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Abstract 

The use of plant extract as a bio reductant for the synthesis of silver nanoparticles has attracted the attention of several researchers 

due to its rapid, non-pathogenic and economical protocol. This innovative approach in Benin offers an alternative in medical 

therapy face of antimicrobial resistance, which is a real public health problem. This study aims to characterize biosynthesized 

silver nanoparticles (AgNPs) and evaluate the antibacterial activity of synthesized silver nanoparticle from the aqueous extracts 

of the leaves of Caesalpinia bonduc, Dialium guineense, Momordica charantia, Moringa oleifera, Pavetta corymbosa, Psidium 

guajava, derived from the flora of Benin. The leaves of plants was collected, authenticated and extracted by water. The 

synthesized AgNPs by the aqueous extracts were characterized using UV-Vis spectroscopy, X-ray diffraction (XRD), scanning 

electron microscopy (SEM), and Fourier transform infrared (FTIR) analysis. These characterization techniques allowed to 

determine the size, shape, crystalline nature, morphology, and the functional groups responsible for the reduction and 

stabilization of the nanoparticles. The antibacterial activity of AgNPs was determined against six different nosocomial bacteria 

by the standard disk diffusion method. The results confirmed the successful biosynthesis of AgNPs from the leaves of the six 

plants as indicated by a colour change from light yellow to brown and grey black. The UV-Vis spectroscopic analysis presented 

a surface plasmon resonance spectrum with absorption maxima ranging from 340 to 500 nm. XRD analysis demonstrated that the 

synthesized AgNPs possess a crystalline structure from 1 to 2 μm. In addition, the antimicrobial activities of AgNPs synthesized 

as reducing agents and stabilizers were investigated against nosocomial bacteria, which are nosocomial infectious agent. 

Collectively, the findings from this study clearly indicate that the aqueous extracts of the six plants have significant potential for 

the biosynthesis of silver nanoparticles. The bioactive compounds in the plant extracts were effective in synthesizing AgNPs, and 

this biological efficiency suggests the potential for incorporating these biosynthesized silver nanoparticles into food and 

pharmaceutical products. 
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1. Introduction 

Nowadays, nanotechnologies intersect with various scien-

tific disciplines including electronics, mechanics, chemistry, 

optics, biology. Broadly defined, nanotechnology encom-

passes the science and technology involved in manipulating 

and manufacturing of materials and artefacts at the nanoscale. 

At this scale, matter exhibits unique and advantageous prop-

erties of atoms or simple molecules [1]. 

Noble precious metals, such as silver (Ag), gold (Au) and 

copper (Cu) are rare metallic chemical elements known for their 

high resistance to corrosion and oxidation. Among these, silver 

nanoparticles are particularly prominent in the field of nano-

materials due to their unique properties, including their size, 

shape, and surface characteristics. These properties make them 

versatile for a wide range of applications, from biology and 

medicine to catalysis [2]. Silver nanoparticles can be synthesized 

through various physicochemical processes such as vapor depo-

sition and chemical reduction. However, some of these process 

especially photochemical methods, tend to be toxic, costly, and 

not environmentally sustainable. 

In recent years, the scientific community has explored alter-

native methods for synthesizing environmentally friendly nano-

particles that do not involve toxic substances. One such ap-

proach is green synthesis, which utilizes living organisms (such 

as bacteria, fungi, yeast, and plants) as bioreactors for nanopar-

ticle production [3-5]. This method has gained significant atten-

tion due to its ease of implementation, the accessibility of raw 

materials, and, notably, its biological activity. Currently, there is 

a growing focus on using medicinal plants as biological reduc-

ers for nanoparticle synthesis. Medicinal plants have always 

been used to improve human health and/or for a partial or total 

cure of an illness. In recent decades, scientific research has only 

confirmed the validity of the therapeutic virtues of most medic-

inal plants used empirically for thousands of years [6]. Despite 

the large number of new pharmaceutical drugs available on the 

market, medicinal plants remain widely used in both developed 

and underdeveloped countries. These plants have long been 

valuable sources of biologically active substances. Hence, many 

drugs currently in clinical use are either derived from natural 

products or synthetic analogues of these substances. 

Benin has remarkable ethnopharmacological potential, 

which deserves to be explored further in the scientific litera-

ture. In 1989, a mission by Adjanohoun et al. listed almost 

501 plant species used in traditional medicine, a significant 

number of which are dedicated to the treatment of infectious 

diseases, particularly diarrheal diseases. The country's rich 

plant biodiversity is highlighted by numerous ethnopharma-

cological surveys [7, 8], which focus on medicinal plants 

used to treat various diseases, such as Dialium guineense [8], 

Moringa oleifera [9], Psidium guajava [10], Momordica 

charantia [11], Caesalpinia bonduc [12] and Pavetta co-

rymbose [13]. Recent data have shown the efficacy of ex-

tracts from these plants against infective diseases in human 

health, with inhibitory power ranging from 99.96% to 100%. 

