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Abstract

The synthetic process, type of precursor material, and the phytochemical materials involved in the
biological synthesis of metal nanoparticles influence the properties of the resulting nanoparticles. The
physicochemical attributes of synthesized nanoparticles, in turn, influence their applicability for
various purposes, hence the need to standardize synthetic processes and characterize nanoparticle
outputs for reproducibility and optimal utility. The objective of this study was to utilize bitter leaf
(Vernonia amygdalina) extract in the synthesis of silver nanoparticles (AgNPs), characterize the
nanoparticles, and then evaluate the same for antimicrobial activities. The V. amygdalina extract was
produced by the soxhlet extraction process after the leaves were subjected to standard pre-extraction
treatments using methanol as the extraction solvent. The solid extract was separated by rotary
evaporation, and a predetermined quantity was mixed with 0.1 M silver nitrate solution under
controlled concentration, temperature, and pressure. The resulting nanoparticles were characterized
for morphological, optical, spectroscopic, and other physicochemical properties and then evaluated
for antibacterial activities. The mean particle size, polydispersity index, and zeta potential of the
nanoparticles were 74.231 + 0.43 nm, 0. 645 + 0.04, and 32.045 + 0.054 mV, respectively. The Fourier
transform infrared analysis suggested an association between the silver nanoparticles and the extract
biomolecules, while x-ray diffraction showed particle crystallinity. The nanoparticles were effective
against selected Gram-positive and Gram-negative bacteria. It was concluded that the procedure and
materials used resulted in the synthesis of silver nanoparticles from the silver nitrate salt through a
biogenic reduction process.
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Introduction

Nanomaterials may be described as substances consisting, in whole or parts, of particles having size
distribution within the range of 1-100 nm and in which the ultra-fine sizes confer on the material some
unique characteristics that were lacking or less prominent in their original larger-sized source materials.
Upon attaining the nanosized structure, materials characteristically acquire many novel
physicochemical characteristics that make them more useful and functional than their macro-sized
counterparts. Basically, such materials exhibit markedly reduced weight-to-volume ratio accompanied
by amplified surface area, enhanced optical and magnetic properties as well as exaggerated reactivity.
Nanosized drugs are reported to exhibit higher solubility, greater membrane permeability, and
enhanced bioavailability, making them ideal platforms for both local and systemic drug delivery. Such
acquired properties of nanomaterials are also being utilized in novel ways in virtually all fields of
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human endeavors, including agriculture, sports, intelligence systems, and security, as well as in the
medical and pharmaceutical sciences and other specialties. The nature of their precursor materials
equally significantly influences the applicability of some nanomaterials for specific purposes, the
fabrication technology deployed, the processing environment, and often, the materials used in their
synthesis. The functionalities of many nanomaterials are also affected by their physicochemical
properties, such as shapes, powder morphology, particle size distribution, crystalline structures, surface
charges, and other specific characteristics. Although many previous workers had synthesized AgNPs
using mechanical, chemical, and biological processes [1-3], to the best of our knowledge, only Aisida et
al. [4] utilized bitterleaf (V amygdalina) extract for such synthesis. Unlike the aqueous solvent used by
these authors in a hot maceration technique, the current work utilized a less polar solvent, methanol, in
a soxhlet process to harvest the extract. This was in consideration of the fact that some of the bioactive
principles in the leaves may show preferential solubility in nonpolar solvents and a thermally-assisted
extraction process. A successful synthesis of AgNPs through the current process will offer a comparison
between distilled water and methanol-based extracts in terms of the physicochemical characteristics of
AgNPs synthesized using the two extraction solvents in two different processes. The conflicting relative
abundance of tannins in Vernonia amygdalina (V. amygdalina) leaf extract, as reported by different
authors, will also be investigated.

Many technologies have been utilized for the preparation of nanoparticles. These processes are
broadly classified as top-down and bottom-up techniques. While top-down methods involve the
breakdown of materials from larger sizes to smaller sizes at the nanoscale level, bottom-up methods
involve the aggregation or build-up of atomic or molecular-sized materials to nanoscale sizes. Top-
down processes may be achieved by mechanical milling, thermal/laser ablation, chemical etching, and
microwave and ultrasonic wave applications, among others [5]. Bottom-up methods, on the other hand,
involve one or more of the following processes: spray drying, spray pyrolysis, flame spray pyrolysis,
molten metal atomization, wet chemistry, biological synthesis, and incidental formation of
nanoparticles [6].

