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ABSTRACT ARTICLE HISTORY
Green nanotechnology stands amongst the leading giants of innovation for the twenty first century Received 23 February 2021
technological advances. More interesting, is the use of natural products as reducing agents. These Revised 25 August 2021
could be recyclable materials from fruits and vegetables to produce nanoparticles (NPs) with novel ~ Accepted 3 September 2021
properties. In the current study, silver NPs (AgNPs) were synthesized using the water extracts from the
peel and flesh of two Pyrus communis L. cultivars, namely, the Forelle (Red) Pears (RPE) and Packham A O )

" § | i nthocyanins; antibacterial
Trlumph (Gre_en) Pears (GP_E). The AgNPs were ch_argcterlzed by UV-.VIS spectrophotometry, Dynan_uc agents; Forelle Pears; green
Light Scattering (DLS), High Resolution Transmission Electron Microscopy (HRTEM) and Fourier nanotechnology; nutraceuti-
Transform Infra-Red Spectroscopy (FTIR). The antibacterial activities of the AgNPs were evaluated using cals; Packham Triumph
agar well diffusion and microdilution assays. The cytotoxicity of the AgNPs was investigated on a rat Pears; silver nanoparticles
macrophage (RAW 264.7) cells using MTT assay. Both the RPE and GPE were capable of synthesizing
the AgNPs at high temperatures (70 and 100°C). The AgNPs exhibited antibacterial activity against the
test strains, and also had low toxicity towards the RAW 264.7 cells. Thus, the synthesized AgNPs have a
potentially viable use in bio-applications for treatment of bacterial infections.

KEYWORDS

Introduction as antimicrobial [3,10], as antiseptic agents in the clothing
industry, as well as in the development of skincare prod-
ucts [11].

The current study explores the synthesis of AgNPs using
the European pear or Pyrus communis L., This pear fruit is
common in temperate zones worldwide, and has over 2000
variants [12,13]. The Packham’s Triumph (Green) and Forelle
(Red) are among pear variants available in South Africa [14].
The red-skinned appearance of Forelle pears is due to the
extracts in the biological synthesis of nanoparticles (NPs) is high amounts of anthocyanins [15]. Anthocyanins are flavo-
an attractive approach as plant materials are readily available ,5ids that are responsible for the various colours in flowers,
[4]. Plant extracts reported in the synthesis of NPs contain vegetables and fruits. They have been shown to have a num-
antioxidants such as phenolic acids and flavonoids [4,5], with  per of properties, which include antibacterial, antioxidant,
valuable functional groups such as hydroxyl, carboxyl, car-  and anticancer bioactivities [16]. Anthocyanin-rich fruits, such
bonyl and phenol groups. These functional groups are a5 blackberry (Rubus fruticosus L.), strawberry (Fragaria vesca
involved in the reduction of various metals (silver, gold and | ) and raspberry (Rubus idaeus L.), have been used to synthe-

Green nanotechnology has brought a lot of exciting opportu-
nities that could be beneficial to waste recycling in the agri-
cultural sector [1,2]. A large volume of fruit and vegetable
wastes are discarded daily. Since these waste products con-
tain useful phytochemicals, they could instead be recycled to
harness the bio-active compounds and incorporate them into
new products [2,3]. The use of fruit, vegetable or plant

palladium) into their respective metallic NPs [6]. size AgNPs with an antimicrobial activity using green nano-
Metallic NPs, such as silver nanoparticles (AgNPs) are of technology [17].
particular interest. These NPs exhibit a number of properties The pear industry is the third-largest in the South African

that are useful in food sciences [1,2], biosensors [2,7] nano- fruit industry after citrus and apples [18]. The Pyrus spp. is
biotechnology, nanomedicine, textile, etc. The NPs at a size extremely nutritious and a rich source of phytochemicals
range of 1-100nm [8,9] have been shown to have unique associated with health benefits (nutraceuticals). These phyto-
and novel properties [8]. Due to their unique physical and chemicals are excellent candidates for the synthesis of bio-
chemical properties, AgQNPs are widely used in nanomedicine active AgNPs [19,20]. While the synthesis of both gold NPs
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[21]1 and AgNPs [19,20,22] have been demonstrated using
Asian pear variants, such as the Huangguan pear (Pyrus
bretschneideri Rehd); the European pears have not been used
previously to synthesize AgNPs. Both the appearance and
phytochemical composition of the Asian and European pears
differ significantly. Asian pear variants contain more glucose
compared to European pears, which have higher fructose to
glucose ratio and a higher concentration of sorbitol [23]. It is,
therefore, possible that the characteristics of the AgNPs pro-
duced from the green and red European pear variants will be
different. In this study, we demonstrate the synthesis of
AgNPs from aqueous extracts of Packham’s Triumph and
Forelle pears and show their antibacterial activity against sev-
eral bacterial strains.

