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ABSTRACT

Plant extracts provide a rapid, cost-effective, and sustainable route for synthesizing metallic nanoparticles, and various extracts
have been used to produce silver nanoparticles. The ethanolic extract of waste Kigelia africana flowers exhibited both reduction
and stabilization effects. The formation of silver nanoparticles (Ka-AgNPs) was confirmed by visual color change and further
validated using spectroscopic and microscopic techniques. Ultraviolet-Visible spectroscopy of the synthesized nanoparticles
showed a characteristic absorption peak at 421.36 nm. Fourier Transform Infrared Spectroscopy (FT-IR) revealed absorption
bands corresponding to phytoconstituents acting as capping agents. Field Emission Scanning Electron Microscopy (FESEM) pro-
vided insights into the morphology, while X-ray Diffraction (XRD) indicated an average crystalline size of 41.56 nm. Antioxidant
activity, assessed via 2,2-Diphenyl-1-picrylhydrazyl (DPPH) and 2,2’-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
radical scavenging assays, yielded ICs, values of 27.88 and 17.18ug/mL, respectively. The nanoparticles also exhibited significant
antimicrobial activity. Moreover, a-amylase and a-glucosidase inhibition studies demonstrated promising antidiabetic potential,
with ICs, values of 98.26pg/mL and 125.34pg/mL, respectively. Overall, this study highlights the multifunctionality of silver
nanoparticles synthesized using waste K. africana flowers, underscoring their potential medicinal applications.

1 | Introduction safety, cost-effectiveness, and environmentally friendly nature

The intriguing domain of nanotechnology explores the advance- 5 6]- The physics, surface interactions, physical, and light-related

ment and alteration of nanoparticles, which are tiny materials
measuring from one nanometer to one hundred nanometers
[1, 2]. These particles exhibit significant potential for application
across various domains, particularly in health, agriculture, cos-
metics, the food sector, oncology treatment, and catalysis [3, 4].
Metal nanoparticles (MNPs) synthesized via sustainable strate-
gies are becoming an attractive topic due to their energy efficiency,

properties of MNPs are vastly different compared to their mass
counterparts [7]. Due to their unique properties and versatility,
AgNPs have enjoyed much attention from researchers of nanoma-
terials as compared to other MNPs [8-10]. Silver nanoparticles find
use in the preparation of ointments, lotions, and sunscreen prod-
ucts [11-13]. More than that, AgNPs have demonstrated a high
antibacterial activity. Three common methods exist in the
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synthesis of nanoparticles, namely chemical, physical, and green
synthesis [14-16]. Physical methods of production of the nanoma-
terials are highly expensive and need special equipment, con-
trolled temperature provision, and pressurization. The use of
costly metal salts, stabilizers, reductants, and numerous unsafe sol-
vents in the laboratory manufacture of AgNPs poses serious
threats to human health and environmental safety. These short-
comings are accompanied by the limited application of physico-
chemical techniques as nanoparticle production channels
[17-19]. This, therefore, requires a technique that is quick, easy,
cost-effective, and sustainable. The environmentally friendly
method of producing MNPs has garnered notable focus because
of its minimal risk. Green production is characterized by its safety,
cost-effectiveness, low toxicity, and reproducibility, making it a
viable alternative to various physicochemical processes [20].
Moreover, the process of large-scale AgNP production is facilitated
by environmentally friendly methods. The synthesis of AgNPs
derived from different plant components as organic resources
has been extensively documented in a multitude of scholarly
articles. Examples of the components of plants include leaves,
flowers, fruit, roots, and bark. A wide variety of phytoconstituents,
including phenolic compounds, proteins, flavonoids, terpenoids,
enzymes, and saponins, are present in plant extracts [21]. The
compounds found in these plants possess the capability to reduce
metallic ions and stabilize nanoparticles to achieve the desired
sizes and shapes. Few studies have been published to date regard-
ing the solvent-based, environmentally friendly production, char-
acterization, and biopotential of AgNPs [22]. The utilization of
diverse plant extracts as stabilizing agents, instead of relying on
chemicals or intense radiation rays, is referred to as the production
of nanoparticles through phytochemical methods [23]. These com-
pounds are significant as they encompass phytochemicals such as
polyphenols, in addition to carbohydrates, proteins, and lipids
[24]. A burgeoning interdisciplinary field known as “nanomedi-
cine” integrates medical research with nanoscale technologies,
resulting in the extensive application of nanomaterials in the med-
ical field. Medicine has evolved beyond the exclusive domain of
physicians; nanoscale devices and components are now employed
as tools for disease detection, management, and pain relief, in
addition to promoting overall health, preservation, and advance-
ment [25]. A variety of pharmacological applications and medici-
nal strategies utilizing nanoparticles have been granted clinical
approval [26]. The application of nanomaterials in the realm of
pharmaceuticals, drug delivery, and innovative treatment strate-
gies has demonstrated significant progress in combating various
serious diseases [27]. The chemically synthesized approach produ-
ces a significant number of nanoparticles rapidly, necessitating the
application of sealing agents to maintain the measurements. The
materials involved in the creation and stabilization of nanopar-
ticles pose significant risks and generate unwanted by-products.
The growing demand for natural methods of nanoparticle synthe-
sis is primarily driven by the necessity for environmentally friendly
chemical approaches in their formation. Green synthesis techni-
ques minimize by-product formation, enhancing safety and pro-
moting ecological friendliness in the process. Consequently,
there is an increasing interest in sustainable nanotechnology sol-
utions. Furthermore, the incorporation of plant products enhances
the economic efficiency of synthesizing microbial nanoparticles by
reducing expenses associated with bacterial isolation and growth
media. Currently, there is a growing interest among individuals in
exploring nanobiotechnology within the realm of substance

