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Pomegranate (Punica granatum var. pleniflora) flowers are distinguished by their high antioxidant
activity due to their high content of phenolic compounds. Iranian pomegranate flowers have been
traditionally used in medicine for centuries. The present study evaluated the growth traits and
bioactive characteristics of Iranian pomegranate. The cultivars were selected from the same site at
the Natural Resources Research Centre in Yazd, Iran, to ensure consistency in assessing the specified
traits. The results showed high phenotypic diversity among the cultivars, with leaf dry weight and
flower dry weight exhibiting the highest coefficients of variation. Furthermore, significant
differences were observed among the cultivars regarding total phenolic compound content. The
methanolic extract obtained from the flowers of Zinati-e-Saveh cultivar had the highest level of total
phenols (119.33 mg GAE g-1 DW), total flavonoids (72.21 mg QE g-1 DW), anthocyanins (33.36 mg
g-1 DW), hydrolyzable tannins (95.94 mg TA g-1DW), and IC50 activity (25.29 ugmL-1). Principal
component analysis (PCA) confirmed significant differences among the cultivars studied based on
their morphological and phytochemical characteristics. These findings suggest that the studied
cultivars represent a valuable genetic resource for future breeding programs.
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INTRODUCTION

Pomegranate (Punica granatum var. pleniflora),
belonging to the Punicaceae family, is one of the
major products of tropical and subtropical regions
which is extensively cultivated in the Middle East,
North Africa, and many parts of the Mediterranean.
Due to its attractive blooms, P. granatum var.
pleniflora is valued as a drought-resistant plant, and
its flowers are used in both traditional and modern
medicine for treating some diseases and cosmetics. In
Iran, non-fruit-bearing pomegranates with many-
petaled flowers are known as 'Golnar,' and cultivars
vary in flower color. Pomegranate cultivation is
widespread in Fars province and Kerman province,
both major centers for pomegranate production.
Notable cultivars include 'Golnar-e Farsi Sarvestan'
from Fars province, which features double red
flowers that bloom in early May. This cultivar offers
several advantages for cultivation, including climate
adaptability, low water requirements, pest and
disease resistance, quick yield, long shelf life, and
economic viability (Sarkhosh et al., 2020). This species
has been valued for centuries for its economic value
in flower production and its symbolic significance in
various cultures. The flower and its extracts are rich
in bioactive compounds, contributing to their
extensive use in health and wellness applications
(Kandylis et al., 2022). Beyond their visual appeal,
pomegranate flowers possess unique medicinal and
therapeutic properties that distinguish them from
their fruit-bearing counterparts. Research indicates

that pomegranate flowers have significant levels of
phenolic compounds, anthocyanins, flavonoids, and
tannins, all of which contribute to their remarkable
antioxidant and antimicrobial properties (Abdolahi et
al., 2018; Gosciniak et al., 2022; Tekin & Kucukbay,
2024). Studying these specific varieties can reveal
untapped potential for applications in natural
medicine, cosmetic formulations, and dietary
supplements.

Additionally, understanding pomegranate genotypes'
morphological and genetic diversity aids their
conservation and sustainable use (Ge et al., 2021).
Different phytochemical compounds with high
antioxidant and health benefits have been extracted
from pomegranate, which has been used to treat
multiple ailments and disorders (Hmid et al., 2017;
Tekin & Kucukbay, 2024). Numerous studies have
confirmed that different parts of pomegranate,
mainly the fruit and flowers, are naturally rich sources
of secondary metabolites with preventative or
inhibitory effects on oxidative stress and the
formation of free radicals (Kandylis &
Kokkinomagoulos, 2020).  Several bioactive
compounds with diverse pharmacological activities,
such as anti-tumor, antifungal, antiviral, antibacterial,
and antioxidant properties, have been identified in
extracts from dried pomegranate flowers (Abdolahi
et al., 2018; Gavaniji et al., 2015). In herbal medicine,
pomegranate flowers treat diarrhea, bronchitis,
dysentery, ulcers, astringent, and diabetes due to
their astringent properties (Wafa et al., 2017; Ge et
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al., 2021). Pomegranate flowers are rich in phenolic
compounds like gallic and ellagic acids and flavonoids
like punica flavone and granatum flavanyl xyloside
(Maphetu et al., 2022). Moreover, triterpenes such as
ursolic, oleanolic, maslinic, and Asiatic acids, along
with the sterol daucosterol, have been characterized
in pomegranate flowers (Sharifiyan et al., 2019; Wong
et al, 2021).