Materials and methods
Preparation of the pear water extract

The Green (Packham Triumph) and the Red (Forelle) pears
were a kind gift from Kromco (Pty) Ltd (Grabouw, South
Africa). Five pears each from green and red pears were
washed with distilled water (dH,0) and dried with a paper
towel. The peel and flesh were separated and individually
blended in 400 mL boiled dH,0. The crushed material was
centrifuged at 9000rpm for 30 min using the Sorval Lynx
6000 centrifuge (Thermo Fisher Scientific, USA). The super-
natant was vacuum filtered using Whatman 0.45um filters
(Merck, Germiston, South Africa). The filtrates were frozen at
—80°C and freeze-dried using a freeze dryer (Virtis, Gardiner,
NY, USA). The extracts were dissolved in dH,O to obtain
Green and Red Pear Peel (GPP and RPP, respectively) and
Pear Flesh (GPF and RPF, respectively) extracts.

Phytochemical analysis of the pear-extracts

The Total Phenolic Content (TPC) analysis was evaluated in
the RPE and GPE following the Folin-Ciocalteau assay using
0-1mg/mL gallic acid (Sigma, St. Louis, USA) as a standard,
following a previously described protocol [24]. The TPC was
expressed as pg/mL equivalents of gallic acid.

The reducing sugars in the RPE and GPE were analysed
following the phenol-sulfuric acid reaction method using
0-25 mg/mL D-glucose (Sigma) solution as a standard, follow-
ing a previously described protocol [25].

Synthesis of AgNPs

Synthesis of AgNPs was performed by reducing AgNO;
(Sigma, St. Louis, MO, USA) with the GPE and RPE. The AgNPs
were synthesised by mixing the pear extracts and AgNO;
solution in a 1:3 (v/v) ratio (i.e. 0.5mL extract: 1.5mL AgNO,).
Synthesis was performed using different concentrations of
the extracts (1.563-50 mg/mL), AgNOs solution (0.5, 1, 2 and
3 mM), temperatures (25, 70 and 100 °C), and pH ranges (4, 5,
6, 7, 8, 9 and 10). All the reactions were incubated for 16 h at
their set conditions, with shaking. After the incubation
period, all the samples were inspected for a colour change
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and imaged using a digital camera. The reactions were per-
formed in 2mL tubes in an Eppendorf Thermomixer Comfort
(Hamburg, Germany) while shaking at 400 rpm.

Characterization of the AgNPs

The AgNPs were centrifuged using an Eppendorf centrifuge
5417R (Hamburg, Germany) at 14,000rpm for 10min to
remove unreacted extract and AgNO;z before analysis. The
AgNPs were characterized by UV-Vis using a POLARstar
Omega Plate reader (BMG Labtech, Offenburg, Germany) at a
wavelength ranging from 300 to 700nm, Dynamic Light
Scattering (DLS) using a Malvern NanoZS90 Zetasizer
(Malvern Panalytical Ltd., Enigma Business Park, UK), FTIR
spectra read on an FTIR spectrophotometer (Perkin Elmer,
Waltham, MA, USA) in a 500-4000cm ' wavenumber range,
and HRTEM using Tecnai F20 Field Transmission Electron
Microscope (FEI Company, Oregon, USA), as previously
described [26].

Bioactivity of the AgNPs

Antibacterial activity of the AgNPs

Staphylococcus aureus, MRSA, Pseudomonas aeruginosa, and
Escherichia coli were used to assess the antibacterial activity
of the pear extracts and AgNPs. The bacterial strains were
purchased from American Tissue Culture Collection (ATCC;
Manassas, VA, USA). The bacterial cultures were adjusted to
0.5 McFarland standard at ODggpnm between 0.08 and 0.1.
The cultures were then diluted to 1:150 with fresh Mdueller
Hinton Broth (MHB, Sigma), and used for agar well diffusion
and microdilution assays, as previously described [5,26].

