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The present work aimed to synthesis silver nanoparticles (AgNPs) using biological waste products Citrus
limon peels, its characterization, antimicrobial activities and the cytotoxic effect of the synthesized green
AgNPs. Characterization of the prepared AgNPs showed the formation of spherical, and few agglomerated
AgNPs forms as measured by UV–visible spectrophotometer. The average size of the prepared AgNPs was
59.74 nm as measured by DLS technique. The spectrum of the synthesized AgNPs was observed at 3 KeV
using the EDX. On the other hand, FTIR analysis of the green synthesized AgNPs showed the presence of
alcohols, phenolics, mono-substituted alkynes, aliphatic primary amines, sodium salt, amino acid, or
SiOH alcohol groups. The antimicrobial studies of the formed AgNPs showed positive activity against
most of the studied human pathogenic bacteria with varying degrees. Finally, the evaluation of the cyto-
toxic effect of the green synthesized AgNPs were done using two types of cell lines, human breast cancer
cell line (MCF-7) and human colon carcinoma cell line (HCT-116). The results revealed the concentration
has a direct correlation with cell viability. The 50% inhibitory concentration (IC50) of MCF-7 cell line was
in of 23.5 ± 0.97 mL/100 mL, whereas the HCT-116 cell line was in 37.48 ± 5.93 mL/100 mL.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The development of antibiotic-resistant pathogenic microbes is
a dangerous and prevalent case that threatens public health.
Therefore, it is important to focus on effective alternative thera-
peutic agents, especially those obtained from natural sources, since
they are reliable, eco-friendly, non-toxic, and have fewer side
effects (Ibraheem et al., 2012, 2016; Hamed et al., 2017). One
potential approach is based on bio-synthesis (AgNPs) using biolog-
ical waste products. Recently, the production of bio-nano particles
especially AgNPs has received enormous attentiveness due to its
good and potential physicochemical characteristics and the possi-
bility of applications (Alsamhary, 2020; Abdel-Raouf et al., 2019).
In contrast to chemical methods, the green nanoparticles are eco-
friendly, lower coast, stable for a long time and have the ability
to yield a wide variety of formes (spheres, prisms, or plates) with
sizes ranging from 1 to 100 nm (Basavegowda and Lee, 2013;
Abdel-Raouf et al., 2017a, 2017b). Combination of the small size
and high surface-to-volume ratio is the reason behind the effec-
tiveness of nanoparticles (Morones, et al., 2005). Due to their ver-
satile properties, nanoparticles can be employed in several fields,
medicine being one of them. One of the applications of nanoparti-
cles involves utilizing them as alternatives to antibiotics. It can be
said that antibiotic-resistant strains emerged due to the misuse of
antibiotics, and for this reason, multidrug-resistant bacteria have
become a worldwide problem (Khameneh, et al., 2016). According
to the World Health Organization (2017) Global Antimicrobial
Surveillance System, the most reported antibiotic-resistant
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bacteria are Escherichia coli, Klebsiella pneumonia, Staphylococcus
aureus, Streptococcus pneumoniae, and Salmonella spp. Another
application of nanotechnology in the field of medicine involves
assessment of cytotoxic activity of green synthesized nanoparti-
cles. According to a study conducted on the global burden of cancer
worldwide using the GLOBOCAN 2018, there was an estimated
18.1 million new cancer cases and 9.6 million cancer-related
deaths in 2018. Therefore, it is necessary to discover new therapeu-
tic agents to counter this incidence and mortality (Bray et al.,
2018). Citrus limon peels and in particular flavonoid compounds
from citrus peel have been identified as agents with utility in the
treatment of cancer. This work provides the anticancer potential
Fig. 2. Size distribution of synthesized AgNPs b

Fig. 1. UV–visible absorption spectra of AgNPs synthesized by LPE. The absorptio
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found within the citrus peel. Historical studies have identified a
number of cellular processes that can be modulated by citrus peel
flavonoids including cell proliferation, cell cycle regulation, apop-
tosis, metastasis, and angiogenesis. More recently, molecular stud-
ies have started to elucidate the underlying cell signaling pathways
that are responsible for the flavonoids’ mechanism of action. These
growing data support further research into the chemopreventative
potential of citrus peel extracts, and purified flavonoids in particu-
lar (Koolaji et al., 2020). In this study, we aimed to investigate the
green synthesis of silver nanoparticles using natural sources, such
as limon peel extract (Citrus limon), and to evaluate their antibac-
terial properties as well as cytotoxic effects.
y Dynamic light scattering (DLS) analysis.

n spectrum of AgNPs exhibited a broad peak at wavelengths of 350–550 nm.
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2. Materials and methods

2.1. Collection of Cetrus limon peels and preparation of extract

The Cetrus limon peels were collected and cleaned thoroughly
using distilled water to remove the dust particles adhering to the
surface of the fruit peel. Seventy grams of peels were transferred
into 50 mL of boiled distilled water and left to boil for 10 min.
Fig. 3. TEM images (A-D) of the AgNPs synthesized by AgNPs.

