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Abstract

Materials manipulated to nanoscale have demonstrated to have improved properties, and functionality in several
applications. In this study, Cissus aralioides leaf was extracted with methanol through Soxhlet extraction method. The
extract was utilized in a biosynthetic process with silver nitrate, under regulated temperature and constant monitoring,
to obtain the silver nanoparticles (AgNPs). The NPs was characterized using UV-visible spectrophotometer, FT-Infrared
(FTIR) spectrometer, Powered X-ray Diffractometer (PXRD), Scanning Electron Microscope (SEM), Energy-Dispersive
X-ray (EDX), and Transmission Electron Microscope (TEM). Then, the NPs' antimicrobial activity against Escherichia
coli, Staphylococus aureus, Candida albicans, and Aspergillus fumigatus, was conducted using Agar-well diffusion method,
at 100, 200, 300, and 400 mg/mL. The biosynthesized Ag nanoparticles showed a wavelength max of 375 nm with a
calculated bandgap energy of 3.30 eV, suitable for nanoelectronic applications, and semiconductor fabrications.
Numerous bands of functional groups, including O-H, C=0, C-H, and others, were visible in the FTIR spectrum. The NPs
also displayed an uneven and rough surface for the SEM data, and the predominant element was silver (89.87 %), as
shown by the EDX result. Its average crystalline size was 22.52 nm, with mean particle size calculated from TEM image
at 3.20 nm. The AgNPs demonstrated strong effects against the microbes, with the highest activity against the Candida
albicans. The highest sensitivity was at 22 mm, and the estimated minimum inhibitory concentration was 100-200
mg/mL. Amid other promising applications, the NPs has proven that it can be used to control pathogenic microbes.

Keywords: Cissus aralioides; Methanol extract; Silver; Nanoparticles; Microbes; Antimicrobial activity

1. Introduction

There has been increase in synthesis of nanoparticles and their applications in the recent years which is as a result of
their small size (ranges from 1-100nm), increased surface area as well as reactivity [1-3]. Nanoparticles’ synthesis can
be chemical, biological or physical [4]. Nanomaterials can be successfully made from noble metals such as Cu, Ag, Gold,
Titanium, etc. [5], and they various technological applications. The technology has the ability to transform biologically
active chemicals that are labile, poorly soluble, and poorly absorbed into promising deliverables, nanoparticle
technologies hold considerable promise [6]. Nanoparticles (NPs) find extensive use in the disciplines of biology,
electronics, and optics. They have demonstrated their effectiveness in a variety of fields, including medicine, pharmacy,
energy, tissue engineering, electronics, environment, biomolecules, protein diagnostics, cellular engineering, and more
[7]. Biological synthesis of nanoparticles using medicinal plant materials is the most highly recommended, and it is
gaining traction because it is an eco-friendly approach and also presents improved materials with several potential
properties and applications.
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Cissus aralioides is a vine and medicinal plant that belongs to the family of Vitaceae. Every part of the plant is termed to
possess health benefits. The plant has been used to provide remedies to health issues like pain, swelling, arthritis and
rheumatism, and the solvent extracts of the stem have displayed activities against some pathogenic microorganisms [8-
9]. The Nigeria's Igbo tribe calls the plant "Eriri Agwo" and the plant's leaf is used extensively by Nigerian Folklorists to
treat swelling and microbial infection as well as wounds, and plant sap used as eye drops for eye diseases [10-11]. The
plant's leaf is edible and non-toxic, and possesses a lot of phytochemicals [12]. The plant is commonly called
"Kindamina" in Cameroon, and Cameroon herbalists also use the leaf and root of the plant to combat urogenital and
gastrointestinal tracts infections [13]. The triturated leaves of the plant have also been used in Gabon to treat gonorrhea
when mixed with sugarcane juice; and in Congo Brazzaville, it is employed in relieving cough, fever and treatment of
some kidney problems [9]. The seed oil of the plant has a good saponification, acid, iodine, peroxide and free fatty acid
values necessary for cosmetics and pharmaceutical application; in addition to low turbidity, good moisture content,
relative density and refractive index values [14]. The seed oil of Cissus aralioides is yellowish liquid and it is classified
as a non-drying oil (given its low iodine value); thus, can be employed in production of cosmetics products, and
lubricants, due to its low content of unsaturated fatty acids [14]. The plant has also demonstrated to possess antioxidant
[15-17], and anti-inflammatory properties [11, 18-21]. A constituent (Aralioidamide A) isolated from the plant's stem,
has demonstrated antimicrobial activity [22].