Geographical variations have been observed in the
active substances of different plant species.
Parashuram et al. (2022) and Wong et al. (2021)
reported that the phytochemical quantity and quality
of pomegranate flowers largely depend on
environmental and soil conditions, water quality,
solar radiation, and cultivar type, factors that are
beyond human control. Occasionally, plants within
the same species show differences in morphological
and biochemical traits due to variations in genotype
and geographic conditions (Aziz et al., 2020;
Parashuram et al.,, 2022). Iran is the center of
pomegranate diversity, and the variations among
native ornamental pomegranate genotypes are
linked to differences in the morphological traits of
shoots, leaves, and flowers, as well as the biological
activity of flower extract (Sharifiyan et al., 2019;
Abdolahi et al., 2018; Fellah et al., 2018; Elfalleh et al.,
2012). The commercialization of crops has resulted in
a loss of genetic diversity in many plant species,
highlighting the importance of preserving native
genetic  resources rich in  phytochemicals.
Morphological assessment is an efficient and robust
method for protecting gene pools and providing
valuable information on phenotypic diversity (Khadivi
& Arab, 2021). In this context, it is essential to
evaluate the current knowledge of leave traits and
floral biology in local pomegranate cultivars, as a
comprehensive understanding of flower
characteristics is a prerequisite for any crop breeding
and development programs (Shahsavari et al., 2022).

The antioxidant capacity of flowering pomegranate
varieties can vary due to genetic differences and
environmental factors, highlighting the importance of
detailed biochemical profiling. Such analyses are
valuable for identifying promising varieties for
medicinal and nutritional purposes and
understanding how morphological traits correlate
with biochemical composition (Parashuram et al.,
2022). Research has shown that the pomegranate
plant's flowers and other non-fruit parts are
significant sources of bioactive compounds,
presenting new opportunities for natural product
development and pharmaceutical applications.

Furthermore, understanding these biochemical
variations can inform breeding strategies to enhance
desirable traits, such as higher bioactive content or
improved tolerance to environmental stressors. By
integrating  morphological observations  with
biochemical data, researchers can achieve a
comprehensive view of how these flowering
pomegranate varieties contribute to biodiversity and
functional plant attributes (Elfalleh et al., 2012;
Mahboubi et al., 2015; Huo et al., 2023; Ferrara et al.,
2023).

Morphological and biochemical analyses are essential
for studying plant diversity, as they provide
comprehensive insights into various plant parts'
structure, function, and potential applications. In
flowering pomegranates, these analyses highlight
their aesthetic and structural traits and the complex
array of bioactive components that contribute to
their health benefits. Research has shown that
pomegranate flowers are particularly rich in phenolic
acids, anthocyanins, flavonoids, and tannins, all of
which play critical roles in their potent antioxidants
and antimicrobial activities (Hmid et al., 2017; Fellah
et al., 2018; Arlotta et al, 2022). These
phytochemicals are known for their ability to
neutralize free radicals, thereby reducing oxidative
stress and potentially lowering the risk of chronic
diseases in humans (Maphetu et al.,, 2022). In
addition, anthocyanins contribute to the vivid colors
of pomegranate flowers and are associated with
various health-promoting properties, including anti-
inflammatory and anti-cancer effects (Zhang et al.,
2011).

While significant research has been conducted on
fruit-bearing pomegranates, there remains a gap in
understanding the full extent of morphological and
biochemical diversity in flowering varieties. Few
studies have compared the various bioactive
compounds in flowering pomegranates or explored
how these compounds correlate with their
morphological characteristics. Addressing these gaps
could enhance the appreciation of these plants'
potential uses in modern production and medicine
and inform strategies for their preservation and
cultivation. This study aims to investigate the
morphological and biochemical diversity among
pomegranate varieties (Punica granatum var.
pleniflora). By examining key morphological traits and
profiling bioactive compounds such as phenolic
compounds, flavonoids, and tannins, this study seeks
to provide insight into these medicinal plants' unique
characteristics and potential health benefits.
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Understanding these attributes contributes to
scientific knowledge of pomegranate biodiversity and
highlights their potential applications in horticulture,
traditional medicine, and as sources of natural
antioxidants.

MATERIALS AND METHODS
Plant materials

This experiment was conducted in 2022 at the Natural
Resources Research Centre, Yazd, lIran (latitude
31°55'N, longitude 54°16'E, altitude 1216 m).
According to the Koppen climate classification
system, the area's climate is classified as a hot desert
climate (BWh). This site has an average annual
minimum temperature of 4° C and a maximum
temperature of 20.5° C, respectively, with an annual
rainfall of 96 mm. The soil characteristics were
determined using standard methods. The soil texture
was silty sand. The organic carbon content was 0.19%,
with natural materials at 24.1%, a bulk density of 1.52
g/cm3, electrical conductivity of 1.8 ds/m, pH of 7.86,
absorbable phosphorus content of 0.8 ppm, and
absorbable potassium content of 107.3 ppm.

