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Background: With the rise of antibiotic resistance, there is an increasing interest in discovering novel
antimicrobial agents. Antibiotics could be replaced with metal-based nanoparticles that have long-
lasting antibacterial properties. This study aimed to synthesize gold nanoparticles (AuNPs) and test their
antibacterial effectiveness against a variety of human pathogens.
Methods: The AuNPs were characterized using UV, FT-IR, XRD, and TEM with EDX. By using the well dif-
fusion and microdilution techniques, the impact of synthesized AuNPs was tested against B. subtilis, S.
aureus, E. coli, and K. pneumoniae.
Results: The AuNPs were synthesized from Jatropha integerrima Jacq. flower extract. UV–vis spectrum
showed a high peak at 547 nm; FT-IR revealed phenolic compounds in the plant extract were responsible
for AuNP formation. XRD and SAED confirmed the crystalline nature while TEM revealed the shape to be
spherical and DLS revealed the size to be 38.8 nm with the stability of �0.3 mV. The AuNPs exhibit max-
imal and minimal antibacterial activity towards E. coli and B. subtilis. The MIC of AuNPs against B. subtilis,
S. aureus, E. coli, and K. pneumoniae were found to be 5.0, 10, 2.5, and 2.5 lg/mL, respectively.
Conclusion: Thus, synthesized nanoparticles might be a good alternative to develop an antibacterial agent
against the selected human pathogens.
� 2022 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

Disease-causing microbes have become drug-resistant through
the adequate usage of antibiotics (Maiti et al., 2014). Different
forms of bacteria are developing resistance to currently available
antibiotics, posing a severe threat to public health. Antibiotics
are ineffective in treating illnesses caused by drug-resistant bacte-
ria. Such antibiotic resistance needs a stronger alternative solution
(Adil et al., 2019). In this situation, there is a higher need for novel
bactericides to be developed to avoid a threat to public health.

As a result, it is critical to create effective and low-cost tech-
niques for the synthesis of therapeutic agents to combat the afore-
mentioned health issues. Nanotechnology is expanding
possibilities, enabling new solutions to be developed using existing
resources. Metals, semiconductors, and metal oxides are employed
in nanotechnology for a broad range of applications in information,
energy, environmental, and medicinal sectors (Heera and
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Shanmugam, 2015). Gold nanoparticles (AuNPs) have sparked
interest among existing nanomaterials because gold is an inert,
oxidation-resistant substance, which makes its use interesting in
nanoscale technologies and devices (Bindhu and Umadevi, 2014).
Because of their numerous applications, such as drug transport,
chemical, and biological imaging, catalysis, therapeutics, and diag-
nostics, AuNPs are the most intensively investigated NPs of all met-
als (Sathiyaraj et al., 2021). Furthermore, the reduction and
functionalization of AuNPs with synthetic and natural compounds
are well understood. Physical and chemical methods are com-
monly used to make AuNPs, which are both expensive and danger-
ous to the environment. As a result, the biosynthesis of
nanoparticles has recently gotten a lot of attention because the
nanoparticles produced are non-toxic and can be employed in
biomedical applications (Priya Velammal et al., 2016). Plants, plant
wastes, plant components, bacteria, and fungi have all been
employed to synthesize nanoparticles in the past several years
(Otunola et al., 2017). Plants are superior possibilities for nanopar-
ticle production since they are generally nontoxic, provide natural
capping agents, and minimize the expense of microbe isolation and
culture media (Krithiga et al., 2015).

There are no reports on the use of Jatropha integerrima Jacq. for
the synthesis of AuNPs. Thus, the current research, it was aimed to
investigate the formation of AuNPs from flower extract of Jatropha
integerrima Jacq. and the synthesized AuNPs (JIF-AuNPs) were con-
firmed by UV–Visible spectroscopy (UV–Vis), Fourier Transform
Infra-Red Spectroscopy (FTIR), Transmission Electron Microscopy
(TEM), Selected area diffraction pattern (SAED), Energy dispersive
X-ray analysis (EDX), particle and zeta potential analysis and X-
Ray Diffraction spectroscopy (XRD). The antibacterial and mini-
mum inhibitory concentration (MIC) effect of the JIF-AuNPs were
investigated against pathogenic bacteria including, B. subtilis
(MTCC 2394), S. aureus (ATCC 25923), E. coli (MTCC 448), and K.
pneumoniae (MTCC 109).
2. Materials and methods

2.1. Plant collection and authentication

The flower sample was collected from the Thiruvalluvar Univer-
sity campus at Vellore, Tamil Nadu, India. Dr. Jayaraman verified
and authenticated the collected flowers as Jatropha integerrima
Jacq. (PARC/2019/4026), and the voucher was deposited at the Her-
barium of the Plant Anatomy Research Centre in Tambaram, Chen-
nai, Tamil Nadu, India.

