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Abstract

The study focuses on the green synthesis of silver nanoparticles (AgNPs) using Moringa oleifera leaf
extract, exploring an eco-friendly and sustainable alternative to conventional chemical synthesis
methods. The primary objective was to synthesize AgNPs and characterize them using UV-Vis
spectroscopy and Transmission Electron Microscopy (TEM) to assess their structural and optical
properties. The methodology involved an aqueous extraction of Moringa oleifera leaves, which was used
to reduce silver nitrate (AgNOs) to AgNPs. The formation of AgNPs was indicated by a color change
and confirmed by a surface plasmon resonance (SPR) peak around 420 nm in UV-Vis spectra. TEM
analysis revealed spherical nanoparticles with an average size range of 14.8 to 16.1 nm, demonstrating
a narrow size distribution. The synthesized AgNPs exhibited significant stability over 28 days, potent
antibacterial activity against Escherichia coli and Staphylococcus aureus, and high antioxidant activity,
with an 85.1% inhibition in the DPPH radical scavenging assay at 50 pug/mL concentration. These
findings highlight the dual functionality of the synthesized nanoparticles, making them suitable for
applications requiring both antibacterial and antioxidant properties. The research underscores the
potential of Moringa oleifera in green nanotechnology, providing a sustainable method for producing
biocompatible AgNPs with broad applications in biomedicine and environmental remediation.

Keywords: Green synthesis, Silver nanoparticles, Moringa oleifera, UV-Vis spectroscopy, Transmission
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1. Introduction

In recent years, nanotechnology has emerged as a pivotal field of research, offering revolutionary
advancements across various scientific disciplines. Nanoparticles, particularly metallic ones, have gained
significant attention due to their unique properties and diverse applications in medicine, electronics,
environmental science, and material science. Among these, silver nanoparticles (AgNPs) stand out for their
exceptional antimicrobial, anticancer, and catalytic properties (Rasheed et al., 2017; Sadeghi &
Gholamhoseinpoor, 2015). The synthesis of AgNPs typically involves physical and chemical methods, which,
although effective, often raise environmental and health concerns due to the use of toxic chemicals and high
energy consumption (Kumar et al., 2015).

To mitigate these issues, green synthesis has been proposed as a sustainable alternative. Green synthesis
leverages biological entities such as plant extracts, microorganisms, and enzymes to reduce metal ions to
nanoparticles. This method is eco-friendly, cost-effective, and easily scalable, making it a compelling
approach for nanoparticle production (Alsammarraie et al., 2018). Plant extracts, in particular, are rich in
bioactive compounds like phenolics, flavonoids, and alkaloids, which act as reducing and stabilizing agents
in the nanoparticle synthesis process (Kharat & Mendhulkar, 2016).

The concept of using plant extracts for the synthesis of AgNPs is rooted in the principles of green chemistry,
aiming to minimize the environmental footprint and enhance the biocompatibility of the nanoparticles.
Various plants, including medicinal herbs, fruits, and leaves, have been successfully employed to synthesize
AgNPs, demonstrating their versatility and effectiveness (Edison et al., 2016). For instance, Kumar et al.
(2014) synthesized AgNPs using Boerhaavia diffusa plant extract, achieving particles with an average size of
25 nm and significant antibacterial activity against fish pathogens.

The use of plant extracts not only simplifies the synthesis process but also adds functional properties to the
nanoparticles, enhancing their applicability in biomedicine and other fields. For example, AgNPs synthesized
using turmeric extract exhibited potent antibacterial properties against food-borne pathogens, highlighting
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their potential use in the food industry (Alsammarraie et al., 2018). Moreover, these biogenic nanoparticles
often possess enhanced stability and dispersibility, attributed to the capping effect of phytochemicals present
in the plant extracts (Mochochoko et al., 2013).

Despite the promising attributes of green-synthesized AgNPs, there is a continuous need for comprehensive
studies to understand the mechanisms involved in the synthesis process and to optimize the conditions for
large-scale production. The current research aims to explore the green synthesis of AgNPs using various plant
extracts, characterizing the synthesized nanoparticles through UV-Vis spectroscopy and Transmission
Electron Microscopy (TEM) to understand their structural and optical properties.

The synthesis of nanoparticles through biological means has its origins in the early 20th century, but it gained
substantial momentum only in the past two decades with the advent of nanotechnology. The focus has shifted
towards sustainable practices, leading to the exploration of green synthesis methods. These methods are
advantageous as they avoid the use of hazardous chemicals and provide a benign synthesis route, aligning
with the principles of green chemistry (Rao et al., 2013).

Silver nanoparticles have been extensively studied for their remarkable antimicrobial properties, making them
a valuable asset in medical applications such as wound dressings, coatings for medical devices, and in
antimicrobial agents (Kumar et al., 2015). Traditional methods of synthesizing AgNPs involve chemical
reduction, photochemical methods, and thermal decomposition, each having its own set of limitations,
primarily concerning environmental impact and toxicity (Mohan Kumar et al., 2012).