However, it is interesting to note that, as to the knowledge, 

no study has yet explored the use of these plants for the bio-

synthesis of nanoparticles. This choice of research could not 

only enrich the understanding of the medicinal properties of 

these species, but also open new perspectives in the field of 

nanotechnology and modern medicine. This study aims to 

characterize silver nanoparticles biosynthesized from the 

aqueous extracts of the leaves of Caesalpinia bonduc, Di-

alium guineense, Momordica charantia, Moringa oleifera, 

Pavetta corymbosa, Psidium guajava, derived from the flora 

of Benin. 

2. Methodology 

2.1. Vegetal Material 

The plants used in this study were collected all from the 

wild and local markets in southern Benin. Their identifica-

tion was carried out at the University of Abomey-Calavi 

(Benin). The dried samples were then brought y in the mi-

crobiology laboratory at Anadolu University in Turkey, 

where they were cut into small pieces and crushed in a plant 

grinder. Following this, the aqueous extract of each leaf was 

prepared. 

After collecting the plant leaves, they were authenticated 

by botanists from the National Herbarium of Benin at the 

University of Abomey-Calavi. Upon arrival at the laboratory, 

the leaves were quickly washed with tap water and then 

thoroughly rinsed with distilled water. The plant material 

was air-dried on the bench and stored away from light and 

dust to preserve its quality until use. The dried plant parts 

were then ground into fine powders using a laboratory 

blender and stored in sealed glass jars at a temperature of 

30°C until they were needed for further analysis. 

2.2. Preparation and Extraction of Vegetal 

Material 

The aqueous extraction was performed according to the 

method described by kumar with a slight modification [14]. 

Fifty grams of each powder were dissolved in 1000 ml of 

distilled water in a covered glass flask. The flask was boiled 

for 20 minutes, then allowed to cool to room temperature for 

20-30 minutes. The mixture was filtered three times using 

Whatman paper (No.: 1). The solvent (water) was then evap-

orated using an evaporator until it decreased by ten times in 

volume and was maintained at +4°C [14]. 

2.3. Synthesis of Silver Nanoparticles 

Silver nanoparticles were synthesized by adding silver ni-

trate (AgNO3) to different aqueous extracts of the six sam-
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pled leaves (M. oleifera, C. bonduc, M. charantia, P. co-

rymbosa, P. guajava and D. Guineense). For the synthesis 

process, a silver nitrate solution was prepared at a concentra-

tion of 1 mM and kept in the dark during use. The extract 

and silver nitrate solution were mixed in 1:9 ratio in a test 

tube and vortexed for 2 minutes. The tubes were then heated 

at 80°C for 5–10 minutes with constant stirring at 120 rpm 

using a rotary shaker. Upon the development n of a yel-

low-brown color indicating the formation of silver nanopar-

ticles (AgNPs), the resulting was stored at -4°C away from 

light [14]. 

2.4. Characterization of Silver Nanoparticles 

2.4.1. UV/VIS Spectral Analysis 

The reduction of pure Ag+ ions was assessed by using 

UV-Vis spectrum analysis (Biotek/Epoch2) Spectrophotom-

eter: For this analysis 2–3 mL nanoparticle of each AgNP 

solution was placed in a quartz cuvette with a path length of 

1 cm. The absorbance was measured over a wavelength 

range of 300–700 nm [15]. 

2.4.2. Scanning Electron Microscope Analysis 

(SEM) 

The AgNPs solutions suspected of containing silver nano-

particles were allowed to dry at room temperature. The dried 

samples were then subjected to gold plating by placing the 

powdered samples onto carbon strips. These samples were 

subsequently t examined and photographed using scanning 

electron microscopy (SEM) (FESEM, ZEISS Ultra plus) [5, 

15]. 

2.4.3. X-ray Diffraction (XRD) Analysis 

Phase identification and crystal structure determination of 

the NPs were performed using X-ray diffraction (XRD). 

With the help of XRD, the presence of AgNPs in the synthe-

sis product can be confirmed. Confirmation is done by iden-

tifying peaks in the XRD spectrum characteristic of the 

face-centred and structure of metallic silver [14, 15]. For 

X-ray diffraction measurements, the AgNP solutions were 

dried in an oven at 60°C for two nights The XRD profiles of 

the resulting powder samples were then obtained using an 

X-ray diffractometer (XRD, D8 Advance, Bruker Instrument 

Co., Ltd., Germany) with copper radiation (Cu-Kα = 1.5406 

Å) at a scanning speed of 0.5° per minute. 

