154 935600 yzgwsbHg dg@o
36535cMm03bMmgbgdom (oMdmpaqboos dgdgao mxsbgdo: Asteraceae —14 Lobgmdo,
Lamiaceae — 14, Rosaceae —12, Hypericaeae — 6, Polypodiaceae — 6, Scrophulariaceae — 4,
Fabaceae -4, Fagaceae —4, Solanaceae —4. Polygonaceae— 4 (Jakeli E. 2018).

339308 30Bsbo s 5IMEsbgd0o: 3309308 FoBBL  [oMmBMoybl  sFoGmsdo
3936039900 A&PmbIbmS mxobols Lo839ObsEM 939656909
00MmIM535¢xgMHM3bgd0Lby s gbmIgoEobsdo  Fsmo  godmygbgool  sb3gdEHgdol
dgbfogams. 535LMb  39300Mgd0m  OLObMEO 0dbs g0  TMEI6gdO: sFoESTO-
LB 3MEWbgmMTo  2o3MEIIdMEo  GHYBMLbDs My sbols LobE9ds303MO
LEAHOMIBHIOOL s JMNBMIME603MM0 FMbo3zgdgdol Tglfogas,

331930L md309JBH0 ©s IgMIMEOZIs: 330930l Md0YJAHL FoMTMoAgbs °FoM5d0
3936039 gdwo  HPBmbsbms  mxsbol  Lsdzm@bsgom  8ggbstggdo.  Losggang
33093900b50m30L  259mygbgdmo  odbs  BHMsogowo  9Ju390E0s-gJu3OLOOL,
d3965Mgms  Lobgmdgdol  033939-009bEH0RB0ISE00L,  39TgHIo  ©odw)dsgzgdol,
A0 MdM030  IMLObEgMdol  gMbMdMEB03MM0  2sdm3ombzol s  0bEHgM3z0L
Bofge0ol Igmmgdo. 339bscgms Lobgmdgdol M33930L5m30L A5TMYgbgdEo 0dbs sFo60ol
93965609900L Lo633930 (DmuTpuesa 1990), Lods®mgzgarml d3gbs@ggdols bozzgzo (1964,
1969)), ULodoOmzggeml  g3em®s  (39960d9.1978-2016)).  Bodumbgdo  domomgdmos
L59MM5TMOOLM bMdgb 3w s bmibol www. WFO-2024. dobggzom.
B3ob ToghH  FoMdmgdmeo  33¢093900L  J)9YO® domgdmwo  dmbs3gdgdo
fo03mpqbowos gbGowdo 1.

3bO0oo 1.5356500 253039090990 EH¥BMLIBMS Mxsbob bsd3MHbscrm d39gbsMggdol LobgmdMogzo
061535000390M36905 5 2580Ygbgdsol 130L90MHJdJd0

bsbgmBs Lbsbogmgbere bgwmgmeo | dgogobsdo Jodomeo
}0OIs 399myggbgds 3900p960emmds
dool  30@bs- | IM0z35¢f) dogosbo | Bowggwdoabo | 0,3-0.8%
Calamintha 3560 9o 9ebgmgdo,
grandiflora (L) Bosbo BobdoMfyargdo,
33e53mbMmogdo
Cnepeta (L) | 3653508 dogwobo | Bowggerdagbo | gogHbgmgdo,
Savi w3560 BobdoMfyargdo,
doSbO RE530mbM0©Yd0
C.officinalis 965350 dosbo | Bomggwdgbo | gogdHbgomgdo,
Moench. w3560 BobdoMfyargdo,
dOSbO R530mbM0©Yd0
dm30@GHbom- 965350 dosbo | 535983000909 | 9B HYGdO
Clinopodium w3560 o, {6930l
umbrosum
(Bieb.)C. Koch. doqrobo <30
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C. Vulgare L. 0035 | doemsbo ©535803000909 | 909OBgMNYOO
wm3s60 o, $bg30L
dobo ©53(930-
20205 36035 | doemsbo Lobwmbordo Gobobgdo, dfaty
bpealigdo - | omgzgsbo 3bgo0L bogmogmgdgdo,
Glechoma dosbo 59350099900, | JIO™M3560
hederacea L. o0l bgo9do.
5003d369w0
Jobgmol 36535 | y3930¢00 Lobbergbols | sen3sermoggdo,
@gos-Lamium | ¢om3560 99095B969d9wo | aarozmboqdo,
album L. doSbo Lo3mbobgdo,
900M0d530
BogmogMgdgdo,
mOfo,
30&9d0bo C.
95305¢abo- 30035 | doemsbo 0505303000909 | Bs3mbMmogdo,
Leonurus m3560 o,  bogmeog | 99 ™3z960
quinquelobatus | seosbo L5395 9dS Bym9d0,
Gilib. 80830
Bogmogdgdgdo,
Lodmbobgdo
335000,
30@&s00bo C.
056530 3035 | doemsbo 0505893000909 | g9gMH™3560
L593OBsWM- | mgs60 o,  Logmaog | Bgmgdo,
Melissa dosbo Lodw)oegds 80060830
officinalis L. 603000969890,
O,
330L900,
30393060 C,
390m@0bo.
AYoL  30@bo- | IMogof | gmomerm | ©sdsd83090g | 0,3-0.8%
Mentha @wmgsbo o,  Logwganyg | 9IO™3560
longifolia (L) | dswsbo L5375 YdS ‘bgorgdo,
Huds. 3o3mbm0@gdo
&9bam- 36535 | ddrsbo 050509300909 | 0,4-0.8%
Mentha wm30b0 @o,  Logryang | 909Obgmgdo,
aquatica L. BdoErsbo 535D BobdoMfyargdo,
3w03mb0oodo
085¢m- 30035 | doewsbo 3993-650wsg0b | 0,2-0.4%
M. pulegium L. | @mgsbo ©5535090900 | 9029OBINgBO,
dswobo 30&5d0bgd0 C, B,
JO@3s@G0o©gdo,
3560030
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BobdoMfyargdo,
dgbormero,
odmbgbo
02530535~ 36535 | doesbo 5095333000909 | 0,5-1,2%
Origanum ©wm39bo o 909HBgogoo,
vulgare L., Bosbo tissue
substances,
303990bo C 565
ay /%,
CFUN R ON RS 065350 | 3gLMEYO0 | ©ssd3009dg | 0,2-0.4%
Scutellaria ©wmz0bo o 90HbYINYo0,
galericulata L. | 53O sb3MGdObOL
059539,
Bobdomfiywrgdo,
8036m9wgd96¢9
00
boemBo- 06535F | gmmEgdo | Bmgdol 0,23-0,44%
Salvia 3560 BoGoboswdwgy | 9009OBIMYdO,
glutinosa L. BdoErsbo ® O96wo
0553900,
3900m@0bMmogdo
b3 36535 | doesbo Lsbmbodo 096OBY900,
Satureia wm3560 309%0, 3993 | IMH0Is30
spicigera  C. | psansbo Bofarsgols BogmogMgdgd0,
Koch. @953590900, | e, 3obgdo
39OQOMGY
0, Jmmbozwo
Q05095
©IBIAP | 8035 | ggsgowgdo | sbagdol 0,2-0.4%
Mo-Stachys ©wmzobo LsGobssmdgam | 1029OBINYdO,
officinalis (L) | dsgosbo BLogmbmogdo
Trevis dobgom®o
956H0900.

