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Abstract 

Existing research has shown that plants are best suited for the ecofriendly 

green synthesis of nanoparticles. This study presents novel findings on the 

biomimetic synthesis of silver nanoparticles using the aqueous leaf extract of 

six medicinal plant species in the genus, Combretum (C. paniculatum, C. 

dolichopetalum, C. platypterum, C. racemosum, C. bauchiense, and C. 

demeusei). The study focuses on conducting phytochemical screening of 

aqueous leaf extract, characterization, antimicrobial and cytological 

evaluation of the synthesized silver nanoparticles (AgNPs). The additional 

contribution of the study is the introduction of a nanoparticle production 

index (NPPI) of the species based on their crystalline sizes (in nm) and yield 

(in mg/l) of AgNPs. The NPPI represents a measure of the quantity of particles 

produced relative to the experimental species. The study aims to investigate 

whether these species, belonging to same genus yield similar results. The 

results indicate that smaller nanoparticle sizes correspond to higher 

production indices. Among the species, C. paniculatum demonstrated the 

highest production index (18.75 nm, 144.6 mg/l), while C. demeusei exhibited 

the lowest production index (0 nm, 6.3 mg/l). The AgNPs were characterized 

using various standard analytical techniques, including X-ray diffraction 

analysis which reveals 2 theta values in the 40° range, all corresponding to 

miller indices of (200). Furthermore, the synthesized AgNPs exhibited varying 

but significant antimicrobial activities, and the majority of the species 

showed a high NPPI. The study introduced the concept of 

“phytonanotaxonomy”, which involves classifying plants of the same taxa 

based on their NPPI.  
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Introduction 

Particles that are extremely small, with at least one dimension under 100 

nanometers (nm) are referred to as nanoparticles (NPs) (1). Noble metals 

such as silver (Ag), gold (Au), and copper (Cu) have nanoparticles that exhibit 

a broad absorption band in the visible region of the solar electromagnetic 

spectrum. In the field of modern material science, precise control over the 

synthesis of metal nanoparticles in terms of their facets, sizes, and shapes is 

of great importance (2). 

 Silver nanoparticles (AgNPs) have gained increasing attention due to 

their remarkable properties such as high conductivity, catalytic activity, 
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localized surface plasmon resonance, antibacterial 

capabilities, and chemical durability (3). Among various 

metal nanoparticles, AgNPs have emerged as particularly 

promising materials. They find applications in diverse 

fields, including targeted medication delivery, as 

antimicrobials (4), anti-cancer medicines (5-7), biosensors 

(8), and pest management in agriculture (9).  

 Due to the drawbacks of chemico-physical 

procedures, such as the use of toxic chemicals, high 

temperatures, pressure, and the formation of hazardous 

by-products, it is essential to explore safer alternative 

methods for the production of AgNPs. In this regard, the 

biological synthesis of nanoparticles using microorganisms 

such as bacteria, fungi, algae, and plant extracts has 

gained increasing importance (10,11). These biological 

approaches offer several advantages over chemical and 

physical processes as they don't require high temperatures 

or pressure and provide non-toxic, more economical, and 

ecologically friendly alternatives (12). Moreover, studies 

have demonstrated that plant-mediated synthesis can 

yield a higher quantity of AgNPs (13, 14).  These methods, 

commonly referred to as ‘green synthesis’, utilize plant 

extracts and microorganisms to mimic chemical processes 

in an eco-friendly manner, a concept known as 

biomimicry. 

  Among the 370 species in the Genus Combretum, 

approximately 300 are native to tropical and 

southern Africa. These plants have been long utilized in 

local traditional medicine across Africa and Asia for the 

treatment of various ailments. Despite the abundance of 

Combretum species, there is a scarcity of research on 

nanoparticle synthesis involving these plants, highlighting 

the need for further investigation. This study aims to 

expand the existing knowledge on Combretum-synthesized 

AgNP, specifically focusing on their antimicrobial and 

cytotoxic properties, their potential as high-yielding AgNP 

species, and to provide a valuable academic resource for 

students and researchers involved in future studies on 

Combretum species.  

 To the best of our knowledge, this study represents 

the first documentation of the synthesis of AgNPs using the 

aqueous leaf extract of six Combretum species: C. 

paniculatum, C. dolichopetalum, C. platypterum, C. 

racemosum, C. bauchiense, and C. demeusei. The major 

objectives of this study were to quantitatively analyze the 

phytochemical composition of the leaf extracts to identify 

the biomolecules responsible for the synthesis and 

stabilization of AgNPs. Additionally, the synthesized 

nanoparticles were characterized using various analytical 

techniques. Furthermore, an NPPI (NanoParticle 

Production Index) was created based on the size and yield 

of nanoparticle produced by each species. The 

antimicrobial activities of the synthesized nanoparticles 

against bacterial and fungal pathogens were evaluated, 

and cytological effect of AgNPs on the root tips of Allium 

sativum (garlic) was examined to assess possible 

chromosomal aberrations. 

 

 

Materials and Methods 

Collection of Plants and Preparation of Leaf Extracts 

Fresh leaves of C. paniculatum, C. dolichopetalum, C. 

platypterum, C. racemosum, C. bauchiense, and C. demeusei 

were collected from Nsukka (Enugu State – Nigeria) 

metropolis. The leaves were thoroughly washed with 

running water and then dried in the lab (shade dry). On 

completely dry, the plants were ground into a fine powder. 

Twenty grams of each powder was weighed and 

transferred into separate 500 ml Erlenmeyer flask. To each 

flask, 400 ml of distilled water was added, and the mixture 

was boiled for 20 minutes in a water bath set at 80 °C. After 

boiling, the mixtures were allowed to cool at room 

temperature. Subsequently, the mixture in each flask was 

first filtered using cheesecloth and then with Whatman 

No.1 filters paper. The resulting filtrate (extract) was 

collected and used for the synthesis process. 

Synthesis of Silver Nanoparticles  

For the synthesis, 10 ml of each plant extract was added to 

90ml of a 3mM AgNO3 solution. The reaction mixture was 

then placed in a dark cupboard and monitored for visible 

color change. The samples were observed for a period of 

48h before proceeding for characterization. 

 NanoParticle Production Index (NPPI) 

The NPPI for the synthesized AgNPs from the study plants 

was determined by evaluating the crystalline sizes of the 

synthesized AgNPs and measuring the yield of AgNPs in 

mg/l (using a Mettler Toledo sensitive balance) after 

centrifugation and lyophilization of the reaction mixture.  

