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Jatropha integerrima Jacq. flower extract was used for the synthesis of silver nanoparticles in the current
study. Various spectroscopic analyses were used to characterize the synthesized nanoparticles (JIF-
AgNPs). The antibacterial efficacy of JIF-AgNPs was studied by well diffusion and microdilution tech-
niques. In addition, the impact of JIF-AgNPs on free radicals was evaluated. On the ultraviolet–visible
spectrum, the nanoparticles exhibit the highest absorbance at 422 nm. Based on the Fourier transform
infrared spectrum, phenols and amino acids were involved in capping the JIF-AgNPs. Crystalline
sphere-shaped nanoparticles with an average size of 50.07 nm and zeta potential of �19.0 mV were con-
firmed by X-ray diffraction, transmission electron microscopy, and dynamic light scattering analysis
respectively. The JIF-AgNPs exhibit the highest and lowest growth inhibitory activity
towards E. coli and B. subtilis. The minimal inhibitory concentration of JIF-AgNPs against E. coli, K. pneu-
moniae, S. aureus, and B. subtiliswere 2.5, 5.0, 5.0, and 7.5 lg/mL, respectively. The JIF-AgNPs exhibited
significant radical scavenging activities against DPPH (IC50-32.5 ± 0.06 mg/mL), hydroxyl (IC50-25 ± 0.09
mg/mL), Superoxide (IC50-42.5 ± 0.13 mg/mL), and ABTs (IC50-33.5 ± 0.15 mg/mL). Thus, synthesized
nanoparticles were a good alternative to develop an antibacterial and antioxidant agent.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The value of nanotechnology in the field of therapeutic medi-
cine has expanded in recent days due to its wide variety of appli-
cations, cost-effective and eco-friendly approach for the
preparation of novel drug materials (Kalaimurugan et al., 2019).
Nanoparticles (NPs) with a size of 1–100 nm are considered essen-
tial building blocks in nanotechnology. Metals like gold, silver, cop-
per, and zinc have sparked interest in the production of NPs due to
their superior magnetic, electrical, medicinal, and optical capabili-
ties. Silver nanoparticles (AgNPs) are familiar among different
nanoparticles for their antibacterial, antioxidant, and cytotoxic
properties (Das et al., 2019). Silver nanoparticles are the most often
employed nanosized particles in various nanotechnology disci-
plines, particularly in biomedical applications (Elisabeta
Barbinta-Patrascu et al., 2020).

Antimicrobial resistance is one of the most pressing issues of
our time resulting from the inappropriate usage of antibiotics
(Mboya et al., 2018). Solving this challenge will require a multidis-
ciplinary strategy, including developing novel antimicrobial drugs
(Talapko et al., 2020). Although silver’s antibacterial action has
been known since ancient times, many scientists are currently
reinvestigating it, and the medicinal use of silver is on the rise
(Sim et al., 2018). Silver nanoparticles exhibit exceptional antibac-
terial action even at low concentrations, so their utilization has
steadily increased in recent decades (Yin et al., 2020). Metal
nanoparticles, particularly silver nanoparticles are characterized
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by minimal toxicity towards human and great bactericidal poten-
tial (Hamouda et al., 2019). But the role of AgNPs on human cells
is unknown when their antibacterial capability is considered in
the context of human use. For instance, silver nanoparticles were
less toxic to eukaryotic cells, combined with their antibacterial
capability, could be particularly valuable in endodontic treatment
when bacteria in the root canal system must be eliminated
(Skóra et al., 2021). Silver NPs are also employed as antiseptic
and disinfection agent because of their potential antibacterial
property (Das et al., 2019).

Free radicals, which contribute to oxidative stress, cause the
majority of oxidative illnesses (Inbathamizh et al., 2013). Free rad-
icals majorly attack macromolecules such as proteins, lipids and
nucleic acids which result in cell damage and homeostatic disrup-
tion (Lobo et al., 2010). Oxidative stress and free radical’s damages
were controlled by antioxidants. When oxidative stress and antiox-
idants are out of balance, diseases like aging, cancer, cardiovascu-
lar, autoimmune disorders, and neurological diseases can develop
(Al-Rimawi et al., 2016). It is critical to synthesize chemical and
naturally occurring antioxidants to minimize oxidative stress and
its detrimental consequences. Many research publications have
documented the ability of AgNPs to operate as an antioxidant by
lowering the production of reactive oxygen species (ROS) and scav-
enging free radicals (Chokshi et al., 2016; Kiran et al., 2020; Zahoor
et al., 2021).

