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Abstract

To address the growing challenges from drug-resistant microbes and tumor incidence, approaches are being
undertaken to phytosynthesize metal nanoparticles, particularly silver nanoparticles, to get remedial measure. In this
study, an attempt has been made to utilize a major biowaste product, pomegranate fruit peel (Punica granatum), to
synthesize silver nanoparticles. The silver nanoparticles (AgNPs) were synthesized using the aqueous extract of
pomegranate peel. The formation of synthesized AgNPs was confirmed through UV-Vis spectroscopy, X-ray
diffraction (XRD), transmission electron microscopy (TEM), scanning electron microscopy (SEM), and energy-
dispersive X-ray spectroscopy (EDX) as well as through the change of the colorless aqueous solution to a dark
brown solution. Using UV-Vis spectroscopy, the dark brown solution showed a Plasmon resonance band peak at
378 nm in UV-Vis spectroscopy after reacting for 24, 48, and 72 h. The XRD report revealed that the AgNPs had a
cubic structure. The TEM and SEM report showed the nanoparticles were equally distributed in the solution, with a
spherical shape and size ranging from 20 to 40 nm and with an average particle size of 26.95 nm. EDX imaging
also confirmed the presence of AgNPs. The synthesized AgNPs were found to exhibit good antimicrobial effects on
Gram-negative and Gram-positive bacteria, particularly the pathogens Escherichia coli (ATCC 25922), Pseudomonas
aeruginosa (ATCC 27584), Proteus vulgaris (ATCC 8427), Salmonella typhi (ATCC 14028), Staphylococcus aureus (ATCC
29213), Staphylococcus epidermidis (MTCC 3615), and Klebsiella pneumonia. The cytotoxic effects of AgNPs were also
tested against a colon cancer cell line (RKO: ATCC® CRL-2577™), and it was observed that the viabilities were 56%
and 61% on days 3 and 5, respectively, with exposure to 12.5 μg of AgNPs. This simple, economic, and eco-friendly
method suggests that the AgNPs biosynthesized using pomegranate peel extract may be a novel, potent solution
for the development of a drug for colon cancer that also has antibacterial activity.
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Background
In the last few decades, there has been a growing
amount of research on nanotechnology, particularly in-
volving the green synthesis and characterization of nano-
particles, as nanoparticles less than 100 nm in size are
ideal agents for drug delivery and biomedical applica-
tions [1]. The synthesis of nanoparticles plays an

influential role in several fields, including nanotechnol-
ogy, biotechnology, chemical processing, physical meth-
odology, systems engineering, molecular motors,
nanocrystals, and nanobiomaterials [2]. Three methods
of nanoparticle production exist today—chemical, phys-
ical, and “green” routes, with the green route involving
the employment of biological reducing agents, including
plant extracts and microbial filtrates. The first two
methods are often costly and generate toxic by-products,
but the green nanosynthesis method has been recog-
nized as an inexpensive and eco-friendly process [3–5].
In the green synthesis of NPs, plant constituents, in-

cluding proteins, enzymes, and carbohydrates, are used
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to formulate nanoparticles that can easily interact with
target biomolecules [6]. This approach to the synthesis
of silver nanoparticles may play an important role in fu-
ture treatments for various forms of cancer or other ail-
ments that can be controlled by phyto-nanotechnology
[7, 8]. Gram-negative bacteria, such as Escherichia coli,
Pseudomonas aeruginosa, and Proteus vulgaris, and
Gram-positive pathogens, such as Staphylococcus aureus
and S. epidermidis, are responsible for most of the
hospital-acquired infections [9]. Indeed, surgical infec-
tions, including pneumonia and bloodstream infections,
are also due to the presence of Gram-positive and
Gram-negative bacteria [10]. Plant-mediated synthesis of
AgNPs can help in the development of effective antibac-
terial agents against microbial pathogens of public health
relevance. Recently, it has been noted that synthesized
AgNPs can have a synergistic relationship with the
antibiotic levofloxacin, increasing the total antimicrobial
activity [11]. Many researchers have reported that
synthesized AgNPs contain well-known antimicrobial
properties against Gram-positive and Gram-negative
pathogens, as well as cytotoxic effects on different can-
cerous and normal cell lines [12–14]. In addition, AgNPs
are highly efficient due to a high-surface-area-to-volume
ratio, can easily disrupt, and have the ability to penetrate
bacterial cells when compared to silver ions alone [13].
The current study is focused on the green synthesis of