A lot of medicinal plant extracts of Aloe vera [23], Cinnamomum verum [24], Ananas comosus [25], Moringa oleifera [26],
Lippia adoensis [27], Ipomoea carnea Jacq [3], Opuntia ficus indica [28], have been utilized in the synthesis of
nanoparticles and they have displayed interesting antimicrobial properties. According to reports, silver nanoparticles
are not harmful to people, but they do prevent the growth of viruses, bacteria, and other eukaryotic microbes [29-30],
thus capable of preserving materials they are incorporated from deterioration by pathogenic microorganisms. Silver
nanoparticles are utilized in sunscreen lotions, textile industries, water treatment, antibacterial treatments, and more
[31].

2. Materials and methods

2.1. Materials

The plant (Cissus aralioides) leaves were authenticated (and DELSU-0301, assigned) by a taxonomist from Delta State
University's Herbarium Unit in Abraka, Delta State, Nigeria, before being utilized in the experiment. Perkin Elmer
Lambda 40 UV-visible Spectrometer, Pelkin Elmer 3000 MX Fourier Transform Infra-red (FTIR) Spectrometer, Rigaku
D/Max-1lIC Powered X-ray diffractometer (pXRD - developed by Rigaku Int. Corp. Tokyo, Japan), JOEL JSM-7600F
Scanning Electron Microscope (SEM), EDX-8100 Energy Dispersive X-ray (EDX) Spectrometer, and JEM-ARM200F-G-
TEM Transmission Electron Microscope (TEM) were used for spectroscopic characterization purposes; Other reagents
used were of analytical grades, in addition to Mueller-Hinton agar (MHA) base medium (purchased from Merck,
Germany) and used for the antimicrobial screening. The microorganisms used are Staphylococcus aureus, Escherichia
coli, Candida albicans, and Aspergillus fumigatus and they were obtained from Department of Microbiology, Delta State
University, Abraka, Delta State. Gentamycin utilized as control medication was purchased from pharmacy store.

2.2. Methods

2.2.1  Extraction and Phytochemical Evaluation

A Soxhlet extraction procedure was performed on 200 g of fresh (paste form) leaf material with methanol (at 1:2 ratio)
for 4 hours at 55°C. To obtain the crude extract, the extract mixture's solvent was evaporated (E3). To determine
whether alkaloids, steroids, terpenoids, saponin, glycosides, anthraquinones, phenolic acids, carbohydrates, proteins,
tannins, flavonoids, coumarins, and volatile oil were present, the extract was prepared using the phytochemical
evaluation method outlined by Amina et al. [32], Jeenu et al. [33], and Onunkwo [34].

2.2.2  Preparation of the Ag Nanoparticles (AgNPs)

A mixture of 2000 mL of 10 mM AgNOs and 20 mL of a 10% (w/v) (100:1) methanolic extract of Cissus aralioides (E3)
was continuously swirled on a magnetic stirrer for 10 minutes at 70 °C. The reduction mechanism was determined using
the UV-Vis spectrometer, which monitored colour changes until the ideal reaction was reached. After that, in order to
avoid autoxidation before purification, the AgNPs solution was moved to an amber-coloured bottle. The purified AgNPs
was obtained by oven-drying the colloidal AgNPs solutions at 70 to 100 °C for two hours after centrifuging them at 4,000
rpm and continuously washing them with 10 mL of double-distilled water [3, 28].
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2.2.3  Characterization of the Ag Nanoparticles (AgNPs)

Further preparations were performed before characterization of the NPs with Ultraviolet visible spectrophotometer,
FTIR spectrometer, X-ray Diffraction, Scanning Electron Microscope, Energy Dispersive X-ray, and Transmission
Electron Microscope (TEM) instruments [35].