science. Based on their dimensions, dispersion, and shapes, nano-
structures can exhibit entirely distinct or enhanced properties [28].
The antibacterial properties of silver-based compounds are applied
in medicine to reduce illness during recovery from thermal inju-
ries and minimally invasive joint surgery, as well as to inhibit bac-
terial growth on human skin, surgical metals, implants, tubes,
cardiac transplants, and dental implants. Owing to their unique
attributes, silver nanoparticles are utilized in various fields such
as catalytic activity, biochemical discovery, biological sensing, pho-
tographic technological advancements, and health care [29]. Silver
nanoparticles present numerous possibilities for environmental
applications, particularly due to their antibacterial properties.
Silver and its nanoparticles find extensive application in health
care, particularly in topical lotions designed to mitigate the risk
of infections in injuries and untreated cuts. Silver nanoparticles
exhibit significant utility in scientific and medical fields due to
their attractive physicochemical characteristics. In a recent study
by Aouf et al. on biogenic silver nanoparticles of Moringa oleifera
leaf extraction, characterization and photocatalytic application
provide rapid, eco-friendly approach due to the involvement of
active compounds found in plants without the use of toxic chem-
icals. The crystalline nature and the nanoscale size were deter-
mined using X-ray diffraction (XRD) while zeta potential
analysis was used to evaluate surface charge and colloidal stability,
the presence of elemental Ag was determined using energy-disper-
sive X-ray analysis, and the shape of the AgNPs was evaluated
using field emission scanning electron microscopy and transmis-
sion electron microscopy (TEM). Moringa oleifera AgNPs exhibited
strong photocatalytic activity for degrading MB dye. In particular,
the electron-hole pairs formed on the nanoparticle surface
highlighted a basic mechanism of photocatalytic activity. Under
UV light irradiation for 60 min, biosynthesized AgNPs showed
excellent photocatalytic ability with a 98% degradation yield [30].

2 | Materials and Methods

Silver nitrate (AgNOj;), Mueller-Hinton agar (MHA), 3-(4,5-
dimethylthiazol-2-yl)—2,5-diphenyltetrazolium bromide (MTT),
2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azinobis(3-ethylben-
zothiazoline-6-sulfonic acid) (ABTS), and dimethyl sulfoxide
(DMSO) were procured from HiMedia Laboratories. Additional
reagents, including sodium hydroxide (NaOH), hydrochloric acid
(HC1), phosphate-buffered saline (PBS), a-amylase, a-glucosidase,
p-nitrophenyl-a-D-glucopyranoside (pNPG), ascorbic acid, gallic
acid, Folin—-Ciocalteu reagent, methanol, ethanol, and nutrient
agar, were employed for nanoparticle synthesis and biological
assays. All other supplementary chemicals and solvents used in
the study were of analytical grade and obtained from reputable
commercial suppliers.

2.1 | Extraction of Plant Material

2.1.1 | Collection of Plant Material and
Preparation of Extract

Flowers of the waste Kigelia africana plant were collected from
the Department of Botany, School of Sciences, IFTM University.
Taxonomic identification and authentication of the plant mate-
rial were carried out at the same institution, and a voucher
specimen was deposited under the reference number 2024/

2 of 12

ChemistryOpen, 2026

85UB017 SUOLUWIOD 3A 118D 9|l dde 8Ly Aq peuenof a1e sajolue YO ‘9SN Jo Sa|nJ 10} Aeiq1T 8UUO AB|1A U (SUORIPUOD-PUE-SWLBIAL0D" A |IM A TeIq1jeulU0//SdNy) SUOTPUOD pue sWwie 1 34} 88S *[9202/€0/92] Uo Akeiqiauliuo A8 * Ine eeduewy Aq 28102 UsdO/Z00T OT/I0p/w0o" A3 1M Areiq i jpuluo-adoune-Alis iweyd//sdiy Woly pepeojumoq ‘v ‘9202 ‘€98 TT6TZ



SOS/BOT/166. The collected flowers were thoroughly washed
with purified water to remove surface impurities and shade-dried
at room temperature. After complete drying, the samples were
pulverized into a fine powder using an electric laboratory blender
and stored in airtight containers for further experimental
use [31].

