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Conventional physical and chemical methods for synthesizing silver nanoparticles (AgNPs)
often use reducing agents, and other chemicals that are harmful to the environment because
of their toxic properties. This has prompted significant concern and the need to develop
environmentally acceptable approaches. Due to the constraints of traditional chemical-
physical methods, green synthesis methods are being developed to fill these gaps by utilizing
biological components extracted from plants. These plant-derived biomolecules are highly
specific and facilitate the creation of metal nanoparticles. AgNPs, produced through these
methods, possess a wide variety of metabolites with antibacterial effects. In light of this, the
current investigation aimed to produce AgNPs using aqueous extracts obtained from
Moringa leaves (Ml), Juniper leaves (JI), and Juniper beans (Jb)via a green chemistry
technique. Various analytical methods, including UV-visible spectrophotometry (UV-Vis),
transmission electron microscopy (TEM), dynamic light scattering (DLS), Fourier
transform infrared spectroscopy (FT-IR), and energy-dispersive X-ray spectroscopy (EDX)
analysis, were employed to characterize the synthesized AgNPs. After adding the plant
extracts, the color of the aqueous silver nitrate solution noticeably changed to brown.
Furthermore, a shift in absorption spectra was noted, with absorbance peaks appearing
around Amax = 449.5 nm, 478.5 nm, and 440.5 nm for Juniper leaves, Jb, and Moringa
extracts, respectively. DLS analysis revealed that the synthesized AgNPs varied in size and
polydispersity index (PDI) values, with sizes of 108 nm (PDI = 0.246), 101 nm (PDI =
0.278), and 161 nm (PDI = 0.240) form Jl, Jb, and MI extracts, respectively. These
nanoparticles displayed no agglomeration and were stable over a long period. Transmission
electron microscope/TEM analysis confirmed the synthesis of well/dispersed AgNPs with
an average sizes of less than 22 nm, displaying different shapes likely due to the variety of
capping agents present in the bean and leaf extracts. Elemental profiles showed a peak at 3
keV for the synthesized AgNPs, indicating a high proportion of silver elements in all three
samples. The synthesized nanoparticles were also subjected to biological screening. The
investigation involved testing their antibacterial activity against various bacterial and fungal
strains. The JInano extract exhibited significant antifungal activity. Conversely, the aqueous
and nano-extracts of Ml showed less effectiveness against fungal growth. The plant nano
extracts, in particular, demonstrated a clearer effect against all tested fungi compared to the
plant aqueous extracts. Among the AgNPs synthesized, those from Moringa extract had the
greatest effect on Gram-positive bacteria (S. aureus), with an inhibitory zone diameter of
4.5 mm.
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1. Introduction

Concerns around antimicrobial resistance are on the rise globally. The increasing number of
antibiotic-resistant microorganisms challenges current and future medical advances. Therefore,
researchers continually search for new, cost-effective, and more efficient therapeutic agents to
combat microbial infections and eliminate bacterial resistance [1]. The increasing frequency of
bacterial resistance causes substantial mortality and morbidity across the globe; as a result, the
discovery of new antibacterial drugs is of crucial relevance [2]. Among the various nanoparticles
utilized for these applications, metallic AgNPs are regarded as having the most promising
antibacterial capabilities due to their high surface-to-volume ratio. Due to the rising prevalence of
microbial resistance to metal ions and antibiotics, scientists have a vested interest in studying this
characteristic. Many technological and environmental issues are looking to nanoparticles as a
potential solution. The risks to international efforts are lessened by biological synthesis techniques
for NPs [3].

Metallic nanoparticles (MNPs) have been reported as a potential substitute for antibacterial
drugs, due to their effectiveness against bacteria and fungi [4-6]. MNPs exhibit greater physiological
activity and require lower doses than their bulk metal equivalents due to their shape - size and high
ratio of surface/volume [7]. Also, nanoparticles use many antimicrobial strategies, such as creating
reactive oxygen species (ROS) that impair protein and RNA production and affect microbial
membrane integrity. Nanoparticles also have unique physicochemical and biological properties,
including the ability to fight tumors, inflammation, and bacteria.

