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ABSTRACT

The present study was conducted to synthesize silver chloride nanoparticles using the aqueous
extract of outer peel of peach fruit (Prunus persica L.) and to evaluate its antibacterial activity,
synergistic antibacterial and anticandidal potential against five foodborne pathogenic bacteria
and five pathogenic Candida species respectively along with its antioxidant potential. The
synthesized silver chloride nanoparticles (PE-AgCINPs) were visually confirmed with surface
plasmon resonance peak at 440 nm upon UV-Vis spectroscopy analysis. Furthermore, the
morphology, elemental composition and crystallinity nature were also characterized. PE-AgCINPs
displayed strong antibacterial potentials (9.01-10.83 mm inhibition zone) against foodborne
pathogenic bacteria and increased synergistic effect with kanamycin and rifampicin. PE-AgCINPs
also displayed strong anticandidal synergistic activity with standard amphotericin b (10.51-
14.01 mm inhibition zones), along with strong free radical scavenging and reducing power.
Based on strong antibacterial and antioxidant capacities, PE-AgCINPs are anticipated to have
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potential applications in the biomedical and food sector industries.
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1. Introduction

Silver nanoparticles (Ag nanoparticles) are gaining interest
among the scientific community because of their distinct
properties, which include good chemical stability, catalytic
properties, electrical conductivity and antibacterial poten-
tial (7). Ag nanoparticles have a number of applications,
especially as antimicrobial agents with potential for use
in the cosmetics, medical, electronics and textile industries
(2). The antibacterial potential of Ag nanoparticles has
made them a potential candidate for use in the formu-
lation of dental resin composites and ion exchange
fibers, as well as in coatings for various surgical medical
devices (3, 4). Furthermore, they have been used in the
food industry as a component of food packaging materials
that can easily block the entry of moisture, CO, and O,

from reaching fresh fruits, vegetables, meats and other
processed food products (5). Excess generation of free rad-
icals in the body plays an important role in many degenera-
tive diseases such as aging, cancer and cardiovascular
conditions (6). Moreover, a number of inorganic nanopar-
ticles have been found to be effective against the adverse
effects of free radicals (7).

There has been a great deal of effort made for the bio-
synthesis of metal nanoparticles including Ag using bio-
logical sources such as microorganisms, plants and plant
products, which are environmental benign and eco-
friendly (8-17). Different plants and their products have
been reported to be utilized in biological processes for
the synthesis of nanoparticles (6, 12-16). The outer peels
of fruits contain various beneficial natural compounds;
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however, they are usually discarded as waste. Therefore,
utilization of the outer peels for the synthesis of nanopar-
ticles can be the first step toward the use of waste
materials in the synthesis of nanoparticles.

Peach (Prunus persica L.) is a climacteric fruit that origi-
nated from the Asian continent mainly China (77). It is cul-
tivated in many countries, but preferably in temperate
regions, as it requires abundant water (18). It contains
high quantity of water, sugar and protein along with vita-
mins and minerals (79). It also contains phenolic com-
pounds such as catequins and leucoanthocyanins (79).
The major phenolic compounds identified in peach are
chlorogenic acid, catechins and epicatechins, with other
compounds, including gallic acid, ellagic acid, rutin and iso-
quercetin (primary flavonols), cyanidin glucosides (antho-
cyanins) and malvin glycosides (20-23). The presence of
carotenoids such as B-cryptoxantine, B-carotene and a-car-
otene has been detected in peach fruit together with zeax-
anthine, lycopene and xanthophyll. Peaches are rich in
carbohydrates, group B vitamins, including vitamin C (or
L-ascorbic acid) and niacin (vitamin B3). Ripen juicy pulp
of the fruit is edible, whereas the peel is discarded. Earlier
literature has clearly presented that the outer peel of the
fruit contained higher amounts of phenolics than the
pulp, and anthocyanins and flavonols were primarily
detected in the peel (79). Apart from these, the different
peach cultivars are rich in hydroxycinnamates and flavan-
3-ols with relatively higher antioxidant activities (79, 24-26).

In this context, the present study was conducted to
investigate the synthesis of Ag nanoparticles using the
outer peel extract of peach fruits (P. persica L.), which
are produced in large amounts by the canned peach
industry but mainly treated as waste. In addition to syn-
thesis of Ag nanoparticles using outer peels, we also
evaluated their antibacterial activity against foodborne
bacteria, anticandidal activity against pathogenic
Candida species and antioxidant potentials.

