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 In this study, aqueous extracts of the leaf and root of Olax subscorpioidea were 
used as solvent, reducing and stabilizing agents in synthesizing silver 
nanoparticles (AgNPs). The change in color from colorless to dark brown 
indicated the AgNPs formation. The UV-Vis spectra showed active absorption 
at 460 nm for the root extract mediated AgNPs attributed to the surface 
plasmon resonance of the AgNPs. This absorbance is quite intense compared 
to that of the leaf, which is slightly shifted to a higher wavelength of 465 nm. 
The FTIR spectra showed absorption bands attributed to O-H and N-H 
stretching vibrations of the phenolic/amide groups. In addition, the bands due 
to symmetric stretching vibrations of C-H and carbonyl (C=O) groups are also 
observed. The bioactive molecules present in the plant extracts do stabilized 
not only the metal nanoparticles but also play the role of modifying the 
surface of the particles owing to their different functionalities. The textural 
properties studied using Brunauer-Emmett-Teller (BET) method gave a 
specific surface area of 22.84 and 39.8 m2/g, respectively for root and leaf 
mediated AgNPs. Scanning electron microscopy (SEM) revealed monodisperse 
microspheres AgNPs, while the transmission electron microscopy (TEM) 
showed particles in the nanosize regime. The results of the antimicrobial 
activities showed the Olax subscorpioidea mediated-AgNPs to be effective in 
inhibiting the growth of bacterial strains more than the antibiotic drugs under 
investigation. 
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Introduction 

Silver metal and metal nanoparticles have 

effectively treated bacterial and fungal infections 

[1-4]. Nanoparticles of silver are even more 

effective as an antiseptic, disinfectant, and 

antiviral agent. Hence, an increasing interest in 

the synthesis of silver nanoparticles for medical 

applications [2, 5-12]. Their use as microbicides 

is not only due to their effectiveness in small 

doses, low toxicity, and minimal side effects, but 

also for prevention of infection and antiviral 

therapies [5, 9]. 

Different protocols have been adopted to 

synthesize metal and metal oxide nanoparticles. 

One of the most common methods involves 

synthesis in the presence of chemical reducing 

agents [13-15]. The major challenge in using the 

chemical method ranges from the high cost of 

operations to a considerable amount of toxic 

wastes and pollutants generated at the end of the 

reaction. Current research interest is on the 

biogenic synthesis of nanoparticles involving the 

use of extracts from leaves, stem barks, roots, or 

fruits of the plant [16-22]. It has been 

demonstrated that nanomaterials obtained from 

plants extracts are economical, eco-friendly, and 

very stable due to the chelation of the 

phytochemicals [23]. Nanomaterials obtained 

from plant extracts are advantageous for medical 

applications, owing to enhanced stability via 

chelation by the phytochemicals, minimal off-

target bindings, and neutralization of the free 

radicals [23, 24-27].  

In our search for plants with medicinal 

purposes for use in the biogenic synthesis of 

metal nanoparticles, Olax subscorpioidea was 

chosen. Olax subscorpioidea is a plant that 

belongs to the family Olacaceae. The tree is about 

10 m high, with long thin, often drooping 

branches (Figure 1), but sometimes a many-

stemmed shrub of deciduous forest and jungles 

as undergrowth and thickets in savanna regions 

[28]. It is found in different parts of Nigeria, 

Zaire, Senegal, and other African countries with 

different names such as Ifon (Southwestern 

Nigeria), Mtungawezi (Swahil), Ukpakon (Edo), 

Aziza (South-Eastern Nigeria), and Gwano Kurmi 

(Northern Nigeria) [29-31]. Traditionally, Olax 

subscorpioidea plant is used as medicine to treat 

rheumatism, arthritis, liver disease, and venereal 

diseases. The root of olax subscorpioidea has 

effectively treated cutaneous, subcutaneous 

parasitic infections and as genital stimulants [28, 

32-34].  

