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Abstract: The synthesis of silver nanoparticles using phytochemical reducing agents is the
most preferred technique because of its low cost and environmental friendliness. Conse-
quently, there are several reports published on the synthesis of silver nanoparticles using
extracts from leaves, barks, roots, and fruit peels. However, information on the use of fruit
extracts for the synthesis of silver nanoparticles is limited. Thus, the green synthesis of sil-
ver nanoparticles (HAF-AgNPs) using phytochemicals extracted from Harrisonia abyssinica
fruit (HAF) is reported in the current study. The silver nanoparticles were synthesized
through chemical precipitation and characterized using UV-Vis spectrophotometry, trans-
mission electron microscopy (TEM), energy-dispersive X-ray (EDX), and X-ray diffraction
analysis (XRD). The findings showed that fabricated HAF-AgNPs were crystalline and
spherical, and exhibited a strong UV-absorption band at 420 nm. The appearance of a peak
at 3 keV in the EDX spectrum indicated metallic silver atoms in the fabricated nanoparticles.
The fabricated nanoparticles exhibited antibacterial activity against Gram-positive (Staphy-
lococcus aureus) and Gram-negative (Escherichia coli) bacterial strains. The antibacterial
activity was stronger for Staphylococcus aureus (MIC = 5 ug/mL) compared to Escherichia
coli (MIC = 10 ng/mL). The preliminary findings from the current study suggest that
the nanoparticles prepared from the extract could serve as a potential antibacterial agent
against Gram-positive and Gram-negative bacteria.
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1. Introduction

The escalating bacterial resistance to conventional drugs has led to an alarming threat
to public health [1,2]. The development of alternative antibiotics to combat resistant
pathogens demands considerable resources and investment. Therefore, there is a need to
explore effective antimicrobial agents that do not raise the emergence of new resistance.
Metallic nanoparticles offer a promising avenue, exhibiting antibacterial activity through
multiple mechanisms without promoting resistance. Consequently, the synthesis of sil-
ver, copper, zinc, and iron nanoparticles has garnered significant attention as alternative
antibacterial agents. Among these, silver nanoparticles (AgNPs) have been extensively
investigated due to their potent antibacterial, inflammatory and nontoxic properties [3]. As
a result, they find widespread applications in disinfecting medical supplies to mitigate the
spread of infectious diseases caused by microbes [4].

The synthesis of silver nanoparticles using physicochemical methods is not preferred
due to their toxicity, higher costs, and environmental implications. Instead, utilizing phyto-
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chemicals for silver nanoparticle synthesis has been reported as a preferable approach [5,6].
This method is referred to as the green chemistry approach and is environmentally friendly.
The phytochemicals are readily available, renewable, and non-toxic, making them ideal
candidates for nanoparticle synthesis. Different phytochemicals, including flavonoids, phe-
nolics, terpenoids, and flavones, have been reported for their efficacy in silver nanoparticle
synthesis [6]. For instance, xanthones and phloroglucinol act as capping agents, whereas
phenolic acids and flavonoids can effectively reduce silver ions [7]. Moreover, the water-
soluble nature of phytochemicals enables the use of water as a green solvent, rendering
the entire process of silver nanoparticle synthesis environmentally friendly [8]. The use
of peels, leaves, roots, and barks is often reported in the synthesis of the nanoparticles.
However, the use of fruits for the synthesis of the nanoparticles is still scarce.

Harrisonia abyssinica (HA) is a shrub or small tree native to Eastern, Central, and
Southern Africa, renowned for its medicinal properties in treating various ailments such as
gonorrhea, snakebites, dysentery, and tuberculosis [9]. The plant bears red-black edible
fruits with a diameter ranging from 4 to 9 cm, known to contain acetophenone phyto-
chemicals that exhibit antibacterial properties and serve as effective reducing agents in
the fabrication of nanoparticles [10]. Similar compounds within the acetophenone class
have been utilized in nanoparticle synthesis [11]. Others reported the synthesis of highly
stable silver nanoparticles using Annona muricata fruit extract [12]. However, limited in-
formation exists on the utilization of phytochemicals derived from the HA fruit extract
for silver nanoparticle fabrication. Thus, the current study explores the utilization of an
aqueous extract from HA fruits for silver nanoparticle synthesis. Furthermore, the potential
application of the fabricated silver nanoparticles as an antibacterial agent is reported.

2. Materials and Methods
2.1. Materials

Phytochemicals extracted from Harrisonia abyssinica fruits (HAFs) were used as reduc-
ing and capping agents for silver nanoparticle synthesis. The fruits were collected from
the Solomon Mahlangu Campus at Sokoine University of Agriculture in Tanzania. Silver
nitrate (AgNO3) (99.9%) obtained from Sigma-Aldrich-UK, Dorset; sodium hydroxide
(NaOH) (98%), ethanol (99.5%), and hydrochloric acid (HCI) (99.8%) purchased from Loba
Chemie Pvt. Ltd., Mumbai (India); and Gentamycin sulfate from Laborate Pharmaceuticals
India Ltd. were used. All solutions used in the study were prepared using deionized water
(18.2 MQ) cm).