2. Experimental
2.1. Chemicals and pathogenic bacteria

All chemicals, including 2,2-azino-bis[3-ethylbenzothiazo-
line-6-sulfonic acid] (ABTS), ascorbic acid, 1,1-diphenyl-2-
picrylhydraxyl (DPPH), Griess reagent and Ag nitrate
(AgNQs), were purchased from Sigma-Aldrich (St. Louis,
MO, USA). Nutrient agar (NA) and nutrient broth were pur-
chased from Becton, Dickinson and Company (Franklin
Lakes, New Jersey, USA). Foodborne pathogenic bacteria,
namely Bacillus cereus ATCC 13061, Listeria monocytogenes
ATCC 19115, Staphylococcus aureus ATCC 49444, Escheri-
chia coli ATCC 43890 and Salmonella Typhimurium ATCC
43174), were obtained from the American Type Culture
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Figure 1. UV-Vis spectra of silver nanoparticles (PE-AgCINPs)
synthesized by the peach outer peel extracts (PE). Inset: fruit
and outer peel of peach (P. persica L.) (left); Change in color of
the solution confirming the synthesis of PE-AgCINPs ((a) —
AgNO; solution, (b) — peach outer peel extracts (PE), (c) — PE-
AgCINPs) (Right).

Collection (ATCC, Manassas, VA, USA). Fully ripened
peaches were obtained from a local market at Gyeongsan
(Gyeongbuk, Republic of Korea).

2.2. Preparation of extract from peach outer peel

Five fresh, fully ripened peaches were washed manually
two times in running tap water, then one time in double
distilled water. The outer peels of the peaches (Figure 1,
inset) were subsequently cut into small pieces (about 10-
15 mm size) and weighed. Next, 20 g of the outer peel
was placed in 100 mL of deionized water in a 250 mL
conical flask and boiled for 10 min with continuous stir-
ring using a magnetic stirrer. The peach aqueous
extract (PE) was then cooled to room temperature, fil-
tered through Whatman No. 1 filter paper and stored
in a sterilized bottle at 4°C until further use.

2.3. Synthesis of Ag nanopatrticles using PE

Ag nanoparticles were synthesized by the reduction of
AgNOs solution by PE extract. Briefly, 10 mL of PE
extract was slowly added to 100 mL of 1 mM AgNOs in
a 250 mL conical flask with continuous stirring at room
temperature. The reduction of AgNO; to Ag-nanoparti-
cles by PE (PE-AgNP) was monitored visually by the
change in color of the solution from colorless to
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reddish brown. Following synthesis, the solution with PE-
AgNP was centrifuged at 10,000 rpm for 30 min using a
high-speed centrifuge (Supra 22 K, Hanil Science Indus-
trial, Republic of Korea). The pellet was then acquired,
washed twice in distilled water and dried to powder
using a vacuum dryer (LVS 201T, limvac GmbH,
Germany, UK).

2.4. Characterization of PE-AgCINPs

The synthesized PE-AgCINPs were characterized by
various analytical measurements including UV-Vis spec-
troscopy, scanning electron microscopy (SEM), energy-
dispersive X-ray (EDX) analysis, X-ray powder diffraction
(XRD) analysis, thermo-gravimetric analysis (TGA) and
Fourier transform infrared spectroscopy (FT-IR), as pre-
viously described (4, 6, 10, 13, 14).

2.4.1. UV-Vis spectroscopy

Briefly, the reduction of Ag™ ions to Ag-nanoparticles was
monitored by measuring the absorption spectra of the
solution at a resolution of 1 nm between 350 nm and
550 nm at different time intervals up to 48 h using a
microplate reader (Infinite 200 PRO NanoQuant, TECAN,
Switzerland).

2.4.2. SEM and EDX analysis

For morphological characteristics, the PE-AgCINPs were
uniformly spread and sputter coated with platinum
using an ion coater for 120s, then observed under a
SEM (S-4200, Hitachi, Japan). The particle size of the syn-
thesized nanoparticles was calculated from the enlarged
SEM image. The elemental composition of the powdered
PE-AgCINPs was subsequently analyzed using an EDX
detector (EDS, EDAX Inc., Mahwah, New Jersey, USA)
attached to the SEM machine.

2.4.3. X-ray diffraction analysis

The Franklin Lakes, structures of the synthesized PE-
AgCINPs, were determined with an XRD machine
(X'Pert MRD, PANalytical, Almelo, The Netherlands) at a
machine setup of 30 kV, 40 mA, with Cu Ka radians at
an angle of 26. The particle size of PE-AgCINPs was deter-
mined from the Scherer equation (27).

2.4.4. TGA analysis

The TGA analysis of the powdered PE-AgCINPs was
measured with a TGA machine (SDT Q600, TA Instru-
ments, New Castle, DE, USA) using an alumina pan in a
temperature range of 20-700°C while ramping at 10°C/
min. Prior to analysis about 5 mg of the powdered PE-
AgCINPs was weighed in a clean dry alumina pan and
placed under the TGA machine and analyzed for the

degradation of organic matter with increase in

temperature.