Fig. 4. Energy dispersive x-ray (EDX) sp
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The extract obtained was filtered through No. 11.0 cm filter paper,
and then, it was stored at 4 �C for further use.
2.2. Green synthesis of AgNPs using Cetrus limon peel extract

Green synthesis of AgNPs involved the addition of 0.008 g
(1 mM) silver nitrate (AgNO3) to 50 mL of distilled water, and then,
The shape of AgNPs was spherical, the voltage of 100 kV.

ectrum of the synthesized AgNPs.
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the solution was stirred with magnetic stirrer for 15 min at 45 �C at
1100 rpm. Then, 5 mL of the C. limon peels extract (LPE) was added.
2.3. Characterization of silver nanoparticles

2.3.1. Visible observation
Color change of the mixture to brown color indicates the forma-

tion of AgNPs.
Fig. 5. Fourier-transform infrared spectroscopy (FTIR) result analysis of AgNPs synthes
transmission. (a) LPE, (b) AgNPs.

Table 1
The antimicrobial effect of the synthesized LPE AgNPs [inhibition zone measured in millim

Agent Bacteria LPE, AgNPs and Referenced Antibiotics inhibition

LPE AgNPs F

Salmonella typhimurium 0 33 23.5
E. coli 0 35 23
A. baumannii 0 15 10
P. aeruginosa 0 30 7
P. vulgaris 0 12 18
S. aureus 0 35 33

LPE: The Citrus limon peels extract (50 mg); AgNPs: The LPE synthesized nanoparticles (5
FEP: Cefepime (30 mg); MXF: Moxifloxacin (5 mg); LEV: Levofloxacin (5 mg). The used do
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2.3.2. UV–Visible spectrophotometry
The green synthesized AgNPs were analyzed with the help of

UV–Visible spectrophotometer Libra S60PC.The typical optical
spectrum for AgNPs is in the range 350–550 nm (Singh and
Vidyasagar 2014).

2.3.3. Dynamic light scattering evaluation
For the size evaluation, the instrument used was Zetasizer Nano

ZS (Malvern Instrument Limited, UK). Three milliliters of the AgNPs
ized by LPE. X-axis represent the spectra (cm�1) and Y-axis represent Present (%)

eter (mm)].

zone (mm)

FOS TE FEP MXF LEV

21 18 23.5 30 30
30 19 17 33 30
9 18 6 28 31
19 8 7 15 20
11 11.5 9 26 23
23 26 24 32 27.5

0 mg); F: Nitrofurantoin (100 mg); FOS: Fosfomycin (50 mg); TE: Tetracycline (30 mg);
ses were the effective doses as recommended by WHO.
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from the LPE were filtered through 0.20 mm pore sized syringe, and
then, the solution was analyzed.

2.3.4. Transmission electron microscopy (TEM)
The morphology of the green synthesized AgNPs was examined

using TEM. A drop of AgNPs solution was loaded on carbon-coated
copper grid and the solvent was allowed to evaporate. The TEM
micrograph images were captured using JEM-1400(Jeol Ltd, Japan)
with an accelerating voltage of 100 kV.

2.3.5. Energy dispersive x-ray equipped with TEM
A drop of the sample was loaded on the carbon-cupper coated

grid and left to dry. The elemental composition of the synthesized
AgNPs was evaluated using the energy dispersive x-ray analyzer
(JEM-2100F 200 kV, Joel Ltd, Japan).

2.3.6. Fourier-transform infrared spectroscopy
FTIR analysis was conducted using Thermo 6700 (Thermo Fisher

Scientific, USA) to determine the functional groups found in the
LPE that led to the formation of AgNPs. The absorption bands were
observed in the regions of 500–4000 cm�1.

