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GENERAL DESCRIPTION OF WORK 

 

Relevance of the topic. The present period in the 
development of medicine is characterized by a significant rise of 
interest in medicinal plants and medicines based on them. More than 
40% of drugs used in the world pharmaceutical practice are obtained 
from plant materials. This is due to the fact that herbal products, 
which in their structural features are close to the natural metabolites 
of the body, are not toxic and can be used for a long time without 
causing side effects.1  

One of the sources of raw materials for obtaining medicines 
can be wild-growing pomegranate - Punica granatum L. The plant is 
used in folk medicine to eliminate parasites, treat ulcers, diarrhea, 
acidosis, dysentery, hemorrhage, microbial infections, respiratory 
pathologies, gastrointestinal infection, bleeding and wound healing 
and as an antipyretic agent. 2  Most of these beneficial properties of 
pomegranate are due to the presence in its composition of 
biologically active substances (BAS), such as flavonoids, 
ellagotannins, mainly punicalagins, ellagic acid and punicalins. 

Despite the high content of biologically active and nutrient 
substances (NS) in the composition of wild pomegranate, a wide 
range of their pharmacological action, an adequate supply of the 
plant on the territory of our republic, and its wide study abroad, the 
number of domestic research works on the study of biology, 
chemical composition and biological activity of this plant are not 
large. 3 4 5  The work was carried out mainly on the study of the 

                                                           
1 Гюльбякова, Х.Н., Шаталова, Т.А., Масловская, Е.А. Разработка технологии 
и анализ экстракта цветков бузины черной жидкого // Вестник Уральской 
Медицинской Академии Наук, – 2014, 3 (49), – с. 51-52. 
2Larrosa, M. Anti-inflammatory properties of a pomegranate extract and its 
metabolite urolithin-A in a colitis rat model and the effect of colon inflammation 
on phenolic metabolism / M.Larrosa, A.González-Sarrías, M.J.Yáñez-Gascón [et 
al.] // Journal Nut Biochem.,  – 2010, 21(8), – p.717-725. 
3 Алиев, Р.К., Дамиров, И.А. Алкалоидоносные растения Азербайджана // – 
Москва: Медицинская промышленность СССР, – 1952.  №2, – с. 20-22. 
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chemical composition of various varieties and on the breeding of 
pomegranate.6 7 8 In this regard, research in the above areas is 
relevant. 

Object and subject of research. The object of the study was 
the wild-growing pomegranate and various organs of the plant, and 
the subject of the study was the study of bioecological, biochemical, 
and bioactive properties of the plant. 

The purpose and objectives of research. The aim of this 
work was to study the biological characteristics, chemical 
composition and biological activity of various organs of P. granatum 
distributed  in some regions of Azerbaijan.  

The following tasks have been set for this purpose:  
 Investigate the features of the distribution of wild-growing 

pomegranate in some regions of Azerbaijan. 
 Establish phenological stages of development of wild 

pomegranate and show the features of growth and development of 
the species in different growth zones. 

 Investigate the structure and state of P. granatum, taking into 
account the parameters of coenopopulation characteristics. 

 Analyze BAS and NS in various organs of wild pomegranate 
in order to establish their qualitative composition and quantitative 
content by using modern chemical, chromatographic and spectral 
methods.  

 Determine the antioxidant activity of various organs of wild-
growing pomegranate. 

                                                                                                                                      
4 Сапожникова, Е.В., Горпонова, Л.Г. Комплексное использование дикого 
граната // Сб. НИ работ АзНИИ многолетних насаждений, – 1954. №2, – с. 33-34. 
5 Дамиров, И.А. Дикий гранат Азербайджана как источник медицинской 
лимонной кислоты // Азмеджурнал, – 1972, №2, – с. 33-38. 
6Абдуллаев, А.Г. Субтропические растения Азербайджана // Природа, – 1956. 
№1, – с. 35-37. 
7 Асланов, С.Р. Подбор сортов граната для соков // Доклад АН АзССР, – 
1958.  Т. XIV, – с. 8-9. 
8 Карашарлы, А.С. Гранат и его использования / А.С.Карашарлы.  –Баку: 
Азернешр, – 1979. – 117 с. 
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 To study the influence of ecological-ceonotic conditions on 
the variability of biometric, resource, phytochemical parameters, and 
antioxidant activity of various organs of P. granatum. 

 Carry out mapping of wild-growing pomegranate thickets in 
order to assess their resource potential and raw material value. 

The main provisions of the dissertation defence: 
 Study of phenological features, resource and stock of wild-

growing pomegranate in different growing conditions; 
 Assessment of ceonopopulations of wild-growing 

pomegranate in various ecological-ceonotic conditions and 
compilation of ontogenetic spectra of ceonopopulations; 

 Revealing the quantitative content and qualitative 
composition of the main groups of biologically active and nutrient 
substances of wild pomegranate; 

 Establishing patterns of changes in the quantitative content 
and qualitative composition of various nutrient and biologically 
active substances, depending on the ecological-ceonotic conditions; 

 Application of GIS technologies in mapping wild-growing 
pomegranate thickets in order to assess their resource potential and 
raw material value in accordance with the results of multi-criteria 
analysis and to conduct subsequent visualization of areas that are the 
most promising for harvesting raw materials. 