2.1.2 | Extraction

Approximately 100 g of dried flower powder was immersed in
700 mL of ethanol for 5-8 days, with each sample treated sepa-
rately. The mixture was stirred using a sterilized glass rod every
16 h. The extracts were then filtered using Whatman No. 1 filter
paper. The filtrates were concentrated under reduced pressure
using a rotary evaporator at 40°C and subsequently stored at
4°C for further use [32].

2.2 | Phytochemical Analysis

The secondary metabolites present in the waste K. africana flower
extracts were preliminarily screened to identify phytochemical
constituents. Standard qualitative methods, as described by
Shukla et al., were employed to detect various compounds, includ-
ing phenolic constituents [33]. Preliminary qualitative analysis of
the phytochemical composition of the plant extract was conducted
utilizing established methodologies to ascertain the principal bio-
active components. Detection of alkaloids was achieved through
the application of Dragendorff's and Mayer’s reagents, whereas
the presence of flavonoids was validated using the Shinoda test.
The evaluation of tannins and phenolic compounds was con-
ducted through the ferric chloride test, which is characterized
by the development of a blue-green coloration. Saponins were
detected utilizing the foam test, characterized by the sustained
formation of froth. Terpenoids were examined through the
Salkowski test, which involved the observation of a reddish-
brown interface. The determination of glycosides was con-
ducted utilizing the Keller-Killiani method, while the detection
of anthraquinones was achieved through Borntrager’s test,
which relies on the observation of specific color development.
The qualitative assays yielded initial evidence regarding the
phytochemical constituents that contribute to biological activity
and the stabilization of nanoparticles.

2.3 | Synthesis of Ka-AgNPs

To prepare silver nanoparticles sustainably, K. africana was used
to obtain an ethanolic flower extract to determine the K. africana
concentration. In this procedure, the 10 ml of the flower extract
was added to 90 ml of an aqueous solution of one millimolar con-
centration of silver nitrate. The blend was stirred as it was cooked
at 80°C in 4 h. The color change of the yellow compound to a
dark brown color became an indicator that silver nanoparticles
(AgNPs) are formed. The nanoparticle was separated through
centrifugal action at a speed of 20,000 revolutions per minute
for a period of 20 min. This was repeated three times to ensure
the elimination of unreacted silver ions. These nanoparticles,
henceforth called Ka-AgNPs, were freeze-dried and stored at
4°C to be used in the future [34].

2.4 | Characterization of Ka-AgNPs

Several analytical methods were used in the characterization of
Ka-AgNPs [35]. UV-Visible spectroscopy (Shimadzu UV-1800
UV-Vis spectrophotometer) was applied to monitor the NPs for-
mation by the surface plasmon resonance (SPR). Fourier trans-
form infrared spectroscopy (FTIR) (Bruker Alpha II FTIR) was
applied to detect the functional groups involved in silver ion
reduction and stabilization. The sample characteristics, i.e.,
the average particle size, as well as the crystalline structure, were
determined using XRD (PANalytical X’Pert PRO X-ray diffrac-
tometer) analysis. Scanning electron microscopy (SEM) (Hitachi
SU3500 SEM) was used to build information on the shape and
surface topography of the produced NPs. TEM (Model: FEI
Tecnai G2 20, USA) confirmed particle size and shape.

2.5 | Antioxidant Activity
2.51 | DPPH Free Radical Scavenging Assay

The antioxidant capacity of the Ka-AgNPs was tested with the
DPPH free radical scavenging method. In the procedure, ascorbic
acid, a standard, and Ka-AgNPs of various concentrations (10, 20,
50, 75, and 100 g/mL) were added to a 100 L capacity of the DPPH
solution (0.1 mM in 80% ethanol). The ratio between DPPH radi-
cal scavenging activity and the percentage was computed using a
particular formula [36].

(Absorbance of control—Absorbance of extract)

f Inhibition =
%ot Inhibition Absorbance of control

X100

2.5.2 | ABTS Free Radical Scavenging Assay

The assessment of the ABTS radical scavenging capacity of Ka-
AgNPs was conducted at various concentrations following a stan-
dardized protocol [37]. A stock solution of ABTS was created by
combining 7 mM ABTS with 2.45 mM K,S,05 and then incubat-
ing it in the dark at ambient temperature for 20 h. The stock solu-
tion was diluted with EtOH to achieve an absorbance of 0.85 +
0.20 at 734 nm, leading to the creation of the working solution.
The solution was permitted to rest at ambient temperature for
35min, and absorbance was recorded at 734nm using a
Systronic UV-1800 spectrophotometer.

2.6 | Antidiabetic Activity

Ka-AgNPs were also examined for the possibility of preventing
diabetes using the a-amylase and a-glucosidase assay.

2.6.1 | Inhibition Assay of a-Amylase

The inhibitory activity in the given test (inhibition of enzyme 1)
was conducted with slight modifications according to the
approach given by Kaur et al. [38]. Acarbose (AC) inhibitor of
a-amylase was used as the reference compound. ICs, values of
all the enzymes tested, except 1-1-a-amylase, were expressed as
a percentage of inhibition.
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2.6.2 | Assessment of a-Glucosidase Inhibition

The evaluation for a-glucosidase enzyme inhibition was performed
with slight adjustments to the protocol described by Kaur et al. [39].
Acarbose served as the reference drug for the inhibition assay, with
the absorbance of released p-nitrophenol measured at ~400 nm.
All experiments have been tripled, with the exception of the test
substance. The percentage inhibition for enzymes aside from
a-glucosidase was assessed and represented as ICs, values.

