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Abstract
Silver and copper nanoparticles were biosynthesized from AgNO3 & CuSO4.5H2O solution by using fruits extract of 
Solanum xanthocarpum. These nanoparticles (NPs) were characterized by UV, FTIR, and SEM techniques and evaluated 
for biological activities. The UV absorption peaks of biosynthesized Ag and CuNPs were observed at 452 nm and 549 nm, 
respectively. The FTIR analyses of the fruits extracts were carried out to identify the possible classes of chemical compounds 
responsible for NPs stability and reduction. The crystalline structure and size of NPs were characterized by using SEM. The 
NPs were tested against some selected pathogenic strains. In the current study, the tested bacterial and fungal strains were 
found sensitive to biosynthesized Ag and CuNPs at concentrations (25μg/mL, 50μg/mL, 75μg/mL, and 100μg/mL). The 
overall results show that, the antimicrobial activities of CuNPs were comparatively more potent than AgNPs. Antioxidant 
activities of Ag and CuNPs were evaluated using the DPPH method. The results showed effective free radical scavenging 
activities, but AgNPs exhibited more significant activities as compared to CuNPs. Anticancer activities were measured by 
using the MTT assay, Cell viability was used to determine the cytotoxic activity of NPs using HepG2 hepatocellular carci-
noma cell line. In the present study, the NPs prevented the growth of tumor cells in a dose-dependent manner (5–500μg/mL). 
With a gradual increase in NPs concentration, the cell viability of cancer cells decreased. The two highest NPs concentra-
tions (100μg/mL & 250μg/mL) significantly decreased cell viability. The results exhibited that AgNPs are more effective 
than CuNPs. Additionally, they exhibited effective biological activities, making them to be used in medical sector for cancer 
treatment, sensors, medications delivery, and several other applications.

Keywords  Solanum xanthocarpum · Green synthesis · AgNPs · CuNPs · Characterization Antimicrobial · Antioxidant · 
Anticancer activities

1  Introduction

Nanotechnology can be defined as “the branch of science 
and engineering deals with the study of design, synthesis, 
characterization and application of nanoparticles & devices.” 

Particles having minimum one dimension and size range 
1–100nm are known as nanoparticles (NPs). They cannot be 
detected by naked eyes and have different physical, chemi-
cal and optical properties as compared to their bulk materi-
als. Their applications are based on size, shape, and number 
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of dimensions, which are the fundamental parameters of 
nanostructures. Mostly NPs are made up of a few hundred 
atoms. The NPs of different sizes of the same material have 
different characteristics, as result of surface area to volume 
ratio. Small size NPs have a large surface area to volume 
ratio as compared to the bulk materials such as powder and 
sheet. These characteristics allow the NPs to have unique 
chemical, physical, and optical characteristics [1]. On the 
basis of their origin, NPs are classified into three categories 
natural, incidental, engineered, and their structure may be 
zero dimension (OD), one dimension (1D), two dimensions 
(2D), and three dimensions (3D). Recently, it was developed 
that quantum dots or quantum boxes have zero dimensions 
[2]. It has been observed that NPs are the determination 
of Modern Science; however, they have a very prolonged 
history. For millennia, primitive people have used nanotech-
nology in different fields. Still, nobody can obviously say 
about the first initiative to use NPs in different fields. Optical 
property is the one of basic and vital properties of NPs. For 
instance, silver nanoparticles (AgNPs) have yellowish gray 
color, gold nanoparticles (AuNPs) having a size of 20nm 
possess a special red wine color and, palladium and platinum 
nanoparticles contain black color [3].

Plant-mediated, metal nanoparticles have increasing 
importance in the field of nanotechnology, due to its high 
efficiency, no toxicity, low cost, and ecofriendly manners 
[4]. Metal nanoparticles have been produced using three dif-
ferent types of methods, including physical, chemical, and 
biological ones [5]. A lot of work has been done on green 
synthesis of metal nanoparticles (MNPs) by using reduc-
ing agent such as plant extract, algae, and microorganisms, 
including bacteria and fungi. The plant extract works as the 
best reducing and capping agent for the production and sta-
bility of MNPs [6]. In order to find practical solutions to 
the environmental problems the world faces and as an alter-
native to environmentally hazardous methods and goods, 
green synthesis of MNPs has been developed [7]. Silver 
nanoparticles (AgNPs) are one of the most significant NPs 
that have been widely studied. They have distinctive opti-
cal, electrical, and biological properties; as a result, they are 
used in catalysis, biosensors, imaging, the delivery of genes 
and drugs, the manufacture of nanodevices, and medicine. 
The most commercialized nanomaterial is AgNPs which are 
used approximately five hundred tons per year and their use 
is increased widely in future [8]. Silver nanoparticles are 
more interesting on account of their antimicrobial activities, 
nontoxic, safe inorganic antimicrobial agent that is able to 
kill approximately 650 kinds of microbes, which causes dif-
ferent types of diseases. Biosynthesis of plant mediated NPs, 
in which plant extract act as capping and reducing agents 
are more advantageous as compare to the other biological 
method, because they reduce the drawbacks of maintaining 
and culturing of cell process and can be used for production 