AgNPs using the aqueous extract of Punica granatum peel
and on investigating their antimicrobial properties by
using streak plates and minimum inhibition concentration
(MIC) measurements after 24 h of incubation at 37 °C.
The Gram-negative bacteria E. coli (ATCC 25922), P. aer-
uginosa (ATCC 27584), P. vulgaris (ATCC 8427), and Sal-
monella typhi (ATCC 14028) as well as the Gram-positive
bacteria Staphylococcus aureus (ATCC 29213), S. epider-
midis (MTCC 3615), and K. pneumoniae were studied to
test the potential growth inhibition by synthesized AgNPs.
Furthermore, the cytotoxic effects on a colon cancer cell
line (RKO: ATCC® CRL-2577™) were tested and showed a
cell viability rate of 56% on day 3 and 61% on day 5 with a
dose of 12.5 μg of AgNPs.

Methods
Preparation of the Peel Extract
One kilogram of Saudi pomegranate fruits (Punica grana-
tum—cultivated in the Taif region of the Kingdom of
Saudi Arabia) was purchased from the supermarket in
Riyadh, Saudi Arabia. The fruits were washed several
times with tap water and then with double-distilled water
(DDH2O). After washing, the peel was carefully removed.
The pomegranate peel was rinsed thoroughly with
DDH2O to avoid any surface contamination and allowed
to dry completely at room temperature. Finally, the peel
was ground into a fine power. Ten grams of the fine

powder was soaked in 100 mL of DDH2O for 24 h at
room temperature. The resulting mixture was filtered
using Whatman No. 1 filter paper to acquire the aqueous
extract. The entire process was performed in sterilized
conditions.

Synthesis Process of AgNPs
Silver nitrate (AgNO3; 0.1 mM) was mixed with 250 mL
of DDH2O. Then, ten milliliters of aqueous pomegranate
peel extract was added, and the solution was thoroughly
mixed using a shaking incubator for 5 min. The reaction
mixture was found to change its color from a colorless so-
lution to a brown-colored solution after 24 h, indicating
the reduction of the silver ions into silver nanoparticles.
The nanoparticle solution was then centrifuged at
15,000 RPM for 15 min, and the process was repeated four
times. Finally, purified AgNPs were collected, and further
assays were performed to analyze the characteristics and
biological activities of the synthesized NPs. The excess
peel extract was stored at 4 °C for further analysis.

Characterization of the AgNPs
The reduction of silver ions by the pomegranate peel aque-
ous extract was monitored using a Perkin Elmer Lambda
950 UV/Vis/NIR spectrophotometer 24, 48, and 72 h after
the start of the reaction from 200 to 800 nm and at a reso-
lution of 1 nm. XRD patterns were obtained by a PANaly-
tical X-ray diffractometer capable of scan speeds ranging
from 20 to 50 with 2θ and were used to determine the
crystalline structure of the silver nanoparticles.
Surface topographical and composition analyses of the

AgNPs were accomplished using TEM analysis per-
formed on a JEOL JEM-1230 (JEOL, Tokyo, Japan) and
JSM 6380 LA SEM, with a resolution of 3.0 nm. The
elemental analysis of the AgNPs was performed by
energy-dispersive X-ray spectroscopy (EDX) using a JED
2200 series (Jeol).