Several methods were used to synthesize NPs; among them,
biological method was less toxic and environmentally beneficial
(Sathiyaraj et al., 2021). In the production of NPs, organic mole-
cules act as a capping agent to aid in the stabilization of the NPs.
Plant extracts are preferred over other biological approaches
because they are readily available and contain various phytochem-
icals and metabolites that help reduce silver ions and speed up
synthesis (Plackal Adimuriyil George et al., 2018). Jatropha inte-
gerrima Jacq. is a drought-tolerant perennial shrub that belongs
to the family Euphorbiaceae. Various parts of Jatropha inte-
gerrima Jacq. has been employed as a purgative, styptic, and emetic
in treating herpes, rheumatism, tumors, toothaches, warts, pruritis,
eczema, scabies, and ringworm for centuries (Kolawole et al., 2017;
Kuspradini et al., 2016). The leaves and seeds of the plant have
antibacterial activity, while the branches have been proven to have
cholinesterase activity, and the latex has anti-cancer activity (Ali
et al., 2017; Eshilokun et al., 2019; Horsten et al., 1996; Sharma
and Singh, 2012). Among 51 edible and wildflowers from China,
the flower of Jatropha integerrima Jacq. exhibited the highest
antioxidant capacity (Fu et al., 2010), implying that the flowers
of Jatropha integerrima Jacq. could be a significant source of natural
antioxidants. Proteins, phenols, steroids, flavonoids, and alkaloids,
among other natural metabolites found in Jatropha inte-
gerrima Jacq., can operate as reducing agents and have favorable
biological effects. As a result, NPs synthesized from Jatropha inte-
gerrima Jacq. could be used to develop a promising antibacterial
and antioxidant agent with low cytotoxicity that could be used
to combat major infectious illnesses. Considering the benefits of
the plant, the present research was aimed to synthesis AgNPs
using Jatropha integerrima Jacq. flower extract and synthesized sil-
ver nanoparticles (JIF-AgNPs) were then tested for antibacterial
and free radical scavenging activities using appropriate techniques.
2. Materials and methods

2.1. Preparation of aqueous extract of plant material

Fresh plant material was collected from Thiruvalluvar Univer-
sity campus, Tamil Nadu, India and authenticated as Jatropha inte-
gerrima Jacq. by Dr. Jayaraman, plant anatomy research centre,
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Chennai, Tamil Nadu, India. The Jatropha integerrima Jacq. flower
was cleansed then mashed with a homogenizer and shifted to a
250 mL container containing 100 mL of double-distilled water. It
was thoroughly stirred for 10–15 min with a magnetic stirrer to
make an aqueous flower extract. After that, aqueous flower extract
was filtered and kept for future use.
2.2. Phytochemical analysis

Phytochemical screening was carried out to identify alkaloids,
anthocyanin, anthraquinones, carbohydrates, coumarin, diterpene,
flavanoid, glycosides, phenol, phlobatanin, protein, saponins, tan-
nins, and terpenoids in the Jatropha integerrima Jacq. aqueous
flower extract. These tests were done following the standard pro-
cedures (Oluwasogo Dada et al., 2019; Senguttuvan et al., 2014).
2.3. Synthesis of silver nanoparticles

Ten mL of flower extract was blended with 90 mL of 1 mM
AgNO3 to synthesis AgNPs, and the color shift was observed. The
AgNPs were then spun at 15,000 rpm for 5–10 min at 4 �C, and
the obtained pellet was suspended in double distilled water, dried,
and kept at ambient temperature for future use.
2.4. Characterization techniques