2.4.5. FT-IR analysis

The FT-IR spectra of the powdered PE-AgCINPs was
acquired by a FT-IR spectrophotometer (Jasco 5300,
JASCO, Mary’s Court, Easton, MD, USA) at wavelengths
ranging from 400 cm™" to 4000 cm™". For the FTIR analy-
sis, the powdered sample was ground with KBr at a 1:100
ratio and a thin film of the sample was prepared using
the specially designed screw knot and analyzed for the
presence of different types of functional groups respon-
sible for synthesis of PE-AgCINPs from the different
mode of vibrations.

2.5. Antimicrobial potential of PE-AgCINPs

2.5.1. Determination of antibacterial activity of PE-
AgCINPs

The antibacterial potential of PE-AgCINPs was determined
against five different foodborne bacteria by the standard
disc diffusion method (28). Prior to use, powders of the PE-
AgCINPs were dissolved at 1000 pg/mL in 5% dimethyl-
sulfoxide (DMSO), after which a colloidal solution was pre-
pared by sonication for 15 min at 30°C. Each filter paper
disc with 50 ug PE-AgCINPs was prepared for the assay
and 5% DMSO was taken as the negative control. The
filter paper discs were placed on overnight cultures of
the foodborne bacteria grown on NA plates and then
incubated for an additional 24 h at 37°C, after which the
diameters of the zones of inhibition were measured.

2.5.2. Determination of MIC and MBC of PE-AgCINPs
The minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of the PE-
AgCINPs were determined by the twofold dilution
method with minor modifications. (29)

2.5.3. Synergistic antibacterial potential of PE-
AgCINPs

The synergistic effects of PE-AgCINPs with two antibiotics
(kanamycin and rifampicin) were determined by the disc
diffusion method, with slight modification (30). A total of
500 pL of PE-AgCINPs at 1000 pg/mL and 500 pL of each
antibiotic at 200 pg/mL were mixed and sonicated for 15
min at room temperature, after which 50 uL of the
mixture containing 25 pg/disc of PE-AgCINPs and 5 pg/
disc of the standard antibiotics were impregnated into
a filter paper disc and dried. Petri plates with NA media
were spread with different pathogens and the nanopar-
ticle/antibiotics discs were placed on it and incubated at
37°C for 24 h. The synergistic antibacterial activity was



measured by the diameter of zones of inhibition around
the nanoparticle/antibiotics discs.

2.5.4. Synergistic anticandidal potential of PE-
AgCINPs

The synergistic anticandidal potential of PE-AgCINPs
with standard amphotericin b was determined against
five pathogenic Candida species (C. albicans KACC
30003 and KACC 30062, C. glabrata KBNO6P00368,
C. geochares KACC 30061 and C. saitoana KACC 41238)
by the standard disc diffusion method (37). All the
strains of Candida except C. glabrata KBNO6P00368
[obtained from the Chonbuk National University Hospital
(Cheongju, Republic of Korea)] were obtained from the
Korean Agricultural Culture Collection (KACC, Suwon,
Republic of Korea). Prior to the test, both PE-AgCINPs
at 2mg/mL and amphotericin b at 200 pg/mL were
mixed equally in a 1:1 ratio and sonicated for 15 min at
room temperature. PE-AgCINPs/amphotericin b paper
discs were prepared by adding 50 uyL of the PE-
AgCINPs/amphotericin b mixture on a paper disc con-
taining 50 pg AgNPs and 5 pg amphotericin b/disc. The
potato dextrose agar plates were spread uniformly with
respective Candida strains and the AgNPs/amphotericin
b paper discs were placed over them. The plates were
incubated at 28°C for 48 h and the diameters of the
zones of inhibition around each paper disc were
measured to determine the synergistic anticandidal
activity of the PE-AgCINPs/amphotericin b mixture
solution.

2.6. Free radical scavenging and antioxidant
potentials of PE-AgCINPs

The antioxidant potentials of the PE-AgCINPs were deter-
mined by DPPH free radical scavenging, ABTS free radical
scavenging, nitric oxide scavenging and reducing power
assay.

2.6.1. DPPH free radical scavenging assay

The DPPH free radical scavenging potential of
PE-AgCINPs was determined according to a standard
procedure (32). Briefly, 100 pL of the reaction mixture
consisted of 50 pL of the PE-AgCINPs (20-100 pg/mL)
and 50 uL of 0.1 mM DPPH in methanol. The control
was composed of a reaction mixture of 50 uL of metha-
nol and 50 pL 0.1 mM DPPH in methanol. The positive
control was composed of a mixture of 50 pL of ascorbic
acid (20-100 pg/mL) and 50 yL of 0.1 mM DPPH in
methanol. The reaction mixture was mixed properly
and incubated at 37°C with shaking at 150 rpm for
30 min in darkness. Following incubation, the absor-
bance was recorded at 517 nm using a microplate
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reader. The percentage scavenging effect of PE-
AgCINPs was calculated from the following equation:
Abs. — Ab
%DPPH radical scavenging = ABSc = ASe x 100,
Abs,
where Abs_ is the absorbance of the control and Abs; is
the absorbance of the treatment.

