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Abstract:

Punica granatum L. possesses significant nutritional and medicinal potential. Its pharmacological activities have been
investigated, but no comparative evaluation has been reported regarding the effect of different extraction solvents on the
phytochemical content and antioxidant activity of its leaf, bud, and flower extracts.

This research involved seven various solvents, namely methanol, ethanol, water, acidified methanol, acidified ethanol, acidified
water, and hexane. A set of experiments made it possible to define the effect of each of these solvents on the contents of phenolics,
flavonoids, flavanols, flavonols, anthocyanins, and tannins, as well as on the antioxidant activity of pomegranate leaf, bud and
flower tissues. The research objective was to identify the optimal solvent for the most effective extraction of the abovementioned
functional compounds. The antioxidant activity tests involved DPPH free radical scavenging, metal chelating, iron (I1I) reducing
power, and CUPRAC assays.

The aqueous extract of P. granatum leaves demonstrated the highest total phenolic content (192.57 mg GAE/g extract) while the
greatest flavonoid content belonged to the acidified methanol extract of P. granatum buds (73.93 mg RE/g extract). The HPLC
analysis detected such significant phenolic compounds as punicalagin in buds and flowers, as well as gallic acid in leaves. All
the extracts showed good antioxidant activity; however, the bud extracts had a better antioxidant profile than the extracts from
leaves and flowers.

The pomegranate leaf, bud, and flower extracts demonstrated excellent phytochemical and antioxidant properties, which makes
it possible to recommend these plant tissues as raw materials to be used in pharmaceutical, food, nutraceutical, and cosmetic
industries.

Keywords: Punica granatum L., pomegranate buds, pomegranate leaves, pomegranate flowers, antioxidant activity,
phytochemical analysis, pharmacological potential
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INTRODUCTION tokines, tobacco smoke, and some pharmaceutical agents

can also trigger reactive oxygen species production [3, 4].

Antioxidants and their functions in physiological cell
processes can normally balance reactive oxygen species.
At high concentrations, reactive oxygen species become
pathological and cause oxidative stress [2—5]. Oxidative
stress is defined as an imbalance between oxidants and
antioxidants caused by excessive production of reactive
oxygen species [3, 6]. Oxidative stress is responsible for

Reactive oxygen species, such as superoxide anion
(0,), hydrogen peroxide (H,0,) and hydroxyl radical
(HO"), comprise both free radical and non-free radical
species formed by the partial reduction of oxygen [1, 2].
Reactive oxygen species are a result of mitochondrial res-
piration. It involves a variety of enzymes, e.g., nicotina-
mide adenine dinucleotide phosphate oxidase, xanthine

oxidase, nitric oxide synthase, and peroxisomal consti-
tuents [3]. However, environmental toxins, ultraviolet and
ionizing radiation, quinone compounds, inflammatory cy-

such cardiovascular diseases as atherosclerosis, isch-
emia, hypertension, and cardiomyopathy. It is known to
cause cancer, kidney diseases, food allergies, and other
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allergic conditions, e.g., asthma, rhinitis, atopic derma-
titis, etc. Oxidative stress is also associated with such
neurological diseases as depression, memory loss, amyo-
trophic lateral sclerosis, Parkinson disease, Alzheimer
disease, etc. [7, 8]. Natural antioxidants maintain the de-
licate balance between oxidants and antioxidants, thus
protecting the cell from the harmful effect of reactive
oxygen species [8].

Synthetic antioxidants include butylated hydroxy-
anisole, butylated hydroxytoluene, propyl gallate, and
tert-butyl hydroquinone. They can also be used to avoid
the harmful effects of oxidative stress. However, a long-
term intake has been found to increase the risk of can-
cer [9, 20]. Herbs, species, seeds, fruits, vegetables, and
edible mushrooms are natural sources of antioxidants [11].

The pomegranate (Punica granatum L.) is one of the
world’s oldest cultivated and consumed fruit [12]. This
plant belongs to the Lythraceae family [13]. Pomegrana-
tes are cultivated in Turkey, Morocco, Spain, Afghani-
stan, Egypt, Italy, India, China, Pakistan, Africa, Israel,
Japan, the USA, Russia, Australia, and Saudi Arabia [14].
Pomegranates are valued for their peel, seeds, arils, flo-
wers, and leaves. They are an important source of phy-
tochemicals with proven antioxidant properties [15-20].
Different parts of pomegranate cure a variety of diseases
in Islamic, Ayurvedic, Persian, Unani, and Chinese folk
medicines. Pomegranate bark and root treat diarrhea, dy-
sentery, and ulcers; seeds are used to treat anorexia and
dyspepsia; flowers are applied in case of gingival inflam-
mation, gomphosis, and other dental ailments [21]. In ad-
dition, pomegranate extracts demonstrate important
pharmacological activities. Leaf extracts exhibit antican-
cer, antibacterial, anti-diabetic, anti-inflammatory, anti-
cholinesterase, and antigenotoxic effects [19, 22-25]. Flo-
wer extracts demonstrate anti-diabetic, anti-inflammatory,
analgesic, antibacterial, hepatoprotective, and antispas-
modic properties [26—31]. Bud extracts show antihista-
minic and antiproliferative activities [32, 33].

The pharmacological properties of pomegranate leaf,
flower, and bud extracts attract scientific attention due
to their antioxidant activity and phytochemical con-
tent. In plants, phytochemical components and antioxi-
dant properties depend on such factors as genotype, cli-
mate, maturity, cultivation practice, region, and extrac-
tion solvent [34-36]. The extraction solvent is a signif-
icant factor that affects both quality and quantity [37].
Wakeel et al. demonstrated the importance of solvent
type and polarity [38]. In their study of Isatis tinctoria L.,
methanol-ethyl acetate proved to be the most efficient
solvent in terms of total phenolic content in leaves
while methanol and acetone-water were the most ef-
fective solvents in flower extracts. Elfalleh et al., who
studied P. granatum flowers, leaves, seeds, and peels,
reported methanol to be more effective solvent for poly-
phenols than water [39].