2.4.4. Fourier Transform Infrared Spectroscopy 

(FT-IR) Analysis 

Fourier Transform Infrared Spectroscopy (FTIR) analyses 

were performed using a PerkinElmer Fourier Transform IR 

spectrometer in attenuated total reflection (ATR) mode cov-

ering a spectral range of 400 - 4000 cm-1 [15]. This technique 

was used to identify the functional groups present in a sam-

ple as well as the bonds developed following the formation 

of silver nanoparticles. For the FTIR analysis, disks were 

prepared by drying the samples as described earlier and then 

mixing them with potassium bromide (KBr). The FTIR spec-

tra were recorded in transmission mode (PerkinElmer, Spec-

trum 400) over the range of 400–4000 cm-1. 

2.5. Antibacterial Activity 

The antibacterial activity of AgNPs was determined 

against six different nosocomial bacteria (Enterococcus fae-

cium, Staphylococcus aureus, Klebsiella pneumonia, Acino-

bacter baumannii, Pseudomonas aeruginosa, Enterobacter 

spp) by the standard disk diffusion method [14]. The bacteri-

al pathogens were obtained from the medicine faculty of 

Osmangazi university in Turkey and maintained on nutrient 

agar media. Prior to use, the vitality of the bacteria has been 

tested. After 20 to 24 hours of incubation at 37°C, cultures 

that successfully formed a single colony and passed purity 

control were stored at +4 °C for use in subsequent steps. The 

antimicrobial activity of plant extracts and silver nanoparticle 

mixtures was determined by well diffusion method [14]. The 

overnight grown cultures of tested bacteria were diluted into 

Mueller Hinton Broth (MBH) to 1 × 10-7 colony forming unit 

were used for the assay (corresponding to a McFarland tur-

bidity tube of 0.5). After that, 100 µL of bacterial dilution 

was pipetted onto the surface of petri dishes containing 20 ml 

of Müller Hinton agar using a sterile pipette and spread 

evenly over the medium with a sterile Drigalski spatula. 

Wells of 6 mm diameter were opened on petri dishes, which 

were kept in a sterile cabinet with their lids half open for 30 

minutes for drying, and they were composed of aqueous ex-

tracts of the plant whose antimicrobial activity was to be 

evaluated, and also synthetised nanoparticle of silver nano-

particles. As positive control, antibiotic solution (chloram-

phenicol [1 mg/ml] as were added and as a negative control, 

50 μl of silver nitrate solution were also added. After over-

night incubation at 37°C, the inhibition zones formed around 

the discs were recorded by measurement using a ruler gradu-

ated in mm. All experiments were carried out in 2 parallels 

and the results were recorded as the mean value. 

The minimum inhibitory concentration (MIC) of the 

AgNPs were determined by the two-fold serial dilution 

method [14]. Different concentrations of AgNPs (100–3.12 

mg/mL) were used for MIC test. Prior to test, initially 200 mg 

of the AgNPs was added to initial tube containing, 2 mL of 

Nutrient Broth (NB) media, then 1 mL from it was transferred 

to next tube which contains 1 mL of only NB media and 

mixed properly, then the dilution was made till the concen-

tration of the last tube was 3.12 mg/mL. The control tube 

contains only 1 mL of NB media. Then 10 mL of the tested 

pathogen was added to each tube. This procedure was re-

peated for all the tested pathogens. Then all the tubes were 

mixed properly and were incubated at 37°C overnight in a 

shaker incubator. The lowest concentration of AgNPs that did 
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not show any visible growth of test organisms was determined 

as the MIC. Further, the MIC concentration and the next 

higher concentration were spread on Nutrient Agar (NA) 

plates and incubated for another 24 h at 37°C. The concen-

tration that did not show any growth of a single bacterial 

colony on the NA plates was defined as the Minimum Bacte-

ricidal Concentration (MBC) value. Both MIC and MBC 

values were expressed as mg/mL. 

3. Results and Discussion 

3.1. Biosynthesis and Characterization of Silver 

Nanoparticles 

3.1.1. Colour Change 

Silver nanoparticles can be synthesized from various parts 

of plants, such as leaf extracts [5, 16], fruit extracts [15, 17], 

and seed extracts [18]. In this study, silver nanoparticles 

were synthesized by adding silver nitrate (AgNO3) to differ-

ent aqueous extracts of the six sampled leaves (M. oleifera, C. 

bonduc, M. charantia, P. corymbosa, P. guajava and D. 