of commercial scale nanoparticle [9]. Antioxidant activ-
ity depends not only on the substances that are analyzed, 
but also highly on methodology used for activities. Various 
methods used for antioxidant activities. However, the most 
common are ABTS, DPPH, and FC. The antioxidant proper-
ties of coffee, tea, beer, apple juice, and dietary supplements 
were evaluated using the chromogenic radicals 2, 2-azino-
bis (3 ethylbenzothiazoline-6-sulfonic acid) (ABTS), 2, 
2- diphenyl-1-picrylhydrazyl (DPPH), and Folin-Ciocalteu 
(FC) techniques. The difference among the antioxidant activ-
ity values depends on the reaction medium. In reactions with 
chromogenic radicals, greater values of antioxidant activ-
ity were measure in buffer solution pH 7.4 than in water 
or methanol. The type of procedure and solvent makes a 
similar impact on antioxidant reactivity. The pace at which 
radicals react with antioxidants in samples demonstrates 
that incubation time has a significant impact on antioxidant 
activity [10]. Solanum xanthocarpum, commonly known as 
yellow-berried nightshade, is a prickly plant, which grows 
wild in different regions of the Indo-Pakistan subcontinent. 
It belongs to family Solanaceae and plays an important 
place among medicinal herbs (especially, for the treatment 
of bronchial asthma, cough, worms etc.) since ancient times. 
A green synthesis route for the production of silver nanopar-
ticles using methanol extract from Solanum xanthocarpum 
berry (SXE) is reported. Silver nanoparticles (AgNps), hav-
ing a surface plasmon resonance (SPR) band centered at 406 
nm, were synthesized by reacting SXE (as capping as well 
as reducing agent) with AgNO3 during a 25 min process 
at 45 °C. The synthesized AgNps were characterized using 
UV–Visible spectrophotometry, powdered X-ray diffraction, 
and transmission electron microscopy (TEM). The results 
showed that the time of reaction, temperature, and volume 
ratio of SXE to AgNO3 could accelerate the reduction rate 
of Ag+ and affect the AgNps size and shape. The nanopar-
ticles were found to be about 10nm in size, mono-dispersed 
in nature, and spherical in shape [11].

The current study on green synthesis or plant mediated 
biosynthesis of silver (AgNPs) and copper nanoparticles 
(CuNPs) from silver nitrate (AgNO3) and copper pentahy-
drate (CuSO4.5H2O) by using Solanum xanthocarpum 
fruits aqueous extract at room temperature in dark condi-
tion. These NPs are characterized by using the advanced 
techniques such as UV, FTIR, and SEM and evaluate for 
biological activities.

2 � Materials and methods

2.1 � Collection of plant

The Solanum xanthocarpum fruits were collected from dif-
ferent area in Swabi, Khyber Pakhtunkhwa, Pakistan. The 
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fresh whole plant, including fruits, were washed with fresh 
tap water to clear away the dust particles and other polluted 
organic material was washed with de-ionized water. Then 
the fruits from plant separated and air dried at room tem-
perature in shade. The experimental study was done at the 
Medicinal Botanic Center (MBC) in Pakistan Council of 
Scientific and Industrial Research (PCSIR) Laboratories 
Complex Peshawar.

2.2 � Chemicals and culture media

Silver nitrate (AgNO3), copper sulfate pentahydrae 
(CuSO4.5H2O), and NaOH were used as reagents. Culture 
medium like nutrient agar (NA), nutrient broth (NB), and 
Muller Hinton agar (MHA) were used for microorganism 
growth and antibacterial characteristics. Analytical grade 
chemicals were utilized to conduct the experiment. For the 
extraction and formation of various stock solutions, de-ion-
ized water was used.

2.3 � Preparation of plant crude extract

Dried S. xanthocarpum fruits were first chopped and then 
grinded on grinding machine. After grinding, 50gm of the 
plant material was soaked in conical flasks (250mL) in 
150mL de-ionized water at 60°C for 30min; afterwards, the 
aqueous extract was filtered from Whatman No. 41 filter 
paper to obtain clear aqueous fruits extract from any unde-
served materials. The clear filtrate (aqueous extract) was 
store in a conical flask with glass stopper in a refrigerator 
for the experimental work.

2.4 � Preparation of various solutions

Silver nitrate solution (5mM): 0.4247 g of AgNO3 was dis-
solved in 500mL de-ionized water to produce 5mM solution 
of AgNO3. NaOH solution (0.1M): 0.4 g of NaOH was dis-
solved in 100mL of de-ionized water to prepare 0.1M NaOH 
solution and further used to adjust the pH values in different 
experiments. Copper sulfate pentahydrate (CuSO4.5H2O) 
solution (5mM): 0.6242g of CuSO4.5H2O was dissolved 
in 500mL de-ionized water to produce 5mM solution of 
CuSO4.5H2O.

2.5 � Green synthesis of silver nanoparticle

The plant-mediated silver nanoparticles (AgNPs) were 
produced by mixing the dilute aqueous fruit extract of 
S. xanthocarpum and silver nitrate (AgNO3) solution. A 
total of 90ml of silver nitrate solution having concentra-
tion 5mM were mixed with 10mL of diluted aqueous fruit 
extract of S. xanthocarpum in the 250-mL conical flask. 
Put the conical flask on a hot plate having magnetic stirrer 

for continuous stirring at normal room temperature (27°C) 
in dark condition. The biosynthesized AgNPs were veri-
fied by changing in color of the solution mixture from light 
red to yellowish gray. By using the naked eye, this shift 
in color was initially recorded for the creation of AgNPs 
(visual observation). Because of the reaction mixture’s 
acidic makeup, it took some time before the color of the 
mixture changed. It has been said often in the literature 
that creating NPs in an alkaline medium (8–9 pH) is pref-
erable than in an acidic environment. To create an alkaline 
medium for the reaction mixture, 0.1 mM of NaOH solu-
tion was used. The fact that the aqueous fruit extract was 
applied gradually using a syringe is more important. A 
small amount of aqueous fruit extract added to silver salt 
will cause the proper synthesis of AgNPs. The solution 
was centrifuged at 5000 rpm for 30 min after the reaction 
was finished. AgNPs were precipitated and collected, then 
dried at 60°C in an oven [12].

2.6 � Green synthesis of copper nanoparticles

The plant-mediated copper nanoparticles (CuNPs) were 
synthesized by mixing of copper sulfate pentahydrate 
(CuSO4.5H2O) solution and aqueous fruits extract of S. 
xanthocarpum. A total of 20mL of dilute aqueous fruits 
extract of S. xanthocarpum was mixed with 80mL of the 
5mM solution of CuSO4.5H2O in a 250-mL conical flask, 
and place the conical flask on a magnetic stirrer at room 
temperature in the dark for overnight. The change in color 
of reaction mixture from light green to reddish shiny 
brown indicated the formation of CuNPs. This change in 
color was an initial indicator for the completion of reac-
tion. After reaction completion, the CuNPs were precipi-
tated and settled at the bottom of the solution. Repetitive 
centrifugation at 5000 rpm for 30 min was used to separate 
the reaction mixture, followed by dispersion of the precipi-
tates in de-ionized water. The precipitates of CuNPs were 
collected and dry in an oven at 60°C. For experimental 
control, the similar amount of CuSO4.5H2O solution was 
maintained separately under the similar reaction condi-
tions. The purified and dry CuNPs were characterized by 
UV, FTIR, and SEM [13].