2.2. Preparation of flower sample

To eliminate dust particles, the flower material was cleaned
with deionized water and air-dried to remove moisture content.
The flower sample was then weighed and homogenized before
being transferred to a 250 mL screw cap container containing
100 mL distilled water. The container was placed in a magnetic
stirrer for 10–15 min to ensure adequate mixing, after which the
aqueous extract was filtered and kept at 4 �C in an airtight
container.

2.3. Synthesis of AuNPs

For the synthesis of AuNPs, 10 mL of aqueous extract was mixed
with 90 mL of 1 mM AuCl3 solution and the color shift was noticed.
The AuNPs solution was then spun at 10,000 rpm for 15 min at 4 �C
to purify it. The resulting pellet was then dried and stored at room
temperature for future use after being suspended in deionized
water.
2

2.4. Characterization of JIF-AuNPs

2.4.1. UV–Vis analysis
To test the bio-reduction property, the Shimadzu UV-1800

spectrometer was employed to record the UV–Vis spectrum of gold
suspension. For spectrum analysis, 3 mL of the reaction mixture
was placed in a quartz cuvette. Spectral analysis was performed
on wavelengths ranging from 300 nm to 700 nm (Mani et al.,
2021c).

2.4.2. FTIR
FTIR was used to evaluate the functional groups contained in

the biosynthesized JIF-AuNP. The mixture of 2.5 mg dried JIF-
AuNP powder and 250 mg potassium bromide was placed in an
FTIR sample container. The mixture was then analyzed using a Shi-
madzu FTIR-8400S at a range of 500–4000 cm�1 spectra (Gandhi
et al., 2021).

2.4.3. TEM
The HITACHI h-800 was used to discover the shape, and size of

nanoparticles through TEM analysis. Samples were suspended in
double-distilled water for the TEM-grid preparation, and then a
single drop of the suspended sample was added on a copper grid
covered with carbon and dried under a light. Image J software
was used to measure the size of AuNPs.

2.4.4. EDX analysis
The existence of gold in the produced gold nanoparticles was

confirmed by EDX analysis. A microscopic slide was drop-coated
with gold nanoparticles and dried at 50 �C using a hot air oven.
The slide was analyzed and the signals were recorded using an
EDXmicroscopic analysis system combined with TEM.

2.4.5. SAED pattern analysis
The SAED pattern was used to examine the structural crys-

tallinity of synthesized JIF-AuNP. To avoid contaminant interac-
tions, the sample was prepared with millipore filtered water and
then analyzed.

2.4.6. Particle size analysis
The JIF-AuNPs liquid suspension was drained through a syringe

filter, and the nanoparticle size was calculated using a particle size
analyzer.

2.4.7. Zeta potential measurement
The electrical potential in the double layer of ions encircling a

particle at the particle surface’s boundary and the adsorbed ions
in the diffuse layer are characterized by the zeta potential
(Koperuncholan, 2015).

2.4.8. XRD
XRD analysis of the JIF-AuNPs was done using Bruker D8-

Advance XRD analyzer, at a process voltage of 40 kV and a current
of 30 mA with Cu Ka radiation (Rathnakumar et al., 2019). The XRD
peaks were captured at 2h at a scanning speed of 0.02�/min from
20� to 80� (George et al., 2020). The following Debye–Scherrer for-
mula was used to compute the average particle size (Mani et al.,
2021b).

D ¼ kk
bcosh

where D = particle size, k = Scherrer constant (value – 0.9), k = wave
length of the x-ray sources (0.15406 nm), b = full width at half max-
imum, and h = peak position.
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2.5. Antibacterial activity

The inhibitory effect of JIF-AuNPs B. subtilis, S. aureus, E. coli, and
K. pneumoniae was determined by the agar well diffusion method
(Suriyakala et al., 2021). The freshly grown selected organisms
were sub-cultured on petri plates containing a sterilized Mueller-
Hinton (MH) agar medium. The 8 mmwells were made with a ster-
ile cork borer and then varied concentrations (10, 20, 30, 40 mg/mL)
of JIF-AuNPs were loaded in the well. Then, the agar plates were
kept in an incubator at an optimum temperature for a day. After
incubation, a clear zone around the wells was observed and mea-
sured. The results were compared with 10 mg/mL of standard con-
trol (Ampicillin).
Fig. 2. UV–Vis spectrum of Jatropha integerrima Jacq. synthesized gold
nanoparticles.
2.6. MIC