2.6.2. ABTS free radical scavenging assay
The ABTS radical scavenging activity of PE-AgCINPs was
determined according to the standard procedure (33).
Prior to the experiment, a stock solution of 7.4 mM
ABTS and 2.6 mM potassium persulfate was prepared,
mixed in equal volume and kept in darkness for 12 h to
generate the ABTS working solution. After 12 h of incu-
bation, the ABTS working solution was diluted appropri-
ately with methanol to obtain an absorbance value of 1.1
+0.02 units at 750 nm. Next, 15 uL of PE-AgCINPs at
different concentrations (20-100 pg/mL) was added to
135 L of the ABTS reaction mixture and kept in darkness
for 2 h. Fifteen microliter of methanol with 135 uL of
ABTS reaction mixture was used as a negative control.
The positive control was made by adding 15 puL of
ascorbic acid at different concentrations (20-100 pg/
mL) to 135 pL of the ABTS reaction mixture. Following
incubation, the absorbance of the reaction mixture was
recorded at 750 nm, and the percentage ABTS free
radical scavenging activity was calculated according to
the following equation:

%ABTS radical scavenging = M x 100,

Abs.

where Abs, is the absorbance of the control and Abs; is
the absorbance of the treatment.

2.6.3. Nitric oxide scavenging assay

The nitric oxide radical scavenging potential of PE-
AgCINPs was determined by the standard method (32).
Briefly, a 200 pL reaction mixture was prepared by
mixing 100 uL of different concentrations of PE-
AgCINPs (20-100 pg/mL) and 100 pL of 10 mM sodium
nitroprusside in phosphate buffer saline (pH 7.4), then
incubating the samples at 37°C for 1 h in light. A positive
control was made by adding 100 L of different concen-
trations of ascorbic acid (20-00 ug/mL) to 100 pL of
10 mM sodium nitroprusside in phosphate buffer saline
(pH 7.4). After incubation, 75 pL aliquots of the reaction
mixture were added to 75 puL of the Griess reagent
(1.0% sulfanilamide and 0.1% naphthyl ethylene
diamine dihydrochloride) in a 96-well flat bottom micro-
plate (SPL Life Sciences, Gyeonggi-do, South Korea) and
incubated at 25°C for 30 min in the dark. Following incu-
bation, the absorbance was measured at 546 nm using a
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microplate reader. A reaction mixture made of 100 uL of
methanol and 100 pL of 10 mM sodium nitroprusside in
phosphate buffer saline (pH 7.4) was taken as the nega-
tive control. The nitric oxide scavenging potential of PE-
AgCINPs was calculated from the following equation:
Abs. — Abs
% Nitric oxide scavenging = —————" x 100,
Abs,

where Abs, is the absorbance of the control and Abs; is
the absorbance of the treatment.

2.6.4. Reducing power assay

The reducing power of PE-AgCINPs was determined as
previously described (32). The reaction mixture (150 pL)
consisted of 50 uL of 0.2 M phosphate buffer (pH 6.6),
50 uL of 1% potassium ferricyanide and 50 pL of PE-
AgCINPs at different concentrations (20-100 pg/mL).
The reaction mixture was incubated at 50°C for 20 min
in darkness. After incubation, the reaction was termi-
nated by the addition of 50 uL of 10% trichloro acetic
acid and centrifuged at 3000 rpm for 10 min. Next,
50 yL of supernatant was transferred to a 96-well micro-
plate, amended with 50 uL of distilled water and 10 pL of
0.1% FeCl; solution, and further incubated for 10 min at
room temperature. The absorbance of the solution was
measured at 700 nm and the results were expressed in
terms of the absorbance at 700 nm.

2.7. Statistical analysis

The results of all the experiments were expressed as the
mean value of three independent replicates + the stan-
dard deviation (SD). Significance differences between
the mean values obtained among treatments were ident-
ified by one-way analysis of variance followed by
Duncan’s test at the 5% level of significance (P <.05)
using the Statistical Analysis Software (SAS) (Version:
SAS 9.4, SAS Institute Inc., Cary, NC).