GNP Mxsbols bsd3m@bowm 93gbstggdo Homdmmaqbowos 12 agsom s 17
Lobgmdom. 153-Lsd LEbgMBSL 59M0569xdL A356Mgd0: Calamintha s Mentha, M6 Lobgmdsl
9dm0o3ogL 23500 Clinopodium, bmom 93509d0: Glechoma, Lamium, Leonurus, Melissa,
Origanum, Scutelaria, Salvia, Satureia, Stachys o69m©a960e05 mom® Lobgmdom. yzgws
Fomobo IM535¢ermzgsbo dsobmgsbo 839bscggd0s. doMOMsEI® ™06 gmgMmgsbo
B909d0L 8993390 9396969900, 580@M™I olbobo 89oE0bsdo s8m0Yygbgd0sh BsHmm
139dBH®oo (Varshanidze 2018, varshanidze 2013, Jakeli 2018).

94390mm  8my3s60wo0s  gmbmdgoEobsdo  bmaog@mo  LsdzmEmbserm  dzgbs®ol
99%393G1IO0 s IM535IbMH0Z0 459myggbgds Bb3oalbZs 99350JdGOOL EMLs:

0530535 - Origanum vulgare L.-0050500300909 253965l sbgbl 396&HMowm®
B9M3m@ LobEHYISDBY. 2oMS 5doLy, 030 5dE0gMGOL  MFBEOL QodMYmRsls, LsFdErol
dmdb99dgeo s dMHMBJddo Aobeoggdo X 06330900l 1Y3IMYE0sL; 90 gIMHYOL
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Bofarsggdol  39MmolLEIMEGH03L. Bl 094gbgdgbh  bsfarsggdol  s@GHmbool  M™UL
099092650650: 53509096 6594qbL: 15 4. FdMo doesbl 9O Fodd sMPIdIME Fyseby.
30009096 1-2 Lxz®ol 3m3BL 3-4 X9O ©Egdo. OMAMOE ©sd5383009d9wl 135096
30396GHM™bool, 35909 gdwo s50B6JIOIEMBOL, ™30l FH3030¢0l ™ML 1/3 Fodob
mqdo 2-3 X96. 0530535L996 300900 9009ObBgmo 29900949bgds
A3030505949Bgdes©. 3530535 930939  POBRO®b  dMIMmol  Ls3gmglicm
LMY, MMIJO 39dM0Ygb9gds 9gbMdMEHS6035d0.

056590  Ls33M@®bsem-Melissa  officinalis L. 9obmdgoiobsdo  godmoygbgds
05653dMb RMMEGO0 S TIBMNWOO VIOML F39MMII0 - d3ESHO. dMHTIML doEsbl
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Diversity and Ethnomedicinal Use of Medicinal Plants of the Lamiaceae
(Lamiaceae L.) Family in Adjara—South Colchis
Jakeli Eteri
Varshanidze Natela
Turmanidze Nazi
Shota Rustaveli State University, Batumi

Abstract

The present paper discusses the species diversity of medicinal plants of the Lamiaceae
(Lamiaceae L.) family found in Adjara—South Colchis, as well as the aspects of their use in
ethnomedicine. The systematic structure of the Lamiaceae species distributed in this region has
been determined. Ethnobotanical data were studied, and valuable traditional remedies commonly
known and effectively used by the local population were collected.

The research was conducted using the traditional field expedition-excursion method,
which included plant collection and identification, along with interviews with local residents
based on a structured ethnobotanical questionnaire.

Medicinal plants of the Lamiaceae family in Adjara—South Colchis are represented by 12
genera and 17 species. The genera Calamintha and Mentha each comprise three species; the
genus Clinopodium includes two species; while the genera Glechoma, Lamium, Leonurus,
Melissa, Origanum, Scutellaria, Salvia, Satureia, and Stachys are represented by one species
each. All are perennial herbaceous plants, primarily rich in essential oils, which makes them
widely applicable in medicine.

The medicinal plants of the Lamiaceae family occurring in Adjara—South Colchis are
traditionally used for the following conditions: Choleretic agents: Calamintha grandiflora, C.
nepeta, C. officinalis; Sedative and cardiotonic agents: Leonurus quinquelobatus, Melissa
officinalis, Mentha longifolia, Mentha aquatica, Satureia spicigera; Sedative and
antihypertensive agents: Clinopodium umbrosum, C. vulgare, Origanum vulgare; Respiratory
ailments: Glechoma hederacea, Satureia spicigera; Hemostatic agents: Lamium album;
Gastrointestinal disorders: Mentha pulegium, Satureia spicigera, Salvia glutinosa; Chronic
diarrhea: Satureia spicigera; Sedative agents: Origanum vulgare, Scutellaria galericulata; Anti-
inflammatory agents: Stachys officinalis, Salvia glutinosa.

Keywords: ethnomedicine, Lamiaceae family, medicinal plant, Adjara
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Football as a tool of propaganda during the Spanish Civil War

Gogenia Zaal
Ivane Javakhishvili Tbilisi State University, Tbilisi

Abstract

Sport, and in particular football, often became a tool of political struggle. The
creation of the Basque football team and its propaganda tour in Europe, the USSR and Latin
America is one of the interesting pages of the history of Spanish Civil War. In March 1937,
Franco's forces shifted the brunt of the war to the north, their first target was the Basque
Country. The heads of the Spanish Republic attached less importance to the northern front,
therefore there was a catastrophic shortage of weapons, ammunition and food. The head of
the Basque government, former football player José Antonio Aguirre, actively used this sport
abroad for propaganda and to raise funds

The tour started from neighboring France. The Basque victory was significant in
sporting terms, but in political terms it was overshadowed by the bombing of Guernica. The
speech given at the banquet by the head of the delegation, Manuel de la Sota, is interesting,
For some researchers it was a public acknowledgment of Basque nationalism. The
propaganda task of the team was clearly revealed in Marseille.

The first opponent of the Basques in Moscow was Lokomotiv, then Moscow Dinamo,
the game with them ended with the victory of the Basques. After two wins in Moscow, the
Soviet leadership could not hide its concern. The leadership wanted to take revenge. But, the
second game against Dinamo ended 7:4. This hurt Stalin's self-respect, considering that
Dinamo Moscow was a team of NKVD.

In Georgia, the Basques were received with special warmth, the reason for this
was not only Georgian hospitality, Nikolai Marr's popular theory about the kinship of the
Basques and Georgians played a big role. Both games held in Thbilisi, the first against "Dinamo”"
and the second against the Georgian national team, ended with the victory of Basques.

From a propaganda point of view, this tour of the Basques was important; it had,
first of all, a political-agitational and then a sports load, and was also sufficiently accompanied
by a nationalist coloration.