2.7 | Investigation of Antibacterial Activity
through Disk Diffusion Assay

The evaluation of the antibacterial activity of K . afiicana and the
biosynthesized Ka-AgNPs was conducted using the disk diffusion
method [40]. A suspension of the bacterial inoculum was distrib-
uted evenly onto solidified MHA plates with the use of a sterile
swab. The investigation encompassed bacteria and fungi. Disks
were treated with Ka-AgNPs at concentrations of 20, 50, and
75 pg/mL before being positioned onto the inoculated plates. The
plates underwent incubation at 37°C for a duration of 24 h, after
which the resulting zones of inhibition were quantified in
millimeters

3 | Results
3.1 | Phytochemicals

The presence of these phytoconstituents suggests that K. afri-
cana flower extract possesses significant therapeutic potential.
Alkaloids and flavonoids are recognized for their antimicrobial
and antioxidant properties [41]. Tannins and phenolic compo-
nents contribute to astringent and anti-inflammatory activities.
Saponins and glycosides may offer cardioprotective and anti-
inflammatory effects, while terpenoids are often associated with
anticancer and analgesic properties. The qualitative phyto-
chemical composition of K. africana flower extract is shown
in Table 1.

3.2 | UV-Visible Spectroscopy

The effective synthesis of Ka-AgNPs utilizing K. africana flower
extract was confirmed through a series of spectroscopic analyses.
UV-Visible spectrophotometry showed a distinct peak at about
421.36 nm, which is characteristic of AgNPs Figure 1. UV-Vis

TABLE 1 | Phytochemicals present in the K. africana flower extract.

Phytochemical constituents Result

Alkaloids +
Flavonoids
Tannins
Saponins
Terpenoids

Glycosides

+ + + + + +

Phenolic compounds

Anthraquinones -

3.0 4 421.36

2.5 4

2.0 4

1.5

1.0 4

Absorbance (a.u.)

0.5 4

0.0 -
T T T T T T T T T T T T T
300 400 500 600 700 800 900

Wavelength (nm)

FIGURE 1 | UV-Vis spectrum of phytosynthesized Ka-AgNPs.

absorption spectrum of phytosynthesized K. africana silver nano-
particles (Ka-AgNPs). This peak confirmed the reduction of silver
ions (Ag") to metallic silver (Ag®), facilitated by the phytocom-
pounds found in the flower extract, which likely acted as agents
that serve to both reduce and stabilize. The appearance of this
peak provides strong evidence for the successful bioreduction
of Ag*to Ag® by the phytochemicals present in the flower extract.
The absence of any peaks at higher wavelengths suggests that the
synthesized NPs demonstrated a predominantly spherical shape
and relatively small in size, without significant aggregation. The
basis for this observation is the SPR principle, which is caused by
the collective oscillation of conduction electrons on a nanopar-
ticle’s surface in response to light. While nonspherical or aniso-
tropic nanoparticles like rods, triangles, or plates produce
additional SPR bands at higher wavelengths due to multiple
oscillation modes, spherical nanoparticles usually exhibit a sin-
gle, sharp SPR peak at a characteristic wavelength (for example,
around 420 nm for silver nanoparticles). Thus, it is confirmed
that the nanoparticles have a homogeneous and primarily spher-
ical morphology because there is only one clear SPR peak present
and no subsidiary peaks at longer wavelengths [42]. The intensity
and sharpness of the peak also indicate a relatively narrow size
distribution and high stability of the NPs in colloidal form.
Moreover, the SPR band position aligns with those reported in
earlier studies involving the synthesis of AgNPs using plant
extracts, further supporting the efficiency of K. africana flower
extract as a reducing and stabilizing agent. The two prominent
peaks noted at elevated wavelengths are typically ascribed to the
existence of biomolecules derived from the plant extract and the
potential aggregation of nanoparticles. In the process of green
synthesis, a range of phytochemicals, including flavonoids, terpe-
noids, phenolics, and proteins, function as reducing and stabiliz-
ing agents. The absorption of light in the UV and visible regions
by these compounds leads to the emergence of additional broad
peaks in the spectrum. Additionally, minor broadening or shift-
ing of peaks may arise from variations in particle size distribu-
tion, anisotropy, or the partial aggregation of nanoparticles. The
small, intense SPR peak indicates the successful formation of sil-
ver nanoparticles, whereas the broad peaks reflect the influence
of plant metabolites and slight aggregation effects present in the
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colloidal solution. The UV-Vis data of K. flower extract are pro-
vided in the Supporting Information (SI) section. The role of
compounds having phenolic groups is crucial in this process,
as these compounds possess functional groups capable of donat-
ing electrons to reduce silver ions while simultaneously stabiliz-
ing the nanoparticles. UV-Vis spectral data not only confirm
nanoparticle synthesis but also offer insight into particle mor-
phology and stability, validating the environmentally friendly
synthesis method utilized in this study. The prominent and stable
SPR peak underscores the reliability of K. africana flower extract
as an eco-friendly and efficient bioresource for nanoparticle
production.

