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1. Introduction

Copyright © 2025 Ahmed N. Al-Hakimi et al. Journal of Chemistry published by John Wiley & Sons Ltd. This is an open access
article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited.

The process of producing metal nanoparticles via plant extract synthesis is not only straightforward but also economical, expeditious,
and environmentally sustainable. It is consequently implemented in an extensive range of disciplines. In the process of producing
silver nanoparticles (AgNPs), an extensive variety of plant extracts was employed. The production of silver nanoparticles was
conducted using an environmentally sustainable method in this investigation. A reducing and stabilizing agent was derived from the
aqueous extract of the Aloe vacillans Forsskdl plant. In order to ascertain the ideal conditions for silver nanoparticle synthesis, an
examination of the effects of a number of process parameters was required. The reactant volume ratio, pH values, and temperature
were among these parameters. An aqueous solution of AgNO; was incorporated into an aqueous extract of the A. vacillans plant
under optimal conditions to obtain crystalline and stable silver nanoparticles. The green-produced AgNPs were investigated and
characterized through the utilization of a variety of techniques (UV-Vis spectrophotometer, FTIR, XRD, SEM, EDX, and XPS). It was
demonstrated by means of the SEM technique that AgNPs possess a tetrahedral morphology. The X-ray diffraction analysis identified
the dimensions of crystalline AgNPs as 19.59 nm. Antibacterial properties of optimally synthesized AgNPs are significant and
efficacious against a wide range of bacterial species, as determined by dosing experiments. In this work, the antioxidant activity studies
for these synthesized AgNPs revealed a moderate effect for the DPPH free radicals at various concentrations.
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ecologically sustainable methods are becoming more popular
due to their energy efficiency, safety, cost-effectiveness, and

Nanotechnology is a fascinating field that explores the creation
and control of nanomaterials, which are tiny particles ranging in
size from one nanometer to one hundred nanometers [1, 2].
These particles have several potential uses in diverse industries,
including the surrounding environment [3], plants [4], cos-
metics [5], foodstuffs [6], optics [4, 7], medicinal [8], catalysis
[9], and others. Metal nanoparticles (MNPs) produced using

environmentally benign characteristics [10, 11]. Metal nano-
particles (MNPs) have distinct characteristics in shape, surface
chemistry, physical properties [12], and optical qualities when
compared to their larger counterparts [13, 14].

Nanomaterial researchers have focused specifically on
AgNPs, among other MNPs, due to their distinctive attri-
butes and versatility. The intrinsic aspects of manufacturing
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include the manufacture of various gadgets, optical sensors,
electrical conductors, catalysts, and drug delivery [15].
Furthermore, AgNPs [16, 17] are used in the production of
lotions, sunscreen goods, and ointments. The AgNPs have
also shown substantial antibacterial efficacy [18, 19]. NPs are
commonly synthesized by three primary methods: chemical,
physical, and green synthesis [20, 21]. Physical nanomaterial
synthesis procedures require elevated temperatures, high-
pressure conditions, and expensive equipment. The chemical
production of AgNPs involves the use of toxic solvents,
costly metal salts, stabilizers, and reductants, which pose
significant dangers to the environment and human health
[22, 23]. The limits imposed by physicochemical techniques
hinder the practicality of nanoparticle fabrication.

Reducing waste, using recyclable materials, applying
procedures that lower hazards, and reducing energy are the
primary goals of green chemistry [24]. The use of green
chemistry fulfills the need for organic compounds, such as
glycosides, alkaloids, tannins, phenols, terpenoids, flavonoids,
or coumarin, to cover the surfaces of the nanoparticles. These
chemicals serve as both active linkers and surfactants [25, 26].
Green chemistry and nanobiotechnology have the potential to
create new and useful products that improve human activities
while also reducing the use of dangerous reagents in the
manufacturing of nanoparticles. Green chemistry plays
a significant role since it has contributed to the development
of novel techniques for synthesizing gold and silver nano-
particles from plant extracts, which show exceptional quali-
ties, including antibacterial capability [27].