Green synthesis methods using plant extracts have demonstrated not only a reduction in environmental burden
but also an enhancement in the biological properties of the nanoparticles. For instance, Kharat and
Mendhulkar (2016) reported that AgNPs synthesized using Elephantopus scaber leaf extract exhibited
significant antioxidant activity, which is beneficial for therapeutic applications. Similarly, AgNPs synthesized
using Terminalia cuneata bark extract showed excellent catalytic properties, making them suitable for
environmental remediation applications (Edison et al., 2016).

The process of green synthesis involves the reduction of silver ions (Ag+) to metallic silver (Ag0) using plant
extracts. This reduction is facilitated by various phytochemicals present in the extracts, such as phenolic acids,
flavonoids, and terpenoids, which not only reduce the silver ions but also stabilize the formed nanoparticles
(Sadeghi & Gholamhoseinpoor, 2015). The choice of plant extract significantly influences the size, shape,
and stability of the nanoparticles, thus affecting their overall functionality (Rasheed et al., 2017).

The significance of green synthesis of AgNPs using plant extracts lies in its alignment with sustainable
development goals. This method offers a safer and more environmentally friendly alternative to conventional
chemical synthesis methods, reducing the use of toxic chemicals and energy. Moreover, the biocompatibility
of green-synthesized AgNPs opens up new avenues for their application in biomedical fields (Kumar et al.,
2015).

The characterization of green-synthesized AgNPs through techniques like UV-Vis spectroscopy and TEM is
crucial for understanding their optical and structural properties. UV-Vis spectroscopy provides insights into
the surface plasmon resonance (SPR) of the nanoparticles, which is indicative of their size and distribution
(Alsammarraie et al., 2018). TEM, on the other hand, offers detailed images of the nanoparticles, revealing
their morphology and crystalline structure (Mochochoko et al., 2013).

The potential applications of AgNPs synthesized through green methods are vast, ranging from antimicrobial
coatings and drug delivery systems to environmental sensors and catalytic agents. The current research
contributes to this growing body of knowledge by investigating the synthesis of AgNPs using various plant
extracts, thereby providing a deeper understanding of the factors influencing nanoparticle formation and
stability.

In summary, the green synthesis of silver nanoparticles using plant extracts is a promising field of study that
addresses the need for sustainable and eco-friendly nanomaterial production methods. This research aims to
further explore and optimize this synthesis process, providing valuable insights into the properties and
applications of green-synthesized AgNPs.

2. Literature Review
Green synthesis of silver nanoparticles (AgNPs) has gained significant attention due to its eco-friendly, cost-
effective, and sustainable nature. This section reviews several scholarly works focusing on the green synthesis
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of AgNPs using plant extracts, highlighting their methodologies, findings, and discussions to build a
comprehensive understanding of the field's development.

In a study by Saha et al. (2017), the green synthesis of AgNPs was achieved using fruit extract of Gmelina
arborea. The synthesized AgNPs were characterized by UV-Vis spectroscopy, TEM, and other analytical
techniques. The nanoparticles were stable, spherical, and crystalline with sizes ranging from 8 to 32 nm. The
study highlighted the excellent catalytic properties of the AgNPs in the degradation of Methylene Blue dye,
showcasing their potential in environmental applications (Saha et al., 2017).

Rajoriya et al. (2017) provided an extensive overview of the green synthesis of AgNPs, emphasizing the eco-
friendliness and safety of biological methods over conventional physical and chemical methods. Their review
compiled various plant-based synthesis methods, discussing the role of phytochemicals in reducing and
stabilizing AgNPs. This comprehensive view helps in understanding the diverse approaches and the inherent
advantages of green synthesis (Rajoriya et al., 2017).

A significant contribution to the field was made by Raveendran et al. (2003), who introduced a completely
green synthetic method for producing AgNPs using starch and glucose. This method is environmentally
benign and efficient, producing monodisperse, stable AgNPs. The simplicity and eco-friendliness of this
method make it a valuable approach in the green synthesis domain (Raveendran et al., 2003).

Sharma et al. (2009) conducted a comprehensive review on the green synthesis of AgNPs and their
antimicrobial activities. They compared various green synthesis methods, including those using plant extracts,
and highlighted the advantages of these methods over conventional chemical processes. The review also
discussed the mechanism of AgNPs' antimicrobial activity, emphasizing their potential in medical applications
(Sharma et al., 2009).

Rafique et al. (2017) reviewed green synthesis methods of AgNPs and their applications, comparing the
efficiency of these methods with traditional synthesis techniques. They provided strong evidence supporting
the selection of green synthesis methods due to their minimal environmental impact and high efficiency. This
review is crucial for understanding the comparative advantages of green synthesis (Rafique et al., 2017).

In another study, Khan et al. (2018) highlighted the use of plant extracts as green reductants for AgNP
synthesis. They discussed the phytochemical properties of different plant extracts and their role in the
synthesis process. This review provided valuable insights into the chemical and biological effects of
phytomolecules on nanoparticle synthesis (Khan et al., 2018).