Key Words: Propaganda, football, Spanish civil war, Basque nationalism, USSR

143



1200 bgermgbgds s 3mdsbodsmmeo dg36096M9d9d0 (y3ges)

1202 olsﬂm@ob

HMLgmoL s33gHMdMMMo 3mEo@03s BOHowmm 3533550500
1545-1560 {jergddo
399533000 B
05300 203905930000 LEbgEMBOL LobgErdfoxzm MboggdLoE GO, MYEs30
https://doi.org/10.52340/idw.2025.20

3BUAGsIBH0. BO@Om 93350006 bserbgdo oo yBms@MgBo0 33060 8m@bb  dmlizmzol
bobgemdpogedo dodpobstyg dmaengbgdl. s0sb02sb, 1548 fenl 059004s sbsends dds 0sbbs s 03ggorls deatrobs.
go®odob bsdbgo®m dsergdolb dbodgbgenmzsbo bspocro gsogbsgbs 863dmenols [obs bsbby. s0s6 bsd=psengds
dolgs ealizeagl 1552 fgaml bgerdo Bsggom gsBsbol bsbsbe, ol dydgssg §50Dsk@s dmlizmzol Geagmo
3o3.39U00b bs 3000696080.

339 6500960089 Pgcropsdo  Golbgomds ©s039H  sbhEsbsbol  bsbsber (1556 f.),
Oadgembsg 85623399¢7hocms bgemo dgrapyer goGodol bsbsbeals bbgs bs3000698009 053539850, 396Gdm@ 30
3@O0990bs s §s8563M9en9030 F09en356900b Y90,

1555 poeol Omliymg00  Bs300s  s@QO@NG-458sH@MeIemo  gembeds 150 s@sdosbols
G90500396¢m000.  ©9m9356050 0mbmgs ©sbAsGIBs  oedgoobs s dobo gsbsgrol - gotodol  bsbols
0530050b8980b535b. 583505 0902, G020 BHOOC™ 35325600L 80503907005 35(933979¢00s G069 383305
b38509-302¢00) 032960 0935¢9ls Do g9bo Bylinooli396 som.

bs3356de2 bodgagdo: BHOerm 39325005, dmlizm30, s@009-9585G:0m9900, 06080l bsbsbe,
JeB285.

X96 300093 1545 gl sofym 3mdmms dmligmzol Labgwdfoxzmbis @s goBsbols
Lobobml JmEOL, MHMIgELsE Tbo®l MFgMbb ymdoggmol mMegz5¢qd0. 53 39651369l
39BH0M5© FJOH S FDBSOL JoModol Lobsbm. M35, JsL 909, o3 1548 gl oggmds
0656y o YOJgol IMEOOL sboErds ATy, 4o®modol Lobobml Lodbg®m  dogrgdol
3600369 mzsb60  Boffoero  oaBHogboer  0dbs  sBool  LEdGOIMEW™  3MoambBy. 5356
d9L5dgdMds Jobgs ImL3mzL 1552 gl bgardo bogym gsbsbo. gl y39eexngemo gobs
090l Loxzmdzgro, GMmI  gooboMEs  dmb3mzol  Omero 3933500l Lszombgddo.
9900bg930000 96 0gm, M®I 1552 (ool 99dmamdstbg dmbzmgdo Bosgows BOow™
39335600l Logebe: ... B3M30bg6 Tob  Boworsds@gdegds dgx8glomsb, oo
05350990 BgM35L30006, 0535000 0550930 O M350 03569 JHIMDEM3M30, M350
&ob53dm30, 0doLom3z0l, MM olbobo 993393 F9gogIOMU... bowwm dsmo dofgdo gyo©odol
39930L96 ©o0335L.“1 (33. 116, 214.) 5§96 2oboggdo bgds, ®mAd dmlizmzdo Rsdmbiveo
05350900 9999396 259mLs35¢l, MM Fomogz30LRwHI6 YoMHodol bsbolb gog3wgbolisgsh.
bbgomsdmMol, olabgergdmeo 05350900l dmbizmgzdo ymabolbol yo®odob 3bgbmlsbo
X960 300093 JONHY MH3L OGLLS Fs0 FFSOMZYGMOSL.

bmen  Joqrg ONLgmds  ©03gHm  sbGHMsbobol  Lobsbm (1556 {5.), GMIgelss
23903390 mbom bgwo Jgfigm yo®odol Lbgs Lsgombgdom 39390509, 396dm,

144



0093509058 5@OWYJOLS s YodsMmEMaegddo. 1555 {igel dmligmzgdo Bsol sboero
3OOM-godoMmOM)0o geohmds, ®MIeol d93s09bwrmdsdo 9goms 150 sesdosbo.
Q93050 330003 0MbMZzs obTsMYGOs MMJgool Lryemsbolis s dobo slaerol -
g4o©0odol bsbols 153slbdgdolssh. gMmo Lo@yzom, sLsfyolbosbgg bsogwo yobo,
Omd  BPOOWwMm 35335008 FTSMMZI™S 90330 ds  OIXYMBYOST  Logotgm-
303037900 M35BsBOHOLOM ggHo S0Mm OHMLGPOLL3ID, MoYsBsE Toldo bgrszs
LoIHYIOOM s 3MOEH03NO M30MSBHILMOL 300MY MBOM SHEPMdYE s 9o bsdodo
9mfobos0dgag MHdgoo s yoModo ogm. 3bsos 53sL Bmyogdomo  BHowm
39335B09wo  3356OHmM39000  539m90bgb  499mbogerol  dogdsdo,  mwdgs  Jom
XIOXIOMI0M 56 03Mm©bg6, MM 39NOWO sIZYMHMBJWO 56 SMLYdIMOL, 3063 56 Mbs
0ymb ol. ©s33YymHmdgwo ymzgewm3zol dmbmdsl s dmMPowrgdsl dmombmagl. (bsBslids
B9005 - B.3.) 0655089y 90mnb3z935d0 960 063 MgLGdOLIMZOL 5MSFBIOL 56 45539MJOL.
530l 035¢bsRObM  Boowoml FoMTmoygbs OMLgmol gnol 3sbmbo 39335090
0056039 900L5©30. 530l IBOOZ HMLYMNTS J993MEJES 13080 FToMM39EMdS Bafow
4905MHEOMYM 153509dbg, Gomsz Imbzmgo (HMIgELss 3dmbos Moalio 3GMdwgdgdo
gobobols s sLE®mabsbol F9gdmgMmgdol 459Mm), (3OXMIPS BOEOEIM  35335L0580
3999965 doqws, MH™IgeroE 800939300 Yomodobs s 09MHJgmols Yrmo®gdsl. yomodobs,
MMIYoEg  390MEOMPS  MIMIOMS  30ERoL30MImoL  bbsbmgdols  dm3sgdomg.
39000b3930000 56 0gm, 03569 IV 3G0LbsBoL doge oygbgdmwo dmmbmzbgdo, HmIgdos
356 29590905 god3MEML Boffoerol dsmo dxgsM39wmdOL 390 JoEgdoLsL, MMELsE Joo
bgmo  Jmmbmgbs  Fodaobs:  olobo  FowgdMwgdo 0943zbgb  ymz9gwherom@a
239930936500 HM3I0L Lobom sMsLO BJIMOO S A9TMgYz9bsm LEABYIEOM LsdLsbm@To
20000 99063dmeo.2 (33. 480). 300mOH0b0MYdMEo dmddggds GO s MBOM T9EO©
BIOJ9BM-god5MHOMIWO 3535009d0Ls 1555-1557 (argddo s Mdmsgtmglis bodobgards
3390039005, OMIgoi o3l IsGYs 1558 figwl yo@odls s Bmesgwms mMm,
OMIgbsg dm3yggs Lsdobgero Foddoro s 935AYMBMBS, OMIGETsg  FoMoBobs
dbmmnE  bmmogmgdosb 56y bozengd 100000 5sdosbol  Logmaberg - dobgs
d9L5dGIW MBS OMLIPL  gogdysgd0bs LsdbMGo gobobo s SLGHMIbIBO.  BMLgmoL
05360Mds,  OMIgoi  ©I06EHIMOIBIOMo  0ogm  gogdsa®adobs  msgz0Lo  LsdbGY,
LoBE3MI00, OO 06FHIMYLom FoEOMPS BOOEIM 3533500l 8FMIMZ9WOMb
Q9bEMgdsby. POOM® 35335805 T 506GHIMYLYd®S 0doBHMss, GMI LmMgo 50
A9M0GMM05DY oOM©S MH0P0 LHABIOM-BEBHMIGHJA0Iwo 360369 ™dOL s o3IO M
30900, OHMIIOLSE 3dmbs doewHg oo s d60d369em3z560 93mbMmBozMEMmo s
3mo@03ncmo 3600369 mds.  M306M39wgl  gmzolbs, domgmo  3sb3dool3domgmob
156530MML Q9gMmeEgdom d0gdsMmNYOMEs LdbMHgmol Lobdgmgmm 1dgzgmglio 3MmeEyoL-
SLbBHOIHBIBOL-0M3560L Bs, HMIGEOE 5393006090 SVIMBOZWYO J3MM35L s 30639
®03do Ol Jofgdl 0Mbmsb s bmaoghom Lbgs 939969306 sbewm s Mo
50353 gmOLY. 35U300L HBOZOL FOoYMEIGOOM AOPOMPS 3MYS-358300B30MJMOL ABG.