AgNPs have recently attracted significant attention because of their distinctive antibacterial
properties. Diagnostics, coatings, and sensors are just some of the many uses for silver
nanomaterials. It has also been suggested that AgNPs may be an invaluable asset in the
bioformulation of novel antimicrobial drugs, developing drug delivery formulations, and creating
diagnostic and detection platforms. By penetrating the cell and interfering with essential processes
at the cellular and subcellular levels, AgNPs stifle bacterial growth [3]. These characteristics allow
a high level of interaction between the MNPs' surface and microbial membrane [8]. They can be
produced using a range of physical-chemical methods, including thermal breakdown, sonication,
electrochemistry, and chemical reduction [9-11]. The antifungal efficacy of green nanomaterials is
greater than that of chemically synthesized nanomaterials . Two of the main disadvantages that are
associated with using these methods include high energy consumption and the use of potentially
hazardous chemicals [12-14].

Synthesising AgNP through chemistry is a straightforward approach that produces high
yields. The primary drawbacks of the chemical method to AgNP production are the high cost of
synthesis and the different processes necessary to avoid particle aggregation. Furthermore,
nanoparticles that are chemically manufactured release harmful byproducts into the environment. In
addition, harmful chemical adsorption on nanoparticles occurs when a chemical approach is used
for AgNP production, which has a detrimental effect when used [15]. On the other hand, green
biosynthesis of nanomaterials has used less dangerous stabilizing and reducing agents, most notably
plant extracts. Plant extracts are used in a natural reaction process that is not bound by extreme or
stringent reaction conditions, which results in biogenic nanomaterials. Another benefit of green
nanomaterials synthesized by plant extract is their reduced cytotoxicity [16].

Meanwhile, green nanotechnology is gaining popularity as a means of facilitating the
production of nanoparticles that are environmentally friendly, safer for living beings, and possess
sustainable commercial viability. Moreover, there has been an increase in demand to develop more
ecologically material synthesis techniques, and the biosynthesis of nanoparticles, which connects
biotechnology with nanotechnology, has drawn more attention. Moreover, the quest for suitable
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biomaterials for the production of nanoparticles is still ongoing [7]. MNPs have also sparked interest
in their "green synthesis" [18].

At present, plants or their extracts are commonly used to produce AgNPs. Various plant
species, such as Solanum xanthocarpum L. Berry [19], tea leaves [20], Callicarpa mainly stem bark
[21], Trachyspermum ammi, Bauhinia variegate [22], Terminalia chebula [23], and Papaver
somniferum [24], have been utilized for this purpose. Furthermore, the use of other plants in
producing AgNPs has also been reported, such as Hevea brasiliensis [25] and Memecylon edule
[26]. However, th potential of such plants for nanoparticle synthesis is yet to be studied. This study
used an eco-friendly green chemistry technique to synthesize AgNPs from extracts of Moringa
leaves (M), Juniper leaves (J1), and Juniper beans (Jb) as a reducing agents. Moringa oleifera is a
wild herbaceous plant widely distributed throughout many tropical countries, including India. Its
leaves contain active ingredients such as astragalin, crypto-chlorogenic acid, and isoquercetin [27].
Juniperus procera is found naturally in Saudi Arabia and East Africa [28,29] and possesses many
reported medical benefits, such as its anti-cancer, insecticidal, and antimicrobial properties [30-32].
The main goal of this study was to characterize the synthesis of AgNPs using various analytical
techniques and evaluate their efficacy against different pathogen strains.

2. Materials and methods

2.1. Materials

The silver nitrate (AgNOs, with a purity of over 99.99%) was sourced from Sigma Aldrich,
the MI were collected from well-grown trees in farm that are located in Saudi Arabia in 2022, and
the Jland beans were purchased from Amazon.