Characterization of the Synthesized Nanoparticles 

The absorption spectra of the AgNPs were obtained using a 

UV spectrophotometer (UV-1800 Shimadzu), followed by 

centrifugation and lyophilization. The morphologies of the 

particles were determined using scanning electron 

microscopy (SEM) with a Phenom ProX instrument. The 

crystalline nature and size of the AgNPs were analyzed 

using an X-ray diffractometer (XRD) with a Rigaku 

MiniFlex300. Fourier transform infrared spectroscopy 

(FTIR) was performed using a Cary 630 instrument, and 

dynamic light scattering (DLS) was carried out using a 

Zetasizer Nano ZS 

Phytochemical Analysis 

The plant extracts underwent quantitative phytochemical 

screening to determine the presence of various 

phytochemicals, including tannins, flavonoids, oxalate, 

phenolics, saponin and alkaloids, among others. The 

procedures conducted were in accordance with the official 

analytical methods (15). 

Antimicrobial Activity Assay (Antibacterial and 

Antifungal) 

A total of six pathogens were used for the study, including 

two Gram-negative bacteria (P. aeruginosa and E. coli), two 

Gram-positive bacteria (B. cereus and S. aureus) and two 

fungi (A. flavus and A. niger). The assay was conducted by 

modifying the agar well diffusion assay described by (16). 

Aliquots of 60 μl of each plant-AgNPs, at varying 

https://plantsciencetoday.online
https://en.wikipedia.org/wiki/Species
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concentrations (25 mg/ml, 12.5 mg/ml, 6.25 mg/ml, 3.125 

mg/ml and 1.56 mg/ml), were added to pre-formed wells 

in the culture plates that were already seeded with the test 

organisms. The plates (bacterial) were then incubated at 

37 oC for 18 – 24 hrs and plates (fungal) at 25 – 27 oC for 48 

h respectively. The antimicrobial activity of each plant 

mediated AgNPs was determined by measuring the zone of 

inhibition (ZOI) surrounding each well. A stock solution of 

3 mM AgNO3 and the plant extracts were used as positive 

controls. 

Cytological Study using Allium Test 

Garlic” bulbs (A. sativum) were used as the testing material 

in the Allium test with modifications based on (17). Two 

concentration of each plant-AgNP ­solution, a low 

concentration (0.5mg) and a high concentration (1.0mg) 

were used. The root tips of the garlic bulbs were exposed 

to the different concentrations of the plant-AgNP solution 

for different time periods (24 and 48hrs). Root tips left in 

distilled water only served as the negative control, 

providing a baseline for comparison to assess the effects of 

the tested materials. After treatment, the roots tips were 

cut off and prepared for slide examination using a Philip 

Harris light microscope equipped with a Moticam Image 

Plus 2.0 camera. Each slide contained two root tips, which 

were observed to evaluate the effects of AgNPs on the 

chromosomes during the different stages of mitosis and to 

detect any chromosomal aberrations resulting from the 

action of the particles.  

 

Result and Discussion  

Visual Examination of Synthesis and UV-visible 
Spectroscopy 

When the plant extracts (10ml) were added to 3mM of 

AgNO3 (90ml), the solution exhibited an immediate change 

in the color, which deepened over time in all cases (0 – 48 

hrs). The color transformation observed were as follows: C. 

paniculatum AgNPs changed from red to deep red; C. 

dolichopetalum AgNPs changed from light brown to dark 

brown; C. platypterum AgNPs changed from yellowish to 

reddish orange; C. racemosum AgNPs, changed from 

brownish to dark brown; C. bauchiense AgNPs changed 

from reddish to deep brown, and C. demeusei AgNPs 

changed from yellow to reddish (Fig 1 and 2). The 

corresponding reduced AgNPs exhibited distinct visible 

absorption peaks at wavelengths of 442.07, 440.06, 447, 

461.05, 433.91 and 430.14 nm respectively (Figures 3A – 

3F). The color change observed in the original plant 

extract/AgNO3 solution mixture is an initial indication of 

affirmative nanoparticle synthesis. These changes, which 

are confirmed by UV-vis spectroscopy, demonstrated 

characteristic absorption peaks, associated with surface 

plasmon resonance (SPR) of the AgNPs. AgNPs have the 

ability to absorb and scatter light due to the oscillations of 

free electrons on silver surface undergoing SPR when 

excited by light at specific wavelengths (18).  

NanoParticle Production Index (NPPI) 

Table 1 presents the nanoparticle production index (NPPI) 

for six Combretum species used in this study. The index 

was developed based on the crystalline sizes of the 

synthesized AgNPs and their yield in mg/l, where the 

species with smaller sizes and higher yield were assigned 

higher indices. From the table, it can be observed that C. 

paniculatum had the highest production index as it 

exhibited the smallest size (18.75nm) and the highest yield 

(144.6mg/l). Conversely, C. demeusei had the lowest index, 

as no crystalline size could be determined, and the yield 

was very low (6.3mg/l). The consistency of this pattern 

among the studied species was challenged only by the size

-yield indices for C. dolichopetalum, which may be due to 

significant differences in values for atomic concentration 

of silver, Z average and soluble carbohydrate content 

compared to other species. Additionally, the darker 

coloured AgNP solutions obtained 48h after synthesis were 

consistent with higher yields as observed in the case of C. 

paniculatum, C. dolichopetalum, C. racemosum and C. 

bauchiense. However, C. platypterum and C. demeusei 

A- C. dolichopetalum AgNP solution, B- C. bauchiense AgNP 
solution, C- C. racemosum AgNP solution, D- C. platypterum AgNP 
solution, E- C. demeusei AgNP solution, F- C. paniculatum AgNP 
solution (0 hrs after synthesis)  

A- C. dolichopetalum AgNP solution, B- C. bauchiense AgNP solution, 
C- C. racemosum AgNP solution, D- C. platypterum AgNP solution, E- 
C. demeusei AgNP solution, F- C. paniculatum AgNP solution (48 hrs 
after synthesis)  
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exhibited color changes but remained lightly colored after 

the designated time period indicating low AgNP yield (Fig 1 

and 2). While there is lack of Literature on experimental 

studies that quantifying the yield of silver nanoparticles 

after synthesis, the color patterns and the “Nanoparticle 

Production Index (NPPI)” established through synthesis, 

centrifugation and lyophilization strongly support the 

findings of (19), who noted that the color properties of 

AgNPs correlate with the number density of the 

nanoparticles. Thus, the NPPI can be described as a 

measure of the quantity of particles produced in relation 

to the experimental species used in the synthesis. 