UV-visible Spectrometric Analysis of the Ag Nanoparticles (AgNPs)

A Perkin Elmer Lambda 40 UV-visible spectrophotometer was used to analyze the biosynthesized AgNPs
spectroscopically. The reduction of the AgNO3 was also measured at intervals between 200 and 800 nm (using 1 mL of
the suspension). Following purification, the sample (purified silver NPs) was diluted with deionized water (2 mL) and
examined to obtain the spectrum with wavelength on the x-axis and absorbance on the y-axis [25, 28].

Fourier Transform Infrared (FTIR) Analysis of the Ag Nanoparticles

The dried and purified AgNPs was employed. For the FTIR examination of the dried AgNPs, potassium bromide (KBr)
pellet (FTIR grade at a 1:100 ratio) was utilized. Using the Pelkin Elmer 3000 MX spectrometer, the spectrum was
recorded. A 32 scans were performed at a resolution of 4 cm-1. The 4500-300 cm-! spectrum region was used to record
the FT-IR spectrum of the silver NPs metal complex. The spectroscopic software Win-IR Pro Version 3.0 was used to
analyze the IR spectrum with a peak sensitivity of 2 cm-! in order to extract the functional group data [25, 28, 36].

Powered X-ray Diffraction (PXRD) Analysis of the Ag Nanoparticles

The biologically reduced AgNPs (further powdered, pelletized, and sieved to 0.074 mm) was subjected to X-ray
diffraction studies to ascertain their crystallinity. The Rigaku D/Max-1lIC powered X-ray diffractometer (pXRD, Tokyo,
Japan) was used to measure the crystallinity of the NPs coated onto glass slides. It was set to 40 kV and 20 mA and
operated at a scanning rate of 2 °/min in the 2 to 50° range at room temperature. When the X-ray passes through the
sample, it produces peaks that are distinctive of the type of diffraction along a set of planes. The peculiarities of the atom
arrangement within the sample determine how the peaks are diffracted. A comparison was made between the
diffraction data (d value and relative intensity) and the standard data. Afterwards, the Debye-Scherrer equation was
employed to calculate the average particle size of the AgNPs [25, 35, 36, 37].

Scanning Electron Microscope (SEM) Analysis of the AgNPs

A focused electron beam is used by the scanning electron microscope (SEM) to scan a sample's surface and provide an
image of the sample. To do SEM analysis, JOEL JSM-7600F was used. Following conditioning (a platinum coating), the
pure AgNPs was placed inside the specimen chamber. To capture the shape and texture of NPs, the pellet was then
placed on the specimen stub (semiconductor wafer), and the SEM device placed the specimen in a chamber with a
relatively high pressure. The working distance is short, and the electron optical column is differentially pumped to
maintain a sufficiently low vacuum at the electron gun [25, 37].

Energy Dispersive X-ray (EDX) Analysis of the AgNPs

The EDX-8100 instrument was used to perform the EDX analysis and determine the AgNPs' elemental composition. To
ascertain the elemental compositions, a thin layer of Ag NPs (about 10 mg/mL) was produced on a copper grid coated
with carbon and analyzed [25, 36].

Transmission Electron Microscope (TEM) Analysis of the AgNPs

The JEM-ARM200F-G-TEM Transmission Electron Microscope (TEM) was used to view the nanoparticles’ morphology.
With an ultra-high resolution of 0.2 nm and a magnification of 2,000,000 X, the instrument was run at an accelerating
voltage of 200 kV. The AgNPs was placed on carbon-coated copper grid, allowed to dry under a mercury lamp, and then
magnified to create a TEM grid with a 3 mm diameter. In order to ascertain the size of the silver nanoparticles and
provide unambiguous morphological information, the image magnifying software was then used to examine the particle
size [25, 35-36].