2.2. Methods
2.2.1. Preparation of Plant Extract

Berries of H. abyssinica (HAF) were collected, washed with deionized water, and dried
in an oven at 50 °C until a constant mass was obtained. The dried fruits were subsequently
ground using a blender to obtain a powder, which was stored in a polyethylene bag. The
aqueous HAF extract was prepared by boiling the fruit powder (10 g) prepared in 200 mL
of deionized water at 80 °C for 30 min [13]. The resulting mixture was filtered through
Whatman filter paper No. 1 (Whatman plc, Maidstone, UK) to obtain a clear solution,
which was then utilized for the preparation of HAF-AgNPs.

2.2.2. Synthesis of Silver Nanoparticles

The silver nanoparticles were synthesized using previously reported procedures [14].
Briefly, the extract solution (10 mL) was mixed with 50 mL of silver nitrate solution (0.02 M).
The pH of the resulting mixture was adjusted to 8 using NaOH (1 M) and HCI (1 M).
The mixture was then heated at 50 °C in a reciprocating water bath (SHEL LAB WS517)
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and agitated for 10 min at 100 oscillations per minute under dark conditions to prevent
the auto-oxidation of silver ions. The formation of nanoparticles was monitored using
color changes and UV-Vis spectrophotometric measurements over the wavelength range of
300-800 nm.

2.2.3. Determination of Minimum Inhibitory Concentration (MIC) and Minimum
Bactericidal Concentration (MBC)

The antibacterial activity of the fabricated HAF-AgNPs against selected Gram-negative
(Escherichia coli, ATCC 25922) and Gram-positive (Staphylococcus aureus, ATCC 25923)
bacteria was investigated using the standard broth dilution method [15]. Gentamycin was
used as the positive control. The experiment involved serial two-fold dilutions of HAF-
AgNPs (starting concentration: 0.005 g/mL) with a standardized bacterial concentration
(108 CFU/mL, 0.5 McFarland standard). The minimum inhibitory concentration (MIC) was
determined as the lowest concentration of silver nanoparticles at which no bacterial growth
was observed after 24 h of incubation at 37 °C. Subsequently, the minimum bactericidal
concentration (MBC) values were determined by inoculating 50 pL from all samples that
showed no bacterial growth onto Brain-Heart Infusion (BHI) agar plates, followed by
incubation at 37 °C for 24 h. The lowest concentration at which no bacterial growth was
observed was considered the MBC value.

3. Results and Discussion
3.1. Characterization of Silver Nanoparticles

Noble elements like silver and gold display distinctive optical features due to their
surface plasmon resonance (SPR). Therefore, the synthesis of silver nanoparticles in this
study was preliminarily monitored by optical changes. The results (Figure 1a) revealed
that the mixing of silver nitrate solution with the aqueous extract led to a transition in color
from pale yellow to deep brown. The observed color alteration signifies the reduction of
silver ions to their metallic form in the presence of reducing agents (phytochemicals). The
presence of surface plasmon resonance (SPR) was also indicated by UV-visible spectropho-
tometric measurements. The findings (Figure 1b) showed a strong resonance absorption
band at 420 nm. The absorption is likely to be attributed to resonant photons in the
fabricated HAF-AgNPs. A similar absorption peak in the range of 410—440 nm as a pos-
sible indicator of AgNPs has been previously reported [15,16]. The plasmonic resonance
observed in this study closely resembled that of pure silver nanoparticles (420 nm), sug-
gesting well-dispersed nanoparticles with minimal aggregation [17]. The presence of a
single absorption SPR band for the fabricated silver nanoparticles suggests a spherical or
approximately spherical shape [13].
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Figure 1. Color change (a) and UV-visible absorption spectra (b) for the synthesis of HAF-AgNPs
using HAF extract.
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3.2. Transmission Electron Microscopy (TEM)

The morphology and particle size of the fabricated silver nanoparticles were examined
using transmission electron microscopy. The findings depicted in Figure 2a revealed that
the majority of synthesized silver nanoparticles exhibited a small size, monodispersity,
and spherical morphology. The observed monodispersion of the nanoparticles suggests
that phytochemicals in the extract served as effective capping agents, thereby largely in-
hibiting agglomerations. Particle size analysis conducted using Image ] software version
1.54 indicated that the silver nanoparticles ranged from 2 to 24 nm, with an average size
of 10 £ 3.4 nm (Figure 2b). Moreover, the images exhibited the presence of thin films
surrounding the silver nanoparticles. These films were possibly attributed to aggregations
or physical interactions between biomolecules surrounding the silver nanoparticles, likely
due to Van der Waals forces of attraction. The observation of thin layers of organic ma-
terial surrounding silver nanoparticles in TEM images has also been reported by other

researchers [18].
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Figure 2. TEM micrographs showing synthesized AgNPs recorded at (a) 50 nm magnification levels;
(b) histogram showing particle size distributions of silver nanoparticles.