Therefore, each plant has its own most effective ex-
traction solvent. According to the literature that we
reviewed, pomegranate buds are low in antioxidant acti-
vity. This research featured the effect of seven different
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extraction solvents on the phytochemical content and
antioxidant activity of pomegranate leaves, flowers, and
buds. We also investigated the relationship between
their phytochemical content and antioxidant activity.

STUDY OBJECTS AND METHODS

Chemicals and equipment. The research included
trichloroacetic acid (TCA), ethylenediaminetetraacetic
acid (EDTA), butylated hydroxytoluene (BHT), butyla-
ted hydroxyanisole (BHA), 1,1-diphenyl-2-picryl hydra-
zyl (DPPH), a-tocopherol (a-TOC), ferrous chloride, so-
dium carbonate, sodium acetate, aluminum chloride,
4-(dimethyamino)cinnamaldehyde (DMAC), and neocu-
prine. These chemicals were purchased from Sigma,
USA. Ethanol, methanol, glacial acetic acid, ferric chlo-
ride, ammonium acetate, copper (II) chloride, and for-
mic acid came from Merck, Germany. Gallic acid and
n-hexane were purchased from Riedel-de Haén. All other
reagents and solvents were of analytical grade. The rese-
arch involved such equipment as a lyophilizer (Christ Al-
pha 1-2 LD Plus), a heating mantle (Daihan WHM 12013),
a rotary evaporator (Laborota 4000-efficient Heidolph),
a spectrophotometer (Shimadzu UV-1601), a shaking wa-
ter bath (Clifton 100—-400 rpm), a centrifuge (Niivefuge
CN180), a vortex (Fisons), a pH meter (Jenco 6177), and
a high-performance liquid chromatographer (Shimadzu)
with a diode array detector (DAD).

Plant materials. Buds, flowers, and leaves of Pu-
nica granatum L. were picked up manually in Adiyaman
(Kahta, southeast territory of Anatolia) in 2020. A vou-
cher specimen (ZT1001) was identified by Professor
Turan Arabaci (Inonii University). It was stored at the
herbarium of the Pharmacy Department of inonii Uni-
versity, Malatya. Each of the samples was dried in a
freeze dryer for two days and then pulverized.

Preparing P. granatum extracts. We extracted 20.0 g
of each sample, i.e., leaves, flowers, and buds, with dif-
ferent solvents in the following order: methanol, ethanol,
water, n-hexane, 1.0% formic acid in methanol, 1.0%
formic acid in ethanol, and 1.0% formic acid in water.
The procedure involved a Soxhlet extractor and lasted
for 4 h. The extract was concentrated at 40°C in a rotary
evaporator. All the extracts were kept in an airtight con-
tainer and stored at 4°C in a refrigerator.

Determining total phenolic content. We used the
Folin-Ciocalteu assay with slight modifications to esti-
mate the total phenolic content in all extracts [40]. In
brief, 50 pL of extract solutions were mixed with 450 pL
of distilled water and 250 pL. of 10-fold diluted 2.0 N
Folin-Ciocalteu reagent. We vortexed the mix and incuba-
ted it for 5 min before adding 2500 uL of 2.0% Na,CO,
and vortexing it once more. After incubating, all the
samples remained at room temperature for 2 h. After
that, their absorbance was measured at 765 nm using an
ultraviolet-visible spectrophotometer. The calibration
curve was constituted using gallic acid (GA). Finally, we
determined the total phenolic content using the calibra-
tion line of gallic acid and expressed it as mg GAE/g ex-
tract, i.e., | mg gallic acid equivalent per 1 g of extract.
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Determining total flavonoid content. We used the
aluminum chloride colorimetric method to define the
total flavonoid content in all extracts [41]. We incubated
a mix of 500 uL of extract solution, 4500 pL distilled
water, and 300 pL NaNO, (1:20) at room temperature for
5 min before adding 300 pL of AICI, (1:10). After 6 min
of incubation, we added 2000 pL of NaOH (1.0 M) and
2400 pL of distilled water and vortexed the resulting
mix. Its absorbance was registered at 510 nm with a
spectrophotometer. We sued a calibration curve for rutin
to determine the total flavonoid content, which we expres-
sed as mg RE/g extract, i.e., 1 mg of rutin equivalent
(RE) per 1 g of extract.

Determining total flavonol content. The total flavo-
nol content was determined as described by Kumaran &
Karunakaran [42]. According to the procedure, we mi-
xed 1000 pL extract solution with 1000 pL AICI, (1:50)
and 3000 pL CH,COONa (1:20). After incubating the
mix at room temperature for 30 min, we measured the
absorbance at 440 nm using a spectrophotometer. The
total flavonol content was calculated based on the quer-
cetin calibration curve and expressed the results as mg
QUE/g extract, i.e., | mg of quercetin equivalent (QUE)
per 1 g extract.

Determining total flavanol content. This procedure
involved the dimethylacetamide (DMACc) reagent, as re-
commended by McMurrough & McDowell [43]. In this
method, the reaction mix comprised 1.0 mL of extract
and 3.0 mL dimethylacetamide (1:100). We vortexed the
mix and allowed it to settle for 20 min. The absorbance
was registered at 640 nm using an ultraviolet-visible
spectrophotometer. We used the catechin calibration curve
and expressed the results as mg CE/g extract, i.e., 1 mg
catechin equivalent per 1 g extract.