Antibacterial Studies
Bacterial Suspension Preparation
Bacterial strains E. coli (ATCC 25922), P. aeruginosa
(ATCC 27584), P. vulgaris (ATCC 8427), S. typhi (ATCC
14028), S. aureus (ATCC 29213), S. epidermidis (MTCC
3615), and K. pneumoniae were obtained from King
Khalid Hospital, Riyadh, Kingdom of Saudi Arabia. A
rapid identification of bacterial cells was performed ac-
cording to previously published methods [15]. All identi-
fied cultures were transferred onto agar media and stored
at − 20 °C until needed for the study. At that point, each
bacterial strain was inoculated into sterile nutrient agar
and incubated at 37 °C for 24 h. The suspension
(106 CFU/mL) was prepared by transferring a loop of in-
oculum from the 24-h incubated culture into 5 mL of nu-
trient broth and incubating it at 37 °C for 2 h.
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Antimicrobial Assays
Antimicrobial activity assays were carried out using an
agar well diffusion method [16]. A sterile swab was
moistened with fresh bacterial suspension and spread
on a solid, sterile Muller-Hinton agar plate. Wells were
made in the agar plate using a cork borer. Different
concentrations (25, 50, 75, and 100 μL) of synthesized
nanoparticle suspension were poured into each con-
secutive well. All plates were incubated at 37 °C for
24 h. A zone of inhibition was measured (mm) around
each well in every incubated plate. For each experi-
ment, three replicates were performed [17].

Cell Proliferation Analysis
The effect of AgNPs on cellular proliferation was evaluated
using an Alamar Blue assay as described previously [12].
In brief, 0.005 × 106 cells/well were seeded in

96-well plates with different concentrations (100–
0.3 μg/mL) of AgNPs and incubated for 2 to 5 days
at 37 °C. The medium, DMEM, was supplemented
with 4500 mg/L D-glucose, 4 mM L-glutamine,
110 mg/L sodium pyruvate, 10% fetal bovine serum
(FBS), 1× penicillin-streptomycin, and non-essential
amino acids (all purchased from Gibco-Invitrogen,
USA). Control wells were treated with media alone,
and cell proliferation was measured on day 3 and
day 5. At these time points, Alamar Blue (1:10) was
added to each well, and the plates were incubated at
37 °C for 4 h; then, the plates were read using a
spectrophotometric microplate reader (Biotek Synergy
2; Biotek Instruments, USA), and the relative fluores-
cence unit (RFU) was recorded.

Cell Apoptosis/Necrosis Analysis
To determine apoptosis/necrosis, the cells were
treated with AgNPs at different concentrations (25–
1.5 μg/mL). On day 5, the cells were stained with a
dual fluorescent staining solution (1 μL) containing
100 μg/mL AO (acridine orange) and 100 μg/mL
EtBr (ethidium bromide) (AO/EtBr, Sigma, St. Louis,
MO). The stained cells were exposed to an AO/EtBr
(1:100) dye solution for 1 min and observed using a
Nikon Eclipse Ti fluorescence microscope. The re-
sults were compared with the experimental control.
AO/EtBr, a combination of two dyes, helps to

Fig. 1 a 0.l mM of silver nitrate. b Color changes after P. granatum
peel extract added

Fig. 2 UV-Vis absorbance spectra of synthesized AgNPs at 48 to 72 h in time intervals
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visualize cells with aberrant chromatin organization.
The differential uptake of AO/EtBr allows the identi-
fication of viable and non-viable cells. Particularly,
the AO was used to visualize the number of cells
that had undergone apoptosis.

Statistical Analysis
Statistical analyses and graphing were performed using
Microsoft Excel 2010 and GraphPad Prism 6.0 soft-
ware (GraphPad, San Diego, CA, USA). P values were
calculated using one-way ANOVA multiple compari-
sons. Antimicrobial data analysis for different concen-
trations was tested with a significance level of P < 0.05.

Results and Discussion
The AgNPs were successfully synthesized using the
aqueous extract of pomegranate peel as a reducing agent
source. Figure 1a shows 0.1-mM silver nitrate dissolved
in 250 mL of DDH2O to make a colorless solution.
Then, 10 mL of aqueous peel extract was added and
mixed well, and the reaction mixture slowly changed to
a dark brown color over 24 h, as seen in Fig. 1b. The
color change observed during the synthesis of AgNPs
has been reported for similar reactions when several

types of plant part extracts such as leaves, flowers, peels,
seeds, and fruits are used. The color change was due to
AgNO3 interacting with plant sources and being reduced
from silver nitrate to elemental silver [18–22].
Figure 2 shows the UV-Vis spectrum of AgNPs syn-

thesized using pomegranate peel aqueous extract. As
shown in Fig. 2, the absorbance band has a peak at