2.7 � Characterization

The biosynthesized NPs were characterized by visual obser-
vation (VO) ultraviolet visible spectroscopy (UV), Fourier 
transform infrared spectroscopy FTIR, and scanning elec-
tron Microscope (SEM). These techniques can be used to 
identify the size, shape, surface, dimension and dispersity 
of NPs [14].
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2.8 � Visual observation

Visual observation (VO) served as the initial confirmation. 
A visible sign of the formation of silver (Ag) and copper 
nanoparticles (CuNPs) was the color changing of reaction 
mixture. Plasmonic colors are unique in that the optical 
properties of metal nanoparticles (MNPs) can be tailored 
by altering the size, shape, and material composition.

2.9 � Ultraviolet visible spectroscopy

The verification of NPs was performed by ultraviolet visible 
(UV) spectroscopy to determine the involvement of photo-
chemical, which reduced the metal ions into their respective 
metal nanoparticles (MNPs) by surface plasmon resonance 
(SPR) technique. UV spectroscopy showed clear absorbance 
peak at the range of 400–600nm, due to the intercommuni-
cation between light and mobile surface electrons of metal 
MNPs. It provided detail information about size, shape, 
aggregation, stability, and overall morphological structure 
of the NPs. The NPs of each metal contain a particular 
range of absorbance peak depending on size of NPs. Ag and 
CuNPs were given a particular absorbance peak at range of 
400–450nm and 550–600 nm respectively [1, 8].

2.10 � Fourier Transform Infrared Spectroscopy

Fourier transform infrared spectroscopy (FTIR) was used 
to characterize the biosynthesized NPs produced by various 
techniques. For FTIR analysis, a very small amount of pow-
der sample was required and it explained the surface chemis-
try of NPs. This instrumentation study helped to determine 
the functional groups of biosynthesized NPs. Sometimes, 
small band changes in the FTIR spectrum of plant phyto-
chemicals in free form or attached to NPs are seen. These 
changes are happening as proof of the metal reduction and 
NP production. The most important phytochemical compo-
nents that contribute to the capping and reduction of NPs 
were identified by FTIR analysis [1, 8].

2.11 � Scanning electron microscopy

The most important factors for characterization and veri-
fication of NPs were size and shape determination, which 
were determined using scanning electron microscopy Its 
operation is based on the electron microscopes basic prin-
ciples and it has a number of important advantages for 
morphological structure investigation. This technique is 
used to determine the morphology of various MNPs, such 
as gold, silver, and copper. SEM examination was used to 
determine the morphological structure of NPs, revealing 

their spherical form and size range of 5–30 nm. The main 
problem of this method is that it is a slow procedure, 
expensive, and necessitates thorough data concerning size 
distribution [8].

2.12 � Antimicrobial assay

Media preparation, in de-ionized water, the necessary 
amounts of Muller Hinton Agar (MHA) (21g / l), nutrient 
agar (NA) (28g / l), and nutrient broth (NB) (13g / l) were 
made. The nutritious broth was poured into each test tube in 
an amount of around 20 ml. The test tubes and media flasks 
were all sterilized in an autoclave for 15 min at 121°C and 
1.5 lbs of pressure. They all had cotton wool plugs. To avoid 
contamination, sterile nutritional agar was put into sterilized 
Petri plates in a biosafety cabinet after sterilization (about 
25-ml per Petri plate). Petri plates were filled with the media 
and given about 30 minutes to harden before being inverted 
for 24 h in a 37°C incubator. The inverted posture was neces-
sary to prevent water from the media inside the plates from 
evaporating. After 24 h, the infected plates were separated, 
and the clean plates were utilized to cultivate bacteria and 
fungi. While nutrient broth in flasks (around 20ml/flask) 
was used for shaking incubation of microorganisms, nutri-
ent broth in test tubes was employed to standardize microbial 
colonies.

2.13 � Microorganisms

The microbial species, which comprised bacteria and fungi, 
were acquired from the Microbiology Lab of MBC at PCSIR 
Laboratories Complex Peshawar. The test organisms used in 
the current study included five Gram-negative strains, such 
as Escherichia coli, Pseudomonas aeruginosa, Klebsiella 
pneumonia, Salmonella typhae, and Proteus mirabilis, as 
well as two Gram-positive strains, Staphylococcus aureus 
and Bacillus subtilis, and one fungus, Candida albicans.

2.14 � Stock solution of nanoparticles

The green syntheses of Ag and CuNPs were evaluated for 
antimicrobial potential. Stock solutions of Ag and CuNPs 
were prepared with various concentrations (25μg/mL, 
50μg/mL, 75μg/mL, and 100μg/mL) in dimethylsulfox-
ide (DMSO) have the chemical formula (CH3)2SO. It is a 
colorless liquid, has strong polarity (7.2), and dissolves both 
polar and non-polar compounds. This property makes the 
DMSO miscible in a wide range of organic solvents. It has 
no inhibitory activities itself due to this property it is used 
in antimicrobial activities.
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2.15 � Inoculation of culture

After the preparation and solidification of media, the test 
microbes were inoculated in the culture media in order to 
refresh the original culture on nutrient agar (NA) by streak-
ing method in the sterile environment in biosafety cabinet. 
Refresh cultures of the chosen microorganisms were inocu-
lated in nutrient broth (NB) and placed in a shaking incu-
bator for uniform growth of the culture in nutrient broth at 
37°C for 24 h.