Determining total anthocyanin content. This expe-
riment involved a spectrophotometer and the pH differen-
tial method [44]. We used two buffer systems: potassium
chloride buffer with pH of 1.0 (25.0 mM) and sodium
acetate buffer with pH of 4.5 (0.4 M). We mixed 0.4 mL
extract solution with 3.6 mL of each buffer and incu-
bated the resulting mix at room temperature for 15 min.
The absorbance was registered at 510 and 700 nm using
an ultraviolet-isible spectrophotometer. The total antho-
cyanin amount was demonstrated as equivalents for
cyanidin-3-glucoside (mg Cy3G/kg extract).

Determining total tannin content. We used the vanil-
lin-HCI staining method as proposed by Broadhurst &
Jones [45]. This method relies on the ability of tannin
to react with vanillin in the presence of HCI, giving a
pink-red color [46]. We added 1.0 mL of extract, 3.0 mL
vanillin reagent (1:25), and 1.5 mL concentrated HCI to
tubes wrapped in aluminum foil. After vortexing, we
incubated the mix in the dark at room temperature for
15 min. The absorbance was registered at 500 nm. The out-
comes were given as epicatechin equivalent (mg ECE/g
extract).

HPLC analysis for individual phenolic compounds.
To identify the phenolic composition of P. granatum
extracts, we used a high-performance liquid chroma-
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tographer with a diode array detector. The chromato-
graphic separation included an ACE column (5 um, C18,
250%4.6 mm) heated at 30°C. Mobile phase A compri-
sed 70.0% acetonitrile and 30.0% distilled water while
mobile phase B comprised 2.0% acetic acid in water.
The experimental conditions were as follows: 5:95 A: B
for 0-3 min, 15:85 for 4—40 min, 70:30 for 41-50 min,
90:10 for 50.01-55 min, 95:5 for 56—60 min. The flow
rate was 1 mL/min. The chromatograms were taken at
250, 280, 320, and 360 nm.

Determining DPPH free radical scavenging acti-
vity. The 2,2-diphenyl-1-picrylhydrazyl (DPPH) free ra-
dical activity was measured as described by Blois [47].
We took 3.0-mL extract solutions at concentrations of
12.5, 25.0, 37.5, 62.5, and 125.0 ug/mL and added 1.0 mL
of DPPH solution. After vortexing the mix and incuba-
ting it in the dark at room temperature for 30 min, we
measured the absorbance of the solution at 517 nm using
an ultraviolet-visual spectrophotometer. We appealed to
butylated hydroxytoluene (BHT), butylated hydroxyani-
sole (BHA), and a-tocopherol (a-TOC) as reference stan-
dards. The outcomes were given as percentage of DPPH
radical scavenged by the extracts.

Determining ferrous ion chelating activity. We
adopted the method described by Carter to specify the
metal chelating activity [48]. In line with the procedure,
we mixed the extract solutions at concentrations of 12.5,
25.0, 37.5, 62.5, and 125.0 pg/mL with 0.10 M sodium
acetate buffer (pH 4.9) and 0.01% iron (II) chloride. After
vortexing the mix and incubating it for 15 min, we added
40.0 mM ferrozine. After 10 min, we registered the absor-
bance at 562 nm, using ethylenediaminetetraacetic acid
(EDTA) as positive control. The outcomes were given as
percentage of inhibition of ferrozine-Fe*" complex.

Determining reducing power. We used the method
described by Oyaizu to measure the reducing power abi-
lity of P. granatum extracts [49]. We added 0.20 M phos-
phate buffer (pH 6.60) and 1.0% potassium ferricyanide
to 1.0 mL extract solutions at the concentrations of 5.88,
14.70, 29.41, and 44.11 pg/mL. After vortexing, we incuba-
ted the resulting mix in a water bath at 50°C for 20 min,
followed by centrifuging at 6000 rmp for 10 min. Subse-
quently, we transferred 1250 pL supernatants to another
tube, adding 1250 pL of distilled water and 500 pL of
iron (IIT) chloride. After vortexing, we registered the ab-
sorbance at 700 nm, using butylated hydroxytoluene
(BHT), butylated hydroxyanisole (BHA), and a-toco-
pherol (a-TOC) as reference standards.

Determining total antioxidant capacity. This proce-
dure involved the CUPRAC (cupric reducing antioxidant
capacity) method as described by Apak et al. [50]. We
added 1000 pL of 10.0 mM CuCl,, 1000 puL 7.5 mM neo-
cuproine, 1000 pL 100.0 mM ammonium acetate buffer
(pH 7.00), 100 puL extract solutions, and 1000 puL distil-
led water in the test tubes. After vortexing the mix and
incubating it in the dark at room temperature for 30 min,
we measured the absorbance at 450 nm using an ultravio-
let-visible spectrophotometer. The outcomes were presen-
ted as umol Trolox equivalents (umol TRE/g extract).
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Statistical analysis. All tests were carried out in
triplicate. The results were given as mean + standard de-
viations. We also performed the Tukey’s Honestly Sig-
nificance Difference (HSD) test to compare significant
differences between means.

RESULTS AND DISCUSSION

Pomegranate leaf, bud, and flower extract yield.
Punica granatum L. leaves, buds, and flowers were ex-
tracted using solvents with different polarities. Acidified
solvents were used to extract more phenolic compounds,
depending on the nature of the polyphenols in the struc-
ture of the plant materials, characterized using the
HPLC method. Acidified organic solvent was used to
obtain phenolic extracts with high anthocyanin content.
According to the yield results (Table 1), acidified metha-
nol proved to be the most effective extraction solvent.
However, the yields ranged from 0.91-40.75, 1.77-58.76,
and 0.36-37.45% for leaf, bud, and flower extracts, re-
spectively. The highest extraction yield was found in
the bud extract.

In general, the bud extract registered the best yield
in acidified methanol and methanol (58.76 = 1.11 and
51.61 = 1.59% respectively), followed by leaves (40.75 +
0.46) and flowers (37.45+0.64) in acidified methanol.
Trabelsi et al. used six different solvents to extract P. gra-
natum leaves: hexane, chloroform, ethyl acetate, ethanol,
aqueous, and acetone/water [51]. The highest extract yield
of 20.07% belonged to the aqueous leaves extract. In ano-

Table 1 Extraction yield in different Punica granatum L. tissues

ther study, Kaur ef al. applied a Soxhlet extractor to flo-
wers and obtained a 23.51% yield with 95.0% ethanol [52].

