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ABSTRACT
Background: Nanoparticles are nanoscale materials that are well known for their distinct 
physical and chemical characteristics. Owing to their tiny size and special characteristics, 
nanoparticles such as zinc oxide nanoparticles are widely prized for their use in medicine, 
especially for antioxidant and antibacterial applications. Materials and Methods: This study 
focused on ZnONP synthesized from Kigelia africana fruit extract (Sausage tree), which is rich 
in bioactive compounds such as alkaloids, flavonoids, and saponins. The characterization of the 
biosynthesized ZnONP included UV-visible spectroscopy, FTIR, XRD, SEM and EDXS. Free radical 
scavenge is evaluated across various antioxidant assays, such as DPPH, H₂O₂, ABTS, NO₂, and 
FRAP. Results and Discussion: UV-visible spectroscopy confirmed the synthesis of ZnONP with 
an absorption peak at 340 nm; FTIR identified functional groups (O-H, H-O-H, C-O, and Zn-O); 
XRD revealed a crystalline structure with prominent peaks and particle sizes ranging from 113 to 
884; SEM revealed an aggregated morphology; and EDXS confirmed the presence of zinc, oxygen 
and carbon. ZnONP showed potent free radical scavenging across various antioxidant assays, 
such as DPPH (inhibition: 89.47%; IC₅₀: 19.01 µg/mL), H₂O₂ (inhibition: 85.6%; IC₅₀: 1.7 µg/mL), 
ABTS (inhibition: 91.23%; IC₅₀: 8.85 µg/mL), NO₂ (inhibition: 87.21%; IC₅₀: 28.06 µg/mL) and FRAP 
(inhibition: 89.54%; IC₅₀: 26.54 µg/mL) assays. The zone of inhibition around the ZnONP-treated 
wells demonstrated antibacterial efficacy. These tests collectively demonstrate that the ZnONP 
have strong antioxidant effects, antibacterial effects, and structural integrity. Owing to their 
antioxidant qualities, which improved bacterial cell disintegration and sustained antibacterial 
effects, Kigelia africana ZnONP demonstrated significant antibacterial effects, highlighting their 
potential for long-term biomedical applications.
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INTRODUCTION

NP (Nano Particles) can be produced via physical, chemical, or 
biological methods. Biological approaches have more potential 
because they are economic and environmentally friendly. In 
biological methods, microorganisms or medicinal plants are 
used to produce nanoparticles (Dua et al., 2023). Medical plants 
are advantageous because their therapeutic properties are added 
to the NPs during synthesis. Plant phytocompounds provide 
antioxidant properties, and plants with antibacterial activity 
provide additional antioxidant properties to NPs (Jeyabharathi et 
al., 2022). Zinc oxide has been utilized as an antibacterial agent, 
and zinc-based compounds are less expensive than gold-based 

compounds. Furthermore, (ZnONP) (zinc oxide nanoparticles) 
are highly toxic to prokaryotic cells, such as bacteria, fungi, 
and viruses, but are nontoxic to eukaryotic cells, i.e., human 
cells. ZnONP possess unique physical, chemical, magnetic, 
electrical, and mechanical characteristics (Sorbiun et al., 2018). 
Owing to these unique properties, researchers are interested in 
exploring its applications in nanomedicines, such as antibacterial, 
antiplasmodial, targeted drug delivery, antifungal, anticancer, 
antiplatelet, and wound healing activities (Demissie et al., 2020). 
Improvements in the synthesis of zinc oxide nanoparticles have 
significantly impacted several scientific fields. Owing to their low 
yield and use of toxic substances, zinc oxide nanoparticles are 
not synthesized via physical or chemical methods (Kokate et al., 
2016). Numerous studies have reported that plant extracts used 
to synthesize ZnONP include Cayratia pedate (Jayachandran et 
al., 2021), Aloe vera (Manikanika and Chopra, 2023), curcumin 
(Perera et al., 2020), Limonia acidissima (Patil and Taranath, 2016), 
Justicia adhatoda (Pachaiappan et al., 2021), Brassica oleracea 
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(Wali et al., 2024), Geranium wallichianum (Abbasi et al., 2020), 
Melia azedarach (Dhandapani et al., 2020), Caaia alata (Happy et 
al., 2019), Raphanus sativus (Al Awadh et al., 2022), Anoectochilus 
elatus (Vijayakumar et al., 2022), Cinnamomum tamala (Narath 
et al., 2021), and Phoenix dactylifera (Jency Evanjelin et al., 
2023). Kigelia africana fruit, commonly known as the sausage 
tree, belongs to the Bignoniaceae family and is rich in bioactive 
components such as alkaloids, steroids, quinones, iridoids 
and phenolic compounds (Houghton and Jâger, 2002). Kigelia 
africana fruit extract has antioxidant, antibacterial, antifungal, 
and anti-inflammatory properties; has antitumour activity; and 
is frequently used to treat diabetes, infertility, liver-borne disease, 
etc., (Osman et al., 2017). For the abovementioned reasons, the 
present study intended to use extracts from Kigelia africana fruit 
to synthesize ZnONPs and evaluate their antioxidant activity 
and antibacterial effects against pathogenic bacteria such as E. 
faecalis, E. coli, S. aureus, and Klebsiella sp.