3.3 | Fourier Transform Infrared Spectroscopy
Spectroscopy

FTIR spectroscopy was engaged to determine the functional
groups that are found in the K. africana flower extract and to
understand their involvement in the reduction and stabilization
of AgNPs. The FTIR spectrum of the flower before and after
nanoparticle synthesis exhibited several key absorption bands
corresponding to bioactive compounds known to participate in
nanoparticle formation. A broad absorption band observed
around 3491.56 cm™ relates to O—H stretching vibrations of
hydroxyl groups, typically observed in phenolic compounds
and flavonoids. These groups are known for their critical role
in the reduction of Ag® to Ag’ [43]. Peaks near 2814.24 cm™
are suggestive of C—H stretching vibrations from aliphatic hydro-
carbons, indicating the presence of plant-derived materials and
organic compounds.

The intense absorbance at about 1811.32 and 1592.46 cm™" can
be attributed to the C=0 stretching vibration of carbonyl groups
in proteins or flavonoids. The band near ~1811cm™ is now
attributed to C=O0 stretching vibrations of anhydrides or esteri-
fied carbonyl groups possibly arising from oxidized phytochem-
icals or organic acids present in the flower extract, while the band
at~1592cm™"' is reassigned to aromatic C=C stretching and/or
asymmetric COO~ vibrations associated with phenolic com-
pounds and plant metabolites. These functional groups are

known to participate in metal ion reduction and nanoparticle sta-
bilization [44, 45]. This maximum indicates that proteins and
polyphenols contained in the flower extract are also implicated
in the capping and stabilization of the AgNPs, in addition to
being involved in reduction. Further, bands at 1266.23 cm™
(C—N stretching of aromatic amines) and 730.42-1108.22 cm™
(C—O stretching of alcohols or ethers) further indicate the pres-
ence of several phytoconstituents actively participating in the
synthesis of nanoparticles. The FTIR data of K. africana flower
extract are provided in the SI section.

1

Marginal variations in the intensities and peaks were noticed
after the formation of nanoparticles, substantiating an interac-
tion of the functional groups with silver ions during the synthesis
process. These changes support the input of hydroxyl, carbonyl,
and amine groups to the reduction and stabilization of AgNPs
Figure 2. FTIR spectrum of phytosynthesized K. africana-
mediated silver nanoparticles (Ka-AgNPs).

3.4 | X-Ray Diffraction Analysis

XRD analysis was performed to investigate the crystalline struc-
ture and phase purity of the silver nanoparticles (AgNPs) synthe-
sized using K. africana flower extract. The XRD pattern exhibited
distinct diffraction peaks at 26 values around 27.1°, 33.3°, 45.5°,
and 55.3°, which correspond to the (111), (200), (220), and
(311) planes of the face-centered cubic (FCC) crystal structure of
Ag, as indexed by the Joint Committee on Powder Diffraction
Standards (96-150-9854) Table 2. Diffraction peak positions (26),
Miller indices (hkl), full width at half maximum (FWHM), and
d-spacing values of K. africana-mediated silver nanoparticles
(Ka-AgNPs). The distinctness and strength of these peaks validate
the elevated level of crystallinity of the synthesized nanoparticles.
Among them, the (111) plane exhibited the strongest reflection,
which is typical for silver nanoparticles and suggests a preferential
growth along this plane. The lack of subsequent peaks in the XRD
spectrum indicates that the synthesized material is phase-pure sil-
ver without contamination from other crystalline impurities or by-
products [46]. The average crystallite dimensions of the AgNPs
were determined utilizing the Debye-Scherrer equation, which
typically falls within the range from 20 to 50 nm, aligned with
the SEM observations. These results support that the green synthe-

100 sis route using K. africana flower extract not only produces pure
silver nanoparticles but also controls their crystalline nature at the
nanoscale. The presence of such well-defined crystalline peaks fur-

% ther indicates that the bioactive compounds in the extract not only
diminish the silver ions but additionally impact the nucleation and
g % growth of nanoparticles, promoting orderly crystal formation. This
'E 70 TABLE 2 | Position [°2Th.], hkl, FWHM left, and d-spacing of Ka-
c
£ AgNPs.
&0 s 1108.22 Pos. (°2Th.) hkl FWHM Left (°2Th.) d-spacing, A
s0 27.1 111 0.2654 2.33898
- . . 333 200 0.3865 2.33898
4000 3500 3000 2500 2000 1500 1000 500 45.5 220 0.4214 2.02961
Wavenumber (cm™Y)
55.3 311 0.4063 2.02961
FIGURE 2 | FTIR of phytosynthesized Ka-AgNPs. FTIR = Fourier o
. Average crystallite size-41.56 nm
transform infrared spectroscopy.
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FIGURE 3 | XRD pattern of phytosynthesized Ka-AgNPs. XRD = X-
ray diffraction.

is advantageous for applications where crystallinity significantly
impacts performance such as in catalysis, antimicrobial activity,
and electronics Figure 3. XRD pattern of phytosynthesized K. afri-
cana-mediated silver nanoparticles (Ka-AgNPs).

