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Abstract 

Mosquito control is pivotal in managing malaria and other mosquito-borne diseases worldwide. However, reliance on synthetic 

larvicides is increasingly constrained by environmental toxicity and insecticide resistance, necessitating the exploration of eco-

friendly alternatives. This study investigates the biosynthesis of Moringa oleifera-synthesised silver nanoparticles (MOS-

AgNPs) using aqueous extracts of Moringa oleifera seeds (AEMOS), characterizes their physicochemical properties, and 

evaluates their bio-efficacy against immature stages of Anopheles gambiae.  MOS-AgNPs were synthesized by reacting freshly 

prepared AEMOS with 1mM silver nitrate (AgNO₃) solution. The formation of MOS-AgNPs was initially confirmed through a 

color change from light golden yellow to colloidal yellowish-brown. Characterization techniques, including ultraviolet-visible 

(UV-Vis) spectroscopy, Fourier transform infrared (FTIR) spectroscopy, and transmission electron microscopy (TEM) were 

used to establish physicochemical properties of the nanoparticles formed. For the bioassays, the larvicidal activity of MOS-

AgNPs and AEMOS was assessed against immature A. gambiae at various concentrations of solutions of AEMOS (50, 100, 

150, 200, 250ppm) and MOS-AgNPs (5, 10, 15, 20, 25ppm) in five replicates with distilled water as a control. The setup was 

observed for moribund and dead larvae and pupae until 96 hours post-exposure. Data were subjected to descriptive and 

inferential analyses. Data from the characterization of the nanoproduct revealed that the nanoparticles exhibited a surface 

plasmon resonance (SPR) band at 384.30 nm, spherical morphology, and an average size of 25 ± 2 nm. FTIR analysis confirmed 

functionalization with biomolecules from M. oleifera seeds. Dose-dependent toxic effects were observed from the bioassays, 

achieving ≥60% mortality within 24 hours of exposure. MOS-AgNPs exhibited superior efficacy, with LC₅₀ values ranging from 

9.27 ppm in larval stage 1 (L1) to 12.42 ppm in the pupal stages as compared to AEMOS, which ranged from 203.99 ppm (L1) 

to 106.43 ppm (pupae).  Overall, the stages of development of the mosquitoes had significant correlation (p˂0.05) with the % 

mortality recorded within the exposure time across treatment concentrations used. The findings demonstrate that M. oleifera -

synthesised silver nanoparticles are highly effective larvicidal agents against A. gambiae, underscoring their potential for 

integration into green mosquito vector control strategies. This study highlights the promise of plant-based nanotechnology as a 

sustainable and potent alternative to conventional larvicides in combating mosquito-borne diseases. 

 

Key Words: Moringa oleifera, green synthesis, Anopheles gambiae, mosquito vector control, nanoparticles, plant-based 

larvicides
*INTRODUCTION 

 

Mosquitoes are principal vectors of numerous infectious 

diseases, including malaria, which remains a major global 

health challenge. Current control measures, including long-

lasting insecticidal nets (LLINs), indoor residual spraying 

(IRS), and larvicides, have significantly reduced malaria 

morbidity and mortality in the tropical regions of the world 

including Sub-Saharan Africa (Nalinya et. al., 2022; Zhou et. 

al., 2022; Musoke et. al., 2023). Specifically, the control of 

aquatic stages of mosquitoes using treatments such as 
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synthetic larvicides has been used to complement other main 

malaria control strategies like use of LLINs and IRS in 

malaria-endemic communities across the globe. However, 

these synthetic larvicides face limitations such as 

environmental toxicity, non-target organism effects, and the 

development of resistance in mosquito populations (Benelli et 

al., 2017). 