The scientific recency of the research. For the first time,  
has been comprehensively studied the chemical composition of 
various organs of P. granatum, growing in some regions of 
Azerbaijan by using modern chromatographic and spectral methods. 
It was found that the composition and content of various groups of 
biologically active substances in the juice of P. granatum samples 
from different places of plant growth are determined by soil and 
climatic factors of the environment. Samples P.g. 5, P.g. 6, P.g. 7, 
which were collected from areas with hot climates and saline soils, 
contained high amounts of anthocyanins and punicalagin, while P.g. 
3 and P.g. 4, collected from regions with a temperate climate and 
dark loamy soils, were characterized by a high content of ellagic acid 
and its glycated derivative. For the first time, the assessment of the 
state of ceonopopulations of wild-growing pomegranate in various 
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ecological-ceonotic conditions was carried out, based on the results 
of which the ontogenetic spectra of ceonopopulations were compiled. 
It was revealed that the most threatening condition is in CP XIV, the 
ceonopopulation is aging and unstable. For the first time, using 
identification keys of the decimal coding system BBCH, the stages of 
pomegranate development were described, the timing of 
phenophases was determined, a phenological spectrum was 
compiled, and an ecological-phenological analysis was carried out. 
For the first time, Esri ArcGIS Desktop 10.2 software was used in 
mapping wild-growing pomegranate thickets in order to assess their 
resource potential and raw material value, and with subsequent 
visualization of areas that are most promising for harvesting raw 
materials. The results allowed us to identify samples with high 
quality characteristics of the fruit and a sufficient supply (P.g.1, P.g 
2, P.g. 6) for the potential commercial production of medicinal, 
cosmetic products, as well as food additives based on this plant. The 
assessment of forms as a breeding material was carried out, 
according to the results of which six forms, namely P.g.1, P.g.3, 
P.g.4, P.g.5, P.g.6, P.g.7, were selected for introduction into culture. 

Scientific and practical significance of work. The obtained 
experimental data expand the information on the chemical 
composition of various organs of wild-growing pomegranate, its 
biological characteristics, resource characteristics, as well as 
nutritional and medicinal value. The data on the location of the 
species and on the stock of fruits serve as the basis for planning the 
harvesting of fruits in the studied areas. Analysis of 
ceonopopulations of wild-growing pomegranate made it possible to 
get an idea of the peculiarities of the age structure of 
ceonopopulations. Using the results of the multicriteria analysis of 
the ArcGIS software, it became possible to establish the relationship 
between the accumulation of biologically active substances in 
various organs of wild-growing pomegranate, depending on the 
ecological and phytoceonotic factors, and also using the indicator of 
the raw material value of the area (RMV) to take into account not 
only the stock of raw materials but also the content in it biologically 
active substances and thus, visualize the most promising areas for the 
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procurement of one or another type of raw material. The results of 
our study show that wild pomegranate specimens in Azerbaijan are 
promising sources of bioactive metabolites, and can be used in 
breeding work as a starting material to create pomegranate varieties 
with high nutritional and medicinal properties and to improve the 
resistance of commercial varieties grown in harsh conditions. The 
data obtained made it possible to identify samples with high-quality 
characteristics of fruits for potential commercial production of 
medicinal, cosmetic products, food additives based on this plant. The 
dissertation materials can be used to monitor the state of wild 
pomegranate in Azerbaijan, in the educational process when giving 
lectures on the disciplines "Botany", "Environmental Biochemistry", 
"Resource Studies", as well as in the preparation of new editions 
"Flora of Azerbaijan" and "Red Book". The collected herbarium 
materials have replenished the Herbarium Fund of the Institute of 
Botany of the National Academy of Sciences of Azerbaijan. 

Approbation of the dissertation work. Results of the study 
were presented at the XIX International Botanical Congress (China, 
2017); International conference on the impact of climate change on 
plant biodiversity (Baku, 2017); Conference dedicated to the 90th 
anniversary of academician V. Hajiyev (Baku, 2018); symposium 
dedicated to the 120th anniversary of Academician V.I. 
Ulyanishchev (Baku, 2018); Сonference of young scientists and 
students dedicated to the 90th anniversary of academician D.A. 
Aliyev (Baku, 2018); International scientific and practical conference 
"World Science: Problems and Innovations" (Penza, 2021).  

Published works. It was published 16 scientific works on the 
topic of dissertation. 3 of them were published in journals abstracted 
and indexed in international databases.  

Structure and volume of dissertation work. The 
dissertation work is published on 182 pages, including 17 pages and 
56 pictures. 260 sources of references were used. The dissertation 
includes introduction, seven chapters, results, recommendations, list 
of references and appendices.  
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CHAPTER I 
LITERATURE REVIEW 

 
It was analyzed the literary material concerning the issues of 

origin, taxonomy, chemical composition, biological activity, and the 
use of wild-growing pomegranate in the medicine and the food 
industry. 

CHAPTER II 
NATURAL CONDITIONS OF THE RESEARCH AREAS 

 
In this chapter, on the basis of literature data, the natural and 

climatic conditions of the study areas are characterized. The 
scientific data from a number of publications were used to 
characterize the types of climate, soils, and vegetation of the studied 
areas.9 10  

 
CHAPTER III 

MATERIAL AND METHODS 
 

3.1. Object and material of research 
The objects of research were the plants of the wild-growing 

pomegranate (P. granatum), and the material of the research was the 
fruits, flowers and leaves of the plant. 

Field studies were carried out during 2017-2020 in the 
territories of eight administrative regions of Azerbaijan: Khizi, 
Siyazan, Agsu, Agdash, Ismayilli, Yevlakh, Goychay, Sheki. 
Expeditionary trips were made to the following botanical and 
geographical regions of Azerbaijan: to B.K. (Guba) - to Khizinsky, to 
B.K. east - to Ismayilli; Caspian - Siyazan; Kura-Araz lowland - 
Goychay, Agsu, Agdash, Yevlakh; Alazan-Agrichay valley - Sheki 

                                                           
9 Məmmədov, Q. Ş. Azərbaycanin torpaq ehtiyatlari / Q. Ş. Məmmədov. –  Bakı: 
Elm, – 2002. – 131 s. 
10 Azərbaycan Respublikası: ekoloji atlas / Q.Ş. Məmmədov, M.Y. Xəlilov, Z.S. 
Məmmədova – Bakı: Bakı Kartoqrafiya Fabriki, – 2009. – 156 s.  
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region. The research materials were collected in the process of 
reconnaissance route, detailed route, and semi-stationary studies,. 

The routes of the expeditions are as follows: 1. Baku - 
Siyazan: v. Galaalty, v. Mashrif,  bank of the river Gilgilchay, 2. 
Baku - Khizi: v. Sayadlar, v. Tezekend, 3. Baku - Agsu: Agsu pass, 
bank of the river Agsuchay, 4. Baku - Ismayilli: v. Balik, v. Talysh, 
v. Ashygbayramly, v. Garakollug, v. Khapytly, v. Eyyubbeyli, v. 
Geraybeyli, 5. Baku - Goychay: v. Garamaryam, v. Bygyr, 6. Baku - 
Yevlakh: v. Khanabad, 7. Baku - Aghdash: v. Garadaghly, 8. Baku - 
Sheki: v. Boyuk Dekhne, v. Kichik Dehne. 