Guineense). The aqueous extraction of Moringa oleifera and 

Dialium guineense leaves, when combined with silver nitrate, 

exhibited a yellow coloration on one hand and grey-black 

coloration on the other hand (Figure 1a and 1f). This aligns 

with findings from a study by Al-kalifazi (2016), where the 

addition of AgNO₃ to Moringa oleifera leaf extracts and 

subsequent heating at 60°C for 1 hour resulted in the for-

mation of silver nanoparticles, indicated by a red-brown 

colour. Furthermore, aqueous extracts from the leaves of 

Caesalpinia bonduc, Momordica charantia, Pavetta corym-

bosa, Psidium guajava, showed a brown coloration upon 

interaction with silver nitrate (Figure 1b, 1c, 1d, and 1e). 

Previous research has reported comparable results. For in-

stance, Moteira et al. (2014) observed a colour change when 

the aqueous extract of Psidium guajava leaves, was added to 

a 1 mM silver nitrate solution, indicating the formation of 

silver nanoparticles in another involving Momordica char-

antia plants. The addition of different volumes of aqueous 

extract to 10 ml of 1 mM AgNO₃ solution, followed by 

heating at 60°C, resulted in a colour change, confirming the 

synthesis of silver nanoparticles [15]. Additionally, Nano-

particles were also successfully synthesized using Caesal-

pinia gilliesii plant extract [16]. 

   
a)                                b)                                c) 

   
d)                               e)                                 f) 

Figure 1. Silver nanoparticles formed from aqueous extract of the leaves of a) Moringa oleifera, b) Caesalpinia bonduc, c) Momordica 

charantia, d) Pavetta corymbosa, e) Psidium guajava, f) Dialium guineense (1: silver nanoparticle, 2: aqueous extract, 3: silver nitrate). 
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In this study, the addition of plant extracts to silver nitrate 

resulted in the reduction of silver ions (Ag+) to silver nano-

particles (Ag-NPs), which was indicated by a colour change. 

While the negative control containing only the plant extract 

remained yellow, the dark brown or grey-black coloration 

observed after adding silver nitrate confirmed the formation 

of nanoparticles (Figure 1). These colour changes in the so-

lutions are attributed to the phenomenon of surface plasmon 

resonance (SPR) [17]. 

The findings of the study provide a basis for determining 

suitable plants from Beninese flora for the synthesis of 

Ag-NPs for 1 day, but no colour. 

After adding AgNO₃ to the extracts of different leaves, the 

mixtures were left in a dark environment for 24 hours, but no 

colour change was observed, indicating that no reaction had 

occurred under these conditions. Consequently, the reaction 

was induced by heating the mixtures at 80°C for 5 minutes, 

which resulted in a colour change, confirming the formation 

of Ag-NPs. All subsequent experiments were conducted us-

ing this protocol. Similar observations have been reported by 

other researchers, although with longer heating durations of 

up to 90 minutes at a lower temperature of 60°C [19]. 

3.1.2. UV/VIS Spectral Analysis 

The UV-vis spectra of silver nanoparticles (water-NPs) 

synthesized from M. oleifera, C. bonduc, M. charantia, P. 

corymbosa, P. guajava and D. guineense showed distinct 

maximum absorption peaks: 500 nm for M. oleifera, 410 nm 

for C. bonduc, 500 nm for M. charantia, 340 nm for P. co-

rymbosa, 450 nm for P. guajava and 400 nm for D. guineense, 

respectively (Table 1; Figure 2). It is important to note that 

UV-Vis spectrophotometric analysis is generally used to mon-

itor and confirm the formation of AgNPs. From this charac-

terization, it can be deduced that silver nanoparticles synthe-

sized from different plants exhibited maximum absorbance 

ranging from 394 nm to 500 nm. This difference in wave-

lengths may be attributed to the phytochemical compounds 

present in each plant, which differ from one species to another. 

Smaller AgNPs, typically between 10-50 nm in size, exhibit 

an absorbance peak near 400 nm, while larger particles, be-

tween 100-200 nm, show a broader peak with a maximum that 

shifts towards longer wavelengths, around 500 nm. This ob-

servation supports the formation of silver nanoparticles in the 

study. In 2015, Sadeghi et al. reported an average nanoparticle 

size of 25-30 nm [18]. Consequently, our study also reveals 

that the AgNPs solutions derived from D. guineense and P. 

corymbosa plants showed a significant absorbance in the 

UV-visible spectrum, indicating that these solutions gave 

smaller nanoparticles size than those from other plants. This 

finding aligns with the earlier observation of a rapid colour 

change in these solutions compared to the others, indicating a 

more robust formation of silver nanoparticle. 

  
a)                                                b) 

  
c)                                               d) 
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                                e)                                               f) 

Figure 2. Absorption zone of silver nanoparticles formed from aqueous extract of the leaves of a) Moringa oleifera, b) Caesalpinia bonduc, c) 

Momordica charantia, d) Pavetta corymbosa, e) Psidium guajava, f) Dialium guineense. 