Recent advances in nanotechnology have opened avenues for 

the green synthesis of nanoparticles using plant extracts for 

mosquito control (Benelli et al., 2017; Priya & Santhi et al., 

2014). These green approaches utilize the plant extracts as 
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agents in the reduction and capping of the nanoparticles during 

synthesis (Landage & Wasif, 2012). In addition, these eco-

friendly approaches offer target-specific mosquito control 

with minimal environmental impact. Among these, silver 

nanoparticles (AgNPs) have garnered attention due to their 

high bio-efficacy at low doses (Mondal et al., 2014; Benelli et 

al., 2016). The unique properties of AgNPs, including their 

size, surface plasmon resonance (SPR), and functionalization, 

enhance their potential for use in mosquito control. This study 

focuses on the biosynthesis of Moringa oleifera nanoparticles 

using aqueous extract of Moringa oleifera seed, characterizes 

their properties, and assesses their mosquitocidal activity 

against immature (larvae and pupae) stages of Anopheles 

gambiae. 

 

MATERIALS AND METHODS 

Preparation of aqueous extract of Moringa oleifera seed: 

M. oleifera plant parts including seeds and leaves were freshly 

harvested. The leaves were taxonomically identified and 

deposited at the Department of Botany Herbarium, University 

of Ibadan, Nigeria. Subsequently, the air-dried seeds were 

pulverized and kept in air tight containers. For the aqueous 

extraction, 200 mg of the powder was mixed with 10 mL of 

distilled water, agitated for 60 minutes, and filtered through 

Whatman No. 1 filter paper (Gerdes, 1997, Ferreira et.al., 

2009). The filtrate recovered is the crude AEMOS extract. 

This was stored in the fridge until used for the mosquito 

assays.   

Biosynthesis of Moringa oleifera-synthesised nanoparticles 

(MOS-AgNPs): Freshly generated 1mM aqueous solution of 

silver nitrate (AgNO3) was used in the production of Moringa 

oleifera-silver nanoparticles. For the biosynthesis, using 

continuous agitation, 10 mL of freshly produced AEMOS 

extract was added dropwise into 90 mL of 1mM AgNO3. This 

was observed for colour change within minutes of the reaction 

(Sujitha et al., 2015; Bhat et. al. 2011). The reaction mixture 

was incubated in the dark for 24 hours to ensure complete 

silver ion bio-reduction and prevent photoactivation of AgNO₃ 

(Bhat et al., 2011). Color change from colorless to brownish 

colloid confirmed nanoparticle formation.  

Physicochemical characterization of MOS-AGNPs:  

a. UV-Visible spectroscopy (UV-Vis) Analysis: The 

optical property and quality of the Moringa-synthesized Ag-

NPs was determined within the wavelength range of 320–900 

nm using a Perkin-Elmer Lambda 35 spectrophotometer 24 

hours after the reaction. The samples (2ml) were placed in the 

quartz cuvette, and the light absorption spectra were calculated 

using 2ml of 1mM-AgNO3 as control (Creighton et al., 1979; 

Fafal et al., 2017). Measurement of the surface plasmon 

resonance (SPR) of biosynthesized Moringa oleifera 

emulsions over the wavelength range verified the production 

of Ag-NPs (Creighton et al., 1979; Fafal et al., 2017).  

b. Fourier Transform Infrared Spectroscopy (FTIR) 

analysis: Functional groups involved in nanoparticle capping 

and stabilization were identified using a Perkin-Elmer LS-55-

Luminescence spectrometer coupled to a JASCO IRT-7000 

Intron Infrared Microscope (JASCO Corporation, Tokyo, 

Japan) in transmittance mode with a resolution of 4 cm-1 and 

a scanning range of 350–4400 cm⁻¹. The spectra were captured 

and determination of the biochemical and biomolecular 

composition of the capping agents of the bio-reduced MOS-

Ag-NPs generated in the reaction was carried out within the 

range.  

c. Transmission Electron Microscopy (TEM) 

analysis: Morphology and size distribution of the 

nanoparticles were examined. The micrograph images of the 

samples were obtained and recorded on a Transmission 

Electron Microscope (CM12, Philips, Eindhoven) equipped 

with a digital camera (Morada, Soft Imaging System, Münster, 

Germany) and image analysis software (iTEM), operating at 

an acceleration voltage of 80,000kV and varying 

magnifications (25,000-140,000). 