MATERIALS AND METHODS

Plant collection

Fruits of Kigelia africana were collected from Central Africa. 
The collected fruits were authenticated by Prof. Dr. P. Jayaraman, 
Ph.D., The Director, Plant Anatomy Research Centre (PARC), 
Pharmacognosy Institute, West Thambaram, Chennai (Ref no: 
PARC/2020/4253).

Extraction

The dried Kigelia africana fruits were crushed into a coarse powder 
via an electric grinder. The powdered materials were separately 
soaked in 25 L of hydro ethanol solution (2:8) for 7 days. This 
process, known as maceration, allows the solvent to dissolve the 
desired compounds from the plant material. The mixture was 
stirred regularly to ensure uniform extraction. After 7 days, the 
extracts were filtered to remove any solid residues via Whatman 
no. 4 filter paper. The clarified extracts were then concentrated 
via an evaporator (rotary evaporator). The concentrated extracts 
were dried in a laboratory oven at 45ºC to remove any remaining 
solvent, leaving behind a dry extract (Arena et al., 2020).

ZnO nanoparticle synthesis

A solution of 30 mmol/L ZnS was made by mixing the appropriate 
quantity of ZnS in 70 mL of distilled water. 30 mL of plant extract 
was added to 70 mL of ZnS solution, and the mixture was stirred 
continuously. The mixture was then incubated at 37ºC for 48 hr, 
which is a common temperature for biological reactions and a 
time period that allows the reaction to proceed to completion. 
After incubation, the mixture was allowed to rest at room 
temperature for an unspecified period, which allowed the ZnO 
nanoparticles to precipitate out of the solution. The precipitated 
nanoparticles were separated from the solution by centrifuging 
the mixture at 10,000 rpm for 5 min. The precipitate was washed 

twice with distilled water to filter impurities and then dried at 
80ºC. The dried powder of the ZnO nanoparticles was scraped (I 
et al., 2023).

Characterization of ZnONP

Several analytical techniques were used to confirm the shape, 
size, and morphology of the synthesized ZnONP. Some of these 
techniques include UV-visible spectroscopy, Fourier Transform 
Infrared (FTIR) spectroscopy, X-ray Diffraction (XRD), and 
Scanning Electron Microscopy (SEM), and energy dispersive 
X-ray Spectroscopy (EDXS).

UV-vis Spectroscopy

UV-vis spectroscopy is based on the transition of electrons from 
the ground state to the excited state in response to electromagnetic 
waves. The spectra within the electromagnetic wave range of 1.5 
eV to 6.2 eV correspond to wavelengths ranging from 800 to 
200 nm. At room temperature, the optical characteristics of the 
ZnONP were determined by a UV-vis spectrophotometer. The 
spectral analysis was carried out at a resolution of 1 nm in the 
800-200 nm range (Urnukhsaikhan et al., 2021).

Fourier Transform Infrared Spectroscopy

FTIR (or Fourier transform infrared) spectroscopy confirmed the 
functional groups associated with the synthesis of the ZnONP. For 
analysis, ZnONP powder was mixed with KBr and compressed at 
11,000 psi to create a disc. The detector is connected via clean dry 
nitrogen gas to reduce moisture and increase the signal level. The 
disc was introduced into the spectrophotometer, and the spectra 
were measured within the range of 4000 cm⁻¹-500 cm⁻¹ and 
examined via online spectroscopic analysis (Dlamini et al., 2023).