Agar well diffusion assay

Microorganisms were streaked on the Mdueller Hinton Agar
(MHA, Sigma) plates. Then 50 UL each of the negative control
(MHB), positive control (1:1 penicilin-streptomycin (Pen-Strep)
cocktail at 10U/mL) (Gibco, Bleiswijk, The Netherlands), pear
extracts and the AgNPs were added in triplicates into their
respective wells.

Determination of minimum inhibitory concentration (MIC)
The microorganisms were exposed to the pear extracts and
AgNPs at concentrations of 0 to 500 ng/mL, for 24 h. The MIC
was recorded for each treatment, and the ODgyonm Was meas-
ured for each treatment using the POLARstar Omega
Plate reader.

Evaluation of the cytotoxicity of the AgNPs

Cytotoxicity of the pear extracts and AgNPs was evaluated in
RAW 264.7 cells (ATCC) using the 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT, Sigma) assay, as previ-
ously described [27]. The cells were grown in Dulbecco’s
Modified Eagles Medium (Gibco, Roche, Germany) supple-
mented with 10% foetal bovine serum (Gibco) and 1% Pen-
Strep. The cells were treated with 0-500pg/mL pear
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Table 1. Analysis of TPC and reducing sugars in the pear-extracts.

Pear extracts TPC (ng/mL) Reducing sugars (ug/mL)
RPP 16 75
RPF 38 45
GPP 127 51
GPF 65 36

extractsand AgNPs. Doxorubicin (Sigma) at a concentration of
50 pg/mL was used as a positive control.

Statistical analysis

The data are expressed as mean + standard error of the mean
of three independent experiments, with each condition per-
formed in triplicate. Statistical analysis was performed by
two-way ANOVA using Graphpad™ Prism v6 software, and t-
test using Microsoft Excel (2010). The differences between
the samples were considered statistically significant when
the p <.05.

Results and discussion
Green synthesis of AgNPs

Green nanotechnology provides safer, inexpensive, and eco-
friendly methods for the synthesis of NPs using natural prod-
ucts as reducing, capping and stabilizing agents [5,26]. These
green chemistry principles-based methods replace the toxic
reducing agents that are used in chemical synthesis methods.
The natural products derived from either microorganisms or
plants can be biomolecules and/or secondary metabolites
that have the ability to reduce metal precursors into metallic
NPs [28,29]. In recent years, green nanotechnology has
shifted interest to the use of food wastes, including, fruits
and vegetables for the synthesis of NPs. These waste prod-
ucts were shown to produce bio-active NPs [3,30-32] that are
biocompatible and have selective toxicity [31].

Pears have high quantities of nutraceuticals, such as phen-
olic acid, flavonoids, and triterpenes. The phenolic acids
include gallic acid, ferulic acid, ursolic acid, etc. [13,33].
Similar phenolic acids have been implicated in the green syn-
thesis of NPs [31,34,35]. The nutraceuticals certainly vary
among the pear variants [13,33]. As shown in Table 1, the
RPE (both the peel and flesh) had a higher reducing sugar
content and lower TPC compared to the GPE. The phenolic
compounds are the major phytochemicals in plant extracts
and prospective reducing agents in the green synthesis of
metallic NPs [36-38], while the sugars can be used as reduc-
ing and/or stabilizing agents [39]. Their presence in the pear
extracts substantiates their role in the reduction of AgNO;
and stabilization of the AgNPs.

Synthesis of NPs can be influenced by many factors, such
as temperature, pH, and concentrations of extract and
AgNOs. Variations of these parameters can alter the size,
shape, reaction rate, and activity of the NPs [26,40]. The
effects of these parameters were investigated in this study.