Mosquito collection and maintenance: Immature stages 

(larvae) of A. gambiae were obtained from previously 

identified breeding hotspots of A. gambiae in Ibadan, Nigeria. 

Mosquito larvae were collected using standard 350 mL 

mosquito dippers (WHO-recommended size) from temporary 

and permanent breeding habitats such as tire marks, water 

pools and drains. Each dipper sample was taken systematically 

along the habitat margins, with multiple dips pooled per site to 

improve representativeness (Service, 1976; WHO, 2005). 

Collected larvae were transferred into labelled containers with 

habitat water and transported to the laboratory for 

identification and bioassay experiments. These were kept 

within standardized conditions in the insectary (25-30oC and 

60-70% RH), adhering to normal mosquito maintenance 

protocols (WHO, 1995) and modifying them as described by 

Adebayo et al.,1999. Adult mosquitoes that emerged from the 

collection were identified morphologically using taxonomic 

keys (Gilles & Coetzee, 1987). Identification of these 

immature (larval and pupa) stages were conducted using 

standard morphological and size-related criteria under a 

dissecting microscope according to WHO guidelines and 

established entomological keys (Service, 1993; WHO, 2005; 

Silver, 2008). For the bioassays, immature stages of the 

mosquitoes were used and labelled as first instar (L1), Second 

instar (L2), Third instar (L3) and Fourth instar (L4) and Pupa.  

Mosquito bioassays of MOS-AGNPs and AEMOS on A. 

gambiae s.s.: Life stages of Anopheles gambiae (L1–L4 larvae 

and pupae) were exposed to different concentrations of the 

nanoparticles, MOS-AGNPs (5, 10, 15, 20 and 25 ppm) and 

AEMOS (50, 100, 150, 200 and 250 ppm) dispensed into 

containers with 100-ml distilled water. For each treatment, 

twenty individuals per life stages were exposed in five 

replicates and distilled water served as control. Mortality was 

recorded daily 96 hours post-exposure. For the analysis, the 

24-h count which provides the standard acute toxicity measure 

of the MOS-AgNPs and AEMOS, and the 96-h count detects 

any slower or pupal-stage mortality, were used to give a 

comprehensive efficacy evaluation (WHOPES, 2005). WHO 

protocol also notes that slower‐acting agents (such as 

biological or botanical larvicides) may require extended 

observation (typically up to 48 h). Hence for the dose-response 

evaluation, the 48-h data were used to assess the response of 

the different mosquito stages to the treatment doses 

(WHOPES, 2005). Lethal concentrations (L50 and L90) were 

calculated using log-probit (Finney, 1971) with the SPSS 

version 23. Multivariate Analysis of Variance (MANOVA) 

was used to determine relationships and correlation analyses. 
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RESULTS 

 

Characterization of Moringa-synthesized Ag-NPs (MOS-

AgNPs) 

UV-Visible spectroscopy analysis of M. oleifera 

synthesized-AgNPs (MOS-AgNPs): The absorption spectra 

of the M. oleifera synthesized-AgNPs from UV-Visible 

spectroscopy within 24 hours of the biosynthesis revealed a 

distinct absorbance peak maximum (sharp band) at 384.30 nm. 

This confirms the MOS-AgNPs formation (Fig. 1).  

 

 

 

 

Fourier transform infrared spectroscopy analysis of the 

MOS-AgNPs and AEMOS: The FTIR revealed that the 

Moringa synthesized-AgNPs had transmission peaks at 

3447.00, 2938.00, 2357.23, 1649.38, 1541.93, 1388.30, 

1240.33, 1115.46, 647.00, 596.00 and 465.46 cm-1 (Fig. 2a). 