In the present study, the morphological traits of five
Iranian pomegranate (Punica granatum var.
pleniflora) cultivars and the phenolic compounds and
antioxidant potential of their flower extracts were
evaluated. The studied cultivars included Khoshe Nar
Baharestan Sari (KNB-S), Sarvestan-e- Fars (S-F),
Zinati-e- Saveh (Z-S), Rijab-e- Kermanshah (R-K), and
Kenar Takht-e- Fars (KT-F), which were selected from
12-year-old cultivars. Plant materials were harvested
at the complete bloom stage, and twelve individuals
from each cultivar were selected for morphological
and phytochemical analysis.

Morphological characterization

At the full flowering stage, the morphological
characteristics of the cultivars studied were recorded
(Figure 1). The assayed morphological traits included
tree height, stem diameter, petiole length, leaf length
and width, leaf dry weight, number of thorns on
annual and perennial shoots, and number of suckers
per tree. The recorded flower morphological traits
included flower length, corolla diameter, number of
petals, petal length and width, stamen length, style
length, and flower dry weight. The harvested samples
were first rinsed with deionized water and blotted
with filter paper to determine the dry weight of
leaves and flowers. Finally, the dry weights of leaves
and flowers were measured after oven-drying at
37.5°C for 24 h.

Phytochemical assays

Flowers of the studied cultivars were harvested in
May and desiccated in the shade at room
temperature. The dried flowers were then powdered
and extracted by maceration in 100 ml of methanol at
30°C. The solution was covered with parafilm to
prevent the solvent from evaporating and kept under
continuous agitation overnight. After centrifuging at
2,000 g for 15 min, the supernatant was used to
analyze phenolic compounds and antioxidant activity.

Total phenol content measurement

The total phenol content of pomegranate flowers was
estimated using the Folin-Ciocalteu method, as
described by Aryal et al. (2019). Briefly, 0.5 mL Folin-
Ciocalteu reagent was added to the methanolic
solution, followed by 1 M sodium carbonate solution.
The mixture was incubated for 35 min in a water bath
at 45°C. After cooling, the absorbance of the solution
was read at 765 nm using a Shimadzu 1600-UV
spectrophotometer. The total phenol content of each
sample was expressed in mg gallic acid equivalent per
g dry weight of the flower.

Total flavonoids content measurement

The total flavonoid content of the flower samples was
determined based on the formation of the flavonoid
aluminum complex as described by Zhao et al. (2018).
One milliliter of the methanolic extract was mixed
with 1 mL of 2% aluminum chloride solution. After
incubation at room temperature for 15 min, the
absorbance of the reaction mixture was measured at
430 nm. Using the standard curves of quercetin (y =
0.0022x - 0.0021; R? = 0.9898), the total flavonoid
content was expressed as mg quercetin equivalent
per g dry weight of the flower.

Total anthocyanin content measurement

The total anthocyanin content of the flower samples
was measured using the pH-differential method, as
described by Giusti and Worolstad (2001). The
methanolic extract was mixed separately with
potassium chloride buffer (0.025 M, pH 1.0) and
sodium acetate buffer (0.4 M, pH 4.5). After
incubation at room temperature for 15 min, the
absorbance of the solutions was measured at 510 and
700 nm. The anthocyanin content of each sample was
expressed in mg per g flower dry weight by calculating
the absorbance for each sample using the following
formula:

A = (A510 - A700) pH 1.0 - (A510 - A700) pH 4.5

Egypt. J. Bot. Vol. 65, No.2 (2025)
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Kenar Takht-e- Fars Rijab-e- Kermanshah Zinati-e-Saveh

Sarvestan-e- Fars Khoshe Nar Baharestan Sari

Figure 1. Some vegetative and reproductive characteristics of P. granatum var. pleniflora cultivars.

Hydrolysable tannins content measurement

The content of hydrolyzable tannins in pomegranate
flowers was determined using the method described
by Cam and Hisil (2010). One milliliter of the
methanolic extract was diluted with 10 mL of distilled
water and mixed with 5 mL of a 2.5% solution. The
mixture was vortexed for 10 seconds, and the
absorbance of the resulting red solution was
measured at 550 nm against a water blank. Using the
standard curves of tannic acid (y = 0.02x - 0.0066; R?
= 0.9625), tannin content was expressed as mg of
tannic acid equivalent per g dry weight.

DPPH radical scavenging assay

The scavenging activity of the samples studied was
measured to assess their ability to inhibit the free
radicals of 2,2- Diphenylhydrazyl (DPPH) described by
Stojichevich et al. (2008). Half a milliliter of a
methanolic DPPH solution (98%) was added to 1 mL
of the methanolic extract of the flowers. After
incubation in darkness at room temperature for 30
min, the absorbance of the samples was read at 517
nm. The radical-scavenging activity of the samples

calculated as: [(A Control — A Sample) / A Control] x
100

The antioxidant activity was expressed as IC50,
representing the sample concentration required to
achieve 50% inhibition of free radicals.