When studying the chemical composition and antioxidant 
activity (AOA), pomegranate samples, depending on the place of 
collection of raw materials, were coded as follows: P.g.1 (Khizi 
district). P.g. 2 (Siyazan district), P.g. 3 (Sheki district), P.g. 4 
(Ismayilli district), P.g. 5 (Yevlakh district), P.g. 6 (Agsu pass), P.g. 
7 (Agsu district ), P.g. 8 (Goychay district). 

 
3.2. Methods of botanical research 
Geobotanical descriptions were carried out using generally 

accepted methods.11 In order to identify the importance of the species 
in the community, an assessment of the abundance was carried out 
according to the Gult-Drude scale. Studies of ceonopopulations were 
carried out by the method of test plots. The international decimal 
coding system BBCH for monocotyledonous and dicotyledonous 
plants was used to identify the phenological stages of the entire 
annual development cycle of pomegranates.12 The estimation of the 
stocks of raw materials of thickets was carried out by the method of 
accounting sites. An ontogenetic spectrum was constructed for all 
studied ceonopopulations (CP). Based on the analysis of ontogenetic 
spectra, the type of the studied ceonopopulations was determined 

                                                           
11 Лемеза, Н.А. Геоботаника. Учебная практика / Н.А.Лемеза, М.А.Джус – 
Минск, – 2008. – 225 с. 
12 Growth stages of mono- and dicotyledonous plants: BBCH-Monograph. / U. 
Meier. – Germany, – 2001. – 158 p. 
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using the classification of L.A. Zhivotovsky 13, L.A. Zhukova and 
T.A. Polyanskaya.14 The aging index proposed by A.A. Uranov was 
used to assess the ontogenetic spectrum of the ceonopopulation.15 In 
addition, the efficiency index, the recovery index, the replacement 
index, and the aging index were calculated. In each CP, the plant 
height was noted, and annual shoots of P. granatum were taken to 
determine the statistical morphometric parameters of leaves (area, 
length, width), leaf shape index (width/length). In addition, the 
following fruit parameters were investigated: fruit length and width, 
fruit weight, length and width of grains, total weight and number of 
grains per fruit, corolla neck length, number and length of calyx 
sepals, the ratio of arils, calyx index and juice yield.  

 
3.3. Methods of biochemical analyses 
The spectrophotometric and the chromatographic methods of 

analysis and approved GOSTs (GOST 31663-2012, GOST 5472-50, 
GOST 32167-2013, GOST 33410-2015, GOST 31643-2012, OIV-
MA-AS315-11) are used for performing analyzes. High-performance 
liquid chromatography (HPLC) was used to identify and quantify 
biologically active and nutrients in various organs of P. granatum L.  

 
3.4. Method for the study of antioxidant activity by using 

DPPH test 
The antioxidant activity of various pomegranate extracts was 

determined spectrophotometrically using the reagent 2,2-diphenyl-1-

                                                           
13 Животовский, Л.А. Онтогенетические спектры, эффективная плотность и 
классификация популяций растений // Экология, – 2001. №1, – с. 3-7. 
14 Жукова, Л.А., Полянская, Т.А. О некоторых подходах к прогнозированию 
перспектив развития ценопопуляций растений // Тверь: Вестник Тверского 
государственного университета. Серия: Биология и экология, 
издательство Твер. гос. ун-т,  – 2013. № 31, – с. 160-171. 
15 Уранов, А. А. Возрастной спектр фитоценопопуляций как функция 
времени и энергетических волновых процессов // Биол. Науки, – 1975. № 2, – 
с. 7-34. 
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picrylhydrazyl (DPPH•) according to the method described by 
Brand-Williams.16 

 
3.5. GIS technologies in mapping wild-growing 

pomegranate thickets 
The thickets were mapped using the national GPS navigation 

system AzNav. Esri ArcGIS Desktop 10.2 software was used to 
visualize and analyze attribute data [https://www.esri.com/]. The 
results of geobotanical, resource, morphometric, phenological, 
ontogenetic, phytochemical studies, and the detection of AOA for 
wild-growing pomegranate were included in the GIS attributive 
database. 

Statistical analysis of the research results was carried out 
using the computer program "MS Excel 2010". One-way ANOVA 
followed by Tukey's test (p <0.05) was used to compare chemical 
components in different samples. Heatmap and PCA biplot analysis 
were performed using ClustVis software.17 

 
CHAPTER IV. PHENOLOGICAL FEATURES AND 

STRUCTURE OF POPULATIONS OF PUNICA GRANATUM 
L. UNDER DIFFERENT ECOLOGICAL CONDITIONS 

 
4.1. Phenological features of wild-growing pomegranate 
 According to the BBCH classification, 8 main stages (s.) and 

21 substages (s.s.) of the development of wild-growing pomegranate 
were identified. Phenological stages covered the period from 
dormancy (00 s.s.) to massive leaf fall (97 s.s.). To carry out the 
ecological-phenological analysis, the data of the average annual 
temperature and atmospheric precipitation for the year in the studied 
                                                           
16 Brand-Williams, W., Cuvelier, M., Berset, C. Use of free radical method to 
evaluate antioxidant activity // LWT-Food Science and Technology, – 1995, 28 (1), 
– p. 25-30. 
17 Metsalu, T., Vilo, J.  Clustvis: a web tool for visualizing clustering of 
multivariate data using Principal Component Analysis and heatmap // Nucleic 
Acids Research, – 2015, 43 (1), – p. 566-570. 
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regions were analyzed, and the phenological spectrum of wild-
growing pomegranate was compiled in the regions of growth 
(Fig.4.1.1).  

 

 
 

 Figure 4.1.1 Schematic representation of the main growth stages of 
pomegranate. 