2.2. Plant extract preparation and silver nanoparticle synthesis (AgNPs)

The collected plants (Moringa leaves (M), Juniper leaves (JI/), and Juniper beans (Jb)) were
cleaned, dried, and powdered into fine powder. Twenty grams of plant powder was soaked in 100
mL of boiled distilled water and left overnight. This was followed by filtration to isolate the Ml, JI,
and Jb aqueous extracts. The formulation of silver nanoparticles (AgNPs) was carried out by
separately adding 10 mL of each M, JI, and Jb aqueous extract to 1.0 mM silver nitrate (AgNO3)
solutions. The reaction mixtures were then subjected to continuous stirring at 90°C to facilitate the
formation of AgNPs. The produced AgNP samples were stored at ambient temperature and in
complete darkness to prevent particle agglomeration. Figure 1 Shows a visual representation of the
key stages and components involved in this synthesis method of green eco/synthesis of AgNPs using
plant extracts. The visual observation during the synthesis process has been illustrated in Figure2.
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Fig. 1. Mechanistic of Green eco/synthesis of AgNPs using plants extracts.
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Fig. 2. Visual observation (4) silver nitrate solution (colorless), (B) 5 mins after adding plants extracts (a
faded brown color appears), and (C) 15 mins after complete synthesis of AgNPs takes place (dark brown
color).

2.3. Characterization of synthesized AgNPS

The optical properties of the synthesized AgNPs were examined using a UV -2450
Spectrophotometer from Shimadzu Corporation, Kyoto, Japan. Dynamic Light Scattering (DLS)
was then performed utilizing a zeta sizer (Malvern, UK) to measure the size distribution of the
AgNPs,. This was followed by the use of Fourier Transform Infrared Spectroscopy (FT-IR) on a
Spectrum BX spectrometer from PerkinElmer, Waltham, U.S.A., within the wave number range of
4000-400 cm™', to identify the functional groups present in the samples.

The surface morphology and resulting nanoparticle sizes were analyzed using transmission
electron microscopy (TEM, JEM-2100F, JEOL Ltd, USA) at an accelerating voltage of 200 kV. The
presence of silver in the suspension was confirmed through energy dispersive X-ray spectroscopy
(EDX) analysis, which also detected other core particle components.

2.4. Antimicrobial assignment

The plates were incubated overnight with the following bacterial strains: Escherichia coli
(E.coli) and Pseudomonas aeruginosa (P. aeruginosa) (Gram-negative), and Staphylococcus
aureus(S. aureus) and Bacillus subtilis(B. subtilis) (Gram-positive), obtained from the Botany and
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Microbiology Department, King Saud University (KSU). The synthesized Ag-NPs and the aqueous
extract from the plant species used in the study were steadily aliquoted until the wells were filled.
The combined substances were then mixed and incubated at 37 degrees Celsius for a full day. After
that, the damping zone's diameter was computed.

2.5. Antifungal assignment

The antifungal activity of the samples in four fungi was studied: Alternaria alternata,
Trichoderma stromatic, and Fusarium solani. These samples were obtained from Botany and
Microbiology Department at King Saud University. PDA media was then prepared and sterilized.
This was followed by mixing 2 ml of treatment was added to 20 ml of PDA media in a Petri dish,
and the mixture was homogenized. This was followed by transferring a disc of fungi, using an
inoculation needle, and placing it upside down in the middle of the dish. The party dish containing
the samples was then incubated at 27 °C for 5 days. The Petri dishes containing the samples were
incubated at 27 °C for 5 days. The results were photographed using a digital camera (Canon
PowerShot ELPH 180- 20MP, Japan) The diameter of the fungal growth was measured from the
plate directly using a ruler. The results were recorded and compared to the control experiment (non-
nano plant extract).