3.5 | Scanning Electron Microscopy Analysis

SEM was conducted to determine the surface morphology, size,
and structural features of the AgNPs synthesized using K. afri-
cana flower extract. The SEM images displayed that the NPs were
predominantly spherical to quasispherical in shape with a rela-
tively uniform size distribution. The particle sizes were found to
range from ~60.54 nm, confirming the formation of nanoparticles
within the expected nanometer scale [47]. Measurements of parti-
cle sizes were conducted utilizing SEM micrographs analyzed
through Image]. The calibration of the image was performed uti-
lizing the 500 nm scale bar, where 500 nm corresponds to 250 pix-
els, resulting in a conversion of 2.00 nm per pixel. Thirty distinct
particles were measured (excluding agglomerates); the total of the
measured diameters was 1816.2nm, resulting in an average
particle diameter of 1816.2/30 = 60.54 nm. The size distribution
(mean + SD, n=30) is detailed in the revised manuscript and
SI. The micrographs also showed that the particles were well dis-
persed, although some moderate agglomeration was observed.

Signal A = SE1
Photo No. = 3014

EHT = 20.00 kv
WD =105 mm

Dato :13 Sep 2024
Mag= 4.02KX

This aggregation is a common feature in plant-mediated synthesis
and may result from the drying process during sample preparation
or due to natural intermolecular interactions between NPs.
However, the presence of smooth surfaces and defined boundaries
suggested effective capping and stabilization by the phytochemi-
cals present in the flower extract. The SEM findings correlate well
with UV-Vis and XRD results, supporting the establishment of
clearly defined, stable, and crystalline AgNPs that the biosynthesis
was controlled and efficient, likely due to the existence of flavo-
noids, phenols, proteins, and other bioactive compounds. SEM
analysis confirmed the successful green synthesis of AgNPs with
desirable morphological features using K. africana flower extract
Figure 4. SEM micrographs of phytosynthesized K. africana-
mediated silver nanoparticles (Ka-AgNPs). The dimensions and
configuration of the NPs produced via this eco-friendly route sug-
gest their potential for various biological and environmental appli-
cations, including antimicrobial, antioxidant, and catalytic uses.

3.6 | Transmission Electron Microscopy analysis

TEM was used to study the morphology and size distribution of
biosynthesized Ka-AgNPs. The TEM micrographs showed that
the AgNPs were mostly spherical with smooth surfaces and
well-defined borders, confirming their effective synthesis
Figure 5. TEM micrographs of phytosynthesized K. africana-
mediated silver nanoparticles (Ka-AgNPs). The K. africana
extract’s phytochemicals appeared to cap and stabilize the par-
ticles, since they were equally dispersed and did not aggregate.
The TEM pictures showed that the synthesized AgNPs ranged
in size from 15 to 60 nm, with an average of 35 nm. The limited
size distribution suggests a well-regulated nucleation and growth
mechanism during silver ion reduction. TEM pictures show no
major agglomerates, indicating that bioactive chemicals and
nanoparticle surfaces interact strongly to prevent coalescence.
High-resolution TEM pictures show clear lattice fringes, confirm-
ing the crystalline nature of AgNPs and correlating with metallic
silver’s FCC structure. The results match XRD data, demonstrat-
ing that K. africana extract reduces and stabilizes green synthesis.

3.7 | Antioxidant Activity

The antioxidant potential of K. africana flower extract and its
green-synthesized AgNPs was assessed employing DPPH and

Signal A = SE1
Photo No. = 3015

EHT =20.00 kv
WD =10.5 mm

Date :13 Sep 2024 ZEISS|
Mag= 1875KX

FIGURE 4 | SEM images of the phytosynthesized Ka-AgNPs. SEM = Scanning electron microscopy.
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FIGURE 5 | TEM images of the phytosynthesized Ka-AgNPs. TEM = Transmission electron microscopy.

ABTS radical scavenging analyses. In the DPPH assay, both the
extract and AgNPs demonstrated a concentration-dependent
increase in free radical scavenging activity Figure 6. Anti-
oxidant activity of phytosynthesized Kigelia africana-mediated
silver nanoparticles (Ka-AgNPs) evaluated by ABTS and DPPH
assays using ethanol flower extract. At a peak concentration
of 100 pg/mL, the AgNPs showed an inhibition percentage of
95.6%. The ICs, values were found to be 27.88 pg/mL for the
AgNPs. These values were compared with the standard antioxi-
dant, ascorbic acid, which demonstrated an ICs, of 17.18 pg/mL,
indicating that while the standard had the strongest activity, the
AgNPs also showed notable efficacy. Similarly, in the ABTS rad-
ical scavenging assay, both the extract and AgNPs demonstrated
strong antioxidant potential, again in a manner that depends on
concentration. At 100 pg/mL, AgNPs inhibited ABTS radicals by
93.3%. The ICs, values were 25.27 pg/mL for the AgNPs, com-
pared to 18.95 pg/mL for the ascorbic acid standard. These results
indicate that the silver nanoparticles exhibited slightly superior
antioxidant potential, likely due to the increased area of surface
and the synergistic effect of phytochemicals bound to the nano-
particle surfaces [48].