2.3.7. Determination of antibacterial activity of the green synthesized
AgNPs

Antibacterial activity test was conducted by a well diffusion
method according to Prabhu et al., (2010). The experiment involves
testing the produced AgNPs from the LPE against most human
pathogenic bacteria, including Acinetobacter baumannii (ATCC
19606), Salmonella typhimurium (ATCC 14028), Escherichia coli
(ATCC 35218), Pseudomonas aeruginosa (ATCC 27853), Staphylococ-
cus aureus (ATCC 25923), and Proteus vulgaris (ATCC 49132). The
Citrus limon peels AgNPs (50 mg) were tested in vitro against the
tested pathogenic bacteria compared to sex referenced antibiotics.
These were Nitrofurantoin (100 mg); Fosfomycin (50 mg); Tetracy-
cline (30 mg); Cefepime (30 mg); Moxifloxacin (5 mg) and Levoflox-
acin (5 mg). The used doses were the effective doses as
recommended by WHO

2.3.8. Analysis of cytotoxic effect of the AgNPs
MCF-7 cells (human breast cancer cell line) and HCT-116 cells

(human colon carcinoma cell line) were obtained from VACSERA
Tissue Culture Unit. Dimethyl sulfoxide (DMSO), crystal violet,
and trypan blue dye were purchased from Sigma (St. Louis, Mo.,
USA). Fetal bovine serum, DMEM, RPMI-1640, HEPES buffer solu-
tion, L-glutamine, gentamycin, and 0.25% Trypsin-EDTA were pur-
chased from Lonza. Crystal violet stain (1%) composed of 0.5% (w/v)
crystal violet and 50% methanol dissolved in ddH2O and filtered
through a Whatmann No.1 filter paper. The cytotoxicity test was
conducted according the method described by Mosmann, (1983)
and Riyadh et al., (2015).

2.4. Statistical analysis

The standard deviation of the mean was calculated according to
Lee et al (2015).
Fig. 6. The inhibition zones representing the antibacterial activity of the synthe-
sized AgNPs against: (a) S. aureus; (b) P. aeruginosa; (c) A. baumannii; (d) S.
typhimurium; (e) P. vulgaris and (f) E. coli.
3. Results

3.1. Visible observation and UV–visible spectrophotometry results

The formation of the green synthesized AgNPs from the LPE was
visually confirmed via color change after 15 min. Analysis with
UV–visible spectrophotometer at wavelengths of 350–550 nm
showed the formation of AgNPs as shown in Fig. 1.
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3.2. Dynamic light scattering results

The average size of AgNPs synthesized using LPE was
found to be 59.74 nm as measured by DLS technique as shown in
Fig. 2.

3.3. Transmission electron microscop results

As shown in the TEM images shown in Fig. 3a-d, most of the
AgNPs were observed to be spherical, and few agglomerated AgNPs
were also observed.

3.4. Energy dispersive x-ray analysis

The spectrum of the synthesized AgNPs was observed at 3 KeV
using the EDX as shown in Fig. 4.

3.5. Fourier-transform infrared spectroscopy results

The LPE showed absorption peaks at 3303.05, 2198.40, and
1987.95 cm�1 (Fig. 5a). While the green synthesized AgNPs showed
absorption peaks at 3273.24, 2223.71, 1972.46, and
2047.29 cm�1(Fig. 5b).



Fig. 7. The antimicrobial activities of the referenced antibiotics against: (a) S. typhimurium; (b) P. vulgaris; (c) P. aeruginosa; (d) E. coli; (d) A. baumannii; and (f) S.
aureus. *The arrows represent the maximum inhibition zones by average for each bacterium. F: Nitrofurantoin (100 mg); FOS: Fosfomycin)50 mg); TE: Tetracycline (30 mg);
FEP: Cefepime (30 mg); MXF: Moxifloxacin (5 mg); LEV: Levofloxacin (5 mg).
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3.6. Determination of the antibacterial activity of the green
synthesized silver nanoparticles from the limon peels extract

The obtained results of the practical experiment showed that
the LPE extract alone had no anti-bacterial effect (Table 1). While
the treatment with the synthase LPE silver nanoparticles showed
an inhibitory effects against two types of the bacteria, namely
E. coli (35 mm) and S. aureus (35 mm) (Fig. 6). As this antibacterial
effect was higher than that of the reference six antibiotics used
(Fig. 7). On the other hand, the treatment with silver nanoparticles
extracted from the limen peel showed a different effect compared
with the antibiotics used against the remained four bacterial spe-
cies used in the experiment.
3.7. Cytotoxic effect of the synthesized AgNPs

The evaluation of the cytotoxic effect of the green synthesized
AgNPs were done using two types of cell lines, human breast can-
cer cell line (MCF-7) and human colon carcinoma cell line (HCT-
116). The results raveled the concentration has a direct correlation
with cell viability as shown in Fig. 8 and Tables 2&3. The 50% inhi-
bitory concentration (IC50) of MCF-7 cell line was in of 23.5 ± 0.9
7 mL/100 mL, whereas the HCT-116 cell line was in 37.48 ± 5.
93 mL/100L.
4. Discussion