Biological/biogenic synthesis of nanomaterials involves the use of biological or bioactive materials
found in biological species like bacteria, fungus, algae, and plant extracts to mediate chemical reaction
processes that result in the reduction of metallic salts to their pure metal or metal oxide nanoparticles
[7]. This process has gained wide acceptance as a preferred alternative to the other traditional methods
due to the many advantages it offers. The process is generally simple, devoid of the use of toxic
chemicals, and does not require high energy inputs. It is also environmentally friendly, and the useful
biological materials are widely available and cheap. Biological processes are also amenable to control,
just as the end products can be manipulated or functionalized to suit specific application purposes [8,
9]. It has been established that phytochemical constituent of plant extracts like phytosterols, flavonoids,
and saponins play the role of reducing and stabilizing agents during the chemical interaction between
the extract and the metal salts [10].

V. amygdalina, which is generically known as a bitter leaf, is a perennial shrub belonging to the
taxonomic family Asteraceae and the genus Vernonia. It grows in many tropical climates, particularly
within the West African region [11]. It is called by many local names in different cultures, including
Onugbu, Ewuro, Fatefata, and Eriwo, by various tribes in Nigeria [12]. In Ghana, it is popularly known
as Awonwon [13], while the Togolese call it Aluma [14].

Previous research has reported the high content of phenolic compounds, saponins, alkaloids, and
flavonoids in bitter leaf extracts [15,16]. This invariably makes the extract a good candidate for the
biological synthesis of AgNPs. Similarly, the use of V. amygdalina extracts for traditional management
of suspected cases of cancer, diabetes, neurological pains, malaria, high blood pressure, anemia, and
other disease conditions has been separately reported by Akah et al. [17] and Ugwu et al. [18]. V
amygdalina-based AgNPs may, therefore, produce a synergy between the therapeutic effects of the
plant extract and the known therapeutic activities of AgNPs. The current work, therefore, not only
synthesized and characterized AgNPs but also investigated the existence of possible synergistic
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antimicrobial effects resulting from the conjugation of the nanoparticles and the biomolecules of the V.
amygdalina extract by comparing the antimicrobial zones of inhibition caused by the raw extract, pure
AgNOs and the synthesized AgNPs against reference antimicrobial drugs. Although a number of
researchers have investigated the prospect of biological synthesis of AgNPs using plant extracts [19-21]
the use of V. amygdalina extract for this purpose with the extensive characterization of the resulting
nanoparticles has, to the best of our knowledge, been scarcely done. The current work may, therefore,
be a good addition to the existing knowledge of the synthesis, characterization, and antimicrobial
activity of AgNPs.

Materials And Methods
Materials

Mature fresh leaves of V. amygdalina were collected from the Demonstration Farms of the
Department of Crop Science, University of Nigeria Nsukka, Enugu State, Nigeria, in July 2022. AgNO3
(anhydrous - 99.80 %), swab sticks, Muller Hinton broth, and Muller Hinton agar were products of
Sigma Aldrich, Germany, while Staphylococcus aureus (Staph aureus), Escherichia coli (E coli),
Exiguobacterium aquaticum (E aquaticum) and Candida albican (C albica) were gifts from Adonai
Medical Diagnostic Laboratories, Nsukka, Enugu State, Nigeria, Reference samples of Ciprofloxacin
and Amphotericin B were obtained from Juhel Pharmaceutical Industries, Nigeria. All other chemicals
and reagents used in the study were obtained from a licensed chemical vendor, Jeochem (Nig) Ltd,
Nsukka, Nigeria, and were used as supplied except otherwise specified.

Methods
Plant material collection preparation and extraction of constituents

The plant sample was identified by Mr. S. M. Ozioko (a Taxonomist) at the Bioresource Centre,
Obechara Roundabout, Nsukka, Enugu State, Nigeria, who also gave a sample identity number,
BRC/2022/15PR and archived a voucher specimen in the Centre’s herbarium. Prior to use, the leaves
were treated according to the method reported by Aisida et al. [4]. In brief, the leaves were washed
thrice under running tap water, then rinsed with distilled water, and subsequently dried under shade
for 14 days. The dry leaves were finally milled to coarse powder with a domestic electric grinder
(LP/Bx/071). A total of 2000 gm of the powder was extracted in eight batch runs of 250 gm per batch
using 400 ml of methanol for each batch on a soxhlet equipment (SE-6P, BIOEVOPEAK INC. USA). The
crude extract was filtered through a No 1 Whatman filter paper, and the filtrate was concentrated on a
rotary evaporator (Hei-Vap Core, Heidolph Instruments, GMB Germany). The gummy residue was
freeze-dried to soft powder using a vacuum pressure-low temperature freeze drier (Decibel Digital
Technology, India).