The most basic and most easy technique for confirming the syn-
thesis of nanoparticles is UV–Vis spectroscopy technique. The
absorbance spectra of the colloidal sample were acquired in the
350–800 nm range using a UV–Vis spectrometer (UV) Shimadzu-
UV 1800 and demineralized water as a blank. The functional
groups in JIF-AgNPs were validated using Fourier Transform
Infra-Red (FTIR) spectra from Perkin Elmer [Model RX1] with a
wavelength range of 4000 to 650 cm�1. The samples were com-
bined with KBr powder and pelletized for FTIR analysis, and the
spectrum data were recorded after drying. Bruker’s D8-Advance
used monochromatic Cu ka radiation (k = 1.5406 A) operated at
40 kV and 30 mA at a 2h angle pattern to perform X-ray diffraction
(XRD) examination. The result was compared to the International
Centre for Diffraction Data (ICDD) collection to confirm the crys-
tallinity of the JIF-AgNPs. The particle morphology and distribution
were determined via the Transmission Electron Microscopy (TEM)
examination. HITACHI H-800 TEM measurements were performed
at 200 kV. A drop of the diluted JIF-AgNPs was kept on the copper
grid, coated with carbon, and dried under light to create the TEM
grid. EDX was used to check for the existence of metals in the sam-
ple. The size and stability of JIF-AgNPs were carried out in the Mal-
vern instrument.
2.5. Antibacterial tests

The antibacterial activity of JIF-AgNPs was investigated using
the well diffusion method (Suriyakala et al., 2021). The bacteria
used in the experiment were E. coli (MTCC 448), K. pneumoniae
(MTCC 109), S. aureus (ATCC 25923), and B. subtilis (MTCC 2394).
100 mL of fresh culture was dispersed on sterile petri plates con-
taining Muller Hinton agar media. The wells were made in the petri
plates using a sterile crock borer and filled with varied concentra-
tions of JIF-AgNPs (10, 20, 30, and 40 mg/mL) and 10 mg/mL of con-
trol (ampicillin), following which the petri plates were kept
overnight at ambient temperature. After incubation, a zone was
formed around the wells by inhibiting the growth of organisms,
and the zone was measured in mm and compared with control.
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2.5.1. Minimal inhibitory concentration (MIC)
A microdilution approach was used to evaluate the MIC of JIF-

AgNPs (Alsalhi et al., 2020). Two-fold dilutions of JIF-AgNPs in var-
ied concentration (1.25 to 10 mg/mL) was added into Muller Hinton
broth containing 1 � 108 bacterial suspension and kept at 37 �C for
one day. The MIC was assessed by the turbidity of the sample to
find the lowest dose of JIF-AgNPs that impedes 90% of bacterial
growth. The experiment was triplicated to ensure the result for
all the examined microorganisms.

2.6. Free radicals scavenging activity

Free radicals scavenging activity of JIF-AgNPs were studied at
varied concentrations (10, 20, 30, 40, & 50 mg/mL). The free radicals
scavenging activity of JIF-AgNPs against 2,2-diphenyl-1-picryl-hy
drazyl-hydrate (DPPH) was calculated by the procedure suggested
by Chen et al., (Chang et al., 2019). DPPH responds to an antioxi-
dant compound by accepting an electron and gets lowered. The
color transition from purple to yellow was read at 517 nm spec-
trophotometrically. The color transition depended on the quantity
and quality of the sample used (NilamberLal Das et al., 2019). The
hydroxyl (OH–) scavenging was evaluated by the Ansar et al. (Ansar
et al., 2020) process. OH– radicals are formed by reducing hydrogen
peroxide in the presence of JIF-AgNPs and vitamin C from transi-
tion metal ions. Superoxide (O2

�) anion scavenging was analyzed
by the experiment suggested by Gunaseelan (Gunaseelan et al.,
2017). In a phenazine methosulphate (PMS)-NADH system, O2

� rad-
icals were produced by NADH oxidation and NBT reduction, which
was observed to form a violet complex. The 2,20-azino-bis(3-ethyl
benzothiazoline-6-sulfonic acid (ABTs) scavenging was determined
by the Kang and Kim method (Kang and Kim, 2019). ABTs were
formed by the reaction between ABTs and potassium persulfate,
which results in the generation of blue/green color chromophores.
The addition of JIF-AgNPs rivals ABTs and decreases the color for-
mation, and it was read spectrophotometrically. The percentage
scavenging of free radicals was calculated by the formula followed.