The transmission peaks for the AEMOS were at 3446.00, 

2930.18, 2353.82, 1652.05, 1541.36, 1449.28, 1251.00, 

1115.00, 1065.41 and 651.00 cm-1 (Fig. 2b). While 

transmission peaks for the silver nitrate were seen at 3475.00, 

1760.22, 1635.00, 1356.00, 819.00, and 652.00 cm-1 (Fig. 2c). 

The FTIR showed that the 1760 and 1635 cm-1 signals in pure 

silver disappeared in the AgNPs with a corresponding 

presence of a novel signal peak at 1388.30 cm-1. The peaks at 

1388.30 cm⁻¹ and others indicated successful nanoparticle 

stabilization by bioactive compounds from the M. oleifera 

extract. 

 

Morphology of M. oleifera synthesized-AgNPs (MOS-

AgNPs): The micrographs from the TEM provide insight into 

the morphology and size of the newly produced nanoparticles. 

The TEM micrograph showed poly-dispersed spherical 

particles with sizes ranging from 16 nm and 34 nm (Plate 3). 

The average size of the formed nanoparticle is ˂25nm.  

 
        Fig. 1: UV-VIS spectra of Moringa oleifera-synthesised- silver nanoparticles (MOS-AgNPs).  

 

 

 
Fig. 2:    FTIR spectra of powder of A) Moringa synthesised-AgNPs; B) AEMOS; and C) pure silver nitrate   
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Plate 3:    

TEM micrograph showing the varying size of the NPs. a): a larger 

sized NP ~ 34nm; b) a smaller sized NP ~16nm 

 

 

Larvicidal Activity of MOS-AgNPs and AEMOS 

Susceptibility of the life stages of Anopheles gambiae s. s. 

to MOS-AgNPs and AEMOS: The MOS-AgNPs derived 

from M. oleifera seed extract showed high mosquitocidal 

efficacy against A. gambiae. All the mosquito stages (L1, L2, 

L3, L4, and Pupa) were susceptible to the nanoparticles (Fig. 

4). The L1 and L3 stages were most susceptible to the 

nanoparticles and higher concentrations led to >50%mortality 

in the pupal stage. Mortality ranges of the L2 and L3 exposed 

to MOS-AgNPs was between >60% - 75% at 24 hours post-

exposure (Fig. 4). The aqueous extract of M. oleifera seed 

(AEMOS) was similarly toxic to the mosquito stages L1, L2, 

L3, L4, and Pupa (Fig. 5). Across all the bioassays, control 

groups exhibited ˂5% mortality at both 24- and 96-hours post-

exposure. As control mortality remained well within the WHO 

(2005) and OECD (1992) validity thresholds (≤10%), these 

data are not presented in the charts and tables.

 

 
Control data are not displayed as control groups showed ˂5% mortality at all timepoints and within validity thresholds (WHO, 

2005; OECD, 1992) 
 

Fig. 4:  

Effect of MOS-AgNPs on life stages of Anopheles gambiae at 24- and 96-hours post-exposure  

 
Control data are not displayed as control groups showed ˂5% mortality at all timepoints and within validity thresholds (WHO, 2005; OECD, 

1992) 

Fig 5:  

Effect of AEMOS on life stages of Anopheles gambiae at 24- and 96 hours post-exposure  
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Dose-response relationship of the MOS-AgNPs and 

AEMOS treatments on Anopheles gambiae: The mortality 

rate across all the Anopheles stages was dose-dependent with 

an increase in mortality rates observed as exposure time and 

concentrations of each of the MOS-AgNPs and AEMOS 

increased. Control groups showed ˂5% mortality at all time 

points across the study. For the MOS-AgNPs, higher mortality 

rates of the mosquito stages were recorded with an increase in 

a concentration ranging from ≤60% at 5 ppm to 100% 

mortality at 25 ppm within 48 hours post-exposure (Fig. 6). 