Effect of extract concentration and temperature on
AgNP synthesis

To determine the optimal extract concentration and tempera-
ture for the synthesis of AgNPs, various concentrations of
RPE and GPE were incubated with 1 mM AgNOs. Changes in
colour from clear to yellow and then brown indicated suc-
cessful synthesis of the AgNPs, and were further confirmed
by UV-Vis analysis (Figure 1). As shown in Figure 1(A), there
was no colour change in the samples that were incubated at
room temperature (~25°C) for all concentrations. This was
further confirmed by UV-Vis spectra of these samples, indicat-
ing the absence of the characteristic peak around
400-500 nm, thus further indicating that there was no forma-
tion of RP-AgNPs at 25°C. These variable effects of tempera-
ture have been reported previously and attributed to the
different types of phytochemicals in a particular plant extract.
While the Acinetobacter calcoaceticus extracts were unable to
synthesise AgNPs at 20°C [40], the extracts from Salvia affri-
cana-lutea, Sutherlandia frutescens [26] and Terminalia
Mantaly [5] produced AgNPs at 25 °C.

RPE-synthesized AgNPs were visible from 6.25 to 50 mg/
mL at 70°C (Figure 1(B)), and in all tested concentrations for
reactions at 100°C (Figure 1(C)). The corresponding UV-Vis
spectra showed surface plasmon resonance (SPR) peaks
around 400-450 nm. SPR is defined as a phenomenon where
the electrons of the metal involved in the NP synthesis (Ag
in this case) become excited by the photons at a certain
angle of incidence [41]. AgNPs display a characteristic SPR
peak around 400-450 nm [5,26,42]; which is also used to pro-
file NP size, shape, stability, and estimate NP concentra-
tion [43].

Similar effects of temperature and extract concentrations
were observed for GP-AgNPs, as shown in Figure 2. At 25°C,
there was no colour change or UV-Vis spectra in all the GPE-
AgNOs reactions. Colour changes to light yellow, orange and
brown were observed at 70°C and 100°C. This was demon-
strated by the absence or presence of the SPR peaks in the
UV-Vis spectra around 400-450nm. In essence, the colour
change and presence of SPR suggested the formation of
AgNPs [5,26,44].

The intensity of the colour, as well as the absorbance, are
directly proportional to the production rate and the concen-
tration of the NPs [26,43,45]. These two parameters were
used in the selection of the optimum pear extract concentra-
tion and temperature. The 100°C was the optimal tempera-
ture for the synthesis of the RP-AgNPs and GP-AgNPs. At this
temperature, all the RPE and GPE concentrations produced
AgNPs with more intense colours than at 70°C. Moreover,
the AgNPs at 70°C produced broader UV-Vis peaks compared
to 100°C, signifying the production of polydispersed AgNPs
at 70°C. Based on these parameters, the optimum concentra-
tions of the pear extracts were 3.125mg/mL for the peel
extract and 6.25 mg/mL for the flesh extract.

Effect of pH on AgNP synthesis

A yellow to brown colors were observed at all pH conditions,
confirming the synthesis of the AgNPs. As shown in Figure 3,
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the peel extracts produced narrow UV-Vis spectra (A and C),
while the flesh produced broad spectra (B and D). This fur-
ther indicates that the peel extracts at high pH synthesize
AgNPs that have a narrow size distribution and uniform
shapes, whereas, the low pH conditions synthesized larger
AgNPs that are likely to be polydispersed. The pH of the sam-
ples is often adjusted to control NP sizes and reaction rate.
AgNPs synthesized at low pH aggregate over time and have
a wide range of shapes and sizes. On the other hand, AgNPs
synthesized at high pH are smaller in size and have uniform
shapes [43,46]. Using Lawsonia inermis leaf extracts, AgNPs
could only be synthesized at pH 9 and not at pH 4 [46].
Parachlorella kessleri synthesized smaller AgNPs with a core
size range of 10-25nm at pH 10 and larger AgNPs (10-60 nm
core size) at pH 4 [43]. Similarly, ascorbic acid and citrate-
reduced AgNPs were smaller with uniform shapes at high pH
[47]. Based on the results for all pear extracts, pH 10
appeared to be the optimum pH for AgNP synthesis. The UV-
Vis spectra for the AgNPs at their native pH (pH 4 for the
RPE and GPP extracts, pH 5 for the GPF extracts) were broad
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and had a low SPR which directly corresponds to non-uni-
form AgNP shapes and low concentration, respectively [40].