Percent scavenging ¼ A0� A1
A0

� 100

Here, A0 = Control’s absorbance and A1 = Sample’s absorbance.

2.7. Statistical analysis

Results were expressed as mean ± standard error of data from
three repeats and IBM SPSS statistics 25 software was used for sta-
tistical analysis.

3. Results

3.1. Phytochemical analysis

As stated in Table 1, the phytochemical components of Jatropha
integerrima Jacq.’s aqueous flower extract were screened qualita-
tively. Anthocyanin, carbohydrate, coumarin, glycoside, phenol,
protein, saponin, and tannin were present in the Jatropha inte-
gerrima Jacq. flower extract; while alkaloid, anthroquinone, diter-
pine, flavanoid, phlobatanin, and terpenoids were absent.

3.2. Synthesis and optical characterization of JIF-AgNPs

Aqueous flower extract of Jatropha integerrima Jacq. was used as
reducing agents in the bio-depletion of silver ions into nanosized
silver nanoparticles. A visible color shift was seen (pale pink to
dark brown) and validated by UV–Vis spectral analysis. At the ideal
condition, JIF-AgNPs exhibited a peak at 422 nm, confirming the
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formation of AgNPs by UV–Visible analysis (Fig. 1). Functional
groups involved in the synthesis and capping process were studied
by FTIR analysis. FTIR bands at 3136, 2117, 1897, 1612, 1349, 1004,
and 758 cm�1 were found in the JIF-AgNPs (Fig. 2).

3.3. Structural characterization of JIF-AgNPs

The XRD was used to assess the crystallinity of the green syn-
thesized NPs. Fig. 3 shows four notable diffraction peaks at 37.8�,
44.0�, 64.2�, and 77.2�, which correspond to the reflection of the
111, 200, 220, and 311 planes respectively (ICDD file No 04-0783).

According to TEM images, silver nanoparticles synthesized were
widely dispersed and are predominantly spherical in shape
(Fig. 4A). An average diameter of 29 nm and a size range of 17–
45 nm was found in JIF-AgNPs (Fig. 4B). The results of SAED anal-
ysis revealed that the JIF-AgNPs contain fine crystalline NPs
(Fig. 4C). The EDX was used to determine the elemental content
of the AgNPs synthesized. Due to surface plasmon resonance, the
EDX exhibit a significant peak at 3 keV (Fig. 4D), commonly seen
in metallic silver nanocrystals. The EDX analysis confirmed the
presence of some other elements along with silver (60.06%), they
include carbon (18.10%), oxygen (16.65%), potassium (4.41%), and
sodium (0.78%).

Using DLS, the particle size of JIF-AgNPs in an aqueous solution
was determined. The size of JIF-AgNPs was 50.07 nm, according to
the DLS analysis (Fig. 5A). Zeta potential analysis can be used to
find out about the surface properties and stability of JIF-AgNPs.
As shown in Fig. 5B, the zeta potential of JIF-AgNPs in our work
was �19.0 mV.

3.4. Antibacterial activity

Green synthesized AgNPs were tested against various harmful
bacteria, including E. coli, K. pneumoniae, S. aureus, and B. subtilis.
On all four bacterial strains studied, AgNPs demonstrated consider-
able antibacterial activity (Fig. 6). Furthermore, when compared to
gram-positive bacteria, AgNPs showed effective antibacterial activ-
ity against gram-negative bacteria. The highest and lowest zone of
inhibition (ZOI) was found in E. coli (23.33 ± 0.58 mm) and B. sub-
tilis (12.67 ± 0.33 mm) among the different bacteria tested
(Table 2).