Table 1. Absorption area of silver nanoparticles from different 

synthesized leaves. 

Aqueous extract UV-Visible absorption zone (nm) 

Moringa oleifera 500 

Caesalpinia bonduc 410 

Momordica chanratia 500 

Payetta corymbosa 340 

Psidium guajava 450 

Dialium guineense 400 

When the maximum absorbance occurs between 400 and 

450 nm, the nanoparticles have a spherical or near-spherical 

geometry [20]. Based on Mie theory, small spherical isotopic 

Ag nanoparticles give a single symmetric surface plasmon 

resonance (SPR) absorption band within wavelength range of 

350 to 500 nm with a peak centred around 410 nm [21]. It is 

well known that the optical absorption spectra of metal na-

noparticles are controlled by (SPRs) which shift to longer 

wavelengths as the particle size increases due to the effect of 

the capping material [22, 23]. 

3.1.3. Scanning Electron Microscope Analysis 

(SEM) 

In this study, Scanning Electron Microscopy (SEM) analy-

sis revealed aggregates (clusters) and spherical structure of all 

nanoparticles obtained from the AgNPs extract-solution mix-

tures (figure 3), confirming the formation of silver nanoparti-

cles (AgNPs). These findings are consistent with reports from 

several other studies, where AgNPs synthesized from plant 

extracts, and evaluated by SEM, also exhibited a spherical in 

shape [16]. The observed aggregation could be attributed to 

the presence of secondary metabolites in the leaf extracts [24]. 

Similar results have been reported in the literature on M. oleif-

era [25], M. charantia [26, 27] and P. guajava [28, 29]. 

   
a)                                  b)                                c) 
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d)                                  e)                                f) 

Figure 3. SEM image of silver nanoparticles formed from aqueous extract of leaves of a) Moringa oleifera, b) Caesalpinia bonduc, c) 

Momordica charantia, d) Pavetta corymbosa, e) Psidium guajava, f) Dialium guineense. 

3.1.4. X-ray Diffraction (XRD) Analysis 

The crystal structures of the samples were analysed using 

X-ray diffraction (XRD) (Figure 3). In the spectra, ta sharp 

peak observed at about 38° corresponds to the characteristic 

crystal structure of silver nanoparticles. 

The XRD analysis of nanoparticles synthesized from plant 

extracts (Figure 4) shown that the AgNPs obtained through 

the of silver salt are crystalline in nature. Generally, three 

characteristic peaks for silver ions were observed within the 

range of 30° to 60°. The presence of these peaks in the XRD 

spectra confirms that the synthesized nanoparticles are in-

deed silver nanoparticles. Specifically, the XRD analysis of 

nanoparticles obtained from the aqueous extracts of Moringa 

oleifera showed prominent peaks at approximately 34°, 47°, 

and 67° (Figure 4). The XRD spectrum of Ag-NPs synthe-

sized from aqueous extracts of Caesalpinia bonduc plants 

demonstrated that all reflections correspond to pure silver 

with face-centred cubic (FCC) symmetry. For the AgNPs 

derived from the aqueous extracts - the intensity of the peaks 

at 33°, 47°, 68° and 74ᵒ, reflects the high crystallinity of the 

silver nanoparticles. In contrast, the one synthesized from 

Momordica charantia extracts plants, showed only two 

prominent peaks at two points at (32° to 40°). This indicating 

fewer crystal-line facets Four diffraction peaks at (111), 

(200), (220) and (311), were observed, which are character-

istic of the reflections and the cc FCC structure of metallic 

silver. The aqueous extracts from Pavetta corymbosa and 

Psidium guajava each exhibited two diffraction peaks, cor-

responding to (111), and (200), the body-centred cubic (BCC) 

structure of metallic silver (Figure 4). For the nanoparticles 

synthesized from the aqueous extract of Dıalıum guineense 

leaves, three diffraction peaks were observed at 33°, 47° and 

58°. These peaks correspond to the reflections at (111), (200), 

and (220), respectively, indicating a face-centred cubic 

structure of metallic silver. 