50 2BOLMID MIMOowMmE 0ym ©39300MGO0 IgmMg doenbg 3B0I3zbgermgzsbo
LodbgOO™M 1535FMM BoaoLEMI0, MGG JOMTDIJNMB 59MHM0569dS 3933500L
39L300UL Bobs30MHMULS s sDBMZ-053 BEZLL. gl 0gm MIMsemE BOHOWM 35335B0M0 Jbo,
OmIgog 39hgwowo ogm 093M093-9bmEGHM3M-G9M30-IMHdIOEHOL goymegdoom. S0
3bol dmem bsfowo MgHPIOMPS IMIBEIB-G0M3560L FMEYs-sBEBHEMbbOL 3Bob
dmb53390mL.

XVI-XVII  bom3mbggddo,  0696-0096dgomols LomBs®o  9OH»0g0mmdobsl
mbdoEgmobs s YoMHodol K9m0 5M0gMHMbgEr dmd®msmdbab 3 sy, sdo@Hmdsz od

145



39600m©olL  obGHMOOM  (gommgddo gu By vOE vy 003050  dMmoblgbogds
»L35EgmoL Bo”.

396G NMHo 353356001 bgdBHm®do POOWM 35335008 2aB0I6 0FMEJOM©S
Lodo s, OMIgEog 39BGHMIWNH 53090 35335805d0 F09dsMMYOMPS. FomYsb gMmMgMO
096030L bgmdom d0EOMES BOEOWM MmOl 453w0m, JsOHMEoL Lodgnmdo. dgmey,
0631390l ofsBg, . sLsL bgmdom A500MmEs JsMmWls s 3obgmdo, bomgrm dglisdy
3bs 8. 9OEMBol bgmdol gogwom (bghbgmol  dofjoll  gogwom) @y mYdgmob
A9O0GMM05DY FOOMPY, 0J0IL 30 35630L0L bgmdom J5bgml YgHNEIOM..

39335B00L  go6Tgdm  LogHMSTMMHOLM 305MYOOL  458(393900L Fgdmbgzgzsdo 50
230900L s Fo0LBHMIEgdoL 360d36geMds, HMIGdO3 BOHEOWM 35335L05D9 2oOMS,
399900890000 0HBOHEIOMPS OO O OIGHZ0OMISL 0dgb..

50 Y39woxzmol  gom35¢oljobgdom HMLgmols Lobgwdfonm x96H 3093 XVI
15993296980 (30EMBL, O™ M530L0 3MBEMMWO HGLML BOHOM 35335001 BogsFMm
30909, Loz 030 bsfowmdmogz s0fig3l bmewme XVII bsmzmbols dgmeg bsbgzs®do. 53
Logdgdo  360d369er™m3560 Mo 0058535 OLgMOL  LodbgEM™  (30bg-LodsaEMYIdOL
LoUE9dsd 50IMLZEID 39335L0580 (306390 M0RTO BHYMI0L 35@MS Jowrsdo . MOl
3060b9) 51939, MIOR0-3M9d960L 3553006 SJBHOOTs 3MB0E0T. 3OS U YzgWsRIGO
9080b5MgMdEs Mdoengmol 0d3gMHool 2933900Ls s FJoBbgdoL Lofobsswdwgyme,
OMIgoE 9B Bgds 39335L00L IYRWGOOLIMZ0L TJ0oMS0GOI dGMIMEsdo.
09 30 BOHOo®  35335b00L  boerbgdds 1939969980l  9bTogermdsdo  Fgobs@bmbgl
05300600  ©53M)3009dMds  Bb3oslbgs  XxMOOL  sTYMHMdgms  Fobssmdgy
0Mdmesdo  (3996900L, 133000900L, LEMTGHJOOL, M Jgdol, bBIBIMYIOL, GSdJdOU,
403hs0gd0l, ImbrmM@gdol s 5.9.) sbers 259mPbbb 033960900, 06O, MYMHJgmols
5 OMLgmol Lobom, MMIWIdoE Y39wsl s Y39wexnzghl dmsbmgsgbgb msgzosbmo
08396070 bslosmol  godm s doblsboezggro  3gHom@obsmgzol 9339 obobo
90»3sbgmol 30MoL30G oEbIL, GMyMeE IMJdobgdgo FEHMYd0, 583539d9wo
935399900, OMIgmsE 3933905, 530903 @S 0309003 Me30LmM30L  MbE MM,
OmamOma dbwmyg @m3ds s 53 bgzgm3wolsmgol obobo Fbs 0y3zbgb 99ddm©bgb
90»3sbgnL 15933OM-LoboEMEbwm 3MAMWSTo. 53 dMAMESL 154939969900 ILFOMOS
030Lsm30l, MMI 256 33979WoYm M) 30L0 A9BYIMEs gb d30MsL0 bosgwo. 853 sbig,
0fjggds  dMIMS  35335600LOM30L (S 9 FsBFGHM  39335b00LIMZ0L),  OMIGETos
»©oEIbo 0339600900 OB [obsomdgy ©sAbE (babyslids Bgdo - B.jy.).
3000560905 0303 IO, BT 505653090 saMgbomeo Fs30L 0Msbo O MdL
05300 bgengddo Imogdzomlb 5309635335005 s sglEBO, 39309l 3MEYS-sLGHMIBIBOL
0520LGMIWDBY O 5FYsMHML Mo30L0 FobMYMmEBgo BFsMHMZ)EMds 35b300L BLZIDY,
©53H™M3mL »MOJgool Lsbwmbm s Yo®modol Lobsbm LsgHmsdm®obm  353d06900L
2396bMM30909g00L 456939 dbIMOL Lobobmbmsb s Lbgs 99195H0O LobgEIFoRMgdMb.