Statistical analysis

Descriptive statistics of the quantitative and
gualitative traits were estimated by calculating the
mean, standard deviation, minimum, maximum, and
coefficient of phenotypic variation (CV). Before data
analysis, Bartlett's test was conducted to verify the
homogeneity of variance among the cultivars, and the
Kolmogorov-Smirnov test was used to assess data
normality. Analysis of variance (ANOVA) was
performed using the Generalized Linear Model (GLM)
based on randomized complete block design (RCBD)
with three replications. Mean comparisons for each
trait were conducted using Duncan's multi-range test.
Pearson correlation analysis among the studied traits
was conducted using SAS software version 9.4
(https://support.sas.com/software/94/), and a heat
map was generated using GraphPad software version
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7.0 (https://www.graphpad.com/). Principal
component analysis (PCA) was conducted using
XLSTAT software version 2020
(https://www.xlstat.com/en/).

RESULTS AND DISCUSSION

The present study investigated five cultivars of P.
granatum var. pleniflora for their morphological traits
and phytochemical compounds of collected flowers.
The studied pomegranate cultivars were compared
using 23 morphological and phytochemical
characteristics. Analysis of variance revealed
significant variations among the cultivars for the
measured traits, especially the morphological
characters. These variations were further confirmed
by calculating the attributes' coefficient of variation
(CV). Parashuram et al. (2022) state that the CV value
is independent of the measurement unit, making it a
more effective index for comparing the assayed traits.
Descriptive values for the morphological and
phytochemical characteristics of the studied cultivars
are reported in Table 1. This study observed the
highest CV value for leaf dry weight (106.63%),
followed by flower dry weight (64.46%). However, the
CV values for main stem diameter, tannin content,
leaf length, corolla diameter, and petal characteristics
were all less than 10%. Traits with lower CV values
were considered stable characteristics across the
cultivars studied. Among the phytochemical traits,
only flavonoid content exhibited a CV value greater
than 10%, indicating a high phenotypic variation
among the cultivars.

Morphological traits

Assessment of morphological traits in native cultivars
is crucial for genetic variability evaluation in breeding
programs and crop production improvement (Khadivi
et al., 2020). In this study, the cultivar's heights varied
from 2.23 to 3.98 m, with the R-K cultivar showing the
highest height and the Z-S and KNB-S cultivars
displaying the lowest height. R-K cultivar showed the
highest main stem diameter, followed by KNB-S and
KT-F cultivars. The main stem diameter of the S-F
cultivar was significantly lower than that of the other
cultivars. Moreover, the thickest sub-stems were
observed in cultivars R-K and Z-S. P. granatum var.
pleniflora cultivars did not show significant
differences regarding leaves' petiole length, which
ranged from 4.25 to 5.60 mm. The most oversized
leaves were obtained in the Z-S cultivar, and the
lowest leaf length and width values were related to
KNB-S and KT-F cultivars, respectively. Leaf dry weight
varied between 0.180 and 0.378 g. Z-S cultivar trees

showed the highest leaf dry weight, 2 times higher
than the lowest reported value of this trait in KT-F.
The number of thorns was consistent across annual
and perennial shoots; the S-F cultivar had the highest
number of thorns, with 5 thorns per shoot, while the
KNB-S, Z-S, and R-K cultivars had only one. The lowest
sucker number (1 sucker) was observed in the R-K
cultivar, while the other cultivars had 5 suckers per
tree (Table 2). Differences in morphological traits
among cultivars could be attributed to genetic and
environmental factors, including temperature,
sunlight, rainfall, and soil conditions (Parashuram et
al., 2022; Khadivi & Arab, 2021). In this research, the
cultivars studied were from the same location,
suggesting that the observed variations were related
to genetic factors (Khadivi et al., 2020).

The morphological analysis was complemented by
assessing flower characteristics, revealing significant
variations among the studied cultivars. The longest
flowers were observed in Z-S (37.30 mm) and KNB-S
(36.70 mm), while R-K and KT-F cultivars had the
shortest flower length. Significant differences were
also found, with Z-S having the largest (46.30 mm)
and KNB-S the smallest (39.03 mm). Petal numbers
varied widely, from 332.5 to 81.50 petals per tree.
Cultivars R-K and KT-F had the highest petal number,
whereas KNB-S and Z-S cultivars had the lowest. KT-F
flowers had the largest petals, while S-F and R-K
cultivars showed the shortest petal length and width,
respectively. Notably, the flowers of S-F, R-K, and KT-
F cultivars were sterile, lacking pistils and stamens.

