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Background: The natural food waste peels/shells discarded as waste materials are ample 
sources of natural bioactive compounds. The natural food waste mediated silver (Ag) 
nanoparticle (NPs) synthesis will be advantageous over chemical synthesis.
Materials and Methods: Using the various phytochemical-rich ripe P. americana peel 
(PAP), fresh Beta vulgaris peel (BVP), and rawArachis hypogaea shell (AHS) extracts, the 
bio-synthesis of PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs, respectively, were carried out 
and its characterization was completed by standard procedures. The three biosynthesized 
AgNP’s multiple biological effects were accomplished by evaluating their cytotoxicity, 
antidiabetic, and antioxidant effects.
Results: The biosynthesis of the three generated Ag nanoparticles was confirmed through 
UV-vis spectrum analysis while the X-ray diffraction outlines revealed the generated AgNPs 
nature. The morphological structure and elemental information of the three AgNPs were 
obtained through SEM (scanning electron microscopy) and EDX (energy-dispersive X-ray) 
study. Multiple biological assays exhibited that the three generated AgNPs have significant 
cytotoxic, antidiabetic, and moderate antioxidant activity. In a comparative analysis, the 
PAP-AgNPs displayed higher anticancer potential than BVP and AHS- 
AgNPs, whereas AHS-AgNPs exhibited a higher antidiabetic effect with the lowest IC50 

value (1.68 µg/mL) than PAP and BVP AgNPs. All three generated AgNPs displayed 
moderate antioxidant effects, among them BVP-AgNPs were more effective than PAP and 
AHS AgNPs. More than two effects of the three biosynthesized AgNPs specifies that they 
have ample perspective in therapeutic applications in pharmaceutical and other related 
industries in controlling cancer and diabetes.
Keywords: antidiabetic, antioxidant, cytotoxicity, food wastes, peels/shells, silver 
nanoparticles

Introduction
In various industries including agriculture, medicine, nuclear physics, etc. nano-
technology has appeared as an encouraging multidisciplinary field of research 
employing extensive significant aptitudes. For the management of several diseases, 
nanomedicines can play a significant role in developing highly effective alternative 
treatment approaches.1,2 Nanoparticles (NPS), and metallic NPs like silver, gold, 
platinum, and zinc, etc., have received extensive attention as of their unique 
multiple desirable properties, unique dimensions, and shape which make the NPs 
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advantageous in green synthesis and various areas and 
applications.3,4 Silver NPs are non-toxic by nature and 
they exhibit highly desirable properties for uses in 
nanotechnology.4 This method employs organic or natural 
materials as a reducing catalyst, which promotes and 
enhances the stability of NPs and it can also improve the 
activities of nanomaterials.3,5 Ag nanoparticles are utilized 
for the therapeutic applications as antibacterial, antifungal, 
anti-inflammatory, and antiviral agent.6 For the synthesis 
of AgNPs, there are several methods, including chemical,7 

physical, and biological methods. But the green-synthesis 
approach is plant-mediated synthesis, it is safe, econom-
ical, fast, and energy-efficient which instigates several 
scientists to use the biological technique for AgNPs synth-
esis. It was confirmed that amongst various biological 
resources plant-based biosynthesis is more considerable 
in the AgNPs synthesis.8–10 Currently emerging green 
nanoparticles are leading in the field of 
nanobiotechnology.11 There is a rising awareness in solid 
food waste management, supervision, regulations, and dis-
posal in current times,12 correspondingly the progress of 
innovative techniques to manage unwanted food wastes 
(vegetable and fruit peels) also their usage in nanotechnol-
ogy (food industries, biomedical, and agriculture).13 Fruit 
wastes (peels or skins and seeds) are produced in huge 
amounts in the fruit juice industry. These waste by- 
products are known to contain numerous phytochemicals, 
flavonoids, natural pigments, and phenolic compounds 
including antioxidant and metal-reducing potential.14 In 
the foodstuff industry intended for the advancement of 
health foods, phytochemicals can play a very significant 
role. Furthermore, phytochemicals could well be utilized 
in the health trade, as they are also capable to formulate 
drugs for medical treatments.15