 
It was revealed that the onset of phenophases in different 

regions does not occur simultaneously. The development of buds in 
the conditions of Siyazyan, Goychay, Yevlakh, and Aghdash districts 
with an average annual temperature of 13-15 ° C and an amount of 
atmospheric precipitation per year of 300-605 mm, was observed 
from February 1 to 30, and in the conditions of Khizy, Sheki, Agsu 
and Ismayilli districts with an average annual temperature 9-12 ° С 
and precipitation amount 210-610 mm, from February 15 to March 
10. The leaf development phase begins in late February - early 
March. It was found that wild pomegranate bloom lasts from May-
June (first generation of flowers) to the second half of August 
(second generation of flowers). The duration of flowering of one 
flower in the studied areas was 3-4 days. Previously, long pistil 
flowers (bisexual) were opened, then, after 7-8 days, shorter pistil 
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(functionally male) flowers were revealed. The various bushes of the 
plant had 15 to 60% normal long-pistil flowers. 

The phase of fruit formation in the Goychay and Yevlakh 
regions took place from the beginning of May to the end of July, in 
the conditions of the Khizi, Sheki, Agsu, Ismayilli regions from the 
beginning of July to the end of September, in  Siyazan and Aghdash 
regions conditions from the end of June to the end of September. The 
ripening of fruits in the studied areas lasted from early September to 
the first ten days of November, the mass ripening was observed in 
October. Typical adult leaves begin to turn yellow in October, mass 
yellowing and leaf fall usually occur from mid-October to 
November. The dormant period of the pomegranate in the studied 
areas begins at the end of October and lasts until the first ten days of 
February. According to the results obtained, the growing season of 
the pomegranate lasts from 190 to 230 days. 18 

 
4.2. Phytocenotic characteristics and analysis of the 

coenopopulations state of pomegranate 
As a result of the research, 14 CPs of wild-growing 

pomegranate were studied, conventionally named after their location. 
The number of each association (AS) corresponded to the number of 
the ceonopopulation that was in it. It was revealed that the studied 
communities (CPs I - XIV) of P. granatum are characterized by a 
significant variety of meadow and forest-meadow plants. In most of 
the studied cenoses, pomegranate is the dominant edificatory 
(subviolent) with a projective cover of 60-90%. Most frequently, 
representatives of the genus Tamarix L., as well as species of Rubus 
fruticosus L., Paliurus spina-christi Mill, etc., act as co-dominants. 
According to the results of assessing the abundance of herbaceous 
species in the associations Hypericum perforatum L. and Trifolium 

                                                           
18 Зейналова, А.М. Фенологические особенности Punica granatum L. В кн. ІI 
Международное книжное издание стран Содружество Независимых 
Государств «Лучший молодой ученый – 2020»: II международная книжная 
коллекция научных работ молодых ученых.  – Нур-Султан, – 2020, – с. 76-79. 
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pratense L., are abundant in AS 1, 5 and 2, 10, 13, respectively. 
Capsella bursa-pastoris (L.) Medik (AS 10, 11), Bellis perennis L. 
(АS 9), Cirsium vulgare (Savi) Teh. (АS 6, 14), Crepis capillary (L.) 
Wallr. (АS 13, 14), Alhagi pseudoalhagi Bieb (Fisch.) (АS 7, 8, 10), 
Pimpinella peregrine L. (АS 11) meet with the same abundance. 
Anacamptis morio L. is found singularly in the composition of the 
1st AS of wild-growing pomegranate. 

It was studied the phytocoenotic characteristics of the habitat. 
CPs I-II are located in Siyazan district at an altitude of 230 and 250 m 
above sea level.  Along with P. granatum, species of the genus Tamarix L., 
as well as Hypericum perforatum L., Trifolium pratense L., Paliurus spina-
christi Mill., Bellis perennis L. are abundantly represented, less abundantly 
- Sorbus domestica L., Ranunculus repens L., Rhus coriaria L., Rosa 
canina L., Malus sylvestris (L.) Mill. CPs III-IV were found in Khizi 
district at an altitude of 200 and 250 m above sea level. Small abundance in 
these populations is typical for Eleagnus angustifolia L., Papaver rhoeas 
L., Carduus pycnocephalus L., Tragopogon dubius Scop.  CPs V-VII are 
represented on the territory of Agsu district at the altitude of 420 (Aghu 
mountain pass), 200 (the right part of the Agsu bridge) and 190 (the left 
part of the Agsu bridge) above the sea level. The following species can be 
found in the herbaceous-shrubby tier: Rubus fruticosus L., Malva sylvestris 
L., Hypericum perforatum L., Alhagi pseudoalhagi Bieb (Fisch.), Cirsium 
vulgare (Savi) Teh. In CP VII, Ficus carica L tree grow in a single 
specimen. CPs VIII-IX are noted in the territories of Agdash (50 m above 
sea level) and Yevlakh (60 m above sea level) districts. CP VIII is 
characterized by the lowest value of the projective cover of P. granatum 
(10 - 15%) and poor species diversity, consisting of the following species: 
Rubus fruticosus L., Capparis spinosa L., Alhagi pseudoalhagi Bieb 
(Fisch.) and various weeds.  CPs X-XII have been studied in Goychay (CP 
X, 170 m above sea level) and Ismailli (CP XI, 280 m above sea level; CP 
XII, 540 m above sea level) districts of the Greater Caucasus. The 
following species dominate in the herbaceous-shrub tier of the studied 
populations: Capsella bursa-pastoris (L.) Medik, Alhagi pseudoalhagi 
Bieb (Fisch.), Paliurus spina-christi Mill, Cirsium vulgare. CPs XIII – 
XIV were studied in Sheki region at an altitude of 340 and 380 m above sea 
level. In the grassy tier are dominated, Paliurus spina-christi Mill., 
Trifolium pratense L., Crepis capillaries (L.) Wallr.  



15 
 

It was found that individuals of wild-growing pomegranate 
populations are distributed in space in different ways. The type of 
distribution of individuals in CPs I–IV, VIII–IX, XIII–XIV is group, CPs 
V-VII - random-clinial and contagious-clinial and CPs X-XII – evenly.  