2.2.4  Antimicrobial Activity

The antibacterial activity of the produced AgNPs against pathogenic microorganisms (Staphylococcus aureus,
Escherichia coli, Candida albicans, and Aspergillus fumigatus) was evaluated using the agar-well diffusion method at
doses of 100, 200, 300, and 400 mg/mL. The study was then conducted using cleaned and dried Petri dishes. A range of
discs dipped in the various concentrations of the samples were arrayed outward on their individual inoculated Mueller-
Hinton's agar plates. Furthermore, the standard antibiotics (Gentamycin) discs were used to treat prepared E. colj, S.
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aureus, C. albicans, and Aspergillus sp. microbes at concentrations of 50, 25, 12.5, and 6.25 mg/mL, while the discs of
ketoconazole were used to treat C. albicans and Aspergillus sp. at 250, 125, 62.5, and 31.25 mg/mL. The discs were then
incubated at 37°C. Incubation was done according to the kind of microorganism in the samples (for example, fungi were
incubated for five days, whereas bacteria were incubated for 24 hours). Following incubation, the zone of inhibition
(ZOI) was observed and noted using callipers. Duplicate analysis was performed to ensure the activity was reliable [25,
28, 38].

3. Results and Discussion

3.1. Phytochemical Result

Flavonoids, alkaloids, steroids, phenols, tannins, anthraquinones, terpenoids, glycosides, carbohydrates, proteins, and
volatile oil are among the phytochemicals found in the methanol leaf extract of Cissus aralioides; coumarin was not
present (Table 1).

Table 1 Phytochemicals of methanol leaf extract of Cissus aralioides (E3)

Phytochemicals | Methanol Extract

Alkaloids +
Steroids +
Terpenoids +
Flavonoids +
Saponin +
Tannins +
Glycosides +

Anthraquinones | +

Phenolic acids +
Coumarin -
Proteins +

Carbohydrates +

Volatile oil +

Key: + = Present; - = Absent

According to reports, the plant contains flavonoids, alkaloids, steroids, tannins, terpenes, saponins, and cardiac
glycosides [11, 39]. The plant's close relative, Cissus hastata (Semperai), has also been shown to contain tannin,
alkaloids, phenolic compounds, and steroids [40]. Alkaloids from plants effectively treat skin conditions such seborrheic
dermatitis, eczema, and neurodermatitis. They have also shown antibacterial qualities [11, 14, 41]. Inhibiting mediators
and pathways that cause inflammation and cancer, such as nitric oxide synthase, lipooxygenase, and cyclooxygenase [7,
11], is another way that flavonoids have demonstrated strong anti-inflammatory properties. Steroids have also been
shown to have anti-inflammatory; and tannins have also shown antioxidant and anti-inflammatory properties.

3.2. Characteristics of the Ag Nanoparticles

The Cissus aralioides extract's phytochemicals encouraged the bioreduction of AgNOs, which resulted in the formation
of NPs. Figure 1 illustrates the synthesis (A), and mechanism (B) of the Ag nanoparticles from the extract. The distinctive
results of the NPs’ UV-visible, FTIR, SEM, XRD, EDX, and TEM are then presented.
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Figure 1 Synthesis (A), and mechanism (B) of the Ag Nanoparticles

3.2.1  UV-visible Spectrometric Results of the Ag Nanoparticles

UV-Vis spectrophotometer is a popular first instrumental method for monitoring the development of the nanoparticles.
The reason for this is that it offers important details on how the NPs is formed. A UV-visible spectrometer (Perkin Elmer
Lambda 40) was used to monitor the AgNPs' synthesis; the spectrum is displayed in Figure 2.
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Figure 2 UV /vis Spectrum of the Ag Nanoparticles

From Figure 2, AgNPs' UV/Vis absorbance spectrum showed peak at 287.4 nm and 375 nm. The peak at 287.4 nm occur
atlower UV region, showing the systemic electronic transitions. The absorbance peak at 375 nm confirms the complete
formation of AgNPs because AgNPs is usually formed at high UV (bathocromic) region, and from that region and above,
indicates where materials with possible optical properties are formed [25, 42-44]. This surface plasmon resonance
obtained gave more information about the shape, size, and state of aggregation of the NPs and it is close the wavelength
max reported in the research carried out by Singh and Navneet [3], and slightly above that observed in the work of
Ogwuche and Moses [28]. Since the energy of the absorbed photons can be calculated from the peak and may be used
to assess the optical band gap of the NPs, the bandgap (hv/A) of the AgNPs at 375 nm (lambda max) is 1240/375 = 3.30
eV. This band gap energy value indicates its potential optical property and use in electronics [35, 44].
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3.2.2  Fourier Transform Infrared (FTIR) Result of the Ag Nanoparticles