 

Species     
AgNP size from XRD 

(nm)  
Observed AgNP 

Yield in  mg/l                                                     

C. paniculatum                          18.75  144.6  

C. dolichopetalum                     37.88  113.7  

C. bauchiense                            18.98  105.8  

C. racemosum                            22.76  101.5  

C. platypterum                               - 9.2  

C. demeusei                                   -  

Table 1.  Nano Particle Production Index (NPPI) showing AgNP yield 

and size indices 

Fig. 3F. UV-vis Absorption Spectra of C. demeusei AgNPs. 
Fig. 3E. UV-vis Absorption Spectra of C. bauchiense AgNPs  

Fig. 3C. UV-vis Absorption Spectra of C. platypterum AgNPs. Fig. 3D. UV-vis Absorption Spectra of C. racemosum AgNPs. 

Fig. 3A. UV-vis Absorption Spectra of C. paniculatum AgNPs. Fig. 3B. UV-vis Absorption Spectra of C. dolichopetalum AgNPs. 

https://plantsciencetoday.online
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SEM/SEM-EDX Characterization  

The SEM micrographs in figures 4A – 4F depicts the 

morphology (shape) of the nanoparticles. The analysis 

indicates that the AgNPs exhibited different shapes across 

all species. In the C. bauchiense micrograph (figure 4E), the 

visible AgNPs appeared rounded, flat and even 

amorphous. Similarly, the C. paniculatum micrograph 

(figure 4A) also revealed AgNPs of various shapes. Just like 

physical and chemical routes of synthesis, plant mediated 

synthesis is capable of producing AgNPs of different 

shapes, which can be useful for various relevant 

applications (20-23). 

 It has been reported (24) that obtained AgNPs of 

varying shapes from a single plant is a common 

phenomenon when synthesizing particles using plant 

extracts. The shapes observed in this study are consistent 

with experiments conducted within the Combretaceae 

family (25 – 29).  

 The elemental analysis of the plant-mediated 

AgNPs produced in the study is presented in figures 5A – 

5F. Each figure includes a key indicating the elements 

present and their percentage atomic concentration. SEM-

EDX analysis provides insights into the elemental 

composition of the AgNPs. The peaks observed represents 

the positions assigned to the different elements, and the 

area under the peaks signifies the number of atoms of the 

corresponding elements present in the X-ray irradiated 

area of the samples, as indicated in the accompanying key 

for each case. The distinctiveness of EDX spectroscopy in 

elemental composition detection stems from the unique 

atomic structure of each element, which generates 

characteristics peak on an electromagnetic spectrum (30, 

31). The elements identified in the AgNPs synthesized in 

the study align with finding from other investigations on 

Fig. 4F. SEM micrograph showing C. demeusei­ AgNPs. Fig. 4E. SEM micrograph showing C. bauchiense­ AgNPs. 

Fig. 4C. SEM micrograph showing C. platypterum AgNPs. Fig. 4D. SEM micrograph showing C. racemosum­ AgNPs. 

Fig. 4A. SEM micrograph showing C. paniculatum AgNPs.  Fig. 4B. SEM micrograph showing C. dolichopetalum AgNPs. 
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Combretum species (29).  

 

Characterization by X-ray Diffraction (XRD) 

XRD is an analytical technique that provides insights into 
the crystalline nature of the synthesized AgNPs and can 

also be used to determine their crystalline size.The 

diffractograms shown in figures 6A – 6F exhibit distinct 

diffraction peaks. Braggs reflections observed at 2 theta 

angle values of 44.08°, 41.01°, 44.36° and 44.42° were 

obtained for C. dolichopetalum, C. paniculatum, C. 

bauchiense and C. racemosum AgNPs, respectively. These 

reflections corresponded to hkl miller index of (200) in all 

cases. The average crystalline sizes were calculated using 

the Debye-Scherrer’s formula and were found to be 37.88 

nm, 18.75nm, 18.98nm and 22.76nm, respectively. 

However, the diffractogram of Ag nanoparticles 

synthesized with C. demeusei showed no peaks 

corresponding to Ag nanoparticles. Similarly, for C. 

platypterum, the broad peak observed at 21.23° may be 

attributed to the leaf extract used for the synthesis. It is 

characteristic of AgNPs (and other nanoparticles) to have 

their atoms arranged into crystalline structures, which can 

be validated through XRD analysis by observing 

characteristic peaks and Miller indices. The XRD peaks at 2 

theta are indexed to different crystallographic planes of 

Bragg’s reflections and indicate whether the nanoparticles 

possess a face-centered cubic structure (FCC) or body-

centered cubic (BCC) structure, thereby confirming their 

crystalline nature. The absence of peaks corresponding to 

silver in certain cases suggests that, during the reduction 

process, the atoms remained arranged in a more random 

fashion, exhibiting a greater level of amorphousness 

compared to crystalline structures, as only crystals yield 

Fig. 5E. SEM-EDX representation of elements present in C. 
bauchiense AgNPs. 

Fig. 5F. SEM-EDX representation of elements present in C. demeusei 
AgNPs. 

Fig. 5C. SEM-EDX representation of elements present in C. 
platypterum AgNPs. 

Fig. 5D. SEM-EDX representation of elements present in C. 
racemosum AgNPs. 

Fig. 5A. SEM-EDX representation of elements present in C. 
paniculatum AgNPs. 

Fig. 5B. SEM-EDX representation of elements present in C. 
dolichopetalum AgNPs. 

https://plantsciencetoday.online
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sharp peaks. The unassigned peaks, marked with asterisk 

are believed to arise due to the presence of phytochemical 

compounds in the leaf extract (32, 33). 

DLS Characterization 

The size distribution by intensity of the Combretum-

synthesized AgNPs is presented in figures 7A – 7F. The 

scatter of the size distribution graph indicates the average 

size (Z average) of the AgNPs, with a broader scatter 

suggesting smaller average size and a  narrower scatter 

suggesting larger average size of the AgNPs. Figure 7A 

illustrates the size distribution of C. paniculatum AgNPs, 

showing a broad scatter and Z average size of 289 nm. 