The lengths of stamen and styles in the flowers of the
KNB-S cultivar measured 11.80 and 11.00 mm,
respectively, while in the Z-S cultivar, these
measurements were 8.70 and 10.80 mm,
respectively. Flowers play an important role in
ornamental pomegranates as they contain different
phytochemical compounds with significant
antioxidant capacity (Karimi et al., 2017). Therefore,
assessing flower biomass across different genotypes
holds economic value (Ge et al., 2021). In this study,
flower dry weight ranged from 0.50 to 0.98 g, with the
highest dry weights observed in R-K and KT-F cultivars
and the lowest in KNB-S cultivar (Table 3). The
significant variation in flower morphology among
different pomegranate genotypes was also reported
by lkram et al. (2022), who reported that floral
characterization is essential for pomegranate
breeding programs. A recent study by Ferrara et al.
(2023) also reported a difference in flower weight
among pomegranate cultivars. According to their
findings, the phenotypic differences observed among

Egypt. J. Bot. Vol. 65, No.2 (2025)
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Table 1. Descriptive statistics for evaluated quantitative characteristics of P. granatum var. plenifiora cultivars.

Trait Abbr. Unit Min Max Average SD CV (%)
Tree height HT m 2.00 4.10 2.81 0.66 28.96
Main stem diameter MSD mm 82.00 @ 180.00 130.65 30.65 4.24
Stem diameter SD mm 4.00 9.00 6.24 1.36 18.69
Petiole length PeL mm 3.00 10.00 5.16 1.74 25.57
Leaf length LL mm 48.00 @ 84.00 64.95 9.75 4.81
Leaf width LW mm 14.00 @ 24.50 18.07 3.34 10.12
Leaf dry weight LDW gr 0.16 0.41 0.26 0.08 106.63
No. thorn on an annual shoot NTA Code 1.00 5.00 2.20 1.64 58.24
No. thorn on a perennial shoot NTP Code 1.00 5.00 2.20 1.64 58.24
No. sucker NS Code 1.00 5.00 4.20 1.64 30.51
Flower length FL mm 9.00 43.00 25.68 11.51 13.21
Flower corolla diameter CFD mm 29.50 | 55.00 43.22 6.92 6.09
Petal number PN No. 55.00 360.00 206.60 @ 107.21 5.01
Petal length PL mm 19.00  31.00 23.75 4.12 8.54
Petal width PW mm 12.10 = 24.00 19.19 2.92 8.90
Stamen length StL mm 0.00 13.00 4.09 5.29 56.24
Style length SL mm 0.00 13.00 4.36 5.63 54.42
Flower dry weight FDW gr 0.42 1.44 0.82 0.28 64.46
Polyphenol content PC mg GAEg?*DW  66.32 | 126.25 89.77 19.67 4.94
Flavonoids content FC mgQEg'DW 2524  79.24 44.18 20.05 10.13
Tannin content TC mg TAg' DW 54.65 102.32 79.26 13.57 4.65
Anthocyanin content AC mg g DW 15.11 = 43.20 31.56 7.44 8.64
DPPH DPPH ugtmL 21.30 @ 47.05 35.50 7.76 7.85

SD: Standard deviation; CV: Coefficient of variation.

Table 2. The variations of morphological traits among the studied P. granatum var. pleniflora cultivars

. . Main stem ‘Stem Petiole length Leaf length Leaf width Leaf dry 18 VTSI T (X Thorn‘on No. Sucker
Cultivar | Height (m) Ty diameter . ), P weight (g) anannual | a perennial .
(mm) ghtig shoot shoot P
KNB-S | 2.33#0.13¢ | 153.00+8.33% | 5.18+0.79¢ 4.25+0.502 54.00+5.89° 19.50+4.12% | 0.298+0.06° | 1.00+0.00¢ & 1.00+0.00° 5.00+0.00%
S-F 2.83+0.24>  87.8015.44¢ | 5.38+1.25¢ 6.25+3.30° 68.88+10.30° 15.73+1.78% | 0.215+0.06° | 5.00+0.00° & 5.00+0.00% 5.00+0.00%
Z-S 2.23+0.22¢ | 112.50422.17¢ 7.13+0.852 5.08+0.872 73.88+4.522 20.18+3.55* | 0.378+0.07%  1.00+0.00° | 1.00+0.00° 5.00+0.002
R-K 3.98+0.13% | 165.00+12.91° 7.25+1.50° 4.60+0.422 64.33+6.55%° 19.63+2.83%®  0.235+0.06° = 1.00+0.00° = 1.00+0.00° 1.00+0.00°
KT-F 2.70+0.22"  135.00%5.77°° | 6.25+1.26° 5.60+1.912 63.65+10.4220 15.33+0.90° | 0.180+0.05¢ | 3.00+0.00° & 3.00+0.00° 5.00+0.00%
Values followed by the same letter within a column indicate they are not significantly different (p < 0.05).
Table 3. The variations of flower traits among the studied P. granatum var. pleniflora cultivars
. . . Stamen Style length | Flower dry
Cultivar =~ Flower length (mm) = Corolla diameter (mm)  No. Petal per tree = Petal length (mm) = Petal width (mm) length (mm) (i) R
KNB-S 36.70+5.44 2 39.03+2.42¢ 97.75+£19.19 21.25+2.06 ¢ 20.00+1.41° 11.80+0.96 11.00+1.412 0.50+0.10°
S-F 27.653.30° 44.13+7.15° 215.00+14.72° 20.75+0.96 © 19.50+3.70 2 0.00+0.00 ©| 0.00+0.00 ¢ 0.88+0.07 2
Z-S 37.30+5.64 2 46.30£5.72 2 81.50+21.38 ¢ 25.00+1.58 ® 19.43£1.342 8.70+1.70°  10.80+2.93 ® 0.7610.07
R-K 13.75+2.63 ¢ 44.7545.85 ® 332.50+22.17 2 21.50+£3.70 ¢ 15.50+2.41° 0.00+0.00 ©| 0.00+0.00 ©| 0.97+0.40°2
KT-F 13.00+3.03 © 41.88+11.69 © 306.25+11.09 2 30.25+0.65? 21.50+2.08 @ 0.00+0.00 ©| 0.00+0.00 ¢ 0.98+0.32°?