X-ray Diffraction

An X-ray diffractometer was used to carry out the XRD analysis. 
The X-ray source for the diffraction had a wavelength of 1.20 
angstroms (Å). The 2θ for XRD scanning was within the range 
of 10-80º. This range is set by several diffraction peaks that 
may be present and active for the purpose of identifying the 
crystalline phases in the samples. The applied voltage and current 
are optimized for the operating conditions: 40 kV and 40 mA, 
respectively. Theoretically, while the voltage determines the 
energy of the X-ray beam, the current determines the intensity. 
All are optimized by good diffraction without any incident on 
the sample. A divergence slit refers to an aperture used to set the 
beam width. A 0.3 mm slit is used to set the beam's divergence 
in the plane perpendicular to the sample surface. The notation 
2θ/θ expresses that the incident X-ray beam-to-detector angle is 
changed at the same time, i.e., such that the angle, 2θ, remains 
constant (Nouren et al., 2024).
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Scanning electron microscopy

One of the most common techniques applied to image the surface 
morphology, shape, and size of a large variety of materials, 
including nanoparticles, is scanning electron microscopy. A much 
diluted suspension of the nanoparticles is prepared so that the 
particles are spread out in the suspension and do not agglomerate 
on the grid. The suspension was sonicated for 5 min to provide 
good dispersion. A drop of the sonicated suspension was placed 
on a gold grid, an attractive substrate for SEM imaging because it 
is conductive. The sample was then left to dry for 15 min. In this 
case, the solvent evaporates, leaving behind the nanoparticles on 
the grid. After that, the dried sample was loaded onto the pattern 
holder, a device designed for holding samples in place against the 
imaging action. The holder was designed such that it can fit in the 
SEM chamber and offer a solid stage for the sample to be imaged. 
After the sample was loaded into the SEM, a fine intense beam 
was used for scanning. When these impinging electrons interact 
with the very atoms that make up the sample, they cause several 
signals, all of which can be detected and used in building images of 
the surface of a sample. The SEM images provide high resolution 
and, therefore, a high level of detail related to the shape, size, and 
morphology of the nanoparticles (Purbowati et al., 2023).

Energy dispersive X-ray spectroscopy

EDXS analysis was used to confirm the elemental compositions 
produced by the biosynthesized ZnONP. EDXS analysis was 
carried out with EDX-AMETEX (Ashwini et al., 2021).

Anti-oxidant activity

The antioxidant effects of the ZnONP were evaluated via various 
scavenging assays: DPPH (2,2-diphenyl-1-picrylhydrazyl), H₂O₂ 
(hydrogen peroxide), ABTS (azinobis-3-ethylbenzothiazoline-6-
sulfonic acid), FRAP (ferric reducing antioxidant power), and 
NO₂ (nitric oxide).

DPPH Assay

A methanol solution of 0.1 mM DPPH was prepared via a standard 
protocol. An operational solution was developed for each test 
by diluting the initial solution with methanol to achieve a final 
concentration of 20 µM. In a six-well plate, various concentrations 
(10 µg/mL, 20 µg/mL, 30 µg/mL, 40 µg/mL, and 50 µg/mL) of 
ZnONP were added to 200 µL of DPPH working solution. The 
plate was positioned in a poorly illuminated location and kept at 
normal temperature for 30 min. The absorbance at 517 nm was 
measured via a microplate reader. Methanol was used as blank 
solution (Deng et al., 2011).

The DPPH scavenging activity percentage was determined as 
follows:

[(control A – sample A)/control A] × 100

where

Control A: Absorbance value of DPPH

Sample A: Absorbance value of DPPH with ZnONP

H₂O₂ Assay

1 mL of 28 mM 2-deoxy-2-ribose was added to formulate a 
reaction mixture. Different concentrations of ZnONPs (10-50 µg/
mL) were added. Furthermore, 200 µL of 200 µM FeCl₃, 200 µL 
of EDTA and 100 µL of ascorbic acid were added. The sample was 
then incubated for approximately 1 hr at 37ºC. After incubation, 
the optical intensity was measured at 532 nm and compared to 
that of the reference solution. Vitamin-E was used as a positive 
control (Kayani et al., 2016).

The H₂O₂ scavenging activity percentage was determined as 
follows:

[(blank A – sample A)/blank A] × 100

where

Blank A: Absorbance value of the blank

Sample A: Absorbance value of the test

ABTS Assay

Potassium persulfate (2.45 mM) and 7.0 mM ABTS (50% ethanol) 
were used to generate positive ABTS radical ions (ABTS+). The 
reagents were stored in a refrigerated setting for 24 hr. Prior to 
use, the reagent was diluted with 50% ethanol until it reached an 
absorbance at 734 nm of 1.0 (±0.02). ABTS+ (250 µL) and various 
chemical concentrations were added to the 96-well microplates. 
After 10 min of reaction, the absorbance at 734 nm was measured 
(Re et al., 1999).