The present study demonstrated the green biosynthesis of
AgNPs using extract of Citrus limon peels, that were treated with
1 mM AgNO3.The colorless AgNO3 solution started turning brown
3439
after 15 min; this change could possibly be due to the reduction
of Ag ions to silver nanoparticles (Ahmad et al., 2003). For charac-
terization, UV–visible spectrophotometry revealed the maximum
peak of the AgNPs at 437 nm; the peak was due to the excitation
of the surface plasmon resonance. During the DLS evaluation, the
semi-broad peak of the green synthesized AgNPs from LPE (59.74
r.nm) indicated variation in size or an aggregated structure of
metal nanoparticles as shown in Fig. 2. The Pdi of 0.463 indicated
mono-dispersed nanoparticles (Stetefeld et al., 2012).

TEM images confirmed the existing of spherical and rod-like
shaped nanoparticles, as seen in Fig. 3. The results also showed
an aggregated structure of the silver nanoparticles; the aggregation
could be due to the layer (capping agents) covering the NPs, which
causes the NPs to be attached to each other resulting in decreased
space between the NPs. These results corroborated with those
obtained from UV–visible spectrophotometry and DLS analysis.
From the EDX analysis, the absorption peak was observed at 3
KeV indicating the presence of a silver element (Velmurugan
et al., 2013). The presence of copper and carbon could be due to
the grid’s composition. Other signals were also observed indicating
the presence of oxygen in the range of 0.0 – 1.5 KeV, chlorine was
observed near 3 KeV, and chromium was seen in the range of 0.0 –
6.0 KeV; thus, these could also be components of the peel extract.

In FTIR, LPE revealed several peaks at 3303.05, 2198.40, and
1987.95 cm�1. Peak 3303.05 cm-1may correspond to alcohols, phe-
nolics, mono-substituted alkynes, aliphatic primary amines,
sodium salt, amino acid, or SiOH alcohol. Peak 2198.40 cm-1may
correspond to NH3 or alkynes. Peak 1987.95 cm�1 may correspond
to cumulated alkenes, indicating a typical aromatic benzenoid
compound. The green synthesized AgNPs showed absorption peaks
at 3273.24, 2223.71, 1972.46, and 2047.29 cm�1. The peak



Table 2
Cytotoxic effects of prepared LPE AgNPs on MCF-7 cell lines.

Sample conc. (mL/100 mL) Viability% (Mean ± SD) Inhibitory %

100 23.37 ± 1.68 76.63
50 35.78 ± 1.14 64.22
25 47.95 ± 1.76 52.05
12.5 65.17 ± 2.29 34.83
6.25 80.35 ± 1.20 19.65
3.125 94.20 ± 1.68 5.80
1.56 98.42 ± 1.14 1.58
0.78 99.68 ± 0.56 0.32
0 100 ± 0.00 0

Table 3
Cytotoxic effect of the prepared LPE AgNPs on HCT-116 cell lines.

Sample conc. (mL/100 mL) Viability% (Mean ± SD) Inhibitory %

100 26.82 ± 1.42 73.18
50 42.56 ± 2.79 57.44
25 57.42 ± 5.36 42.58
12.5 77.01 ± 4.19 22.99
6.25 90.62 ± 2.79 9.38
3.125 97.17 ± 1.90 2.83
1.56 99.91 ± 0.16 0.09
0.78 100 ± 0.00 0.00
0 100 ± 0.00 0

Fig. 8. (a) Cytotoxic effect of AgNPs on human breast cancer cell line (MCF-7), (b)
Cytotoxic effect of AgNPs on human colon carcinoma cell line (HCT-116).
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3273.24 cm�1 may represent alcohols, phenolics, mono-
substituted alkynes, aliphatic primary amines, sodium salt, amino
acid, or SiOH alcohol. The peak 2223.71 cm�1 could correspond
to alkynes or ammonium. Peak 1972.46 cm-1maycorrespond to
cumulated alkenes, indicating a typical aromatic benzenoid com-
pound. Peak 2047.29 cm-1could correspond to NH3 (Silverstein
et al., 2005). From the comparison between the spectra of the
LPE and the green synthesized AgNPs as shown in Fig. 5, the shifts
in the positions of the peaks indicated the presence of the func-
tional groups that reduced the silver ions to silver nanoparticles.