Values followed by the same letter within a column indicate they are not significantly different (p < 0.05).

flowers of various cultivars are mainly due to the
petalization of stamens and the development of petal
transitional forms. In addition, Huo et al. (2023)
analyzed genetic variation related to flowering and
proposed that transcription factors play a crucial role
in regulating flower organ morphogenesis in
pomegranates. These studies support the present
research results, attributing the observed phenotypic
variations among the studied cultivars to genetic
factors.

Phytochemical traits

P. granatum contains several phytochemicals,
including phenolic compounds, anthocyanins,
flavonoids, and tannins (Ge et al, 2021).

Phenylpropanoid metabolism is a primary, secondary
metabolic pathway in plant cells that produces
different compounds with high antioxidant
capacities. Phenylalanine ammonia-lyase (PAL) is the
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key enzyme involved in  phenylpropanoid
metabolism, regulating the biosynthesis of phenolic
compounds, mainly phenolic acids and flavonoids
(Cesarino et al., 2022).

Variance analysis revealed that the cultivar type
significantly influenced the phytochemical traits of
the flower extract. Significant differences were
observed among the studied cultivars P. granatum
var. pleniflora concerning the content of total phenol,
flavonoids, hydrolyzable tannins, and antioxidant
capacity. According to Abdolahi et al. (2018),
polyphenols constitute a large proportion of the
antioxidants in pomegranate flowers. The study
found a considerable difference between the
cultivars' highest and lowest total phenol content.
The highest phenol content (119.33 mg GAE g-1 DW)
was recorded in the Z-S cultivar, 70% higher than the
lowest total phenol content observed in KT-F flowers.
The total phenol content in the studied cultivars
exceeded the values reported by Abdolahi et al.
(2018). The Z-S cultivar also exhibited the highest
flavonoid content at 72.21 mg QE g-1 DW, while KNB-
S, KT-F, and S-F cultivars had the lowest flavonoid
content at 26.93, 28.78, and 30.5 mg g-1 QE DW,
respectively. A similar range of phenolic compound
content in Iranian pomegranate flowers was reported
by Tekin and Kucukbay (2024).

Anthocyanins, derivates of flavonoids, are water-
soluble pigments with significant pharmacological
properties due to their high antioxidant capacity
(Gosciniak et al., 2022). The antioxidant activity of
anthocyanins is correlated with the number of
phenolic hydroxyl groups on the B-ring of their
structure (Zhang et al., 2011). In this study, no
significant differences were found among the
cultivars  regarding anthocyanin  content in
pomegranate flowers, which ranged from 27.26 mg g-
1DW in KT-F to 38.03 mg g-1 DW in KNB-S. The tannin
content in P. granatum var. pleniflora flowers varied
from 65.69 to 95.94 mg TA g-1DW, averaging 79.26
mg TA g-1 DW. The highest content of hydrolyzable
tannins was observed in the Z-S and KT-F cultivars,
while the lowest levels were found in the S-F and R-K
cultivars. These differences in phenolic compound
content among cultivars are attributed to variations
in  photo-assimilation,  environmental  stress
responses, and plant defense mechanisms (Hmid et
al.,, 2017). In addition, the expression of genes and
enzymes involved in the phenylpropanoid pathway
can vary between species and within a single species
(Fellah et al., 2018).