Phytochemical analysis of bitterleaf extract

Various standard methods reported for determining phytoconstituents of extracts were used in the
current studies, and these included Molisch’s test for carbohydrates and other specific qualitative tests
for saponins, flavonoids, alkaloids, and tannins: terpenoids, steroids, and phenolic constituents [16].
The relative abundance of each component was indicated with plus signs, with one, two, and three plus
signs indicating low, moderate, and high concentrations of constituents, respectively. The absence of a
component was indicated with a minus sign.

Synthesis of AGNPs

Biogenic synthesis of metal nanoparticles generally involves reduction reactions between biological
metabolites like polyphenolic compounds, polysaccharides, amino acids, alkaloids, and vitamins,
among others, and metal salts or ions in which the metabolite acts as the reducing and stabilizing
(capping) agents for the conversion of metal salts/ions to zero valence metal nanoparticles [22]. In the
current work, 1 ml of V amygdalina leaf extract was added in a dropwise manner to a 100 ml volume of
a 0.001 M solution of silver nitrate contained in a 250 ml capacity conical flask. The reaction was carried
out under a controlled temperature of 80 °C with the pH adjusted to 10 with 0.1 M NaOH solution and
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under continuous shaking. The process was closely observed until a sudden change in the color of the
mixture was observed. These reaction parameters have been reported to be optimum for greater yield
and reproducible quality of the AgNPs [23]. The mixture was then centrifuged (Omega 4 Centrifuge) at
20,000 rpm for 25 min, which resulted in the sedimentation of some precipitates. The supernatant was
decanted, leaving some soft pellets. The pellets were washed six times with double distilled water,
followed by rinsing with 90% ethanol to improve the purity of the synthesized AgNP powder [4].

Characterization of AgNPs
UV spectral analysis of AGQNPs

The UV spectral analysis of the sample was determined in triplicate using a UV spectrophotometer
(JENWAY 7305, Germany). A 30 mg/ml solution of the synthesized AgNPs was scanned through 300 -
600 nm wavelengths. The values generated were used to construct the UV-visible light absorbance
spectrum from which the wavelength of maximum absorbance (Amax) was determined.

Spectroscopic, microscopic and antimicrobial activity analysis of AGQNPs

The synthesized AgNPs were also subjected to relevant microscopic, spectroscopic, and
antimicrobial analysis to elucidate their physicochemical, morphological, and antipathogen attributes.
Sample preparations for the tests were done according to the method of Droepenu et al. [24] and
Droepenu et al. [25], while equipment operation was according to manufacturers’ guidelines.

The mean particle sizes (Z-Average), polydispersity index, and zeta potential of the samples were
studied on a dilute suspension of the nanoparticles using the dynamic light scattering equipment (Zeta-
Nano, Model ZEN3600, Malvern Paralytical, United Kingdom). The equipment was designed to
measure the three parameters concurrently. A scanning electron microscope (SEM) (SU3500, Hitachi)
and a Transmission electron microscope were used to study the surface morphology of the
nanoparticles. In contrast, the X-ray diffraction studies for the structural elucidation of the AgNPs
powder were conducted on a Shimadzu- 7000 madel Powder X-ray diffractometer equipped with Cu-
Ka radiation capacity of A = 1.5406 A and set at a continuous scanning range (26) of 15 - 80 °C at room
temperature. The functional groups present in the AgNPs were investigated using a Fourier transform
infrared (FTIR) spectrometer (Agilent Technologies USA). In brief, a thin smear of the sample dissolved
in dichloromethane was sandwiched between two sodium chloride crystal cells, which were then placed
in the sample holder of the FTIR equipment and scanned through 4000 to 400 cm. The X-ray diffraction
partners were obtained by use of an X-ray diffractometer (ADX 8000 Mini & - ©).

