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Background: The synthesis of silver nanoparticles (AgNPs) using food waste materials and

their biomedical applications have garnered considerable attention recently.

Methods: Here, we investigated the synthesis of AgNPs using an aqueous extract of outer

peel of Pisum sativum under different lighting conditions using standard procedures and

explored their antidiabetic, cytotoxicity, antioxidant, and antibacterial potential.

Results: Characterization of AgNPs was done by Ultra Violet (UV-VIS) spectroscopy that

showed absorption maxima at 456 nm for the samples exposed to laboratory lighting and at

464 nm for the samples exposed to direct sunlight, by scanning electron microscopy and

energy-dispersive X-ray analysis that showed the surface nature and their elemental compo-

sition with a strong peak at 3 keV that corresponded to Ag (61.85 wt%), by Fourier-

transform infrared spectroscopy that predicted the functional groups involved, and by X-

ray powder diffraction that showed the structural properties. The average diameter of the

synthesized AgNPs was calculated to be in the range of 10–25 nm. AgNPs exhibited

promising antidiabetic activity as determined by inhibition of α-glucosidase (95.29% inhibi-

tion at 10 µg/mL and IC50 value of 2.10 µg/mL) and cytotoxicity (IC50 value 4.0 µg/mL as

calculated from the slope equation) against HepG2 cells. Furthermore, they also exhibited

moderate antioxidant activity (50.17% reduction of 1,1-diphenyl-2-picrylhydrazyl at 100 µg/

mL) and antibacterial activity against four human pathogenic bacteria (as indicated by 8.70–

11.10 mm inhibition zones on agar plates).

Conclusion: In conclusion, the results confirm that food waste can be used in the synthesis

of AgNPs and that the latter have the potential for applications in various fields including

diabetic and cancer treatments as well as in biomedicine for the manufacture of antibacterial

coatings in medical devices and instruments.

Keywords: antibacterial, antidiabetic, antioxidant, cytotoxicity, garden pea, silver

nanoparticles, Pisum sativum

Introduction
Green synthesis of nanoparticles using biological materials such as extracts from

various parts of the plants, algae, fungi, and a number of beneficial microorgan-

isms is in focus in the present scientific world. The green technology method is

beneficial from the conventional physical and chemical methods due to its envir-

onmentally friendly, nontoxicity, and cost-effective approach.1,2 A number of
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studies have been reported on the synthesis of nanoparti-

cles using the green technology approaches with the help

of plant extracts, bacteria, algae, and fungi as the redu-

cing agents in the synthesis process.1–5 Silver nanoparti-

cles (AgNPs) have recently attracted sizeable attention

due to their inimitable chemical and physical properties,

such as their chemical stability; thermal conductivity;

photoelectrochemical activity; and high catalytic, antimi-

crobial, and antioxidant activities.6–8 The synthesis of

AgNPs using a number of biological agents including

bacteria, fungi, algae, plant extracts, and byproducts has

also attracted much attention.6 However, the use of food

waste materials and industrial wastes from the food

industry in the synthesis of nanoparticles has been very

limited to date.

The large amounts of byproducts produced during the

processing of plant food materials amount to an eco-

nomic and environmental problem due to the high

volume involved and the cost of their elimination.9

Aside from preventive measures to reduce the amount

of waste, another –and more suitable – option is to

reuse these waste materials by converting them into

energy or other chemicals and materials that can be

used in various applications in the food, cosmetics, and

pharmaceutical industries. In light of the current situa-

tion, it would be beneficial if food waste materials could

be effectively recycled and utilized as reducing agents for

the synthesis of nanomaterials. Numerous attempts have

been made to date to produce nanomaterials using a

variety of biological and industrial waste materials as

the reducing agent.10 Thus, the utilization of food waste

materials to synthesize various types of nanomaterials

would be a highly effective, low-cost, and environmen-

tally friendly way to recycle them for use in the genera-

tion of biomedicines and pharmaceuticals.