In this study, the antioxidant activity of flower
extracts was assessed using IC50, where lower 1C50
values indicated higher DPPH scavenging ability. The
DPPH antioxidant capacity of the cultivars ranged
from 25.29 to 44.87 pg mlL-1. The Z-S cultivar,
followed by the R-K cultivar, showed the highest
antioxidant activity, while the KT-F cultivar had the
lowest DPPH activity (Table 4). The superior
antioxidant efficiency of the Z-S flower extract at low
concentrations was attributed to its higher content of
different  phenolic compounds. Considerable
variations in the phenolic compound content and
antioxidant potential of pomegranate flowers have
been reported in previous studies (Abdolahi et al.,
2018; Elfalleh et al., 2012; Fellah et al., 2018; Zhang et
al., 2011). Abdolahi et al. (2018) reported the
antioxidant capacity of Iranian pomegranate flowers
with an IC50 value of 27.92 pug mL-1 IC50.

An antioxidant assessment in this research indicates
that pomegranate flowers from the studied cultivars
are rich sources of natural antioxidant phenolic
compounds, such as anthocyanin, flavonoids, and
tannins. These findings highlight the potential of
pomegranate flowers for greater utilization by
pharmaceutical and food industries in developing
health-promoting products with high nutritional
value. Furthermore, exploring new pomegranate-
based products such as ready-to-eat pomegranate
flowers, frozen flowers, and syrup is recommended to
support a healthier lifestyle.

Correlation analysis

One of the most used procedures by breeders in
breeding programs is selection based on the results of
correlation analysis (Arlotta et al., 2022). The Pearson
correlation coefficients confirmed a significant
relationship among the assayed traits (Figure 2). Leaf
dry weight was positively correlated with leaf width
(r=0.805), stamen length (r= 0.893), style length (r=
0.811), and flower length (r= 0.813), and negatively
correlated with petal number (r=-0.842). Flower dry
weight was positively correlated with petal number
(r= 0.847), and there was a negative correlation
between the flower dry weight and the length of style
(r=-0.937), stamen (r=-0.870) and flower (r=-0.841).
A positive correlation was observed between
anthocyanin content and style length (r= 0.938),
flower length (r= 0.888), and stamen length (0.885).
In addition, anthocyanin content was negatively
correlated with petal number (r=-0.881) and flower
dry weight (r=-0.991).
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Figure 2. Pearson correlation coefficients among 23 morphological and phytochemical traits of P. granatum var. pleniflora cultivars. DPPH:
Antioxidant activity; PC: Total phenol content; FC: Total flavonoids content; SD: Stem diameter; CFD; Corolla diameter; MSD: Main stem diameter;
FDW: Flower dry weight; PN: Petal number; HT: Tree height; AC: Total anthocyanin content; LW: leaf width; LDW: leave dry weight; FL: Flower
length; StL: Style length; SL: Stamen length; PL: Petal length; TC: Total tannin content; PW: Petal width; NS: Number of sucker; NTA: Number of
thorn on an annual shoot; NTP: Number of thorn on a perennial shoot; LL: Leave length; PeL: Petiole length.

Table 4. The variations of phenolic compounds and antioxidant activity among the studied P. granatum var. pleniflora cultivars

Cultivar Total phenol Flavonoids Anthocyanin Tannin DPPH
(mg GAEg'DW)  (mgQE g™ DW) (mg g™ DW) (mg TAg™ DW) (ng mL?)
KNB-S 78.54+3.08 © 26.93+1.47 © 38.03+3.91° 77.99+2.88 © 38.01£1.95°
S-F 76.13+3.71 ¢ 30.59+1.51 ¢ 30.60+4.37 2 65.69+6.32 © 40.40+1.71°
Z-S 119.33+5.312 72.21+5.502 33.3619.95°2 95.94+5.67 @ 25.29+2.64 ¢
R-K 104.56+2.47 62.41+7.45° 28.53+9.68 2 66.16+8.30 © 28.92+2.40 ¢
KT-F 70.283.76 ¢ 28.78+2.36 © 27.26+4.98 2 90.53+0.80 @ 44.87+2.72°

Values followed by the same letter within a column indicate they are not significantly different (p < 0.05).

The correlation analysis of the assayed phytochemical
traits showed a significant positive relationship
between DPPH antioxidant activity and total
flavonoid (r= 0.930) and phenol (r= 0.710) content. A
significant correlation between different phenolic
compounds and antioxidant activity has been
previously reported by Montefusco et al. (2021) and

Haldhar et al. (2022). According to Gosciniak et al.
(2022), antioxidant potential is closely linked to
reductones, which neutralize free radicals. The
antioxidant activity of phenolic compounds is
attributed to their redox properties, hydrogen-
donating abilities, and singlet oxygen scavenging.
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Principal component analysis

Several traits with high-dimensional data are the
main constricts of interpreting results in biology
experiments. Principal component analysis (PCA) is
commonly used to facilitate the interpretation of
complex data by reducing it to fewer dimensions and
summarizing the key traits. PCA determines the main
features with high variability that play a key role in
distinguishing the effects of the applied treatments.
Therefore, the selected traits can be considered an
index for identifying cultivars or genotypes with the
desired characteristics (Ashrafi et al., 2022).