For the production of NPs, a variety of techniques have
been employed, such as chemical reduction, electrochemical,
photochemical, and physical techniques, such as physical
vapor condensation [28]. Presently, scientists have identified
the exact green routes, that is, naturally occurring sources
and the products derived from them, which can be utilized to
synthesize nanoparticles [29]. The green synthesis method
involves the use of biological resources, such as plants and
microbes [19]. Plant extracts are used to produce nano-
particles by simply mixing the extract with a metal salt
solution at different rates depending on the parameters [30].

Table 1 summarizes some of the studies on the fabrication of
nanoparticles using plant extracts. The Aloe genus is a mono-
cotyledon plant with more than 600 taxa. Aloe vacillans Forsskal
is a native variety of Aloe and a common species in the
southwestern section of the Arabian Peninsula, located to the
southwest of the peninsula [51]. The range of A. vacillans
Forsskal encompasses the Asir Province Mountains in Saudi
Arabia, as well as much of the Yemeni Mountains. It grows
mostly alone, rarely suckering to form small colonies, and has
small, rosulate, glaucous leaves that are ascending or erect with
brown teeth on the margins and red or yellow perianths [51, 52].
Furthermore, a number of researchers have created nano-
particles using the environmentally friendly Aloe Vera species
methodology. Prior research on A. vacillans mostly examined its
phytochemical composition and its antibacterial properties.

Our previous research [1] used the Aloe fleurentinorum
plant to produce AgNPs utilizing a green approach under
different synthesis circumstances. The optimal values were
VIV=1/1, pH=38, temperature=60°C, and an average

Journal of Chemistry

particle size of 26.9nm. Furthermore, the results of the
biological studies indicated that the Escherichia coli bacteria
had the greatest effect. However, as part of the thesis study,
we recently employed A. vacillans to discuss the compari-
sons. The current study aims to investigate the biological and
physical properties of silver nanoparticles manufactured by
an environmentally friendly method employing an aqueous
extract of the Yemeni-grown A. vacillans plant.

2. Experimental

2.1. Materials. Silver nitrate (MICROTRADE, UK), diluted
ammonia, ethanol, methanol, DPPH (SIGMA), deionized
water (DIW) from a college of science, and the A. vacillans
plant were fetched from Sana’a (Yemen).

2.2.  Characterization and Investigation  Techniques.
Nanoparticle optimum syntheses were checked using an ul-
traviolet and visible double-beam spectrophotometer—SPEC-
TROD200 (analytik Jena)—with range (300-700), and
reduction and capping agent for the nanoparticles were ob-
served by Fourier transform infrared (FTIR) spectrometer with
a wavenumber ranging from 4000 to 400cm™'. The AgNPs
structure and crystalline properties were studied using XD-2
(Shimadzu ED-720) powder X-ray diffractometer at a voltage of
36kV, a current of 20 mA using CuK («) radiation in the range
of 5<20<75, and a wavelength of 1.54056 A at 1° min "
scanning rate. The morphology of the AgNPs was observed by
QUANTA FEC 250 scanning electron microscopy (SEM). The
X-ray photoelectron spectroscopy (XPS) analyses were applied
using a K-ALPHA (Thermo Fisher Scientific, Waltham, MA,
USA) with monochromatic X-ray K-alpha radiation, —10 to
1350 €V, spot size 400 um, at pressure 10~° mbar, with full-
spectrum pass energy 200 eV, and narrow-spectrum 50 eV.

2.3. Methods

2.3.1. The Preparation of A. vacillans Extract. The leaves of
A. vacillans (AVL) were collected by Dr. Hassan Ibrahim,
Sana’a, Yemen, during the wintertime of 2022. The AVL
plant was washed multiple times with distilled water. Then, it
was dried at 25°C for a few days; the dried plant was con-
verted into powder. Next, 5g of AVL powdered leaves was
added to 100 mL DIE and stirred at 60°C for 30 min using
a magnetic stirrer; then, the extract was left to cool and
finally filtered and kept in a refrigerator for the next use.

2.3.2. The Silver Nanoparticle (AgNPs) Green Synthesis.
A silver nitrate solution was prepared with a 10-mM con-
centration, and the AgNOj; solution was added to the AVL
aqueous extract under variant conditions, such as the re-
actant ratio, pH value, and temperature, to obtain the de-
sired nanoparticles at the optimum conditions.