3. Results and discussion
3.1. Synthesis and characterization of PE-AgCINPs

3.1.1. Synthesis of PE-AgCINPs

Biological methods for the synthesis of Ag nanoparticles
are gaining importance in the field of nanoparticle syn-
thesis. As a result of the growing success and simple pro-
cesses for the formation of nanoparticles, the biological
synthesis of Ag nanoparticles was attempted by reducing
Ag* in AgNOj; solution using the water extract of the
peach outer peel (Figure 1, inset). The main cause of
reduction of metal to metal nanoparticle is the presence
of a number of enzymes and various types of

phytochemicals such as flavonoids, phenolics, polysac-
charides, terpenoids, etc. in the extracts of different
plant and their parts (6,34). The preliminary confirmation
of the reduction of metallic Ag to Ag nanoparticle was
visually confirmed by a change in color of the reaction sol-
ution (Figure 1, inset) to reddish brown after 3 h of incu-
bation. Because of the excitation of surface plasmon
resonance, the color change in the reaction medium indi-
cated the formation of Ag nanoparticles (7). Normally the
gradual addition of the PE extract drop by drop to the
reaction mixture resulted in the slow reduction of the
AgNOs; leading to the formation of small sized Ag® nano-
particles. Previous study have reported that the peach
peel is rich in phenolics such as chlorogenic acid, cate-
chins, epicatechins; and anthocyanins; flavonols along
with a number of other compounds and amino acids
(19,24-26), which were supposed to have been involved
in the bio-reduction of metal substrate to AgCINPs.

3.2. Characterization of PE-AgCINPs

3.2.1. UV-Visible spectra analysis of PE-AgCINPs

In addition to the optical observation, the UV-Vis spectra
of the reaction mixture were recorded at different time
intervals from 0 min to 24 h. It is observed that the inten-
sity of the peak increased with the increase in the incu-
bation period with a maximum absorption peak at
440 nm at 24 h that ultimately confirmed the synthesis
of Ag nanoparticles (Figure 1). The appearance of the
brownish color of the synthesized PE-AgCINPs and the
increase in the intensity of the peak was due to the exci-
tation of the surface plasmon resonance, which is typical
for AgNPs having A,.x values in the visible range of 400-
500 nm (35). Similarly, several researchers have observed
the absorption spectrum of Ag nanoparticles in between
425 and 460 nm due to the surface plasmon resonance
of the AgNPs (36,37).

3.2.2. SEM and EDX analysis of PE-AgCINPs

The morphological characteristics of the synthesized PE-
AgCINPs were observed under SEM (Figure 2(a) and (b)).
The nanoparticles were agglomerated (Figure 2(a)), and
the shape was somewhat spherical in nature (Figure 2
(a)). The particle size distribution of the synthesized PE-
AgCINPs ranged from 15 to 50 nm (Figure 2(b)). The
average particle size of the PE-AgCINPs was found out
to be 28.27 nm. The aggregation of the synthesized
AgNPs might have been induced due to the evaporation
of the solvent during the sample preparation and which
also could have contributed to the variation in the particle
size. Furthermore, the aggregation of the PE-AgCINPs
might also have been possible due to the interactions
such as hydrogen bond and electrostatic interactions
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Figure 2. SEM image (a); size distribution graph (b) and EDX (c) of silver nanoparticles synthesized by the peach outer peel extracts.

between the bioorganic capping molecules that have strong peak at 3 keV indicated the presence of the
bound to the PE-AgCINPs (38). Similar results were elemental Ag nanoparticles as evident from previous
obtained previously using different plant extracts (34, observations (47). Apart from Ag, other existing elements
37, 39, 40). EDX analysis confirmed the elemental compo- revealed by the EDX analysis included carbon, oxygen,
sition of the synthesized nanoparticles (Figure 2(c)). The phosphorous and chlorine which might be due to the X-
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ray emission from the proteins/enzymes present in the PE
extract. Since PE-AgCINPs were synthesized using the
aqueous extract of peach outer peels, the presence of
these elements confirmed that the organic metabolites
present in the peel extract were responsible for capping
and stabilization of the nascent nanoparticle (42).