2.16 � Well diffusion method

Antimicrobial assay of Ag and CuNPs was assessed by well 
diffusion method follow the [7] with slight modification. 
The bacterial cultures were inoculated onto nutrient agar 
(NA) plates after being manually adjusted to 0.5 McFarland 
turbidity standards. The C. albicans culture was adjusted 
to a concentration of 108cfu/mL in order to measure the 
antifungal activity. The C. albicans culture was injected into 
Muller Hinton Agar (MHA) plates after being suspended in 
a sterile solution of 0.9% normal saline. Four wells of 6-mm 
diameter were made by using sterile borer. A total of 50μL 
of each solution of Ag & CuNPs with different concentra-
tions (25μg/mL, 50μg/mL, 75μg/mL, and 100μg/mL) were 
applied into the corresponding well. Then the bacterial and 
C. albicans cultures plates were incubated at 37 °C for 24 h. 
Generally, fungi are incubated in 25–30°C for 1 week; but 
here, C. albicans act like bacteria and grow on 37°C [15]. 
Antibiotics (azithromycin and ciprofloxacin) were used as a 
positive control for Gram-positive bacteria, Gram-negative 
bacteria, and C. albicans at the same concentrations well-1 
on different plates. The solvent in which the stock solution 
was prepared (50μL well−1) was poured into the well as a 
negative control. These plates were then incubated for a fur-
ther 24 h at 37 °C.

2.17 � Antioxidant activity

DPPH radical scavenging activity or antioxidant activity 
was measure by using the “DPPH Technique” described by 
Bonomo et al. [16] with slight modification. This method is 
based on measuring DPPH concentrations (2, 2-diphenyl-
1-picryl-hydrazyl). DPPH is a stable free radical that is red 
in color and turns yellow when scavenged (in powder form). 
Antioxidant reacted with the stable free radical DPPH, pair-
ing it off in the presence of a hydrogen donor and reducing it 
to DPPH-H, which lowers the DPPH’s absorbance. The abil-
ity of DPPH to scavenge free radicals was demonstrated by 
this feature. The aliquot of Ag and CuNPs in various concen-
trations (20–100μg/ml) were mixed with 2ml DPPH (0.1mM 
in methanol). The samples were put in dark for incubation at 
37 °C for 30 min. After incubation, a UV spectrophotometer 

(Carry 60 UV-Vis Spectrophotometer, Agilent Technologies) 
was used to measure the absorbance at 520nm. The absorb-
ance decreases as a result of the antioxidants’ interaction 
with DPPH to create DPPH-H. The degree of discoloration 
revealed the antioxidant compound or nanoparticle potential 
to donate hydrogen as well as their scavenging abilities. The 
following formula was used to measure the percentage of 
free radical scavenging activity for the analyzed samples.

2.18 � Anticancer activity

MTT assay, the tetrazolium dye or 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, was 
used to measures the metabolic activities of cells. Under 
specific circumstances, NAD(P)H-dependent cellular oxi-
doreductases may serve as an indicator of the quantity of 
alive cells. The MTT can be converted by these enzymes 
to its insoluble purple formazan. Assays with tetrazolium 
dye can also be used to quantify cytotoxicity. MTT experi-
ments are often conducted in the dark since the MTT reagent 
is light sensitive. Anticancer activities were measured by 
using the MTT assay as described by [17, 18] with slight 
modifications. Briefly, 1× 106 cells were placed in a 96-well 
culture dish and left to adhere at 37 °C for 24 h in a mod-
erately humid environment with 5% CO2 and 95% O2. For 
48 h, cells were exposed to NPs at different concentrations 
(5–500μg/ml for AgNPs and (5–300μg/ml for CuNPs). After 
exposure (10μl/well of 100μl of cell suspension), MTT (5μg/
ml stock in PBS) was applied to the plate. The plate was then 
incubated for 4 h. The reaction mixture was carefully with-
drawn once the incubation period was complete, and 200μl 
of DMSO was added to each well while being gently mixed. 
After shaking the plates for 10 min at room temperature, 
the absorbance at 550nm was measured using a microplate 
reader. Untreated groups were processed under the same cir-
cumstances as treated negative controls. The cytotoxicity 
was calculated with following formula:

3 � Results

3.1 � Visual observation

In the present study, the initial confirmation was carried 
out by visual observation. For the manufacture of AgNPs, 
silver ions (Ag+) are obtained from silver nitrate solution 
(AgNO3). Fruit extract from S. xanthocarpum stabilized 
AgNPs by reducing silver ions (Ag+). It was observed visu-
ally that the reaction medium change color from light red to 

% Cell viability = (Absorbance of treated cell∕Absorbance of non − treated cell) × 100

% Cytotoxicity = 100 − cell viability
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yellowish gray after 24-h incubation dark room is an indica-
tion of AgNP formation. While in the case of CuNPs, color 
of the precursor solution change, the synthesis of CuNPs was 
confirmed in the form of precipitation on the inner surface 
of the conical flask, which changes in color from light green 
to reddish lustrous brown. The CuSO4.5H2O reacts with the 
fruit extract of S. xanthocarpum to modify the color of the 
reaction mixture as shown in Fig. 1–F.

3.2 � UV–visible spectroscopic analysis

Ultraviolet visible spectroscopy (Carry 60 UV-Vis Spectro-
photometer) is a fast identification and characterization of 
nanoparticles (NPs). The UV-visible absorption spectra of 

plant extract and biosynthesized Ag and CuNPs from S. xan-
thocarpum fruits extract are shown in Fig. 2. Silver nanopar-
ticles with mobile surface electrons interacted with light to 
form a large absorbance peak, or surface plasmon resonance 
(SPR), in the 400-–500-nm range. The absorption peak of 
synthesized AgNPs was observed at 452nm which is within 
expected range. The absorption peak of copper nanoparticles 
(CuNPs) occurs at 549nm. The CuNPs have been shown to 
have absorption bands in the range of 500–600 nm.