2.3.2.1. The Reactant Ratio Optimization. Four solutions
(Y,,Y,,Y;, and Y,) were prepared with ratios 1/1, 1/2, 1/3,
and 1/4 by adding different volumes of the 0.01-M prepared
silver nitrate to a constant volume of the aqueous extract at
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FIGURE 1: Visual observation of green synthesis AgNPs using Aloe vacillans extract: (a) before synthesis and (b) after synthesis.

pH =7 using diluted ammonia solution and letting them stir
at lab temperature for 120 min.

2.3.2.2. The pH Value Optimization. By selecting the opti-
mum reactants ratio and altering the pH medium using
aqueous ammonia solution to obtain pH=6, 7, 8, 9, which
were labeled as Y, Yy, Y, and Y, respectively.

2.3.2.3. Optimization of the Reaction Temperature. Yo, Y,
Y,,, and Y, solutions were prepared at different reaction
temperatures, 25°C, 45°C, 60°C, and 80°C, respectively, after
selecting the optimum previous conditions.

2.3.3. Antibacterial Activity of AgNPs. Biological properties
for the green-synthesized silver nanoparticles by AVL ex-
tract were studied using the technique of disc diffusion
[53, 54]. The AgNPs’ antibacterial activities were determined
against two pathogenic types of bacteria, Gram-negative
bacteria (Salmonella typhi and E. coli) and Gram-positive
bacteria (Staphylococcus aureus and Bacillus subtilis). In this
test, the bacterial cells were inoculated on Petri dishes, and
then we made holes in the bacterial dishes. After that the
holes filled with different concentrations of synthesized
AgNPs (100%, 75%, 50%, 25%) were prepared from AgNPs
solution at the optimum condition’s synthesis, which labeled
Y 1000 Y75, Y50, and Y ,s, respectively, and the positive control
uses the antibiotic (Gentamycin, 2 mg/mL), and it has been
mentioned in our previous work [55]. Afterward, at 37°C, the
dishes were incubated for 24 h. Then, the inhibition zones
around the AgNPs samples were measured in mm.

2.3.4. Antioxidant Activity of AgNPs Using the DPPH
Method. The DPPH free radical scavenging method was used
to evaluate the antioxidant activity for AgNPs [32, 56]. In this
approach, a 3-mM DPPH solution was prepared and then
incubated in the dark for 60 min. Different concentrations of
silver nanoparticles in methanol (1500, 1000, 500, 250, and
125 ug/mL) were prepared. Subsequently, 1 mL of the freshly
prepared DPPH solution was added to 1mL of different
concentrations of AgNPs separately and mixed well. The
mixture was incubated in the dark for 30 min. Then, the change
of the color was measured by a UV-VIS spectrophotometer at
517 nm. And 1 mL of the freshly prepared DPPH solution was
added to 1 mL of methanol as a control solution.

3. Results and Discussion

3.1. UV-Vis Spectroscopic Measurement. For determination
and optimization, the formation of the green-synthesized
silver nanoparticles, the ultraviolet-visible spectral was used,
which observed the color change at different conditions [34].

The visual color transformation from pale yellow to dark
brown confirmed the formation of silver nanoparticles, as
shown in Figure 1.

3.1.1. The Effect of Reactant Ratio. The UV-Vis absorption
spectrum of the extract in Figure 2, compared with the
spectra of the green-synthesized silver nanoparticles, verified
the AgNPs’ formation at a constant volume of AVL and
different volumes of AgNO; (0.01 M) from Y, to Y,. The
absorbance peaks indicate that increasing AgNO; volume
from 10 mL to 40 mL causes an increase in AgNPs’ formation,
then a decrease, so the optimal volume ratio determined for
the green-synthesized AgNPs as Y,, which had the reactants’
1:2 volume ratio, had the highest absorption peak.

3.1.2. The Effect of pH Values. The effect of pH on the AgNPs
formation by changing the pH values from pH =6 to pH=9.
The UV-Vis absorbance peak decreased to the lowest value,
then increased, and the highest absorbance peak’s shift
occurred at a wavelength 438 nm. These prove the formation
of AgNPs. So, the optimal pH value for the green-
synthesized AgNPs is Y. at pH =6, as shown in Figure 3.