Figure 7B depicts the size distribution of C. dolichopetalum 

AgNPs, also exhibiting a broad scatter with a Z average size 

131.3nm.  Figure 7E represents the size distribution of C. 

bauchiense AgNP, which displays two peaks. The major 

peak exhibits a narrow scatter, indicating a larger Z 

average size of 757.8nm. For C. racemosum AgNPs shown 

in figure 7D, three peaks are observed. The major peak 

demonstrates a narrow scatter and Z average size is 567.2 

nm. Figure 7C represents the size distribution of C. 

platypterum AgNPs, showing a narrow scatter and a Z 

average size of 240.7 nm. Finally, figure 7F displays the size 

distribution of C. demeusei AgNPs, with the major peak 

exhibiting a narrow scatter and a Z average of 90.75nm. 

The Polydispersity Index (PDI) values for C. paniculatum 

AgNPs, C. dolichopetalum AgNPs, C. bauchiense AgNPs and 

C. racemosum AgNPs were 0.4, 0.4, 0.6 and 0.6 respectively. 

C. platypterum AgNPs had a PDI of 0.4, while C. demeusei 

AgNPs had a PDI of 0.3. Dynamic light scattering (DLS) 

offers numerous advantages as an analytical technique 

and provides the insights into the behavior of 

nanoparticles in a solution system. The Z-average, PDI 

(polydispersity index) and Zeta potential serve as “quality 

control” of the DLS technique. Polydispersity refers to the 

degree of non-uniformity of a size distribution of particles, 

whereby the lower the PDI value, the closer it is to 

achieving a monodispersed system (34). Values less than 

0.7 indicate stability whereas particles with PDI larger than 

0.7 suggests broad particle size distribution (35-36). 

Fig. 6E. XRD pattern of C. bauchiense AgNPs. Fig. 6F. XRD pattern of C. demeusei AgNPs. 

Fig. 6C. XRD pattern of C. platypterum AgNPs. Fig. 6D. XRD pattern of C. racemosum AgNPs. 

Fig. 6A. XRD pattern of C. paniculatum AgNPs. Fig. 6B. XRD pattern of C. dolichopetalum AgNPs. 
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Fourier Transform Infrared (FTIR) Spectroscopy Analysis 

FTIR spectra obtained for the leaf extracts and silver 

nanoparticles synthesized using the leaf                          

extracts are shown in figures 8A – 8F. The most prevalent 

functional groups across all the studied plants were 

amide, amine, O-H hydroxyl, and alkene. The FTIR spectra 

of silver nanoparticles, gives information about the local 

molecular environment of the organic molecules on the 

surface of the samples. The purpose of this analysis is to 

identify the biomolecules present which are potentially 

responsible for reduction of bulk silver to silver 

nanoparticles, as well as efficient stabilization of the 

formed silver nanoparticles. According to (37), these 

biomolecules contain bond linkages and functional groups 

that play active role in the synthesis process. The 

decreases in the number of peaks present in the plant 

extract when compared to the spectra of the AgNPs can be 

attributed to interactions between functional groups and 

the silver ions (38). The presence of O-H hydroxyl 

functional group, observed across all Combretum species 

in the study, is characteristic of polyphenols. Among the 

polyphenols, flavonoids are well-known for their ability to 

act as reducing agents during synthesis of AgNPs (39, 40).  

Phytochemical Analysis 

The results of the quantitative phytochemical analysis are 

presented in table 2. The distribution of phytochemicals 

varied significantly among all the studied plants. However, 

the highest values were consistently recorded for 

phenolics and flavonoids. The phytochemical analysis 

conducted in this study revealed high levels of flavonoids, 

which is in line with previous reports indicating that 

Combretum species are rich in polyphenols (41 – 43). 

Fig. 7E. Size distribution by intensity of C. bauchiense AgNPs. Fig. 7F. Size distribution by intensity of C. demeusei AgNPs. 

Fig. 7C. Size distribution by intensity of C. platypterum AgNPs. Fig. 7D. Size distribution by intensity of C. racemosum AgNPs. 

Fig. 7A. Size distribution by intensity of C. paniculatum AgNPs. Fig. 7B Size distribution by intensity of C. dolichopetalum AgNPs. 

https://plantsciencetoday.online
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Treatments 

  
Phenolics 

Tannin
s 

Flavono
ids HCN 

Red. 
Sugars Steroids 

Saponi
ns Sol. Carb 

Terpenoid
s 

Alkaloid
s 

C. platypterum 
43.04± 
0.01c 

  

2.54 ± 
0.00d 

46.97 ± 
0.01d 

0.006 ± 
0.00c 

20.11 ± 
0.00d 

0.01 ± 
0.00e 

0.13 ± 
0.00d 

2.20 ± 
0.00e 

0.79 ± 
0.00a  

9.44 ± 
0.06e 

C. 
dolichopetalum 

14.31± 

0.01e 

  

2.83 ± 
0.01a 

79.47 ± 
0.01b 

0.008 ± 
0.00ab 

22.08 ± 
0.01b 

0.03 ± 
0.00c 

0.20 ± 
0.00b 

18.06± 

0.01a 
0.03 ± 
0.00e 

9.73 ± 
0.02c 

C. bauchiense 

1.94 ± 

0.01f 
  

2.67 ± 
0.01b 

  

15.55 ± 
0.00f 

0.007 ± 
0.00bc 

20.73 ± 
0.00c 

0.15 ± 
0.00a 

0.20 ± 
0.00b 0.46 ± 0.00f 

0.11 ± 
0.00d 

9.86 ± 
0.00b 

C. paniculatum 

54.85 ± 

0.00b 
  

1.90 ± 
0.00e 

72.68 ± 
0.00c 

0.002 ± 
0.00d 

1.74 ± 
0.00e 

0.02 ± 
0.00d 

0.17 ± 
0.00c 

4.60 ± 
0.01d 

0.49 ± 
0.00b 

10.29± 
0.01a 

C. demeusei 

  

42.94 ± 

0.01d 
  

1.43 ± 
0.00f 

26.17 ± 
0.00e 

0.001 ± 
0.00e 

28.06 ± 
0.01a 

0.00± 

0.00f 
0.12 ± 
0.00e 

5.18 ± 
0.00b 

0.33 ± 
0.00c 

5.18 ± 
0.05f 

C. racemosum 

56.99 ± 

0.01a 
  

2.61 ± 
0.01c 

148.27 ± 
0.01a 

0.008 ± 
0.00a 

28.06 ± 
0.00a 

0.10 ± 
0.00b 

0.32 ± 
0.00a 

4.86 ± 
0.00c 

0.11± 

0.00d 
9.71 ± 
0.00d 

Table 2. Quantitative Phytochemical Analysis of Leaves of Study Plants (in mg/100ml) 

 Mean value with different alphabet in each column are significantly different from each other by DMRT (P ≤0.05) 

Fig. 8A. FTIR spectra showing peaks representing various 
functional groups present in  C. paniculatum AgNPs and C. 
paniculatum leaf powder. 