Effect of AgNO; concentration on AgNP synthesis

The concentration of the metal precursor also plays a crucial
role in the synthesis of metallic NPs [40]. Some studies
reported a positive correlation between the precursor con-
centration and the amount of NPs formed. By increasing the
concentration of AgNOs the rate of Gum tragacanth AgNPs
formation was increased [45]. Contrary, more AgNPs were
synthesised from Acinetobacter calcoaceticus extracts at low
(0.5 and 0.7 mM) than at higher (5mM) AgNOs concentra-
tions. Moreover, lower concentrations of AQNOs; were associ-
ated with smaller and uniform AgNPs compared to higher
concentrations [40]. A positive correlation between the con-
centration of AgNOsz and AgNPs formation was observed in
Figure 4. Although the SPR in the GPF-AgNPs was not as pro-
found when compared to the SPR of the other AgNPs (Figure
4(D)), it was apparent that AgNPs were present and was
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Figure 2. Effect of temperature and concentration of GPE on the synthesis of GP-AgNPs. The GP-AgNPs were synthesized at 25 °C (A), 70°C (B), and 100 °C (C).

supported by the color change. The optimum AgNO; concen-
tration for the synthesis of the AgNPs was determined
as 1 mM.

Synthesis and characterization of optimized AgNPs

The AgNPs were then synthesized using the optimum condi-
tions, that is, 3.125-6.25 mg/mL extract concentration, pH 10,
1mM AgNOs;, and 100 °C. Figure 5(A) shows the UV-Vis spec-
tra of the RP-AgNPs and GP-AgNPs with their SPR peaks at
408-432nm. The SPR of the AgNPs is indicated in Table 2.
There was a red-shift in the SPR of the RP-AgNPs (432 nm for
RPP-AgNPs and 424nm for RPF-AgNPs) and a blue-shift for
the GP-AgNPs (408nm for GPP-AgNPs, 416nm for GPF-
AgNPs). The absorbance of GPP-AgNPs and RPP-AgNPs at
SPR was higher than that of GPF-AgNPs and RPF-AgNPs,

which indicated that the concentration of the AgNPs synthe-
sized from the peel extracts was higher than AgNPs from the
flesh extracts [42].

The majority of the AgNPs were spherical in shape and
had varying core size distributions, as indicated by HRTEM
images (Figure 5(B,C)). The RPE produced AgNPs with larger
core sizes than the GPE. The core size distribution of the RPE-
AgNPs was in the size range of 10-70 nm, with the average
core size of 43nm and 46 nm for RPP-AgNPs and RPF-AgNPs,
respectively (Table 2). The core size distributions of the GPE-
AgNPs were at 5-40 nm range, with an average core size of
20nm and 25nm for GPP-AgNPs and GPF-AgNPs, respect-
ively. The hydrodynamic size distribution of the AgNPs deter-
mined by DLS showed larger sizes. (Figure 5(D)). The Z
(d.nm) average of the peel AgNPs was smaller than that of
the flesh AgNPs (Table 2). These sizes were different from the
core size obtained from the HRTEM images (Figure 5(B)). This
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is due to the fact that the hydrodynamic diameter of the
AgNPs was augmented by the phytochemicals on the surface
of the AgNPs [5,26], which made their average hydrodynamic
size much higher than that of the metal core size [5,26,48].
The size difference in the core and hydrodynamic diameters

could be attributed to the content of phytochemical compo-
nents in the pear extracts. Phenolic acids and flavonoids
occur in different combinations and concentrations and can
influence the size of the AgNPs. This is supported by
Krishnaraj et al. who synthesized AgNPs in the size range of
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Figure 5. Physico-chemical properties of the AgNPs at the optimal conditions. The AgNPs were characterized by UV-Vis (A), HRTEM (B) and DLS (D). The core size of
the AgNPs was calculated from the HRTEM images by ImageJ software (C).

Table 2. The physico-chemical properties of the optimized GP-NPs and RP-NPs.