Furthermore, the AEMOS produced increasing dose-

dependent mortality effects on A. gambiae stages and the L1 

stage was the stage most affected by the increasing dose of the 

plant extract with ˃80% mortality within 48-hours post-

exposure (Fig. 7). 

 

 
Fig. 6:  

The larvicidal effectiveness of different concentrations of MOS-

AgNPs on Anopheles gambiae life stages at 48-hours post-exposure.  

 

 
Fig. 7:  

The larvicidal effectiveness of different concentrations of AEMOS 

on Anopheles gambiae life stages at 48 hours post-exposure 

 

Lethal Concentrations (LC50 and LC90) of MOS-AgNPs, 

AEMOS on Anopheles gambiae life stages: The MOS-

AgNPs were very toxic at low doses on all the immature stages 

of the mosquito. The LC₅₀ values for MOS-AgNPs ranged 

from 9.27 ppm (L1) to 12.42 ppm (pupae). The AEMOS 

treatment group revealed that the extract was effective as a 

bio-insecticide and its lethality increased as the mosquito aged 

as shown from the LC50 value ranges from 203.99 ppm (L1) to 

106.43 ppm (pupae) (Table 1). 

 

Table 1:    

LC50 and LC90 of MOS-AgNPs and AEMOS on A. gambiae 

life stages  

 
 

STAGES 

MOS-AgNPs AEMOS 

LC50 LC90 LC50 LC90 

First instar (L1) 9.27 16.69 203.99 367.18 

Second Instar (L2) 
9.60 17.28 171.36 308.45 

Third Instar (L3) 
9.47 17.04 139.58 251.24 

Fourth Instar (L4)  
11.29 20.32 122.82 221.07 

Pupa  12.42 22.35 106.43 191.58 

1LC values were determined by Probit Analysis (Finney, 1971)  
2All concentrations in parts per million (ppm)   

 

 

Relationship between treatment concentrations, mosquito 

stages and exposure time: With respect to the biosynthesised 

nanoparticle (MOS-AgNPs), the stages of development of the 

mosquitoes had significant correlation (p˂0.05) with the % 

mortality recorded across the treatment concentrations (Table 

2). This implies that the % mortality is associated with the 

developmental stages, although this associations were 

negative or inverse. In essence, the higher the stage of 

development of the mosquitoes, the lesser its susceptibility (in 

terms of % mortality) to exposure to the concentrations of the 

product. In addition, the correlation coefficient was ˂ 0.5, 

implying that susceptibility of A. gambiae was moderately 

correlated with the concentration of AgNPs.  

For the AEMOS, the stages of development, concentration and 

time of exposure of treatment are significantly associated to 

the recorded susceptibility (% mortality) of the mosquitoes 

(Table 2). Again, the stage of development was inversely 

related to mosquito susceptibility. However, in contrast to the 

MOS-AgNPS, treatment concentration and time of exposure 

had direct or positive relationship with the % mortality 

recorded throughout the study. This implies that the % 

mortality increased as the concentration was increased as well 

as the time of exposure. Similarly, as for MOS-AgNPs, the co-

efficient of correlation revealed that the significance of the 

correlation was moderate for stage and concentration. 

 

Table 4.5:  

Relationship between treatment concentrations, Anopheles 

mosquito stages and exposure time 

 MOS-AgNPs AEMOS 

Stages (L1-L4, 

pupa) 

-0.32** -0.35** 

Concentration 

(ppm) 

0.02 0.51 

Time (Hr) 0.63** 0.68** 

**Correlation is significant at the 0.01 level (1-tailed). 

 

 

DISCUSSION 

 

The crucial role of mosquito control in effectively combating 

vector-borne diseases like malaria remains well-established 

(Torto & Tchouassi, 2021; Anoopkumar & Aneesh, 2022)). 
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Contemporary efforts focus on active identification, 

assessment and exploration of plant-based products using 

green nanotechnology as environmentally-friendly 

interventions to complement other control measures (Schäfer 

et al., 2019; Onen et al., 2023; Lokole et. al., 2024; Dhir et. 

al., 2024; Dass et. al. 2024).  