Various food waste peels such as orange, pineapple, 
banana, dragon fruit, and papaya have been exploited for 
organic AgNPs synthesis.3,16 Persea americana (PA) fruit, 
universally known as avocado belongs to the Lauraceae 
family and is usually grown in Central America and 
Mexico and is nowadays available in the world’s all sub-
tropical and tropical regions. PA contains abundant vita-
mins, dietary fiber, potassium, useful unsaturated fatty 
acids, and highly bioactive phytochemicals.17 The usage 
of PA in the cosmetics and food industries produces sub-
stantial amounts of by-products (like peels and seeds) that 
are highly rich in phenolics. From a commercial prospect, 
the employment of these byproducts would be tremen-
dously advantageous.18 Its waste peel is rich with various 

phenolics and flavonoids compounds as evident from pub-
lished literatures.19,20

The beetroot or Beta vulgaris (BV) counted in the 
Betoideae subfamily and comes under the family 
Amaranthaceae. In recent times, there is growing attention in 
the biological effect of BV and its possible usages as health- 
supporting and disease inhibiting health food. It is a potential 
source of biologically active constituents or compounds such 
as betalains, nitrates, phenolics, flavonoids, ascorbic acid, 
betacyanins, betaxanthins, and carotenoids, etc. It has antiox-
idant, antidiabetic, wound healing, chemo-preventive, and 
anti-inflammatory activity. It helps in controlling cancer, car-
diovascular, and cardiometabolic disease. It also helps to 
reduce blood pressure.21,22 The BV peel is a source of beta-
cyanin, micronutrients, protein, mineral vitamins, and a good 
source of potassium. It has also multiple potential activities.23

The peanut or Arachis hypogaea (AH) belongs to the 
family Fabaceae. It is an important worldwide grown food 
crop. The by-products of Arachis hypogaea contain various 
functional compounds like vitamins, minerals, fibers, polyphe-
nols, proteins, and antioxidants. It is furthermore a tremendous 
source of bioactive compounds like flavonoids, phenolic acids, 
phytosterols, and resveratrol, etc.24 The Arachis hypogaea 
shell the by-product of Arachis hypogaea is rich in various 
bioactive compounds. It has also antioxidant activity.25 These 
food wastes are natural plant-derived products that are usually 
discarded as wastes. Hence, its utilization in the green synthesis 
of nanoparticles could serve as the best way for the manage-
ment of food waste materials in an eco-friendly and costs 
effective manner.

Keeping all the above things in view, the current study 
reports the natural food wastes including ripe Persea 
americana peel (PAP), fresh Beta vulgaris peel (BVP), 
and raw Arachis hypogaea shell (AHS) extracts mediated 
AgNPs synthesis their characterization by standard meth-
ods, and comparative study of their multiple biological 
effects by their cytotoxic, antidiabetic, and antioxidant 
activity study.

Materials and Methods
Materials
Ripe P. americana peel (PAP), fresh Beta vulgaris peel 
(BVP), and raw Arachis hypogaea shell (AHS) were pur-
chased from certified outlets at the Goyangsi market, the 
Republic of Korea. The byproduct of PA peel, BV peel, 
and AH shell was cleaned with tap H2O and then with 
DDH2O. Next, it was thoroughly dried with tissue paper 
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and pounded. A 100 g amount of the each pounded peel 
was immersed (in 500 mL) of DDH2O in a flask 
(1000 mL) and boiled with constant stirring for approxi-
mately 30 min. The boiled mixture of PAP, BVP, and AHS 
was then cooled down to normal warmness then sieved 
using (Whatman No.1 filter paper), and then the three 
extracts were put in storage until further use (at 4° C).