Fig. 8B. FTIR spectra showing peaks representing various 
functional groups present in C. dolichopetalum AgNPs and C. 
dolichopetalum leaf powder. 

Fig. 8C. FTIR spectra showing peaks representing various 
functional groups present in  C. platypterum AgNPs and C. 
platypterum leaf powder. 

Fig. 8D. FTIR spectra showing peaks representing various 
functional groups present in  C. racemosum AgNPs and C. 
racemosum leaf powder. 

Fig. 8E. FTIR spectra showing peaks representing various 
functional groups present in  C. bauchiense AgNPs and C. 
bauchiense leaf powder. 

Fig. 8F. FTIR spectra showing peaks representing various 
functional groups present in  C. demeusei AgNPs and C. demeusei 
leaf powder. 
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Antimicrobial Activity 

The antimicrobial activity assay was carried out to 

evaluate the potential of the synthesized AgNPs to inhibit 

the growth of the aforementioned test organisms. Clear 

zones of inhibition (ZOI) indicated by red arrows in figures 

9A – 9C, and were observed. Figure 9A shows the 

susceptibility of B. cereus while Figure 9B demonstrates 

the susceptibility of A. flavus to C. paniculatum AgNPs. 

Additionally, Figure 9C demonstrates susceptibility of A. 

flavus to C. racemosum AgNPs. 

 Table 3 presents the mean Zone of Inhibition (ZOI) 

diameter of the different plant-mediated AgNPs at various 

concentrations, against the Gram positive bacteria; 

Bacillus cereus and Staphylococcus aureus. The C. 

dolichopetalum AgNPs exhibited significant inhibition 

against S. aureus and P. aeruginosa across all tested 

concentrations. However, C. bauchiense AgNPs showed no 

inhibition against both test organisms. C. racemosum 

AgNPs exhibited inhibition against B. cereus at all test 

concentrations, while susceptibility of S. aureus was only 

at the highest test concentration (25 mg/ml). C. 

paniculatum AgNPs on the other hand exhibited significant 

inhibition against B. cereus at all tested concentrations, 

while inhibition against S. aureus was observed only at 

concentration of 12.5 mg/ml. On the other hand, no 

inhibition was observed by C. platypterum and C. demeusei 

AgNPs against both test organisms. It is also noteworthy 

that the plant extracts of C. racemosum and C. bauchiense, 

which served as controls, showed minimal inhibition 

against S. aureus. Bulk silver (AgNO3) also showed varying 

levels of inhibition. 

 Table 4 represents the mean Zone of Inhibition 

(ZOI) diameter of the different plant- mediated AgNPs at 

various concentrations, against the Gram negative 

bacteria; Escherichia coli and Pseudomonas aeruginosa. C. 

dolichopetalum AgNPs exhibited significant inhibition 

against P. aeruginosa across all tested concentrations. 

However, no inhibition was observed against E. coli. C. 

bauchiense AgNPs exhibited inhibition against E. coli at all 

tested concentrations, while minimal susceptibility was 

observed against P. aeruginosa at the highest 

concentration tested (25 mg/ml). C. racemosum AgNPs 

inhibited the growth of E. coli only at a concentration of 25 

mg/ml, while inhibition against P. aeruginosa was 

observed across all tested concentrations. C. platypterum 

AgNPs inhibited the growth of P. aeruginosa at 

concentrations of 25 mg/ml and 12.5 mg/ml, but no 

inhibition was observed against E. coli. C. demeusei AgNPs 

exhibited inhibition against E. coli only at a concentration 

of 25 mg/ml. In the case of C. paniculatum AgNPs, 

significant inhibition was observed against both 

organisms. It is noteworthy that the inhibition was more 

Fig. 9A. showing effect of C paniculatum AgNPs on B. cereus. Fig. 9C. showing effect of C. racemosum AgNPs on A. flavus. 

Fig. 9B. showing effect of C. paniculatum AgNPs on A. flavus. 
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Plant-AgNPs Concentration 
B. cereus 

Mean ZOI of AgNPs (mm) 
S. aureus 

  

C. dolichopetalum 25 mg/ml 14.66±1.20a2 8.00±4.04b2 

  12.5 mg/ml 12.33±0.88a2,3 10.66±1.31b1 

  6.25 mg/ml 14.00±1.52a2 8.66±1.33b2 

  3.125 mg/ml 8.66±1.523 7.66±0.652 

  1.56 mg/ml 12.66±2.06a2 7.33±0.35b2,3 

  Control (AgNO3) 18.66±1.52a1 10.55±1.03b1 

  Control (Plant Extract) 0.00±0.004 
0.00±0.004 

  

C. bauchiense 25 mg/ml 0.00±0.002 0.00±0.003 

  12.5 mg/ml 0.00±0.002 0.00±0.003 

  6.25 mg/ml 0.00±0.002 0.00±0.003 

  3.125 mg/ml 0.00±0.002 0.00±0.003 

  1.56 mg/ml 0.00±0.002 0.00±0.003 

  Control (AgNO3) 9.00±1.00b1 11.00±4.00a1 

  Control (Plant Extract) 0.00±0.00b2 
5.66±0.81a2 

  

C. racemosum 25 mg/ml 14.33±3.05a2 9.00±2.81b1 

  12.5 mg/ml 4.33±0.78a4 0.00±0.00b3 

  6.25 mg/ml 6.00±1.29a3 0.00±0.00b3 

  3.125 mg/ml 6.00±0.79a3 0.00±0.00b3 

  1.56 mg/ml 0.00±0.005 0.00±0.003 

  Control (AgNO3) 19.33±4.04a1 10.55±0.95b1 

  Control (Plant Extract) 0.00±0.00b5 
5.00±5.00a2 

  

C. platypterum 25 mg/ml 0.00±0.002 0.00±0.002 

  12.5 mg/ml 0.00±0.002 0.00±0.002 

  6.25 mg/ml 0.00±0.002 0.00±0.002 

  3.125 mg/ml 0.00±0.002 0.00±0.002 

  1.56 mg/ml 0.00±0.002 0.00±0.002 

  Control (AgNO3) 19.00±4.35a1 6.33±0.96b1 

  Control (Plant Extract) 0.00±0.002 
0.00±0.002 

  