The antibacterial activity of JIF-AgNPs were also assessed by the
MIC. The minimum concentration at which no apparent develop-
ment of the test organism was detected was recorded as the MIC
(Table 3). The MIC for K. pneumoniae and S. aureus was 5.0 mg/
mL, while the MIC for E. coli and B. subtilis was 2.5 and 7.5 mg/mL
respectively.

3.5. Free radicals scavenging activity

Free radicals cause many diseases, including Parkinson’s dis-
ease, neurological disorders, mild cognitive dysfunction, and aging.
The number of free radicals in the human body is decreased when
necessary dietary antioxidants are consumed. Antioxidant con-
sumption increases the quality of life by preventing degenerative
diseases (Guntur et al., 2018). Here, antioxidant properties of JIF-
AgNPs were tested against DPPH, hydroxyl, superoxide, and ABTs
radicals and compared with vitamin C. Varied concentrations
(10–50 mg/mL) of JIF-AgNPs showed 16–66% of DPPH radical scav-
enging, 13–73% of hydroxyl radical scavenging, 12–70% superoxide
radical scavenging, and 28–78% of ABTs radical scavenging activi-
ties. While the vitamin C showed highest percent scavenging activ-
ity than JIF-AgNPs against DPPH (22–83%), hydroxyl (30–89%),
superoxide (25–96%) and ABTs (27–89%) (Table 4). The inhibitory
concentration (IC50) of JIF-AgNPs against DPPH, hydroxyl, superox-
ide, and ABTs radicals were calculated as 32.5 ± 0.06, 32.5 ± 0.09,



Table 1
Phytochemical analysis of Jatropha integerrima Jacq. flower extract. ‘‘+” denotes the existence of the compounds; ‘‘-” indicates an absence of the compounds, ‘‘++” indicates the
presence of a compound with a high concentration.

S.No Phytochemicals Test Interference Result

1. Alkaloid Hager’s test Formation of yellow precipitate _
2. Anthocyanin Sodium hydroxide test The appearance of pink to violet color +
3. Anthroquinone Borntrager’s test The appearance of pink, violet, or red color _
4. Carbohydrate Molisch’s test Formation of purple color +

Fehling’s test Formation of red color +
5. Coumarin Sodium hydroxide test The appearance of yellow color +
6. Diterpine Copper acetate test The appearance of emerald green _
7. Flavanoid Alkaline reagent test The appearance of colorless solution _
8. Glycoside Sulphuric acid test Formation of a reddish color. ++
9. Phenol Ferric chloride test The appearance of green color ++
10. Phlobatanin Hydrochloric acid test Formation of red precipitate _
11. Protein Xanthoproteic test The appearance of yellow color ++

Biuret The appearance of violet color ++
12. Saponin Foam test Formation of stable foam +
13. Tannin Braymer’s test The appearance of green color +
14. Terpenoids Salkowski test The appearance of deep red color _

Fig. 1. A) Visual observation of JIF-AgNPs. B) UV–Visible spectrum of JIF-AgNPs.

Fig. 2. FTIR spectrum of green synthesized silver nanoparticles.

Fig. 3. Crystalline peaks of JIF-AgNPs.
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42.5 ± 0.13, and 33.5 ± 0.15 mg/mL respectively. The IC50 value of
vitamin C was calculated as 24 ± 0.02, 19.5 ± 0.04, 24.5 ± 0.03,
and 22 ± 0.04 mg/mL for DPPH, hydroxyl, superoxide and ABTs rad-
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icals respectively (Table 4). These assays have proved the antioxi-
dant potential of the JIF-AgNPs in comparison with the reference
antioxidant, vitamin C.
4. Discussion

4.1. Characterization of JIF-AgNPs

Silver nanoparticles were synthesized by using Jatropha inte-
gerrima Jacq. flower extract as a reducing and capping agent. The
existing phytochemicals of Jatropha integerrima Jacq. are involved
in the capping and depletion of silver ions into silver nanoparticles
(Hemlata et al., 2020). According to the literature, a 1:9 ratio
(flower extract/AgNO3) was necessary to generate particles with
a spherical form (Salayová et al., 2021). JIF-AgNPs showed single
peak at 422 nm in UV–Visible analysis. UV–Visible spectra can fur-
nish useful details on particle morphology and distribution. The
emergence of the peak in the UV–Vis spectra at a lower wavelength
shows that the nanoparticles formed were small, whereas a length-
ier wavelength indicates that the Ag-NPs formed were larger.
According to Mie’s hypothesis, spherical shaped nanoparticles pro-
duce a single SPR band in the UV–Vis spectrum (Abdulwahab et al.,
2016).