Fig. 3 XRD pattern of synthesized AgNPs from P. granatum peel extract

Fig. 4 TEM image of synthesized AgNPs from P. granatum peel extract
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378 nm at reaction times of 24, 48, and 72 h with in-
tensities of 0.96, 1.08, and 1.16, respectively. The in-
tensity increased with time, as the reaction had more
time to occur, leading to higher concentrations of
AgNPs. The surface plasmon resonance data showed

that increasing concentrations of AgNPs led to in-
creasing AgNP peaks, coinciding with increased
amounts of reduced silver over time. As AgNO3

reacted to form AgNPs due to the release of electrons
from the pomegranate extract, a concurrent reaction
started to oxidize ascorbate radicals. A similar UV-Vis
absorption spectrum was observed in a different study
that produced AgNPs from pomegranate peel extract,
with an absorbance peak at 371 nm [23].
The XRD pattern of green-synthesized AgNPs is

shown in Fig. 3. Six intense diffraction peaks are ob-
served at 2θ values ranging from 0 to 90, indicating
that we could assign the 111, 200, 220, and 311 planes
of a faced cube with a central Ag ion. The XRD
spectrum suggests that the synthesized AgNPs formed
into a crystalline structure. This result agrees with
XRD patterns previously published in the JCPDS data-
base (No. 04-0783). The unidentified crystalline peaks
(*) observed correspond to silver oxides [24]. A TEM
image of 0.1-mM pomegranate aqueous peel NPs is
shown in Fig. 4. This image showed particles were
spherical in shape with a diameter ranging from 20 to
40 nm, with the average particle size being 26.95 nm.

Fig. 5 SEM image of synthesized AgNPs from P. granatum peel extract

Fig. 6 EDX image of synthesized AgNPs from P. granatum peel extract with quantitative analysis
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Similar reports have been made regarding the nano-
synthesis of NPs using Actinidia deliciosa fruit extract
[25]. The SEM observations of the synthesized AgNPs
(Fig. 5) show an equal distribution of silver nanoparti-
cles on the surface of pomegranate peel cells. From
this image, it was determined that the nanoparticles
are spherical in shape, with diameters ranging from 20
to 40 nm, which is similar to a previous report of
spherical shaped AgNPs ranging from 34 to 50 nm in
diameter produced using Raphanus sativus L. peel ex-
tract [26].
In the phytosynthesis of silver nanoparticles using

the pomegranate peel extract presented here, the size
of the obtained nanoparticles is quite promising for
drug delivery. The size of the nanoparticles being less
than 100 nm is reported to play a role in the develop-
ment of smart systems, enhancing the therapeutic and

imaging values and drug delivery to specific tissues to
provide controlled-release therapy [27]. The size and
shape of the nanoparticles influences the bioavailabil-
ity of drug in target tissues. Nanoparticles that are
100 nm are reported to exhibit 2.5-fold greater uptake
when compared to that if 1-μm diameter particles
[28, 29]. The size of the nanoparticles plays a key role
in particle function, such as degradation, vascular dy-
namics, targeting, clearance, and uptake mechanisms
[30]. Furthermore, the nanocrystalline nature of the
synthesized AgNPs improves the bio-distribution and
pharmacokinetics as reported [31, 32]. The utilization
of pomegranate biowaste will be a novel approach to-
wards waste utilization, as reported earlier [33].
Data from the EDX study provided a qualitative and

quantitative analysis of the elements found in the syn-
thesized nanoparticles, as shown in Fig. 6. The EDX

Fig. 7 Antimicrobial effects and zone of inhibition of AgNPs of Gram-negative pathogens (a–c)
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study provided an elemental breakdown of the content
of the synthesized NPs and estimated that the NPs
consisted of 70% Ag by weight. Other elements and
bonds identified in the results included C-K, O, C-U,
Cu, and K, each of which corresponded to a small per-
centage of the total mass. The EDX report provides
evidence that the low concentration of 0.1 mM AgNO3

resulted in high numbers of synthesized AgNPs.
Similar results were reported for 0.3 mM AgNO3 that
was poured into distilled water for 3 h and heated to
300 °C, and for 1, 2, and 3 g of pomegranate peel ex-
tract mixed with 30 mL of distilled water and heated
to 80 °C [34].
The antibacterial properties of the pomegranate