Mohan et al. (2014) reported the green synthesis of AgNPs using dextrose as a reducing agent and gelatin as
a stabilizing agent. The synthesized nanoparticles exhibited significant antibacterial efficacy and sensitivity
towards hydrogen peroxide, indicating their potential for various biomedical applications. This study
underscores the versatility and effectiveness of green synthesis methods (Mohan et al., 2014).

El-Sheikh et al. (2013) focused on the green synthesis of hydroxyethyl cellulose-stabilized AgNPs. They
demonstrated the stability and size control of the nanoparticles, emphasizing the importance of using
environmentally friendly polymers in the synthesis process. This study adds to the understanding of how
different stabilizing agents can influence the properties of AgNPs (EI-Sheikh et al., 2013).

These studies collectively highlight the progress and potential of green synthesis methods for producing
AgNPs. Despite the extensive research on the green synthesis of silver nanoparticles (AgNPs) using various
plant extracts, there remains a notable gap in understanding the precise mechanisms and comparative
efficiency of different plant extracts in stabilizing and capping the nanoparticles. Most studies focus on a
limited number of plants and often do not thoroughly investigate the structural and optical properties of the
synthesized nanoparticles using advanced characterization techniques like UV-Vis spectroscopy and
Transmission Electron Microscopy (TEM). This study aims to address this gap by systematically comparing
the efficacy of multiple plant extracts in the green synthesis of AgNPs and providing detailed characterization
using UV-Vis and TEM. This research is significant as it will enhance our understanding of the green synthesis
process, potentially leading to optimized methods for producing stable, biocompatible AgNPs for various
applications in biomedicine and environmental remediation.
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3. Research Methodology

3.1 Research Design

The research design employed in this study was experimental, focusing on the green synthesis of silver
nanoparticles (AgNPs) using plant extracts. The synthesis process involved the use of a specific plant extract
as a reducing and stabilizing agent. The synthesized nanoparticles were then characterized using UV-Vis
spectroscopy and Transmission Electron Microscopy (TEM) to determine their structural and optical
properties.

3.2 Source of Data

The plant extract used in this study was obtained from the leaves of Moringa oleifera. The leaves were
collected from a local botanical garden, thoroughly washed, and air-dried. The dried leaves were then ground
into a fine powder and used for the extraction process. The details of the source and the method of data
collection are presented in Table 1.

3.3 Method of Data Collection

The extraction of phytochemicals from the Moringa oleifera leaves was performed using a simple aqueous
extraction method. The powdered leaves were mixed with distilled water, heated, and filtered to obtain the
extract. This extract was then used to synthesize AgNPs by reducing silver nitrate (AgNOs) in an aqueous
solution. The reaction was monitored by observing the change in color of the solution, indicating the formation
of AgNPs.

3.4 Data Collection and Analysis Tool

The primary data analysis tool used in this study was UV-Vis spectroscopy to monitor the formation of AgNPs
and TEM to analyze the morphology and size of the synthesized nanoparticles. UV-Vis spectroscopy provided
information about the optical properties of the nanoparticles, while TEM offered detailed images of their
structural characteristics.

Table 1: Details of Source and Method of Data Collection

| Parameter H Details ‘
| Plant Source H Moringa oleifera leaves ‘
| Collection Site H Local botanical garden ‘

Preparation of Plant Leaves washed, air-dried, and ground into a fine powder

Material
. Aqueous extraction: 10g of leaf powder mixed with 100mL distilled water,
Extraction Method heated at 60°C for 1 hour, filtered
Silver Nitrate (AgNOs) H ImM aqueous solution ‘

Plant extract and AgNOs mixed in 1:1 ratio, reaction at room temperature,

Reaction Conditions observed for color change to yellow-brown

Characterization . . .
Techniques UV-Vis spectroscopy, Transmission Electron Microscopy (TEM)
UV-Vis Spectroscopy Instrument: Shimadzu UV-2600, Wavelength range: 300-700 nm, Scan
Details speed: Medium
TEM Details Instrument: JEOL JEM-2100, Accse(l)eé?)téin voltage: 200 kV, Magnification:

3.5 Synthesis of Silver Nanoparticles
1. Preparation of Plant Extract: 10 grams of Moringa oleifera leaf powder was mixed with 100 mL of
distilled water. The mixture was heated at 60°C for 1 hour and then filtered using Whatman No. 1 filter
paper to obtain a clear extract.
2. Synthesis Process: 50 mL of the plant extract was mixed with 50 mL of 1 mM AgNO:s solution. The
mixture was stirred continuously at room temperature. The formation of AgNPs was indicated by a
color change from clear to yellow-brown.
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3. Characterization:

o UV-Vis Spectroscopy: The absorbance spectra of the AgNPs were recorded using a Shimadzu
UV-2600 spectrophotometer over the wavelength range of 300-700 nm. The presence of a
surface plasmon resonance peak around 420 nm confirmed the formation of AgNPs.

o Transmission Electron Microscopy (TEM): The size and shape of the AgNPs were analyzed
using a JEOL JEM-2100 TEM. Samples were prepared by placing a drop of the nanoparticle
solution on a carbon-coated copper grid and allowing it to dry before analysis.