3. Results and discussion

3.1. UV-Vis spectroscopy analysis of AgNPs

Subsequently visually inspecting the progress of silver ion (Ag+) reduction to G-AgNPs,
the reaction media was scanned at regular intervals using UV-Vis spectroscopy. Upon adding the
aqueous plant extract to the AgNOs solution, the color visibly changed from yellow to brown (Figure
2) was observed. One research study showed that Plant extract metabolites converted silver (Ag+)
ions to silver (Ag) atoms (Ag®) [34]. Surface plasmon vibrations (SPR) in the resultant AgNPs were
excited as a consequence of the decrease, causing an absorbance peak that appears around Amax=
449.5, 478.5, and 440.5nm for JI, Jb, and M! extracts, respectively as a result of the excitation of the
SPR in the AgNPs [35]. Since Surface plasmon vibrations (SPR) depends on a number of
characteristics, including particle size and/or the dielectric constant of the surrounding medium, it
is often employed as an indicative tool for metal nanoparticle production. Extracellular reduction of
Ag+ ions suggests the creation of Ag nanoparticles [36]

The sharp UV-Vis absorption spectra of AgNPs produced by JI, Jb, and M! extracts are
shown in Figure 3 (A-C), commonly measured between 350 and 600 nm for colloidal silver
nanoparticles [37]. As a result of size and shape differences, as well as other physical features,
produced silver nanoparticles (AgNPs) exhibit varying UV spectra [38].

Other studies [39] stated that; silver NPs in the reaction fluid had spectra with an absorption
peak at 430-450 nm, whereas they claimed that the peak absorbance occurs at 438 nm. The
phytochemical's presence on the AgNPs' surface, which assists in capping, was also identified, as
indicated by peaks not before mapped.
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Fig. 3. The UV-Vis absorption spectra of the synthesized AgNPs using (4) JI, (B) Jb,
and (C) Ml extracts, respectively.

3.2. DLS analysis of AgNPs

DLS is one of the greatest adaptable methods for measuring NP size, size distribution,
hydrodynamic diameter, and stabilization [40-42]. DLS analysis provided the average zeta diameter
(nm) of the resulting AgNPs. In an aqueous solution cotaining a metallic core, ions, and biological
macromolecules attached to the surface of NP, the DLS method is used to assess the hydrodynamics
of NP size [43]. Figure 4 shows the mean average sizes and polydispersity indices (Pdl) of the AgNP
suspensions. Size populations within a specific sample are represented by Pdl. The particle size
distribution index (Polydispersity index, PDI) reflects on a value between 0.0 (representing a fully
monodisperse sample) and 1.0 (representing a substantially poly-disperse sample with numerous
particle size populations). According to a research [44] values of 0.2 or less are generally considered
acceptable in practise for NPs materials. Therefore, the synthesized AgNPs differed in size,
displayed no agglomeration, and were stable for a long time. Furthermore, the data was collated in
Table 1.

Table 1. Mean average size and polydispersity index (Pdl) of the synthesized AgNPs.

Samples Size (nm) | Pdl

JI-AgNPs 108 0.246
Jb -AgNPs 161 0.240
MI -AgNPs 101 0.278
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Fig. 4. Zeta size of synthesized AgNPs using(A) JI, (B) Jb, and (C) MI, respectively.

3.3. TEM imaging and EDX spectra analysis of AgNPs

TEM and EDX analysis were achieved to define the particle magnitude, shape, morphology,
and elemental composition of the synthesized AgNPs. Electron micrographs of the synthesized
sample clearly showed the nanoparticles because of their high resolution, so the resolution will not
be affected by the remaining formulation. Minor differences in particle shapes and morphologies
were detected between samples of Ag NPs synthesized by JI, Jb, and ML extracts (Figure 5 (A, B,
and C). In particular, as shown in Figures 5A and 5C, the majority of particles were found to be
polydispersed and spherical. In contrast, Figure 5B showed that the particles appeared elongated and
well-dispersed, spherical particles of various sizes with little agglomeration. All in all, the
morphology of the synthesized AgNPs varied, possibly due to various capping agents present in
bean and leaf extracts [45,46].