3obLsbEowggo 396MH0MmEoLsmM30L  MHlinMOLIMZ0L 153d9MmE ©OE LIFOMbL
096080596696 MLdsggmol 03396005 s YoModol Lobobm. Moz 89gbgds 06Msbl, dobo
06@96qlgdo 833900050  9H0bss0dIRJIM©s  HgIMombodbmo  Lobgwdfozgmadol
06@96mqLgdL, s80GMIs3 LYB0sbgdo, 2503390 EMMOL  2obdogermdsdo, oM 3399w
93939 M009JGIM9 335306099003 30 bYdMbIL Gmligmol Lobgedfogmbo.

50 993000MgLsE MMM 30005090500 dobo gemzbmwo s A3YMHMIMYOO
06@96mqbgdo  HMLgOL 0dMYWgdMWl BoEs IGO0 gogbss M30L0 3MEOEFEH03IS
LodbOIPOm. LoFOOM 0gm INJEo G0Po LSZ0MHYOOL FowIHY39BHs. “930MH39Wgls 30
LodbOIO s SPVIMBOZWIPOL  LEBOIMGOOL 25353905,  YJoModol  boboby o

146



09904golgob 308 ILOEI39. 30093 0dobm30LsE, MMI gm0l gbom 3sL30ob
D359 L3 oM3bEBH0MYdMo  3Jmbmsm,  969933039006500  3MmEo@Ho3MMo
393006900 hOHO® 35335L00L BIMEIW G FTSOMZIWJIMD, OHMIWIdoE VYO JgdoLs
5 B3sMLYEgdoLOYsD Lb3zoEILLI3s IMMbBM3bYdOMs s F9LIBIIO0™ 45[89dMEgd0
0y3696 o MMLgmolL Lobom ,39M0o  FJaMdMO*  JAMgdMEIm. 53 5TM3969d0L
6950D5300LIMZ0L OHMLGMNTs  J955JBHOMS o300 3MOE03d 3MERoL s Bls
BO©OWM  35335L0530. 535LMbsgg, 0 FoBbgdoL obbmMM309wgdol Boddgdo MLy,
bgwbisghger 30MMmdgdL mddbos Mgaombdo 99ddbowo LogMmsdmEmolem dyMdsergmds
©5 306039 gbod 30 FM935¢H0osbo  LomBs®o  MMMOgOHMMds Fo30L  0MBLY o
0990490l LY ®sbl mMob.

30l 254mgdsly s 39300l BobsdoMmmby goligerom  MMLgMDs O30l
30bGOMol §399 ©s59gbs 565 FoMGHM 360833690 m3z560 LogsFMH™ aBgd0, 5389 Joowm
15305m@  bgelsymgwo 3eo3sMdo, 0dolsmzol, GMmd Lsdmdsgwme Hob Hsofomb
39335600l 80BsOmMMEgdom. OHMLgOo 08  3gMO0MEOLIM30L  5AMBRbES  MBMSEME
Bormmeo Mga0mbol 1oddggddo, GMIgdoi dob sboer LoBEO3MNOMsb F0dYdsMY©
093696 296098 bo.  sY0WMdM030 8FsMMN39gdo, OGMIWIdoE 393 IGO00
539390990 093bgb MMm®0ghHm Jod3MdoMs s I3YMHMdYdom, 8500639 Fg9350bY6
9B6RGOW0 SF0m. fiYqdEo 1556 Herosb SLEHMbbdo bdo®Mms® ho0sb bbgoalibgs
3056M39wms  garbgdo mbMzbom, Lodbgo®™m obdsMgdol dqlobgd. sbg, 1557 b
god5MHEOMIO 935000 0mbM396 bTsMGOSL EHo®30l Fodbsgrols Fobsswdwgy, bmerm
oL, mogol dbM03, 0MbM3L 03350 080 YsdIMPMIO ™5350gd0LYsD. 1559 gl
9OMIOM0 GHoMdgbol LyMz5M (BTGBl Lomogsm gobrsagdmeo oym mgcyoL
93905 §900Bg) 0bM3ZL XML, Homs HosOMZoL LYMIZ5M Msgz0L B0dslL.? (3. 20).

3H50s, 339 85906 (XVI bom3zmbols 89580) GMLgmds dgodobs d60d3zbgermgzsbo
9306m3039960 06@9gMgLgdo BOOM® 3533580580. 58 MZoLsBOOLOM Ls3doMOLO SGOL
00395608bmm, GMI M5 FoOEGHM G0dgbol LymszsM, 939 BOOWM-50IMOZW gD
39335600l 393600  I8WMOgo  SHoMTMIOES  SLEBHMIBIBMIB  BHMsOoEoMWwo  BsgzsFOHM™
MOH0JOOMOOL, OG0 96 dghyz9@ows SLEGMabsbol Grmligomol 885(MZ39WMdOL
9399 3505b3wol d90yMAs3. FoaMsd BrMlinMOLIM30L M30MmsE o 360369 mds 3Jmbs
3930303296 1530mbYOL. BOHOEM 35335505 056IMBMdOm Qos0d3Es dMAMMOL
5696500 sLsHyolobzol Yyomodol Lobsbmbmsb, 890wy 30 MMOIgMsb. Glgmol
WRO® L50dgEM FM3530609900 bEYBOH YosdIMPM-5EOMIMS 535000, MHMIYGOO3
5308 ABEOOZ,  2om3EL 9390098696 OMlgmol  EsbBsMmYdOm 99353900650
39053 Mbgdo  IEaMIsMgmds 90 BOEGM  BgOJgbme  Lsmz350MgdTo,  96sTgE
d0n05bs POOEM 353350500.

1557 (gl 9mb3mgds dooem  2505(Y39G0Wwgds  godsMOMIWO 15350900l
096030993 0QMOM30Ls s BHIHBOHOMEHOL M30L0 RsM39wMdOL §393 FoIIOL MMdIBY.
65 ®dds Mbs, gb 3ME0GH03MNM0 Bsdox0 LYIWsE 56O 60dbs3, MM YsdsmEML Lbls
005603909003 03w0Ebgb ™3l M50dg 39300630 93 5gEBB. M3000 ol M350gdO,
OMIgwmsg OMLgmol 3x8M3gemds JooEgl, Lmwss 9O 0mbmgzbyb MMLgmoliogsb
2400Mm92B3bsm  Jgx3ol  FoMmBmIoygbgero, b HMLgmolL  5EIobolEGHGMsE0s.  Tom
30036 35m3wqddo d9omEs dogemom dglsderm dosdlodserymo Lsdbg®m s
53065bLmEM0 B FIMS, 0doLIM30L, MM 4569933030005 Ms3056m0 3mbBo309d0
god5MHEOMI 1535 dmMob. dyMIsMgmds F9o33ows M399bodg Herol 9999,
O3 3o9)39390MEds  MOP0JOH Jod3Mmdsd s BMIMWST 9OMTbgNL  TmGOU,
3OMOWBMo  mO0gbES300L 0Jmbg 153500900 MO gl FEAMTsMIMBSTo  Bosggbo.