3.1.3. The Effect of Temperature. UV-Vis spectra of green-
synthesized AgNPs at various temperatures are shown in
Figure 4. It shows that the absorbance peaks decreased and
shifted to a red wavelength. The maximum absorbance peak
at the blue-shifted wavelength for the sample Y, was at
a temperature of 25°C. That indicates the optimal reaction
temperature at the lap temperature value.

The UV-Vis spectra of silver nanoparticles synthesized using
A. vacillans extract showed surface plasmon resonance (SPR)
peaks in the range of 430-450 nm, confirming the formation of
AgNPs. A representative sharp peak at 438 nm in Figure 3
indicates the collective oscillation of conduction electrons.
Variations in the SPR position among samples (Y ;-Y,) may be
attributed to differences in particle size, shape, and degree of
aggregation, which are known to influence the A max of AgNPs.

3.1.4. Determination of the Band Gap Energy. When surface
plasmon electrons absorb light at a resonant frequency, a part
of this energy is transferred into heat, and part of this energy is
radiated as PL, and recombination occurs between electrons
of the sp band with a hole in the d band [46]. The bandgap
energy (E,) as calculated from Tauc’s plotting (Figure 5) for
the synthesized AgNPs was at the optimized condition.
The optical bandgap of the biosynthesized AgNPs was
estimated as 2.2 eV using Tauc’s plot. While metallic silver



Journal of Chemistry

0.40
0.35 4
0.30 4
0.25 |
0.20 4

Absorbance

0.15 |
0.10 A

0.05 T T T
400 500 600 700

Wavelength (nm)
— Y,
— Y,

- Y3

— Y'4

FIGUure 2: The UV-Vis absorption spectra of AgNPs at different
reactant ratios.
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FiGure 3: The UV-Vis absorption spectra of AgNPs at different
pH values.

does not possess a true bandgap, XRD confirmed the co-
existence of metallic Ag and silver oxide phases. The ap-
parent E, value can therefore be attributed to the
semiconducting contribution of nanoscale silver oxide
Ag,0, which is known to exhibit E; values between 1.2 and
2.5¢eV. This hybrid composition explains the observed op-
tical behavior and is consistent with previously reported Ag/
Ag,0 nanostructures.

3.2. FTIR Spectroscopic Measurement. FTIR is shown in
Figure 6 for the A. vacillans leaf extract and the synthesized
AgNPs. It shows a broad stretching vibration band of OH for
AVL extract at ~3400 cm ™, suggesting phenolic groups, which
decay in intensity in AgNPs IR spectra. That indicates that this
bond is used in the reduction process for silver ions to AgNPs.
Peaks near 1600 cm ™" indicate C=O or aromatic C=C. These
functional groups likely reduce Ag" and stabilize the NPs.

3.3. XRD Studies. Figure 7 shows the X-ray diffraction
patterns of dried Ag and Ag,O nanoparticles’ crystallinity
phases synthesized at 25 C using AVL extract at pH 6. By
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FIGURE 4: The UV-Vis absorption spectra of AgNPs at different
temperatures.
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FIGURE 5: The bandgap energy of green-synthesized AgNPs.

comparing this position of peaks with standard XRD cards,
the peaks at 38.51,44.65, 64.81 ,and 77.76 correspond to the
planes (111), (200), (220), and (311) for Ag (JCPDS No.87-
0719). Furthermore, the peaks at 32.66 and 46.65 corre-
spond to the planes (111) and (200) for Ag,O nanoparticles
(JCPDS No.76-1393). These silver/silver oxide nanoparticles
have a face-centered shape. The values of green-synthesized
size, interplanar d-spacing, and microstrain are shown in
Table 2 and were calculated using the following equations.

KA

D= Beosty ()
A
= Tein® @
P
strain = Tond (3)

where D is the average particle size, K is a constant (0.94), A is
the wavelength of the X-ray (1.5406 A), 8 is the full width at half
maximum (FWHM) of the peak (rad), d is the plane spacing,
and 0 is the position of the diffraction peak in radians [57].
Additionally, the lattice parameters for the synthesized
Ag/Ag,0-NPs, the volume, dislocation density, porosity, and
determined density from X-ray data were calculated using
equations (4)-(8), respectively, which are displayed in Table 3.
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TaBLE 2: Interplanar d-spacing, crystalline sizes, and microstrain of
AgNPs.