The ABTS scavenging activity percentage was determined as 
follows:

[(Abs 0 – Abs 1)/Abs 0] × 100

where

Abs 0: Absorbance of the blank

Abs 1: Absorbance of the Test

NO₂ Assay

The NO₂ assay is estimated via GRIESS ILOSVAY 
REACTION. In this work, this component is modified by 
substituting 1-napthylamine (5%) with naphthyl ethylene 
diamine dihydrochloride (0.1% w/v). Sodium nitroprusside, 
phosphate-buffered saline and ZnONP or stock solution were 
combined and incubated for 150 min. Afterward, 0.5 mL of the 
resulting mixture was combined with 1 mL of sulfanilic acid, 
and the mixture was allowed to rest for 5 min. 1 mL of naphthyl 
ethylene diamine dihydrochloride was added, and the mixture 
was mixed and allowed to rest for 30 min. Under diffuse light; 
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a pink-colored dye is produced. The absorbance was measured 
at 540 nm using a blank solution as a reference and rutin as a 
standard (Singh and Tripathi, 2018).

FRAP Assay

Make 300 mM acetate buffer (pH 3.6) by mixing sodium acetate 
trihydrate (3.1 g) with glacial acetic acid (16 mL). The FRAP 
reagent was prepared by combining 10 mM TPTZ with 20 mM 
ferric chloride in acetate buffer. The standard used here was 
ferrous sulfate heptahydrate (FeSO₄·7H₂O) with a concentration 
of 0.1 to 1.5 mM in methanol. Then, 3.6 mL of FRAP solution 
was mixed with 0.4 mL of purified water and incubated for 5 min 
at 37ºC. Furthermore, this solution was combined with 80 mL of 
ZnONP and incubated for 10 min at 37ºC. The optical intensity 
of the mixture was measured at 593 nm. For the standard curve, 
5 distinct concentrations of FeSO₄.7H₂O (0.1 mM, 0.4 mM, 0.8 
mM, 1 mM, 1.12 mM and 1.5 mM) were used (Thaipong et al., 
2006).

Antibacterial activity

ZnONP were evaluated for their antibacterial efficacy against 
various bacteria, such as E. coli, E. faecalis, S. aureus, and 
Klebsiella sp., via the agar well diffusion technique. The procedure 
involves sterilizing and solidifying MHA (Mueller-Hinton agar) 
media, which are routinely used for antibiotic susceptibility 
testing, by pouring them onto sterile petri plates. Every Petri dish 
was swabbed with a newly grown culture of a particular strain 
of bacteria that had been incubated overnight. The synthesized 
ZnONP were suspended in DMSO (dimethyl sulfoxide) at a 
concentration of 100 mg/mL. The wells were created in agar, 
and 25 μL, 50 μL or 100 μL of the ZnONP suspension was added 
to each well. The plates were incubated at 37ºC and incubated 

undisturbed for 18-24 hr. Chloramphenicol was used as a 
control in this work. After incubation, the zone of inhibition (the 
clear area around the well where bacterial growth is inhibited) 
was measured. This zone represents the effectiveness of the 
antibacterial agent (Chukwudozie and Ezeonu, 2022)(Anandhi 
et al., 2022).

RESULTS

Characterization of ZnONP

UV-vis Spectroscopy

Figure 1 shows the UV-vis spectroscopy plot of the ZnONP, 
where the x-axis and y-axis represent the wavelength (nm) and 
absorbance, respectively.

The graph comprises the measurement data collected at distinct 
time intervals of 3 hr, 12 hr and 24 hr. The bandgap absorption 
of the ZnONP is characterized by an absorbance of 340 nm, 
which is substantial for all 3 time intervals (3 hr, 12 hr and 24 
hr). Zinc oxide commonly absorbs UV light between 330 and 
370 nm because of its broad bandgap of approximately 3.37 
eV, where the peak is visible. At 3 hr, the spectrum reached the 
maximum absorbance at 340 nm, suggesting that the early phase 
of nanoparticle development was characterized by a reduced 
particle size or elevated concentration. After 12 hr, a modest 
decrease was observed, indicating that the increase in particle 
size or changes in the nanoparticle structure may impact the 
optical characteristics. After 24 hr, a further marginal decline 
in absorbance occurred, suggesting potential further expansion 
or changes in the particle structure. Nevertheless, the spectrum 
shows a high degree of consistency, indicating the durability of 
the optical characteristics of the nanoparticles.