Green-synthesized AgNPs from plants have shown potentials 

as larvicides, positioning them as sustainable alternatives to 

chemical insecticides (Dass et. al. 2024; Singh et. al., 2025). 

In this study, the Moringa-oleifera synthesized AgNPs were 

confirmed through visual observation of colour change from 

colourless to yellowish and finally to colloidal brown 

indicating AgNP formation. These colour changes agree with 

previous studies (Sökmen et. al., 2017; Shahid et al., (2018; 

George et. al, 2023). The colour change is attributable to the 

arrangement of various macromolecules responsible for the 

catalytic formation and stabilization of the nanoparticles 

(Lateef et. al., 2016; Restrepo & Villa, 2021).  

UV-visible spectroscopy was used to confirm the development 

and stability of the newly formed nanoparticles after a 24-hour 

reaction time (Restrepo & Villa, 2021; Dass et. al. 2024; Singh 

et. al., 2025). The UV-visible absorption spectra showed a 

broad surface plasmon resonance (SPR) band with one peak at 

384.30 nm indicating presence of a homogeneous distribution 

of hydrosol Ag-NPs. This distinctive UV-vis absorbance 

feature recorded is generally exhibited by AgNPs due to their 

surface plasmon resonance (SPR) (Creighton et al., 1979; 

Almatroudi, 2020; Kandwal et. al., 2024). These SPR peaks 

are usually between 320 and 520 nm range and this is 

considered a crystalline spherical characteristic that is 

distinctly peculiar to AgNPs (Gopalakrishnan & Raghu, 2014; 

Fafal et al., 2017).  

The TEM imaging from this study revealed spherically-shaped 

AgNPs with a mostly smooth crystalline surface. This aligns 

with previous researches that reported a size range of 10-

100nm for most spherically shaped NPs (Kumar et al., 2018; 

Onen et al., 2023; Dhir et. al., 2024; Dass et. al. 2024; Singh 

et. al., 2025). In addition, studies using M. oleifera plant also 

support our findings on the morphology of the MOS-AgNPs. 

Al-Rawag (M. oleifera)-synthesized and A. arborescens-

mediated silver nanoparticles were reported to be spherically 

shaped using scanning electron microscopy (SEM) and 

HRTEM techniques (Al-Kalifawi, 2016; Kumar et al., 2018). 

In general, factors such as the capping agent, ultrasound 

radiation, reaction and crystalization time determine the 

morphological and size characteristics of nanoparticles 

(Restrepo & Villa, 2021; Hassan et. al., 2022; Kandwal et. al., 

2024).  

The Fourier Transform Infrared Spectroscopy (FTIR) was 

used to study the core-shell morphology of formed MOS-

AgNPs. The analysis provided critical insights into the 

chemical composition and functional groups present in the 

nanoparticles (NPs), Moringa extract (AEMOS), and silver 

nitrate (AgNO3), thus validating the existence of plant 

peptides in the formed nanoparticles compound used in this 

study. The FTIR spectra of the MOS-AgNPs displayed 

prominent transmission peaks at 3447.00, 2938.00, 2357.23, 

1649.38, 1541.93, 1388.30, 1240.33, 1115.46, 647.00, 596.00, 

and 465.46 cm⁻¹, which confirm the successful formation of 

nanoparticles. In comparison, the AEMOS extract exhibited 

peaks at 3446.00, 2930.18, 2353.82, 1652.05, 1541.36, 

1449.28, 1251.00, 1115.00, 1065.41, and 651.00 cm⁻¹, while 

silver nitrate showed peaks at 3475.00, 1760.22, 1635.00, 

1356.00, 819.00, and 652.00 cm⁻¹. The emergence of new 

peaks and disappearance of certain signals in the MOS-AgNPs 

spectrum underscore the transformations, processes and 

interactions that occurred during the nanoparticle synthesis. 

