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Abstract
The antioxidant and antibacterial activities in the ethanol extract of pomegranate flowers were evaluated and used in the

present study. Antioxidant activities were studied by 1,1-diphenyl-2-picrylhydrazyl (DPPH), reducing power, total

antioxidant capacity methods. The total phenolic contents of flower were analyzed by Folin–Ciocalteu methods.

Antimicrobial activities of hydroalcoholic extracts of valid against 8 antibiotic-resistant Gram-negative and Gram-positive

bacterial strains including two species of Escherichia coli, Staphylococcus aureus, Staphylococcus epidermidis, Pseu-

domonas aeruginosa, Enterococcus faecalis, Klebsiella pneumonia and Shigella spp. were investigated. The extract was

primarily screened for their possible antibacterial effects using disc diffusion methods. The antioxidant activity of

extraction was investigated, including the scavenging activity of 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals (27.92 lg
ml-1 as EC50 value), the total phenolic contents (40.8 ± 1.3 mg gallic acid equivalent g-1 of extract), total flavonoid

contents (64 ± 38 mg quercetin equivalent g l-1 of extract), and reducing power [there were significant differences

between extract and BHT (P\ 0.05)]. The potential antibacterial activities at different concentrations of the extract were

elucidated. The extract displayed variable degrees of antibacterial activities on different bacteria and the highest amount of

total phenol and also a significant antioxidant activity.
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1 Introduction

Pomegranate (Punica granatum L.) is one of the major

fruits, belonging to the Punicaceae family that generally

grows in different parts of world such as Iran, India, Egypt,

China, Lebanon, Turkey, Greece, Italy, France, Spain,

Chile and Portugal (Fawole et al. 2012). Pomegranate is a

symbol of life, longevity, health and prosperity in ancient

Egypt. Pomegranate flowers are an important source of

potentially healthy bioactive compounds. It is also valued

for numerous pharmacological activities such as antioxi-

dant, anti-tumor, antibacterial, antiviral and antifungal

(Kaneria et al. 2012; Shaygannia et al. 2016; Menezes et al.

2006; Lansky and Newman 2007). The pomegranate is

used as special medical raw material for the treatment of

various disorders (Huang et al. 2005; Jurenka 2008).

Numerous studies show that antioxidants are one of the
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best groups in terms of preventing oxidative stress that may

cause several degenerative diseases (Tepe et al. 2004;

Helen et al. 2000). The flowers of pomegranate are valued

in herbal medicine for the treatment of a variety of diseases

including bronchitis, diarrhea, dysentery, ulcers, hepatic

damage, sore eyes, astringent and diabetes (Fernandes et al.

2017; Bagri et al. 2010; Huang et al. 2005; Zhang et al.

2011) based on some studies that show extract of pome-

granate flowers is a natural source of polyphenols,

including gallic acid, ellagic acid, triterpenes (oleanolic,

ursolic, maslinic and asiatic acids), sterol (daucosterol),

flavonoid (punica flavone, granatum flavanyl xyloside).

Additionally, two kinds of anthocyanins were quantified in

pomegranate flowers, pelargonidin 3,5-diglucoside and

pelargonidin 3-glucoside (Zhang et al. 2011; Huang et al.

2005; Wang et al. 2006; Batta and Rangaswami 1973).

Phytochemical investigation of these compounds showed

strong biological activity and medicinal effects. Pome-

granate flowers have potent free radical scavenging,

antioxidant and hepatoprotective activities (Zhang et al.

2011; Kaur et al. 2006; Celik et al. 2009; Miguel et al.

2009; Noda et al. 2002). Some effective antioxidants

showed compounds’ capability of inhibiting oxidation

process in the body and preventing the formation of free

radicals (Kaneria et al. 2012; Albayrak et al. 2013; Kaur

et al. 2006). The final aim of this report was to determine

the total phenolic content, antioxidant and antimicrobial

activities of ethanol extracts of pomegranate flowers by

different methods at one Persian old wild variety of

pomegranate flowers using different in vitro assays.

2 Materials and Methods

2.1 Chemicals

1, 1-Diphenyl-2-picrylhydrazyl (DPPH), butylated

hydroxytoluene (BHT), Folin–Ciocalteu reagent were

procured from Sigma-Aldrich Ltd. (Germany). Gallic acid,

FeSO4, ammonium molybdate, ethanol, sodium phosphate,

quercetin, Na2CO3 and K3Fe(CN)6 were from Merck

(Germany).

2.2 Plant Collection

The flowers of Punica granatum (cv. Malas) were collected

in June 2011 from Toshan Village, Golestan province

(North of Iran). The plant was identified in the herbarium

of Research Institute of Golestan Forests and Rangelands

(voucher no. 2294). The flowers were dried at 35 �C for

72 h, ground to fine powder, passed through a 60 mesh

sieve and kept at - 18 �C until further use.