Phytochemical (Primary) Screening of the 
PAP, BVP, and AHS Extracts
The PAP, BVP, and AHS extract phytochemical screening 
was carried out to identify the existence of active phyto-
chemicals like tannins, flavonoids, terpenoids, saponins, 
phenolics, anthraquinones, carbohydrates, and cardiac ster-
oidal glycoside as per the standard procedures.26–28

Biosynthesis and Characterization of 
Three Generated PAP-AgNPs, 
BVP-AgNPs, and AHS-AgNPs
The PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs synth-
esis was accomplished by using the phytochemical-rich 
waste PA peel, BV peel, and AH shell through using the 
protocol of.29 The characterization of the three generated 
AgNPs was accomplished by five different standard ana-
lytical methods. These methods comprised of (UV-VIS 
spectral analysis, scanning-electron-microscopy, energy- 
dispersive X-ray spectroscopy, X-ray powder diffraction 
analysis, Fourier-transform-infrared spectroscopy) as per 
previously described standard protocols of.29,30

Assessment of the Cytotoxicity Effect of PAP-AgNPs, 
BVP-AgNPs, and AHS-AgNPs
The cytotoxicity consequence of the three generated PAP- 
AgNPs, BVP-AgNPs, and AHS-AgNPs on the HepG2 
cancer cells (Korea Cell Line Bank, Seoul, Republic of 
Korea) was estimated by using an EZ-Cytox kit 
(DoGenBio Co., Ltd., Seoul, and the Republic of Korea) 
following the company’s manufacture method. The check 
samples PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs 
were diluted at the concentration (1000 µg/mL) by using 
Dulbecco’s phosphate-buffered saline, purified by using 
a syringe filter (0.22µm, Millipore, Billerica, and Ma, 
USA). The viability of cells (dead cell %) and morphology 
exposed to above three synthesized (PAP-AgNPs, BVP- 
AgNPs, and AHS-AgNPs) were estimated through the 
trypan blue exclusion experiment.31

Before the treatment of HepG2 cancer cells, the OD (opti-
cal density) of PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs 
(suspended in DMEM) was scanned in between (300–700 nm) 
wavelength range. After 24 h exposition, the supernatant was 
substituted with a fresh medium (110 µL) consist of 10 µL of 
EZ-Cytox solution and kept until the melon red color changed 
to yellowish-orange (incubated around 20 min). Next after 
incubation, the samples (PAP-AgNPs, BVP-AgNPs, and 
AHS-AgNPs, 100 µL each) were aliquoted in a new 96 well 
plate. And then by using a spectrophotometer, Spectra Max 
384 Plus; Molecular Devices, Sunnyvale, CA, USA, the absor-
bance was documented at 450 nm wavelength. Similarly, the 
cell viability of the HepG2 cells exposed to the three generated 
PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs was valued as 
a result of (trypan blue exclusion analyze). In the same way, 
after (24 h) exposition the removed supernatant and the cells 
were washed with DPBS (100 µL) straightaway. Afterward, 
20 µL of (1:1) fresh complete DMEM and trypan blue mixture 
were added to each well. Then the viability of the cell was 
witnessed using an inverted microscope (DMI6000B; Leica, 
Wetzlar, Germany).31

Assessment of Antidiabetic Effect of PAP-AgNPs, 
BVP-AgNPs, and AHS-AgNPs
The assessment of PAP-AgNPs, BVP-AgNPs, and AHS- 
AgNPs antidiabetic potential (inhibition of α-glucosidase) 
was assayed following a previously published standard 
method.32

The PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs were 
dissolved in methanol using a sonicated water bath. The PAP- 
AgNPs, BVP-AgNPs, and AHS-AgNPs test samples (10 µg/ 
mL each) were moved to a plate (96-well) and diluted serially 
(with 0.02 M sodium phosphate buffer, pH 6.9). 0.5 U/mL α- 
glucosidase was added to a concluding volume of 50 µL to 
each. Afterward kept for incubation at normal room tempera-
ture (for 10 min). The substrate was taken as P-nitrophenyl- 
glucopyranoside (50 µL, 3.0 mM). The reaction mixture was 
kept for incubation (at 37 ºC for 20 min). To stop the reaction, 
a 50 µL aliquot of 0.1 M Na2CO3 was added to each, then the 
absorbance was recorded at 405 nm. The percentage of inhibi-
tion of α-glucosidase was evaluated using the subsequent 
equation.

%age inhibition ¼
Cr � Tr

Cr
� 100 

where Cr (absorbance value of the control) and Tr 

(absorbance of the tested sample).