The disappearance of the 1760.22 and 1635.00 cm⁻¹ peaks 

from silver nitrate and the corresponding appearance of a new 

peak at 1388.30 cm⁻¹ in the MOS-AgNPs spectrum 

underscores a point of contact between the aqueous extract and 

the silver nitrate. This suggests and indicate the reduction of 

silver ions (Ag+1) to silver nanoparticles (AgNPs). The peak 

at 1388.30 cm⁻¹ is likely associated with vibrations from new 

functional groups introduced during the stabilization of the 

MOS-AgNPs by phytochemicals from the AEMOS extract, 

which act as reducing and capping agents. Our FTIR findings 

align with prior studies that reported plant-derived compounds 

such as phenols, flavonoids, and proteins play crucial roles in 

silver ion reduction and nanoparticle stabilization (Iravani et 

al., 2014; Ahmed et al., 2016; Moodley et. al., 2018; Hamouda 

et. al., 2019; Bindhu et. al., 2020; Mehwish et. al., 2021; 

Mohammed et. al.,2022).  

The strong broad peak at 3447.00 cm⁻¹ in the NPs spectrum, 

similar to that of the MO extract, corresponds to O-H 

stretching vibrations, indicative of hydroxyl (O-H) group 

presence. These groups likely phenolic, alcoholic, and/or 

carboxylic acid compounds) alongside amine groups that 

might be overlapping with the O-H peak to give that visible 

peak (Moodley et. al., 2018; Mehwish et. al., 2021; 

Mohammed et. al.,2022). It is important to  note that these 

hydroxyl groups are abundant in AEMOS and are known to 

contribute to nanoparticle stabilization through hydrogen 

bonding and electrostatic interactions (Mittal et al., 2013; 

Mohammed et. al.,2022).  

The peak at 1649.38 cm⁻¹, corresponding to carbonyl (C=O) 

stretching, reflects potential involvement of carbonyl groups 

in the nanoparticle synthesis process. This was further 

corroborated by the presence of similar peaks in the MO 

extract spectrum, therefore, highlighting the active 

participation of Moringa oleifera phytochemicals representing 

carbonyl groups from polyphenols like catechin, theaflavin, 

ketones, aldehydes, or amides (especially amide II band), a 

prominent band in the infrared spectra of proteins in the 

nanoparticle formation (Sujitha et. al., 2015). It is noteworthy 

that the peak between 1631-1650 cm-1 has previously been 

documented as involved in the protein stabilization of 

nanoparticles (Moodley et. al., 2018; Guimarães et. al., 2020; 

Mehwish et. al., 2021; Mohammed et. al.,2022). 

Additional peaks in the NPs at 1240.33 and 596.00 cm⁻¹, 

absent or not prominent in the AEMOS spectrum, point to 

structural and compositional modifications post-synthesis. 

These signals likely correspond to unique vibrations of new 

bonds or interactions formed in the stabilized nanoparticles 

(Hamouda et. al., 2019; Mohammed et. al.,2022). 

The findings from the IR data agree with earlier studies that 

documented that compounds capping AgNPs may be 

polyphenols having aromatic rings and bound amide 

functional groups (Sujitha et. al., 2015; Selvam et al., 2017). 

From this data, evidence indicates that the protein within the 

M. oleifera extract played a major role in the coating and 

capping and biosynthesis of the silver nanoparticles 

(Guimarães et. al., 2020) and these proteins provide covering 

to the AgNPs and prevents agglomeration of the nanoparticles 

compound formed. This is in consonance with earlier studies 

that have reported that free amide groups in the protein 

molecules can interact with AgNPs (Sarkar et. al., 2007). Also, 

carbonyl groups and free amine in the protein residues of the 

compound have stronger potential to prevent agglomeration 
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by binding AgNPs and thereby promote the stabilization of 

AgNPs (Sangeetha et. al., 2016; Eker et. al., 2025).   