Studies were carried out to identify the ontogenetic structure 
of P. granatum L. As a result of research, it was revealed that the 
ontogenetic spectrums of CPs I, III, VII, VIII, XI and XIV are right-handed 
(with an absolute maximum on old generative individuals), CPs II, V, X, 
XII - bimodal (with a maximum in the virgin and generative parts, 
respectively), CPs IV, VI, IX, XIII - left-handed (with an absolute 
maximum for young individuals) (Fig.4.2.1).  

 

 
Figure 4.2.1 Ontogenetic spectrums of P. granatum populations 

 
Age (∆) of the studied coenopopulations has a strong distribution 

amplitude from 0.22 (CP II) to 0.62 (CP XIV), efficiency indices range 
from 0.24 (CP II) to 0.67 (CP XIV). Three types of populations were 
obtained by the using the "delta omega" criterion: young (CPs II, IV, V, VI, 
VII, IX, X, X, XII, XIII), transient (CPs I, III, VIII, XI), aging (CP XIV). 
The recovery index determined by the content of the young ontogenetic 
part of the population ranges from 0.14 (CP XIV) to 2 (CP VI). It was 
revealed that the most threatened state in CP XIV in which the population 
is aging and unstable. According to the classification of L.A. Zhivotovsky 
studied coenopopulations belong to normal mature coenopopulations, 
where the maximum falls on individuals of the generative period (5-51%). 
The content of the postgenerative fraction is small - 3.9-8%. All studied 
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populations are full-member and are in a definitive state. Thus, the 
CP of pomegranate, represented by the majority of ontogenetic 
states, prevails, which indicates the stability and ability of the CP for 
self-maintenance. Considering that pomegranate shrubs in an adult 
state bear a significant number of branching lateral skeletal axes 
(partial bushes) connected to each other aboveground or underground 
by plagiotropic shoots successively replacing during ontogenesis 
according to I.G. Serebryakov's classification, it should be classified 
as terrestrial and epiphytic woody plants and type of shrubs. The life 
form of a tree in natural conditions is not inherent in pomegranate. 

 
4.3. Biometric indicators of pomegranate in various 

phytocenotic conditions 
It was found that plants from CP XI and XIII are 

distinguished by the highest shoot height (6.33 ± 0.9; 6 ± 0.66), 
while plants from CP III and VIII have the largest leaf area. 
Individuals of CP IX are characterized by the shortest length (3.40 ± 
0.5), while plants from CP XIV are characterized by the smallest 
width of the leaf blade (10.07 ± 0.27). The average fruit weight 
varied from 37.33 g (P.g.4) to 99.33 g (P.g.8). The grain weight was 
significantly higher for sample P.g.8 (59.33 g). The total length of 
the fruit varied from 31.66 mm (P.g.4) to 58.00 mm (P.g.8), and the 
width from 28.66 mm (P.g.4) to 59.00 mm (P.g.8), while the length 
of the grains varied from 5.67 mm (P.g.7, 8) to 8.67 mm (P.g.1), and 
width from 3.67 mm (P.g.8) to 6.00 mm (P.g.1). The samples also 
varied in calyx size, which ranged from 13.79 (P.g.8) to 23.71 
(P.g.7). According to the results, P.g.8 has a maximum average grain 
per fruit of 471. Juice yield varied significantly among the samples 
and ranged from 35.4% to 78.3%, with the lowest value in the P.g.4 
sample.19 Thus, the greatest amplitude of variation among the 
morphological characters of the species is distinguished by the linear 

                                                           
19 Zeynalova, A.M. Spatial structure of Punica granatum L. coenopopulations in 
the conditions of Northern Azerbaijan // Plant & Fungal Research, – 2019, 2 (2), – 
p.  57-65. 
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dimensions of the shoot height, the area of the leaf blade, the weight 
of the fruit, and the number of grains per fruit. 

According to the results of the analysis, it was found that the 
pomegranate is inherent in heterophyllous, differences in the shape 
and size of leaves associated with ecological differences in habitats. 
The shape of the leaves varied from lanceolate and elliptical to 
wedge-shaped and crescent-shaped. The pomegranate leaves are 
arranged oppositely, and on the old branches, we also observed the 
next arrangement and in bunches. The edges of the leaves from all 
places where the plant grew were exceptionally whole-edged. 

 
CHAPTER V 

RESEARCH OF QUALITATIVE AND QUANTITATIVE 
COMPOSITION OF MAIN GROUPS OF BIOLOGICALLY 

ACTIVE AND NUTRIENT SUBSTANCES OF 
POMEGRANATE 

 
5.1. Features of the fatty acid composition of lipids in 

pomegranate seeds 
As a result of studying the fatty acid composition of seed oil, 

nine fatty acids were identified. It was revealed that the main 
saturated fatty acid (SFA) of pomegranate oil is palmitic acid, the 
content of which reaches 3.29%. The amount of other SFA - stearic, 
heptadecanoic (margaric), myristic was 2.43%, 0.03%, 0.03%, 
respectively. Pomegranate oil was characterized by a high content of 
unsaturated fatty acids (USFA) - 93.11%. The dominant 
monounsaturated (MUS) fatty acid was oleic acid (6.53%). The 
remaining MS fatty acids accounted for 0.63% (gadoleic or cis-9-
eicosenic acid) and 0.05% (palmitoleic acid). In the sample, punicic 
acid predominates among polyunsaturated (PUS) fatty acids 
(79.64%). The level of the second PUS fatty acid - linoleic acid in 
our sample was 6.27%. According to the results obtained, the ratio of 
USFA/ SFA, MUS / PUS is 16.109 and 0.083, respectively. 
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 Fatty oil has the following values of physicochemical constants: 
peroxide number equal to 3.03 meq O2 / kg, iodine number - 225.92, 
and saponification number - 192.9120 