3.3. Energy-Dispersive X-Ray Spectroscopy (EDX)

The elemental composition analysis of the fabricated silver nanoparticles using energy-
dispersive X-ray spectroscopy (EDX) (Figure 3) revealed the presence of an absorption peak
at 3 keV, corresponding to the surface plasmon resonance of silver nanoparticles [19]. A
similar absorption peak was previously reported in silver nanoparticles prepared using
Tectona grandis seed extract [20]. Therefore, the observed peak serves as an indicator of the
effective reduction of silver ions to metallic silver facilitated by the phytochemicals present
in the HAF extract. Furthermore, the EDX spectrum depicted the presence of other elements
such as O, C, Mg, Na, K, Ca, Cl, and Si in the silver nanoparticles. These elements are likely
attributed to impurities originating from the glassware used for the analysis. Previous
studies have reported the strong absorption peak of Si due to the elemental composition of
instrumental sample carriers [21].
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Figure 3. EDX spectrum of synthesized HAF-AgNPs. (Elements present in the samples were labeled.)
3.4. X-Ray Diffraction (XRD)

X-ray diffraction (XRD) is a valuable technique for elucidating the crystalline structures
and chemical compositions of nanomaterials. The HAF-AgNPs were subjected to XRD
analysis using Cu—Ka radiation (A = 1.5406 A) over an angle range of 20-90° at 20. The
results (Figure 4) revealed the presence of four distinct peaks at 38°, 44°, 65°, and 77°,
corresponding to the Miller indices 111, 200, 220, and 311, respectively. These observed
Bragg reflections suggest a face-centered cubic lattice structure for the silver nanoparticles.
Additionally, the XRD spectrum exhibited unassigned peaks marked (*) at 28°, 32°, 46°,
55°, and 58°, which could potentially be attributed to either the crystalline or amorphous
nature of the organic phase surrounding the silver atoms [22].
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Figure 4. XRD spectrum of HAF-AgNPs (* unassigned peak).

3.5. Antibacterial Activity of Synthesized HAF-AgNPs

A preliminary investigation of the antibacterial activity of HAF-AgNPs against the
representative Gram-positive (Staphylococcus aureus) and Gram-negative (Escherichia coli)
bacteria was performed. The findings (Table 1) showed that the fabricated HAF-AgNPs
were effective against the tested bacterial species. The determined values of MIC and
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MBC (Table 1) indicated that the silver nanoparticles were more effective against Gram-
positive (Staphylococcus aureus) compared to Gram-negative (Escherichia coli) bacteria. The
observed antibacterial properties of HAF-AgNPs can be explained based on their ability to
adhere to the cell wall and cytoplasmic membranes due to their high affinity for sulfur and
electrostatic attractions [23]. The adherence of silver ions enhances the permeability of the
cell membrane and disrupts the bacterial envelope, leading to the death of bacteria [24].
Silver ions can also deactivate respiratory enzymes, generate reactive oxygen species, and
affect adenosine triphosphate production. These ions can also inhibit the synthesis of
proteins through the denaturing of ribosomes in the cytoplasm.

Table 1. Antimicrobial activity of HAF-AgNPs against selected bacterial species.

HAF-AgNPs
Bacteria Type
MIC (ug/mlL) MBC (ug/mL)
Escherichia coli 10 10
Staphylococcus aureus 5 5

4. Conclusions

The silver nanoparticles were successfully prepared and used as an antibacterial agent
against selected Gram-positive and Gram-negative bacteria. The successful formation of the
silver nanoparticles was evidenced by the emergence of a strong surface plasmon resonance
at 420 nm in the UV-Vis spectrum. The characterization revealed that the nanoparticles
were monodispersed and spherical, with an average particle size of 10 £ 3.4 nm. The ele-
mental composition obtained by EDX demonstrated that the prepared nanoparticles were
composed of silver atoms in their structure. The nanoparticles showed antibacterial activity
against Escheriachia coli (MIC = 10 pg/mL) and Staphylococcus aureus (MIC =5 pg/mL). The
findings from the current study showed that the silver nanoparticles prepared using phyto-
chemicals from the fruits may be a good source of potential antibacterial agents effective
against Gram-positive and Gram-negative bacteria. However, further investigations on the
toxicity and effectiveness of fabricated silver nanoparticles against other microorganisms
are required to widen their potential applications.
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