For pea (Pisum sativum L.), only the seeds are edible,

while its peel is discarded as waste. The peel waste is a

prime example of an undervalued and unused source of

energy that can assist as the reducing agent in the synthesis

of nanoparticles. It has been reported that the peel of pea is

a rich source of natural bioactive compounds such as

phenols and flavonoids, and it has been used in traditional

medicines to treat a variety of ailments.11,12 It contains a

number of active compounds with antimicrobial, antiox-

idant, and antidiabetic potential.11,13 Moreover, in coun-

tries such as India, China, Peru, and Tunisia, peas are

indeed used as a treatment for diabetes.12 Thus, in the

present investigation, we investigated the synthesis of

AgNPs using an aqueous extract of the outer peel of

garden pea and evaluated their antibacterial, antioxidant,

antidiabetic, and anticancer activities.

Materials and methods
Preparation of sample extract
Green peas (Pisum sativum L.) were purchased from a

local food shop in Ilsandong, Republic of Korea, and

immediately taken to the laboratory for further processing.

The green peas were washed thoroughly with tap water,

dried with tissue paper, and the seeds were separated from

the seed coat. The seed coats (the outer peel), which

comprise the nonedible food component, were then cut

into small pieces (Figure 1A). Approximately 25 g of the

outer peels was immersed in 100 mL of deionized water in

a 250-mL conical flask and boiled for 10–15 mins with

continuous stirring. This was then allowed to cool to room

temperature and filtered through Whatman No. 1 filter

paper. The filtrate of Pisum sativum extract (PS extract)

was collected in a clean bottle and kept at 4°C until

further use.

Biosynthesis of AgNPs using PS extract as

the reducing agent
The biosynthesis of AgNPs was carried out in three

different ways (under direct sunlight, under normal

laboratory lighting, and in complete darkness). The

experiments were carried out in triplicate and with three

different sets. For each set, 100 mL aliquots of a 1 mM

AgNO3 aqueous solution were placed in 250-mL conical

flasks, and 10 mL of the PS extract was then added

dropwise with continuous stirring to each flask.14

Different flasks were then exposed to different lighting

conditions indicated above for the reduction process.

Synthesis of the AgNPs in the solutions was visually

monitored, and the changes in the color of the solutions

were recorded at regular intervals followed by scanning

using a UV-VIS absorption spectroscopy. The reactions

were allowed to continue for 24 hrs and the solutions

were then centrifuged at 10,000 rpm for 30 mins using a

high-speed centrifuge. Following centrifugation, the

supernatants were discarded and the pellets were washed

three times with double-distilled water followed by

another centrifugation step in order to remove any traces

of unbound plant compounds. The pellets were collected

in a crucible and dried at ambient temperature and

retained for further characterization.
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Characterization of the synthesized

AgNPs
After the AgNPs had been synthesized, they were sub-

jected to characterization of their morphological, physical,

and chemical properties by various techniques including

UV-VIS spectroscopy, Fourier-transform infrared spectro-

scopy (FT-IR), scanning electron microscopy (SEM),

energy-dispersive X-ray (EDX) analysis, and X-ray pow-

der diffraction (XRD) analysis using standard

procedures.14

UV-VIS spectroscopy
In order to study the effect of the three lighting condi-

tions on the biosynthesis of the AgNPs, the absorption

spectra of the solutions were acquired with a UV-VIS

spectrophotometer (Multiskan GO; Thermo Scientific,

Waltham, MA, USA) at 2-mm resolution between 300

and 700 nm for 24 hrs. Three sets of the sample taken

and were analyzed for their absorption at every 1-hr time

interval, at wavelengths ranging between 300 and 700 nm

at each 2-nm difference. The absorption spectral values

and the colors of the solutions were recorded at each time

interval.

FT-IR analysis
The FT-IR spectra of the synthesized AgNPs (generated

under laboratory lighting and sunlight) and the PS extract

were acquired using an FT-IR spectrophotometer

(Spectrum TwoTM FT-IR Spectrometer; PerkinElmer,

Waltham, MA, USA) at wavelengths ranging from 400

to 4000 cm−1.15 About 5 µL of the sample was placed

over the sample collector point of the instrument and the

instrument was initiated to record the reading using the

command from a specific software installed in the compu-

ter system attached to the machine. The corresponding

data were recorded in the form of values in the MS

Excel sheet and the respective graph was plotted.