 
5.2. The qualitative and quantitative composition of 

organic acids and sugars in the fruits of wild pomegranate 
It was found that during dilution of the sample 2 times in the 

fruit juice of wild-growing pomegranate, the following organic acids 
were detected and quantified: oxalic, tartaric, malic, and citric acids, 
and on dilution 50 times - oxalic, tartaric, malic, lactic and citric 
acids. It was found that the main organic acid of fruit juice is citric 
acid, which constitutes approximately 98% of the total amount of 
organic acids. The content of oxalic acid in the fruit juice of wild 
pomegranate was 0.025 g / kg, tartaric acid - 0.079 g / kg, malic acid 
- 0.525 g / kg, lactic acid - 0.125 g / kg. The content of vitamin C is 
27.96 mg / 100 g.21 Glucose and fructose were found in the sugar 
composition of wild pomegranate juice. The fructose content (60.3 g 
/ L) was higher than the glucose content (47.3 g / L).22 

 
5.2.1 The quantitative content of vitamin C in the juice of 

pomegranate fruits 
The results of the analysis on the identification of ascorbic 

acid in the juice of wild pomegranate by HPLC showed that the juice 
from the fruits of Punica granatum L. contains 27.96 mg / 100 g of 
this acid. The results obtained in our studies show that the juice of 
wild pomegranate from Azerbaijan contains a sufficiently high 

                                                           
20 Zeynalova A.M., Novruzov E.N. Fatty acids composition and physico-chemical 
constants of Punica granatum L. seed oil // Chemistry of plant raw materials, – 
2019, 4, – p. 259-262. 
21 Зейналова А.М., Новрузов Э.Н. Определение содержания витамина С в 
соке плодов Punica granatum L. методом ВЭЖХ // Scientific Conference "New 
Challenges in Botanical Studies", co-organized by the Azerbaijan Botanist Society, 
–  Baku: – June 20-21, –  2018, – с. 131-133. 
22 Zeynalova, A.M., Novruzov, E.N. Determination of organic acids and sugars 
contents in juices of Azerbaijan wild pomegranate fruits // ANAS News (series of 
biological and medical science).  – 2020, 3-4, – с.75-68. 
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content of ascorbic acid, which makes it possible to recommend the 
juice of the fruit of the plant for inclusion in the composition of 
medicines and food additives.  

 
5.3. The quantitative content of tannin in various organs 

of P. granatum 
It was found that the highest content of the total tannins 

accumulates in the pomegranate peel (386.5 mg / l), the smallest - in 
the juice of pomegranate grains (230 mg / l). It should be noted that 
the content of tannins in flowers and leaves of wild pomegranate was 
350 mg / L and 330 mg / L, respectively. 23 

 
5.4. The qualitative and quantitative composition of 

phenolic acids in various organs of pomegranate 
It was revealed that the main component among the 

derivatives of hydroxycinnamic acid in pomegranate juice is 
chlorogenic acid. In a sample of pomegranate petals, sinapic acid 
predominates among the derivatives of hydroxycinnamic acid 
(91.2%). The concentration of gallic acid in the peel was 0.54 mg/kg, 
while it was not detected in the leaf sample. P-coumaric acid was 
detected in trace amounts in both samples. The concentration of 
ferulic acid predominated in the leaves of the plant (106.91 mg/kg). 
Phenolic aldehyde - vanillin predominated in the image from the 
pomegranate peel - 15.55 mg/kg. 

Organoleptic and some chemical characteristics of wild-
growing pomegranate fruits were studied. The total soluble solids 
content of the juice was found to be significantly higher in sample 
P.g.8 (17.48 ºBrix). The color of the pomegranate seeds varied from 
whitish pink to pinkish red, and the skin color from yellowish pink to 
greenish red. The color of the extracted juice in the studied 
pomegranate samples varied from bright red (P.g. 2) to light pink 
(P.g. 8). The color of the juice obtained from the grains of wild-

                                                           
23 Зейналова, А.М. Содержание танина в различных органах Punica granatum 
L. // Azerbaijan Journal of Botany, – 2020, – 1(2), – c. 95-98. 
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growing samples P.g.4, P.g. 5 and P.g. 8 was darker in color, which 
is explained by the low pH values (2.23-2.35). The pH value ranged 
from 2.23 (P.g.5) to 2.67 (P.g.2).  

 
5.5. The qualitative and quantitative composition of 

flavonoids in various organs of pomegranate 
The following flavonoids have been identified in various 

organs of wild pomegranate growing in Azerbaijan (Siyazan district): 
+ catechin, -epicatechin, quercetin, vanillin and anthocyanin: 
Delphinidin-3,5-diglucoside (Del-3.5-diglu.), Cyanidin-3,5-
diglucoside (Cya-3,5-diglu.), Delphinidin-3-glucoside (Del-3-glu.), 
Pelargonidin-3,5-diglucoside (Pel-3,5-diglu.), Cyanidin -3-glucoside 
(Cya-3-glu.), Pelargonidin-3-glucoside (Pel-3-glu.). It has been 
established that various organs of pomegranate differ in both content 
and composition of flavonoids. Pel-3-glu. was the predominant 
anthocyanin pigment in the peel (32.90%), and sang was Pel-3,5-
diglu. - pomegranate petals (94.11%). Epicatechin predominated in 
the peel and petals (67.23 mg/kg and 42.35 mg/kg, respectively), and 
in the pomegranate petals + catechin (61.49 mg/kg). The highest 
content of quercetin was found in the leaves of the plant, where its 
amount reached 16.96 mg/kg.24 25 

 
5.6. Phenolic compounds of fruit juice from different 

populations of Punica granatum L. 
It was found that the phenolic profiles were significantly 

different qualitatively and quantitavely among the accessions. 
Samples P.g. 3-8 contained only cyanidin derivatives, namely Cya-
3,5-diglu., Cya-3-glu., and Cya-3-pent. The highest concentration of 
                                                           