147



obobo 8085609396 MbMmzbom MMlgML, MM Qo8MABIZBME K5M0, MsbsbBAsBO G0
3M93mOL  A50MmaHogbsHg3 o JMOLEH0BMBOL BoMadsbY5. Mgl TBOOEE 0
30050359 35Lbl Homdmoygbs 306390 OHMLwo LsdbgOm  gJldgoiool
200255365 BOO® 3533580530, HMIgEoE 95 1560 fganls.

3M930Ms 03569 PgMgdolbobmgzols (obsdg oas sdmEsbs GHoM3ol dodbowols s
099960l Ls53500Mb LETBYIOOM F9BsYMMGOOL, Ysd5MEM™ML FgdmgMmgdols s dobo
0900pmd0  ©s65(936M900Ls. 0go Bl oS ™30l V399 YOIMGOST0  FYMGBO
0900Mmx39gd0m, 3539000 @5 g EOMbs6o  FMdOOBYdMEo  BMbIBEGMBO.
30650056  3mg3ms  By®gdolbobmgol  ®sHdds 003500  53MEBs  (BsOoos,  3sb
396033900 5MJMMds Jgo@sbs) 396 g es - 396 990F6Ms godsM™Ao, d90dwgds
Boomzoeml, MHm3 Glgomol 30639wo  Bsdbg®Om ™m3gesEos BOOWwM 3533560530
LOMWES LOWWO 3Gbo.

595LMd580, 06bLs s MMOJgNl  FmEOlL  FI30Md0BO  MYODOGHDMIOL
Bo9MYy5e009d59, beagnm 1558 Fgarl sfygdmends wogzmbools madds, GMmdgmog goofgws
dgmmbgo  Lo3bol  296ds3eMdsdo, AsdMOf305 BOHOEIM  35335B05LO  BYLgmOL
0dBHoOMdoL  dgbodRbgzo  TgulBgds. 99RO  BOOWM-ILOZEgm  39335L00bL
AbobErgmds 396s bbom 9J3g3s MMdgmol Lvyewmsbols s yoHodol bsbols as3egbols
139HMgddo. ™MIEs, MHMLBYMOL 3MDBOE0Jd0  YosdsMEmTo ©®BgdIMES by3domE  TYsGo.
MEOEILO OMEO OHMLYPOL LETBOGO LBobPZMIOOL o330l Logdgdo s LsTGMMbgm o
3@0G03MOH0 35300609006  BMow® 35335006 bowbgdmsb  dgbs@Bmbgdols
0350bsBOOLOM 00535998 OMY0EIL 2oTMI3gMds 39B3MMTS 35O Jowodqdds
MbLY S BOOM 35335L0500.

BM©OWwM 3533500580 1530L0 3MBOE0JdOL 300093 MBROM 4563330300l dobbom,
MMLgmol  bgerddm3zsbgwmds  Ysdosmmgmo  ddsmm39wgdool  mbmgbom  0fygdl  d.
0909, Losg oL MgHNIds . LB, 0bg-LodsgaMol FdgbgderMdsl ddogo
2390Mb0BMboms @O 9MGHOWIH00m, O3 FPIBYMBEs GMgmOoL  Labgwdfoxzmgdmog
d0BbgdLs s 2939908 BOOMM  35335L05LMSD  F0BsMMYOSTo. 5T 30bg-LodogMoL
08969030l BsgBHo MMEMJgmTs godmoyggbs OmymeE Lsdsdo 1569 (gl GMLgmmb
™mdob  sbyHYgds. MmIol sHYgd0m LMEEMIBL Bs3dom@ Ol J0ds35¢0 3930900
3Jmbs. 356 396 Bos0fos suEGHMIBIBOL bgedo Bogqdsl, mwdas mbidsegdds dmsbgdbagl
9. ®9MH2Bg 539990 (30b7-L0TsROOL 0 330OE0S, BMIgEdss 360d369wm3560 Mmwo
0059535  MMligdol  3mDBoEOYOOL  YsdsME™MAo  LEOd0oBsEool  Lygdgdo. Fgdymdo
3960m©obsm30L gl 30bg-b0TsyMmg d. MYMHPOL LsbsdoMmby sHsgMMbgM sMOYHObIL,
©5 ym3zgew x9geHBg ob 9o 96033690356 Bl 15358mdEs BOH©OEM 3533580580
300G0329600 {0bslfierOmdol 99656:B69d0L mzgselsbEolom.

BMowm  35335b00L  LsFgBMmMs  Bsdobsm  bygdggddo  Fgoscmsrgdmwo BRsg3s
0099Odgol  Lobgedfogmbo ©s dobo gsboewo go®odol bsbol, ghmol dbMog o
1953056900 Fo30Ls, BgmMg FbEMO3Z, 30IOIBI® SOMMEIOS FEYMTIMYMIL BOHLOEM
39339L0580. BogdBHMOM0350 B MYF0Mbo OO bbom gobs Lsdbg®m™M s3oMmOL3OMYdOL
3696500 5 03MTS>E0IMHO dMIMOLS 39399MmbMdOLIMZOL FgdMIME Lobgwdfoxzmgdl
dmO0U.

5QO0MIMS HMLJOMID IbEMGdI0m ©305gmBo®m 4Jo@odol bsbds xge 30093
1553-1554 {09080 dmsfgm madmfigocm 063slbds 500gbHg, MMIwol Msmdsby oo
530m3[mbgmdom gMs 3mwmbgmol 99539 LoyoHIMBE-933MBAL, CMI dGMBLS
@539HMB0I6 305EH0aMMLI0L BgMdaHgN0©b ,,0O bosgwom .t (ag. 71, 72).

OIS 3bMdowo  aobs  memsmms  Bgidgbgdool  Fobossmdgy  sboswo

148



534MmMd9d0LsM30L Fbsgdol gbobgd 1555 (erol dsm@HTo, Imlizmgdo domgdme odbs
2900509393090 ,4o®modol Ve bms“ Hobsowdwgy 3ogaHsgzbsc 13000-0s60 Glivyero
X9MO B0 0. 3. 096099930930L  bgedde3sbgermdom.’ s  Jdggdol  doBbL
§o00my9bs, OHMaM®E 9ol Jglsbgd [gMs 1350 o. 3. 3MMBL3Z0, yoHodol bsbol
g5 PGOs 3505939bs ,300¢03MmML30L hgMJgbms FofjoBg” WsTIHMBOLOYD, Lyss ob
2300905 dOIML ,,dNJEO M530L0 doegdom*. 6(167).

3b50s, dmlzmzgdo oMo gudmEsm POOWM 35335B00L 360d369cMmds o
3960m, Ys05mmbo, mszolbo LsdbMmgmo LsHP3zMgdol o330l MZswbsBMOlom s
4o60dol bsbol s mlidsergomols 0839600l dbMHosb dolio bgwrymaol boddgdo. sdodmdss
Mo 3930M0s 9330EIX  SOMMGIPS 3530l 30MMBSL  JoModol Labsbmliogsb
BgOdgbos ,,o(330L° Tglobgd. Gmgbsg 1556 gl yo®odob bsbo 33arsg ,§930s0...
BgOJgHgdBg  305BH0gmML3do“  MMLgOlL  XSMGOO  M393L30L  bgeErddmgzsbgermdom
399mBbbgb 3. Wbx3M1756 oliErs3-J9Mdgbols LoobrMgzal WS S0dMEIGL MSMMYdO, 356
536MbadME0y3bgb yo®oddo. HMLIMOL xsMGOOL 53 9mJdggdsd Lodwoegds dobigs
Bg6dgBgdl 1556 (gl Bodsbol  Bobgzs63M6dmeols  dBGOEE  Mbdsegdoloysb
2990530LR3Eg00bs0 (30b9-L0TsMYIO0 MYIM030 S BHodsbo.