synthesized AgNPs were investigated using 25, 50, 75,
and 100 μg/mL samples against both Gram-positive
and Gram-negative bacteria via the agar well diffusion

test. Agar plates with the Gram-negative bacteria E.
coli, S. typhi, and P. aeruginosa and the zones of in-
hibition are shown in Fig. 7a–c. Low concentrations
of pomegranate synthesized AgNPs (25 and 50 μL)
showed inhibitory activity against P. aeruginosa and
E. coli but not against S. typhi. Similar antimicrobial
effects of pomegranate products have been previously
reported, where the strongest inhibitions were
observed for E. coli, S. aureus, and P. aeruginosa
[35–37].
Figure 8a–c shows the antimicrobial activity of synthe-

sized AgNPs against the Gram-positive pathogens K.
pneumoniae, S. aureus, and S. epidermidis. Antimicrobial
activity was observed even at low AgNP concentrations
(25 and 50 μL) for K. pneumoniae, with zones of inhib-
ition of 9 and 14 nm, respectively, and against S. aureus,
with inhibition zones of 6 and 14 nm, respectively.

Fig. 8 Antimicrobial effects and zone of inhibition of AgNPs of Gram-positive pathogens (d–f)
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Earlier studies also confirmed the growth inhibition of
Gram-positive bacteria treated with synthesized NPs
[35–38]. The antibacterial activity evaluated after expos-
ure to synthesized AgNPs showed zones of inhibition in
the range 7 to 21 mm. Figure 9 presents the inhibitory
effects of different concentrations (25 to 100 μL) of P.
granatum peel AgNPs on E. coli, P. aeruginosa, S. typhi,
K. pneumoniae, S. aureus, and S. epidermidis. Even at
low concentrations of AgNPs, a good antibacterial activ-
ity was observed for all microbes, except S. typhi, as re-
ported earlier [38].
In order to analyze the cytotoxic effects of AgNPs, a

colon cancer cell line (RKO: ATCC® CRL-2577™) was
utilized. On day 3, we found a viability of 56% with a
12.5-μg treatment and a viability of 61% on day 5. The
overall significant reductions in proliferation were ob-
served at > 12.5 μg (Fig. 10a), and it was consistent on
day 5. Furthermore, AO/EtBr stained images con-
firmed proliferation reduction by visualizing colonies
and cell numbers (Fig. 10b). Interestingly, we could
observe cells with perinuclear cytoplasmic vacuoles at
12.5 μg (Fig. 10b, c); this process might be a route of
degradation in lysosomes in the process of autophagy
for enhancing programmed cell death. However,

further studies are needed to confirm the effect of
AgNP on autophagy functions. In our previous study
on AgNPs synthesized using Pimpinella anisum seeds,
we also found that 12 μg of AgNPs was toxic to
HCT116 cells by enhancing either apoptosis or necro-
sis [12]. A low concentration of AgNPs was also re-
ported to be able to induce apoptosis [39]. The
current experiments with AgNPs synthesized with
Punica granatum peel extract also showed 55–62%
toxicity with 12.5 μg. Moreover, AO/EtBr staining re-
vealed a clear picture of programmed cell death via
autophagy.

Conclusions
The outcome of the present study showed that
pomegranate peel extract is a good reducing agent to
synthesize silver nanoparticles with a size range of
20–40 nm (average size, 26.95 nm), an ideal pre-
requisite for efficient drug delivery and for increased
bioavailability at a target site. The antibacterial activ-
ity of the synthesized AgNPs on tested organisms,
even at low concentrations of AgNPs (25–100 μL),
further confirms the antibiotic efficiency of the
green-synthesized AgNPs for the development of

Fig. 9 Antimicrobial activity of AgNPs against Gram-negative and Gram-positive pathogens
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novel antibacterial agents for treatment against
Gram-negative and Gram-positive pathogens. More-
over, the observed cytotoxic effects of AgNPs on
colon cancer cell lines and the reductions in cell pro-
liferation at a dose level of > 12.5 μg further promote
AgNPs as a first-line treatment for tumors.
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EDX: Energy-dispersive X-ray spectroscopy; SEM: Scanning electron
microscope; TEM: Transmission electron microscopy; XRD: X-ray diffraction

Acknowledgements
The authors are grateful to the Deanship of Scientific Research, King Saud
University, for funding through Vice Deanship of Scientific Research Chairs.