UV-Vis analysis HRTEM analysis DLS analysis
[Extract] SPR
AgNPs mg/mL (nm) Absorbance at SPR Core size distribution (nm) Z average (d nm) Pdi C-potential (mV)
RPP-AgNPs 3.125 432 0.852 10-70 117.2 0.244 -9.5
RPF-AgNPs 6.25 424 0.425 30-65 190 0.460 —-1.1
GPP-AgNPs 3.125 408 0.529 10-40 157.1 0.383 -7.7
GPF-AgNPs 6.25 416 0.324 5-30 168.1 0.545 —34

20-30 nm using Acalyphia indica plant extracts [49], whereas indicating strong repulsive forces between the AgNPs which
Banala et al. synthesized AgNPs in the size range of 5-50nm  will prevent aggregation of AgNPs in solution [48].
using Carica papaya leaf extracts [50].

The Pdi of the AgNPs was below 0.6 (Table 2). This also
supports the TEM and DLS data that showed that their size
distribution range was not too broad. All the AgNPs had  The FTIR analysis of the pear extracts and AgNPs in Figure 6
negatively charged (-potential values (Table 2), thus shows that the extracts contain the same functional groups

FTIR analysis of optimized AgNPs
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Figure 6. Comparison of the FTIR spectra of the pear extracts and AgNPs. FTIR of RPP-AgNPs versus RPP (A), RPF-AgNPs versus RPF (B), GPP-AgNPs versus GPP (C),
GPF-AgNPs versus GPF (D). Each peak in the AgNPs indicates the functional group of the phytochemical involved in the NP synthesis.

as those in their respective AgNPs. This indicated that the
functional groups present in the pear extracts played a role
in the reduction of AgNOs, and stabilization of the AgNPs
[51]. Two prominent absorption peaks were observed at
~1650 and 3300cm™'. The peaks at ~1650cm™' represent

the involvement of an amide-bond (NH-C=0) which might
probably come from proteins [52]. The peaks at ~3300cm "
suggest the presence of hydroxyl or amine groups, which
could indicate the interaction between the silver ions (Ag™)
and hydroxyl or amine groups of the RPE and GPE. These
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functional groups are among the ones identified in the
AgNPs synthesized from the Huangguan pear juice extracts
[20], which could be equivalent to the AgNPs synthesized
using RPF and GPF extracts. This further implies that proteins,
in addition to the reducing sugars and phenolic compounds,
found in pear extracts were involved in the synthesis of
the AgNPs.

Antibacterial effects of AgNPs

The antibacterial effects of the AgNPs were investigated
using agar well diffusion against two Gram-positive (S. aureus,
MRSA) and two Gram-negative (E. coli and P. aeruginosa)

Table 3. ZOlIs for bacteria treated with the AgNPs.

Zones of inhibition (mm)

Bacterial strains Pen-Strep GPP-AgNPs GPF-AgNPs RPP-AgNPs RPF-AgNPs
E. coli 8 1.8 3.0 25 4.1
S. aureus 6 15 35 29 4.0
P. aeruginosa 9 2.2 3.1 3.0 43
MRSA 5 13 2.8 23 37

Table 4. Evaluation of the MICs for the pear extracts and AgNPs.

bacterial strains. The presence of ZOls was used as a sign of
bacterial growth inhibition. The RPE and GPE had no activity
on the four strains (data not shown), while they were suscep-
tible to the effects of Pen-Strep, which was used as the posi-
tive control. Pen-Strep is a cocktail of two commercial
antibiotics, penicillin and streptomycin with well-known anti-
microbial activity [53]. AgNPs synthesized from the pear flesh
showed higher antibacterial activity than the AgNPs synthe-
sized from the pear peels. As shown in Table 3, the AgNPs
synthesized from the Forelle pear extracts (RP-AgNPs) had
enhanced antibacterial activity when compared to the AgNPs
synthesized from the Packham’s Triumph pear extracts (GP-
AgNPs). Huang et al. also demonstrated that AgNPs synthe-
sized from the juice of the Asian Huangguan pear inhibit the
growth of P. aeruginosa, E. coli and S. aureus [20]. Huang et
al. further demonstrated that the ZOls were size-dependent
and larger than AgNPs produced by citrate reduction [20].
The MICs, lowest concentrations of the samples that inhib-
ited visual growth of the bacteria are recorded in Table 4.
The pear extracts showed no effect on bacterial growth. The
GPF-AgNPs were the most active among the AgNPs. This was

MIC (ng/mL)
Bacterial strains GPP GPP-AgNPs GPF GPF-AgNPs RPP RPP-AgNPs RPF RPF-AgNPs
E. coli >500 >500 >500 500 >500 >500 >500 >500
S. aureus >500 >500 >500 500 >500 >500 >500 >500
P. aeruginosa >500 500 >500 500 >500 500 >500 500
MRSA >500 >500 >500 500 >500 >500 >500 >500
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Figure 7. Growth inhibitory effects of the AgNPs against the selected bacterial strains. (A) RPP-AgNPs (B) RPF-AgNPs, (C) GPP-AgNPs and (D) GPF-AgNPs.