2.3 Preparation of the Extract

The powdered flowers (10 gr) were extracted with 100 ml

of the ethanol solution (70%) and then kept on a rotary

shaker (200 rpm for 24 h) at room temperature. Each

extract was filtered with Whatman 40 No. 1 filter paper.

The filtrate obtained from ethanol was evaporated to dry-

ness at 40 �C in a rotary evaporator (Buchi Laboratoriums-

Technik, Flawil/Schweiz, Switzerland) and then the extract

was freeze-dried.

2.4 Phytochemical Analysis

2.4.1 Determination of Total Phenolic Contents

Total phenolic content of each extract was determined by

the Folin–Ciocalteu micro-method (Slinkard and Singleton

1977). Briefly, 20 ll of extract solution was mixed with

1.16 ml distilled water and 100 ll of Folin–Ciocalteu

reagent, followed by addition of 300 ll of Na2CO3 solution

(20%) within 1–8 min. Subsequently, the mixture was

incubated in a shaking incubator at 40 �C for 30 min and

its absorbance was measured at 760 nm against a blank in a

spectrophotometer (Spectro UV–VIS Dual Bean 8 auto

cell, model UVS-2700/UVS-2800, Labomed Inc.,

Winooski, Vermont, USA, Serial no. 003085). Gallic acid

was used as a standard for calibration curve.

2.4.2 Determination of Total Flavonoids

Flavonoid content was measured using a colorimetric assay

developed previously by Slinkard and Singleton (1977).

Briefly 1 ml of appropriately diluted flower samples was

added to a 10-ml volumetric flask containing 4 mL of

distilled water, followed by immediate addition of 0.3 ml

of 5% (w/v) NaNO2, 0.6 ml of 10% (w/v) AlCl3 after

5 min and 2 ml of 1 M NaOH after 6 min; the contents of

each reaction flask were then diluted with 2.4 ml of dis-

tilled water and immediately mixed. Absorbance of the

resulting pink colored solution was read at 510 nm against

the blank (water). Flavonoid content was expressed as mg

catechin equivalents (CE) per gram of dry weight (mg CE/

g DW).

2.5 Determination of Antioxidant Activities

2.5.1 Reducing Power Assay

The reducing power assay of different parts was assessed

by the method of Yildirim et al. (2001). The dried extract

(125–1000 lg) in 1 ml of the corresponding solvent was

mixed with 2.5 ml of phosphate buffer (0.2 M, pH 6.6) and
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2.5 ml of potassium ferricyanide [K3Fe (CN)6; 10 g l-1],

then the mixture was incubated at 50 �C for 30 min. After

incubation, 2.5 ml of trichloroacetic acid (100 g l- 1) was

then added to the mixture and centrifuged at 1650 rpm for

10 min. Finally, 2.5 ml of the supernatant solution was

mixed with 2.5 ml of distilled water and 0.5 ml of FeCl3
(1 lg l -1) and the absorbance was measured at 700 nm.

High absorbance indicates high reducing power.

2.5.2 Total Antioxidant Capacity

This assay is based on the reduction of Mo (VI) to Mo

(V) by the sample and the subsequent formation of a green

phosphate/Mo (V) complex at acidic pH (Prieto et al.

1999). An aliquot of 0.1 ml of sample solution dissolved in

methanol was combined with 1 ml of reagent solution

(0.6 M sulphuric acid, 28 mM sodium phosphate, and

4 mM ammonium molybdate) and incubated in a thermal

block at 95 �C for 90 min. After the samples had cooled to

room temperature, the absorbance was measured at 695 nm

against a blank. A typical blank solution contained 1 ml of

reagent solution and the appropriate volume of the same

solvent was used for the sample and it was incubated under

the same conditions as the rest of the samples.

2.5.3 DPPH Radical Scavenging Activity

The ability of extracts to scavenge DPPH radicals was

determined according to the method of Blois (1958).

Briefly, 1 ml of a 1 mM methanol solution of DPPH was

mixed with 3 ml of test sample solution prepared in

methanol (containing 50–400 lg of dried extract). The

mixture was vigorously shaken and allowed to stand at

room temperature for 30 min. The absorbance was mea-

sured at 517 nm and activity was expressed as percentage

DPPH scavenging relative to control using the following

equation:

DPPH scavenging activity %ð Þ

¼ Absorbance of control� Absorbance of sample

Absorbance of control
� 100

2.5.4 Microorganisms Used and Determination
of Antibacterial Activity

The test organisms used in the study were obtained from

local hospital in Gorgan, Golestan Province in the north of

Iran, which included Escherichia coli in two species, Sta-

phylococcus aureus, Staphylococcus epidermidis, Pseu-

domonas aeruginosa, Enterococcus faecalis, Klebsiella

pneumonia and Shigella spp. (Table 1). After isolation of

the microorganisms the antibiotic susceptibility was

investigated by Kirby–Bauer method (Bauer et al. 1966).

