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Abstract
In this study, low-cost, simple, and eco-friendly green synthesis of silver nanoparticles was performed using pomegranate 
extract (Ag NPs/PG). Punica granatum extract acts as a reducing agent and capping agent in the synthesis of Ag NPs. The 
presence of Ag NPs/PG was analyzed using characterization methods such as UV–Vis absorption spectroscopy (UV–Vis), 
Fourier transform infrared spectrophotometer (FTIR), X-ray photoelectron spectroscopy (XPS), X-ray diffraction (XRD), and 
transmission electron microscopy (TEM). XRD, TEM, and XPS analysis showed the presence elements, surface morphol-
ogy, various shapes, and the presence of Ag NPs in the sample. The Ag NPs/PG particle sizes were found to be 5–45 nm 
in TEM analysis. By using the XRD technique, Ag NPs were determined to be a cubic crystal structure with face-centered. 
Furthermore, the antioxidant and antibacterial properties of Ag NPs/PG were also investigated. The enhanced biological 
activity of Punica granatum-mediated green synthesized Ag NPs was investigated based on antioxidant, antimicrobial, and 
DNA cleavage studies. The Ag NPs showed 91.6% DPPH (2,2-diphenyl-1-picrylhydrazyl) radical inhibition rate activity 
at the highest concentration (500 mg  mL−1). It exhibited significant chemical nuclease activity. Ag NPs/PG had significant 
antibacterial activity against gram-positive and gram-negative bacteria, but gram-negative bacteria more susceptible than 
gram-positive. Biogenic synthesis of Ag NPs with the help of Punica granatum extract is a useful and environmentally 
safe synthesis technique. It is thought that Ag NPs obtained using Punica granatum may have potential use in the fields of 
nanomedicine, nanobiosensor, and nanobiotechnology in the near future.
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Introduction

Recently, nanotechnology is a science where comprehensive 
studies have been carried out to develop and use new mate-
rials at the nanoscale level and continuous improvements 
have been made. In addition, it provides an understand-
ing of the unique properties of nanomaterials and learning 
how to make usage of them in various fields of applications 
(Ghodake and Lee 2011; Heera and Shanmugam 2015). 
Various synthesis methods such as physical, chemical, 
and biological are used for nanoparticle synthesis (Iravani 
et al. 2014). Due to the toxic effects on human health, wide 
applications of chemical and physical methods are limited 
(Lalitha et al. 2013). However, the biological method in the 
synthesizing of nanoparticles is known as a clean, non-toxic, 
and environmentally friendly method (Mittal et al. 2013). 
Because of these advantages, biologically synthesized nano-
particles, especially green synthesis has gained prominence 
recently. The green synthesis utilizes a sort of biological 
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products, including microorganisms, marine algae, plant tis-
sue, plant extracts, and fruits (Parveen et al. 2016). Phenolic 
compounds in plant extracts are involved in the decrease of 
metal salts. Also, these biomolecules in the extract provide 
stabilization of nanoparticles.

Various parts of plants can be used to synthesize inor-
ganic metal nanoparticles like gold, platinum, titanium, sil-
ver, nickel, palladium, copper, magnetite, and zinc. Among 
them, silver nanoparticles (Ag NPs) attract more attention 
due to their widespread application in the areas of therapeu-
tics, catalysis, microelectronics, biomolecular detection, and 
diagnostics (Raj et al. 2018). Furthermore, reported studies 
in the literature indicated that the medicinal use of Ag NPs 
includes antibacterial, antifungal, anti-diabetic, anti-inflam-
matory, antioxidant agents, also cancer treatment and diag-
nosis (Sondi and Salopek-Sondi 2004; BarathManiKanth 
et al. 2010; Justin Packia Jacob et al. 2012; Kuppusamy 
et al. 2016).