XRD analysis
The crystalline structure of the synthesized AgNPs was

determined using an XRD device (X’Pert MRD;

PANalytical, Almelo, The Netherlands) as per standard

procedures.14 Initially, the synthesized PS-AgNPs were pow-

dered properly using mortar and pestle and the sample was

loaded in the sample holder glass slide and fixed to the XRD

machine followed by the command to run the machine using

a computer interface attached to the machine. The data were

Figure 1 (A) Outer peel of garden pea (Pisum sativum) used in the synthesis of AgNPs; (B) Ultra Violet (UV-VIS) spectral analysis of AgNPs generated under different lighting

conditions.

Abbreviation: AgNPs, silver nanoparticles.
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analyzed and its nature was interpreted using a specific soft-

ware and computer system attached to the machine.

SEM–EDX analysis
The surface nature and the elemental composition of the

synthesized AgNPs were determined by SEM (S-4200;

Hitachi, Tokyo, Japan) and EDX (EDS; EDAX Inc.,

Mahwah, NJ, USA) analysis. Initially, the samples were

powdered properly using mortar and pestle, and a pinch of

it is allowed to spread over the carbon tape attached to the

sample holder. The sample holder with the sample is then

sputter coated for 120 s in an ion coater machine. Then,

the sample holder is placed in the SEM machine at its

appropriate location in vacuum and the surface nature was

analyzed by focusing the lens on the AgNPs followed by

its elemental composition analysis using the EDX machine

(EDS; EDAX Inc.) attached to the SEM machine. The

image and data were recorded with the help of a computer

system attached to the SEM machine.

Bioactivity screening of the

biosynthesized AgNPs
Antioxidant assays

The antioxidant activity of the biosynthesized AgNPs was

evaluated by the 1,1-diphenyl-2-picrylhydrazyl (DPPH)

free-radical scavenging and reducing power assays. All

of the assays were performed using standard procedures,

and butylated hydroxytoluene (BHT) was used as the

reference standard.16 For the DPPH assay, the experiment

was carried out in three different concentrations. Initially,

50 µL of the sample was prepared with different concen-

trations of AgNPs (25–100 μg/mL), and to it, 50 µL of

DPPH solution (0.1 mM) was added, mixed properly, and

incubated in dark for 30 mins. After the incubation, the

absorbance was recorded at 517 nm. BHT was taken as the

reference compound. Percentage DPPH scavenging effect

of the AgNPs was calculated using the following equation:

DPPH scavenging % age ¼ C � T
C

� 100

where C is the absorbance of the control value and T is the

absorbance of the treatment value.

In case of the reducing assay, the reactionmixture (50 μL)
contains different concentrations of AgNPs (25–100 μg/mL),

1% K3[Fe(CN)₆], and 0.2 M phosphate buffer (pH 6.6).

Initially, the reaction mixture was incubated at 50°C for 20

mins followed by addition of 10% C2HCl3O2 (50 μL). It was
then centrifuged at 1000 g, and from it, 50 μL of the

supernatant was taken and to it 0.1% FeCl3 (10 μL) and

distilled water (50 μL) were added and further incubated

for 10 mins. The absorbance of the reaction sample was

taken at 700 nm. BHTwas taken as the reference standard.

Antidiabetic assay

A standard alpha-glucosidase assay was performed to

evaluate the antidiabetic potential of the synthesized

AgNPs.17 Initially, 20 μg/mL of the sample was taken

in the 96-well plates and serially diluted with sodium

phosphate buffer (0.02 M, pH 6.9). The final volume of

the solution was kept as 50 μL followed by addition of α-

glucosidase (50 µL, 0.5 U/mL). The mixture solution was

mixed properly and kept for 10 mins at room tempera-

ture. Subsequently, 3 mM p-nitrophenylglucopyranoside

(50 µL), taken as the substrate, was added to it and

further incubated for another 20 mins at 37°C. Then,

0.1 M Na2CO3 (50 µL) was added to the sample solution

to stop the running reaction. Then, the absorbance of the

reaction samples was measured at 405 nm using a plate

reader. Wells with buffer, substrate, and enzyme were

used as a positive control. The percentage inhibition of

the enzymatic activity of α-glucosidase was calculated

using the following formula:

Percentage inhibition ¼ C � T
C

� �
� 100

where C is the absorbance of the control sample and T is

the absorbance of the “treatment” sample.