International Journal of Nanomedicine 2020:15                                                                          submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
9077

Dovepress                                                                                                                                                              Das et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Assessment of Antioxidant Potential of PAP-AgNPs, 
BVP-AgNPs, and AHS-AgNPs
The antioxidant effect of the three generated PAP-AgNPs, 
BVP-AgNPs, and AHS-AgNPs was estimated by DPPH, 
ABTS, and reducing power scavenging studies by following 
the previously described standard protocol.30 Concisely to 
estimate the DPPH scavenging potential of PAP-AgNPs, 
BVP-AgNPs, and AHS-AgNPs, Tert-Butyl-hydroquinone 
(BHQ) was used as a standard reference with methanol as 
the reference blank. The absorbance value of the reaction 
solution was estimated through a UV-visible spectrum ana-
lysis (Multiskan Go; Thermo Scientific, Waltham, MA, 
USA, Spectrophotometer). The PAP-AgNPs, BVP-AgNPs, 
and AHS AgNPs scavenging (free radical) potential was 
evaluated using the below equation:

%DPPH freeradical scavengingeffect ¼
Cr � Tr

Cr
� 100 

where Cr (absorbance value of the control) and Tr 

(absorbance of the tested sample).
The evaluation of the ABTS (free radical) scavenging 

effect of AHS-AgNPs, PAP-AgNPs, and BVP-AgNPs, the 
BHQ was used as a standard reference and methanol as the 
reference blank. The free radical scavenging effect was 
estimated by using a UV-visible spectrum analysis 
(Spectrophotometer, Multiskan GO; Thermo Scientific, 
Waltham, MA, USA). The scavenging effect of the standard 
BHQ and the tested samples PAP-AgNPs, AHS-AgNPs, 
and BVP-AgNPs on ABTS scavenging was evaluated by 
the following equation:

%ABTS scavenging ¼
Cr � Tr

Cr
�100 

where Cr (absorbance value of the control) and Tr (absor-
bance of the tested sample).

The reducing power of the PAP-AgNPs, BVP-AgNPs, 
and AHS-AgNPs was estimated by following a previously 
published standard procedure.30 For this assay, the redu-
cing power effect is calculated as the absorbance value of 
the reaction mix (at 700 nm).

Statistical Analysis
The statistical investigation was undertaken through a one 
way ANOVA followed by Duncan’s multiple tests using 
SPSS statistical analysis software (Version 25.0 and IBM 
Crop, Armonk, NY, USA) at 5% of significance level (P < 
0.05). The result data are presented as the average of three 
replicated values with standard deviation.

Results and Discussion
Bio-Synthesis of PAP-AgNPs, BVP-AgNPs, 
and AHS-AgNPs and Their 
Characterization
There are many chemical methods for the synthesis of 
NPs. The chemical methods have disadvantages of hazar-
dous by-products, time consumption, and stability, genera-
tion of aggregated large-sized particles, and the use of 
toxic chemicals. These above disadvantages are directed 
towards the development of the synthesis of ecofriendly 
and green nanoparticles with less energy consuming by 
biological resources like plants, plant-derived products, 
microorganisms, and algae, etc.33 Due to the lack of 
toxic substances, the green synthesis process is highly 
reliable, whereas the chemical approaches usage chemi-
cals, which are toxic to humans.7 In the earlier report, 
there is a report of no toxic effect of biosynthesized Ag 
nanoparticles.34 But still, it is required to conduct detailed 
safety research studies, that biosynthesized nanoparticles 
are free of side effects for humans.

From vegetable, fruit-based industries, and household 
kitchens generated a huge amount of natural waste peels/ 
shells, which are 25–30% of the total product, has directed 
to an enormous nutritional loss with high environmental 
complications. The peels, rind, pomace, seeds, and shells 
are the common food wastes most of them are highly rich 
with valued active compounds like vitamins, polyphenols, 
flavonoids, pigments, phenolic compounds, carotenoids, 
antioxidants, and enzymes, etc. The usage of these low- 
cost agricultural wastes for the fabrication of value-added 
products is a novel step for food waste utilization in 
nanotechnology to manage surplus agricultural food 
waste materials. The food waste by-products are well 
known to have metal-reducing potential.13,14,35 These 
above things are encouraged to carry out the green synth-
esis of PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs using 
the food wastes PAP, BVP, and AHS extracts.