These differences in yield can be due to the method
of extraction and the region where the plant came from.
Likewise, the extraction yield depends on temperature,
solvent, solvent/sample ratio, and extraction time, as
well as on the particle size and chemical nature of plant
tissues. Under the same extraction time and temperature,
solvent and chemical composition remain the two most
important factors [53, 54].

Total phenolic content in different pomegranate
parts. To specify the total phenolic content of the leaf,
bud, and flower extracts, we applied a regression equa-
tion of calibration curve (y = 0.0096x + 0.0742) and ex-
pressed the result as mg GAE/g extract, i.e., | mg gallic
acid equivalent per 1 g of extract (Table 2). The amount
of total phenolic extracted from leaves, buds, and flo-
wers in different solvents ranged from 10.64 + 0.07 to
192.57 + 0.02 mg GAE/g extract. Among all the extracts,
the aqueous extract of leaves had the highest phenolic
content (192.57 = 0.02 mg GAE/g extract), followed by
the methanol and the acidified methanol extracts of
buds (187.97 £ 0.03 and 187.16 + 0.07 mg GAE/g extract),
respectively.

According to our data, methanol proved to be the
most effective solvent for extraction of phenolic com-
pounds from pomegranate leaves, buds, and flowers.
Also, the pomegranate bud extracts were rich in phe-
nols. In our study, the total phenolic content in the leaf
extract appeared to be higher than that reported by

Extraction solvents Yield, %

Leaves Buds Flowers
Methanol 30.79 £ 0.24¢ 51.61 £ 1.59° 28.57 £ 1.66¢"
Ethanol 26.22 +1.19% 29.28 £0.42¢ 26.31 £ 0.35f%
‘Water 16.08 £2.64 27.93 £0.89f 23.36 = 0.662
Acidified methanol 40.75 £ 0.46° 58.76 £ 1.11* 37.45 £ 0.64
Acidified ethanol 21.60 +0.57" 36.89 + 1.29¢ 16.79 + 0.34)
Acidified water 16.07 £ 0.79i 26.26 + 0.43"% 18.54+0.211
n-Hexane 0.91 +0.10% 1.77 £0.07% 0.36 = 0.06*

Different letters indicate significantly different levels according to Tukey’s Honestly Significance Difference test

Values are given as mean + standard deviation

Table 2 Total phenolic content in different parts of Punica granatum L.

Extraction solvents

Total phenolic content, mg GAE/g extract

Leaves Buds Flowers

Methanol 173.91 +£0.07¢ 187.97 £ 0.03" 174.74 £ 0.06"
Ethanol 124.70 + 0.04° 172.40 + 0.05" 153.09 + 0.06'
Water 192.57 £0.02* 156.51 £0.03i 122.87 £0.04»
Acidified methanol 150.78 + 0.07™ 187.16 £ 0.07¢ 175.52 £ 0.58¢
Acidified ethanol 80.30 £ 0.05¢ 170.88 £ 0.11¢ 154.54 £ 0.07*
Acidified water 178.12 £ 0.05¢ 147.91 £ 0.05" 123.18 £ 0.357
Hexane 10.64 £ 0.07" 41.51 +£0.04" 21.57+0.04°

Different letters indicate significantly different levels according to Tukey’s Honestly Significance Difference test

Values are given as mean =+ standard deviation
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Bekir et al. and Elfalleh et al. [24, 39]. However, the
phenolic content in the flower extract was lower than
that reported by Zheng et al. [55]. In addition, the po-
megranate bud extract in our study contained more total
phenolics than that reported by Attanayake et al., which
was 110.37 mg GAE/g [56]. Our results for total pheno-
lic content were in agreement with those published by
Orgil et al. who reported that pomegranate buds had
more phenolics than leaves and flowers [33]. Such dif-
ferences may be explained by the different extraction
solvents and pomegranate cultivars.

Total flavonoid content in different pomegranate
parts. To calculate the total flavonoid content in pome-
granate leaf, bud, and flower extracts, we appealed to a
regression equation of calibration curve (y = 0.005x +
0.0217) and expressed the obtained results as mg RE/g
extract, i.e., | mg of rutin equivalent (RE) per 1 g of ex-
tract (Table 3). The amount of total flavonoid extracted
from leaves, buds, and flowers in different solvents varied
from 8.83 + 0.29 to 73.93 + 0.09 mg RE/g extract. Table 3
shows that the highest total flavonoid content (73.93 +
0.09 mg of rutin in 1 g of extract) belonged to the acidi-
fied methanol bud extract whereas the lowest one (8.83 +
0.29 mg rutin in 1 g of extract) belonged to the hexane
leaf extract. Our results seem to be much higher than the
total flavonoid content in the leaf and flower extracts re-
corded by Mekni et al. and Elfalleh [39, 57].

These differences result from the cultivar diversi-
ty. In addition, the acidified solution of methanol was
more efficient than the other solvents used for flavonoid

extraction. Kopjar et al. reported that acidified metha-
nol extract had the highest total flavonoid content,
which supports the results of our study [58].

Total flavonol content in different pomegranate
parts. To specify the total flavonol content in the pome-
granate leaf, bud, and flower extracts, we used a regres-
sion equation of calibration curve (y = 0.0148x + 0.0278)
and expressed the results as mg QUE/g extract, i.e., 1 mg
of quercetin equivalent (QUE) per 1 g extract (Table 4).
In our case, the acidified methanol extract of pome-
granate buds had higher flavonol content than the other
extracts. The highest flavonol amount belonged to the
pomegranate bud extracts.