The MIC was calculated using repeated two-fold dilutions of JIF-
AuNPs in various concentrations ranging from 2.5 to 10 mg/mL in
MH broth. The MH broth containing the selected isolates and var-
ious quantities of JIF-AuNPs served as the positive control, whereas
the negative control contained only the selected isolates. The MIC
is the lowest concentration of JIF-AuNPs that suppresses bacterial
growth by 99%. The visible turbidity of the tubes before and after
incubation was used to evaluate the MIC of the selected isolates
(Parvekar et al., 2020).
Fig. 3. Energy band gap analysis of JIF-AgNPs.
3. Results

3.1. Synthesis and optical characterization of JIF-AuNPs

The formation of nanoparticles was preliminarily identified by
the color change from pale pink to ruby red (Fig. 1), which sug-
gested the synthesis of AuNPs. A sharp single absorption peak
was observed at 547 nm, which corresponds to the surface plas-
mon resonance (SPR) band of JIF-AuNPs (Veena et al., 2019)
(Fig. 2). The energy band gap was analyzed by the Tauc plot
method using UV data and it was found to be 1.9 eV (Fig. 3). For
analyzing the functional groups present in a nanoparticle, FTIR is
a highly useful instrument. The FTIR spectra (Fig. 4) in our investi-
gation ranged from 500 to 4000 cm�1. Fig. 3 shows the bands
observed on the FTIR spectra of JIF-AuNPs at 3237, 2920, 1613,
1317, 1023, and 760 cm�1.
Fig. 1. Visual observation of nanoparticle formation. A) Jatropha integerrima Jacq.
flower extract. B) Synthesized gold nanoparticles. Fig. 4. Fourier transform infrared spectrum of JIF-AuNPs.
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3.2. Morphological characterization of JIF-AuNPs

As shown in Fig. 5A, spherical-shaped nanoparticles with a size
of 28 to 43 nm were obtained and an average size of the particles
was discovered to be 37.7 nm using TEM analysis. (Fig. 5H). The
elemental composition was studied by EDX analysis. The absorp-
tion of metallic gold nanocrystallites was characterized by strong
EDX signals at 1.8, 2.1, and 2.5 keV. The polycrystalline nature of
the JIF-AuNPs was depicted by the SAED pattern of the correspond-
ing area observed under TEM. The well-resolved diffraction rings of
polycrystalline gold may be seen in the diffraction pattern. A series
of significant planes with hkl values (111, 200, 220, and 311) of JIF-
AuNPs were represented by strong and moderate-intensity rings
(Fig. 5I). The average size of the JIF-AuNPs was calculated as
38.8 nm, with a PDI of 1.52 (Fig. 6A) by dynamic light scattering
analysis, and the zeta potential was discovered to be �0.3 mV
(Fig. 6B). XRD analysis showed four strong diffraction peaks at
37.9�, 44.1�, 64.5�, and 77.5� which were correlated to the (111),
(200), (220), and (311) planes respectively, and they were associ-
ated with the face-centered cubic structure of gold (ICDD No. 4-
0783) (Fig. 7). The average size of the JIF-AuNPs was computed
using the Scherrer formula and found to be 6.9 nm.
Fig. 5. A–G) TEM images of JIF-AuNPs at different nanometres. H)

4

3.3. Antibacterial activity

The agar well diffusion method was used to test the antibacte-
rial activity of the JIF-AuNPs against B. subtilis, S. aureus, E. coli, and
K. pneumoniae. In terms of zone of inhibition (ZOI), JIF-AuNPs
showed antibacterial efficacy against all of the species tested
(Fig. 8). The maximal and minimal inhibitory zone against
E. coli and B. subtilis were found to be 17.67 ± 0.21 and 10.56 ± 0.
21 mm, respectively (Table 1). The MIC of JIF-AuNPs was evaluated
by the broth dilution method. After the incubation period, the
growth of the B. subtilis, S. aureus, E. coli, and K. pneumoniae was
visibly suppressed by treated with 5, 10, 2.5, and 2.5 lg/mL of
JIF-AuNPs, and the absorbance measured at 600 nm was found to
be 0.13, 0.24, 0.05, and 0.07, respectively (Table 2).
4. Discussion

4.1. Characterization of JIF-AuNPs

Jatropha integerrima Jacq. was utilized as a reducing and stabi-
lizing agent in this experiment, and AuCl3 (1 mM) was used as
Elemental analysis of JIF-AuNPs. I) SAED pattern of JIF-AuNPs.