Figure 1: UV-vis spectroscopy of the ZnONPs.
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Fourier Transform Infrared Spectroscopy

Figure 2 shows the transmittance spectrum of the ZnONP. FTIR 
spectra were used to identify the functional groups present 
in the ZnONP within the range of 4000--500 cm⁻¹. FTIR 
spectroscopy confirmed the existence of ZnONP at 3194.739 
cm⁻¹ (O-H stretching vibration, hydroxyl groups or adsorbed 
water), 1628.567 cm⁻¹ (by bending mode of water molecules 
adsorbed (H-O-H)), 1425.680 cm⁻¹ (due to C-H bending or 
stretching-type vibrations, presence of organic residues, 1066.590 
cm⁻¹ (C-O stretching vibration, presence of carbonate groups), 
525.646 cm⁻¹, 421.489 cm⁻¹, and 400.482 cm⁻¹ (characteristic 
of Zn-O stretching modes, the presence of ZnO), as mentioned 
in Table 1.

X-ray Diffraction

Figure 3 shows the XRD pattern of ZnONP. The 2θ values of the 
diffraction peaks range from 15.13º, 16.34º, 17.62º, 18.15º, 18.46º, 
20.42º, 21.48º, 22.24º, 22.92º, 23.98º, 24.81º, 25.87º, 26.62º, 
28.21º, 29.42º, 30.93º, 31.54º, 32.29º, 33.50º, 34.79º, 36.15º, 
37.59º, 39.63º, 40.92º, 43.94º, 45.60º, 49.01º, 50.52º, 52.03º, and 
53.24º. The strongest peak is at approximately 20.42º, whereas few 
other significant peaks are at approximately 22.24º and 30.93º. 
The Bragg reflections of the prominent peaks are the 31.54º 
(100), 34.80º (002), 36.16º (101), 43.95º (102), 50.52º (110), and 
53.25º (103) planes of the ZnONP structure (standard JCPDS 
36--1451), and these peaks confirm the presence of ZnONP. The 
sharp diffraction pattern confirms the presence of 45.6% and 
54.4% crystalline ZnONP. The crystalline size of ZnONP varies 
across different peaks, and the average size was determined via 
Scherrer’s equation and was observed to be between 20 nm and 
40 nm.

Scanning electron microscopy

The surface morphology of ZnONPs was verified via SEM at 
various magnifications (4 µm and 2 µm). As shown in Figure 4 a, 
b, it is observed to be aggregated in clusters and porous structures, 
which indicates a greater surface area, which may increase its 
potential impact.

Energy dispersive X-ray spectroscopy

As shown in Figure 5, the elements present in the ZnONP sample 
release distinct X-ray energy, as reflected by the peaks in the 
energy dispersive X-ray Spectroscopy (EDXS) spectrum. The 
observed primary elements are Oxygen (O), Carbon (C) and Zinc 
(Zn). At approximately 0.3 keV, the peak represents the presence 
of carbon (the carbon coating commonly used in SEM/EDXS 
could be the cause). At approximately 0.5 keV, the peak represents 
the presence of oxygen (it shows the existence of oxides in the 
material ZnO). The two conspicuously falling within the energy 
range of 1.0 keV to 9.0 keV represent the presence of zinc. The 
higher intensity of the zinc peaks compared with those of the 

Figure 2: FTIR spectrum of the ZnONPs.

Sl. 
No.

Absorption peak cm− 
1 in znonps

Bond/ functional groups

1 3194.739 O-H stretching vibrations
2 1628.567 H-O-H bending vibrations
3 1425.88 C-H bending or symmetric 

COO- stretch
4 1058.589 C-O stretching vibrations
5 525.646 Zn- O stretching vibrations
6 421.489 Zn- O stretching vibrations
7 406.482 Zn- O stretching vibrations

Table 1: FTIR spectral peaks of the ZnONPs.
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other samples indicates that zinc is the dominant component of 
the sample.