2.5.5 Disc Diffusion Assay

The agar disc diffusion method was employed to determine

the antimicrobial activities of the extract. Disc assay was

found to be a simple, cheap and reproducible practical

method (Maidment et al. 2006). Filter paper discs (What-

man No. 1) of 6 mm diameter were loaded with crude

extract. Discs were completely dried and sterilized. 100 ll
suspension of microorganisms (108 cfu/ml) was trans-

ferred onto the surface of Mueller–Hinton agar media and

spread evenly over the entire surface of the plates. The

plates that were spread with bacteria were incubated at

37 �C for 24 h. After incubation, the inhibition zones

formed around the discs were measured in millimeters

(Tepe et al. 2004).

2.5.6 Statistical Analysis

Samples were analyzed in triplicate and one-way analysis

of variance was performed using SPSS version 10. Sig-

nificant differences were detected at P\ 0.05.

3 Results and Discussion

3.1 Total Phenolic and Flavonoids

The total phenolic content of pomegranate flower extract is

shown in Table 2. The content of extractable phenolic

components was expressed as milligrams of gallic acid

equivalent (GAE) by weight of dried flower. Our results

indicate that the ethanol extract had the highest total phenol

content in the range of 28 ± 0.12 mg/g dry weight (DW).

Considerably varying amounts of total phenolic contents

have been reported by various authors (Zhang et al. 2011;

Kaur et al. 2006). Total flavonoid content was

64.38 ± 0.81 mg CE g-1 of extract powder. In this

pomegranate flower, there are high amounts of phenols and

polyphenolic compounds. Increasing the levels of flavo-

noids in the daily diet may decrease the impact that occurs

in certain human diseases (Bagri et al. 2010).

3.2 Reducing Power

The reducing power of a compound may serve as a sig-

nificant indicator of its potential antioxidant activity (Hsu

et al. 2006) that is generally associated with the presence of

reductants, which exert antioxidant action by breaking the

free radical chain by donating a hydrogen atom (Duan et al.

2006). In this assay, the reduction of the Fe?3–ferricyanide
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complex to the ferrous form by antioxidants can be mon-

itored by measuring the formation of Perl’s Prussian blue at

700 nm (Chung et al. 2002). Figure 1 shows the reducing

power (absorbance at 700 nm) of various amounts of

ethanol extract of pomegranate flower (EPFE) relative to

BHT. Higher absorbance value indicates a stronger

reducing power. Pomegranate flower extract at the con-

centration from 12.5 to 300 lg/ml showed higher reducing

power. At 300 lg/ml, the electron donating capability of

APFE (1.76) was significantly higher (P\ 0.05) than BHT

(1.71). The results showed that polyphenolics in the APEF

appear to be good electron donors and lead to terminate

radical chain reactions by converting free radicals to

stable products. The similar results were reported in the

literature (Zhang et al. 2011).

3.3 Total Antioxidant Capacity

Total antioxidant capacity of the flowers of pomegranate

along with BHT was evaluated in this study by the method

of Prieto et al. (1999) based on the reduction of Mo (VI) to

Mo (V) by the antioxidant compounds and the formation of

a green Mo (V) complex at a lower pH with a maximal

absorbance at 695 nm. The high absorbance value indicates

the high antioxidant activity of the sample (Pan et al.

2008). The total antioxidant capacity of different

concentrations (100–800 lg/ml) of PFEs is presented in

Fig. 2 and expressed as absorbance at 695 nm. All of the

plant extracts exhibited antioxidant activity in a dose-de-

pendent manner; however, the activity of various concen-

trations of BHT was more pronounced (P\ 0.05) than

most of the EPFE concentrations (Fig. 2, Table 3).