Investigation of antimicrobial activity of the synthesized AgNPs

A study of the comparative antibacterial activity of the V amygdalina extract, ciprofloxacin (positive
control), AgNos (precursor), and AgNPs was carried out to situate the antimicrobial effectiveness of the
AgNPs. A slight modification of the procedure for bacterial broth preparation and plate inoculation
reported by Droepenu et al. [24] and cited in Droepenu et al. [26] was used for the investigation using
500 ppm concentration of each preparation. Briefly, a 5.40 + 0.74 g weight of dried broth was dissolved
in 400 ml of deionized water, and the solution was autoclaved at 121 °C for 15 min. Culture strains
of Staphylococcus aureus (G +ve), Escherichia coli (G —ve), and Exiguobacterium aquaticum (G +ve) were
inoculated under a shaker at 37 °C for 16 h. The entire surface of the prepared agar plate was streaked
with 1.0 ml of the previously prepared bacterial broth. A 10 pl volume of the Ciprofloxacin, V
amygdalina leaf extract, AgNOs, and AgNP solutions were each pipetted and dropped onto the surface
of the agar disk (6 mm diameter), gently pressed down, and allowed to stand at room temperature for
10 min. The various plates were incubated at 37 °C for 16 h, and thereafter, the inhibition zones of the
preparation were measured in millimeters. Testing was done in triplicate with values expressed as mean
+ SD, and data was analyzed by one-way analysis of variance. Significant differences were concluded
at p<0 05 [27].
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Results and Discussion
Synthesis of AGQNPs

As the solution of the V. amagdalina extract was being added in a dropwise manner into the AgNOs
solution with continuous shaking, the mixture suddenly turned pale yellow from an initial dark
greenish color and eventually to dark brown upon standing for 15 min. Figure 1(III) shows the color
transition during the synthesis process. Wani [28] noted that biologically synthesized AgNP solutions
characteristically exhibit color transition as evidence of the reduction of the AgNOs to AgNPs. Previous
authors have also reported Abrupt color change signaling the formation of AgNPs during biological
synthesis [29,30], who attributed it to the formation of surface plasmon resonance (SPR).

[ LECOART ST 8 o

Figure 1 (i-iii). i: Fresh
bitterleaves, ii: Crude
greenish extract, iiiA:
Spontaneously formed
yellow coloured AgNP
solution and iiiB: AgNP
solution turned dark
brown upon standing.

Phytochemical analysis of extract

Some of the identified phytoconstituents of the bitterleaf methanol extract are listed in Table 1. The
results showed that the extract contained a relatively high proportion of saponins, alkaloids, phenols,
and flavonoids but a moderate proportion of tannins and a low content of carbohydrates and
terpenoids. Reducing sugar was not detected in the extract. Previous works that used aqueous extract
reported a similar trend in the relative abundance of various phytochemicals in V. amygdalina extract
[16] and concluded that the sticky texture of bitter leaf extract was due to the low content of tannins.

Researchers agree that bioactive phytoconstituents like phenolic compounds, saponins,
polysaccharides, flavonoids, and others are responsible for the reducing properties of plant extracts [31].
These phytochemicals facilitate reduction reaction by donating free electrons to some circulating
positively charged metal ions, thereby converting the latter to neutral free metal nanoparticles.

Table 1. Phytochemical constituents of V. amygdalina extract.

Phytoconstituents Relative abundance
Saponins Tt

Flavonoids Tt

Terpentoins T+

Phenolic compounds ot

Tannins +

Carbohydrates +

Alkaloids .

Reducing sugar -

Ultraviolet-visible light spectral analysis of AGQNPs

Figure 2 shows the UV-vis light spectrum of the AgNP solution. The wavelength of maximum light
absorption (Amax) was observed to be 420 nm. This value was within the general range of 400 - 450 nm
reported in previous works, which also observed that values above the upper limit are associated with
aggregated nanoparticles. In contrast, shifts below the lower limit may be suggestive of the presence of
impurities [30]. SEM studies of our synthesized AgNPs revealed predominantly non-aggregated
particles. The spectral characteristics of AgNPs are believed to be influenced by the presence of surface
plasmon resonance (SPR), a phenomenon attributed to the interaction between incident radiations and
oscillating band electrons on the surfaces of the silver nanoparticles [32]. SPR is also thought to arise
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from changes in the local dielectric constant
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Figure 2. Uv-vis absorbance spectrum of AgNPs solution.

Particle size distribution, polydispersity index and zeta potential of AGQNPs

Particle size distribution

The result of the dynamic light scattering (DL

S) investigation gave the particle size distribution

histogram shown in Figure 3. The mean particle size (Z average) was 74.231 nm. This size was within
the nanoscale range of 1 - 100 nm, suggesting that AgNPs were actually synthesized in the current work.
The bioactive components of the extract acted as reducing agents that converted Ag+ to free AgNPs.
The polydispersity index was 0. 645. This value is an indication that the particles were mono-dispersed.