 

Figure 1. Olax subscorpioidea plant a) the leaves b) the root 

Because of the interesting report on the 

medicinal properties of Olax subscorpioidea and 

the bioactive compounds (tannins, alkaloids, 

flavonoids, saponins, glycosides, steroids, etc.) 
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responsible for its diverse biological activities, 

herein we report room temperature 

photosynthesis of silver nanoparticles using its 

leaf and root aqueous extracts as a solvent 

medium, reducing agents, and stabilizing agents. 

The antimicrobial activities of the Olax 

subscorpioidea-mediated silver nanoparticles 

have been evaluated. 

Materials and Methods 

Materials 

All chemical reagents were of analytical grade 

and obtained from Merck Company, except when 

stated otherwise. The antibiotics were obtained 

over the counter from Noble Pharmaceutical 

Company located at number 19 Goldie Street 

Calabar, Cross River State, Nigeria. The fresh root 

and leaf of Olax subscorpioidea were gotten from 

Bayobre village in Obudu Local Government Area 

of Cross River State, Nigeria. Prof. David Ogar of 

Forestry and Wildlife and Extension, Faculty of 

Agriculture, University of Calabar, authenticated 

the plant. 

Methods 

Preparation of extracts 

The root and leaf of Olax subcorpioidea were 

carefully washed to remove all impurities and 

dried under the sun for one week. These samples 

were placed in a freeze dryer for 72 h to remove 

moisture. The dried roots were ground into 

powder using a manual blender, and larger 

particles were separated with the help of a sieve. 

About 100 g of the root sample was soaked in 

250 cm3 deionized water using a 500 cm3 

Erlenmeyer flask. The flask was covered with foil 

and placed on a mechanical shaker at 80 rpm for 

24 h at room temperature. To obtain the aqueous 

extract, homogenates were subjected to vacuum 

filtration using Whatman filter paper. The filtrate 

was concentrated using a water bath at 40 °C to a 

volume of 100 cm3. The same procedure was 

employed for the leaf extract. 

Synthesis of silver nanoparticles (AgNPs) 

In a typical synthesis of silver nanoparticles 

(AgNPs), AgNO3 (1.0 g, 5.89×10-2 M) was 

dispersed in 20 cm3 of aqueous extract for each 

root and leaf of Olax subcorpioidea under 

continuous stirring using a magnetic stirrer at 

room temperature. Dark brown coloration of 

reaction mixtures (Figure 2) was observed, 

indicating nanoparticle formation. The products 

were centrifuged at 4000 rpm for 20 min, filtered 

and washed with distilled water, dried at room 

temperature, and stored in an airtight container. 

Characterization of AgNPs 

The active components in the extract 

responsible for the reduction were analyzed 

using FTIR Spectrophotometer (Shimadzu IR 

Affinity-1S) in the spectral range of 4000 to 500 

cm-1 at 2 cm-1 resolution. Scanning electron 

microscopy (SEM) was performed on a Hitachi S-

4800 microscope equipped with EDX at a voltage 

of 15 Kv. Transmission electron microscope 

(TEM) images were carried out using a JEOL-

JEM-2100F electron microscope. The N2 sorption 

measurements were performed on a 

Micromeritics ASAP 2460 sorption system using 

the Brunauer-Emmett-Teller (BET) method.  

Antimicrobial assays 

An antimicrobial susceptibility test was carried 

out in the bacteriology lab of the General 

Hospital Calabar, Cross River State, Nigeria. 