3.3 � FTIR analysis of synthesized nanopaarticles

Fourier transform infrared (FTIR) spectroscopic (FTIR 
Prestige 21, Schimadzu Japan) analyses were carried 

Fig. 1   A Silver nitrate solution 
and plant extract before reac-
tion. B Reaction mixture of 
synthesized silver nanoparticles. 
C Dry silver nanoparticles 
(AgNPs). D Copper sulfate 
pentahydrate solution and plant 
extract before reaction. EReac-
tion mixture of synthesized cop-
per nanoparticles. F Dry copper 
nanoparticles (CuNPs)

A B C

D E E

Fig. 2   UV-visible spectrum of a 
S. xanthocarpum fruits extract, 
b silver nanoparticles (AgNPs), 
and c Copper nanoparticles 
(CuNPs)

4.5
S.X Ext.
CuNPs 

200 300 400 500 600 700 800

Wavelength (nm)

A
bs

or
ba

nc
e



Biomass Conversion and Biorefinery	

out to identify the possible categories of chemical 
compounds in the fruits extracts of S. xanthocarpum 
responsible for reduction and stabilization of the metal 
ions into their NPs. These compounds are identified by 
their functional groups in FTIR spectra having differ-
ent range of absorption peaks shown in Figs. 3, 4, and 
5. The range of 4000−500 cm−1 was employed. The 
presence of polyphenols, polysaccharides, or proteins 
is indicated by the plant extracts prominent and broad 
peak at 3315 cm−1, which is caused by the presence 
of the OH group. Alkanes are identified by the C-H 
stretching and bending vibration, which assigns the 
miner peak at 2900 cm−1. N-H bend of primary amines 
is given the peak at 1614 cm−1. The peaks at 1380 and 
1200 cm−1 indicating C−O stretching vibration strong 
peak presence of alcohols, carboxylic acid, ester, and 
ether, 1050 cm−1 identifying the C–N presence of ali-
phatic amines. After synthesis of AgNPs, the above 
peaks shift into 2920, 2380, 2110, 1506, and 1001.1 
cm−1, which assigned for C-H stretching of aromatic, 
C−N of aliphatic amines, C=C, and C=O groups which 
are due to alkenes, aldehydes, ketones, and carboxylic 
acid respectively. While in the case of CuNP forma-
tion, the peaks shift into 3273, 2922, 2328, 1606, 1539, 
1456, 1373, 1275, and 1038 cm−1 were assigned to OH 
stretching for alcohol, CH, COO, C=C, and C=O groups 
which indicated alkyl alcohol and alkyl amine.

3.4 � SEM analysis of nanoparticles

Morphological, crystalline structure, and size of biosyn-
thesized Ag and CuNPs were measured by using scanning 
electron microscopy (SEM). The SEM images showed that 
the clump nature of AgNPs was conspicuously cubic and 
some were spherical in shape (Fig. 6). The amplified SEM 
image indicates that the silver nanocubes are in a well-cubi-
cal structure with soft surface and sharp edges. The normal 
SEM image of the CuNPs exhibited in Fig. 7 described that 
the morphology of prepared NPs was noticed as an approxi-
mately spherical shape with a rough surface. It was exhibited 
that the biosynthesized CuNPs have separated particles from 
each other as well as clusters. However, it was observed 
that the biosynthesized NPs were stabilized by secondary 
metabolites present in the fruit extract of S. xanthocarpum. 
The monodispersity of NPs is a useful parameter for bio-
medical application.

3.5 � SEM analysis of nanoparticles

Morphological, crystalline structure, and size of biosynthe-
sized Ag and CuNPs were measured by using scanning elec-
tron microscopy (SEM) [SEM, JEOL JSM-5910]. The SEM 
images showed that the clump nature of AgNPs was conspic-
uously cubic and some were spherical in shape (Fig. 6). The 
amplified SEM image indicates that the silver nanocubes are 
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Fig. 3   FTIR spectra of S. xanthocarpum fruit extract
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in a well-cubical structure with soft surface and sharp edges. 
The normal SEM image of the CuNPs exhibited in Fig. 7 
described that the morphology of prepared NPs was noticed 

as an approximately spherical shape with a rough surface. It 
was exhibited that the biosynthesized CuNPs have separated 
particles from each other as well as clusters. However, it 

Fig. 6   AgNPs were conspicuously cubic and some were spherical in shape. The amplified SEM image indicates that the silver nanocubes are in 
well cubical structure with soft surface and sharp edges

Fig. 7   CuNPs exhibited as approximately spherical shape. It was observed that the biosynthesized CuNPs have separated particles from each 
other as well as clusters
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was observed that the biosynthesized NPs were stabilized by 
secondary metabolites present in the fruit extract of S. xan-
thocarpum. The monodispersity of NPs is a useful parameter 
for biomedical application.

3.6 � Antimicrobial activities

The biosynthesized NPs were tested against some patho-
genic bacteria and fungus. In which, five Gram-negative 
including Escherichia coli, Pseudomonas aeruginosa, Kleb-
siella pneumonia, Salmonella typhae, and Proteus mirabilis, 
two are Gram-positive Bacillus subtilis and Staphylococ-
cus aureus, and one fungal Candida albicans strain. All 
concentration (25μg/mL, 50μg/mL, 75μg/mL and 100μg/
mL) of both AgNPs and CuNPs were very sensitive to all of 
the bacterial and fungal species tested in the study. Overall 
results show that the antimicrobial activities of CuNPs are 
comparatively more significant than AgNPs. Azithromycin 
and ciprofloxacin, which were sensitive to the investigated 
microorganisms, were used as positive control antibiotics 
at the same doses in well−1 on separate plates, as indicated 
in Fig. 8. As depicted in Fig. 8, the stock solution’s solvent 

(DMSO) of 50μL well was used as a negative control pro-
duced no zone of inhibition.

3.7 � Antioxidant activities

Antioxidant or free radical scavenging activities of Ag and 
CuNPs were assessed utilizing the DPPH free radical scav-
enging technique. The stable molecule DPPH can take on 
electrons or hydrogen from NPs. The results showed effec-
tive free radical scavenging activities of Ag and CuNPs, 
but AgNPs show more significant activities as compared to 
CuNPs. The antioxidant potential of Ag and CuNPs is cred-
ited by functional groups attached to NPs from S. xanthocar-
pum fruits extract. The IC50 value is inversely proportional 
to the antioxidant potential of a compound. The compounds 
having strong antioxidant activities have low value of IC50. 
On the bases of IC50 values, antioxidant potential of AgNPs 
is significantly higher than the CuNPs as shown (Fig. 9).