PDI values less than one indicate particle size
uniformity [34]. The average zeta potential (ZP) of
particles suggests the predominating charge
environment/ species close to the surfaces of the
particles. The ZP of the synthesized AgNPs was (+)
32.045 mV. This relatively high positive ZP may be
responsible the
aggregation of the particle, as observed in the
SEM analysis [35]. Similarly, charged particle
surfaces tend to experience interparticulate
repulsion, thereby preventing aggregation of the
various particles [34].

for predominantly non-

FTIR spectroscopic analysis of the synthesized AgNPs
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Figure 3. AgNPs particle size distribution curve.

Figure 4 shows the FTIR spectral readings of the AgNP samples. The components of the spectrum
show the presence of peak bands representing functional groups that are not characteristic of pure silver
metal. It is known that FTIR spectroscopy cannot read pure atoms or monoatomic ions like Ag or Ag+

alone [36]. Therefore, the presence of the various

peaks may have arisen from biomolecules of the V

amygdalina extract attached to the surfaces of the AgNPs, which caused the bioreduction reactions. Such

conjugations enable the biomolecules to
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Figure 4. AgNPs FTIR spectrum.
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Table 2. FTIR spectral bands and functional group assignment.

Frequency (cm)-1 Spectral peak assignment

3362.1 OH stretching of alcohol and phenols in the extract
2855.1 CAN stretching

29222 C- H stretching

1718.3 C- C stretching

1428..4 N- H stretching in amide linkage

1379.0 N=0 symmetry stetching in nitro compounds
7194 Bonding of metal particles with oxygen

SEM analysis of synthesized AgNPs

Figure 5 (x500) gives the surface morphology of silver nanoparticles synthesized from leaf extract
of V. amygdalina. It elucidates the individual silver nanoparticles as well as a few aggregates. Rozhin et
al. [5] noted that the capping activity of the plant metabolites prevents self-aggregation among the
individual nanoparticles. The nanoparticles were predominantly spherical in shape. This was in
consonant with earlier works such as Aisida et al. [4], Vanaja et al. [37] and Singh et al. [38] reportedly
synthesized spherical-shaped AgNPs through various biogenic processes. Reports by Aisida et al. [4]
noted that AgNP shapes are influenced by factors like pH and temperature but not by the concentration
of the precursor material. Ye et al. [39] observed that sphericity confers added therapeutic advantages
to the nanoparticles since it may enhance their free blood circulation, membrane permeability, and
binding affinity. Further, Figure 6 shows the TEM micrograph of the synthesized nanoparticles. The
structure suggested the existence of a number of disaggregated crystalline particles.

Figure 5. SEM of synthesized silver nanoparticles thin film. Figure 6. TEM micrograph of AgNPs.

Energy dispersive x—ray (EDX) diffraction analysis

The elemental compositions of the biosynthesized silver nanoparticles are shown in Figures 7 and 8.
The reduced silver nanoparticles were subjected to EDX analysis, and signals with an optical absorption
characteristic peak at 3 keV were observed. The atomic concentration of the AgNPs was 2.52 %, with a
weight concentration of 7.70 %. Vanaja et al. [37] reported that silver nanoparticles showed distinctive
absorption peaks at 3 keV. Therefore, this finding is in consonant with earlier works. Other elemental
components of the AgNPs with their relative atomic and weight percentages. The tiny multiple peaks
of Figure 9 (A and B) signified the high crystallinity of the AgNO3 AgNPs structures. The weak silver
peak recorded by EDX (Figure 7 might be due to the low concentration of silver nitrate used in the
biosynthesis of the silver nanoparticles. In this work, 100 ml of 1 mM AgNOs was combined with 10 ml
of aqueous leaf extract of V. amygdalina, which resulted in a more dilute mixture than that of Vanaja et
al. [37] in which 10 ml of freshly prepared stem extract was added into 90 ml of 1 mM silver nitrate
solution giving a total reaction volume of 100 ml, and consequently a higher concentration mixture.
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It is likely that even though AgNPs were deposited, a relationship exists between the concentration of
the AgNOs used as starting material in the green synthesis and the intensity of the peak of AgNPs
produced. Parit et al. and Melita et al. [40, 37] reported that XRD peaks were observed at (111), (200),
(220), and (311) when a high concentration of AgNOs was used but shifted to (122) and (231) when a
lower concentration was used for the test.