3.2.3. XRD and TGA analysis of PE-AgCINPs

The XRD pattern of the synthesized PE-AgCINPs is shown
in Figure 3(a). The diffraction pattern showed four well-
resolved diffraction peaks (111, 200, 220, 311) corre-
sponding to the standard FCC structures of Ag (JCPDS
card no. 04-0783) (43). Apart from four distinct peaks,
some unassigned peaks (*) were also observed in the
XRD figure, which might have been due to crystallization
of the bioactive components from the outer peel extract
on the surface of PE-AgCINPs (44). These peaks are much
weaker than those of the AgNPs that indicated that the
Ag is the main material in the composite. These obser-
vation confirmed the crystallization of bioorganic
materials on the surface of the synthesized silver nano-
particles. The results of TGA analysis of the synthesized
PE-AgCINPs are shown in Figure 3(b). A total of 59.09%
weight loss was observed in three different phases
when the PE-AgCINPs were heated to 700°C. The first
phase of weight loss was observed between 20°C
and210°C with a weight loss of 16.05%. In this phase,
the water molecules which were attached to the PE-
AgCINPs were degraded. The second phase of weight
loss was observed between 210°C and 490°C with a
maximum weight loss of 39.50%. During this phase, the
organic molecules from the PE extract which acted as
capping and stabilizing agent for the synthesis of
AgNPs were degraded. And the third phase extends
from 500°C to 700°C with a weight loss of 3.50%. Gravi-
metric analysis of the PE-AgCINPs indicated the degra-
dation of organic compounds from the PE extract that
acted as capping agents for the PE-AgCINPs and their
thermal stability at higher temperature (45).

3.2.4. FT-IR analysis of PE-AgCINPs

FT-IR analysis of the outer peel extract and PE-AgCINPs is
shown in Figure 3(c). The absorption peaks located at
3413.88, 2396.62, 2353.25, 2171.67, 1631.74, 1078.56

and 649.74 cm™" were shown by the outer peel extract,
whereas the absorption peaks located at 3421.71,
2373.32, 234157, 227837, 165492, 1159.87 and
517.94 cm™' were observed for the PE-AgCINPs (Figure
3(c)). The intense peaks located at 3421 and 3413 cm™!
corresponded to the O-H stretching of the alcohols
and phenolic compounds, while the intense peaks at
1654 and 1631 cm™' corresponded to-C=C—H stretching
of alkenes group (5, 32). The peak 1631 cm™' in the PE
extract has been shifted to 1654cm™' in the PE-
AgCINPs. Similarly the peak at 1078 cm™' and 649 cm™
has also been shifted to 1159cm™"' and 517 cm™,
respectively in the PE-AgCINPs. The shifting in the pos-
ition of different peaks in the PE-AgCINPs from the
outer peel extract might have been due to progression
of the reduction reaction with capping and stabilization
of PE-AgCINPs by the various secondary metabolites
present in the plant extract (42). The results showed
that the synthesis of the PE-AgCINPs was possible due
to the functional groups such as amines, alcohols,
alkenes and phenolic groups present in PE extract (46).

3.2.5. Antimicrobial potential of PE-AgCINPs

The PE-AgCINPs were evaluated for their antibacterial
potential against five different types of foodborne patho-
genic bacteria; namely, B. cereus ATCC 13061, E. coli ATCC
43890, L. monocytogenes ATCC 19115, S. aureus ATCC
49444 and S. Typhimurium A TCC 43174 (Table 1). PE-
AgCINPs at 50 pg/disc exhibited promising antibacterial
activity against three foodborne pathogenic bacteria,
B. cereus (9.03 mm inhibition zone), E. coli (10.83 mm
inhibition zone) and S. aureus (9.01 mm inhibition
zone); however, they did not show any activity against
L. monocytogenes and S. Typhimurium. The MIC and
MBC values of PE-AgCINPs against the bacteria were
determined to be 50 ug/mL and 100 pg/mL, respectively
(Table 1).

Resistance to different types of antibiotics by a number
of foodborne pathogenic bacteria is one of the greatest
challenges to public healthcare worldwide (5, 16, 47).
Accordingly, there is a need to develop more potent anti-
microbial drugs to overcome these problems. The broad
spectrum antibacterial potential of PE-AgCINPs can be
found in their usage in biomedical applications and

Table 1. Antibacterial activity of PE-AgCINPs (50 pg/disc) against five foodborne pathogenic bacteria.

Bacteria PE-AgCINPs AgNO; PE DMSO MIC (pg/mL) MBC (ug/mL)
B. cereus ATCC 13061 9.03 + 0.27°* 0 0 0 50 100

E. coli ATCC 43890 10.83 +0.25% 0 0 0 50 100

L. monocytogenes ATCC 19115 0° 0 0 0 0 0

S. aureus ATCC 49444 9.01+0.15° 0 0 0 50 100

S. Typhimurium ATCC 43174 0° 0 0 0 0 0

*Data are expressed as the mean zone of inhibition in mm + SD. Values in the same column with different superscript letters are significantly different at P < .05.