In the current study, the phytochemical screening ana-
lysis of the three PAP, BVP, and AHS extracts were under-
taken for the presence of several active phytochemicals 
like the presence of tannins, flavonoids, terpenoids, sapo-
nins, carbohydrates, phenolics, anthraquinones, and car-
diac steroidal glycoside, etc. and the outcome is showed 
in Table 1. Silver, NPs were bio-synthesized using the 
food wastes of ripe PAP, BVP, and AHS are extremely 
rich in tannins, flavonoids, terpenoids, saponins, phenolics, 
anthraquinones, carbohydrates, and cardiac steroidal 
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glycoside (Table 1). PAP-AgNPs, BVP-AgNPs, and AHS- 
AgNPs synthesis was confirmed by visual evaluation of 
the reaction mix in terms of the alteration of color from 
neutral to reddish-brown (PAP and AHS-AgNPs) and light 
pink to dark red (BVP-AgNPs) (Figure 1A).13

After visual validation of the reaction mixture as an 
alteration in the pigment of the reaction medium, the PAP- 
AgNPs, BVP-AgNPs, and AHS-AgNPs were exposed to 
spectral analyzes. The UV-VIS spectral analysis result of 
the PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs reaction 
solution was recorded at a constant time intervals (over 24 

h). In general, due to free electrons, silver NPs shows an 
SPR value (surface-plasmon-resonance value) band 
between 440 and 558 nm.36 The reaction kinetics of the 
PAP, BVP, and AHS-AgNPs were followed by UV-VIS 
spectral analysis between 280 and 650 nm. The SPR 
spectra of the samples exhibited a peak at 438,436, and 
448 nm wavelength, respectively (Figure 1B). This result 
is analogous to previously reported silver NPs synthesis37 

which confirms the PAP, BVP, and AHS-AgNPs synthesis. 
These above results specify that the phytochemicals in 
PAP, BVP, and AHS extracts,17,22,38–40 act as reducing 
and capping substances.

The basic configuration and the morphology of the 
PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs were inves-
tigated by EDX and SEM, respectively. The SEM out-
comes of the above three AgNPs were based on 
nanometer-scale imaging, which exposed that the AgNPs 
were small dots-like and nearly round-shaped entities 
(Figure 2), thus confirming that the PAP-AgNPs, BVP- 
AgNPs, and AHS-AgNPs were structurally similar to 
what has been stated previously.3,41 The elemental struc-
ture obtained from the EDX study revealed the existence 
of Ag nanoparticles. The graph of the EDX data exhibited 
a major peak, specifying the existence of the Ag element 
(Figure 2). This result is similar to what has been reported 
previously.42

The XRD assessment of the PAP-AgNPs, BVP- 
AgNPs, and AHS-AgNPs revealed the physical sketch of 

Table 1 Phytochemical Screening of PAP, BVP, and AHS Aqueous 
Extracts

Name of 
Phytochemicals

Reaction 
of 
PAP 
extract

Reaction 
of 
BVP 
extract

Reaction 
of 
AHS 
extract

Tannin + – –

Flavonoids + + +

Terpenoids + + –
Saponins + + +

Steroids – – +

Phenolics + – –
Carbohydrates + + +

Anthraquinones + – –
Cardiac steroidal 

glycoside

+ + –

Notes: + = Present; and - = Absent.

Figure 1 (A) Gradual alteration of the color of the PAP, BVP, and AHS-extracts throughout the PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs synthesis, (B) UV-VIS spectral 
study of the PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs.
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three generated NPs and exhibited the crystalline nature 
and nanostructure of the PAP, BVP, and AHS-AgNPs and 
three/four visible peaks (Figure 3) equivalent to fccp the 
(face-centered cubic phase of Ag0 standard JCPDS card 

no. 04–0783).42 The PAP-AgNPs, BVP-AgNPs, and AHS- 
AgNPs diffraction pattern exhibited clear four peaks at 2 
theta angles of (38.25, 38.12, and 38.01); (46.05, 46.55, 
and 46.00); (64.72, 64.88, and 64.09) respectively and 