Fig. 6. DLS Measurements of JIF-AuNPs. A) Particle size, B) Zeta potential of JIF-AuNPs.

Fig. 7. X-ray diffraction peaks of JIF-AuNPs.

Fig. 8. Antibacterial activity of JIF-AuNPs at different concentration (A�10 mg/mL, B
– 20 mg/mL, C � 30 mg/mL, D – 40 mg/mL, and Control – 10 mg/mL of ampicillin).

G. Suriyakala, S. Sathiyaraj, R. Babujanarthanam et al. Journal of King Saud University – Science 34 (2022) 101830
the gold precursor. For the formation of AuNPs, AuCl3 was sepa-
rated into Au+ and Cl3- ions in the aqueous solution of a reducing
agent. As a consequence, Au+ ions are bound and capped by phyto-
chemicals to form stable gold nanoparticles. The formation of
AuNPs has been observed by examining the color change of the
reaction mixture, as reported in the literature (Mittal et al.,
2013). Noble metals exhibit SPR at the nanoscale, which accounts
for the color change (Veena et al., 2019). The SPR is a remarkable
phenomenon that occurs in metal nanoparticles which results in
high electromagnetic fields on the particle surface, increasing all
radiative characteristics like scattering and absorption. The optical
characteristics of metal nanoparticles are widely known to be
substantially influenced by their size and form. Due to the extra-
fine nature and small size of the gold nanoparticles, previous find-
ings revealed that the spherical gold nanoparticles offer absorption
bands at roughly 525–555 nm in the UV–visible spectra (Saqr et al.,
2021). The absorbance of gold nanoparticles was found to be
approximately 547 nm in many investigations (Balasubramanian
et al., 2020; Nadaroglu et al., 2017). The energy band gap was done
by the method Tauc plot (Ramesh et al., 2019) and it was found to
5

be 1.9 eV. The low energy band gap reveals that the JIFF-ANPs
effectively absorb the UV light (Raja et al., 2019).

The FTIR spectrum showed various peaks. The broad peaks seen
at 3237 cm�1 correspond to the phenolic –OH group found in the
flower extract (Sk et al., 2020). The absorption band at
2920 cm�1 belonged to the C–H stretching of the aliphatic or
methylene group (Nithiyavathi et al., 2021). The free amine groups
or carboxylate ion of the amino acid residues were identified at
1613 cm�1. The band at 1317 cm�1 shows C–N stretching, which
is prevalent in proteins, demonstrating that protein acts as a ligand
for AuNPs, increasing the stability of produced nanoparticles
(Mittal et al., 2013). The OH stretching of the phenol group was vis-
ible in the band at 1023 cm�1 (Raj Meena et al., 2020). The C–H
stretching of aromatic compounds correlates to the band at



Table 1
ZOI of different bacterial species using JIF-AuNPs. The results were expressed as mean ± standard error. Different superscript represents the results were significantly differ from
each other according to Duncan’s method (p < 0.05).

Strain ZOI (mm)

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

B. subtilis 8.33 ± 0.14e 8.67 ± 0.21d 9.42 ± 0.18c 10.56 ± 0.21b 14.33 ± 0.13a

S. aureus 8.56 ± 0.27e 9.0 ± 0.08d 10.47 ± 0.24c 11.33 ± 0.23b 16.33 ± 0.15a

E. coli 12.67 ± 0.14e 13.67 ± 0.12d 15.33 ± 0.13c 17.67 ± 0.21b 16.52 ± 0.08a

K. pneumoniae 13.42 ± 0.14e 14.53 ± 0.18d 15.42 ± 0.18c 15.67 ± 0.24b 21.33 ± 0.12a

Table 2
MIC value of selected human pathogenic bacteria using JIF-AuNPs.

S. No Organism MIC (lg/mL) Absorbance at 600 nm

1 B. subtilis 5 0.13
2 S. aureus 10 0.24
3 E. coli 2.5 0.05
4 K. Pneumoniae 2.5 0.07

G. Suriyakala, S. Sathiyaraj, R. Babujanarthanam et al. Journal of King Saud University – Science 34 (2022) 101830
760 cm�1, which is the typical vibration of the phenol group
(Ibarra-Sánchez et al., 2015; Susan et al., 2017). The phenolic
groups that aid in the synthesis of JIF-AuNPs are represented by
the majority of the peaks. The size, structure, and particle distribu-
tion of JIF-AuNPs were studied using a TEM analysis (Folorunso
et al., 2019). Spherical-shaped nanoparticles with an average size
of 37.7 nm were found using TEM analysis. The elemental compo-
sition in the JIF-AuNPs was confirmed using EDX analysis (Theophil
Anand et al., 2019). EDX spectrum showed strong signals at 1.8,
2.1, and 2.5 keV. Dhanasekar et al. (2015) discovered similar gold
signals. The presence of randomly oriented particles with diame-
ters in the nanometer range and their crystallinity were confirmed
by SAED patterns in the form of diffraction rings. The diffraction
rings observed indicated the crystalline nature of the JIF-AuNPs
(Devanesan et al., 2021).