Cytotoxicity assay

The cytotoxicity of the biosynthesized AgNPs against

HepG2 cells was investigated using a standard procedure.16

The cytotoxicity activity was evaluated using a commercially

available EZ-Cytox kit (DoGenBio Co., Ltd., Seoul,

Republic of Korea) following the manufacturer’s instruc-

tions, and the viability and the morphology of the cells

were assayed by trypan blue exclusion and observation was

done under an inverted microscope (DMI6000B; Leica,

Wetzlar, Germany).18 The HepG2 cells were purchased

from Korea Cell Line Bank (Seoul, Republic of Korea). All

the experiments were carried out in a 96-well plate. For the

trypan blue assay, after the exposition of the cells with PS-

AgNPs, the cells were thoroughly washed with the DPBS,

and then 20 μL of fresh complete DMEM and trypan blue

mixture solution in 1:1 ratio were added and then the cells

were visualized under the inverted microscope for the detec-

tion of live and dead cells.
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Antibacterial assay

The antibacterial activity of the biosynthesized AgNPs

was tested against four different human pathogenic bac-

teria, namely, Escherichia coli O157:H7 ATCC 23514,

Enterococcus faecium DB01, Salmonella typhimurium

KCTC 1925, and Salmonella enterica KCCM 11806

using the standard disc diffusion assay.19 The pathogenic

bacteria were subcultured in fresh nutrient broth medium

for overnight prior to use. Briefly, different concentrations

of the AgNPs were prepared in 5% dimethyl sulfoxide

(DMSO), and from it, the filter paper disc was prepared

containing 100 µg of AgNPs/disc. Then, the pathogens

were spread uniformly on the agar plates, and then the

filter paper disc containing the AgNPs was placed and the

plates were incubated at 37ºC for overnight. Streptomycin

was used as a positive control, and 5% DMSO was used as

a negative control. The antibacterial activity was based on

the diameter of the inhibition zone after incubation at 37°C

for 24 hrs. Further, the minimum inhibitory concentration

(MIC) of the AgNPs was determined by two-fold serial

dilutions using standard referred procedures.20 Briefly dif-

ferent dilutions of the AgNPs were prepared by two-fold

serial dilution method, and to it, 10 µL of the pathogenic

bacterial culture in nutrient broth medium was added and

mixed properly, and the sample was incubated at 37°C for

overnight. The minimum concentration of the sample that

did not show any visible growth of the pathogenic bacteria

is considered as the MIC of the AgNPs. While the value

that showed complete death of the bacteria was considered

as the minimum bactericidal concentration (MBC).

Statistical analysis
The results are presented as means ± SD. One-way ANOVA

was performed along with the Duncan’s multiple range test

using SPSS version 23.0 software (IBM Corp., Armonk, NY,

USA) at a 5% level of statistical significance (P<0.05). Linear

regression analyses and Pearson’s correlation analyses were

also checked to assess the association between the antioxidant

parameters using the same software.

Results
The biosynthesis of AgNPs was carried out using 1 mM

AgNO3 solution, with aqueous PS extract as the reducing

agent and under different lighting conditions (Figure 1A).

Rapid development of a change in color (to reddish

brown) was observed in the samples exposed to sunlight

and laboratory lighting, whereas the samples kept in

complete darkness did not exhibit any signs of reaction

and there was hence no synthesis of AgNPs under the

latter condition. The UV-VIS spectral analysis showed

that the maximum absorbance peak was at 456 nm for

the samples exposed to laboratory lighting and at 464 nm

for the samples exposed to direct sunlight (Figure 1B). The

only difference between these two lighting conditions was

that for the samples exposed to laboratory lighting there

was a steady rate of AgNP synthesis while with exposure

to sunlight there was a burst of synthesis in the first hour

that then tapered off over time.

The FT-IR spectral analyses of the AgNPs generated

under laboratory lighting, the AgNPs generated under direct

sunlight, and the PS extract are presented in Figure 2A.