Fig. 4. A) Spherical shaped nanoparticles. B) Size distribution histogram C) SAED pattern of JIF-AgNPs. D) EDX spectrum.

Fig. 5. A) Particle size of JIF-AgNPs. B) Stability of JIF-AgNPs.
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FTIR analysis of JIF-AgNPs exhibits various peaks. The O-H
strong stretching vibration of phenol and alcohol compounds cor-
relates to the broad absorption FTIR peak at 3136 cm�1. C=C from
alkene or aromatic amine causes the weak band around 2117 cm�1

(Akintola et al., 2020). The (NH) C=O group was ascribed to the
strong absorption peak at 1897 and 1612 cm�1 in the spectra
(Devaraj et al., 2013; Imperio et al., 2013). O-H phenol has a promi-
nent peak in the 1349 cm�1 region (Santhoshkumar et al., 2019).
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The C–H phenyl group was found at 758 cm�1 (Rivero-Montejo
et al., 2021). These bands clearly define the presence of phenols
and amino acids in flower extract act as a reducing and capping
agent in the silver nanoparticle synthesis process.

The XRD result establishes the crystalline character of AgNPs
(Dhand et al., 2016; rónavári et al., 2017). The four characteristic
peaks at 37.8�, 44.0�, 64.2�, and 77.2�, represent the highly pure
JIF-AgNPs (Anthony et al., 2014). In addition, some other peaks at



Fig. 6. Antibacterial activity of JIF-AgNPs against selected pathogenic bacteria at different concentrations.

Table 2
ZOI of JIF-AgNPs against selected pathogenic bacteria at various concentrations. Data were expressed as means ± standard error of data from three repeats.

Strain ZOI (mm)

Control (10 mg/mL) 10 mg/mL 20 mg/mL 30 mg/mL 40 mg/mL

E. coli 29.33 ± 0.67 14.67 ± 0.33 17.66 ± 0.67 19.67 ± 0.33 23.33 ± 0.58
K. pneumoniae 31.67 ± 0.33 11.67 ± 0.33 13.33 ± 0.33 14 ± 0.58 18.33 ± 0.33
S. aureus 17.33 ± 0.33 9.67 ± 0.33 12 ± 0.58 13.33 ± 0.67 14.67 ± 0.33
B. subtilis 15.33 ± 0.33 7.33 ± 0.33 9.33 ± 0.33 11.67 ± 0.33 12.67 ± 0.33

Table 3
MIC of JIF-AgNPs against selected pathogenic strains.

S. No Strain MIC (mg/mL)

1 E. coli 2.5
2 K. pneumoniae 5
3 S. aureus 5
4 B. subtilis 7.5
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27.5�, 31.9�, and 45.9� were also observed which was due to the
presence of phytochemicals on the outer membrane of the NPs.
The Braggs reflections occurring between 24.48� to 32.50� are fre-
quently attributed to crystalline and amorphous organic phases
(Gurunathan et al., 2014).

Spherical shaped, 17–45 nm-sized JIF-AgNPs were observed in
TEM analysis. The corners of the generated silver nanoparticles
were not brighter than the center in TEM micrographs, indicating
the existence of biomolecules such as phenols and amino acids
in Jatropha integerrima Jacq. flower that functions as a capping
agent and inhibits aggregation. The stability of green synthesized
NPs was based on the capping efficiency of the capping agent
(Pugazhendhi et al., 2015).

The presence of randomly oriented particles with diameters in
the nanometer range and their crystallinity were confirmed by
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SAED patterns in the form of diffraction rings. The diffraction rings
indicate the crystalline nature of the JIF-AgNPs (Devanesan et al.,
2021). Larger NPs contribute to brighter diffraction dots, while
finer NPs contribute to lesser brightness diffraction dots. An addi-
tional factor contributing to the diffraction pattern’s appearance is
the thickness of the sample; in this case, the organic matrix is quite
thick, which weakens the diffraction intensity from the smallest
NPs (Salayová et al., 2021).