As a result of scientific studies in the literature, it is 
reported that the content of Punica granatum fruit contains 
plenty of antioxidants, polyphenolic substances, and vita-
mins (Lebaka et al. 2018; Bonesi et al. 2019). Thus, bio-
molecules, which are abundant in the content of pomegran-
ate fruit, provide a great advantage in reducing metal salts. 
Furthermore, studies have reported that pomegranate fruit 
has antibacterial, antiviral, antioxidant, anti-inflammatory, 
antihypertensive, anticancer, and antiatherogenic effects 
(Viana et al. 2010).

In this study, Ag NPs were obtained by using the green 
synthesis method using Punica granatum extract. The syn-
thesized Ag NPs were characterized using various character-
ization techniques (XRD, TEM, XPS, and FTIR, UV–Vis), 
and their therapeutic potential was evaluated as an antioxi-
dant, DNA cleavage ability, and antimicrobial agents.

Materials and methods

Chemicals

All chemicals used in the experiments were purchased from 
Sigma Aldrich. The Punica granatum used in the experi-
ments in this study was obtained from the city of Antalya 
in Turkey.

Extraction of procedure

Punica granatum fruit skins were dried and pulverized. 5 
gr of dried Punica granatum shell powder was added in 
100 mL of alcohol, and the extract was obtained with the 
aid of a microwave oven. The resulting extract was filtered 
through filter paper.

The synthesis silver nanoparticles procedure 
from Punica granatum

20 mL of Punica granatum extract in the balloon joje was 
added to 80 mL of distilled water and 100 mL volume was 
completed. Then, 16 mg of silver nitrate  (AgNO3) metal 
salt was added to the balloon joje. The Punica granatum 
extract was allowed on a magnetic stirrer for 2 days at 
200 rpm at 90 °C to reduce the  AgNO3 metal salt. The 
initially colorless liquid turned into a brown color after 
2 days, which indicates that the  AgNO3 metal salt was 
reduced to Ag (0). In addition to the visual examination, it 
was confirmed that Ag NPs were obtained using different 
characterization methods. Also, to remove unreacted phy-
tochemicals, the liquid from which Ag NPs are collected 
was washed with alcohol and centrifuged at 4000 rpm.

DPPH activity of synthesized Ag NPs/PG

The free radical scavenging capacity of Punica granatum-
mediated green synthesized Ag NPs (Ag NPs/PG) was 
examined using the 2,2-diphenyl-1-picrilhydrazylhydrate 
(DPPH) method (Salih Ağırtaş et al. 2015). 500 µL of 
different concentrations of Ag NPs/PG were added in test 
tubes in the presence of 2.0 ml of (0.004%) DPPH. DPHH 
was allowed to stand for 30 min in a dark environment 
at 25 °C, and then the absorbance spectra of DPPH were 
recorded by monitoring the absorption band at 517 nm. 
The same experiment was applied using Trolox and ascor-
bic acid as a positive control. DPPH radical scavenging 
activity as a percentage of DPPH color change was calcu-
lated using the formula below:

A0 = control absorbance and A1 = A1 is the absorbance value 
of the solution containing Punica granatum-mediated green 
synthesized Ag nanoparticles and DPPH after 30 min.

The ability of DNA cleavage of synthesized Ag NPs/
PG

The ability of DNA cleavage of Ag NPs/PG samples was 
examined by conducting agarose gel electrophoresis. pBR322 
DNA molecules and two different concentrations (200 µg.
mL−1 and 500 µg.mL−1) Ag NPs/PG were incubated at 37 °C 
for 30 min and 90 min. After that, 50% glycerol and 0.25% 
bromophenol blue mixture were added as loading dye into 
the reaction solution. These solutions were electrophoresed 
for 1.5 h at 50 V by using 0.8% agarose gel. DNA-containing 
agarose gel electrophoresis was monitored under UV light, 
and the gel electrophoresis image was photographed.