C. demeusei 25 mg/ml 0.00±0.002 0.00±0.002 

  12.5 mg/ml 0.00±0.002 0.00±0.002 

  6.25 mg/ml 0.00±0.002 0.00±0.002 

  3.125 mg/ml 0.00±0.002 0.00±0.002 

  1.56 mg/ml 0.00±0.002 0.00±0.002 

  Control (AgNO3) 12.00±1.001 11.66±1.771 

  Control (Plant Extract) 0.00±0.002 
0.00±0.002 

  

C. paniculatum 25 mg/ml 29.00±3.60a1 0.00±0.00b2 

  12.5 mg/ml 23.33±2.11a2 15.66±4.04b1 

  6.25 mg/ml 23.33±1.23a2 0.00±0.00b2 

  3.125 mg/ml 17.00±2.00a3 0.00±0.00b2 

  1.56 mg/ml 16.00±2.00a3 0.00±0.00b2 

  Control (AgNO3) 18.66±5.85a3 0.00±0.00b2 

  Control (Plant Extract) 0.00±0.004 0.00±0.002 

Table 3. Antibacterial Activity of AgNPs against Gram Positive Bacteria pronounced at the higher concentrations tested (6.25 mg/

ml, 12.5 mg/ml, and 25 mg/ml). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data are presented with means ± standard error, significance (P≤0.05) was separated using Duncan Multiple Range Test (DMRT). Means bearing same alphabets 
and numbers are not significant whereas those with different numbers and alphabets are significant 
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Plant-AgNPs Concentration 
E. coli 

Mean ZOI of AgNPs (mm) 
P. aeruginosa 

C. dolichopetalum  25 mg/ml 0.00±0. 00b  16.00±1.00a1 

  12.5 mg/ml 0.00±0.00b  12.66±1.52a2 

  6.25 mg/ml 0.00±0.00b  12.00±0.00a2 

  3.125 mg/ml 0.00±0.00b  12.00±0.00a2 

  1.56 mg/ml 0.00±0.00b  11.00±0.00a2 

  Control (AgNO3) 0.00±0.00b  12.00±1.00a2 

  Control (Plant Extract) 0.00±0.00 
 0.00±0.003 

  

C. bauchiense 25 mg/ml 8.0±2.00a1  0.57±0.33b2 

  12.5 mg/ml 2.66±0.61a3  0.00±0.00b3 

  6.25 mg/ml 6.66±1.54a2  0.00±0.00b3 

  3.125 mg/ml 7.66±0.27a1  0.00±0.00b3 

  1.56 mg/ml 8.33±1.43a1  0.00±0.00b3 

  Control (AgNO3) 4.00±0.92b2,3  18.33±2.08a1 

  Control (Plant Extract) 5.00±0.66a2 
 0.00±0.00b3 

  

C. racemosum 25 mg/ml 7.33±0.42b1  13.33±3.05a3 

  12.5 mg/ml 0.00±0.00b2  13.66±1.52a3 

  6.25 mg/ml 0.00±0.00b2  14.00±2.00a2 

  3.125 mg/ml 0.00±0.00b2  14.00±2.00a2 

  1.56 mg/ml 0.00±0.00b2  16.66±3.51a1,2 

  Control (AgNO3) 0.00±0.00b2  18.00±0.00a1 

  Control (Plant Extract) 0.00±0.002 
 0.00±0.004 

  

C. platypterum 25 mg/ml 0.00±0.00b2  10.33±3.05a2 

  12.5 mg/ml 0.00±0.00b2  9.33±1.52a2 

  6.25 mg/ml 0.00±0.002  0.00±0.003 

  3.125 mg/ml 0.00±0.002  0.00±0.003 

  1.56 mg/ml 0.00±0.002  0.00±0.003 

  Control (AgNO3) 14.66±4.16b1  19.00±2.00a1 

  Control (Plant Extract) 0.00±0.002 
 0.00±0.003 

  

C. demeusei 25 mg/ml 2.66±0.61a2  0.00±0.00b2 

  12.5 mg/ml 0.00±0.003  0.00±0.002 

  6.25 mg/ml 0.00±0.003  0.00±0.002 

  3.125 mg/ml 0.00±0.003  0.00±0.002 

  1.56 mg/ml 0.00±0.003  0.00±0.002 

  Control (AgNO3) 6.66±1.52a1  2.33±1.52b1 

  Control (Plant Extract) 0.00±0.003 
 0.00±0.002 

  

C. paniculatum 25 mg/ml 16.00±2.64b1  18.00±2.64a2 

  12.5 mg/ml 15.33±1.201,2  15.66±1.503 

  6.25 mg/ml 13.00±0.563  14.00±2.113 

  3.125 mg/ml 0.00±0.004  0.00±0.004 

  1.56 mg/ml 0.00±0.004  0.00±0.004 

  Control (AgNO3) 17.33±3.78b1  21.66±3.05a1 

  Control (Plant Extract) 0.00±0.004 
               0.00±0.004 

  

Table 4. Antibacterial Activity of AgNPs against Gram Negative Bacteria 

Data are presented with means ± standard error, significance (P≤0.05) was separated using Duncan Multiple Range Test (DMRT). Means bearing same alphabets 
and numbers are not significant whereas those with different numbers and alphabets are significant 
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Table 5 presents the mean Zone of Inhibition (ZOI) 

diameters of different plant-mediated AgNPs at various 

concentrations against the fungi, Aspergillus flavus and A. 

niger. C. dolichopetalum AgNPs exhibited significant 

inhibition against A. flavus, except at a concentration of 

6.25mg/ml, while no inhibition was observed in the case of 

A. niger. It is also worth noting that C. dolichopetalum plant 

extract showed minimal inhibition of the growth of A. 

flavus. C. bauchiense AgNPs inhibited the growth of A. 

flavus at a concentration of 25mg/ml, however, no 

inhibition was observed against A. niger. A. flavus showed 

susceptibility to C. racemosum AgNPs across all tested 

concentrations, while the susceptibility of A. niger was 

observed only at a concentration of 25mg/ml. C. 