Figure 2 (A) EDX analysis of PAP-AgNPs (inset: SEM image); (B) EDX analysis of BVP-AgNPs (inset: SEM image); and (C) EDX analysis of AHS-AgNPs (inset: SEM image).
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(76.64 and 76.88 for PAP-AgNPs, and AHS-AgNPs par-
allel to (111), (200), (220), and (311) was recorded (Figure 
3). These peaks are possibly due to the presence of phy-
tochemicals in the PAP, BVP, and AHS extracts. This 
outcome is analogous to the previous report.43

To identify the functional groups (compounds) present 
in the extracts (PAP, BVP, and AHS), responsible for 
reducing and capping of the PAP-AgNPs, BVP-AgNPs, 
and AHS-AgNPs the FTIR study was carried out. 
Alteration of the valuable compounds suggests their active 
participation in the bio-synthesis of the AgNPs. The FTIR 
data of the PAP aqueous extract and the PAP-AgNPs 
exhibited several peaks with varied stretching modes 
(Figure 4). Probably, the peak values of the PAP extract 
at 3321.40, 2124.22, 1094.83, and 695.14 cm−1 shifted to 
3304.44, 2111.02, 1087.29, and 683.83 cm−1 for the PAP- 
AgNPs (Figure 4). Possibly the peak values of the BVP 
extract at 3313.86 cm−1, 2127.99 cm−1, 1083.52, and 
695.14 cm−1. cm−1 altered to 3304.44, 2116.68 cm−1, 
1087.29, and 683.83 cm−1 for BVP-AgNPs. Similarly for 
AHS extract the absorption peaks at 3328.95, 2124.22, 
1639.69, 1102.37 and 683.83 cm−1 altered to 3304.44, 
2131.76, 1632.15, 1064.67 and 687.60 for AHS-AgNPs.

The peak frequency of the PAP-AgNPs, BVP-AgNPs, 
and AHS-AgNPs at 3304.44 cm−1 specifies the presence 
of O-H bond stretching and H–bonding owing to the 
functional groups like phenols and alcohols.44 Likewise, 
the peak values at 2111.02 cm−1, 2116.68 cm−1, and 
2131.76 cm−1 (for C≡N bond) are because of nitrile func-
tional groups, the absorption peak values at 1637.81, 
1635.92, and 1632.15 cm−1 (indicative of N–H bonds) is 
due to primary amine functional groups. The absorption 
peak values at 1087.29, and 1064.67 cm−1 (C–O bond 
stretching) is owing to esters, alcohols, carboxylic acids, 

and ethers, whereas the peak at 683.83 (C-Br bond) 
stretching is owing to the functional group’s alkyl 
halide.44 Minor deviations in the peak values of the 
extracts (PAP, BVP, and AHS) and the PAP-AgNPs, BVP- 
AgNPs, and AHS-AgNPs could be credited to the capping 
and steadying courses during the PAP-AgNPs, BVP- 
AgNPs, and AHS-AgNPs synthesis.42 The analogous 
result has been stated previously.16

Evaluation of the Different Biological 
Effects of the PAP-AgNPs, BVP-AgNPs, 
and AHS-AgNPs
Cytotoxicity Effect of the PAP-AgNPs, BVP-AgNPs, 
and AHS-AgNPs
Cancer is a serious health condition that leads to aberrant 
cell division and that adversely affects various critically 
required tissues in the body. The configuration of NPs 
provides them with unique properties to target the aberrant 
cell development triggered by neoplastic transformation,45 

and nano-drugs have been stated to be extremely active in 
the identification and controlling of cancer-associated 
diseases.13 On cytotoxicity activity, Ag nanoparticles 
have a size and dose-dependent effect. The cytotoxicity 
of biosynthesized Ag nanoparticles may be influenced by 
several parameters like Ag nanoparticles shape, size dis-
tribution, and surface chemistry. The variations in these 
elements may lead to altered in cytotoxicity reaction.10,46 

It damages the cell barrier, inactivates ATPase activity, 
sensitizes cell signaling, and finally leads to apoptosis.47 