Cheurfa et al. examined the antioxidant and anti-
diabetic properties of pomegranate leaves [19]. They re-
ported the total flavonol contents in aqueous and hydroal-
coholic extracts as 9.20 = 2.80 and 7.68 = 0.60 mg QUE/g
extract, respectively. Although the abovementioned re-
search gives an important amount of data about pome-
granate, very little information is available regarding the
total flavonol content of pomegranate leaves, buds, and
flowers.

Total flavanol content in different pomegranate
parts. To measure the total flavanol content in pome-
granate leaf, bud, and flower extracts, we used a regres-
sion equation of calibration curve (y = 0.1317x + 0.0021)
and expressed the obtained results as mg CE/g extract,
i.e.,, 1 mg catechin equivalent per 1 g extract (Table 5).
We detected some significant difference in flavanol con-
tent between extraction solvents and plant tissues. The

Table 3 Total flavonoid content in different parts of Punica granatum L.

Extraction solvents

Total flavonoid content, mg RE/g extract

Leaves Buds Flowers

Methanol 69.83 £ 0.13¢ 72.53 £0.05° 49.33 £0.21
Ethanol 55.57 +0.09" 60.57 +0.13¢ 43.37+0.17
Water 72.73 £0.09° 67.67 £0.09¢ 46.57 £0.13%
Acidified methanol 69.50 £ 0.08¢ 73.93 £0.09* 62.30£0.22°
Acidified ethanol 39.43 £0.13™ 66.27 £0.13¢ 54.63 £0.33!
Acidified water 60.00 £ 0.08¢ 69.70 + 0.08¢ 60.00 £ 0.14¢
Hexane 8.83 £0.29° 11.17£0.13" 9.03+£0.21°

Different letters indicate significantly different levels according to Tukey’s Honestly Significance Difference test

Values are given as mean + standard deviation

Table 4 Total flavonol content in different parts of Punica granatum L.

Extraction solvents

Total flavonoid content, mg QUE/g extract

Leaves Buds Flowers
Methanol 8.12 +£0.054 8.49 +£0.07 7.30+£0.32f
Ethanol 6.75 £ 0.08" 6.67 =0.05" 547 £0.06
Water 8.97+0.07° 7.10+£0.11% 7.20+£0.07"
Acidified methanol 7.05+0.07t" 9.44 £ 0.05° 8.79 £ 0.06%
Acidified ethanol 6.02+0.12 5.57+0.13i 7.33+0.19°
Acidified water 8.08 £0.05° 8.22 +£0.05% 7.91 +0.05¢
Hexane 0.41 +£0.02! 0.69 + 0.05' 1.18 +0.04%

Different letters indicate significantly different levels according to Tukey’s Honestly Significance Difference test

Values are given as mean + standard deviation
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Table 5 Total flavanol content in different parts of Punica granatum L.

Extraction solvents

Total flavonoid content, mg CE/g extract

Leaves Buds Flowers
Methanol 0.79 £0.07® 0.64 £0.07* 0.59 £0.03>*
Ethanol 0.77 £ 0.03%< 0.63 +0.03>" 0.54+£0.03¢f
Water 0.88 £0.02° 0.60 +0.01>* 0.53 £ 0.04¢F
Acidified methanol 0.74 £ 0.06*¢ 0.62 £ 0.08>" 0.54 £0.02¢F
Acidified ethanol 0.73 £0.09** 0.57 +£0.03>F 0.50 + 0.03¢"
Acidified water 0.70 £ 0.02*F 0.56 £ 0.04<* 0.48 £ 0.03f
Hexane 0.18 +0.09¢ 0.12 +0.03¢ 0.13 +0.02¢

Different letters indicate significantly different levels according to Tukey’s Honestly Significance Difference test

Values are given as mean + standard deviation

Table 6 Total anthocyanin content in different parts of Punica granatum L.

Extraction solvents

Total anthocyanin content, mg Cy3G/kg extract

Leaves Buds Flowers
Methanol 0.11 £0.02 2.97 +0.09¢ 3.36+0.14¢
Ethanol 0.14 £ 0.00' 1.17 £0.03¢ 1.86 +0.28"
Water 0.26 +0.011 0.48 £0.31M 0.94 + 0.09¢»
Acidified methanol 0.31+0.01 5.52 +£0.22¢ 7.88 £0.18?
Acidified ethanol 0.42 +£0.01" 3.01 £0.45¢ 6.51£0.27°
Acidified water 0.50 £+ 0.01" 1.26 +£0.11¢8 4.40+0.15¢
Hexane 0.03 £ 0.00 0.04 £ 0.01 0.12 £ 0.03!

Different letters indicate significantly different levels according to Tukey’s Honestly Significance Difference test

Values are given as mean =+ standard deviation

amount of total flavanol extracted from leaves, buds,
and flowers in different solvents varied from 0.12 + 0.03
to 0.88 + 0.12 mg CE/g extract. The aqueous leaf extract
showed the highest amount of flavanol compounds whe-
reas the hexane bud extract gave the lowest result.

In our research, methanol proved to be the most ef-
fective solvent for flavanol extraction. Lee ef al., who
examined the anti-inflammatory activity and phytoche-
mical content in pomegranate peel, reported the total
amount of flavanols as 257.0 + 19.6 ug CE/mg [59]. The
difference may be due to the different plant tissues used.
As far as we know, no study has reported the total flavanol
content in pomegranate leaves, buds, and flowers so far.

Total anthocyanin content in different pomegran-
ate parts. We defined the total anthocyanin content in
P. granatum leaf, bud, and flower extracts using the
pH differential method. The flower extract in acidi-
fied methanol demonstrated the highest content, i.e.,
7.88 £0.18 mg Cy3G/kg extract (cyanidin-3-glucoside
equivalent). The total anthocyanin content varied from
0.03 £0.00 to 7.88 + 0.18 mg Cy3G/ kg extract. The antho-
cyanin content in the flower extract was significantly hi-
gher than those in the leaf and the bud extracts (Table 6).