Funding
King Saud University, the funder, has not done any specific role in the
manuscript.

Authors’ Contributions
SD and MSA designed the study and carried out the data analysis and
interpretation of the results. AA and AAA performed the antimicrobial
studies. GB, FYA, and FSA improved the quality of the manuscript and

analyzed the data from antimicrobial studies. All authors drafted the
manuscript. All authors read and approved the final manuscript.

Ethics Approval and Consent to Participate
Not applicable

Competing Interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Research Chair in Laser Diagnosis of Cancer, Department of Physics and
Astronomy, College of Science, King Saud University, Riyadh 11451, Kingdom
of Saudi Arabia. 2Department of Physics and Astronomy, College of Science,
King Saud University, Riyadh 11451, Kingdom of Saudi Arabia. 3Stem Cell
Unit, Department of Anatomy, College of Medicine King Saud, Riyadh 11451,
Kingdom of Saudi Arabia. 4Deparment of Biotechnology Prathyusha
Engineering College, Chennai 602025, India. 5Department of Botany and
Microbiology, College of Science, King Saud University, Riyadh 11451,
Kingdom of Saudi Arabia. 6Department of Pharmaceutics, College of
Pharmacy, King Saud University, Riyadh 11451, Kingdom of Saudi Arabia.

Fig. 10 Cytotoxicity of AgNPs. a Cell proliferation and viability analysis on RKO cells. One-way ANOVA multiple comparisons, ***P < 0.0005. b
Apoptosis/necrosis analysis on RKO cells. c RKO cells exposed to different doses of AgNPs

Devanesan et al. Nanoscale Research Letters  (2018) 13:315 Page 9 of 10



Received: 8 May 2018 Accepted: 24 September 2018

References
1. Cheah LK, Azila A, Ahmad ME, Nagib AE (2015) Biosynthesis of nanoparticles

and silver nanoparticles. BioresourBioprocess 2(47):1–11
2. Zhang XF, Liu ZG, Shen W, Gurunathan S (2016) Silver nanoparticles:

synthesis, characterization, properties, applications, and therapeutic
approaches. Int J Mol Sci 17(9):E1534

3. Maqusood A, AlSalhi MS, Siddiqui MKJ (2010) Silver nanoparticle
applications and human health. Clin Chim Acta 411(23–24):1841–1848

4. Parth M, Ravi S, Vibhuti M, Nitin S, Tapan Kumar M (2014) Green chemistry
based benign routes for nanoparticle synthesis. J Nanopart 2014:1–14

5. Makarov VV, Love AJ, Sinitsyna OV, Makarova JSS, Yaminsky IV, Taliansky ME,
Kalinina NO (2014) Green nanotechnologies: synthesis of metal
nanoparticles using plants. Acta Nat 6(1):35–44

6. El-Khadragy M, Alolayan EM, Metwally DM, El-Din MFS, Alobud SS, Alsultan
NI, Alsaif SS, Awad MA, Abdel Moneim AE (2018) Clinical efficacy associated
with enhanced antioxidant enzyme activities of silver nanoparticles
biosynthesized using Moringa oleifera leaf extract, against cutaneous
leishmaniasis in a murine model of Leishmania major. Int J Environ Res
Public Health 15(5):E1037

7. Chung IM, Park I, Seung-Hyun K, Thiruvengadam M, Rajakumar G (2016)
Plant-mediated synthesis of silver nanoparticles: their characteristic
properties and therapeutic applications. Nanoscale Res Lett 11(40):1–14

8. Sarkar S, Kotteeswaran V (2018) Green synthesis of silver nanoparticles from
aqueous leaf extract of pomegranate (Punica granatum) and their
anticancer activity on human cervical cancer cells. Adv Nat Sci Nanosci
Nanotechnol 9(2):025014

9. Krein SL, Kowalski CP, Hofer TP, Saint S (2012) Preventing hospital-acquired
infections: a national survey of practices reported by U.S. hospitals in 2005
and 2009. J Gen Intern Med 27(7):773–779