Absorption peaks at 3335.77, 2113.44, 1637.09, and 592.84

cm−1 were observed for the PS extract, while absorption

peaks at 3336.14, 2113.44, 1637.25, and 578.32 cm−1 were

observed for the AgNPs generated under laboratory lighting

(Figure 2A). Similarly, absorption peaks at 3336.04, 2112.62,

1637.29, and 580.32 cm−1 were observed for the AgNPs

generated while exposed to direct sunlight (Figure 2A). The

FT-IR results of the AgNPs generated under laboratory light-

ing and sunlight were quite similar. Thus, based on both the

UV-VIS and FT-IR results, only the AgNPs generated under

laboratory lighting were investigated further. The XRD spec-

tra of the AgNPs generated under laboratory lighting are

presented in Figure 4. The spectra exhibited three clear

diffraction peaks at 2θ angles of 38.86, 44.29, and 64.04

that corresponded to (111), (200), and (220), respectively

(Figure 2B). The surface nature and the elemental configura-

tion of the AgNPs generated under laboratory lighting were

determined by SEM–EDX analysis (Figure 2C and D). The

SEM images show that the synthesized AgNPs were sphe-

rical in nature (Figure 2C, inset). By counting the average

diameter of approximately 100 particles on an enlarged SEM

image, the size of the particles was determined to be 10–25

nm, with an average size of 16.18 nm. Furthermore, the EDX

spectra revealed the elemental composition of the AgNPs,

with a strong peak at 3 keV that corresponded to Ag (61.85

wt %), thus confirming the presence of AgNPs (Figure 2D).

The EDX analysis also revealed the presence of other

elements such as carbon (13.83%) and oxygen (24.32%)

(Figure 2D, inset).

After the characterization, the AgNPs generated under

laboratory lighting were subjected to investigation of var-

ious properties including antioxidant, antidiabetic, cyto-

toxicity, and antibacterial activities. The antioxidant

activity of the AgNPs was also investigated in terms of
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their DPPH free-radical scavenging and reducing poten-

tial. The results show that the AgNPs had a moderate

DPPH scavenging activity (50.17%) at 100 µg/mL

compared to 90.7% scavenging activity of the BHT posi-

tive control compound (Figure 3A). However, the AgNPs

exhibited a strong reducing power compared to the BHT

standard reference at all three of the tested concentrations

(Figure 3A). Remarkably, when the reducing power was

plotted against the DPPH activity, a positive trend was

observed (Figure 4), with an R2 value of 0.804 at the 95%

confidence level. A stronger positive trend was also observed

from the Pearson’s correlation plot between the reducing

power and the DPPH activity (r =0.897) at P<0.01 (Table 1).

The results of the α-glucosidase inhibition assay to assess the

antidiabetic potential of the AgNPs are presented in Figure 3B.

The results revealed an increased inhibitory activity of the

AgNPs, with a maximal inhibition of 95.29% at an

AgNP concentration of 10 µg/mL. Besides, the IC50 value of

2.10 µg/mL was found out as calculated from the slope equa-

tion (y =29.573x – 10.897). The cytotoxicity of the AgNPs and

their effect on HepG2 cell viability are presented in Figure 5.

The results show that the AgNPs had a high cytotoxicity

potential, with maximum cell death with the IC50 value of

4.0 µg/mL as calculated from the slope equation (y

=15.948x – 13.804) (Figure 5). The morphological data

obtained from the cytotoxicity assay revealed the nature of

the cell death, that showed limited spreading patterns and

an increased number of floating cells (black arrows) when

the concentration of the AgNPs increased. Whereas the

control cells and cells treated with low concentrations of

AgNPs were mostly alive (white arrows) (Figure 5). The

antibacterial potential of the AgNPs generated under labora-

tory lighting was evaluated against four different human

pathogenic bacteria (E. coli O157:H7 ATCC 23514, E.

faecium DB01, S. Typhimurium KCTC 1925, and S. enter-

ica KCCM 11806) and the results are presented in Table 2.

The AgNPs were active against all four of the pathogenic

bacteria, with the diameter of the zones of inhibition ran-

ging from 8.70 to 11.10 mm at concentrations of 100 µg/

disc (Table 2). However, streptomycin, which acted as the

positive control, resulted in inhibition zone diameters of

11.99–14.65 mm at the same concentration. The MIC of
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the AgNPs against all four of the bacteria tested was

determined to be 100 µg/mL, while the MBC values were

obtained as >100 µg/mL.