3.8 � Anticancer activities

Cell viability assay was used to determine the cytotoxic 
activity of AgNPs using HepG2 hepatocellular carcinoma 
cell line. MTT solution was utilized primarily to determine 

Fig. 8   Antimicrobial activities of AgNPs and CuNPs synthesized from fruits extract of S. xanthocarpum against various pathogenic microorgan-
isms at a 25μg/mL, b 50μg/mL, c 75μg/mL, and d 100μg/mL concentration



Biomass Conversion and Biorefinery	

the viability of cells with mitochondrial dysfunction. In the 
present study, the NPs prevented the growth of tumor cells in 
a dose-dependent manner (5–500μg/ml). Figure 10 depicts 
the proliferation of HepG2 cancer cells and their interac-
tions with various doses of AgNPs. With a gradual increase 
in NPs concentration, the cell viability of cancer cells 

decreased. At the two highest NP concentrations (100μg/
ml and 250μg/ml), cell viability was significantly reduced. 
Furthermore, subsequent increases in the NPs concentration 
did not have a significant cytotoxic effect on cancer cells. In 
the present study, CuNPs were used against hepatocellular 
carcinoma (HepG2) cell line at concentrations (5–300ug/

Fig. 9   Different concentration (50, 100, 150, 200 and 250μg/mL) of AgNPs, CuNPs, and ascorbic acid as positive control of S. xanthocarpum 
were used for determination of free radical scavenging activities by using DPPH method. Given values are means of triplicates with ± SD

Fig. 10   Dose-dependent MTT assay of AgNPs and CuNPs against HepG2 cells. The experiment was conducted in triplicates. The level signifi-
cance is shown as *p<0.05, **p < 0.01, and ***p < 0.001
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ml) and the viability of cells decreased with an increase in 
concentrations, as shown in Fig. 10. HepG2 cells were sub-
jected to CuNPs at doses of 5–300μg/ml. It is also evident 
that synchronization occurs with cellular uptake because, 
as shown Fig. 10, as absorbance increases, cell viability 
declines progressively. At a concentration of 200μg/ml, 
the cytotoxic activity was at its peak; however, subsequent 
increases in concentration did not result in any significant 
anti-proliferative activity.

4 � Discussion

Nanoparticles (NPs) of each metal contain a particular 
range of absorbance peak depends on size of NPs. For 
instance, AuNPs give a specific absorbance peak at range 
of 500–550nm, AgNPs give a particular absorbance peak at 
range of 400–450nm, and CuNPs give absorbance peak at 
ranges of 550–600 nm [1]. However, some researchers have 
manufactured NPs with Surface plasmon resonance (SPR) 
peaks for sizes smaller than 400nm. Silver ions, complexes, 
contaminants, and plant phytochemicals are likely to absorb 
the absorbance bands below 400 nm. The size and form of 
the NPs as well as the dielectric constant of the surrounding 
medium have a significant impact on the properties of SPR 
[8]. In the current studies, the UV- visible absorption spectra 
of biologically produced Ag and CuNPs from S. xanthocar-
pum fruits extract were examined in the present studies. The 
absorption peak of synthesized Ag and CuNPs was observed 
at 452 and 549 nm respectively which is within expected 
range (Fig. 2).

FTIR spectroscopy was utilized for a qualitative investi-
gation of biosynthesized NPs. The FTIR spectra with various 
absorption peak ranges are depicted in Figs. 3, 4, and 5. The 
presence of polyphenols, polysaccharides, or proteins is indi-
cated by the plant extracts prominent and broad peak at 3315 
cm−1, which is caused by the presence of the OH group. 
Alkanes are identified by the C-H stretching and bending 
vibration, which assigns the miner peak at 2900 cm−1. N-H 
bend of primary amines is given the peak at 1614 cm−1. 
The peaks at 1380 and 1200 cm−1 indicate C−O stretching 
vibration strong peak presence of alcohols, carboxylic acid, 
ester, and ether, and 1050 cm−1 identifies C–N presence of 
aliphatic amines. After the synthesis of AgNPs, the above 
peaks shift into 2920, 2380, 2110, 1506, and 1001.1 cm-1, 
which are assigned for C-H stretching of aromatic, C−N of 
aliphatic amines, C=C, and C=O groups which are due to 
alkenes, aldehydes, ketone, and carboxylic acid respectively. 
While in the case of CuNP formation, the peaks shift into 
3273, 2922, 2328, 1606, 1539, 1456, 1373,1275, and 1038 
cm−1 were assigned to OH stretching for alcohol, CH, COO, 
C=C, and C=O groups which indicated alkyl alcohol and 
alkyl amine. In the previous investigation, it was determined 

that the strong absorption bands at 1603 cm−1 and 1616 
cm−1 in the FTIR spectra of Ag and CuNPs, respectively, 
were caused by the binding of NHC=O to metal ions. In 
addition, there are peaks for secondary amine at 2922 cm−1, 
C-N stretching vibration of aromatic amine at 1383 cm−1, 
AgNPs at 1138 cm−1, 821 cm−1, 764 cm−1, and 595 cm−1, 
and CuNPs at 1383 cm−1, 1074 cm−1, and 601 cm−1.

The presence of the O-H group in proteins, polysaccha-
rides, or polyphenols may explain the peaks at 3186 cm−1 
and 3341 cm−1. The free amine groups or carboxylate ions 
of the amino acid residues in proteins, according to some 
research, can bind to metal nanoparticles (MNPs). The 
phytochemical analysis of Cassia occidentalis revealed the 
presence of phenolic compounds such as apigenin, emodin, 
aloe-emodin, rhein, and vitexin, which are responsible for 
the development of MNPs [4].