Antioxidant activity
DPPH Assay

Figure 6 and Table 2 present the DPPH free radical scavenging 
activity across concentrations ranging from 10 µg to 50 µg. The 
inhibition rate of the standard at a concentration of 50 µL was 
95.18%, whereas that of the ZnONP was 89.47%. Moreover, 
at a lower concentration of 10 µL, it was 69.24%, whereas the 
percentage of ZnONP was 65.92%. Therefore, at both high and 
slow concentrations, ZnONP are slightly less potent than the 
standard. The IC₅₀ values of the standard and ZnONP were 21.71 
µg/mL and 19.01 µg/mL, respectively.

H₂O₂ Assay

The scavenging activity of H₂O₂ free radicals at different 
concentrations from 10 µg to 50 µg is shown in Figure 7 and Table 
3. At 50 µL of standard, the inhibition rate was 87.3%, whereas 
it was 85.6% for the ZnONP. At 10 µg, the inhibition rate of the 
standard was 58.4%, and that of the ZnONP was 49.6%. This 
means that ZnONP is marginally less potent than the standard. 
The IC₅₀ of the standard was 12.41 µg/mL, and that of K. africana 
was 1.70.

ABTS Assay

Table 4 and Figure 8 show the scavenging activity of the ABTS 
free radical at several concentrations, ranging from 10 µg to 50 
µg. The inhibition rate for the ZnONP was 91.23%, whereas that 

for the standard was 94.53% at 50 µg. However, at 10 µg, it was 
62.54% and 67.91% for standard and ZnONP, respectively. The 
IC₅₀ value was 8.85 for the ZnONP and 17.41 for the standard.

NO₂ Assay

The NO₂ free radical scavenging activity at various concentrations 
(10 µg - 50 µg) is presented in Table 5 and Figure 9. At 10 µg, 
the rate of inhibition was 70.65% for the standard and 68.79% 
for the ZnONPs. At 50 µg, the rate of inhibition was 93.67% for 
the standard and 87.21% for the ZnONPs. The IC₅₀ values for 
standard and ZnONPs are 32.71 and 28.06, respectively.

FRAP Assay

As shown in Figure 10 and Table 6, the FRAP free radical 
scavenging activity at different concentrations ranged from 10 
µg - 50 µg. The inhibition rates of the standard and ZnONPs 
were 74.56% and 68.45%, respectively, at 10 µg and 93.64% and 
89.54%, respectively, at 50 µg. These findings indicate that K. 
africana is slightly less potent than the standard. The IC₅₀ values 
of both standard and ZnONPs were 43.07 and 26.54, respectively.

Antibacterial Activity

The results of this research show that synthesized ZnO 
nanoparticles have antibacterial activity against various 
pathogenic bacteria, with measurements of the zone of inhibition 
in millimeters (mm), which are shown in Table 7 and Figure 
11. All bacteria have the same zone of inhibition of 9 mm at 
all concentrations tested: 25, 50, 100 µg/mL, and the standard. 
While Klebsiella sp. had the same zone of inhibition of 9 mm at all 

Figure 3: XRD patterns of ZnONPs.
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concentrations of ZnONP tested, the standard had a greater zone 
of inhibition at 32 mm.

The ZnO nanoparticles seem to have a moderate but consistent 
antibacterial effect across all the tested bacteria at the 9 mm 
zone of inhibition. The inhibition zone of Klebsiella sp. against 
the standard antibiotic was considerably greater, as shown in 
Figure 12, indicating that, compared with the ZnO nanoparticles, 
the conventional treatment was significantly more efficient at 
inhibiting the growth of this bacterium.

DISCUSSION

Nanoparticles are ultrafine particles of plant extracts. Recently, 
NP have attracted increasing interest from researchers because 
of their various uses in various fields, such as drug delivery, 
electronic, magnetic, etc. Metal, metal oxide, ceramic, polymeric, 
lipophilic, etc., are some types of NP that are synthesized via 

chemical, physical and biological methods. However, owing to the 
high cost and toxicity of the chemicals employed in physical and 
chemical synthesis, various biological methods have been used. 
Hence, the majority of these studies focused on the biological 
synthesis of metallic nanoparticles. Among all metallic NP, zinc 
oxide NP are attractive because of their unique and advantageous 
properties (Pandit et al., 2022).

This work elaborates on the preparation of ZnONP from 
Kigelia africana fruit extract and observes their antibacterial 
and antioxidant effects. The extract consists of a wide range of 
bioactive substances, including tannins, flavonoids and saponins 
(Siva et al., 2020). Characterization of the NP was performed via 
various techniques: UV-visible spectroscopy, Fourier Transform 
Infrared (FTIR) spectroscopy, X-Ray Diffraction (XRD), 
Scanning Electron Microscopy (SEM), and Energy Dispersive 
X-Ray Spectroscopy (EDXS). UV-vis spectroscopy revealed 
characteristic absorption peaks to verify the effectiveness 

Figure 4: SEM images of ZnONPs at different magnifications.