FTIR analysis was used to examine the related functional groups of the biomolecules that serve as capping/stabilizing
agents on the surface of AgNPs. An Elmer 3000 MX FTIR spectrometer, with a wave number range of 4500 to 300 (cm™1),
was used in this study.
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Figure 3 FTIR Spectrum of the Ag Nanoparticles

AgNPs' FTIR revealed bands indicating functional group absorption. The capped silver nanoparticles displayed
distinctive peaks at 3694.44, 3629.50, 3456.21, 2928.71, 2800, 2375.52, 1914, 1820.35, 1105.23, 1025, 918.17, 759.29,
688.29, 541.11, 462.58, and 424.17 cm™! for the potential biomolecules that were identified (Figure 4). These bands
represent stretched vibrational bands that are in charge of components like alkaloids, terpenoids, glycosides, alkane,
and alkyne. The peaks at 3694.44, 3629.50, 3456.21 cm-! represent O-H vibrational stretching of alcohol or phenolic
groups [25]. The stretching of primary amine (N-H) is shown at 2928.71 cm-! [45]. The peaks at 2800 and 2375.52 cm-
1 are attributed to methyl and methylene groups [25], while nitrile group (C=N) is identified by 1914 cm-! band [44].
The vibration at 1820.35 cm-1 corresponds to methoxy (C=0) group, while the ones observed at 1105.23, and 1025 cm-
1, indicate the presence of C-0 and C-H [25,44]. The sharp peak at 918.17 cm-! is attributed to Ag-0 (metal-oxygen)
bond, indicating the interaction of the functional group on the NPs' surface [44].

3.2.3  X-ray Diffraction Result of the Ag Nanoparticles

AgNPs' total oxidation status, and crystal structure were examined using a Rigaku D/Max-1lIC Powered X-ray
diffractometer (pXRD).

As shown in Figure 4, the AgNPs' XRD pattern from Cissus aralioides extract revealed its crystalline nature with 26 values
of 24.05°, 27.02°, 28.05°, 40.00°, 46.09°, and 60.07° which are indexed in (100), (111), (101), (200), (220), and (311)
face centered cubic planes, respectively. The non-indexed peaks at 9.03°, 22.04°, and 29.09° were associated with the
crystallization of bioorganic molecules on the nanoparticles' surface [46-48]. Silver nanoparticle's peak is identified at
(111) indexed plane which has a high intensity peak of 27.2° [48]. The diffraction positions showed good level of
comparability with the standard values in JCPDS file number 87-0720. Debye-Scherrer formula: D = KA/Bcos8 (where,
K = Scherrer constant, A = the X-ray wavelength, {3 = the full width at half maximum (FWHM) of the diffraction peak in
radians, and 0 = the Bragg angle), was used to determine the crystalline size. The calculated size of the AgNPs was 22.52
nm, which fell slightly lower than that obtained by Kanimozhi et al. [48], but matches that reported by Ansari et al. [49].
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Figure 4 PXRD Spectrum of the Ag Nanoparticles

3.2.4  Scanning Electron Microscope (SEM) Result of the Ag Nanoparticles

Scanning electron microscopy (SEM) was utilized to view the elemental values and the shape of the generated particles
at the microscopic level.

Figure 5 SEM Images of the Ag Nanoparticles

SEM (JOEL JSM-7600F) was used to track the morphological properties of the synthesized silver nanoparticles, and the
surface structure and actual morphology of the AgNPs, are displayed (Figure 5). A rough, uneven, and distinctive
morphological form was obtained and it shows that the AgNPs has stabilized, presumably as a result of interactions
between the NPs' surface and the solution around it. The interactions resulted in the adsorption of the stabilizing agents
(functional groups) present in the plant's extract, during the green synthetic process [44].