In the present study, the SEM images showed that clump 
nature of AgNPs were conspicuously cubic and some spheri-
cal in shape (Fig. 6). The amplified SEM image indicates 
that the silver nanotubes are in well cubical structure with 
soft surface and sharp edges. The normal SEM image of the 
CuNPs exhibited in Fig. 7, which described that the mor-
phology of prepared NPs, was noticed as approximately 
spherical shape with rough surface. It was exhibited that 
the biosynthesized CuNPs have separated particles from 
each other as well as clusters. However, it was observed that, 
the synthesized nanoparticles were stabilized by secondary 
metabolites present in the fruits extract of S. xanthocarpum. 
The monodispersity of NPs is a useful parameter for the 
biomedical application. In the previous study, Fig. 5 displays 
the surface morphological and nanostructural SEM findings. 
The SEM micrographs clearly show aggregates of AgNPs 
from C. occidentalis with typical particle sizes ranging from 
20 to 65 nm and copper nanoparticles with a size range of 
30–65 nm [4]. In another study, the form and crystalline 
structures of bio-prepared Ag NPs were examined using FE-
SEM and TEM techniques. The spherical NPs were easily 
distinguished and ranged in size from 20 to 80 nm. It is 
fascinating to see how, as the amount of root extract grows, 
the Ag NPs’ SEM and TEM images change. It is crucial 
to understand that the shapes and sizes of Ag NPs have an 
impact on the NPs’ optical and electrical characteristics [19].

In the present study various concentration (25μg/mL, 
50μg/μL, 75μg/mL, and 100μg/mL) of both Ag and CuNPs 
were used for bacterial and fungal species. It shows high 
sensitivity against K. pneumonia (20, 22, 28, and 30mm), S. 
typhae (16, 20, 27, and 29mm), S. aureus (15, 23, 25, and 
28mm), P. aeruginosa (14, 17, 20, and 24mm), B. subtilis 
(15, 18, 19, and 22mm), C. albicans (12, 17, 20, and 23mm), 
and followed by E. coli (12, 15, 18, and 21mm). The lowest 
sensitivity was against P. mirabilis (10, 12, 15 and 17mm). 
The CuNPs give high sensitivity against P. aeruginosa (20, 
24, 26 and 29mm), S. typhae (20, 23, 25 and 28mm), S. 
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aureus (15, 24, 26, and 30mm), C. albicans (18, 22, 25, and 
28mm), E. coli (17, 20, 25, and 28mm), P. mirabilis (16, 
22, 24, and 27mm) and followed by B. subtilis (12, 16, 20, 
and 23mm). The lowest sensitivity was against K. pneumo-
nia (12, 15, 17, and 20mm). Overall results show that the 
antimicrobial activities of CuNPs are comparatively more 
significant than AgNPs. Elumalai et al. [20] described that, 
the evaluation of antimicrobial activities of the plant medi-
ated (Ocimum basilicum) biosynthesis of AgNPs. Disc dif-
fusion technique was used for determination of antimicrobial 
efficacy, against some selected human pathogenic bacteria, 
Staphylococcus aureus, Escherichia coli, K. pneumonia, 
Proteus mirabilis, and Proteus valgaris, showed results 8.9, 
9.2, 7.8, 8.1, and 7.4mm zone of inhibition respectively. 
They also exhibiting antifungal activity against Aspergillus 
flavus, Aspergillus terreus, Aspergillus nigar, and Aspergil-
lus fumigates at the range of 7.8-, 7.5-, 6.9-, and 7.1-mm 
zone of inhibition respectively. In the previous study, it was 
found that the CuNPs of roots and leaves extract of Aspara-
gus addscendes have greater zone of inhibition as compared 
to crude extract of their roots and leave. The zone of inhibi-
tion for E. coli (19mm), B subtilis (17mm), S. typhi (19mm), 
K. pneumonia (18mm), and S. aureus (16mm) in case leave 
nanoparticles while in case of roots extracts E. coli (20mm), 
B. subtilis (18mm), S. typhi (21mm), K. pneumonia (18mm), 
and S. aureus (17mm) [21].

Antioxidants are chemicals, either natural or synthetic, 
that prevent oxidation reactions. The process of oxida-
tion produces free radicals (oxidants), which can cause a 
chain reaction and harm to an organism’s cells. These are 
also known as “free radical scavengers.” These are present 
naturally in vegetable and fruits, which are good sources 
of antioxidants and may reduce risk of several diseases. 
However, in high concentration antioxidants may be harm-
ful. At high concentration antioxidants, may act as pro-
oxidants, increasing oxidation, which protect and acceler-
ate the formation of dangerous cells (such as tumor and 
cancer cells). The common commercially available antiox-
idants are DPPH, hydrogen peroxide (H2O2), nitric oxide 
(NO). In the current studies, the results showed effective 
free radical scavenging activities of Ag and CuNPs, but 
copper nanoparticles show more significant activities as 
compared to AgNPs. The antioxidant potential of AgNPs 
and CuNPs is credited by functional groups attached to 
nanoparticles from S. xanthocarpum fruit extract. Anti-
oxidant activities of AgNPs and CuNPs were evaluated 
using the DPPH method. On the bases of IC50 values 98, 
285, and 39 of AgNPs, CuNPs and positive control ascor-
bic acid respectively showed effective free radical scav-
enging activities, but AgNPs exhibited more significant 
activities as compared to CuNPs. The compounds having 
strong antioxidant activities have low value of IC50. Anti-
oxidant potential of AgNPs is significantly higher than 

the copper nanoparticles as shown in Fig. 9. In the previ-
ous study, Khan et al. [15] reported that DPPH technique 
was used to test the free radical scavenging abilities of 
AuNPs and AgNPs. These NPs had greater antioxidant 
activity as indicated by the proportion of DPPH they were 
able to scavenge (75.85% + 0.67% and 78.87% + 0.19%, 
respectively). The results showed that these NPs revealed 
excellent antioxidant activities, so their biomedical perfor-
mance enhanced from their herbal sources.