10. Mariselvam R, Ranjitsingh AJ, Usha Raja Nanthini A, Kalirajan K, Padmalatha
C, Mosae Selvakumar P (2014) Green synthesis of silver nanoparticles from
the extract of the inflorescence of Cocos nucifera (family: Arecaceae) for
enhanced antibacterial activity. Spectrochim Acta A Mol Biomol Spectrosc
129:537–541

11. Rashid MI, Mujawar LH, Mujallid MI, Shahid M, Rehan ZA, Iqbal Khan MK,
Ismail IMI (2017) Potent bactericidal activity of silver nanoparticles
synthesized from Cassia fistula fruit. Microb Pathog 107:354–360

12. AlSalhi MS, Devanesan S, Akram AA, Vishnubalaji R, Murugan AM, Murugan
K, Nicoletti M, Benelli G (2016) Green synthesis of silver nanoparticles using
Pimpinella anisum seeds: antimicrobial activity and cytotoxicity on human
neonatal skin stromal cells and colon cancer cells. Int J Nanomedicine 11:
4439–4449

13. He Y, Du Z, Ma S, Cheng S, Jiang S, Liu Y, Li D, Huang H, Zhang K, Zheng X
(2016) Biosynthesis, antibacterial activity and anticancer effects against
prostate cancer (PC-3) cells of silver nanoparticles using Dimocarpus Longan
Lour. peel extract. Nanoscale Res Lett 11(1):300

14. Arokiyaraj S, Arasu MV, Vincent S, Prakash NU, Choi SH, Oh YK, Choi KC, Kim
KH (2014) Rapid green synthesis of silver nanoparticles from
Chrysanthemum indicum L and its antibacterial and cytotoxic effects: an in
vitro study. Int J Nanomedicine 9:379–388

15. Barnini S, Ghelardi E, Brucculeri V, Morici P, Lupetti A (2015) Rapid and
reliable identification of Gram-negative bacteria and Gram-positive cocci by
deposition of bacteria harvested from blood cultures onto the MALDI-TOF
plate. BMC Microbiol 15(124):1–8

16. Stephen GJ, Audrey NS (2012) Current concepts in laboratory testing to
guide antimicrobial therapy. Mayo Clin Proc 87(3):290–308

17. Semeniuc CA, Pop CR, Rotar AM (2017) Antibacterial activity and
interactions of plant essential oil combinations against Gram-positive and
Gram-negative bacteria. J Food Drug Anal 25(2):403–408

18. Singh K, Naidoo Y, Mocktar C, Baijnath H (2018) Biosynthesis of silver
nanoparticles using Plumbago auriculata leaf and calyx extracts and evaluation
of their antimicrobial activities. Adv Nat Sci Nanosci Nanotechnol 9(3):1–9

19. Devanesan S, AlSalhi MS, Vishnubalaji R, Alfuraydi AA, Nehad MAM,
Murugan K, Shaban RMS, Nicoletti M, Benelli G (2017) Rapid biological
synthesis of silver nanoparticles using plant seed extracts and their
cytotoxicity on colorectal cancer cell lines. J Clust Sci 28(1):595–605

20. Hemali P, Pooja M, Sumitra C (2015) Green synthesis of silver nanoparticles
from marigold flower and its synergistic antimicrobial potential. Arab J
Chem 8(5):732–741

21. Fernandes RA, Berretta AA, Torres EC, Buszinski AFM, Fernandes GL, Mendes-
Gouvêa CC, de Souza-Neto FN, Gorup LF, de Camargo ER, Barbosa DB
(2018) Antimicrobial potential and cytotoxicity of silver nanoparticles
phytosynthesized by pomegranate peel extract. Antibiotics (Basel) 7(3):1–14

22. Zainal AA, Rosiyah Y, Shamala Devi S, Puteh R (2016) Green synthesis of
silver nanoparticles using apple extract and its antibacterial properties. Adv
Mater Sci Eng 2016(4102196):1–6

23. Rouhollah H, Marzieh R (2015) Green synthesis of silver nanoparticles using
extract of oak fruit hull (Jaft): synthesis and in vitro cytotoxic effect on MCF-
7 cells. Int J Breast Cancer 2015(846743):1–6

24. Rajendran K, Selvaraj MR, Arunachalam P, Venkatesan GK, Subhendu C
(2012) Agricultural waste Annona squamosa peel extract: biosynthesis of
silver nanoparticles. Spectrochim Acta A 90:173–176