The elemental composition of JIF-AgNPs was observed by EDX
analysis. Peaks for silver, carbon, oxygen, potassium, and sodium
were observed. Peaks responsible for the other elements were
due to the capping agents; this supports the presence of phyto-
chemicals on the outer membrane of AgNP (Femi-Adepoju et al.,
2019; Kambale et al., 2020).

By DLS analysis, particle size and zeta potential were calculated
as 50.07 nm and �19.0 mV respectively. When compared to TEM
analysis, DLS reported a bigger particle size. Because DLS primarily
uses Rayleigh scattering, this occurrence was conceivable
(Bernardo-Mazariegos et al., 2019). Similarly, DLS typically yielded
greater results than TEM due to Brownian motion (Bragais and
Labaclado, 2019; Krishnaraj et al., 2010). Because poly-dispersed
samples tend to respond to bigger particles, these findings sug-
gested that DLS measurement might not be accurate. Furthermore,



Table 4
Free radicals scavenging activity of vitamin C and JIF-AgNPs at varied concentrations
against various free radicals. Results were expressed as mean ± standard error of data
from three repeats. Different superscripts indicate the results were significant based
on Duncan’s method (p < 0.05).

Free Radical Concentration Vitamin C JIF-AgNPs

DPPH 10 mg/mL 22.48 ± 0.03 f 16.60 ± 0.09 f

20 mg/mL 42.62 ± 0.04 d 22.62 ± 0.10 d

30 mg/mL 63.26 ± 0.04 c 48.62 ± 0.06 c

40 mg/mL 76.48 ± 0.26 b 55.57 ± 0.07 b

50 mg/mL 83.44 ± 0.01a 66.73 ± 0.09 a

IC50 24 ± 0.02 32.5 ± 0.06

Hydroxyl 10 mg/mL 30.10 ± 0.05 f 13.25 ± 0.04 f

20 mg/mL 50.13 ± 0.06 d 26.76 ± 0.07 d

30 mg/mL 65.13 ± 0.08 c 47.57 ± 0.10 c

40 mg/mL 84.28 ± 0.05 ab 60.51 ± 0.08 b

50 mg/mL 89.62 ± 0.09 a 73.47 ± 0.03 a

IC50 19.5 ± 0.04 32.5 ± 0.09

Superoxide 10 mg/mL 25.60 ± 0.05 f 12.54 ± 0.20 f

20 mg/mL 33.58 ± 0.06 d 25.42 ± 0.17 d

30 mg/mL 59.16 ± 0.06 c 40.50 ± 0.25 bc

40 mg/mL 84.79 ± 0.09 b 44.48 ± 0.18 b

50 mg/mL 96.72 ± 0.11 a 70.53 ± 0.24 a

IC50 24.5 ± 0.03 42.5 ± 0.13

ABTs 10 mg/mL 27.70 ± 0.04 f 19.31 ± 0.15 f

20 mg/mL 43.78 ± 0.10 d 33.70 ± 0.18 d

30 mg/mL 61.44 ± 0.03 c 40.53 ± 0.21 c

40 mg/mL 76.63 ± 0.08 b 72.55 ± 0.28 b

50 mg/mL 89.51 ± 0.05 a 78.66 ± 0.14 a

IC50 22 ± 0.04 33.5 ± 0.15
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as purification was not conducted during the synthesis, the pres-
ence of agglomerated phytochemicals in the solution revealed that
it contained big particles (Bernardo-Mazariegos et al., 2019;
Kouhbanani et al., 2019). The zeta potential value obtained for
JIF-AgNPs is within the stable range, indicating that the nanoparti-
cles are stable in an aqueous solution. The negative zeta potential
nanoparticles were prevented from aggregation and stabilized by
electrostatic repulsion (Paosen et al., 2017).
4.2. Antibacterial activity