The hydrodynamic particle size, polydispersity index (PDI), and
zeta potential of JIF-AuNPs were studied by DLS analysis (Mani
et al., 2021a). The particle size was similar to the size estimated
from the TEM image. JIF-AuNPs have a negative zeta potential,
indicating that the stability of the JIF-AuNPs was due to the pres-
ence of negatively charged functional groups from the flower
extract (Hemlata et al., 2020; Mariadoss et al., 2019). To obtain
crystallographic information of metallic nanoparticles, X-ray
diffraction analysis is commonly used. The JIF-AuNPs had a crys-
talline structure, as evidenced by the characteristic diffraction pat-
terns in terms of Bragg reflections obtained from XRD. XRD
spectrum showed four characteristic diffraction peaks at 37.9�,
44.1�, 64.5�, and 77.5� which were liable for purity of synthesized
nanoparticles. The size calculated using the Scherrer equation was
smaller than the sizes obtained from HR-TEM images and hydrody-
namic measurements. The hydrodynamic size was the largest,
probably because phytochemicals in the extract bonded to the
JIF-AuNPs’ surface (Ahn et al., 2019).

4.2. Antibacterial studies

Antibacterial activity of JIF-AgNPs has been carried out against
gram-positive and gram-negative bacteria. Our findings show that
our nanoparticles had an effective antibacterial activity against
gram-negative bacteria. This could be owing to the fact that
gram-positive organisms have a rigid cell wall, making nanoparti-
cles difficult to enter while the cell walls of gram-negative bacteria
are more easily destroyed (Renuka et al., 2020; Sathiyaraj et al.,
2020). The mechanism by which a nanoparticle engages with a
bacterial membrane is not well established, but studies have found
that when nanoparticles are reacted with bacteria, the membrane
6

morphology changes significantly, resulting in an increase in per-
meability and regular transport of the plasma membrane, leaving
the bacterial cell incapable of proper regulation, resulting in cell
death (Ezhilarasi et al., 2020). Cell wall damage (Panda et al.,
2016), mitochondrial damage, and DNA damage by nanoparticles
have all been proposed as antibacterial mechanisms (Perveen
et al., 2018). There have been previous reports of nanoparticles
causing similar harm to bacterial cells (Bhushan et al., 2015;
Veena et al., 2019). The antibacterial effectiveness of the nanopar-
ticles is mostly determined by particle size, high surface area to
volume ratio, and sample morphology. Nanoparticles are often
quite small in comparison to bacterial species, allowing them to
easily enter the cell (Amanulla et al., 2019; Mobeen et al., 2019).
Furthermore, the antibacterial activity of the JIF-AgNPs is depen-
dent on the dose. The findings of this report are consistent with
the prior reports (Inbaraj et al., 2020; Muniyappan et al., 2021).
The findings revealed that the JIF-AuNPs exhibit potent antibacte-
rial properties.

Nanoparticles have a less substantial influence on the growth of
gram-positive bacteria than gram-negative bacteria, according to
the MIC against test strains. The fact that a greater zone of inhibi-
tion corresponds to a smaller MIC is reflected in the MIC results
(Rautela et al., 2019).

5. Conclusion

In conclusion, for the synthesis of nanoparticles, Jatropha inte-
gerrima Jacq. flower extract was utilized as a reducing and stabiliz-
ing agent. The nanoparticles were spherical and in the 28–43 nm
range, according to TEM examination. The crystalline characteristic
of AuNPs was studied by SAED and XRD patterns. The antibacterial
activity of synthesized nanoparticles was examined using the agar
well diffusion method. The MIC was evaluated by broth dilution
method, which was found to be 5, 10, 2.5, and 2.5 lg/mL for B. sub-
tilis, S. aureus, E. coli, and K. pneumoniae, respectively. The efficacy
of these nanoparticles against drug-resistant pathogens makes
them a promising therapeutic candidate. As a result, biologically
produced nanoparticles have the potential to become future anti-
infectives and can be formulated into medicines or topical agents.
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