25. Naraginti S, Li Y (2017) Preliminary investigation of catalytic, antioxidant,
anticancer and bactericidal activity of green synthesized silver and gold
nanoparticles using Actinidia deliciosa. J Photochem Photobiol B 170:225–234

26. Fadel QJ, Al-Mashhedy LAM (2017) Biosynthesis of silver nanoparticles using
peel extract of Raphanus sativus L. Biotechnol Ind J 13(1):120

27. Rizvi SAA, Saleh AM (2018) Applications of nanoparticle systems in drug
delivery technology. Saudi Pharm J 26(1):64–70

28. Desai MP, Labhasetwar V, Walter E, Levy RJ, Amidon GL (1997) The
mechanism of uptake of biodegradable microparticles in Caco-2 cells is size
dependent. Pharm Res 14(11):1568–1573

29. Biswas AK, Islam MR, Choudhury ZS, Mostafa A, Kadir MF (2014)
Nanotechnology based approaches in cancer therapeutics. Adv Nat Sci
Nanosci Nanotechnol 5:043001

30. Bamrungsap S, Zhao Z, Chen T, Wang L, Li C, Fu T, Tan W (2012)
Nanotechnology in therapeutics: a focus on nanoparticles as a drug delivery
system. Nanomedicine (Lond) 7(8):1253–1271

31. Champion JA, Katare YK, Mitragotri S (2007) Particle shape: a new design
parameter for micro- and nanoscale drug delivery carriers. J Control Release
121(1–2):3–9

32. Shinde Patil VR, Campbell CJ, Yun YH, Slack SM, Goetz DJ (2001) Particle
diameter influences adhesion under flow. Biophys J 80(4):1733–1743

33. Thilagavathi T, Renuka R, Sathiya Priya R (2016) Bio-synthesis of silver
nanoparticles using Punica granatum (pomegranate) peel extract: a novel
approach toward waste utilization. Int J Adv Sci Eng 3(1):234–236

34. Mojgan G, Noshin M, Mehdi MK, Samira B, Masoud SN (2016) Biosynthesis
and characterization of silver nanoparticles prepared from two novel natural
precursors by facile thermal decomposition methods. Sci Rep 6(32539):1–13

35. Ahmet DD, Mustafa O, Kenan SD, Nurcan E, Coskun D (2009) Antimicrobial
activity of six pomegranate (Punica granatum L.) varieties and their relation
to some of their pomological and phytonutrient characteristics. Molecules
14(5):1808–1817

36. Naz S, Siddiqi R, Ahmad S, Rasool SA, Sayeed SA (2007) Antibacterial activity
directed isolation of compounds from Punica granatum. J Food Sci 72(9):
M341–M345

37. Choi JG, Kang OH, Lee YS, Chae HS, Oh YC, Brice OO, Kim MS, Sohn DH,
Kim HS, Park H, Shin DW, Rho JR, Kwon DY (2011) In vitro and in vivo
antibacterial activity of Punica granatum peel ethanol extract against
Salmonella. Evid Based Complem Alternat Med 2011(690518):1–8

38. Elemike EE, Fayemi OE, Ekennia AC, Onwudiwe DC, Ebenso EE (2017) Silver
nanoparticles mediated by Costus afer leaf extract: synthesis, antibacterial,
antioxidant and electrochemical properties. Molecules 22(5):1–20

39. Fehaid A, Taniguchi A (2018) Silver nanoparticles reduce the apoptosis
induced by tumor necrosis factor-α. Sci Technol Adv Mater 19(1):526–534

Devanesan et al. Nanoscale Research Letters  (2018) 13:315 Page 10 of 10


	Abstract
	Background
	Methods
	Preparation of the Peel Extract
	Synthesis Process of AgNPs
	Characterization of the AgNPs
	Antibacterial Studies
	Bacterial Suspension Preparation
	Antimicrobial Assays
	Cell Proliferation Analysis
	Cell Apoptosis/Necrosis Analysis
	Statistical Analysis


	Results and Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Authors’ Contributions
	Ethics Approval and Consent to Participate
	Competing Interests
	Publisher’s Note
	Author details
	References