The finding demonstrated that JIF-AgNPs have an antibacterial
effect against all tested bacteria. The electrostatic attraction
between the negatively charged cell membrane of the organism
and the Ag+ ion can be explained as a plausible mechanism of
the antibacterial activity. As a result, the Ag+ ion can be bound with
a specific group of enzymes, namely thiol, destroying the capacity
to replicate DNA and causing bacterial cell death (Li et al., 2016).
According to Wan Mat Khalir et al., (Wan Mat Khalir et al., 2020),
the plausible mechanisms might be substituted by the direct con-
tact between JIF-AgNPs and the bacterial surface, which causes
DNA replication to be disrupted and the production of ROS, and
result in bacterial cell death (Devanesan et al., 2020; Devanesan
and Alsalhi, 2021). In addition, AgNPs are more efficient against
gram-negative bacteria than gram-positive bacteria. The discrep-
ancies in results were due to structural variation between gram-
positive and gram-negative bacteria (Grigor’Eva et al., 2013;
Kawahara et al., 2000). In comparison to gram-negative bacteria,
gram-positive bacteria have a thicker cell wall due to numerous
layers of peptidoglycan (Thiel et al., 2007). So, it is difficult to enter
into gram-positive bacteria than gram-negative bacteria (Erjaee
et al., 2017). Earlier studies have shown that AgNPs were active
against a wide range of pathogenic bacteria due to their effective
antibacterial properties (Gandhi et al., 2021; Skóra et al., 2021;
Urnukhsaikhan et al., 2021).
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4.3. Free radicals scavenging activity

The DPPH assay is on the basis of the depletion of DPPH in
methanol solution, where radical DPPH was changed to non-
radical DPPHH by receiving a hydrogen molecule in the existence
of a hydrogen–donating antioxidant. The color shift from purple
to yellow was visually noticed and read spectrophotometrically
at 517 nm. The scavenging action of varied doses of JIF-AgNPs
(10–50 mg/mL) on the DPPH radical is demonstrated in this study.
The mutagenic capability of free radicals owes a link between OH–

radicals and DNA, leads to DNA breakage and, hence, cause cancer
(Khan et al., 2013). JIF-AgNPs remove OH– radicals and prevent
additional damages. Compared to typical antioxidants, AgNPs
demonstrated significant hydroxyl radical scavenging activity and
may be used as anticancer therapeutics by blocking the link
between OH– radicals and DNA (Rahman et al., 2015). Superoxide
is essential in biology because it produces singlet oxygen and
hydroxyl radicals. Overproduction of the superoxide anion radical
causes redox imbalance, which has negative physiological implica-
tions. Superoxide anions are produced by a variety of biological
processes and are extremely hazardous. The superoxide anion pro-
duced by the PMS/NADH decreases NBT in the PMS/NADH-NBT
system (Basniwal et al., 2009). The decolorization of the ABTS rad-
ical cation, which was detected spectrophotometrically at 734 nm,
was used to quantify the total antioxidant activity of JIF-AgNPs.
The absorbance of the ABTS radicals was suppressed by interaction
with JIF-AgNPs or vitamin C, and the data were represented as per-
centage inhibition of absorbance (Gangwar et al., 2014). The find-
ings revealed that different concentrations of JIF-AgNPs exhibited
varying degrees of radical scavenging capacity in a
concentration-dependent manner.

5. Conclusion

The AgNPs were synthesized by using an aqueous flower extract
of Jatropha integerrima Jacq. and the green synthesis process was
known to be easy, eco-friendly, and cost-effective. Phytochemicals
from the extract were involved for the synthesis of nanoparticles
and various characterization techniques were used in this investi-
gation to establish the successful formation of spherical shaped
and crystalline AgNPs. Furthermore, JIF-AgNPs had good bacterici-
dal effect against E. coli, K. pneumoniae, S. aureus, and B. subtilis. In
addition, green synthesized AgNPs were effective scavengers of
DPPH, hydroxyl, superoxide, and ABTS radicals, suggesting that
they could be used as a drug to eliminate free radicals and prevent
cellular damage.
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