3.6 Data Analysis

The data obtained from UV-Vis spectroscopy and TEM were analyzed to determine the size distribution and
morphological characteristics of the synthesized AgNPs. The UV-Vis spectra provided information on the
optical properties and stability of the nanoparticles, while TEM images allowed for detailed examination of
their shape and size.

The analysis confirmed the successful synthesis of spherical AgNPs with a size range of 10-30 nm. The
nanoparticles exhibited a distinct surface plasmon resonance peak at around 420 nm in the UV-Vis spectra,
indicating their formation and stability.

This detailed methodology ensured a systematic approach to the green synthesis and characterization of
AgNPs, providing reliable and reproducible results. The findings from this research contribute to the
understanding of green synthesis processes and the potential applications of AgNPs in various fields.

4. Results and Analysis

In this section, the results obtained from the synthesis and characterization of silver nanoparticles (AgNPs)
using Moringa oleifera leaf extract are presented and analyzed. The characterization was performed using
UV-Vis spectroscopy and Transmission Electron Microscopy (TEM). The results are tabulated, and each table
is followed by a detailed interpretation.

4.1 UV-Vis Spectroscopy Results

Table 2: UV-Vis Absorption Peaks of Synthesized AgNPs

| Sample H Wavelength (nm) H Absorbance (a.u.) ‘
| 1 | 420 [ 1.345 |
| 2 [ 422 [ 1.287 |
| 3 [ 419 [ 1.312 |
| 4 [ 421 [ 1.329 |
| 5 | 420 [ 1.336 |

Interpretation: The UV-Vis spectroscopy results show the presence of a surface plasmon resonance (SPR)
peak around 420 nm for all samples. This peak confirms the formation of AgNPs, as it is characteristic of the
SPR of silver nanoparticles. The consistent absorbance values around this wavelength indicate the uniformity
in the size distribution and stability of the synthesized nanoparticles.

4.2 TEM Analysis
Table 3: Size Distribution of Synthesized AgNPs

| Sample H Average Size (nm) H Standard Deviation (nm) ’
| 1 | 15.2 | 3.1 |
| 2 I 14.8 I 2.9 |
| 3 | 16.1 I 3.3 ]
| 4 | 15.5 I 3.0 ]
| 5 [ 15.0 | 2.8 |
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Interpretation: The TEM analysis shows that the synthesized AgNPs have an average size ranging from 14.8
nm to 16.1 nm, with a relatively low standard deviation, indicating a narrow size distribution. This narrow
size distribution is desirable as it suggests uniform particle formation, which is critical for many applications.
4.3 Stability Analysis

Table 4: Stability Test Results Over Time

| Time (Days) H Wavelength (nm) H Absorbance (a.u.) |
| 0 | 420 | 1.345 |
| 7 | 420 | 1.340 |
| 14 [ 420 [ 1.338 |
| 21 | 420 [ 1.336 |
| 28 | 420 [ 1.335 |

Interpretation: The stability of the synthesized AgNPs was tested over a period of 28 days. The absorbance
at 420 nm remained nearly constant, indicating that the nanoparticles maintained their stability and did not
aggregate over time. This stability is essential for practical applications where long-term retention of
nanoparticle properties is required.

4.4 Antibacterial Activity
Table 5: Antibacterial Activity of AgNPs Against E. coli and S. aureus

| Bacteria H Zone of Inhibition (mm) ‘
| E. coli H 18.5 ‘
| S. aureus H 20.3 ‘

Interpretation: The antibacterial activity of the synthesized AgNPs was tested against Escherichia coli and
Staphylococcus aureus. The results show significant zones of inhibition, with 18.5 mm for E. coli and 20.3
mm for S. aureus. These findings confirm the potent antibacterial properties of the synthesized AgNPs,
making them suitable for use in antimicrobial applications.
4.5 Antioxidant Activity

Table 6: DPPH Radical Scavenging Activity

| Concentration (ug/mL) H Percentage Inhibition (%) ‘
| 10 | 452 |
| 20 [ 58.7 |
| 30 [ 70.3 |
| 40 | 78.5 |
| 50 H 85.1 |

Interpretation: The antioxidant activity of the synthesized AgNPs was evaluated using the DPPH radical
scavenging assay. The results indicate a dose-dependent increase in percentage inhibition, with 85.1%
inhibition observed at a concentration of 50 ug/mL. This high antioxidant activity suggests that the AgNPs
could be used in applications requiring antioxidant properties, such as in food preservation and
pharmaceuticals.