Antibacterial assay 

Different concentrations of aqueous extracts of 

plant root and leaf AgNPs were tested for 

bioactivity against Staphylococcus aureus (ATCC 

43200), Enterococcus faecalis (ATCC 5130), 

Escherichia coli (ATCC 35218), Pseudomonas 
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aeruginosa (ATCC 27852) and Klebsiella 

pneumoniae (ATCC 700602). The broth 

microdilution method was employed to 

determine the minimum inhibitory concentration 

(MIC). Serial two-fold concentrations of AgNPs 

and root and leaf tissue were prepared in sterile 

96-well plates over 200-1.25 g/dm3. The first 

row (name row 1) of the plates was reserved for 

blank/negative and uninhibited growth controls, 

and these wells were filled with Mueller Hinton 

(MH) media only. Wells were then inoculated 

with diluted overnight broth culture initially 

adjusted to 0.5 McFarland turbidity standard 

gives the optical density when compared to the 

density of bacterial suspension colony forming 

the units and incubated at room temperature for 

15-24 h. Subsequently, 40 dm3 of freshly 

prepared iodonitrotetrazolium chloride (INT) 

was added to all wells, and the plates were 

incubated in the dark for 18 h at room 

temperature. The INT reagent, initially colorless, 

was reduced to a red product following 

incubation. This reduction resulted from 

continued bacterial growth, while no color 

change denoted the inhibition or lack of bacterial 

growth. The absorbance was determined at 630 

nm using a multi-model plate reader (Biotek 

Synergy HT, USA) with Gen 5 software. Neomycin 

served as a positive control. The MIC was defined 

as the lowest concentration of an antimicrobial 

agent that inhibits the growth of a 

microorganism after overnight incubation. The 

exact process was done for the leaf extracts. 

Antifungal assay 

The exact concentration range was used to 

determine the antifungal activity of AgNPs root 

and leaf material according to the broth 

microdilution method as prescribed by the 

NCCLS guidelines. The plates were prepared as 

described in the antibacterial assay, except that 

saboraud 2% dextrose (SD) broth was used 

instead of MH broth. Three candida reference 

strains, Candida albicans (ATCC 90027), Candida 

krusei (ATCC 6257), and Candida parapsilosis 

(ATCC 22018) were inoculated into a freshly 

prepared SD broth and grown aerobically 

overnight at room temperature in an Infor’s HT 

multritron environmental shaker at 100 rpm. 

Cells were harvested by centrifugation and 

resuspended in 1% saline after that. The 

absorbance of resuspended starter cultures was 

determined spectrophotometrically. To conform 

to McFarland’s standards, the cells were diluted 

using SD broth to achieve optical densities in 

0.08-0.10. As soon as this was achieved, the 

working suspension was diluted (1:20) in RPMI 

1640 medium with L-glutamine, without 

bicarbonate and phenol red. (Biochrom Berlin). 

The working suspension was further diluted 

(1:50) with RPMI 1640 to obtain the final test 

inoculum concentration of 1-5 x 103 CFU mL-1. 

Aliquots (100 cm3) of inoculum were added to all 

wells of the test microtiter plates except the 

blank/negative control wells. The plates were 

incubated aerobically at room temperature for 

24 h. After incubation, 20 dm3 of 3-(4,5-

dimethylthiazol-2-yl)-2-5-(3-carboxy-

methoxyphenyl)-2-(4-sulfophenyl)-2H 

tetrazolium salt was added to all wells and 

incubated in the dark at room temperature for 24 

h. The absorbance was determined at 490 cm3. 

The commercially available antibiotic 

amphotericin B was used as a positive control. All 

the experiments were carried out in triplicate. 

Results and Discussion 

The phytochemical screenings of aqueous 

extract of the leaves, stem barks, and root of Olax 

subcorpioidea revealed the presence of tannins, 

flavonoids, terpenoids, steroids, alkaloids, 

saponins, phenols, and carotenoids [22, 32]. In 

this study, aqueous extracts of the leaves and 

roots were used as a solvent, reducing and 

stabilizing agents in synthesizing silver 

nanoparticles. In a typical synthesis using the 
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root extracts, 20 cm3 of root extracts of O. 

subcorpoidea was added to 0.05 M AgNO3 

solution under constant stirring at room 

temperature. The change in color from colorless 

to dark brown, as shown in Figure 2 indicated 

the formation of silver nanoparticles (AgNPs). In 

Figure 3, the UV-vis analyses of the particles are 

presented. The UV-Vis spectra showed active 

absorption at 460 nm for the root extract 

mediated AgNPs attributed to the surface 

plasmon resonance of the AgNPs. This 

absorbance is quite intense compared to that of 

the leaf, which is slightly shifted to a higher 

wavelength of 465 nm. 