Hindumathi, et al.: Bioactivity of ZnO Nanoparticles Synthesized from Kigelia africana

International Journal of Pharmaceutical Investigation, Vol 16, Issue 1, Jan-Mar, 2026 217

Figure 5: EDXS of ZnONPs.

Figure 6: DPPH assay of ZnONPs.

Sl. No. Conc. Standard ZnONP
1 10 69.24 65.92
2 20 75.44 75.84
3 30 82.68 80.24
4 40 89.79 85.62
5 50 95.18 89.47

Table 2: DPPH assay of ZnONPs.
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of the ZnONP (Pillai et al., 2020). The UV spectra revealed 
strong absorbance at 340 nm, where the UV-vis absorbance 
measurements were taken at three various time intervals (3 hr, 12 
hr, and 24 hr). FTIR analysis revealed functional groups associated 
with NPs through the detection of features at peaks such as 
3194.739 cm⁻¹, 1632.567 cm⁻¹, 1425.680 cm⁻¹, 1066.590 cm⁻¹, 
525.646 cm⁻¹, 421.489 cm⁻¹, and 400.482 cm⁻¹, corresponding 
to O-H, H-O-H, C-H, C-O and Zn-O stretching, confirming the 
presence of the ZnONP. The XRD analysis of ZnONP revealed 
distinct diffraction peaks at 2θ values ranging from 15.13º to 
53.24º, with the strongest peak at approximately 20.42º and the 
other prominent peaks at 22.24ºand 30.93º. The Bragg reflections 
for prominent peaks correspond to known ZnONP crystalline 
planes, confirming the presence of ZnONP according to standard 
JCPDS 36- 1451. Using Scherrer’s equation, the average size is 
estimated to range between 113 nm and 884 nm. SEM images 
used to examine the surface morphology and structure of the 
NP at distinct magnifications of approximately 2 µm and 4 µm 
revealed that the nanoparticles had aggregated and clustered 
surfaces, which may have enhanced their antibacterial and 

antioxidant effects. EDXS was used to determine the elemental 
composition of the sample by measuring the characteristic X-rays 
emitted from the elements, and for the ZnONP, at approximately 
0.3 eV and 0.5 eV, the peaks represented the presence of C and O, 
whereas Zn presented strong peaks between 1.0 eV and 9.0 eV.

Antioxidants are substances that inhibit or reduce cell destruction 
caused by free radicals, which are unbalanced molecules formed 
by the body due to the environment or other stressors. By donating 
electrons to free radicals, antioxidants prevent cellular damage 
that leads to aging and diseases such as cancer, cardiovascular 
issues, and neurological diseases. The antioxidant properties 
were assessed through several FRAP, DPPH, H₂O₂, ABTS, and 
NO₂ assays (Nagajyothi et al., 2015). The results of the DPPH 
assay revealed that the percentages of ZnONP and standard were 
89.47% and 95.18%, respectively, at a concentration of 50 µL but 
65.92% and 69.24%, respectively, at a concentration of 10 µL. The 
IC₅₀ values of ZnONPs and the standard were 19.01 µg/mL and 
21.71 µg/mL, respectively. In the H₂O₂ scavenging activity test, 
standard and ZnONPs reached 87.3% and 85.6%, respectively, 

Figure 7: H₂O₂ assay of ZnONPs.

Sl. No. Conc. Standard ZnONP
1 10 58.4 49.6
2 20 62.3 53.8
3 30 67.1 67.4
4 40 75.9 79.4
5 50 87.3 85.6

Table 3: H₂O₂ assay of ZnONPs.
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Figure 8: ABTS assay of ZnONPs.

Sl. No. Conc. Standard ZnONP
1 10 67.92 62.54
2 20 74.48 70.91
3 30 82.47 79.74
4 40 87.39 85.59
5 50 94.53 91.23

Table 4: ABTS assay of ZnONPs.