Table 1 Total antioxidant

activity of ethanol extracts of

pomegranate flowers. BHT was

used as positive control

Bacteria Antibiotic

Escherichia coli AM, AP, CF, CO, CRO, GM, P, T, AZM

Escherichia coli AZM

Staphylococcus aureus AM, CF, CO, E, GM, ME, T

Staphylococcus epidermidis CF, CFM, CRO, CTX, GM

Shigella spp. AP, CF, CFO, CRO

Pseudomonas aeruginosa AM, AP, CF, CFO, CO, CR, CRO, CTX, GM, NOR, P, T

Enterococcus faecalis AM, AP, CF, CFO, CO, CRO, CTX, GM, NOR, P, T

Klebsiella pneumonia AP

AM: amikacin; AP: ampicillin; AZM: azithromycin; CF: cephalothin; CFO: cefoxitin; CO: chloram-

phenicol; CRO: ceftriaxone; CTX: cefotaxime; E: erythromycin; GM: gentamicin; ME: methicillin; NOR:

norfloxacin; P: penicillin; T: tetracycline

Table 2 Total phenolic contents of different solvent extract from

pomegranate flowers

Sample Total phenol (g GAE/100 g) Total flavonoid (mg CE/g)

Ethanol 40.8 ± 1.3 64.38 ± 0.81

Data are reported as mean values ± SD of three measurements.

Means were significantly different when P\ 0.05

Values followed by different letters are significantly different

Total phenols (TP), flavonoids (FL)

Fig. 1 Reducing power of ethanol extract of pomegranate flower

Fig. 2 Bacterial resistance to the antibiotics
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3.4 DPPH Radical Scavenging Activity

The free radical scavenging activity of the extract of

flowers of pomegranate was tested by DPPH method and

the results are presented in Table 2. The ethanol extract

was not as effective as the positive controls, BHT as the

amount of extract required to scavenge 50% of DPPH

radicals present in the reaction mixture (EC50) was sig-

nificantly (P\ 0.05) higher than those of BHT (Table 2).

The extracts showed concentration-dependent antioxidant

activity (Zhang et al. 2009; Doulah et al. 2014; Albayrak

et al. 2013). The highest antioxidant activity of pome-

granate flower was found to be 91.04% inhibition at con-

centration of 100 lg/ml extract (Fig. 3). The EC50 value of

flower ethanol extract was 27.92 lg/ml. The maximum

antioxidant activity found in this study was higher than

those reported by Kaur et al. (2006) and Selahvarzi et al.

(2017).

3.5 Antibacterial Activity

The antibacterial activity of pomegranate flower was

investigated and the obtained results are reported in

Table 4. Based on the inhibition zone diameters, the

pomegranate flower extract had a moderate bacterial

activity against Staphylococcus epidermidis and Staphylo-

coccus aureus with the inhibition zone ranging from 13 to

19 mm. The pomegranate flower extract had a weak effect

against Enterococcus faecalis, Klebsiella pneumonia, and

Escherichia coli, and Pseudomonas aeruginosa.

4 Conclusions

As a conclusion, this study indicated that the ethanol

extract of pomegranate flowers displayed effective scav-

enging activity on total antioxidant capacity, DPPH radical,

reducing power. Ethanol extract that showed high antiox-

idant activity of pomegranate flower is due to high phenolic

content. Primarily photochemical studies indicated that

extract of pomegranate flower has an antioxidant value for

stabilizing in food systems. Therefore, pomegranate flow-

ers are very valuable in terms of health. Pomegranate

flower extract indicated some antibacterial activities which

were meaningful for the ethanolic extract, particularly

Table 3 EC50 value of

pomegranate flowers in

different free radical scavenging

tests

Sample DPPH

EC50(lg/ml)

FRAP

EC50 (lg/ml)

TAC

EC50 (lg/ml)

Antioxidant index (%)

BHT 28.05 ± 0.15 21.06 ± 0.29 191.96 ± 0.95 83.60 ± 0.58

Ethanol 27.92 ± 0.24 51.18 ± 0.38 367.16 ± 0.88 91.04 ± 0.08

Values (mean ± S.E.) in the same column followed by different letter(s) are significantly different

(P\ 0.05) according to Duncan’s multiple range test

DPPH antioxidant capacity based on DPPH assay, FRAP antioxidant capacity based on FRAP assay, TAC

antioxidant capacity based on QuantiChromTM assay

Fig. 3 Percentage of DPPH scavenging activity of ethanol extracts of

pomegranate flowers. BHT was used as positive controls. *Percentage

radical scavenging capacity relative to control

Table 4 Antibacterial activity

of pomegranate flower extract
Bacteria name Antibiotic resistance (%) Inhibition zone (mm)

Escherichia coli 60 –

Escherichia coli 6.6 10

Staphylococcus aureus 46.6 13

Staphylococcus epidermidis 33.3 19

Shigella spp. 26.6 –

Pseudomonas aeruginosa 80 8

Enterococcus faecalis 73.3 11

Klebsiella pneumonia 6.6 11
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against Staphylococcus epidermidis and Staphylococcus

aureus. We hope that this research (the data presented

here) will be helpful for investigations of the healthy

functionality of pomegranate flowers.
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