Regarding the antimicrobial activity of the prepared AgNPs, the
results showed varying degrees of antibacterial activity against
human pathogenic bacteria. Based on the results presented
in Table 1 and Fig. 6, it is elucidated that these nanoparticles have
significant antimicrobial behavior against the tested Gram-
negative (E. coli, Salmonella typhimurium and P. aeruginosa) and
Gram-positive (S. aureus) bacteria. Based on the inhibitory and
bactericidal behavior of the nanoparticles, it was revealed that
these nanoparticles are able to inhibit the growth of microbial
strains when used in very low concentrations. The antibacterial
effect for these particles might be due to the ability of the AgNPs
to enhance the permeability of the cell membrane, formation of
free radicals, and interaction with thiol groups, prevent DNA repli-
cation, affect cellular signaling, and prevent biofilm formation (Rai
et al., 2012). Four types of mechanisms have been proposed to
interpreting the mechanism of antimicrobial activity of AgNPs,
these were; (1)Interaction of AgNPs with cell membranes, alter-
ations in the membrane permeability, and perturbation of respira-
tory chain enzymes; (2)Gradual diffusion of nanoparticles into the
3440
cells, which could both adversely affect the activity of cellular
enzymes and restrict the transcription process by conjugation of
silver particles to DNA; (3) Leakage of subcellular components as
a result of nanoparticles interaction with the plasma membrane
leading to cell death and (4) Generation of free radicals when the
cell membrane is affected by silver ions (Prabhu and Poulose,
2012; Rizzello and Pompa, 2014).

For the cytotoxicity evaluation, different concentrations of the
AgNPs were used. As shown in Tables 2 and 3, by increasing the
concentration of the AgNPs, the cell viability decreased (Fig. 8),
resulting in IC50 of 23.5 ± 0.97 mL/100 mL for MCF-7 and IC50 of
37.48 ± 5.93 mL/100 mL for HCT-116. The possible cytotoxic effect
might be attributed to the ability of AgNPs to stimulate reactive
oxygen species generation in the cellular components, resulting
in cell death (Venugopal et al., 2017). It has been postulated that
AgNPs interact with mitochondria and disrupt the cellular electron
transfer chain function leading to an increase in the ROS level (Park
et al., 2010; Singh and Ramarao, 2012). Consequently, the oxidative
stress generated by ROS could be considered as a main toxicity
mechanism of AgNPs against cells. The elevated anticancer activity
of the AgNPs could be attributed to a synergy between AgNPs and
the covering polyphenols. It is proposed that the superior cytotox-
icity of AgNPs against cancerous cells occurs owing to the highest
uptake of nanoparticles by these cells rather than healthy cells,
given that cancerous cells have an abnormal metabolism and high
proliferation rate, which in turn makes them more vulnerable
(Cairns et al., 2011). The simultaneous effect of AgNPs and
polyphenols not only increases the ROS generation but also inhibits
the transcription process. It is noteworthy that antioxidants such
as polyphenols show cytotoxicity only against nonhealthy cells
(Li et al., 2006). This report is in good agreement with the data in
the literature, which report the concentration-dependent toxicity
of nanoparticles, particularly at lower levels (Park et al., 2010;
Palaniappan, et al., 2015; Dhand, et al., 2016). It seems that the
prominent cell death mechanism is conjugation of nanoparticles
with cells and change in the permeability of plasma membrane,
which leads to free-radical and ROS generation. This assumption
is further augmented by the emergence of pigments (such as beta
carotene) in the tested bacteria as a defense mechanism against
the oxidative stress.
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5. Conclusion

Silver nanoparticles (AgNPs) are of great interest due to their
unique and controllable characteristics. A significant improvement
in the cytotoxicity characteristics of the green synthesized Ag
nanoparticles against a cancerous cell line. These findings imply
that the synthesized nanoparticles using green nanotechnology
could be an ideal strategy to combat cancer and infectious diseases.
The synthesized AgNPs proved to possess improved anticancer,
antimicrobial activity in comparison with the extract. The method
of AgNPs synthesis introduced in this study, therefore, holds great
potential as a simple, low-cost, and environmentally-friendly
approach for producing value-added products fromwaste material.
The synthesized AgNPs exhibited selective cytotoxicity toward the
cancerous cell line when compared to their effect on the normal
cell line tested. These findings are very promising in utilizing the
biological effects of the AgNPs synthesized using walnut green
husk extract.

6. Recommendation

In the future, we recommend optimizing the conditions when
synthesizing AgNPs, as well as understanding the mode of action
and determining the toxic effects on animals, to be able to employ
the AgNPs in the field of medicine as a possible therapeutic agent.
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