Our results were in agreement with those reported by
Elfalleh ef al. who revealed that pomegranate flowers had
more anthocyanin than leaves [37]. In the same study,
the acidified methanol was found to be more effective
in extracting anthocyanin than methanol, water, ethanol,
acidified ethanol, acidified water, and hexane. Similar re-
sults were also reported by Castafieda-Ovando et al. [58].
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Total tannin content in different pomegranate
parts. To identify the total tannin content in pome-
granate leaf, bud, and flower extracts, we appealed to a
regression equation of calibration curve (y = 0.0075x +
0.0179) and expressed the results as mg ECE/g extract
(epicatechin equivalent). The values varied between
2.99 +£0.08 and 16.07 £ 0.09 for different pomegranate
tissues (Table 7). The highest amount of total tannin
compounds was found in the methanol flower extracts.

Mekni et al. examined the phytochemical contents
and antioxidant properties of leaves, flowers, and bark
of four different pomegranate cultivars [57]. In their
study, the total tannin content in Nabli and Gapsi flo-
wers was higher than in other samples. On the other
hand, Trabelsi et al. showed that the aqueous extract of po-
megranate leaves contained more tannin than chloroform,
ethyl acetate, ethanol, and acetone/water extracts [51].
In our research, methanol proved to be the best extrac-
tion solvent for tannin compounds. These results were
in agreement with other studies, where methanol ex-
tracts of different plants were reported to contain more
tannins [61, 62].

High-performance liquid chromatography (HPLC)
of individual polyphenol compounds in different po-
megranate parts. The identification and quantification
of polyphenol compounds in pomegranate leaves, buds,
and flowers were conducted using a HPLC analysis.
Figure 1 illustrates the chromatograms of the solutions
of all 18 standard phenolic compounds acquired at 250,
280, 320, and 360 nm.
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Table 7 Total tannin content in different parts of Punica granatum L.

Extraction solvents Total tannin content, mg ECE/g extract
Leaves Buds Flowers

Methanol 7.80 £ 0.06° 5.72 +£0.08 16.07 £ 0.09°
Ethanol 7.26 +0.04 4.13£0.05™ 6.30 = 0.04
Water 6.52 +£0.03" 4.45+0.02' 9.99 £ 0.10°
Acidified methanol 6.88 £0.13¢ 5.04 £ 0.04% 12.74 £0.08°
Acidified ethanol 6.65 +0.07¢" 4.40 + 0.08! 8.57 +£0.05¢
Acidified water 5.80 £ 0.04 3.77 £0.05" 5.84 £0.07
Hexane 3.07 +0.12° 2.99 £ 0.08° 3.18 £0.04°

Different letters indicate significantly different levels according to Tukey’s Honestly Significance Difference test

Values are given as mean + standard deviation
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Figure 1 High-performance liquid chromatograms at: (a) 250 nm: protocatechuic acid (/), punicalagin (2), p-OH benzoic acid (3),
vanillic acid (4), rutin (3), ellagic acid (6); (b) 280 nm: gallic acid (/), catechin (2), syringic acid (3), epicatechin (4), naringin (5);
(c) 320 nm: chlorogenic acid (7), caffeic acid (2), p-coumaric acid (3), sinapic acid (4), trans-ferulic acid (5); and (d) 360 nm:
myricetin (/), quercetin (2)
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The HPLC analysis detected some major phenolic
compounds, e.g., punicalagin in buds and flowers, as well
as gallic acid in leaves. Gallic acid and ellagic acid were
determined in all the methanol extracts of pomegranate
leaves, buds, and flowers. However, punicalagin and pro-
tocatechuic acid were detected only in the methanol ex-
tracts of buds and flowers while punicalagin was more
abundant than protocatechuic acid (Table 8).

We also tested the methanol extracts for snapic acid,
trans-ferulic acid, caffeic acid, chlorogenic acid, myrice-
tin, quercetin, naringin, p-coumaric acid, (-)-epicatechin,
(+)-catechin, syringic acid, p-OH benzoic acid, rutin,
and vanillic acid but detected none of them. In general,
our results, except those obtained for the bud extracts,

coincided with those reported by other authors [33, 51,
63, 64]. We found some studies that used HPLC to iden-
tify phenolic compounds in various buds but we found
no article that reported pomegranate buds [65, 66].
2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical
scavenging activity in different pomegranate parts.
We used the DPPH method to identify the free radi-
cal scavenging activity in different solvent extracts of
pomegranate leaves, buds, and flowers (Figs. 2—4). As a
rule, 2,2-diphenyl-1-picrylhydrazyl is employed as a sub-
strate that reduces oxidative stress and hinders cellular
ageing [67]. It helps evaluate the antioxidative activity
of antioxidant substances. The assay relies on the reduc-
tion of methanolic or ethanolic DPPH solution in the

Table 8 Phenolic compounds identified in different parts of Punica granatum L.

Chemical identity Retention time, min Chemical constituents, mg/kg extract
Leaves Buds Flowers
Punicalagin 16.59 n.d. 19 005.31 6687.36
Protocatechuic acid 12.86 n.d. 3190.87 908.35
Ellagic acid 26.28 1444.60 11427.82 4698.24
Gallic acid 6.41 7255.42 3190.85 4032.21

n.d. — not detected
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Figure 2 DPPH free radical scavenging activity in Punica granatum L. leaves
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Figure 4 DPPH free radical scavenging activity in Punica granatum L. flowers

presence of a hydrogen atom from the antioxidant. The
reaction forms DPPH-H, a non-radical form of diphe-
nylpicrylhydrazine [68]. In our research, all the ex-
tracts were able to reduce the stable radical DPPH to its
yellow-stained non-radical form. The inhibition values
of leaves, buds, and flowers ranged from 11.46 + 1.13 to
85.68 £ 0.16%, from 17.74 £ 0.97 to 85.98 + 0.16%, and
from 9.60 + 0.89 to 87.68 + 0.89%, respectively.