EDX report provides qualitative and quantitative data about the elements that contribute
towards the formation of nanoparticles. The elemental profiles for the synthesized AgNPs indicated
a higher count at 3 keV, resulting in a large proportion of silver elements in all three samples (Figure
5(D, E, and F)). This confirmed the formation of AgNPs since it often exhibits an optical absorption
peak around 3 keV attributed to the (SPR) surface plasmon resonance [47,48]. Further, EDX analysis
verified the presence of carbon(C), oxygen (O2), potassium (K), and chlorine (Cl)in the three
synthesized AgNP samples. In addition, the JI-AgNPs and MI-AgNPs samples contained sodium
(Na) (Figures 5 (D and F)), while Jb-AgNPs contained calcium(Ca) (Figure 5E). Aluminum (Al)
was reported only in MI-AgNPs (Figure 5F).
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Fig. 5. TEM micrographs and elements analysis spectra of the synthesized AgNPs using (A) Juniper leaves,
(B) Jb, and (C) Ml extracts, respectively.

3.4. FT-IR analysis of Ag-nanoparticles

The analysis of samples using FT-IR spectroscopy indicated that functionl groups in the
plant extracts are responsible for the reduction and stability of the formed Ag-nanoparticles. Figure
6 shows the FT-IR spectra of the JI, Jb, and MI aqueous extracts and the synthesized AgNPs from
the respective extracts.

Figure 6 (A and B) show the spectra for J/ extract and synthesized JI-AgNPs; both spectra

exhibited identical peaks with only a slight shift at 3427.97crn_l and 3429.49cm_1. Identical spectra
were recorded for Jb extracts, and the synthesized AgNPs also exhibited a slight shift at 3398.13
cm! and 3396.05 cm! (Figure 6 (C and D)). These bands corresponded to O-H stretching groups
(phenols, alcohols) or N-H functional groups (amides or amines). The hydroxyl (—OH) groups
played a key role in reducing Ag+ ions to form Ag nanoparticles. The change in peak locations
suggested that the synthesized AgNPs were highly reductive and stable [47-49]. The peaks at
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2931.69 cm and 3932.78 cm™ in the spectra of the JI extracts and their JI-AgNPs were assigned to
CH-stretching region, the peaks around 1634.78 cm! and 1633.67 cm™! were attributed to the C - O
group (carboxylic acid), and the peaks at 1384.90 cm™ and 1404.31 cm™! were associated with the
C-C group (alkenes).

Furtumore, for Jb extract, and its Jh-AgNPs, the peak around 2935.99 cm™ and 2936.04 cm
! corresponded to CH-stretching, at 1636.88 cm™ and 1636.28 cm ! to the C=C (alkenes), and at
1414.63 cm™ and 1385.23 cm'! to the bending of C-H bonds in alkanes. In Figure 6 (E and F), the
3409.46 cm™ and 3391.60 cm ! peaks corresponded to OH stretching groups. It was reported that
the extract's biomolecules also exhibit a strong affinity for binding metal, showing the formation of
a capping layer over metal NPs to avoid agglomeration and provide stability in the medium [50].

EETRT A0 0D UMM} 150K} 1HMY
Ch-1

Fig. 6. FT-IR spectra of the aqueous plant extracts and green synthesized AgNPs: (4) Jlextract (J1), (B) JI—
AgNPs (JIN), (C) Jb extract (Jb), (D) Jb-AgNPs (JbN), (E) Ml extract (Mo), and (F) MI-AgNPs (MoN).
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3.5. Biological Activity of AgNPs

3.5.1. Assessment of Anti-bacterial activity

Results obtained from the antibacterial study indicated that the aqueous solution and nano
plant extracts affected bacterial growth. The diameter measurement of the inhibition zone is
correlated with the efficiency of the treated extract; there is an inverse relationship between the
inhibition zone diameter and the microbe's resistance ability[51].