% Inhibition Activity =
[

A0 − A1

)

∕A0] × 100,
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Antimicrobial activity of synthesized Ag NPs/PG

The antimicrobial properties of Ag NPs/PG samples were 
assessed using a broth microdilution method. A single 
colony of various microorganisms such as Staphylococ-
cus aureus (ATCC 6538), Bacillus cereus, Pseudomonas 
aeruginosa (ATCC 9027), Escherichia coli (ATCC 10536), 
Enterococcus hirae (ATCC 10541), Candida albicans, and 
Legionella pneumophila subsp. pneumophila (ATCC 33152) 
was used for this purpose. The growth media for bacterial 
and fungal species were inoculated with 2.9.108 CFU/mL 
and incubated for 24 h to propagate inoculated cultures. 
Two-fold serial dilutions of Ag NPs/PG were prepared at 
2048 µg/mL and diluted from 1024 to 1 µg/mL in 96-well 
plates. The bacterial culture with Ag NPs/PG added was 
incubated for 1 day at 37 ± 2 °C. After 1 day, the minimum 
inhibitory concentration (MIC) values were calculated. The 
lowest drug concentration that prevents the growth of micro-
organisms is expressed as the MIC value. In this study, the 
lowest concentration of Ag NPs preventing the growth of 
fungal and bacterial species was determined as MIC value.

Results and discussion

Morphological and chemical characterizations of the syn-
thesized Ag NPs were examined by the UV–Vis spectrum, 
TEM, XPS, and XRD analysis. The reduction of  Ag+ ion to 
 Ago during the reaction with the ingredients in Punica grana-
tum extract was observed by UV–Vis spectroscopy. At first, 
the colorless  AgNO3 solution became a light brown color 
after a few hours, while it was observed that it turned dark 
brown at the end of the synthesis. The brown color observed 

at the end of the synthesis is thought to occur due to the stim-
ulation of surface plasmon vibrations specific to silver nano-
particles (Krishnaraj et al. 2010). Figure 1 shows the UV–Vis 
spectrum analysis of the synthesized Ag NPs/PG. Ag NPs/
PG showed an absorbance band at 418 nm wavelength in 
the UV–Vis spectrum. The absorbance value at 418 nm has 
the characteristic SPR of silver nanoparticles and indicates 
that the spectrum Ag NPs obtained have a small particle 
size (Rodríguez-Luis et al. 2016). The results of the UV–Vis 
analysis of the synthesized Ag NPs/PG were observed to be 
compatible with the literature (Aygün et al. 2020).

TEM analysis is shown in Fig. 2. Morphological proper-
ties and particle size of green synthesized Ag NPs/PG were 

Fig. 1  The UV–Vis analysis image of Ag NPs synthesized using 
Punica granatum extract

Fig. 2  a The TEM analysis and 
b particle size image of Ag 
NPs synthesized using Punica 
granatum extract
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examined by the TEM characterization method. According 
to TEM analysis, it was observed that Ag NPs/PG has a 
spherical structure, and the particle size is between 5–45 nm. 
However, Ag NPs/PG was observed to be agglomerated in 
some regions. The particle size of the Ag NPs/PG synthe-
sized is consistent with the literature.

The structure of the crystal of the synthesized Ag NPs/PG 
was examined utilizing XRD analysis. Figure 3a shows the 
XRD diffraction of Ag NPs/PG. The peaks seen at 2θ in the 
XRD analysis correspond to 37.89°, 44.07°, 64.21°, 77.13° 
and 81.53°, (111), (200), (220), (311) and (222) lattice plane 
clusters. These planes indicate that Ag NPs/PG is crystalline 
and fcc (face-centered cubic). The XRD values we obtained 
are consistent with the XRD analysis of Ag NPs/PG in the 
literature (Aygün et al. 2019). The results of the XPS analy-
sis of Ag NPs/PG are shown in Fig. 3b. The 3d spectrum 
region of Ag NPs/PG was analyzed by XPS characterization 
method. In the Ag 3d spectrum, the binding energies cor-
responding to Ag  3d5/2 and Ag  3d3/2 regions were observed 
two peaks at 368.04 eV and 374.05 eV values. Also observed 
in Fig. 3b are Ag (I) (369.48/375.30 eV) peaks that may be 
related to the non-reduced and/or oxidized species of Ag.