 

Figure 2. (a) Aqueous root extract of Olax subcorpioidea (b) aqueous leaf extract of Olax subcorpioidea 
(c) root extract mediated AgNPs (d) leaf extract mediated AgNPs 

 

Figure 3. UV-visible spectra of the Olax subcorpioidea-mediated AgNPs 

The FTIR spectra of the aqueous root and leaf 

extracts (Figures 4a and b) and their respective 

AgNPs (Figures 4c and d) revealed the presence 

of biomolecules responsible for the reduction 

and efficient stabilization of the silver 

nanoparticle synthesized by Olax subscorpioidea. 

The absorption bands at 3272 cm-1 and 3271 cm-

1 for the root and leaf extracts, respectively, are 

attributed to the O-H and/or N-H stretching 

vibrations of the phenolic/amide groups. These 

bands shifted downward to 3033 and 3199 cm-1 

for root and leaf-mediated AgNPs, respectively. 

The bands at 2919 and 2850 (root extract), 

shifted to 2947 cm-1 in the obtained AgNPs, and 
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2920 cm-1 (leaf extract), shifted to 2917 cm-1 in 

the leaf-mediated AgNPs, are due to symmetric 

stretching vibrations of C-H groups. The 

absorption vibrational bands at the region 1626-

1454 cm-1 (root extract), 1626, 1513 cm-1 (root-

mediated AgNPs) and 1624-1531 cm-1 (leaf 

extract), 1629-1513 cm-1 (leaf-mediated AgNPs) 

can be attributed to carbonyl (C=O) groups. The 

vibration of the C-N group of the amide/amine 

observed at 1233 (root), and 1392 cm-1 (leaf 

extract) shifted to 1380 cm-1 in the plant-

mediated AgNPs. The vibrations of the C=C 

groups of the aromatic rings are observed at 

1403 (root) and 1449 cm-1 (leaf extract). The 

stretching vibrational modes of O-C-O groups are 

observed at 1032 and 1070 cm-1, respectively, for 

the root and leaf extracts. The bands observed at 

526 cm-1 (root extract) and 532 cm-1 (leaf 

extract) shift slightly to a lower frequency of 495, 

and 517 cm-1 for AgNPs obtained from root and 

leaf extracts, respectively. These bands can be 

attributed to either the peptide linkages' N-H 

bending modes or the acid halides' C-X bonds. 

The various assignments agree with literature 

reports for similar compounds [15, 21-23]. 

 

Figure 4. FTIR spectra of the aqueous extracts of Olax subcorpioidea and the synthesized AgNPs 

The phytochemicals present in the extracts 

form a protective layer around the silver 

nanoparticles, thereby stabilizing them in a core-

shell mode [12, 35]. The reactive groups not only 

stabilize the metal nanoparticles but also play the 

role of surface modification of the particles. To 

evaluate the pore structure properties of the 

surface-modified AgNPs, nitrogen adsorption-

desorption measurement was performed on the 

as-synthesized particles using the BET method.  

The N2 adsorption-desorption isotherm of the 

silver nanoparticles is presented in Figure 5. The 

BET analysis gave a specific surface area of 22.84 

m2/g, pore volume of 20.07 cm3/g, and pore size 

of 13.7 nm for the root extract-mediated AgNPs, 

while that of leaf extract was found to have a 

specific surface area of 39.8 m2/g, pore volume of 

20.12 cm3/g and pore size of 12.95 nm. The 

isotherm is mainly a type III, indicating 

unrestricted multilayers formation process. This 
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is because the interactions between the adsorbed 

molecules (adsorbate-adsorbate interactions) 

are strong compared with adsorbent surface-

adsorbate interactions [36]. 