24  Zeynalova, A.M., Novruzov, E.N. Composition and content of phenolic acids in 
fruit juice and flowers of Punica granatum L. // Plant & Fungal Research, – 2018, 
1 (1), – p. 38-42. 
25 Зейналова, А.М., Новрузов, Э.Н. Исследование фенольных кислот 
экстрактов кожуры и листьев дикорастущего граната // Symposium dedicated 
to the 120th anniversary of the academician V.I. Ulyanyshev, – Baku: – December 
25, – 2018, – с. 74. 
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Cya-3,5-diglu. was defined in P.g. 1 (152.6 ± 2.21 mg/L) and P.g. 2 
(102.3 ± 1.39 mg/L), while a lower level was found in P.g. 4 (5.450 
± 0.63 mg/l). Compounds Cya-3-pent. and Pel-3-glu. were present in 
low concentrations in the juice of all samples. Among the 
hydrolyzable tannins in the studied samples were found α and β 
isomers of punicalagin (Fig. 5.6.1), derivatives of punicalagin, 
ellagic acid (Fig. 5.6.2), ellagic acid glucoside, galloyl glucose and 
hexahydroxydiphenoyl (HGDF)-hex-derivative. All the pomegranate 
accession contained the punicalagin isomer α and β. Punicalagin 
isomer α concentration ranged from ~8 mg/L in P.g.2 and P.g. 8 to 
37.52 mg/L in P.g.1. The highest content of punicalagin isomer βwas 
found in P.g. 1 (61.65 mg/ L), whereas the lowest was in P.g. 2 and 
P.g. 8 (~14mg/L).  

 
Figure 5.6.1 Concentration of punicalagin α and β in the juices 

obtained from pomegranate fruits harvested in each sampling area.  

 
Figure 5.6.2 Concentration of ellagic acid glucoside and ellagic acid 

in the juices obtained from pomegranate fruits of the different 
accessions. 
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A significant variation in the content of ellagic acid 
derivatives was found among the accessions. In particular, the 
concentration of ellagic acid ranged between 2.01 to 18.81 mg/L and 
increasing from Pg2< Pg1< Pg6 = Pg5< Pg8< Pg7< Pg3=Pg 4. A 
similar trend was also observed for the elleagic glucoside, which. 
ranged from 2.92 to 27.36 mg/L, showing the highest values in P.g. 3 
and P.g. 4 and the lowest in P.g. 2.  

Galloyl-glucose concentration increased from the minimum 
in P.g.2 (~6 mg/L) to the maximum in Pg7 (~18 mg/L). The 
concentration of HHDP-hex-derivatives was highest in P.g.1, P.g.3 
and P.g.4. In particular, the HHDP-hex-derivative 1 was found in 
similar content in P.g.3 and P.g.4 (~50 mg/L) while 
HHDP-hex-derivative 2 ranged from 8.44 mg/L in P.g.6 and P.g.8 to 
20.07 mg/L in P.g.1 26 

It was found that the content of the components in the juice of 
fruits from different cenopopulationsis strongly influenced by the 
type of soil and climatic factors. For example, samples P.g. 5, 6, 7, 
which have been collected in areas with hot summer conditions and 
salinity soils and result to have higher anthocyanin and punicalagin 
contents compared to Pg 3 and Pg 4. By contrast, these latest 
accessions, collected in regions with a temperate climate and dark 
loamy soils, are characterized by a higher content of ellagic acid and 
its glycosylated derivative. 

 
CHAPTER VI 

INVESTIGATION OF ANTIOXIDANT ACTIVITY OF 
VARIOUS ORGANS of P. GRANATUM L. IN REACTION 

WITH DPPH 
 

6.1. Comparative study of the antioxidant activity of 
various extracts of P. granatum L. 

 

                                                           
26 Zeynalova, A. Phenolic fingerprint in wild growing pomegranate fruits from 
Azerbaijan / A.Zeynalova, E.Novruzov, P.Bartolini [et al.] // Advances in 
Horticultural Science, – 2020, 34 (3), – p. 277-286. 
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The results of the study of AOA of various organs showed 
that the maximum AOA according to the DPPH method was 
determined for the juice of the fruits of P. g.3 (82.4%). Extracts from 
meso- (P.g.2) and exocarp (P.g.1) also had high antioxidant activity, 
the activity of which was 80% and 73.1%, respectively. The leaves 
had low activity, the antioxidant capacity of the extracts of which 
varied from 50.29% to 58.04% (maximum activity in P.g.2).27 

 
CHAPTER VII 

GEOINFORMATION MAPPING IN THE 
ASSESSMENT OF RESOURCE POTENTIAL AND RAW 

VALUE OF WILD-GROWING POMEGRANATE THICKETS 
 

7.1. Resource characteristics of wild-growing 
pomegranate thickets 

The results of the study of raw material reserves revealed that 
the biological reserve of P. granatum L. in the studied areas ranges 
from 0.014 to 40 tons. The Sheki region (40 tons) is characterized by 
the maximum value of the biological reserve, followed by the 
Yevlakh (13 tons) and Siyazan (9 tons) regions of Azerbaijan. The 
Agdash region is characterized by the minimum value of the 
biological reserve. An operational stock of more than 3 tons has been 
identified in three regions of Azerbaijan: Siyazan (6 tons), Yevlakh 
(10 tons), and Sheki (25 tons). Pomegranate populations occupy 
areas from 0.0015 (Agdash) to 3 hectares (Sheki), specimen 
saturation varies from 0.3 to 0.5. 

 
7.2. Geospatial data 
The layer called "Raw material stock" and "PSCR" with the 

corresponding attributive databases was also created to visualize the 

                                                           
27 Zeynalova, A.M., Novruzov, E.N., Maserti, B. Studies on the Physico-Chemical 
Characteristics, Antioxidant Activity and juice organic compound composition in 
Azerbaijan Wild Pomegranate Fruits // Plant & Fungal Research,  – 2019, 2(1), – p. 
40-46. 
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resource-significant habitats of wild-growing pomegranate (Fig. 
7.2.2, 7.2.3). 