NPs 26() B() d(A) D (nm) ()
38.51 0.35 2.336 25.1020 0.00053
A 44.65 0.88 2.028 10.1889 0.00157
J 64.81 0.77 1.437 12.7583 0.00213
77.76 0.89 1.227 11.9714 0.00313
A0 32.66 0.24 2.74 36.0116 0.00030
&2 46.65 0.42 1.946 21.5055 0.00079
Average 19.59 0.00141

Note: The bold values indicate the mean values obtained from the in-
dependent measurements.

a=dx\(W+K +1), (4)
V=d, (5)
6= (©)
Porosity % (P) = | 1 - /i] x 100, 7)
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where (h, k, ) are the Miller indices, d is the plane spacing
determined through Bragg’s equation (2). The (a=b=¢) is
the lattice parameters for the synthesized AgNPs, which have
a face-centered cubic (FCC) crystallinity, § is the dislocation
density [58], V is the volume, p is porosity, p, is the the-
oretical density, and p is the determined density from X-ray
data using the following equation.

ZM

N ®

p =
where Z is the number of chemical units in one crystal unit
cell=4, M is the molecular weight (107.87 g/mole), N is
Avogadro’s number, and V is the volume.

3.4. Energy Spectrum Component Analysis. By utilizing
energy-dispersive X-ray (EDX) spectrometry, the elements
were analyzed. The EDX images of AgNPs, which are
presented in Figure 8, exhibit distinct peaks that correspond
to elements present in the plant, including some metals, such
as Ag, K, Na, and other atoms, including O, N, and C. This
substantiates the application of the A. vacillans plant as
a reducing agent in the fabrication process of silver nano-
particles. The elemental analysis of the silver nanoparticles
that were synthesized using XRD spectrometry is presented
in Table 4.

The relatively low silver content observed in the EDX
analysis (4.22%, Mass%, and 6.58% Atom%, in Table 4) is
acknowledged and can be attributed primarily to the sig-
nificant presence of organic matrix derived from the
A. vacillans plant extract. This is further supported by the
high percentages of carbon (14.04% Norm%) and oxygen
(23.31% Norm%) detected, consistent with the biomolecules
responsible for capping and stabilizing the biosynthesized
silver nanoparticles. While EDX provides elemental com-
position rather than a direct measure of reduction efficiency,
the clear silver peaks in the EDX spectrum (Figure 8)
confirm the successful formation and presence of silver
nanoparticles. Despite current experimental limitations
precluding further complementary elemental quantification
analyses, the presented EDX data effectively illustrate the
elemental composition of the synthesized material, dem-
onstrating the successful integration of silver within the
biogenic matrix. The EDX analysis revealed a silver content
of 4.22% by mass. This relatively low value is attributed to the
organic biomolecules from A. vacillans extract, as indicated
by the high carbon and oxygen signals. It should be noted
that EDX is mainly qualitative, while more accurate quan-
tification of Ag loading (e.g., ICP-MS) will be addressed in
future work.

3.5. SEM. The SEM pictures of the silver nanoparticles
(AgNPs) revealed their synthesis in the form of tetrahedral
particles, as seen in Figure 9(a). A. vacillans, a plant species,
has great potential in the manufacture of silver nano-
particles. Utilizing advanced SEM methods with improved
resolution enabled the detection of silver nanoparticles that
had a tetrahedral morphology, as seen in Figure 9(b). The
application of A. vacillans plant extract in the production of
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TaBLE 3: Lattice parameters, X-ray density, dislocation density, and porosity of AgNPs.
20 d a \4 é P p .
NPs o h k 1 2 2 2 - * Porosity%
) (A) (A) (A% (nm™2 (g/cm®) (g/cm®) ty%
38.51 1 1 1 2.336 4.046 66.237 0.0016 10.817 1.88
A 44.65 2 0 0 2.028 4.056 66.726 0.0096 10.738 10.617 1.14
& 64.81 2 2 0 1.437 4.064 67.144 0.0061 10.671 ’ 0.51
77.76 3 1 1 1.227 4.069 67.394 0.0069 10.632 0.13
Ae.O 32.66 1 1 1 2.74 4.746 106.889 0.0008 6.703 7134 6.038
82 46.65 2 1 1 1.946 4.767 108.307 0.0022 6.616 ) 7.268
Average 1.86 4.291 80.445 0.0045 8.667 1.54804
cps/eV
5 F
4 4
ClAg
3 1H i Ag
L |
2
2 5 o
4 |
11 Mg a ]
0 L .“1‘”.‘“‘A+ e
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FiGure 8: EDX patterns of AgNPs synthesized based on the A. vacillans plant.
TaBLE 4: Elemental analysis of the as-synthesized AgNPs.
0 0
Element At. no. Netto Mass % Mass norm % Atom % Abs. ?rror A Rel. er‘ror (%)
(1 sigma) (1 sigma)
Oxygen 8 435 6.11 23.31 36.38 1.32 21.24
Calcium 20 1622 4.88 18.95 10.52 0.31 4.25
Silver 47 1582 4.22 18.33 6.58 0.32 4.27
Carbon 6 482 3.65 14.04 25.85 0.72 22.58
Potassium 19 1542 2.85 12.4 8.11 0.11 3.99
Chlorine 17 1592 1.75 7.46 6.12 0.11 4.58
Magnesium 12 265 0.45 2.37 1.95 0.05 11.88
Nitrogen 7 42 0.45 2.35 3.76 0.41 72.31
Sodium 11 135 0.15 0.66 0.61 0.06 25.62
Aluminum 13 46 0.02 0.12 0.12 0.01 11.2