racemosum plant extract also exhibited inhibition of 

growth in both test organisms. C. platypterum AgNPs 

inhibited the growth of A. flavus at a concentration of 25 

mg/ml, and its plant extract showed minimal inhibition of 

the growth of A. niger. Both test organisms showed 

susceptibility to C. demeusei AgNPs at the highest tested 

concentration (25mg/ml). Lastly, C. paniculatum AgNPs 

Plant/AgNPs Concentration A. flavus 
Mean ZOI of AgNPs (mm) 

  A. niger 
  

C. dolichopetalum 25 mg/ml 14.00±0.57a,1  0.00±0.00b2 

  12.5 mg/ml 12.66±2.08a,1  0.00±0.00b2 

  6.25 mg/ml 0.00±0.004  0.00±0.002­ 

  3.125 mg/ml 11.66±1.52a1,2  0.00±0.00b2 

  1.56 mg/ml 12.00±1.44a1  0.00±0.00b2 

  Control (AgNO3) 13.00±1.35a1  2.66±0.61b1 

  Control (Plant Extract) 4.33±0.50a3  0.00±0.00b2 
  

C. bauchiense 25 mg/ml 11.00±2.64a2  0.00±0.00b 

  12.5 mg/ml 0.00±0.003  0.00±0.00 

  6.25 mg/ml 0.00±0.003  0.00±0.00 

  3.125 mg/ml 0.00±0.003  0.00±0.00 

  1.56 mg/ml 0.00±0.003  0.00±0.00a 

  Control(AgNO3) 16.00±3.60a,1  0.00±0.00b 

  Control (Plant Extract) 0.00±0.003  0.00±0.00 
  

C. racemosum 25 mg/ml 13.33±1.15a2  7.66±0.65b1 

  12.5 mg/ml 13.00±2.30a2  0.00±0.00b2 

  6.25 mg/ml 13.66±2.30a2  0.00±0.00b2 

  3.125 mg/ml 15.00±2.00a1  0.00±0.00b2 

  1.56 mg/ml 8.00±1.00a3  0.00±0.00b2 

  Control (AgNO3) 15.33±1.14a1  0.00±0.00b2 

  Control(Plant Extract) 5.00±0.66b4  7.33±0.35a1 
  

C. platypterum 25 mg/ml 7.66±0.65a2  0.00±0.00b2 

  12.5 mg/ml 0.00±0.003  0.00±0.002 

  6.25 mg/ml 0.00±0.003  0.00±0.002 

  3.125 mg/ml 0.00±0.003  0.00±0.002 

  1.56 mg/ml 0.00±0.003  0.00±0.002 

  Control (AgNO3) 11.33±1.86a1  0.00±0.00b2 

  Control(Plant Extract) 0.00±0.00b3  4.00±0.92a1 
  

C. demeusei 25 mg/ml 2.66±0.61a2  3.00±0.19a2 

  12.5 mg/ml 0.00±0.003  0.00±0.003 

  6.25 mg/ml 0.00±0.003  0.00±0.003 

  3.125 mg/ml 0.00±0.003  0.00±0.003 

  1.56 mg/ml 0.00±0.003  0.00±0.003 

  Control (AgNO3) 15.00±2.29a1  11.66±3.21b1 

  Control (Plant Extract) 0.00±0.003  0.00±0.003 
  

C. paniculatum 25 mg/ml 27.33±2.51a1  0.00±0.00b2 

  12.5 mg/ml 28.33±2.08a1  0.00±0.00b2 

  6.25 mg/ml 27.33±2.51a1  0.00±0.00b2 

  3.125 mg/ml 22.00±1.73a2  0.00±0.00b2 

  1.56 mg/ml 20.00±1.00a2  0.00±0.00b2 

  Control (AgNO3) 15.00±4.35­  11.33±1.52b1 

  Control (Plant Extract) 0.00±0.004  0.00±0.002 

Table 5. Antifungal Activity of AgNPs 

Data are presented with means ± standard error, significance (P≤0.05) was separated using Duncan Multiple Range Test (DMRT). Means 

bearing same alphabets and numbers are not significant whereas those with different numbers and alphabets are significant  
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exhibited significant inhibition against A. flavus across all 

tested concentrations, while no inhibition was observed 

against A. niger. 

 The observed trend in the antimicrobial activity of 

the AgNPs indicates that inhibition increased in a dose-

dependent manner. Additionally, minimal inhibition was 

observed at the higher concentrations tested. Various 

factors and mechanisms have been attributed to the effect 

of AgNPs on microorganisms. This study suggests that the 

differences in AgNP action may be associated with the 

yields of AgNPs, as reflected in the NPPI created. Species 

with higher production indices exhibited greater inhibitory 

activity against susceptible microorganisms compared to 

those with lower yields. Concentration-dependency is 

another factor to consider, as most of the AgNPs with 

minimal activity exhibited their effects at the highest 

concentrations tested. Moreover, the Zone of Inhibition 

(ZOI) increased in a concentration-dependent manner. 

These findings align with previous studies that have 

reported concentration-dependency as a factor 

influencing the activity of plant-mediated AgNPs (44 – 46). 

Cytological Study using Allium test (Allium sativum) 

Cytotoxicity studies serve as an important initial 

assessment to evaluate the potential harm that a test 

substance may cause. Cytotoxicity refers to the extent to 

which an agent can specifically damage certain cells. 

Assessing the effects of compounds or substances on cells 

is widely employed as an indicator of potential toxic 

effects (47). 

 Allium sativum, commonly known as garlic, is a well-

established plant model system used for toxicity 

assessment. Among the various plant organs, root tips are 

particularly important as they are the first organs to come 

into direct contact with nanoparticles (NPs), making them 

a valuable basis for evaluating cytological alterations. The 

Allium sativum root assay offers several advantages, 

including its low cost, rapid root elongation activity, and 

the ability to distinguish different cell cycle phases. 

Moreover, it allows for the evaluation of a commonly 

measured endpoint: chromosomal aberrations (48). For 

these reasons, the A. sativum root assay has been widely 

utilized to assess chromosomal aberrations induced by 

various NPs, including AgNPs, as demonstrated in this 

study 

 The results of the Allium test conducted using the 

root tips of Allium sativum bulbs treated with different 

concentrations of the plant-synthesized AgNPs used in the 

study are presented in figures 10A – C. Figure 10A shows 

the occurrence of disturbed metaphase chromosomal 

aberration during mitosis in root tips treated with 1.0mg of 

C. platypterum AgNPs for 48h. In figure 10B, the presence 

of binucleate cells, indicated by a white arrow, can be 

observed in root tips treated with 0.5mg of C. 

dolichopetalum AgNPs for 24h. A normal uninucleate cell is 

indicated by a yellow arrow. Furthermore, figure 10C 

illustrates the occurrence of anaphase bridge aberration in 

root tips treated with 1.0mg of C. racemosum AgNPs for 

24h (Fig.10C).  