Element Atomlc Welght

Q Aq 77 77 54

Ti 44 35 60.09

Te 2.61 94?2

Ag 252 770

C 0.75 0.26
0 1 2 3 4 5 é 7 8 9 10 n 12 13 " 15 16 7 18 19
268.233 counts in 30 secorx
bz o = Energy (keV)

Figure 7. EDX spectrum of AgNPs showing elemental composition.

Microbial activity of the synthesized AGNPs

Table 3 displays the values of the zone of inhibition of the growth of selected microbial species,
namely, Staph aureus, E coli, E aquaticum, and C
albican by the extract, control drugs, the
AgNPs, and the precursor AgNOs solution. It
was observed that ciprofloxacin exhibited the
largest zones of inhibition against all the three
bacterial species but produced no inhibition in
the C albican isolate. This observation is in
tandem with the literature report that
ciprofloxacin is a potent antibiotic with broad-

I\ Aluminum Phosph.. : 30(4)%
I\ Dinite : 30(4)%

I\ Chaoite : 16(8)%

I Marialite : 2(2)%

I\ Osumilite : 4(3)%

I Silicon Oxide : 8(5)%

I\ Refikite : 10(5)%

spectrum antibacterial activity against many
Gram-positive and Gram-negative bacteria
but has no intrinsic antifungal effects [41].

Figure 8. Pie chart representation of EDX spectrum and elemental

composition of AgNPs.
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Figure 9 (A & B). EDX spectra showing multiple tiny peaksnity.

On the contrary, Amphotericin B exhibited a relatively large zone of inhibition on the fungal disk
but none on the bacterial disks, reflecting the known pharmacological activities of the drug as a weak
antibacterial but strong fungicidal agent [42]. The raw V. amygdalina extract and the AgNOs salt
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exhibited antibacterial and antifungal effects. Again, the antibacterial and antifungal activity of silver
salts and V. amygdalina extract has been reported [43]. The results clearly showed that for all the
organisms, the AgNPs caused more significant growth inhibition than the raw extract and the precursor
AgNOs salt. The zones of inhibition produced by the AgNPs were comparable to those of the
ciprofloxacin. This observation suggested that nanosization enhanced the antimicrobial activity of both
the extract and the AgNQOs; and this is likely due to the surface conjugation of the V.
amygdalina biomolecules and the AgNPs, causing either additive or synergistic effects. Tests were
carried out in replicates whereby recorded values were equal to mean + standard deviation (SD), and
significant differences were concluded at p<0.05 from data analyzed using analysis of variance
(ANOVA) statistic and Turkey HSD. Figure 10 shows the zones of inhibition caused by the pure extract,
AgNP, as well as Ciprofloxacin and Amphotericin B (positive controls for antibacterial and antifungal
agents, respectively).

Table 3. Bacterial and fungal zones of inhibition of various test and control materials.

Mean zone of inhibition (mm)

Material (500 ppm) Organism
Staph aureus E. coli E. aquaticum C. albican
Ciprofloxacin 197+1.3 1.87+0.5 143+1.2 -
Extract 1.02+0.7 13103 1.03+0.8 0.85+0.5
AgNOs 1.43+0,5 126+2.6 121+24 075+ 0.3
AgNPs 1.67+0.4 1.54+1.3 1.33+0.7 1.14+0.8
Amphotericin B - - - 1.68+ 0.3

-

E aquaticum

D

Figure 10. Antimicrobial activities of ciprofloxacin, Amphotericin B, AgNO3, V amygdalina extract and AgNPs against sample
bacteria species (see table 3 for dimensions).

Conclusion

Phytochemicals in the V. amygdalina extract mediated the conversion (reduction) of AgNOs
molecules to free AgNPs by donating free electrons to neutralize positive charges of circulating silver
ions (Ag"). The synthesized AgNPs exhibited characteristic SPR features and evidence of biomolecule
attachment on the surfaces of the nanoparticles, which were predominantly spherical in shape,
disaggregated, and had a mean particle size of 74.231 nm. Current findings align with previous
researchers who reported low tannin content in the V. amygdalina extract. Although the V
Magdalena extract and the AgNO:s possessed intrinsic anti-pathogenic properties, conjugating them via
the AgNP complex enhanced their antibacterial and fungicidal activities. The choice of extracting
solvent does not significantly affect the properties of AgNPs produced since the characteristics of the
current AgNPs compared well with those reported in the literature, which were synthesized using other
extraction solvents.
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