1560-1561 §ergddo Gmlsgool xs6m9dds YodsMmMgurgdmsb gemo dmsfiyzgl Gogyo
LYOOMBMo  LETBYOOM  5d30900 YoMHodol bobol [obsswdwgy, ®MIgEdsg OO
90093560905 2590305 565 FoMEHM LIEXMIBOLY, 5M5Fg 3MeMbgams dgxobsa.

0935, 30MoMgds  POHOEEM  35335L0530 MM EIOMPS 0FoMdE, MMI  od
@OMOLIMZOL  OIVJLEHBOL  Todboelis s  YodIMOMY  FFMMZYIgOL  FmMob
00000b56Mgmds  dMIMS 306039 MdOLIMZOL  BOOWM 3533550580,  YsdIMOMIWO
05350900 15305600 FoLfMsx39d5d0, GMI 4509H0s  GgMoGHMGIo  LsHr3zMgdo,
399B9OMM39000500 930560 493196 gd0 @O ©99d399YIIMGI0bIM  Bo3MMoMO
b9wolnwgdolsm3zol, dgbmdgwo bowbgdo, sglBBol Fodbowrolisgsh bgwgdmobyb
LoHobss0dga™ J8ggdsl, MMIGELSE YodsMmgms dugoglo S1Ym03g 39adgd0 s
AoLH53398900 3Jmbs. FoTbo0 YodsMmPMIW? M535©JOL MYMMdEs, MHMYMOF Mo30L
9439e5%D9 1508 IMfoboswdYAgL ol 4928900L 2obbm®mE0gWgdOL BsBY. o0 FmMob
sOLgdMEO  330MH0L30MYds  30©I3 NBOM  OOTS3IIMEs  Bsdo  BoLORMYdIMO
©5334mH0ol (O Jgmo, go@odol Lobsbm, MMlgmo) §o9d9HBgdem@o dmeodozol
3000, OHMIGWMSE 9M3b6506MS© 96O 5dWg3Im bgwl, o, BMowMm 35335B05d0 gHO
6MHm39wodg  LYIBWMDdYEML  2odW0gMgds s dob bgwdo @OEO  FsWHMBREGOOL
30bLME0I305. M5Y6SE gU 09690Mm©s 98 MYA0MBIo JM0560, dEwogmo Lobgwdforml
0o00m3mdol  Hobsdommds, MHmIgwog Bslog®mgdmwo 8@s3g09wo  Lobgwdfogmgdol
2929580 56 XJOMOs, 306500096 FoLo T EbYdS doeBY 4999 F0MHIdIMEIM! (boBYsLds
Bgdos - b. Q.)

50 ™6  ©306MH0L30MGOMEr  8oMM39wgdL  TmMHol  HMLgmoL  J03zgMMYdME
©59M30090)gdsHg 503505 89BY39WwgOL ol 2oMgdmgds, MHMI  Glgmol  dogH
god5MHEOMYgdolodo  FboMEoFgMols  Fodbocro MY,  OmameE  dobmgzol
LoHobss0dI™  25d0gMgdsl dobo dmfobsswdgaols, GMAGELsEg 9O Fggdwrm oM
2395960009 gd0bs  MOHMOgHMMIYGO0 Fodboels s OHMLIPL TmOOL. MI3s, Logs®gm
303036 30005090500 (33093900l 45dM goaMdgergd«eds wogzmbools mdds XVI
Lo3mbo  60-056 (Hengddo Tgo@obs 3903390 306M9d3H03900  OYLE-yoHOT)w
MOM0JONMB530.  5FLD  ©39300MGO0m  MMgMOl  BHZOMBIT MO A3bSEbIWS
053080 300E030L LobgErdfogzml LsdbMgm LEHBM3IMYPdBY QoodEH0YMYOSBY.

900l bgerolvnwqdol dogH LsdbOIMOm SJ@0MHO Imddggdgdols ghgMgdols

149



0900092 9O  ©599m3bgl s 99dBHoMmb6 G Jgmosz @  yoModog.  Fom
23565bMmM 3099l o0 253565 MOI0 WsTIOMdId0 BgdgBgmdo.

dogwo 53 39M0mEOL 496353 mdsdo  Hlgmol  Lobgwdfozm  saMAgEIO©
GO0 353006090 gsdsMEMmbmsb.  godsMmmLmb  Mmlimen-gsd5MEOMIo
MOH0JOOMOOL  3534s9dsl, . MgMyol Lsbsdommbyg (30bg-Lodsacmol 38969dEMdSL
oo  3603369e™mds  3dmbs M30M39gwglo  MYLgmOLsmM30L. bgBMIbodbo
30bg-bodsyMg ogm BOPOEWM  35335600L  LoMIoLs3)h Hoblgrobsmgol LagbHgbo
3E53MA0 s OHMIMOE J39dmo 30borsgm, 535l Fm3gzs 39335L00L TGO O
bmol 3996 gdmdgdo,  MHMIgwdsg  OMLgool  dogh  BOHowm  3533500L
30®boBszool Logddgdo MBMszEgbo MMEO 0153585, 9J9ob godmdobstg, yoMHodol
bbb, (3boos,  goblivgmm®mgdmws  shmbgds ob, M3 gl 3obg-LodogMg byl
39979wos oL 2599TgdM 153sLbTGIL ROHOEM 35335600L boEbgdByg. sl obog
PMbgds, MM gsdsmrEMggdol  Abpsglo OHMLYPMb 3953806l ImolvyM390bIb
BO@OWM 35335008 Lbgs  Lodgwmdgwmgdos. bmwm  OHMLgmo, WoG3sLmsb s
3mbgommsb  mdol 8909y, 29009sM9d©s  3mBoogdl  BHowm  35335B0530 o
0900093 yo©®odol  Lobsbml sdmOHB0EgdoLs3gh 500gd©s 2aBL. gl 56 0gm MYSEOMASL
dm3mgdwo  dodo,  MoEysbsg  d9damdds olEGMMomEds  3MmEqlgdds 50
30050 gdom 50943965 Lddg. 4yo@modol bsobols o3 §oMmTMLobgol 496 339wEfogs
5Q3LEGHWMYOS 3Embgmol 3gi3g, MMIgEog »MHBY3s bobl 2569333039006 353806M9d0
dmb3m3z0L fobosmdogy.