While the acidified methanol extract of P. granatum
flowers had the highest radical scavenging activity of
87.68 £ 0.89% at 125.0 pg/mL, the hexane extract of
P. granatum flowers showed the lowest radical scaveng-
ing activity. All the extracts but the hexane one showed
higher antioxidant activity than the synthetic antioxidant
compounds used as standards, namely butylated hydro-
xyanisole (BHA), butylated hydroxytoluene (BHT), and
a-tocopherol (a-TOC). At 12.5 pg/mL, which was the
lowest concentration, the antioxidant activity of the acidi-
fied methanol bud extract was 1.8 and 4.7 times as high
as that of butylated hydroxyanisole and the hexane bud
extract. At 12.5 pg/mL, the pomegranate flower extract
in acidified methanol showed approximately 8.8-fold hi-
gher activity than the hexane extract. All the extracts, ex-
cluding the hexane ones, exhibited a greater radical sca-
venging ability than the standard antioxidant compounds,
even at the lowest concentration. No statistically signifi-
cant differences were observed. We found several articles
that featured the DPPHe free radical scavenging activities
of P. granatum leaves, buds, and flowers [23, 29, 69].

The DPPH radical scavenging activity of pome-
granate leaves ranged from 16.90 £+ 0.46% at 20 pg/mL
to 79.13 + 0.37% at 120 pg/mL, probably, due to the di-
verse concentrations of methanol extract [23]. Yu et al.
reported that the DPPH radical scavenging activity of
hydro-methanolic extracts of pomegranate leaves was
4-200 times higher than the leaf extracts of Salvia offi-
cinalis L., Rosmarinus officinalis L., Olea europaea L.,
Ruta graveolens L., Mentha piperita L., and Petroseli-
num crispum Mill. [69]. In the study of Abdolahi et al.,
the radical scavenging activity in the pomegranate flo-
wer ethanol extract was 91.04% at 100 ug/mL [29]. This
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variation in the DPPH scavenging activity could be
explained by the difference in plant varieties, growing
environmental, and extraction conditions.

Ferrous ion chelating activity in different pome-
granate parts. We used the assay described by Carter
to determine the chelating activity of ferrous ions in
different pomegranate extracts [48]. Metal chelating is
frequently excogitated as the most accepted and wide-
spread antioxidant method [70]. Ferrozine quantitatively
forms complexes with Fe*". In the presence of chelating
agents, the complex formation is disrupted, and the pur-
ple staining of the complex decreases. By measuring the
color reduction, researchers are able to estimate the che-
lating activity of the co-existing chelator [71]. In this
method, both pomegranate extracts and ethylenediami-
netetraacetic acid (EDTA) as chelating agent hindered
the formation of ferrous complex with the reagent fer-
rozine, suggesting that pomegranate extracts posses-
sed chelating activity and could capture the ferrous ion
before ferrozine.

The absorbance of Fe**-ferrozine complex went down
in a dose-dependent manner in leaf, bud, and flower ex-
tracts as 12.5, 25.0, 37.5, 62.5, and 125.0 pg/mL, respec-
tively. Butylated hydroxyanisole, butylated hydroxyto-
luene, and a-tocopherol showed less metal chelating acti-
vity than the pomegranate extracts and ethylenediamine-
tetraacetic acid. Figure 5 illustrates the metal chelating
activity in the P. granatum leaves, butylated hydroxyani-
sole, butylated hydroxytoluene, a-tocopherol, and ethyle-
nediaminetetraacetic acid at different concentrations.

The metal chelating activity of pomegranate leaf ex-
tracts varied from 4.71 = 0.30 to 76.52 + 0.89%. Statisti-
cally, the aqueous extracts had the highest chelating ac-
tivity, followed by acidified water, methanol, acidified
methanol, ethanol, acidified ethanol, and hexane extracts.
The hexane leaf extracts displayed the lowest chelating
activity. Figure 6 shows the metal chelating activity in
P. granatum bud extracts, standard antioxidants, and ethy-
lenediaminetetraacetic acid at different concentration.

The metal chelating activity of P. granatum bud
extracts ranged from 0.14 + 0.10 to 74.15 + 1.01%. The
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aqueous bud extract exhibited the greatest metal che-
lating activity compared to other bud extracts. At
125.0 pg/mL, all the pomegranate flower extracts were
highly capable of metal chelating, irrespectively of the
solvent applied (Fig. 7).

The acidified methanol flower extracts showed the
maximal metal chelating activity, compared to other sol-
vents. The metal chelating activity of P. granatum flower
extracts varied from 1.79 =0.28 to 70.90 + 0.15%. Our
metal chelation assay data were similar to other reports.
For instance, Rummun et al. assessed the metal chela-
ting properties of pomegranate leaves, peel, stems, seeds,
and flowers to report that flowers exhibited higher acti-
vity than leaves [72]. We found no published reports
describing metal chelating activity for P. granatum buds.

Reducing power ability in different pomegranate
parts. We used the reducing power method to evaluate
the reduction potential of different pomegranate extracts
because this method comprises the reduction of ferricya-
nide ion to ferrocyanide ion by electron donation from
phenolic compounds. Therefore, the reducing capability
of a compound can function as an important indicator
of its potential antioxidant activity. All extracts of pome-
granate leaves, buds, and flowers clearly exhibit a dose-
dependent reducing power. Figures 8, 9, and 10 depict the
reductive effects of different pomegranate extracts com-
pared to butylated hydroxyanisole, butylated hydroxy-
xytoluene, and a-tocopherol. Similar to metal chelating
activity, the reducing power of P. granatum leaf, bud, and
flower extracts increased together with concentration.