silver nanoparticles led to the effective creation of silver
nanostructures, as confirmed by the SEM picture. SEM
analysis revealed tetrahedral-like particles, providing valu-
able qualitative insight into surface morphology. However,
particle size distribution histograms are more reliably
constructed from TEM images, which were not available in
the present study.

3.6. XPS Measurement. Deconvolution confirms the co-
existence of two silver species: a dominating Ag (0) com-
ponent and a small Ag (I) component, essential for
establishing the chemical composition of the produced
nanoparticles, as confirmed by the high-resolution Ag 3-
d XPS spectrum. The ideal reduced state and primary active
core for the silver nanoparticles made from the A. vacillans
extract is metallic, zero-valent silver Ag (0), as seen by the Ag

3-d 5/2 peak centered at around 367.2 eV. The smaller part,
which shows a positive binding energy shift of around 1.0 eV
(peak centered at 368.2 eV), is probably formed by oxidized
silver Ag (I), which is likely to have a thin layer of silver oxide
(Ag,0) on its surface. Since the Ag (0) surface is quickly
oxidized when it meets air oxygen during drying and
handling, rather than representing an unreacted precursor,
the existence of Ag (I) is typical and anticipated in highly
reactive, high-surface-area silver nanoparticles. Importantly,
the fact that the Ag (0) signal predominates proves that the
A. vacillans extract has excellent reducing capabilities and
guarantees that the nanoparticles have a metal core that
causes them to be so effective against bacteria. A. vacillans,
a botanical marvel, presents a fascinating chemical com-
position that mirrors the skeletal framework of most plants.
Its molecular structure is a harmonious blend of functional
groups, including the ubiquitous carboxyl and amino
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F1GURE 9: SEM images of green-synthesized AgNPs: (a) surface morphology showing particle aggregation. (b) Magnified view highlighting

distribution of silver nanoparticles.

1400

1300 -

1200 -

1100 A

Counts/s (radial x1)

1000 A

900

372.5 3700  367.5
Binding energy (eV)

(a)

365.0

8E + 04 -
7E + 04
6F + 04 1
5E + 04 4
4E + 04 4
3E + 04 4
2E + 04 1
1E + 04 A
0E + 00

Cls

Ag3d

le!
Ols

Counts

1200 900 600 300 0
Binding energy (eV)

(b)

FIGURE 10: (a) XPS spectra of Ag 3d for AgNPs; (b) the whole XPS spectrum of AgNPs.

groups. These elements and a diverse array of others paint
a vivid picture of the plant’s intricate chemistry. As revealed
by the XPS survey spectrum, elements such as oxygen, ni-
trogen, silver, and carbon can seamlessly integrate into its
structure, further underscoring its adaptability and potential
for various applications. This botanical symphony of
chemical components contributes to the unique properties
and potential benefits of A. vacillans, making it a subject of
ongoing scientific exploration, as shown in Figure 10(b).