3.8 | Antidiabetic Activity

The antidiabetic activity of K. africana flower extract and its bio-
synthesized silver nanoparticles (AgNPs) was assessed using
in vitro inhibition of a-amylase and a-glucosidase enzymes, both
of which play key functions in carbohydrate breakdown and
postprandial blood glucose regulation Figure 7. In vitro antidia-
betic activity of phytosynthesized K. africana-mediated silver
nanoparticles (Ka-AgNPs) evaluated by a-amylase and a-gluco-
sidase inhibition assays using ethanol flower extract. The find-
ings indicated a dose-dependent inhibitory effect in both
assays. In the a-amylase inhibition assay, AgNPs showed a sig-
nificantly higher inhibition of 81.68% at the 300 pg/mL concen-
tration. The ICs, values were established as 98.26 pg/mL.
Acarbose, used as the standard inhibitor, illustrated an ICs, value
of 52.49 pg/mL, indicating that while the standard was more
potent, the AgNPs also exhibited promising inhibitory activity.
Similarly, in the a-glucosidase inhibition assay, at 250 pg/mL,
the AgNPs achieved 80.12% inhibition. The ICs, values were
125.34 pg/mL for the AgNPs, compared to 70.17 pg/mL for acar-
bose. These results indicate that the silver nanoparticles synthe-
sized from K. africana possess significant enzyme inhibitory

FIGURE 6 | Antioxidant activity by the ABTS and DPPH method of Ka-AgNPs synthesized from ethanol extract.
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activity. The enhanced activity noticed in the nanoparticle
form could be ascribed to the increased surface area, improved
bioavailability, and synergistic action of the phytochemicals
adsorbed onto the nanoparticle surface [49]. This study provides
preliminary in vitro evidence of the antioxidant and a-amylase
inhibitory activities of K. africana-derived silver nanoparticles.
Further cellular and in vivo studies are required to establish their
biological relevance and therapeutic applicability.

3.9 | Antimicrobial Activity

The biosynthesized AgNPs using K. africana flower extract dem-
onstrated significant antimicrobial effectiveness across various
pathogenic microorganisms. The antimicrobial efficacy was
assessed utilizing the agar well diffusion technique against both
Gram-positive bacteria (Staphylococcus aureus, Bacillus subtilis)
and Gram-negative bacteria (Pseudomonas aeruginosa), as well
as fungal strains (Aspergillus niger). The zone of inhibition values
ranged from 12 to 20 mm, depending on the microorganism and
nanoparticle concentration. Notably, S. aureus and P. aeruginosa
exhibited the highest sensitivity, featuring areas of inhibition of
19 and 17 mm, respectively, at 25 pg/mL of AgNPs. The activity
was found to be dose dependent, with larger inhibition zones
observed at higher concentrations. Compared to the standard
antibiotics (norfloxacin and erythromycin), the synthesized
nanoparticles showed comparable or even superior antimicrobial
effects in some cases [50-54] Figure 8. Zones of inhibition

exhibited by phytosynthesized K. africana-mediated silver nano-
particles (Ka-AgNPs) against selected bacterial strains at various
concentrations. The enhanced activity is ascribed to the small par-
ticle size, elevated surface area, and synergistic effect of bioactive
phytochemicals from the K. africana extract that may stabilize the
nanoparticles and contribute to microbial membrane disruption.
These findings suggest that K africana-mediated AgNPs could
serve as effective antimicrobial agents for biomedical and environ-
mental applications Table 3. Antimicrobial screening of phytosyn-
thesized K. africana-mediated silver nanoparticles (Ka-AgNPs,
25 pg/mL) against selected bacterial and fungal strains.

The comparative study of green-synthesized silver nanoparticles
(AgNP) from different biological sources reveals notable varia-
tions in their physicochemical and biological properties. Among
the plant-based methods, Ocimum sanctum (Tulsi), Aloe vera,
and Azadirachta indica extracts have been widely used, produc-
ing spherical AgNP in the size range from 30 to 80 nm [55, 56].
These nanoparticles exhibited excellent antibacterial activity
against common pathogens such as E. coli and S. aureus, primar-
ily due to the presence of bioactive compounds like flavonoids,
terpenoids, and phenolics, which act as natural reducing and
stabilizing agents. Similarly, Lawsonia inermis (Henna) extract
produced 40 nm spherical AgNP that demonstrated both antimi-
crobial and cytotoxic effects against MCF-7 breast cancer cells,
indicating their potential in biomedical applications [57]. In con-
trast, seed extracts, such as Cassia tora, generated slightly larger
nanoparticles (55-65 nm), which displayed selective antibacterial
efficacy, particularly against Gram-positive bacteria, likely due