Figure 9: NO₂ assay of ZnONPs.
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at a concentration of 50 µL and 58.4% and 49.6%, respectively, 
at a concentration of 10 µL. The IC₅₀ values were 12.41 µg/mL 
and 1.70 µg/mL for the standard and ZnONPs, respectively. 
The results of the ABTS free radical scavenging test revealed 
that, at a lower concentration of 10 µL, 67.91% and 62.54% were 
achieved by standard and ZnONP, respectively, and at a higher 
concentration of 50 µL, 94.53% and 91.23% were achieved by 
standard and ZnONP, respectively. Additionally, the IC₅₀ values 
for standard and ZnONP were determined to be 17.41 µg/mL and 
8.85 µg/mL, respectively. According to the NO₂ assay, the standard 
and ZnONP reached 93.67% and 87.21%, respectively, at high 
concentrations of 50 µL and 70.65% and 68.79%, respectively, 
at lower concentrations of 10 µL. Furthermore, the IC₅₀ values 
for standard and ZnONP were 32.71 and 28.06, respectively. The 
FRAP test revealed that at 10 µL and 50 µL, the standard and 
ZnONP mixtures achieved 74.56% and 93.64% and 68.45% and 

89.54%, respectively. Additionally, the IC₅₀ values were 43.07 µg/
mL and 26.54 µg/mL for the standard and ZnONP, respectively.

The antibacterial activity of ZnONP was tested by using 
four bacterial strains Enterococcus faecalis, Escherichia coli, 
Staphylococcus aureus, and Klebsiella sp. The efficiency of various 
concentrations of ZnONP, such as 25, 50, and 100 µg/mL, was 
evaluated via the agar well diffusion technique in comparison 
with that of a common antibiotic control (chloramphenicol)
(Liu et al., 2009). The ZnONP had a consistent zone of inhibition 
of approximately 9 mm for all the studied bacteria (excluding 
Klebsiella sp.) at all concentrations. This consistency points to 
the mild but consistent antibacterial impact of the ZnONP. At 
all the tested concentrations, Klebsiella sp. displayed a similar 9 
mm inhibition zone; however, in comparison with the standard 
antibiotic (chloramphenicol), it demonstrated a superior 
inhibition effect, especially for Klebsiella sp., with a zone of 
inhibition significantly greater than that observed for the ZnONP.

SL. No. Conc. Standard ZnONP
1 10 70.65 68.79
2 20 78.92 74.52
3 30 82.45 77.68
4 40 89.93 82.57
5 50 93.67 87.21

Table 5: NO₂ assay of ZnONPs.

Figure 10: FRAP assay of ZnONPs.
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SL. No. Conc. Standard ZnONP
1 10 74.56 68.45
2 20 79.49 74.47
3 30 84.57 78.76
4 40 87.9 83.46
5 50 93.64 89.54

Table 6:  FRAP assay of ZnONPs.

Figure 11: Antibacterial activity of ZnONPs of Kigelia africana against E. faecalis, E. coli, S. aureus and Klebsiella sp.
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CONCLUSION

This study describes the synthesis of zonc oxide nanoparticles 
from Kigelia africana fruit extract. Bioactive components such 
as iridoids, alkaloids, quinones, and steroids are found in the 
fruits of Kigelia africana. ZnONP have antioxidant, hydroxyl 
radical, hydrogen peroxide, and superoxide scavenging activities. 
This activity is due to the functional groups present in the 
ZnONP. Moreover, because of their small size and ability to act 
as capping agents, ZnONP exhibit potent antibacterial action 
against selected bacteria. Since these zinc oxide nanoparticles 

are nontoxic, inexpensive, environmentally friendly, and highly 
effective against bacteria, they might be employed as antibiotics 
in the future.

FUTURE PERSPECTIVE

Incorporating ZnONPs into nanocarriers for targeted drug 
delivery in cancer and other diseases. Integration into biosensors 
for real-time detection of pathogens or biomarkers. Exploration 
of their role in tissue engineering, such as creating scaffolds 
with enhanced antibacterial and antioxidant activity testing 

Sl. No. Organism Concentration Zone of  
inhibition

1 E. faecalis 25 9
50 9
100 9
Standard 9

2 E. coli 25 9
50 9
100 9
Standard 9

3 S. aureus 25 9
50 9
100 9
Standard 9

4 Klebsiella sp. 25 9
50 9
100 9
Standard 32

Table 7: Antibacterial activity of ZnONPs against pathogenic bacteria and their zones of inhibition.

Figure 12: Zone of inhibition of ZnONPs.
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biocompatibility and efficacy through in vivo studies for safety in 
human applications. Evaluating long-term effects and stability in 
therapeutic and cosmetic formulations
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