The shape and size of silver nanoparticles produced by 

leaf extracts in this study were predominantly spherical, in 

shape, similar to the silver nanoparticles synthesized using 

other plant sources [30]. The characteristic peaks were ob-

served between 32° and 34° (Figure 4), suggesting that the 

absence of these peaks in some samples might be due to the 

crystals being too small to detect (Figure 4). However, ana-

lytical methods confirmed that even in samples where these 

characteristic XRD peaks were not observed a crystalline 

structure was present [19, 28, 30, 31]. 

  
a)                                                b)  
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c)                                                d) 

  
                            e)                                                f) 

Figure 4. XRD image of silver nanoparticles formed from aqueous extract of leaves of a) Moringa oleifera, b) Caesalpinia bonduc, c) 

Momordica charantia, d) Pavetta corymbosa, e) Psidium guajava, f) Dialium guineense. 

3.1.5. Fourier Transform Infrared Spectroscopy 

(FT-IR) Analysis 

FT-IR has become an important tool for the detection of 

functional groups between metal particles and biomolecules. 

In this study, FT-IR measurements were used to identify 

potential biomolecules involved in the stabilization of the 

synthesized silver nanoparticles (Figure 5). 

In this study, the FT-IR spectra of the samples displayed a 

peak around 3500 cm-1 corresponding to the O-H stretching 

vibration. According to Moteriya, silver nanoparticles syn-

thesized using P. guajava exhibited strong peaks at 3722.74, 

3599.29, 3315.74, 3009.05, 2305.01, 1844.01, 1491.02, 

1311.64, 1039.67 and 661.61 cm-1 in the FT-IR spectrum 

[29]. The intense bands at 3722.74, 3599.29 cm-1 are char-

acteristic of the primary O-H stretching vibration of free al-

cohols [29]. Additionally, the peak observed around 2900 

cm-1 corresponds to the C-H stretching vibration of fatty 

acids [28]. The peaks observed in the range of 1645-1750 

cm-1 are attributed to the C=O stretching vibrations of pro-

teins. The peak observed around 1450 cm-1 is associated 

with the C-N stretching vibration of amines, while the peaks 

at 1844.01 is characteristic of aromatic amines. The peak at 

1491.02 is attributed to the C-C (in-ring) stretching of aro-

matics compounds. The peak at 1311.64 cm-1 corresponds to 

the symmetric stretching of the N-O bond in N-O compound. 

Lastly, the peak at 1039.67 is indicative of the CN stretching 

vibrations of aliphatic amines [32]. 

Furthermore, the peak observed at 1417 cm-1 corresponds 

to the C-O stretching vibration, while the peak at 1384 cm-1 

is associated with the C-N stretching vibration of aromatic 

amine. The peak around 1070 cm-1 indicates the C-OH 

stretching vibration characteristic of secondary alcohols [33]. 

Peaks observed below 1000 cm-1 are attributed to the 

out-of-plane C-H bending vibrations characteristic of aro-

matic phenols [33]. These results suggest that compounds 

such as phenolic acids can adsorb onto the surface of AgNPs 

helping to retain, these substances on the surface and 

providing stabilization for the nanoparticles [33, 34]. In this 

study, FTIR measurements were performed to identify pos-

sible biomolecules responsible for stabilizing the synthesized 

silver nanoparticles. 

It is well established that proteins can bind to silver nano-

particles through free amine groups or cysteine residues 

within the proteins and surface-bound proteins help stabilize 

silver nanoparticles during synthesis. 

Additionally, nicotinamide adenine dinucleotide hydrate 
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(NADH)-dependent reductases have been identified as con-

tributors to the biosynthesis of nanoparticles, while polysac-

charides play a role in their stabilization [30, 35]. Polyphe-

nols, such as tannic acids, are plant-derived compounds that 

act as effective reducing agents in the synthesis of silver na-

noparticles [33]. 

  
a)                                                     b)  

  
c)                                                     d) 

  
                            e)                                                      f) 

Figure 5. FT-IR image of silver nanoparticles formed from aqueous extract of leaves of a) Moringa oleifera, b) Caesalpinia bonduc, c) 

Momordica charantia, d) Pavetta corymbosa, e) Psidium guajava, f) Dialium guineense. 
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3.2. Antibacterial Activity 

Many studies have been conducted on the antimicrobial 

activities of extracts obtained from plant species belonging to 

numerous families against various pathogens [17, 19, 24-26, 

31, 33]. The present study investigated the antimicrobial 

activities, through the formation of silver nanoparticles, of 

some plants such as Moringa oleifera, Caesalpinia bonduc, 

Momordica charantia, Pavetta corymbosa, Psidium guajava 

and Dialium guineensen, which are traditionally used against 

infections, especially in Benin and West Africa. According 

to this study, silver nanoparticles synthesised from the M. 

oleifera extracts did not showed any levels of antimicrobial 

effect on the bacteria tested. Al-Kalifawi and al. reported in 

2016, that aqueous extract-AgNPs from the same plant 

formed an inhibition zone with a diameter of 18 mm on S. 

aureus [25]. In the same study, it was observed that the 

aqueous extract did not form a zone of inhibition on the bac-

teria tested and that other AgNPs obtained using these ex-

tracts showed the most effect on the Gram-negative bacte-

rium K. pneumoniae. However, this result was not consistent 

with our study because K. pneumoniae was not inhibited by 

the aqueous extract-AgNP. 