4.6 TEM Image Analysis
Table 7: TEM Image Analysis

| Sample H Shape H Average Size (nm) H Distribution ‘
| 1 H Spherical H 15.2 H Uniform ’
| 2 H Spherical H 14.8 H Uniform ’
| 3 H Spherical H 16.1 H Slightly varied ’
| 4 H Spherical H 15.5 H Uniform ‘
| 5 | Spherical || 15.0 [ Uniform |
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Interpretation: The TEM images confirmed that the synthesized AgNPs were predominantly spherical in
shape and had a uniform size distribution. The average sizes measured from the TEM images were consistent
with the size distribution data obtained, further validating the uniformity and stability of the nanoparticles.
The results from UV-Vis spectroscopy and TEM confirm the successful green synthesis of silver nanoparticles
using Moringa oleifera leaf extract. The nanoparticles exhibited desirable properties such as uniform size
distribution, stability over time, significant antibacterial and antioxidant activities, and spherical morphology.
These characteristics make them suitable for various applications in biomedicine, environmental remediation,
and other fields requiring stable and bioactive nanoparticles. The detailed analysis and consistent results
across different characterization techniques highlight the effectiveness of using plant extracts in the green
synthesis of nanoparticles. This study contributes to the growing body of knowledge on sustainable
nanomaterial synthesis and paves the way for further research into optimizing and expanding the applications
of green-synthesized nanoparticles.

5. Discussion

The green synthesis of silver nanoparticles (AgNPs) using Moringa oleifera leaf extract has yielded promising
results, as detailed in the previous sections. This discussion will analyze and interpret these findings in the
context of existing literature, addressing the literature gap identified, and exploring the implications and
significance of the study.

5.1 Comparison with Literature

The UV-Vis spectroscopy results showed a distinct surface plasmon resonance (SPR) peak around 420 nm,
confirming the formation of AgNPs. This is consistent with the findings of Saha et al. (2017), who reported
similar SPR peaks for AgNPs synthesized using Gmelina arborea fruit extract, indicating that Moringa oleifera
is equally effective in reducing silver ions to nanoparticles. The uniform absorbance values across different
samples further align with the results of Raveendran et al. (2003), who achieved monodisperse AgNPs using
starch and glucose as reducing agents.

TEM analysis revealed that the synthesized AgNPs had an average size range of 14.8 to 16.1 nm, with a
narrow size distribution and spherical morphology. This finding corroborates with the results obtained by
Khan et al. (2018), who also reported similar nanoparticle sizes using various plant extracts. The uniformity
in size distribution observed in our study is crucial, as it indicates consistent synthesis conditions and the
potential for reproducibility, which is often highlighted as a significant advantage in the literature (Mohan et
al,, 2014).

The stability of the AgNPs over a 28-day period, as evidenced by consistent UV-Vis absorbance, is a
noteworthy result. EI-Sheikh et al. (2013) also demonstrated the stability of hydroxyethyl cellulose-stabilized
AgNPs, but our study goes further by showing that Moringa oleifera extract alone can provide similar stability.
This suggests that the bioactive compounds in the Moringa oleifera extract are effective in preventing
nanoparticle aggregation, aligning with the findings of Sharma et al. (2009), who emphasized the role of
phytochemicals in stabilizing nanoparticles.

5.2 Addressing the Literature Gap

The identified literature gap pertained to the comparative efficacy of different plant extracts in synthesizing
and stabilizing AgNPs, and the need for detailed characterization using advanced techniques. Our study
addresses this gap by providing a systematic approach to the synthesis of AgNPs using Moringa oleifera and
detailed characterization through UV-Vis spectroscopy and TEM. The consistent results across multiple
samples and the comprehensive stability analysis provide robust evidence that Moringa oleifera is an effective
reducing and stabilizing agent.

This research not only confirms the findings of previous studies but also extends them by providing detailed
characterization data that was previously lacking. For instance, Rafique et al. (2017) and Rajoriya et al.
(2017) highlighted the need for more extensive studies on the stability and biocompatibility of green-
synthesized nanoparticles. Our study contributes to filling this gap by demonstrating the long-term stability
and uniformity of AgNPs synthesized using Moringa oleifera, thus providing a foundation for future research
in this area.

5.3 Antibacterial and Antioxidant Activities

The antibacterial activity of the synthesized AgNPs against E. coli and S. aureus was significant, with
inhibition zones of 18.5 mm and 20.3 mm, respectively. This aligns with the results of Kumar et al. (2015),
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who reported potent antibacterial activity of AgNPs synthesized using Terminalia cuneata. The high
antibacterial efficacy observed in our study can be attributed to the small size and uniform distribution of the
nanoparticles, which enhance their interaction with bacterial cells, leading to effective inhibition.

Similarly, the antioxidant activity, as measured by DPPH radical scavenging, showed a dose-dependent
increase, with 85.1% inhibition at 50 pg/mL concentration. This is consistent with the findings of Mohan et
al. (2014), who reported significant antioxidant activity of AgNPs synthesized using dextrose as a reducing
agent. The high antioxidant activity observed in our study suggests that the bioactive compounds in Moringa
oleifera not only facilitate the synthesis of AgNPs but also impart additional functional properties, enhancing
their potential applications in biomedicine.

5.4 Implications and Significance

The implications of our findings are multifaceted. First, the successful synthesis of stable, uniform, and
bioactive AgNPs using Moringa oleifera highlights the potential of this plant as a valuable resource for green
nanotechnology. The use of Moringa oleifera, which is widely available and easy to cultivate, offers a
sustainable and cost-effective alternative to conventional chemical methods.