1561 §gaols 03569 IV 0dm®dfobs godo®Mgwo o350l mgdho3 0sM™m30L
Jow0dz0mbg.  ML330039w0s, MMI 5T  JmOfobgdom  gdMom30  0d9™m369d©s
39699(:30390065 35300 FOAMTMYMBS odIMOMIW M35 J0L FmEMOL. ™MI3S 9339
1562 9ol o 0399900 25bs 49939 ogm SBEGMbIb0 s gbmgzs 03569 IV xs6o.
3d9530L 3000MGO0m MYIM03L o9aH369L YoHb0WIB S SLEHMIBIBOWIL A MEgEgdO
5 500 35%s30, MMIgmsg by gEbmzMsm ©s ol ImOBOWGdsdo ymzowoysbyb
439055396Md0. 58 M3HAL bgeddm3zs69wmdsl 2593w 3M03MM0 3¢dhgzo, MMIgElss
993399 dob3d F0MOMYDS, BT IgPMRBIJIO0 S 35953900 03bM3MIOHID MIM0M30056 s
439e5x3960do ,,dmmldobgo dsl, yzgws dobo dmfobssmdgaolash o0Es300m s mddos
§93000696 3oL bogbmsb 9O, HMES Bob M9IM0w)30 0535000 Bom3zwol LoFoMm©“.” (33.
324).

1562 {ieools 0939999680 Grmlivemo G3Hdo b530s Ysds®mdo. dgiboghms bofogmls
905B60s, ®MI 193009305 3m93mEs 3w)dhg30906 gMMsE FMOfgm WsddMmds Fofaby,
3903 3gdMHGMOL YsdsMHOMLS s BogsMM39eML FMEMOL, S 58 Es3JMMBOL FMOZ5M
00m3sbsl  Ho®mBmoagbs  3mbBHOMEOl  sfigligds 03 Gs0mbgdolado, GMIGdO;
39652900 0gm  LogoMm39geml  AoabBL3MYgdbY. B3960 SBGOm, MYIM0M30s
2309m0yggbs  OMLbMeo  G3Hdo, MmIgwos Lodgd, 03569 IV go8mmabogbs,  Gomo
©599mMB0gd0bs s ©999390YdMd0bs  BGREMBYEMBS, MMIgEoE @MY Lb3sL
93790365 - Bo35M0MOME  YodsMmOMI 05358 -0930m3L. 53oLmsbsgy, o6 sGOL
2399m603bmE0o, O™ 130L0 3Mm9g3m©OL F0bsdg 03569 IOOLHIBYT s5Yghs 5TMEsbs, Boms

35l 09939390065 LoJoMM39eML3gb AoalBLZEPgegdO.

d9L5degdgeos, MMI m339 1563 fgwl, s 65 1567 (gl 5996900 o0dbs
306390 OMlmeo  30bg-bodogMg  POO®  35335b0530:  ,gyoModdo  hsdmbvyero

B9635b0sb 1563 ol ogerolido 39ebh3-8@Bs gmdbgdms bsb ©g3egm-g0Mgob,
O3 99839 03569 IV 9oBogbmembg 935 Herol Bgm3ol8o godmybogbs 093M030056
0535036 5300 3M93MS... S 3MY3MY0TS, BMIYdOE 9IM0)30050 Psdm3z0bIb

150



Josdo 558969L (oYL)... s MYIM030 Joesddo oxs...“.. dmdg3bm 1564 {gwl
goddMEOMIO  Mo35I00L 0y  X3MRds,  OMIwgdog  9HobsswdgygdmMm©byb
09960993b, 59253691 J0TsMMZS YoMHodob bsbl, Lo 0MomMYdHIL 00 LogMmbol
dgLobgd, OHMIGELsg Fo®dmoaqbs MHMLgmol dgi3ol LMz0w0, s6DMIbZs 59896980605
Jowsdo 93m030L LEIBWMdYMI0. 15350Jd0 BBl Mi3sdHIL, HMAI 30bg-LodogMob
989690¢md0l d90mbgg35d0 BOH©OWM 35335600L BHIMO0EMM05DY - gl Bguombo dgodergds
239005300098 OLgolL 3MbEGHMMd393.° (3. 144). 5300, Losz dmbEs 306MH39Wwo
Gbmewo  30bg-bodogMol  9dgbgdemds BMEOw® 353350530, 3bMdOS.  5TLSL
053930069000 39360960005 FMbOBEYOYO0 Bs305MmE Foblib3z939090s GOHMT67OLOYH.

Mo X 5Mgool MmMbsi 9oty Bbom RHowm 353350530 98Mmbgbsd Tgdo@
3509035 965 FMEGM 5P MOM030 B3I FFSMM39eq00, 1939 Yyo®odol bsbo s
0990 4gmols bgarobrgzargds. x96 300093 1563 9wl 09)HJgomol Ly msbls dmb3mgologsb
©5330L  MbM3bom  FoToOMIL 9GS FoMEGHM 3ROl MIEMYdTs, dlg3g BgdJgbms
053509035, 30dgbol Loms35Mmb dF>MM3gds s GHoM30L Fodboerds. bbgsmadm®ol,
54509 9ghmo ool fob 1562 fgwwl Fodboo, sLG®EbsBoL 3mgzmeol dgdzgmdoom
53600905 dmbzMmal Mog0L0 LoyzsMol MoMdsbY Mrmligmol Igzobodo. 0 (33. 68-69).

1563 ol mg@mddgmdo moam®mo 3¢0v9dhggaol MHoHBdo ©sdMHbs dmlzmado.
bogom 9339 Dogbmendo 1564 (jowl, dmbzmgdo 3bmdowo asbs, ®md dobo dm3sgzdoy
053500 0930093 00MM30 03Y4mMBJIMEs oy MM FEYMISMYMDST0. Mo3 Pobs
Log3mAdz9gero 0dols, MM 08039 OMLMEEo MHBT0 33eeg3 Bolivyeroym hOHOM 35339L0500,
M0dgog dmbEs 1566 (Hgwl. mogs@ 39953830l dbotgbg Imbsfowrgmdsl 0mgds
96 30L 85boEr0 B30, HMIYTd3 BsdM0Y396s X 9MGO0 OMgLEBT0. 53 TgxobgdOLSL
3b6E0OML0 3330009930 sdsM3bbab. s35LMsbs3g, Im3eMEms FMEOL S©IMBBLS
0300  0odbsrog. dobgszs  sdols 0930030l  JEAMIsMIMDS  sTol  2odm 5O
230999% M0gLgdMs. 08539 1566 fiowl ©9398096H30 dolo Emeroldds hsgzos dmlzmzdo
0bm3b0m ,,..0m0 d. MIMAOL Bsbs3oMHMBY Jowsdol Poyds, 3. MgMABY Lwombbo
0965350006 B0l ! (3. 325). gho LoEY30m, INMbM3b0gdL HoMmBmoygboo,
6Omd 09000350  4mxzgowoygm  OMLbMo k9GO  BOOM®  35335L05d0,  Bomo
2396056@06090w0 YMi0e0ym Bs0TJOM B3O YSOIMPMIWIO M5350JO0L 3OHMOLEISE
60963060930 IR FIBJOOLS.

OB YHoGHWGS:

1. TTonnoe cobpanue Pycckux meromuceit. T. 29. M. 1925 . C. 116, 214.

2. Céopuuk ummneparopckoro Pycckoro ucropuyeckoro oburecrsa. T. 95. CIIB... C. 480

3. Axmagos f. 3. Ouepkn nonuruyeckoii ucropuu Hapoaos Ceseproro Kaskasa B. XVI-XVII BB. I'po3nsrii.
1988. C. 20.

KPO.M. 1957.T.1.C. 71,72

Benoxypos C. A. CrHomenue Pocuu ¢ KaBkasom. M. Bem. 