 

 
Figure 7.2.2 Thematic data layer "Raw material stock" 

 

 
Figure 7.2.3 Thematic data layer "RMV" 

 
Thus, the analysis of the search using attributive data made it 

possible to identify samples with both high-quality characteristics of 
fruits and a sufficient supply (P.g.1, P.g. 2, P.g. 6) for the potential 
commercial production of medicinal, cosmetic products, as well as 
food additives based on this plant. The unification of all the created 
thematic data layers made it possible to automate the formation of a 
passport for wild-growing pomegranate populations.28  

                                                           
28 Зейналова, А.М. Геоинформационное картографирование в оценке 
ресурсного потенциала зарослей дикорастущего граната // Сборник статей LI 
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7.3. Species protection 
Biotic and abiotic factors, as well as the continuing direct 

anthropogenic impact on pomegranates in the above areas, leads to a 
reduction in the area and number of their ceonopopulations. The 
reasons for the reduction in the area of wild-growing pomegranate in 
Sheki, Agsu, Siyazan and Khizi regions are the following reasons: 1. 
a high percentage of middle-aged generative plants in the surveyed 
ceonopopulations, on the one hand, is determined by the elimination 
of young fractions as a result of grazing and trampling by cattle, on 
the other hand, with a gradual increase in the lifespan of individuals 
in the generative period, 2. the minimum proportion of individuals in 
the right part of the spectrum in most cases, it is associated with the 
frequent death of individuals in the postgenerative period. The 
minimum proportion of the pregenerative fraction in CP XIV can be 
due to the following factors: the death of immature individuals 
occurs as a result of grazing and trampling of vegetation by cattle, 
which cause a drop in productivity, the efficiency of seed and 
vegetative reproduction, 3. soil-climatic conditions, and 
interpopulation relations impede these CPs. of wild-growing 
pomegranate to increase the number of young individuals. 

It was shown that wild-growing pomegranates from these 
regions need state measures for their rational use and protection. To 
solve this problem, a letter was sent to the Ministry of Ecology and 
Natural Resources of Azerbaijan to organize the protection of P. 
granatum in order to preserve its natural populations. 

 
RESULTS 

 
1. For the first time, the phenological features of wild-

growing pomegranate have been studied and it has been shown that 
the onset and duration of phenophases in different places of 
pomegranate growth does not occur simultaneously, and depends on 
the soil and climatic conditions and the altitude of the area. The 
                                                                                                                                      
Международной Научно-Практической Конференции «World Science: 
Problems and Innovations», – Пенза: – 28 февраля, – 2021, – с. 28-30 
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higher the average annual temperature and the lower the altitude of 
the area, the earlier the growth and development of the plant begins. 

2. The results of the analysis of the phytoceonotic 
composition of wild-growing pomegranate populations showed that 
in most of the studied ceonoses, pomegranate is a dominant 
edificator with a projective cover of 60-90%. Individuals of P. 
granatum L. in the CPs are distributed as follows: group (CP I - IV, 
VIII - IX, XIII - XIV), random-clinal, and contagious-clinal (CP V - 
VII), uniform (CP X-XII). Three types of populations were found: 
young (CP II, IV, V, VI, VII, IX, X, XII, XIII), transitional (CP I, III, 
VIII, XI), and aging (CP XIV). The most threatening condition is in 
CP XIV, the population is aging and unstable. 

3. By HPLC, 9 fatty acids were found in seed oil, 5 organic 
acids, and 2 sugar in the juice. The main part of fatty acids (79.64%) 
is punicic acid, organic acids - citric acid (29.43 g/kg), glucose 
(60.3% g/l), and fructose (47.3 g/kg) are found in sugar content. 

4. It was found that the composition and content of phenolic 
acids and flavonoids in various organs is sharply different. The main 
compounds of P. granatum L. flower petals are synapic acid (283.65 
mg/L), + catechin (61.49 mg / kg), quercetin (16.96 mg / kg) and Pel-
3,5-diglu. (25.90%), juice - chlorogenic (7.6 mg/L) and sinapic (6.54 
mg/L) acids, leaves - ferulic acid (106, 91 mg / kg), peel - 
epicatechin (67.23 mg/kg) and Pel-3-glu (32.90%). 

5. The variability of wild-growing pomegranate in the 
composition and content of biologically active substances in the juice 
of fruits from eight samples of pomegranate has been established. It 
was revealed that these differences are due to soil and climatic 
factors of the environment. Samples P.g.5, 6, 7 from areas with hot 
climates and saline soils contained high amounts of anthocyanins and 
punicalagin, while samples P.g. 3 and P.g. 4, collected from regions 
with a temperate climate and dark loamy soils, were characterized by 
a high content of ellagic acid and its glycated derivative. 

6. AOA of various organs of wild pomegranate was studied. 
It is shown that the juice of pomegranate fruits from Sheki region has 
a high AOA (82.4%). AOA of meso- and exocarp extracts was 80% 
(Siyazan region) and 73.9% (Khizy region), respectively. The leaves 
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had low activity, the AO capacity of the extract of which amounted 
to a maximum of 58.04% (Siyazan district). 

7. The results of geoinformation mapping made it possible to 
automate the formation of a passport for wild-growing pomegranate 
populations, as well as to identify samples with high-quality 
characteristics of fruits and a sufficient supply (P.g.1, P.g. 3, P.g. 6) 
for potential commercial production of medicinal, cosmetic products, 
as well as food additives based on of this plant. An assessment of 
forms as a breeding material was carried out, according to the results 
of which six forms, namely P.g.1, P.g.3, P.g.4, P.g.5, P.g.6, P.g.7, 
were selected for introduction into culture. 

 
PRACTICAL RECOMMENDATIONS 

 
1. The results of the analysis to identify the content of 

biologically active and nutrition substances in various organs, 
as well as indicators of the antioxidant activity of extracts of 
various parts (peel, petals, septum, juice, leaves) of P. 
granatum showed the prospect of using the plant not only for 
food but also for medical purposes which is extremely 
important in the context of the worldwide spread of fatal 
diseases such as AIDS, COVID-19, etc.  

2. It is recommended to use wild-growing pomegranates from 
ceonopopulations I, III, VII, characterized by a sufficient 
supply and high rates of various groups of biologically active 
substances as natural compounds (food, medicinal, technical, 
cosmetic, in obtaining food additives, etc.). 

3. It is recommended to introduce into culture samples P.g.1, 
P.g.3, P.g.4, P.g.5, P.g.6, P.g.7 which showed high 
adaptability to soil and climatic influences by accumulating 
high amounts of secondary metabolites. 

4. It is recommended to deposit seeds in banks to preserve the 
gene pool of wild-growing pomegranate. 
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