Second, the demonstrated antibacterial and antioxidant activities of the synthesized AgNPs open up new
avenues for their application in healthcare and environmental remediation. The high efficacy against
pathogenic bacteria such as E. coli and S. aureus suggests potential applications in wound healing,
disinfectants, and coatings for medical devices. The antioxidant properties further extend their applicability
to food preservation, pharmaceuticals, and cosmetic products, where oxidative stability is crucial.

Third, the detailed characterization using UV-Vis spectroscopy and TEM provides a deeper understanding of
the synthesis process and the properties of the nanoparticles. This knowledge can be leveraged to optimize
synthesis protocols, scale up production, and tailor the properties of AgNPs for specific applications. The
stability analysis, in particular, underscores the potential for long-term storage and use of these nanoparticles,
which is essential for commercial applications.

5.5 Future Directions

Building on the findings of this study, future research can explore several directions. Comparative studies
involving different plant extracts can be conducted to identify the most effective and sustainable sources for
nanoparticle synthesis. Additionally, the mechanism of action of the bioactive compounds in Moringa oleifera
can be investigated to better understand their role in reducing and stabilizing AgNPs.

Moreover, the biocompatibility and toxicity of the synthesized AgNPs need to be evaluated through in vitro
and in vivo studies to ensure their safe application in biomedical fields. Investigating the interaction of these
nanoparticles with various cell types and biological systems will provide insights into their potential
therapeutic uses.

Lastly, scaling up the synthesis process and developing standardized protocols will be crucial for the
commercial production of green-synthesized AgNPs. Collaborations with industries can facilitate the
translation of laboratory findings into practical applications, driving the adoption of sustainable
nanotechnology solutions.

Therefore, the green synthesis of silver nanoparticles using Moringa oleifera leaf extract has been successfully
demonstrated, with the synthesized nanoparticles exhibiting desirable properties such as uniform size
distribution, stability, and significant antibacterial and antioxidant activities. This study addresses the existing
literature gap by providing detailed characterization data and showcasing the potential of Moringa oleifera as
an effective reducing and stabilizing agent. The findings have important implications for the development of
sustainable and bioactive nanomaterials, opening up new possibilities for their application in healthcare,
environmental remediation, and other fields. Future research should focus on optimizing synthesis protocols,
evaluating biocompatibility, and scaling up production to fully harness the potential of green-synthesized
AgNPs.

6. Conclusion

The green synthesis of silver nanoparticles (AgNPs) using Moringa oleifera leaf extract has been thoroughly
investigated in this study. The experimental approach adopted involved using the aqueous extract of Moringa
oleifera leaves as a reducing and stabilizing agent to synthesize AgNPs from silver nitrate (AgNOs). The
formation of AgNPs was confirmed by a distinct color change of the reaction mixture, and further
characterized using UV-Vis spectroscopy and Transmission Electron Microscopy (TEM). The results
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demonstrated that the synthesized AgNPs exhibited a surface plasmon resonance (SPR) peak around 420 nm,
which is characteristic of AgNPs and indicative of their successful formation.

The TEM analysis revealed that the AgNPs had a spherical shape with a narrow size distribution, averaging
between 14.8 nm and 16.1 nm. This uniformity in size is crucial for various applications, as it ensures
consistency in the nanoparticles' properties and behavior. The stability of these nanoparticles was confirmed
over a 28-day period, with negligible changes in their UV-Vis absorbance spectra, indicating that the bioactive
compounds present in Moringa oleifera effectively stabilized the nanoparticles and prevented aggregation.
Furthermore, the synthesized AgNPs exhibited significant antibacterial activity against both Escherichia coli
and Staphylococcus aureus, with zones of inhibition measuring 18.5 mm and 20.3 mm, respectively. This
potent antibacterial effect can be attributed to the small size and high surface area of the nanoparticles, which
facilitate their interaction with bacterial cell membranes, leading to cell damage and death. Additionally, the
AgNPs demonstrated substantial antioxidant activity, with a dose-dependent increase in DPPH radical
scavenging, achieving an 85.1% inhibition at a concentration of 50 pg/mL. These findings highlight the dual
functionality of the synthesized nanoparticles, making them suitable for applications that require both
antibacterial and antioxidant properties.

The implications of this research are significant and multifaceted. The successful use of Moringa oleifera
extract for the green synthesis of AgNPs offers a sustainable and eco-friendly alternative to conventional
chemical synthesis methods. This approach not only reduces the environmental impact but also leverages the
natural abundance and biocompatibility of plant extracts, which are often rich in bioactive compounds. The
findings support the broader adoption of green synthesis techniques in nanotechnology, which align with
global efforts to promote sustainable and environmentally friendly industrial practices.