As shown in Table 2 and Figure 7 (A), the MI-AgNPs sample had the greatest effect on
positive bacteria (S. aureus) with an inhibitory zone diameter of 4.5 mm. The mechanism of action
of silver is based on the interaction between thiol group molecules and the respiratory enzymes
within bacterial cells. Ag nanoparticles coating the cell wall and membrane impede the respiratory
process of the bacteria [51].

In depth analysis of Jbh-AgNPs sample, indicated the presence of an inhibitory zone of
diameter 3.1 mm on S. aureus and P. aeruginosa (Figure 7 (C)). The JI-AgNPs showed an effect on
the negative bacteria (E£. coli and P. aeruginosa) with an inhibition zone of diameter 2.5 and 2.3
mm, respectively (Figure 7 (B)). Unlike gram-positive bacteria, which possess a thick peptidoglycan
layer composed of linear polysaccharide chains linked by short peptides, gram-negative bacteria
have a much thinner peptidoglycan layer. Due to their rigid structure, AgNPs are unable to penetrate
the bacterial cell wall [52].

Hence, the effect on Gramnegative bacteria is more significant (noticeable) than on
Grampositive bacteria. While some extracts appeared to have no significant impact on the tested
microbes. Moreover, the nano-extracts were the most effective in treating resistant microbes in this
study. This observation emphasizes the rols of silver nanoparticles inhibit bacterial growth because
the smaller particles have a greater surface area and release silver ions more quickly [53]. This is
also because silver nanoparticles attract negatively charged bacteria via electrostatic interactions
with their cell membranes due to their positive charge [54]. AgNPs are able to interface with cell
membranes more efficiently than bulk metallic equivalents because of their high surface/volume
ratio. In this way, AgNPs disrupt metabolic activity—such as the respiratory chain, DNA replication,
and protein synthesis—by interacting with the sulfur/thiol and phosphorus components of proteins
or DNA, ultimately resulting in cell death.

In the same way, it eliminates bacteria by inducing the production of reactive oxygen species
(ROS), which oxidize the phospholipids in the cell wall. This process leads to the rupture of the
membrane and the denaturation of proteins, RNA, and DNA within the cell [55]. Previous research
has suggested several possible pathways for the antibacterial action of Ag-NPs. It has been
recommended that Ag-NPs' antimicrobial effects against bacteria can be explained by (a) oxidative
stress carried on by Ag-NPs' association with enzymes and other biomolecules; b) membrane
disruption brought on by Ag-NPs' association/interaction with DNA and other biomolecules; c)
suppression of cell multiplication [40].
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Fig. 7 Effect of (A) M, (B) JI, and (C) Jb aqueous extracts and NPs samples on four types of bacteria.

Table 2 Effect of (A) ML, (B) J1, and (C) Jb aqueous extracts and NPs samples on four types of bacteria

Microbe species Diameter of Inhibition zone (mm)
Control | Mo MI-AgNPs J1 JI-AgNPs Jb Jb-Ag NPs
E. coli 9.6 1.1 1.5 0.4 2.5 0 23
P. aeruginosa 5.7 0 1.3 0 2.3 0 3.1
S. aureus 9.6 0 4.5 1.3 1.8 0.6 3.1
B. subtilis 7.1 0 2 0 1.1 0 1.8
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Table 3. Antibacterial activity of the plant extracts and the synthesized AgNPs.

Extract Fungus Diameter (cm)
A. alternata T. stromaticum F. solani

Control 9 9 9
Ml extract 4.6 9 4.6
MI-AgNPs 6.9 9 4.5
Jb extract 6.5 9 4
Jb-AgNPs 0.9 1 1.6
Jl extract 6.6 9 4.2
JI-AgNPs 1.5 1.9 2.5

Mo=Moringa extract, JI= Juniper leaves extract, Jb= Juniper beans extract.