This study conducted PCA on the morphological and
phytochemical traits of the five pomegranate
cultivars. PCA explained 30.38 and 22.35% of the total
variance on the first and second components. Figure
3 shows the eigenvalue of the first 19 PCs of 23
assayed traits. Khadivi et al. (2020) explained 72.06%
of the total variance in 23 PCs of Iranian wild
pomegranate accessions. PC1 was dominated by
stamen length, leaf dry weight, style length, flower
length, leaf width, anthocyanin content, petal
number, and throne number. PC2 included tree
height, flavonoid content, stem diameter, phenol
content, number of suckers, and petal width (Figure
4A). Biplot analysis based on the key characteristics
of the two first PCs revealed a two-dimensional
distribu a f the studied cultivars. The positions of
two or cultivars in the same part of the biplot
graph indicate their genetic similarity (Ashrafi et al.,
2022).

According to PCA, the KNB-S cultivar was separated
from the others along PC1 due to its longest flower,
style, and stamen. In addition, the R-K cultivar was
associated with PC2, while the Z-S cultivar was
characterized by its high levels of total phenol,
flavonoids, and DPPH. The S-F and KT-F cultivars were
clustered together with negative values for PC1 and
PC2, characterized by a high number of suckers and
throne (Figure 4B). These results suggest that both
morphological and phytochemical traits are key
factors in differentiating the studied cultivars of P.
granatum var. pleniflora. Similar findings were
reported by Ikram et al. (2022), who emphasized the
importance of morphological traits in identifying and
clustering pomegranate cultivars, accessions, and
genotypes.

N
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Figure 3. The eigenvalue of first 19 principal components of 23
assayed traits of Punica granatum var. pleniflora cultivars.

PC2 (22.61%)

1.0 0.5 0.0 05 1.0
ar® "
L}
H B
i "
"
"
—_ '
£ o =
o "
o "
o ' s
& H
[
o H
1
[ = e SRR e SRR S o]
: "
iil— "
. cos2
KTF ¥
- : KNES !,0.7
H Ll s
! LE]
2= A |0

: [P
00 25

PC1(36.53%)

Figure 4. Principal components analysis (PCA) based on 23 assayed
traits of Punica granatum var. pleniflora cultivars. DPPH:
Antioxidant activity; PC: Total phenol content; FT: Total flavonoids
content; SD: Stem diameter; CFD; Corolla diameter; MSD: Main stm
diameter; FDW: Flower dry weight; PN: Petal number; HT: Tree
height; AC: Total anthocyanin content; LW: leaf width; LDW: leave
dry weight; FL: Flower length; StL: Style length; SL: Stamen length;
PL: Petal length; TC: Total tannin content; PW: Petal width; NP:
Number of sucker; EY: Number of thorn on an annual shoot; EM:
Number of thorn on a perennial shoot; LL: Leave length; PeL: Petiole
length.
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CONCLUSION

The present research aimed to assay Iranian
pomegranate cultivars' morphological and
phytochemical diversity. The pomegranate cultivars
were selected from the same site. The results
demonstrated significant variations in phenotypical
traits among the cultivars. Furthermore, there was
considerable diversity in the content of different
phenolic compounds and antioxidant activity. The
methanolic extract of the Zinati-e-Saveh cultivar
exhibited the highest levels of total phenols, total
flavonoids, anthocyanin, hydrolyzable tannins, and
antioxidant capacity. Principal Component Analysis
(PCA) based on the evaluated traits further confirmed
the distinct differences. Given the experimental site's
similar environmental conditions, growth medium,
and production operations, the observed differences
are likely attributed to genetic variations. Therefore,
these cultivars represent a rich genetic source for
further breeding programs. Overall, considerable
variation was observed in both phenotypic and
phytochemical traits. This research not only provides
valuable insights into each cultivar's growth, yield
components, and phytochemical potential but also
highlights superior traits and cultivars. Furthermore,
the correlation between morphological and
biochemical traits facilitates the identification of key
biochemical parameters and active substances,
thereby reducing time and cost.
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	Flowers of the studied cultivars were harvested in May and desiccated in the shade at room temperature. The dried flowers were then powdered and extracted by maceration in 100 ml of methanol at 30˚C. The solution was covered with parafilm to prevent t...
	Total flavonoids content measurement
	The total flavonoid content of the flower samples was determined based on the formation of the flavonoid aluminum complex as described by Zhao et al. (2018). One milliliter of the methanolic extract was mixed with 1 mL of 2% aluminum chloride solution...
	The total anthocyanin content of the flower samples was measured using the pH-differential method, as described by Giusti and Wrolstad (2001). The methanolic extract was mixed separately with potassium chloride buffer (0.025 M, pH 1.0) and sodium acet...
	The antioxidant activity was expressed as IC50, representing the sample concentration required to achieve 50% inhibition of free radicals.