Discussion
The synthesis of nanoparticles for various biomedical and

pharmacological applications has garnered considerable

attention recently, and a number of methods have been tested

and developed to improve the production of environmentally

suitable nanoparticles.21–23 The use of plants, plant extracts,

food waste materials, and fruit peels has so far always proven

to be a good substitute for reducing agents in the synthetic

process as these are low-cost, safe, and nontoxic entities that

are also environmentally friendly.4,16,24,25 Another advantage

of using biological materials in the synthetic process is that

these materials are a rich source of natural bioactive com-

pounds with numerous medicinal properties. Thus, in the

current investigation, the seed coat (the outer peel) of garden

peas, which is normally discarded after removal of the pea, is

a food waste product that could be used as the source of the
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reducing agent for the synthesis of AgNPs. It has already

been reported that the outer peel of garden peas is rich in

phenolic compounds and flavonoids that have important

roles as the antioxidants and anticancer agents.13 Moreover,

there have been reports of the use of pea seed coats in folk

medicines in various countries such as India, China, and

Tunisia.11,12

The change in color of the reaction sample from yel-

lowish-green to brown confirmed the completion of the

AgNP synthetic process. For the three conditions that were

tested, the synthetic process reached completion under

both laboratory lighting and sunlight, with the former

being more stable and better (Figure 1B). A possible

reason for the effect of light on the synthesis of AgNPs

is that the large number of photons of a particular wave-

length derived from the light source may have acted as a

catalyst that promoted the reduction of AgNO3 to AgNPs,

with the compounds in the PS extract acting as the redu-

cing agent.26 The UV-VIS absorption spectroscopy data

revealed a surface plasmon resonance band due to the

excitation of free electrons at 456 nm for the samples

exposed to laboratory lighting and at 464 nm for the

samples exposed to sunlight (Figure 1B), which are well

within the specified range reported in the literature.23,27

However, in case of the sunlight-mediated synthetic pro-

cess, the synthesis occurred as a burst in the first hour and

then tapered off over time. This may have been due to the

nonuniform exposure to photons from the sunlight, as

previously reported.26 The results of the FT-IR spectral

analysis revealed slight shifts in the peaks of the three

samples that were tested (ie, the PS extract, laboratory

lighting-mediated AgNP generation, and sunlight-

mediated AgNP generation). The 3335.77 cm−1 band of

the PS extract was shifted to 3336.14 and 3336.04 cm−1

for the AgNPs generated under laboratory lighting and the

AgNPs generated under direct sunlight, respectively

(Figure 2A). This band is due to the O-H stretch of the

H-Bond to the free hydroxyl moiety of phenol groups.28

Similarly, the bands at 2113.44 and 2112.62 cm−1 corre-

spond to the -C≡C-stretch of alkynes. The band at 1637

cm−1 corresponds to the N–H bend of 1ary amines, and the

bands at 592.84, 580.32, and 578.32 cm−1 correspond to

the stretching of C-Br (alkyl halides) groups.28 The slight

shift in the peaks might be resulted due to the involvement

of the functional groups present in the PE extract which

was used as the reducing agent in the synthesis process in

the reduction or stabilization of the synthesized AgNPs as

discussed in previous literature.3,5 The XRD spectra exhib-

ited three clear diffraction peaks at 2θ angles of 38.86,

44.29, and 64.04 that corresponded to (111), (200), and

(220), respectively (Figure 2B) and that also correspond to

the face-centered cubic phase of Ag0 standard (JCPDS

Card no. 04-0783).29,30 The SEM images revealed the

spherical nature of the synthesized AgNPs, with sizes

ranging from 10 to 25 nm (Figure 2C). The EDX analysis

also revealed the maximum percentage of Ag, in addition

to the presence of carbon and oxygen, which may be due

to the use of PS extract (which is particularly rich in

phenolic entities and flavonoids) as the reducing agent in

the synthetic process (Figure 2D).

After completion of the synthesis and characterization of

the AgNPs, they were subjected to analysis of their antiox-

idant, antidiabetic, cytotoxic, and antibacterial activities. The

synthesized AgNPs displayed considerable reducing power

and DPPH free-radical scavenging activity (Figure 3A),

which can be attributed to the involvement of phenolic entities

and flavonoids from the PS extract that act as reducing and

capping agents in the synthetic process.31 The strong positive
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Figure 4 Regression analysis between the DPPH and the reducing assay.

Abbreviation: DPPH, 1,1-diphenyl-2-picrylhydrazyl

Table 1 Correlation analysis between DPPH and reducing assays

of AgNPs

DPPH Reducing

DPPH 1 0.897**

Reducing 0.897** 1

Note: **Correlation is significant at the 0.01 level (2-tailed).