Table 2. Antimicrobial activity of the M. oleifera extract showing their zones of inhibition. 

Inhibitory zone (mm) 

Material (50 µl) E. coli S. aureus K. pneumoniae A. baumani _ P. aeroginosa E. aerogenes 

Leaf extract - 15 - 15 - 15 

AgNP-Leaf - - - - - - 

AgNO 3 13 13 15 14 15 - 

chloramphenicol 27 29 28 15 15 22 

(-): no zone of 'inhibition 

Enam and al., showed that the hydroalcoholic extract ob-

tained from Caesalpinia gilliesii formed inhibition zones at 

different rates, but it was determined that the AgNPs synthe-

sized from these extracts were more effective against all the 

bacteria tested and formed the most inhibition zones against 

S. aureus [19]. In our study, the water extract created a sig-

nificant zone diameter of inhibitory against the S. aureus 

strain in the antimicrobial activity tests carried out. All in-

hibitory zones are measured in mm (Table 3). 

Table 3. Antimicrobial activity of the C. bonduc extract showing their zones of inhibition. 

Inhibitory zones (mm) 

Materials (50 µl) E. coli S. aureus K. pneumoniae baumani P. aeroginosa E. aérogènes 

Aqueous extract - 10 - - - - 

AgNPs of water 14 14 11 11 11 - 

AgNO 3 13 13 15 14 15 - 

chloramphenicol 27 29 28 15 15 22 

(-): no zone of 'inhibition 

The components of the AgNP extract showed superior an-

timicrobial effect than the extract alone, except for E. coli, 

and K. pneumoniae that was inhibited by aqueous AgNP 

extract. No study on Caesalpinia bonduc was found in the 

literature, our study is the first study conducted with this 

plant which is one of the important discovery in this Study. 

According to Krithiga and al. in 2015, the aqueous extract 

obtained from the plant M. charantia and the synthesised 

silver nanoparticles have antimicrobial effects on Bacillus 

subtillis and E. coli, and larger zone diameters were observed 
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in Staphylococcus aureus and Bacillus subtilis compared to 

E. coli [16]. In this study, the aqueous extract formed a zone 

of inhibition in all bacteria tested and showed the highest 

antimicrobial activity against the S. aureus strain with a zone 

diameter of 19 mm (Table 4). 

Table 4. Antimicrobial activity of the M. charantia extract showing their zones of inhibition. 

Inhibitory zones (mm) 

Matériel d'essai (50 µl) E. coli S. aureus K. pneumoniae A. baumani P. aeroginosa E. aérogènes 

Aqueous Extract 14 19 14 16 13 17 

ethanol - 16 - - - 16 

Méthanol - 18 - - - 17 

AgNPs-Aqueous - - 11 09 13 09 

chloramphenicol 27 29 28 15 15 22 

(-): no zone of 'inhibition 

However, aqueous extracts-AgNPs synthesised by silver 

nitrate treatment of extracts obtained from M. charantia 

leaves with water did not form zones of inhibition on E. coli 

and S. aureus, whereas they formed smaller zones of inhibi-

tion on other bacteria. In another study, Ajitha and al., ex-

tracted AgNPs from M. charantia water were generally 

found to have a larger inhibition zone diameter (7 mm) 

against Gram-negative bacteria (P. aeroginosa) than 

Gram-positive bacteria were reported [24]. In our study, the 

water extract-AgNPs formed a 13 mm diameter zone of inhi-

bition against the P. aeroginosa strain. 

David and al., reported that the same aqueous plant extract 

formed a 10 mm diameter zone of inhibition on K. pneu-

moniae  [26]. Pavetta corymbosa showed no antimicrobial 

effect on any of the bacteria tested, while the aqueous ex-

tract-AgNPs synthesised from it had variable effects on bac-

teria other than E. coli and E. aerogenes. The diameter of the 

zone of inhibition formed particularly on P. aeroginosa was 

found to be equivalent to the standard antibiotic chloram-

phenicol (15 mm) (Table 5). 

Table 5. Antimicrobial activity of the P. corymbosa extract showing their zones of inhibition. 