AgNO3z — 1 mM (10 pl/disc); PE extract (10 pL/disc), 5% DMSO (10 pL/disc).



treatment against various pathogens. When compared
with other metals, Ag exhibits greater toxicity to microor-
ganisms and lower toxicity to mammalian cells (48, 49).
The synthesized PE-AgCINPs showed varied antibacterial
activity against the tested foodborne pathogenic bacteria
which might be due to the different morphological struc-
ture of the bacterial cell. It is assumed that, PE-AgCINPs
might have destroyed the bacterial cell walls by rupturing
the cell membrane either by penetration into the cell and
impairing the respiration due to diminution of energy
compounds or by cellmembrane damage (37 50). It is sup-
posed that due to smaller size in the nanoscale range, the
PE-AgCINPs could have bound to the biomolecules of
bacteria such as DNA or RNA and could have inhibited
their uncoiling and transcription, resulting in the cellular
toxicity leading to cell death (57). The efficiency of
AgNPs against different types of bacteria varied due to
the variable shape and size of the synthesized AgNPs
using different plant sources and other biological
systems (52). Antimicrobial activities of the PE-AgCINPs
could also find applications in packaging of food items.
These materials novelty in life, form a continuing antibac-
terial material with high temperature stability and low
volatility (5). Foodborne bacteria can grow in packaging,
leading to illness and diseases; therefore, packaging
food with PE-AgCINPs can efficiently reduce bacterial
growth in food containers (53-55).

PE-AgCINPs combined with kanamycin and rifampicin
were evaluated for synergistic antibacterial potential
against five foodborne pathogenic bacteria (Table 2,
Figure 4(a) and (b)). PE-AgCINPs at 25 pg/disc, kanamycin
at 5 pg/disc and rifampicin at 5 pg/disc did not contain
any antibacterial activity, while PE-AgCINPs mixed with
kanamycin or rifampicin at these concentrations
exerted antibacterial activity. PE-AgCINPs combined
with kanamycin actively controlled the growth of all
five bacteria with inhibition zones ranging from 8.84 to
12.28 mm (Table 2). PE-AgCINPs combined with rifampi-
cin was active against three foodborne bacteria, B. cereus
(9.59 mm inhibition zone), E. coli (9.42 mm inhibition

Table 2. Synergistic antibacterial activity of PE-AgCINPs (25 pg)
with standard antibiotics, kanamycin (5 pg) or rifampicin (5 ug),
against foodborne pathogenic bacteria.

PE-AgCINPs + PE-AgCINPs +
Bacteria Kanamycin Rifampicin
B. cereus ATCC 13061 11.60 £ 0.17*° 9.59+0.01°
E. coli ATCC 43890 11.34 +0.67° 9.42+0.24°
L. monocytogenes ATCC 19115 8.84+0.194 0°
S. aureus ATCC 49444 12.28 +0.25° 14.70 +0.13°
S. Typhimurium ATCC 43174 11.01 +0.18° 0°

*Data are expressed as the mean zone of inhibition in mm + SD. Values in the
same column with different superscript letters are significantly different at
P <.05.
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zone) and S. aureus (1470 mm inhibition zone)
(Table 2, Figure 4(B)). These data clearly demonstrated
that antibacterial activity increased by mixing the pre-
scribed antibiotics such as kanamycin or rifampicin
with PE-AgCINPs. It is seen that at lower concentrations,
the AgNPs are not effective, however when they were
mixed with the standard antibiotics, their activity
increased, the possible reason behind this activity
might be due to the enhanced bacterial binding by
AgNPs assisted by the standard antibiotics, kanamycin
and rifampicin (56). A more probable cause of the syner-
gistic effect may be the potential use of the AgNPs as the
drug carrier. The bacterial cell membrane consists of
phospholipids and glycoprotein, which are all hydro-
phobic in nature and thus they prevent the entry of
the antibiotics into them, but the AgNPs due to their
smaller size enters the target cells mixed with the anti-
biotics and kills the pathogen (57, 58). The results also
matched with those of previous studies of the synergistic
activity of AgNPs in combination with antibiotics (58-60).
The current intensive use of antibiotics is leading to more
rapid development of bacterial resistance; therefore,
resistant strains are able to survive and even multiply
in the presence of an antibiotic. Previous studies indi-
cated improved controlling activity by adding com-
pounds to the traditional antibiotics (60). Our study
also demonstrated that PE-AgCINPs with conventional
antibiotics exerted synergistic effects on foodborne bac-
teria, suggesting the possible use of lower concen-
trations of antibiotics to reduce mammalian cell toxicity
and decrease pressure on bacteria to gain resistance.

The synergistic anticandidal effect of the PE-AgCINPs
and amphotericin b was studied against five strains of
pathogenic Candida species (Table 3 and Figure 4(c)).
The results showed strong anticandidal synergistic
activity against all the strains of Candida species
(10.51-14.01 mm inhibition zones) with highest activity
against C. glochare (14.01 mm inhibition zones). This
synergistic anticandidal potential of PE-AgCINPs could
make it a potential candidate for treatment against a
number of Candida infections.