3.2.5  Energy Dispersive X-ray (EDX) Result of the Ag Nanoparticles

The energy-dispersive X-ray (EDX-8100) machine was used to examine the elemental structure of the generated Ag
nanoparticles.
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Figure 6 EDX Spectrum of the Ag Nanoparticles

Using the EDX machine (8100), the NPs was exposed to an intense electron beam, and the X-rays it emits were measured.
The atomic structure of each of the elements results in unique peaks in the X-ray spectrum since the rays are produced
based on the properties of the elements [50-51]. The ratio of the number of X-rays to their energy is the measurement
unit. The results from EDX analysis of the biosynthesized AgNPs (Figure 6) showed the presence of various elemental
makeup and their percentages, which include silver (89.87%), and oxygen (10.13%) sharp atomic peaks, making up the
100% total. Silver was observed to be the predominant element (Figure 6). The EDX crystal pattern followed that
observed in the work of Kasithevar et al. [52], and the elemental composition confirms the AgNPs prepared. The EDX
values present the chemical makeup, purity, and optical potentials of the nanoparticles [35, 51].

3.2.6  Transmission Electron Microscope (TEM) Results of the Ag Nanoparticles

TEM investigation gives a clear picture of the NPs' form and, more importantly, its particle size. TEM model JEOL2100
apparatus was for this analysis. The mean particle size of the green-synthesized AgNPs was measured using image], and

Origin Lab software (version 9.0).
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Figure 7 TEM Images of Ag Nanoparticles (A), and Ag Nanoparticles' Average Particle Size from the TEM's image (Ai)

Figure 7A showed the TEM micrograph of a spherical-shaped silver NPs with well-dispersed form and little
agglomeration, showing some dark and cloudy areas. This may be attributed to the metal and organic components
regions [53-54]. The scale of 50 nm was used to visualize the nanoparticles, and a little overlapping was observed in
some areas of the particle's image. The spread in the surface area indicates potentiality of its wide range of applications,
especially in adsorption studies [55-56]. The average particle size of the AgNPs as shown in the histogram (Figure 7Ai),
as determined by the image resolution analyzer (the Image] software), and Origin Lab software, is 3.2 nm. This result is
marginally smaller than that reported by Elemike et al. [57].
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3.3. Antimicrobial Activity Result

The antimicrobial result of the Ag Nanoparticles, is presented below.

Table 2 Antimicrobial activity of the AgNPs

Sample | Microbe Unit | Concentration
400 mg/mL | 300 mg/mL | 200 mg/mL | 100 mg/mL
AgNPs | E. coli mm | 10.0£0.042 | 10.0+0.032 | 8.0+0.02b 8.0+0.01b
S. aureus 20.0£0.012 | 18.0+¢0.01> | 16.0+0.04¢ 16.0+0.01¢
C. albicans 22.0£0.042 | 22.0+0.022 | 22.0+0.012 | 18.0+0.04®
Aspergillus sp 22.0£0.012 | 20.0£0.04> | 16.0+0.04c¢ 16.0+0.01¢

The values represent Mean+SD; For a Tukey’s HSD test, different letters in the same row are significantly different (p < 0.05) for each of the
parameters evaluated.

Antimicrobial Analysis of AgNPs
25
20
S1s
E mE. coli
::Q:" 10 H S, aureus
E C. albicans
5
m Aspergillus sp.
0
400 300 200 100
mgmL mgmL mgmL mgmL
Concentration

Figure 8 Antimicrobial Result of the AgNPs

Table 2, and Figure 8 showed that the silver nanoparticles from Cissus aralioides leaf extract was highly active against
all the microbes, with the highest and lowest activity obtained at 22, and 8 mm, respectively. C. aureus was more
inhibited, displaying sensitivity across the concentrations with 200, 300, and 400 mg/L having 22 mm inhibitory
activity, and 18 mm was observed at 100 mg/mL. Following this closely, was the inhibitory effect against Aspergillus sp.,
which displayed sensitivity across the concentrations at the range of 18-22 mm. While the AgNPs had lowest activity
against E. coli (at the range of 8 to 10 mm), the inhibitions against S. aureus were obtained at 16-20 mm. Many studies
have reported activity just over this range [3, 25, 28, 44], and higher than range [58], at the commiserate concentrations.