Biomolecules involved in the synthesis of Ag NPs were 
determined using FTIR analysis. FTIR analysis results of 
Punica granatum extract and Ag NPs are shown in Fig. 4. 
It was observed that both spectra showed a band between 
3300   cm−1 and 3500   cm−1 and shortening occurred in 
the spectrum containing Ag NPs (Roy et al. 2015). This 
situation confirms that Ag NPs are reduced. The bands at 
2918  cm−1 and 2849  cm−1 are due to the presence of alde-
hydic C–H stretch and it is observed that Ag-NPs shift to a 
lower frequency with the formation (Idrees et al. 2019). The 
observed band at 1635  cm−1 expresses amide I vibrations 
and it is thought that the reason for the shift of this band 
to 1631  cm−1 is the proteins to bind to Ag-NPs via amine 

groups (Shekhawat et al. 2013). The other band at 1041  cm−1 
represents the –C—O—C– stretch and the shear observed in 
this band reveals that Ag-NPs are synthesized (Batool et al. 
2017). As a result of FTIR analysis, it is clearly shown that 
biomolecules in plant extract play a role in the synthesis of 
Ag NPs (Idrees et al. 2019).

DPPH radical scavenging activity

There are many analytical methods to determine the anti-
oxidant capacity of the compounds, and the DPPH method 
is one of the most commonly used methods (Garcia et al. 
2012). The free DPPH radical is reduced when it reacts 
with hydrogen donors. During this reduction, the color of 
the radical alters from purple to yellow by the decrease in 

Fig. 3  a The XRD analysis and b XPS analysis image of Ag NPs synthesized using Punica granatum extract

Fig. 4  The FTIR analysis image of Ag NPs synthesized using Punica 
granatum extract
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absorbance at 517 nm. So, DPPH radical scavenger analysis 
was used to determine the antioxidant activity of Ag NPs/
PG. Figure 5 shows the percentage of antioxidant activity of 
Ag NPs/PG in comparison with ascorbic acid and Trolox. 
The antioxidant activity of Ag NPs/PG has raised in a dose-
dependent manner. Ag NPs/PG showed a minimum of 8.4% 
of the scavenging activity against DPPH radicals at 10 mg/L, 
while ascorbic acid and Trolox showed 43.8% and 37.5% 
scavenging activity, respectively, at 10 mg/L. The maximum 
scavenging activity (91.6%) was determined at 500 mg/L, 
while the scavenging activity of ascorbic acid and Trolox 
was determined as 100%. Palanisamy et al. (Palanisamy 
et al. 2017) reported that the green synthesis of Ag NPs with 
the help of Sargassum polycystum aqueous extract showed 
78.2% DPPH scavenging activity at 500 mg/L. Also, Kho-
shnamvand et al. (Khoshnamvand et al. 2019) indicated that 
Ag NPs/PG synthesized with the help of Allium ampelo-
prasum L. leaf extract exhibited an 82.4% DPPH inhibition 
activity. Ag NPs/PG demonstrated higher antioxidant activ-
ity than their green route synthesized Ag NPs.

The activity of DNA cleavage

The ability of DNA cleavage of green synthesized Ag NPs 
by means of Punica granatum extract was investigated by 
gel electrophoresis. Plasmid pBR322 DNA was utilized as 
the target. When supercoiled form plasmid DNA was con-
ducted on agarose gel electrophoresis, it was found to pro-
gress faster than supercoiled circular conformation (Form I). 
If a single strand is cleaved, the conformation of the super-
coil will relax to generate a slower‐moving nicked circular 
conformation (Form II). As a result of the splitting of both 
strands, the linear conformation (Form III) will migrate 
among Form II and Form I (Kumar et al. 2011). Figure 6 

displays gel electrophoretic separation of pBR322 DNA 
after 30 and 90 min incubation with 200 and 500 μg.mL−1 
concentrations of the Ag NPs/PG. The results showed that 
pBR322 plasmid DNA was broken when it interacted with 
200 μg  mL−1 concentrations of the Ag NPs/PG Form I and 
increased Form II DNA intensity. Also, higher concentra-
tion (500 μg  mL−1) and incubation time (90 min) led to the 
conversion of Form I into Form III. According to the results 
obtained from the DNA cleavage study, we can say that Ag 
NPs synthesized green by means of Punica granatum show 
significant chemical nuclease activity. It may be used as an 
alternative cancer drug after further investigations.