Besides, in the conventional (chemical or physical) meth-
ods of synthesis of nanoparticle, usually highly toxic che-
micals are used which are highly environmentally toxic 
and gave rise to numerous toxic side effects upon admin-
istration, hence these are not recommended for biomedical 

Figure 3 XRD analysis of the PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs.
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applications of nanoparticles, rather green synthesized 
nanoparticles are preferred which are environmental 
friendly and non-toxic in nature.48

In the current study, the resulting graph of the cell 
viability shown that the number of live HepG2 cells was 
higher as the PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs 
concentration decreased (Figure 5A and B). HepG2 cells 
were detected with an inverted light microscope after they 
had been treated with varying concentrations of PAP- 
AgNPs, BVP-AgNPs, and AHS-AgNPs. In addition to 
less scattering of the cell lines, this revealed that their 

morphology was altered considerably (Figure 5A and B), 
and that cell death occurred in a concentration-dependent 
manner. At the highest concentration, the above three 
AgNPs were significantly toxic to HepG2 cells (Figure 
5A and B). The live and spreading cells ratio augmented 
when the concentrations of the PAP-AgNPs, BVP-AgNPs, 
and AHS-AgNPs were lowered (Figure 5A and B). The 
PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs displayed 
promising cytotoxicity against the HepG2 cancer cell line 
(Figure 5A and B). The PAP-AgNPs, BVP-AgNPs, and 
AHS-AgNPs were highly active against HepG2 cancerous 

Figure 4 FTIR analysis of the PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs.
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cells at (100 µg/mL) concentration (Figure 5A and B) and 
the effect on the viability of cell was concentration- 
dependent in HepG2 cells (Figure 5A and B). It was 

specified that by the mechanisms like endocytosis, phago-
cytosis, pinocytosis and mitochondrial respiratory chain 
disrupt, where the silver nanoparticles may penetrate 

Figure 5 (A) Cytotoxicity of PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs against HepG2 cancer cells: HepG2 cell viability after 24 h of AgNPs treatment, (B) Morphology of 
HepG2 cell lines (Dead/live) after treatment with PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs.

Figure 6 Possible uptake process and mechanism of cytotoxicity induced by AgNPs in various cell lines. Adopted from Akter et al,50 under the terms of the Creative 
Commons Attribution License (originally Figure 4).
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through the cells with a result of interruption of the gen-
eration of reactive oxygen species and synthesis of adeno-
sine triphosphate resulting in DNA damage and leads to 
cell death.8,10,49 Besides, Akter et al have mentioned that 
after entering the cell through the process of phagocytosis, 
diffusion, or endocytosis, the AgNPs by itself or by the 
ionized Ag+ generates reactive oxygen species that cause 
the oxidative stress. Further, the overproduction of the 
ROS results in the denaturation of the anti-apoptotic pro-
teins and the initiation of expression of the pro-apoptotic 
proteins (Figure 6). 50 This cytotoxicity potential of the 
three generated AgNPs is parallel or better than the earlier 
reports.10,13,31,51

Antidiabetic Effect of the PAP-AgNPs, BVP-AgNPs, 
and AHS-AgNPs
The potential antidiabetic activity of the PAP-AgNPs, BVP- 
AgNPs, and AHS-AgNPs was determined by assaying α- 
glucosidase inhibition. The PAP-AgNPs, BVP-AgNPs, and 
AHS-AgNPs inhibited α-glucosidase in a concentration- 
dependent method. The power of the NPs on α-glucosidase 
activity indicates that they have considerable antidiabetic 
potential, with more than 93% (PAP-AgNPs, and AHS- 
AgNPs) and more than 87% (BVP-AgNPs) (at 5 µg/mL of 
concentration) α-glucosidase inhibition (Figure 7). In com-
parison to PAP-AgNPs, and BVP-AgNPs the AHS-AgNPs 
were extremely effective and the α-glucosidase inhibition 
displayed more than 94% at a lower (2.5 µg/mL) of concen-
tration (Figure 7). These above three AgNPs displayed 
higher activity than the earlier reported biosynthesized 
AgNPs.52 An analogous effect of silver NPs for α- 
glucosidase inhibition has been stated earlier.53 The signifi-
cant antidiabetic effect of the PAP-AgNPs, BVP-AgNPs, and 
AHS-AgNPs is evident from their considerably lower IC50 

values (Table 2).