TABLE 3 | Antimicrobial screening test of Ka-AgNPs (25 pg/mL) against bacterial and fungal stain.
Bacteria species Ka-AgNPs Ka extract DMSO Norfloxacin Erythromycin
Staphylococcus aureus 20 £0.12 15+0.20 ND 18 £0.23 18 £0.03
Bacillus subtilis 17 £0.05 14 £0.14 ND 19 £0.10 18 £0.10
Pseudomonas aeruginosa 12 £0.04 11 +£0.05 ND 18 £0.15 17 £0.14
Aspergillus niger 17 £0.01 14 £0.3 ND 17 £0.11 16 £0.12

TABLE 4 | Comparative study of antibacterial activity of silver nanoparticles synthesized using plant material.
Plant name Part Bacteria Inhibition zone MIC References
Ananas comosus Peel Escherichia coli 14.3 £ 0.8 32 [59]
Ananas comosus Peel Staphylococcus 12.8 £ 0.6 64 [60]
Ananas comosus Peel Candida albicans 11.5 £ 0.5 64 [59]
Allium sativum Peel Escherichia coli 18.5 £ 0.7 16 [61]
Azadirachta indica Leaf Staphylococcus aureus 18.2 £ 0.6 16 [62]
Azadirachta indica Leaf Escherichia coli 16.5 + 0.8 32 [63]
Azadirachta indica Leaf Candida albicans 153 £ 0.7 16 [63]
Camellia sinensis Leaf Escherichia coli 17.9 £ 0.7 16 [45]
Citrus sinensis Peel Escherichia coli 16.2 £ 0.8 32 [64]
Citrus sinensis Peel Listeria monocytogenes 15.5+ 0.02 NA [64]
Citrus sinensis Peel Staphylococcus aureus 17.3+ 0.01 NA [64]
Citrus sinensis Peel Pseudomonas aeruginosa 18.12+ 0.22 NA [64]
Zingiber officinale Rhizome Staphylococcus aureus 152 +£ 0.9 32 [65]
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to differences in cell wall permeability [58]. The comparative
antibacterial activity of silver nanoparticles synthesized using dif-
ferent plant materials is shown in Table 4.

Microbial-mediated synthesis generally produced smaller and
more uniform nanoparticles with enhanced bioactivity. Fungal
species, such as Talaromyces purpureogenus, yielded AgNP of
30-60 nm, showing strong antibacterial activity against Listeria
monocytogenes and Salmonella typhi. Bacteria, like Lacto-
bacillus acidophilus, produced even smaller AgNP (10-20 nm),
exhibiting significant inhibition of multidrug-resistant strains,
coupled with biocompatibility and nonhemolytic behavior.
Algal and yeast-mediated synthesis also demonstrated promising
results; Chlorella vulgaris and Saccharomyces cerevisiae generated
AgNP with average sizes of 12.8 and 13-60 nm, respectively,
exhibiting both antimicrobial and photocatalytic dye-degrada-
tion activities [66]. The uniqueness of this study is found in
the environmentally friendly synthesis of silver nanoparticles uti-
lizing K. africana flower extract, accompanied by thorough phys-
icochemical characterization and a detailed assessment of the
in vitro biological activities. This report presents a novel applica-
tion of K. africana flowers as a reducing and stabilizing agent in
the synthesis of silver nanoparticles (AgNPs), providing a com-
prehensive analysis of the floral phytochemicals involved, as evi-
denced by FTIR analysis. Moreover, the research incorporates
evaluations of structure, morphology, and biological activity,
emphasizing the promise of floral extracts as eco-friendly nano-
factories and presenting initial data on their antioxidant, antibac-
terial, and enzyme inhibitory characteristics, thus laying the
groundwork for subsequent in vivo studies.

4 | Conclusion

This study successfully produced AgNPs utilizing K. africana
flower extract as a natural reducing and stabilizing agent.
Color change and extensive physicochemical analysis validated
AgNP production. The UV-Vis examination confirmed AgNPs
production with a peak at about 420-430 nm. The FTIR analysis
provided confirmation regarding the participation of flavonoids,
phenolic compounds, and proteins in the reduction and stabili-
zation (capping) of the synthesized nanoparticles. XRD showed a
FCC structure for the nanoparticles, whereas SEM showed spher-
ical particles with uniform dispersion and nanoscale size distri-
bution. The synthesized AgNPs showed substantial free radical
scavenging in DPPH and ABTS tests, suggesting that they
might neutralize oxidative stress. The NPs also exhibited dose-
dependent antidiabetic effects, suggesting that they could be used
to treat postprandial hyperglycemia. Like antibiotics, AgNPs
showed broad-spectrum antibacterial efficacy against Gram-
positive and Gram-negative bacteria, as well as fungal strains,
with large inhibition zones. This study demonstrates that K. afri-
cana-mediated AgNPs can be utilized in antioxidant therapy,
diabetic management, and antibacterial defense through eco-
friendly synthesis.
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cana flower.
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