Antimicrobial activity

The antimicrobial activity of Ag NPs/PG against gram-
negative (E. coli, L. pneumophila, P. aeruginosa) and 
gram-positive (E. hirae, B. cereus, S. aureus) bacteria 
was determined using the broth microdilution method. In 
addition, the antifungal activity of Ag NPs/PG was tested 
against the C. albicans fungal strain. Table 1 shows the 
MIC values of Ag NPs/PG. The MIC values of Punica 
granatum-mediated green synthesized Ag NPs were 
determined as 128 μg  mL−1, 16 μg  mL−1, 64 μg  mL−1, 
16 μg  mL−1, 32 μg  mL−1, 128 μg  mL−1, and 512 μg  mL−1 

Fig. 5  The DPPH scavenging activity of Ag NPs synthesized using 
Punica granatum extract

Fig. 6  The DNA cleavage of Ag NPs synthesized of Ag NPs syn-
thesized using Punica granatum extract. pBR 322 DNA (Lane 1); 
200 μg  mL−1 Ag NPs/PG + pBR 322 DNA (Lane 2) (30 min incuba-
tion); 500  μg   mL−1 Ag NPs/PG + pBR 322 DNA (Lane 3) (30  min 
incubation); 200  μg   mL−1 Ag NPs/PG + pBR 322 DNA (Lane 4) 
(90  min incubation); 500  μg   mL−1 Ag NPs/PG + pBR 322 DNA 
(Lane 5) (90 min incubation)

Table 1  The MIC values of Ag 
NPs synthesized using Punica 
granatum extract

Microorganisms MIC 
values 
(μg  mL−1)

E. hirae 128
E. coli 16
P. aeruginosa 32
S. aureus 64
L. pneumophila 

subsp. Pneu-
mophila

16

B. cereus 128
C. albicans 512
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against to E. hirae, E. coli, S. aureus, L. pneumophila, 
P. aeruginosa, B. cereus, and C. albicans, respectively. 
According to results, Ag NPs/PG exhibited a strong 
inhibitory effect against the selected strains. However, 
it was observed that the MIC values of gram-negative 
bacteria had lower values than gram-positive bacteria. 
Similar results were reported Geethalakshmi and Sarada, 
(Geethalakshmi and Sarada 2013) and Wang et al. (Pakra-
van et al. 2013). The gram-negative bacteria are more 
sensitive because of the easy diffusion of Ag NPs through 
the cellular membrane than gram-positive bacteria which 
has a thick outer murein layer. So, Ag NPs can even per-
meate the cytoplasm, interact with sulfur-containing 
enzymes and proteins, and interfere with the replication 
of DNA (Durán et al. 2016; Ravichandran et al. 2016). 
In a study in the literature, Ag NPs were synthesized 
using Malus domestica extract. The antibacterial activ-
ity of the synthesized Ag NPs was evaluated, and MIC 
values were determined. MIC values of the synthesized 
Ag NPs were 34.17 μg/mL and 27.47 μg/mL for E. coli 
and P. aeruginosa, respectively (Mariadoss et al. 2019). 
In another study, Ag NPs were obtained with the help of 
Cestrum nocturnum plant. Antibacterial and antioxidant 
activities of biogenic Ag NPs were determined. The MIC 
value of biogenic Ag NPs for E. coli bacteria is determined 