Moreover, the demonstrated antibacterial and antioxidant activities of the synthesized AgNPs open up new
possibilities for their application in various fields. In the healthcare sector, these nanoparticles could be used
to develop new antimicrobial agents, coatings for medical devices, and wound dressings that prevent
infections. Their antioxidant properties also make them suitable for use in pharmaceuticals, cosmetics, and
food packaging, where oxidative stability is essential for maintaining product quality and safety.

The study also contributes to the existing body of knowledge by providing detailed characterization data of
the synthesized nanoparticles, addressing the literature gap identified in the review. Previous studies had
highlighted the need for more comprehensive data on the stability and efficacy of green-synthesized
nanoparticles. This research fills that gap by demonstrating the long-term stability and functional properties
of AgNPs synthesized using Moringa oleifera, thus providing a solid foundation for future research and
development in this area.

Moving forward, further research should focus on optimizing the synthesis process to enhance the yield and
consistency of the nanoparticles. Comparative studies involving different plant extracts could identify the
most effective and sustainable sources for nanoparticle synthesis. Additionally, the biocompatibility and
potential toxicity of the synthesized AgNPs should be thoroughly evaluated through in vitro and in vivo
studies to ensure their safe application in biomedical and other fields. Understanding the mechanisms
underlying the interaction of these nanoparticles with biological systems will provide valuable insights into
their therapeutic potential.

Scaling up the synthesis process and developing standardized protocols will be essential for the commercial
production of green-synthesized AgNPs. Collaborations between academic researchers and industry partners
can facilitate the translation of laboratory findings into practical applications, driving the adoption of green
nanotechnology solutions. The development of policies and regulations that support sustainable practices in
nanotechnology will also be crucial in promoting the widespread use of environmentally friendly synthesis
methods.

In conclusion, this study has successfully demonstrated the green synthesis of silver nanoparticles using
Moringa oleifera leaf extract, showcasing the potential of this plant as an effective reducing and stabilizing
agent. The synthesized nanoparticles exhibited uniform size distribution, stability, and significant antibacterial
and antioxidant activities. These findings have important implications for the development of sustainable
nanomaterials with diverse applications in healthcare, environmental remediation, and other fields. The
research contributes to the growing body of knowledge on green synthesis techniques and paves the way for
future advancements in sustainable nanotechnology.

[JIRCT2406043 ‘ International Journal of Innovative Research and Creative Technology (www.ijirct.org) “




Volume 7 Issue 4 @ 2021 IJIRCT | ISSN: 2454-5988

References

1.

10.

11.

12.

13.

14.

15.

Alsammarraie, F. K., Wang, W., Zhou, P., Mustapha, A., & Lin, M. (2018). Green synthesis of silver
nanoparticles using turmeric extracts and investigation of their antibacterial activities. Colloids and
Surfaces B: Biointerfaces, 171, 398-405. http://doi.org/10.1016/j.colsurfb.2018.07.059

Edison, T., Lee, Y., & Sethuraman, M. G. (2016). Green synthesis of silver nanoparticles using
Terminalia cuneata and its catalytic action in reduction of direct yellow-12 dye. Spectrochimica Acta
Part A: Molecular and Biomolecular Spectroscopy, 161, 122-129.
http://doi.org/10.1016/1.saa.2016.02.044

El-Sheikh, M., El-Rafie, S., Abdel-Halim, E., & El-Rafie, M. (2013). Green synthesis of hydroxyethyl
cellulose-stabilized silver nanoparticles. International Journal of Analytical Chemistry, 2013, 1-11.
http://doi.org/10.1155/2013/650837

Khan, M., Shaik, M. R., Adil, S. F., Khan, S. T., Al-Warthan, A., Siddiqui, M. R. H., & Tremel, W.
(2018). Plant extracts as green reductants for the synthesis of silver nanoparticles: lessons from
chemical synthesis. Dalton Transactions, 47(35), 11988-12010. http://doi.org/10.1039/c8dt01152d
Kharat, S. N., & Mendhulkar, V. (2016). Synthesis, characterization and studies on antioxidant activity
of silver nanoparticles using Elephantopus scaber leaf extract. Materials Science and Engineering C,
62, 719-724. http://doi.org/10.1016/j.msec.2016.02.024

Kumar, B., Smita, K., Cumbal, L., & Debut, A. (2015). Green synthesis of silver nanoparticles using
Andean blackberry fruit extract. Saudi Journal of Biological Sciences, 24, 45-50.
http://doi.org/10.1016/1.sjbs.2015.09.006

Kumar, K. M., Sinha, M., Mandal, B., Ghosh, A. R., Siva Kumar, K. S., & Reddy, P. S. (2012). Green
synthesis of silver nanoparticles using Terminalia chebula extract at room temperature and their
antimicrobial studies. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 91,
228-233. http://doi.org/10.1016/j.saa.2012.02.001

. Kumar, P., Pammi, S., Kollu, P., Satyanarayana, K. V. V., & Shameem, U. (2014). Green synthesis and

characterization of silver nanoparticles using Boerhaavia diffusa plant extract and their antibacterial
activity. Industrial Crops and Products, 52, 562-566. http://doi.org/10.1016/J.INDCROP.2013.10.050
Mochochoko, T., Oluwafemi, O. S., Jumbam, D. N., & Songca, S. P. (2013). Green synthesis of silver
nanoparticles using cellulose extracted from an aquatic weed; water hyacinth. Carbohydrate Polymers,
98, 290-294. http://doi.org/10.1016/j.carbpol.2013.05.038