These FTIR results validate the role of AEMOS extract in the 

bio-reduction and stabilization of the silver nanoparticles, 

demonstrating the efficacy of the green synthesis method used 

(Moodley et. al., 2018; Hamouda et. al., 2019; Bindhu et. al., 

2020; Mehwish et. al., 2021; Mohammed et. al.,2022). The 

observed chemical modifications support strong interactions 

between silver and M. oleifera phytochemicals, which can 

enhance the application of these NPs in mosquito vector 

control and allied areas. Future research could focus on 

detailed quantification of the specific functional groups, their 

influence and contribution to the unique properties of the 

synthesised nanoparticle properties to optimize their 

application potential. 

 

Plant-based mosquitocides are composed of naturally 

occurring botanical compounds (phytochemicals) possessing 

a wide array of chemically active ingredients that disrupt most 

or all biological processes within the mosquito vector. In our 

study, the bioassays revealed that all the concentrations of the 

MOS-AgNPs were effective against all the immature (L1-L4 

and pupa) stages of A. gambiae with LC50 values ranging from 

9.27 to 12.42 ppm. This aligns with recent findings that green-

synthesized AgNPs have superior larvicidal and pupacidal 

efficacy and bioavailability across diverse mosquito species, 

including An. stephensi and C. quinquefasciatus (Murugan et 

al., 2015; Santhosh et. al., 2015; Benelli, 2016; Kovendan et. 

al., 2016; Ga’al et. al., 2018; Suresh et. al., 2018; Onen et al., 

2023; Lokole et. al., 2024; Dhir et. al., 2024; Dass et. al. 

2024).  

The mosquitocidal promise of the studied AgNPs at low doses 

is attributed to the presence of the nanoparticles facilitated 

through the capping of the biomolecules by the molecules of 

M. oleifera extract. While the mechanism of action could be 

related to structural distortion triggered by the movement of 

the nanoparticles through the membraneous layer of the 

immature stages (larval, pupa) of the mosquitoes. These 

nanoparticles possibly attach to exposed protein-containing 

structures, or phosphorus-containing compounds like the 

DNA, thereby causing possible denaturation of organelles and 

enzymes in the digestive tract of the mosquito and the 

induction of reactive oxygen species within the mosquito (Rai 

et al., 2009; Das et. al., 2021). The broad-spectrum activity of 

the nanoparticles is possibly due to the synergistic blend of the 

AgNPs and the plant-facilitated capping mediators, that act as 

promoters of the adherence to elemental silver in the reduction 

and stabilization process of AgNPs (Xu et. al., 2020). 

Taken together, the findings of this study demonstrate the 

potential of M. oleifera -synthesized AgNPs as eco-friendly 

larvicides. The observed color changes during synthesis and 

the distinct SPR peak corroborate previous reports on AgNP 

formation (Gopalakrishnan & Raghu, 2014). FTIR analysis 

revealed functional groups involved in the reduction and 

stabilization of nanoparticles, aligning with studies 

highlighting the role of plant-derived compounds in 

nanoparticle synthesis (Lateef et al., 2016). Furthermore, the 

larvicidal activity of MOS-AgNPs was superior to AEMOS, 

reflecting the enhanced bio-efficacy of nanoparticles. This 

aligns with findings that nanoscale delivery systems improve 

bioavailability and target specificity (Mondal et al., 2014; 

Onen et al., 2023; Dass et. al. 2024).  

 

 

CONCLUSION 

This study highlights the potential of M. oleifera -synthesized 

AgNPs as an innovative, eco-friendly larvicidal tool for 

mosquito control. The green synthesis of nanoparticles using 

M. oleifera seed extract provides a cheaper alternative for the 

control of the malaria vector Anopheles gambiae with high 

larvicidal efficacy. Furthermore, the study reveals a simple, 

low-toxic and low-cost approach in the development of nano-

based products for use in mosquito vector management and 

control. Future research should explore large-scale production 

and field application to combat vector-borne diseases 

sustainably. 
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