as 16 μg/mL (Keshari et al. 2020). Nouri et al., produced 
Ag NPs by ultrasonic-assisted green synthesis using Men-
tha aquatica leaf extract. The catalytic and antibacterial 
activities of the synthesized Ag NPs were tested. MIC 
values of ultrasonic-assisted synthesized Ag NPs against 
S. aureus and E. coli bacteria were calculated as 198 μg/
mL and 58 μg/mL, respectively (Nouri et al. 2020). In 
another study, one-step and one-minute biogenic syn-
thesis of Ag NPs was reported using commercial green 
tea extract (Camellia sinensis). Antibacterial activity of 
biogenic nanoparticles was investigated against gram-
negative E. coli (ATCC 25922), K. pneumoniae (ATCC 
700603), P. aeruginosa (ATCC 27853), and gram-positive 
S. aureus (ATCC 29213) bacteria. MIC values of Ag NPs 
were calculated as 15 µg/mL, 250 µg/mL, 30 µg/mL, and 
250 µg/mL for E. coli, K. pneumoniae, P. aeruginosa, S. 
aureus bacteria, respectively (Rolim et al. 2019). Suresh 
et al. reported their green synthesis by reducing Ag ions 
to Ag NPs using the aqueous root extract of Delphinium 
denudatum. Antibacterial activities of the synthesized Ag 
NPs were determined for gram-positive and gram-nega-
tive bacterial strains by the micro-broth dilution method. 
MIC value of Ag NPs against B. cereus bacteria was 
found as 500 μg/mL (Suresh et al. 2014). Table 2 shows 

Table 2  MIC values of Ag NPs synthesized in green using different plants against pathogenic bacteria

Studied bacteria Biosource of extract Size of Ag NPs (nm) MIC values (μg/L) References

E. hirae Rosa canina 13.9–20.57 256 Gulbagca et al. (2019)
Artemisia annua L 20–90 150 Aghajanyan et al. (2020)

E. coli Mentha aquatica 8 58 Nouri et al. (2020)
Allium cepa 10–23 312 Gomaa (2017)
Malus domestica 50–107.3 34.17 Mariadoss et al. (2019)
Camellia sinensis 34.68 15 Rolim et al. (2019)
Allium ampeloprasum 8–50 37.5 Jalilian et al. (2020)
Delphinium denudatum ≤85 500 Suresh et al. (2014)

P. aeruginosa Malus domestica 50–107.3 27.47 Mariadoss et al. (2019)
Camellia sinensis 34.68 30 Rolim et al. (2019)
Allium cepa 10–23 156 Gomaa (2017)
Delphinium denudatum ≤85 250 Suresh et al. (2014)

S. aureus Mentha aquatica 8 198 Nouri et al. (2020)
Camellia sinensis 34.68 250 Rolim et al. (2019)
Delphinium denudatum ≤85 250 Suresh et al. (2014)
Allium cepa 10–23 312 Gomaa (2017)

L. pneumophila subsp. 
pneumophila

Rosa canina 13.9–20.57 16 Gulbagca et al. (2019)

Reishi mushroom 15–22 16 Aygün et al. (2019)
B. cereus Delphinium denudatum ≤85 500 Suresh et al. (2014)

Allium cepa 10–23 625 Gomaa (2017)
C. albicans Allium cepa 10–23 625 Gomaa (2017)

Tollens reaction 25 C. albicans I:420
C. albicans II:210

Panáček et al. (2009)
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the comparison of the antibacterial activities of Ag NPs 
obtained by green synthesis with the literature.

Conclusion

As a result of this study, Ag NPs were obtained by using 
low cost, easy, and non-toxic green synthesis method by 
using Punica granatum shell extract. Biomolecules (phe-
nolic compounds, enzymes, flavonoids, etc.) in Punica gra-
natum shell extract were used as reducing and stabilizing 
agents in the green synthesis of Ag NPs. Ag NPs/PG was 
found to be spherical and have a particle size between 5 and 
45 nm. In addition, XRD analysis showed that the green 
synthesized Ag NPs/PG had a fcc crystal structure. The data 
achieved in this work showed that Ag NPs synthesized using 
Punica granatum extract were revealed to exhibit significant 
activities in biological assays of antimicrobial, antioxidant, 
and DNA cleavage which could be useful in nanomedicine 
applications.
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