Figure. 10A. Disturbed metaphase chromosomal aberration 
observed during mitosis in the root tips of Allium sativum treated 
with 1.0mg C. platypterum AgNPs for 48h­ (Magnification X400).  

Figure. 10B. Binucleate cell chromosomal aberration observed 
during mitosis in the root tips of Allium sativum treated with 0.5 mg 
C. dolichopetalum AgNPs for 24h­ (Magnification X400)  

Figure. 10C. Anaphase bridge aberration observed during mitosis 
in the root tips of Allium sativum treated with 1.0mg C. racemosum 
AgNPs­ for 24h (Magnification X400).  
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 Table 6 provides a detailed description of the 

chromosomal aberrations observed in the Allium test. It is 

noteworthy that chromosomal aberrations were observed 

in both the control group and the treated root tips, except 

for the root tips treated with C. bauchiense AgNPs. 

However, the frequency of aberrations was higher in the 

treated groups compared to the control group.  

 In the standard Allium­ test using Allium sativum, 

various morphological changes were observed in the 

chromosomes of the root tips treated with the AgNPs. 

Regardless of the test concentrations and exposure time, 

chromosomal aberrations were observed, including 

disturbed metaphase, binucleate cells and anaphase 

bridges. The occurrence of chromosomal bridges could be 

attributed to the breakage and fusion of chromosomes 

and chromatids, as well as terminal deletion or loss of 

telomeres(49). Disturbed metaphase, observed as changes 

during metaphase, may result from the effects of the 

particles on the mitotic spindle, altering their orientation. 

This impairment could be due to interactions of AgNPs 

with tubulin-SH. The formation of binucleate cells, 

resulting from the inhibition of cell-plates formation by 

AgNPs, indicates a failure to follow the normal mitotic 

process during cytokinesis. These binucleate cells have the 

potential to enter the next round of the cell cycle (50).  

 It is worth noting that like the chromosomal 

aberrations were also observed in control group of the 

Allium test, similar to previous report. Many experiments 

have reported the presence of chromosomal aberrations 

both in their controls groups and in treatment groups.  

Interestingly, these aberrations in controls may be as a 

result of environmental stress experienced by the cells or 

by the presence of free radicals. (51) reported that under 

certain conditions, plant products themselves can bring 

about mutagenic effects in the presence of multiple 

biological factors. Perhaps, these factors contribute to the 

occurrence of aberration observed in the “control” root 

tips. Therefore, the treatments in this study cannot be 

solely held accountable as the cause of the aberrations 

since same occurred in the control group.  

 While these chromosomal aberrations suggests that 

the AgNPs may have phytotoxic clastogenic and aneugenic 

effects to the plant, it is essential to consider various other 

factors such as the size, concentration and surface coating 

of the AgNPs, as well as the species, tissue and 

developmental stage of the plant system used. The 

influence and extent these factors need to be thoroughly 

investigated. Many studies have shown that nature has put 

in place various tolerance mechanisms to deal with these 

disturbances including antioxidant defense mechanisms 

involving elevated activities of enzymatic antioxidants 

such as super oxide dismutase (SOD) that either balance 

out or remove metals, as well as non-enzymatic 

antioxidants such as anthocyanins and carotenoids. DNA 

Treatments Concentration Duration 
Chrm. 

Bridge 

Lagging 

chrm. 
Binucleate cells Disturbed metaphase 

Control 67.00 ± 3.00ab 54.00 ± 2.00b 60.00 ± 3.00b - 

C. dolichopetalum 
AgNPs 

   0.5 mg 
24h - - 51.00 ± 3.00c - 

48h - - - - 

 1.0 mg 
24h - - - - 

 48h - - - - 

C. bauchiense AgNPs 

   0.5 mg 
24h - - - - 

48h - - - - 

 1.0 mg 
24h - - - - 

 48h - - - - 

C. racemosum AgNPs 

   0.5 mg 
24h - - - - 

48h - - - - 

 1.0 mg 
24h 63.00 ± 6.00b - - - 

 48h - - - - 

C. platypterum AgNPs 

   0.5 mg 
24h - - - - 

48h - - - - 

 1.0 mg 
24h - - - - 

 48h - 51.00 ± 1.00c - 52.00 ± 1.00a 

C. demeusei AgNPs 

   0.5 mg 
24h - - - - 

48h - - - - 

 1.0 mg 
24h - - - - 

 48h - - - - 

C. paniculatum AgNPs 

   0.5 mg 
24h 71.00 ± 4.00a - - - 

48h - - 63.00±2.00b - 

 1.0 mg 

24h - 43.00 ± 1.00d - - 

 48h - 57.00 ± 0.00a 72.00 ± 7.00a - 

Table 6. Chromosomal aberrations scored from Allium test 

Data are presented with means ± SE. Significant means were separated with different superscript alphabets along each column using Duncan New Multiple 
Range Test (DNMRT) at P < 0.05 
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repair mechanisms also take part by up regulation of 

genes associated with metal and oxidative stress 

responses (52). 

Conclusion 

All of the studied Combretum species demonstrated the 

ability to synthesize AgNPs, and the synthesized AgNPs 

exhibited similar results. XRD analysis revealed that the 

crystalline AgNPs exhibited 2 theta values in the 40° range, 

corresponding to miller indices of (200). Quantitative 

phytochemical screening indicated that flavonoids and 

phenolics had the highest concentration among the 

studied plants compared to other phytochemicals. The PDI 

values obtained from DLS fell within the standard range 

for stable nanoparticles, ranging from 0.3 – 0.6. Across all 

the study plants, the most prevalent functional groups 

were amide, amine, OH-hydroxyl and alkenes. The 

synthesized AgNPs displayed varying but significant 

antimicrobial activity, showing a trend towards a dose-

dependent manner. In species where antimicrobial activity 

was minimal, higher concentrations of the AgNPs 

exhibited observable activities. The study introduced the 

nanoparticle production index (NPPI), the first of its kind 

and the findings suggested that smaller nanoparticles 

sizes correlates with higher production index, while larger 

sizes showed lower indices.  
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