*Statistically significant at p < .05, **p <.001 and p <.0001.
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Figure 8. Cytotoxicity effects of the GP-AgNPs and RP-AgNPs on RAW 264.7 cells. Cell viability was assessed by MTT assay after 24 h exposure to increasing concen-
trations (0-500 pug/mL) of the RP-AgNPs (A, B) and the GP-AgNPs (C, D). *Statistically significant at p < .05, and **p < .001.

based on the findings that these AgNPs inhibited visible
growth for all the bacteria at 500 ng/mL. Of the four strains,
P. aeruginosa was the only strain that was susceptible to all
the AgNPs (Table 4). The antibacterial effects of the test sam-
ples were further confirmed by measuring the optical density
of the treated bacteria at 600 nm (Figure 7). MRSA was most
resistant to the effects of the AgNPs, especially the RPF-
AgNPs and GPP-AgNPs which did not affect their growth
rates, even at higher concentrations. S. aureus, E. coli, and to
a lesser extent P. aeruginosa, showed susceptibility to the
AgNPs in a dose-dependent manner. Growth of P. aeruginosa
was completely inhibited by all the AgNPs at 500 ng/mL. This
represents the minimum bactericidal concentration (MBC,
lowest concentration that inhibits bacterial growth) of the
AgNPs on P. aeruginosa. The antibacterial effects were statis-
tically significant from 31.25ug/mL for E. coli and S. aureus,
and from 250 ug/mL for the other bacterial strains. Overall,
the antibacterial effects of the RP and GP AgNPs followed
similar trends in all the bacterial strains, except for MRSA.
The RPP-AgNPs and the GPF-AgNPs are the only AgNPs that
were effective against MRSA. The observed differential anti-
bacterial effects could be due to the differences in the phyto-
chemical composition in the RPE and GPE. However, while
the main difference in the two pear variants is that RPE has a
higher concentration of anthocyanins than GPE [15], it is

unlikely that anthocyanins are the only phytochemicals play-
ing a role in the antibacterial activity of these AgNPs.

Cytotoxicity of AGNPs

The biocompatibility of the AgNPs was evaluated in RAW
264.7 cells using the MTT assay. The assay is used to quanti-
fying the percentage of metabolically active cells by measur-
ing mitochondrial enzymatic activities. Only viable cells are
able to process the yellow MTT dye to produce an insoluble
formazan product, which can be solubilized by the addition
of DMSO to produce a purple colour that is proportional to
the number of live cells [54]. The anthocyanin-rich RP extracts
and AgNPs were less toxic to the cells when compared to GP
extracts and AgNPs (Figure 8). The RPP and GPF extracts
showed negligible toxicity towards the cells (Figure 8(A,D)).
In contrast, their respective AgNPs seemed to offer protection
to the cells. Significant toxicity was only observed in GPP
extracts and AgNPs at concentration >250 ng/mL.

Conclusion

This study demonstrated the successful green synthesis of
AgNPs using the aqueous peel and flesh extracts of the
Packham’s Triumph and Forelle pear variants. The method of
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synthesis used was rapid, cost-effective, and eco-friendly. The
GPF and RPP AgNPs exhibited significant antimicrobial activ-
ities against the multi-drug-resistant strains, that is, MRSA
and P. aeruginosa. The synthesized AgNPs showed differential
effects on the proliferation of RAW 264.7 cells, where the RP-
AgNPs were biocompatible and less toxic compared to the
GP-AgNPs. Thus, the synthesized AgNPs have a potential for
use in bio-applications, such as skincare therapeutics, cosmet-
ics, and the food industry to prevent spoilage. However, the
safety of these AgNPs warrants further investigations for
their use.
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