The aqueous extracts of leaves demonstrated a higher
reducing power compared to other solvents and synthetic
antioxidant compounds. It was 2.06 = 0.07 while that of
butylated hydroxytoluene was 1.02 + 0.02 at 44.11 pg/mL.
The range of reducing power in P. granatum bud ex-
tracts varied from 0.11 + 0.00 to 2.17 £ 0.03 at 5.88 and
4411 pg/mL, respectively. In general, P. granatum bud
extracts exhibited a higher reducing power than the anti-
oxidant compounds like butylated hydroxytoluene and
alpha-tocopherol. The highest reducing power value be-
longed to the acidified water extract, followed by the aci-

dified methanol extract. The reducing power in all the
P. granatum flower extracts but the hexane one was hi-
gher than that of butylated hydroxytoluene and alphato-
copherol at 29.41 and 44.11 pg/mL (Fig. 10). The redu-
cing power value ranged from 0.11 = 0.02 at 5.88 pg/mL
to 2.13 £ 0.04 at 44.11 pg/mL with the highest reducing
power measured in the acidified methanol extracts.

Consequently, bud and flower extracts exhibited hi-
gher activities than leaf extracts. In addition, no signifi-
cant difference was observed between the acidified wa-
ter, water, methanol, and acidified methanol extracts of
pomegranate leaves, buds and flowers. Our results were
similar to those reported by other research teams [29,
39, 73]. For instance, Zhang et al. wrote that the redu-
cing power of different parts of pomegranate flowers in-
creased steadily following the increase in the extract
concentration [73].

Total antioxidant activity in different pomegranate
parts. In this research we used the CUPRAC method,
i.e., cupric reducing antioxidant capacity. It is based on
the ability of antioxidants to reduce the cupric neocu-
proine complex Cu (II)-neocuproine in the presence
of ammonium acetate to the cuprous form Cu (I)-neo-
cuproine chelate, which shows the maximal light ab-
sorption at 450 nm [50]. The leaf extracts gave antioxi-
dant activity that ranged from 517.27 + 1.40 to 3509.42 +
0.40 umol TRE/g extract (Trolox equivalent). In various
bud extracts, this variable ranged from 385.60 + 0.42 to
3323.09 = 1.78 umol TRE/g extract. In different flower
extracts, it was between 350.66 + 3.84 and 3282.58 +
1.31 umol TRE/g extract (Table 9).

Statistically, we determined that the total antioxi-
dant activity of pomegranate buds exceeded that of the
leaves and flowers. In our research, water proved to be
the best extraction solvent in terms of the cupric redu-
cing antioxidant capacity of pomegranate. Our results
were similar to those obtained by some other researchers.
For example, Ghazzawi et al. examined the effects of dif-
ferent solvents on the antioxidant capacity and content
in nine seasonal fruits, including pomegranates [74].
In their study, water appeared to be the best extraction
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Figure 8 Reducing power ability in different solvent extracts of Punica granatum L. leaves
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Table 9 Total antioxidant activity in different Punica granatum L. parts

Extraction solvents

Total antioxidant activity, pmol TRE/g extract

Leaves Buds Flowers

Methanol 3121.12+0.61" 3060.81 + 1.75 2869.08 £5.91™
Ethanol 3341.01 + 1.64° 2947.23 +£2.09% 1559.17 £ 1.754
Water 3509.42 +0.40? 3216.79 + 1.59° 2883.73 £ 2.65'
Acidified methanol 2587.57 £0.00" 3323.09 £ 1.78° 3282.58 £ 1.31¢
Acidified ethanol 2346.82 £ 1.42° 3192.32+£1.48¢ 2049.60 + 3.12°
Acidified water 3018.83 +2.72 3310.16 £ 0.61¢ 3198.95 +3.98¢
Hexane 517.27 £1.407 385.60 £ 0.42¢ 350.66 + 3.84

Different letters indicate significantly different levels according to Tukey’s Honestly Significance Difference test

Values are given as mean + standard deviation

solvent for the antioxidant capacity of bananas, figs, white
grapes, and jujube fruits. Sanda et al. also reported that
the aqueous extract of D. pontica leaves exhibited the
highest cupric reducing power capacity [75]. Alsataf et al.
explored the antioxidant, anti-diabetic, and antimicro-
bial activities of pomegranate peel, mesocarp, and seed,
as well as pomegranate juices [76]. In their research, the
highest cupric reducing capacity belonged to pomegra-
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nate peel (954.4 umol trolox/g). The researchers also re-
ported that pomegranate tissues had a significant effect
on anti-a-glucosidase activity and exhibited different
antimicrobial activities against pathogens. Our values
exceeded those obtained by Alsataf er al. [76]. This
difference could be explained by the different pome-
granate tissues involved. Uysal et al. performed the CU-
PRAC test on nine different fruit tree leaves [77]. The
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list included avocado, walnut, mulberry, fig, carob, le-
mon, pomegranate, grape, and loquat. In their study, the
pomegranate leaf extracts had the highest CUPRAC ab-
sorbance values at the 0.1 mg/mL concentration. As far
as we know, no study reported cupric reducing power
activity of pomegranate buds and flowers so far.

CONCLUSION

In this research, which featured pomegranate leaves,
buds, and flowers, the phenolic content and antioxidant
activity of plant extracts depended on the plant tissue
and the extraction solvent involved. Punica granatum L.
buds demonstrated the greatest polyphenol content, as
well as antioxidant activity. The flower extracts were
rich in tannin and anthocyanin. P. granatum leaves de-
monstrated higher flavanol content than other tissues.

The P. granatum bud extract showed higher antioxi-
dant activity than leaves and flowers. Pomegranate buds,
leaves, and flowers possessed beneficial polyphenol and
antioxidant profiles, which made them potential raw ma-
terial sources for pharmaceutical preparations, functio-
nal foods, nutraceuticals, and cosmetics.
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