Table 3. Synergistic anticandidal activity of PE-AgCINPs (50 pg)
with standard antifungal agent, amphotericin b (5 pg), against
pathogenic Candida species.
Candida

Candida albicans KACC 30003

PE-AgCINPs + amphotericin b
11.47 +0.91°%

Candida albicans KACC 30062 12.94+0.12%°
Candida glabrata KBNO6P00368 10.51£0.23¢
Candida glochares KACC 30061 14.01+0.11°
Candida saitoana KACC 41238 11.28 +0.205

*Data are expressed as the mean zone of inhibition in mm =+ SD. Values with
different superscript letters are significantly different at P <.05.
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Figure 4. Synergistic antibacterial potential and anticandidal activity of silver nanoparticles synthesized by the peach outer peel
extracts. The green circles represent the diameter of zone of inhibition.

3.2.6. Free radical scavenging and antioxidant
potential of PE-AgCINPs

The free radical scavenging and antioxidant
potential of PE-AgCINPs was evaluated by DPPH free
radical scavenging, nitric oxide scavenging, ABTS
radical scavenging and reducing power assay. PE-
AgCINPs displayed concentration-dependent activity
on DPPH free radical scavenging potential with

80.33% activity at 100 ug/mL (Figure 5(A)). Similarly,
ascorbic acid (the reference compound) exerted
38.04% activity at 100 pg/mL (Figure 5(A)). PE-
AgCINPs had higher DPPH free radical scavenging
activity than ascorbic acid at all-tested concentrations
(100 pg/mL). The effects of PE-AgCINPs on DPPH
radical might have been due to their hydrogen donat-
ing activity (67).
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Figure 5. Antioxidant activity of silver nanoparticles synthesized by the peach outer peel extracts. DPPH free radical scavenging (A),
nitric oxide scavenging (B), ABTS radical scavenging (C) and reducing power (D) potential of silver nanoparticles (PE-AgCINPs) and
ascorbic acid as the reference compound. Different superscript letters in each column indicate significant differences at P < .05.



The nitric oxide scavenging potentials of PE-AgCINPs
and ascorbic acid are presented in Figure 5(B). Both
PE-AgCINPs and ascorbic acid displayed concentration-
dependent activities over nitric oxide scavenging poten-
tial, with 36.18% and 41.92% scavenging at 100 pg/mL,
respectively. Internally generated nitric oxides are very
unstable and associated with various types of degenera-
tive conditions including cancer, cardiovascular disease
and inflammatory diseases (62). Therefore, the high
nitric oxide scavenging of PE-AgCINPs could make
them a potential candidate for application in biomedical
sciences.

The ABTS radical scavenging potential and reducing
power of PE-AgCINPs and ascorbic acid are presented
in Figure 5(C) and (D). PE-AgCINPs and ascorbic acid dis-
played strong ABTS radical scavenging potential with
74.05% and 85.58% activity at 100 pg/mL, respectively
(Figure 5(C)). When the reducing power of PE-AgCINPs
and ascorbic acid were measured, PE-AgCINPs contained
strong reducing power that was higher than the refer-
ence compound, ascorbic acid (Figure 5(D)). Strong redu-
cing power of PE-AgCINPs represents its strong
antioxidant potential, which might be due to the redu-
cing agents contained in the peach outer peel.

The antioxidant potential of AgNPs synthesized using
different plant extracts has previously been reported (67,
63-65). All of the antioxidant activities tested using PE-
AgCINPs revealed that PE-AgCINPs had strong antioxi-
dant activities, which might be due to the secondary
metabolites in the outer peel extracts such as phenolic
compounds, anthocyanins and flavonols (719, 24-26)
that acted as capping and stabilizing agents for the
AgNPs. The interaction of different types of phytochem-
icals present in the PE extract with the metal ions during
the nanoparticle synthesis might have resulted into
improved free radical scavenging compounds. Further-
more, the electrostatic attractions between the nega-
tively charged secondary metabolites from the plant
and the positively or neutrally charged AgNPs acted
synergistically to improve the antioxidant potential of
the PE-AgCINPs.

4, Conclusions

The present study demonstrated the utilization of outer
peel extracts of peach for the synthesis of Ag nanoparti-
cles, which is a positive step toward development of a
cost-effective and environmentally friendly procedure
for green nanoparticle synthesis using biological waste.
The synthesized PE-AgCINPs had a surface plasmon res-
onance at 440 nm with an average particle size of
55.95 nm calculated from the XRD graph. PE-AgCINPs
displayed potent antibacterial activity and synergistic

GREEN CHEMISTRY LETTERS AND REVIEWS 141

activity with two conventional antibiotics, kanamycin
and rifampicin, against foodborne pathogenic bacteria,
as well as promising strong antioxidant potential.
Overall, PE-AgCINPs possess prospective applications in
the biomedical and food sector industries.
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