Antioxidant Effect of the PAP-AgNPs, BVP-AgNPs, 
and AHS-AgNPs
The combined results of the antioxidant assays of PAP- 
AgNPs, BVP-AgNPs, and AHS-AgNPs are presented in 
Figure 8. In all antioxidant assays (DPPH, ABTS, and 

Figure 7 Antidiabetic activity (α-glucosidase inhibition) of the PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs.

Table 2 IC50 Values of PAP-AgNPs, BVP-AgNPs, and AHS- 
AgNPs Antioxidant and Antidiabetic Studies

Parameters IC50 value 
(µg/mL) 
PAP- 
AgNPs

IC50 value 
(µg/mL) 
BVP- 
AgNPs

IC50 value 
(µg/mL) 
AHS- 
AgNPs

DPPH 55.67 58.36 157.62
ABTS 225.92 522.57 354.94

Reducing (IC0.5 

value)

224.27 169.82 325.29

Antidiabetic (α- 

glucosidase)

2.72 1.94 1.68
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reducing power) with three tested concentrations of PAP- 
AgNPs, BVP-AgNPs, and AHS-AgNPs the effect was 
concentration-dependent. The antioxidant effect was 
higher with an increase in concentration. In the DPPH 
and ABTS assay, the PAP-AgNPs was more effective 
than BVP-AgNPs, and AHS-AgNPs (Figure 8). While 
for reducing power effect, the BVP-AgNPs was more 
effective than PAP-AgNPs, and AHS-AgNPs (Figure 8). 
Overall the three generated AgNPs displayed moderate 
antioxidant effect (Figure 8).

The PAP-AgNPs DPPH free radical activity was greater 
than their ABTS radical activity, which is similar to what has 
been found in prior research.54 The deviations in the results for 
the PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs in the three 
scavenging (free radical) assays (Figure 8) could be owing to 
the alteration of the effect mechanisms.

The antioxidant parameters (DPPH, ABTS, and 
Reducing power) IC50 values are displayed in Table 2. 
The AgNPs displayed a moderate free radical scavenging 
effect in the three radical scavenging assays, which is as 
well evident from the IC50 values. Thus, the PAP-AgNPs, 
BVP-AgNPs, and AHS-AgNPs seem to have antioxidant 
potential, which remains in keeping with previous 
reports.54 This result could be owing to interference by 
various functional phytochemicals present in the PAP, 
BVP, and AHS extracts, which may have well played 
a vibrant role during the PAP-AgNPs, BVP-AgNPs, and 
AHS-AgNPs synthesis course in the process of capping 
and stabilization of Ag nanoparticles.55 The existing phy-
tochemicals in the three peels/shell extracts (Table 1) act 
a major role in offering the antioxidant activity to the three 
generated AgNPs. The antioxidant activity of the above 

three AgNPs is lower than the previously reported AgNPs 
antioxidant activity.52

Conclusion
The three economical, toxic-free, and harmless bio-fabricated 
AgNPs (PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs) were 
successfully synthesized using the PAP, BVP, and AHS 
extracts. The phyto-component of PAP, BVP, and AHS 
extracts plays a considerable role as both capping and reducing 
agents in the PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs 
synthesis process. The biosynthesized PAP-AgNPs, BVP- 
AgNPs and AHS-AgNPs displayed significant cytotoxicity 
and antidiabetic effect, along with moderate antioxidant poten-
tial according to the overall scavenging assays. The multi- 
potential consequence of the PAP-AgNPs, BVP-AgNPs, and 
AHS-AgNPs suggested that this might be attributed to the 
phytochemicals existing in the PAP, BVP, and AHS extracts. 
The PAP-AgNPs, BVP-AgNPs, and AHS-AgNPs appear to 
be suitable candidates for controlling the related diseases such 
as cancer and diabetes, also it can as well employed in the 
pharmaceutical trades in biomedical applications.
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