To reduce the prevalence of liver cancer, more individu-
alized therapeutic approaches must be developed. Due to 
the promising medicinal benefits of trace metals on malig-
nancies, metal and metal nanoparticles are the preferred 
candidates for cancer diagnosis and treatment. Trace ele-
ments including silver (Ag), zinc (Zn), copper (Cu), iron 
(Fe), and chromium are essential for the activity of metal-
loproteases, the immune system, DNA synthesis, enzymes, 
and antioxidants. In the current study, the green synthesis 
of AgNPs exhibited profound cytotoxicity against HepG-2 
liver cancer cell line (Fig. 10). The viability of hepatocel-
lular carcinoma cells decreases significantly with increase 
as the concentration of AgNPs. When examining the cyto-
toxic effect of nanoparticles (NPs), numerous criteria can 
be evaluated, including their size, surface charge and dis-
solution rate. The viability of multiple cancer cell lines 
was shown to be decreased by AgNPs in a dose-dependent 
way by earlier investigations. Another study contrasted the 
standard method and the eco-friendly method for determin-
ing the toxicity of AgNPs. Green synthesis was noticeably 
more harmful than industrial synthesis against the MCF-7 
cell line. Krishnan et al. [11] also looked into the cytotoxic-
ity of AgNPs against MCF-7 at a range of concentrations 
(10–100μg/mL). In comparison to Piper nigrum extract, 
plant-mediated AgNPs exhibit substantial cytotoxic activ-
ity against both MCF-7 and Hep-2 cells. Since the results 
show that Piper nigrum is an excellent plant for employing 
in the production of silver nanoparticles. Numerous human 
cell lines, including HepG2, A549, and certain major rat cell 
lines, have been used to examine the toxicological implica-
tions of chemically derived AgNPs. A number of studies 
have shown that AgNPs are only cytotoxic to malignant 
cells and not to normal cells. The results of the current MTT 
assay justify the cytotoxic potential of AgNPs. The MTT 
experiment demonstrated that cell viability decreased pro-
portionally to concentration of nanoparticles. These results 
are in accordance with previous studies. At a concentration 
of 250μg/ml, AgNPs had the most anticancer effects against 
the HeLa and Hep-2 cell lines. The growth of the cell lines 
CRL-1451, 4T1, CT-26, and WEHI-3B was suppressed 
by green-synthesized AgNPs in a dose-dependent manner. 
Additionally, they demonstrated that normal murine fibro-
blasts are not cytotoxic by AgNPs. These results are in line 
with earlier research that showed exposure to chemically 
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derived AgNPs significantly reduced the number of SH- 
SY5Y cells that were viable at all-time points.

Globally, hepatocellular carcinoma (HepG2) is the lead-
ing cause of death from gynecological tumors. Conventional 
treatments such as chemoradiotherapy and surgery have lim-
ited applications due to the side effects and pharmacotherapy 
resistance associated with them. Due to their tumor-specific 
regime, low toxicity, and increased biocompatibility, nano-
materials such as liposomes, metal oxides, and polymers 
have recently been identified as promising delivery vehicles. 
The FDA has authorized the use of numerous nanoformula-
tion-based chemotherapy dosage forms in clinical trials for 
the treatment of breast, cervical, and ovarian cancer. Doxil® 
and Abraxane® are the first anticancer nanoformulations 
available on the market. According to multiple studies, the 
cytotoxicity of CuNPs against Hep-G2 and HT-29 cancer 
cells increased as their concentration increased. Particle size, 
specific surface area, and Cu+2 ion release rate all affect 
how harmful CuNPs are. They demonstrated that biosynthe-
sized CuNPs are very lethal to the A549 cancer cell line due 
to the generation of reactive oxygen species and oxidative 
stress. In a study, the cytotoxicity of biosynthesized CuNPs 
was evaluated against human airway epithelial (HEp2) and 
breast cancer (MCF-7) cells. It has been suggested that 
ROS production and oxidative stress mediate the cytotoxic-
ity of nanoparticles. The current study demonstrated that 
produced CuNPs exhibited an optimal level of cytotoxicity 
against Hep-G2 cancer cell lines; consequently, they may be 
a viable option for the treatment of multiple types of can-
cer. Prior research has demonstrated that CuNPs satisfy two 
fundamental requirements for an effective chemotherapeutic 
agent: tumor selectivity and low toxicity to normal cells. 
Figure 10 clearly demonstrates that the HeLa cancer cell 
line took up a substantial amount of NPs. This investigation 
may contribute significantly to the development of research 
into prolonged drug exposure, which will be advantageous 
for biomedical application such as cancer treatment and drug 
delivery systems. Our study indicates that biosynthesized 
AgNPs possess favorable physiochemical properties and are 
appropriate for use in medical applications.

5 � Conclusions

Green method for producing silver and copper nanoparticles 
has been created utilizing the aqueous fruit extract of S. xan-
thocarpum. AgNPs and CuNPs can be produced by S. xan-
thocarpum fruit extract. It is observed visually that the reac-
tion medium change color from light red to yellowish gray, 
which indicates of AgNPs formation. Confirmation of the 
production of CuNPs is provided by the precursor solution’s 
color changing from light green to reddish glossy brown 
during precipitation. Utilizing UV-visible spectroscopy, 

FTIR analysis, and SEM examination, the biosynthesized 
NPs are described. AgNPs and CuNPs produced through 
plant-mediated biosynthesis displayed efficient biological 
activity (such as antimicrobial, antioxidant, and anticancer 
activities). These NPs show a potent antimicrobial activity 
against some selected pathogenic microbial strains, such as 
E. coli, P. aeruginosa, K. pneumonia, S. typhae, P. mirabilis, 
S. aureus, B. subtilis, and C. albicans. The antioxidant activ-
ities of AgNPs and CuNPs, on the bases of IC50 values 98 
and 285 respectively exhibited effective activities; however, 
the former exhibited more potent activities as compared to 
later one. The compounds having strong antioxidant activi-
ties have low value of IC50. The cytotoxic activity of NPs is 
determined by using HepG2 hepatocellular carcinoma cell 
line. In the present study, the NPs prevented the growth of 
tumor cells in a dose-dependent manner (5–500μg/ml). With 
a gradual increase in NPs concentration, the cell viability 
of cancer cells decreased. At the two highest NP concentra-
tions (100μg/ml and 250μg/ml), cell viability is significantly 
reduced. So, it is concluded that AgNPs and CuNPs exhib-
ited effective biological activities, making them to be used 
in medical sector for cancer treatment, sensors, medications 
delivery and several other applications. On the bases of pre-
sent study, the conventional physical and chemical methods 
used to make MNPs may be replaced by green synthesis 
techniques.
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