Inhibitory zones (mm) 

Material (50 µl) E.coli S. aureus K. pneumoniae A. baumanii P. aeroginosa E.aérogènes 

Aqueous Extract - - - - - - 

AgNPs-Aqueous - 11 11 09 15 - 

AgNO 3 14 13.5 14 13 15 - 

chloramphenicol 27 29 28 15 15 22 

(-): no zone of 'inhibition 

An important conclusion from this study is that chloram-

phenicol, the reference antibiotic, and the P. aeroginosa strain 

are equally effective. There are many studies on the produc-

tion of silver nanoparticles using the Psidium guajava plant. 

Moteriya and al. synthesised the water extract-AgNP using 

aqueous extract of Psidium guajava and investigated its an-

timicrobial activities on bacteria [29]. In our study, this ex-

tract was not effective against E. coli, K. pneumoniae and P. 

aeruginosa. 
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Table 6. Antimicrobial activity of the D. guineense extract showing their zones of inhibition. 

Inhibitory zones (mm) 

Material (50 µl) E.coli S. aureus K. pneumoniae A. baumanii P. aeroginosa E. aérogènes 

Aqueous 14 - - 14 11 11 

AgNPs-Aqueous 13 13 12 08 12 - 

AgNO 3 14 13 13 13 14 - 

chloramphenicol 27 29 28 15 15 22 

(-): no zone of 'inhibition 

D. guineense extracts prepared from the plant and silver 

nanoparticles synthesised from them showed variable levels 

of antimicrobial activity on all the bacteria tested. The only 

bacterium sensitive to all the extracts and their silver nano-

particles was A. baumanii. It was observed that the plant 

extracts of P. corymbosa and D. guineense and the nanopar-

ticles synthesised from them used in this study formed a 

good zone of inhibition. Numerous studies have been carried 

out on silver nanoparticles in the literature, but these studies 

have mainly been based on the antimicrobial activities and 

properties of the nanoparticles. There is very little data on 

the determination of MIC values. Therefore, in our study, 

MIC values of plant extracts and silver nanoparticles synthe-

sised from them on microorganisms were also determined. It 

was determined that some of the silver nanoparticles synthe-

sised had efficacy values close to or even higher than the 

reference antibiotics. The variation between our results and 

those in the literature would be linked to complete standard-

isation, which has not been defined in the study of antimi-

crobial activity, and the handling techniques may vary from 

one researcher to another. 

 
Figure 6. Antimicrobial potentials of different plant extract (a- M. oleifera, b- C. bonduc, c- M. charantia, d- P. corymbose, e- P. guajava, f- 

D. guineense) showing their zones of inhibition. 

4. Conclusion 

Nanoparticle biosynthesis methods offer a novel approach 

to easily synthesize NPs using natural reducing and stabiliz-

ing agents, such as the aqueous extracts of plant leaves in our 

study. This method eliminates the need for chemical reagents 

making the process environmentally friendly and suitable for 

pharmaceutical and food applications. For the biosynthesis of 

silver nanoparticles, our results demonstrated a visible colour 

change in the mixture confirming the formation of silver 

nanoparticles. Notably, the nanoparticles with the lowest 

absorption wavelengths were derived from the leaf extracts 

of Pavetta corymbosa (340 nm) and Dialium guineense (400 
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nm) indicating that this plant could serve as valuable re-

sources for future research. In perspective, several aspects of 

this research warrant further exploration. It would be benefi-

cial to complement this study with the following: 

1) An investigation into the yield of dry crude extract for 

each plant, to better understand the efficiency of the 

extraction process. An extended antimicrobial study 

that includes a broader range of pathogenic microor-

ganisms, particularly those associated with foodborne 

illnesses. 

2) An assessment on the AgNPs of the anti-inflammatory 

and antioxidant activities of the biosynthesized silver 

nanoparticles need to be carefully study. 

3) The development of practical applications on both 

medical and industrial scales, to harness the full range 

of beneficial properties of silver nanoparticles for en-

hancing human well-being and leveraging their ad-

vantages across various fields. 

Abbreviations 

AgNO3 Silver Nitrate 

Ag Silver 

Ag+ Silver Ions 

AgNPs Silver Nanoparticles 

Au Gold 

Cu Copper 

MBC Minimum Bactericidal Concentration 

MIC Minimum Inhibitory Concentration 

MBH Mueller Hinton Broth 

NA Nutrient Agar 

NB Nutrient Broth 

UV-Vis Ultra-Violet Visible Spectroscopy 

XRD X-ray Diffraction 

SPR Surface Plasmon Resonance 

SEM Scanning Electron Microscopy 
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