3.5.2. Antifungal activity

The extent of antifungal activity depends on the size of fungal growth on the nutrient
media surface. The antifungal activity of the plant extracts and the synthesized AgNPS are tabulated
in Table 3 and shown in Figure 8. Remarkably, the synthesized AgNPs samples from plants extracts
exhibited a distinct effect against the fungi by interfering with internal cellular processes such as
protein and DNA production. JI-AgNPs exhibited significant activity, hindering fungal growth
(Figure 8 (B)) [56]. On the other hand, both the aqueous extract of M/ and MI-AgNPs showed
comparatively lower effectiveness against fungal growth (Figure 8 (A)).

Among the tested samples, Jb-AgNPs showed a higher ability to resist the growth of all
studied fungi, which was demonstrated through the fungal growth volume readings were 0.9, 1, and
1.6 cm for A. alternata, T. stromaticum, and F. solani, respectively (Figure 8 (C)). Furthemore, the
JI-AgNPs, which showed great activity agamst the growth of fungi (Figure 8 (B)). Both the aqueous
extract of MI and MI-AgNPs showed less effectiveness against fungal growth (Figures 8 (A)). This
may be due to the lack of active antifungal chemicals.

Various factors such as morphology, surface charge, Ag-NPs tolerance ability, sensitivity,
type, sex, microbe species, NPs concentration, and time of allergen exposure all impact the
antimicrobial effectiveness of Ag-NPs [57]. The extent to which AgNPs have antifungal efficacy
against pathogenic fungi is largely unknown. Antifungal activity against 7. mentagrophytes and
other Candida species (including C. albicans, C. tropical, C. glabrata, C. parapsilosis, and C.
krusei) was observed, however, suggesting the potential use of these nanoparticles. AgNPs severely
damage the structure of fungal cell wall [10]. Shape, size, and surface charge have all been identified
as contributors to Ag-NPs' antibacterial activity, Ag-NPs tolerance, species-sensitivity, bacterial
type, genus, and species, NPs concentration, and exposure time all have a role. The findings
demonstrated AgNPs' potential to inhibit plate-borne fungus growth. AgNPs are thought to prevent
spores from developing by generating holes in the membrane of fungal cells, which may result in
cell death. It has been hypothesized that free radical production, membrane damage, and pit
development on the bacterial cell wall membrane are the mechanisms by which AgNP exerts its
antibacterial effect (Figure 9). In addition, free radicals may disrupt the DNA and protein structure
[40].
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Fig. 9. The graph represents the possible mechanisms AgNPs strategies for antimicrobial activities.

4. Conclusion

This work examined the feasibility of a green, eco-friendly approach for synthesizing silver
nanoparticles (AgNPs) using aqueous extracts from Moringa leaves, Juniper leaves, and Juniper
beans. Besides evaluating their biomedical applications, the nanoparticles were characterized using
various analytical techniques including: UV-Vis, DLS, TEM, EDX, and FT-IR. TEM analysis
revealed the synthesis of well-dispersed AgNPs with a variety of sizes and morphologies. DLS
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analysis showed that the synthesized AgNPs varied in size, with diameters of 108 nm (PDI = 0.246),
101 nm (PDI = 0.278), and 161 nm (PDI = 0.240) for JI, Jb, and MI extracts, respectively. These
nanoparticles displayed no agglomeration and were stable over a long period. The biological activity
of the synthesized AgNPs was tasted using numerous bacteria and fungi. The Jlnano extract
demonstrated significant antifungal activity, whereas the aqueous and nano-extracts of MI were less
effective against fungal growth. Notably, the plant nano extracts showed a clearer effect against all
tested fungi compared to the plant aqueous extracts. Furthermore, antibacterial activity data revealed
that green-synthesized AgNPs were more effective against diverse types of microorganisms. These
findings open up new possibilities for utilizing the synthesized AgNPs in various sectors, including
pharmaceuticals, cosmetics, biomedicine, and nanomedicine.
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