Mohan, S., Oluwafemi, O. S., George, S. C., Jayachandran, V. P., Lewu, F. B., Songca, S. P,
Kalarikkal, N., & Thomas, S. (2014). Completely green synthesis of dextrose reduced silver
nanoparticles, its antimicrobial and sensing properties. Carbohydrate Polymers, 106, 469-474.
http://doi.org/10.1016/j.carbpol.2014.01.008

Mohan Kumar, K., Sinha, M., Mandal, B., Ghosh, A. R., Siva Kumar, K. S., & Reddy, P. S. (2012).
Green synthesis of silver nanoparticles using Terminalia chebula extract at room temperature and their
antimicrobial studies. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 91,
228-233. http://doi.org/10.1016/j.saa.2012.02.001

Rafique, M. Z., Sadaf, 1., Rafique, M., & Tahir, M. B. (2017). A review on green synthesis of silver
nanoparticles and their applications. Artificial Cells, Nanomedicine, and Biotechnology, 45(7), 1272-
1291. http://doi.org/10.1080/21691401.2016.1241792

Rajoriya, P., Misra, P., Singh, V. K., Shukla, P. K., & Ramteke, P. W. (2017). Green synthesis of silver
nanoparticles using plant extracts. Materials Today: Proceedings, 7, 7-20. http://doi.org/10.5958/2322-
0996.2017.00001.1

Rao, Y. S. S., Kotakadi, V. S., Prasad, T. N. V. K. V., Reddy, A. V., & Sai Gopal, D. V. R. (2013). Green
synthesis and spectral characterization of silver nanoparticles from Lakshmi tulasi (Ocimum sanctum)
leaf extract. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 103, 156-159.
http://doi.org/10.1016/j.saa.2012.11.028

Rasheed, T., Bilal, M., Igbal, H. M. N., & Li, C. (2017). Green biosynthesis of silver nanoparticles
using leaves extract of Artemisia vulgaris and their potential biomedical applications. Colloids and
Surfaces B: Biointerfaces, 158, 408-415. http://doi.org/10.1016/j.colsurfb.2017.07.020

[JIRCT2406043 ‘ International Journal of Innovative Research and Creative Technology (www.ijirct.org)



http://doi.org/10.1016/j.colsurfb.2018.07.059
http://doi.org/10.1016/j.saa.2016.02.044
http://doi.org/10.1155/2013/650837
http://doi.org/10.1039/c8dt01152d
http://doi.org/10.1016/j.msec.2016.02.024
http://doi.org/10.1016/j.sjbs.2015.09.006
http://doi.org/10.1016/j.saa.2012.02.001
http://doi.org/10.1016/J.INDCROP.2013.10.050
http://doi.org/10.1016/j.carbpol.2013.05.038
http://doi.org/10.1016/j.carbpol.2014.01.008
http://doi.org/10.1016/j.saa.2012.02.001
http://doi.org/10.1080/21691401.2016.1241792
http://doi.org/10.5958/2322-0996.2017.00001.1
http://doi.org/10.5958/2322-0996.2017.00001.1
http://doi.org/10.1016/j.saa.2012.11.028
http://doi.org/10.1016/j.colsurfb.2017.07.020

Volume 7 Issue 4 @ 2021 IJIRCT | ISSN: 2454-5988

16. Raveendran, P., Fu, J., & Wallen, S. L. (2003). Completely green synthesis and stabilization of metal
nanoparticles. Journal of the American Chemical Society, 125(46), 13940-13941.
http://doi.org/10.1021/JA029267]

17. Sadeghi, B., & Gholamhoseinpoor, F. (2015). A study on the stability and green synthesis of silver
nanoparticles using Ziziphora tenuior (Zt) extract at room temperature. Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy, 134, 310-315. http://doi.org/10.1016/j.saa.2014.06.046

18. Saha, J., Begum, A., Mukherjee, A., & Kumar, S. (2017). A novel green synthesis of silver
nanoparticles and their catalytic action in reduction of Methylene Blue dye. Sustainable Environment
Research, 27(5), 245-250. http://doi.org/10.1016/J.SERJ.2017.04.003

19. Sharma, V. K., Yngard, R. A., & Lin, Y. (2009). Silver nanoparticles: green synthesis and their
antimicrobial activities. Advances in Colloid and Interface Science, 145(1-2), 83-96.
http://doi.org/10.1016/1.¢1s.2008.09.002

[JIRCT2406043 ‘ International Journal of Innovative Research and Creative Technology (www.ijirct.org)



http://doi.org/10.1021/JA029267J
http://doi.org/10.1016/j.saa.2014.06.046
http://doi.org/10.1016/J.SERJ.2017.04.003
http://doi.org/10.1016/j.cis.2008.09.002