Abbreviations: DPPH, 1,1-diphenyl-2-picrylhydrazyl; AgNPs, silver nanoparticles.
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trend between the DPPH free-radical scavenging and the

reducing activity (Figure 4, Table 1) of the AgNPs may be

ascribed to the scavenging of ROS by the AgNPs, and the

positive correlation indicates that the compounds acting as

capping and stabilizing agents for the AgNPs may contain

phenolic functional groups. The results of these analyses

Control

0.01 μg/ml 0.1 μg/ml

10 μg/ml

100 μg/ml 1000 μg/ml

1 μg/ml

%
 C

el
l d

ea
th

Concentration of sample

Figure 5 Cytotoxicity activity of the synthesized AgNPs (the black arrow indicates a dead cell (floating, dark color) and the white arrow indicates a live cell (attached, faint color).

Abbreviation: AgNPs, silver nanoparticles.

Table 2 Antibacterial activity of AgNPs against four human pathogenic bacteria

Pathogen Diameter of the zone of inhibition* MIC (µg/mL) MBC (µg/mL) Streptomycin*

Escherichia coli O157:H7 ATCC 23514 11.10c±0.11 100 >100 14.65a±0.12

Enterococcus faecium DB01 9.12d±0.30 100 >100 12.43b±0.40

Salmonella typhimurium KCTC 1925 8.88c,d±0.30 100 >100 14.66a±0.21

Salmonella enterica KCCM 11806 8.70d±0.21 100 >100 11.99b±0.27

Notes: *Measured in mm at a concentration of 100 µg/disc. Different superscript letters signify statistical difference at P<0.05.
Abbreviations: MBC, minimum bactericidal concentration; MIC, minimum inhibitory concentration.
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clearly indicate that the synthesized AgNPs exhibited promis-

ing antidiabetic activity in terms of their potent inhibitory

activity on α-glucosidase with IC50 value of 2.10 µg/mL

(Figure 3B). As a carbohydrate digestive enzyme of the intes-

tine, α-glucosidase plays a key role in the breakdown of

polysaccharides such as oligosaccharides and disaccharides

into monosaccharides, which can then readily be absorbed

and cause diabetes.32,33 Thus, as inhibitors of α-glucosidase,
it can be used to treat diabetes.33,34 The synthesized AgNPs

could act as a potential source for the formulation of diabetes-

related drugs. Furthermore, the synthesizedAgNPs also exhib-

ited promising cytotoxicity against the HepG2 cells with an

IC50 value of 2.0 µg/mL (Figure 5). As suggested in previous

publications, the cytotoxicity of AgNPs may be due to their

very small size that may allow them to be taken up by and

accumulate in cellular organelles, thereby damaging these

cellular organelles and the induction of various immunological

reactions.35,36 It has also been suggested that the electrostatic

interaction between cells and AgNPs can result in the destruc-

tion of infected cells.36,37 The AgNPs described here could

also serve as potential candidates for cancer treatment.

Moreover, the AgNPs also exhibited moderate antibacterial

activity against four human pathogenic bacteria (Table 2),

which indicates that they have the potential for use in the

treatment of bacterial diseases and also in biomedical

applications.

Conclusion
An aqueous extract of the outer peels of garden peas,

which are normally discarded as food waste, was used as

the reducing agent in the synthesis of AgNPs. Their use in

nanotechnology applications could be a potential food

waste utilization strategy for the management of biological

wastes. Furthermore, this synthetic process is environmen-

tally friendly, inexpensive, and largely nontoxic. The

synthesized AgNPs were spherical in nature with an aver-

age size in the range of 10–25 nm. It exhibited promising

antidiabetic activity as a result of their ability to potently

inhibit α-glucosidase with IC50 value of 2.10 µg/mL, while

they also exhibited high cytotoxicity activity against

HepG2 cells with 4.0 µg/mL. The AgNPs also exhibited

moderate antioxidant activity in terms of DPPH free-radi-

cal scavenging and reducing power and antibacterial activ-

ity against four human pathogenic bacteria. Taken

together, these results suggest that the synthesized

AgNPs could serve as a promising material in the formu-

lation of drugs to treat diabetes and cancer. Moreover, the

AgNPs also have the potential for use in biomedical

applications such as in the manufacture of antibacterial

coatings in medical devices and instruments.
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