Table 3 Antibiotics sensitivity result

Control Microbe Unit | Concentration
50 mg/mL | 25 mg/mL | 12.5 mg/mL | 6.25 mg/mL
Gentamycin | E. coli 22.0+0.012 | 16.0+0.04> | 13.0+£0.04¢ 8.0+0.044
S. aureus 18.0+0.012 | 12.0£0.01> | 10.0+0.01¢ 0.0+0.004
C. albicans 22.0+0.012 | 16.0£0.01> | 13.0+0.01c¢ 8.0+0.044
Aspergillus sp 6.0£0.012 | 0.0£0.00> | 0.0+0.00b 0.0+£0.00P
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DH:0 E. coli mm | 0.0+0.002 | 0.0+0.002 | 0.0£0.002 0.0+0.002
S. aureus 0.0+0.002 | 0.0+£0.002 | 0.0+0.007 0.0+0.002
C. albicans 0.0+0.002 | 0.0+£0.002 | 0.0+0.007 0.0+0.002
Aspergillus sp 0.0+0.002 0.0£0.002 0.0+0.002 0.0+0.002

The values represent Mean+SD; For a Tukey’s HSD test, different letters in the same row are significantly different (p < 0.05) for each of the
parameter evaluated.
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Figure 9 Gentamycin sensitivity result

The AgNPs has close comparison with the positive control, Gentamycin (Table 3, and Figure 9), demonstrating itself as
an alternative inhibitory agent against the microbes.

The negative control had no activity against the microbes, confirming there was no contaminants present. The results
confirmed that the AgNPs is a promising antimicrobial agent. The increased surface area that enhances improved
bioavailability, allowed the nanoparticles to have an enhanced interaction with the enzymes of the microbes, penetrate
their cell walls, and induce inhibitory effects to their cellular processes and growth, leading to their cellular damage [30,
44,59, 60]. AgNPs’ cosmetics of this plant has also shown comparability effects [60].

4. Conclusion

The methanol leaf extract of Cissus aralioides used in combination with AgNOs successfully synthesized Ag NPs in this
research. It was confirmed that the full synthesis of the NPs was facilitated by the phytochemicals found in the plant
extract, which served as stabilizing and capping agents. UV-vis, FTIR, PXRD, SEM, EDX, and TEM instruments used to
characterize the NPs confirmed the characteristics results, further affirming its formation. With an estimated bandgap
energy of 3.30 eV and a maximum wavelength of 375 nm, the green-synthesized AgNPs was found promising relevance
in nanoelectronic applications, as well as semiconductor fabrications. A mean particle size of 3.20 nm was determined
from the NPs' TEM image, as well as an average crystalline size of 22.52 nm from PXRD result. Predominant elemental
silver found from the EDX result, and the NPs also showed an uneven and rough surface in its SEM data. The plant's
abundance of vital phytochemicals with disease-fighting properties is demonstrated by the presence of several
functional groups identified by FTIR analysis. Inhibitory activity was observed against Escherichia coli, Staphylococcus
aureus, Candida albicans, and Aspergillus fumigatus from the antimicrobial activity analysis. Ag nanoparticles
demonstrated high activity against all the microbes, with the highest effect (at 22 mm) seen on C. aureus. The minimum
inhibitory concentration was at 100-200 mg/L. The positive control showed comparable inhibitions but more effective
than the sample at increased concentrations. This is a confirmation that the AgNPs was able to cause breakdown in the
microbial cell wall, thus demonstrating great inhibitory effects to their biological activities. Overall, the results have
demonstrated that the silver nanoparticles can be used to control pathogenic microbes. From the findings, it can be
concluded that the synthesized AgNPs has several potential applications, and more especially, can be utilized as
antimicrobial agent to control pathogens.
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