3.7. Antibacterial Activities of AgNPs. The antibacterial ac-
tivity of the green-synthesized AgNPs by A. vacillans leaves
the extract at optimal conditions, and the antibiotic gen-
tamycin against two types of Gram-negative bacteria (E. coli
and S. typhi) and two types of Gram-positive bacteria
(S. aureus and B. subtilis) effects are shown in Figure 11. The
AgNPs synthesized by AVL extract inhibition zones against
different bacterial strains ranged from 10mm to 18 mm
compared with gentamycin antibiotic [55] (Figure 12). The
inhibition zones are listed in Table 5 for the 4 different
bacterial strains, which indicate different effects by variation
in AgNPs concentration. The higher inhibition zones were
observed on Gram-negative bacteria “S. typhi” with a good
agreement for previous research [34, 38, 59]. It is noteworthy
that previous studies have already reported the antibacterial
activity of A. vacillans extracts alone against Gram-positive
and Gram-negative bacteria, including E. coli and Pseudo-
monas aeruginosa [60]. Therefore, the antibacterial activity
observed in our work can be attributed primarily to the

biosynthesized silver nanoparticles rather than solely to the
phytochemicals present in the extract.

3.8. Antioxidant Activities of AgNPs. The antioxidant po-
tential of the synthesized AgNPs was investigated using the
DPPH free radical assay, a widely recognized method for
assessing antioxidant activity. AgNPs synthesized by AVL
extract exhibited remarkable scavenging activity, as shown
in Figure 13. The percentage of scavenging of silver nano-
particles is calculated in the following equation.

A-A
DPPH scavenging (%) = (—CA 5) % 100, (9)
C

where A, is the absorbance of the control and A, is the
absorbance of the sample.

AgNPs exhibited noticeable scavenging activity at var-
ious concentrations (1500, 1000, 500, 250, and 125 ug/mL),
ranging from 12.26% to 48.06%. These promising results of
Ag nanoparticles are consistent with previous research
representing the considerable antioxidant properties
(1, 48, 61].

In support of the antioxidant activity of the bio-
synthesized AgNPs, several studies have reported compa-
rable findings using Aloe species. Ghatage et al
demonstrated moderate antioxidant capacity for AgNPs
synthesized using Aloe barbadensis leaves, while Var-
adharajan and Pandian [62] reported a free radical scav-
enging efficiency of up to 75% using Aloe root extract
[62, 63]. Likewise, Mahboob confirmed that silver
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FIGURE 11: Antibacterial activity of (a) AgNPs and (b) gentamycin against different types of bacteria.
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FIGURE 12: The inhibition zones of gentamycin and the green-
synthesized AgNPs in different concentrations.

TaBLE 5: Results of AgNP antibacterial activities with different
bacteria types.

. Bacteria Inhibition zones (mm)
Bacteria type .
names Y,; Y5 Y5 Y, Gentamycin
Gram (-) S. typhi 18 16 16 15 29
bacteria E. coli 16 15 14 13 30
Gram (+) B. subtilis 11 13 15 15 32
bacteria S. aureus 10 12 14 14 30

nanoparticles synthesized with Aloe vera aqueous extract
possess considerable antioxidant activity both in vitro and in
vivo [64]. These reports reinforce the observed antioxidant

AgNPs

60
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Figure 13: DPPH free radical scavenging activity of the green-
synthesized nanoparticles.

potential in the current study, highlighting the valuable role
of phytochemicals from Aloe in enhancing AgNPs
bioactivity.

4. Conclusion

This study reports the successful synthesis of silver nano-
particles (AgNPs) using A. vacillans extract through an
environmentally friendly method. Various techniques, in-
cluding UV-Vis, FTIR, XRD, SEM, EDX, and XPS, con-
firmed the formation, structure, and composition of the
AgNPs. The findings showed that both metallic silver and
silver oxide were present, which influenced the nano-
particles’ properties. The AgNPs showed moderate antiox-
idant activity in the DPPH assay and strong antibacterial
effects against both Gram-positive and Gram-negative
bacteria, suggesting possible uses in medicine and
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environmental fields. However, the study did not include
MIC/MBC measurements or high-resolution TEM analysis,
which is planned for future research. These results suggest
that A. vacillans can be used to sustainably produce AgNPs,
though further work is needed to improve their performance
and explore more applications.
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