 

Figure 5. N2 adsorption-desorption isotherm of Olax subcorpioidea mediated AgNPs 

 

Figure 6. Representative SEM images of (a) AgNPs obtained from the aqueous root extract of Olax 
subscorpioidea and (b) AgNPs obtained from aqueous leaf extract of Olax subscorpioidea. Insert: 
Energy Dispersive Analyses by X-ray (EDX) 

The representative scanning electron (SEM) and 

transmission electron (TEM) images of the 

AgNPs synthesized using aqueous extracts of 

Olax subscorpioidea are respectively shown in 
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Figures 6 and 7. The SEM revealed monodisperse 

microspheres AgNPs. The energy dispersive  

X-ray (EDX) overall scans of both the root (inset 

of Figure 6a) and leaf (inset of Figure 6b) 

mediated AgNPs showed peaks between 0–1 k 

eV, indicating the presence of carbon, nitrogen, 

and oxygen originating from the secondary 

metabolites in the plant extracts, which acts as 

stabilizers. The intense and robust peak around 

3.0 keV corresponds to the binding energies of 

AgNPs. These peaks agree with a similar report 

in the literature [15]. The representative TEM 

micrographs of the AgNPs obtained from both 

root and leaf extracts showed an average size of 

50 nm. 

 

Figure 7. Representative TEM images of (a) root extract of Olax subscorpioidea mediated AgNPs and 
(b) leaf extract of Olax subscorpioidea mediated AgNPs 

The antimicrobial activities of the synthesized 

AgNPs were evaluated using a standard assay. 

The antimicrobial activities of aqueous extracts 

of both the root and leaf of Olax subscorpioidea 

mediated-AgNPs are presented in Table 1. 

Neomycin, an over-the-counter antibiotic, was 

used to control bacterial strains, while 

amphotericin B served as control for the fungal 

strains. The results showed AgNPs (30 mg/cm3) 

to inhibit the growth of five bacterial strains (E. 

coli, E. feacalis, K. pneumonia, P. aeruginosa, and 

S. aureus) and reasonable inhibition for the 

fungal strains. The representative plates showing 

the zones of inhibition are presented in Figure 8. 

The Zone of Inhibition (ZOI) for E. coli and  E. 

feacalis was 12.5 mm for both roots and leaf 
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extracts and the mediated AgNPs. The ZOI for K. 

pneumonia, P. aeruginosa and S. aureus were 25.0 

mm. The control drug, neomycin, did not affect E. 

feacalis, P. aeruginosa, and S. aureus, but 

inhibited K. pneumonia, (ZOI=25.0 mm) and E. 

coli (ZOI=6.25 mm). 

Table 1. Antimicrobial activities of aqueous extracts of Olax subscorpioidea mediated AgNPs 
Microorganisms Root-AgNPs Leaf-AgNPs Neomycin 
Bacterial strains    

E. coli 12.5±0.01 12.5±0.01 6.25±0.04 
E. faecalis 12.5±0.01 12.5±0.00 - 

K. pneumoniae 25±0.01 25±0.02 25±0.04 
P. aeruginosa 25±0.01 25±0.01 - 

S. aureus 25±0.03 25±0.04 - 
Fungal strains   Amphotericin B 

C. Krusei 6.25±0.02 6.25±0.02 0.02±0.00 
C. albicans 6.25±0.03 6.25±0.02 0.02±0.00 

C. parapsilosis 6.25±0.02 6.25±0.01 0.02±0.00 

 

 

Figure 8. Representative plates showing antimicrobial activities of aqueous extracts the root and leaf 
of Olax subscorpioidea mediated AgNPs 

Conclusion 

Aqueous root and leaf extracts of Olax 

subscorpioidea have been successfully used to 

synthesize silver nanoparticles at room 

temperature. The aqueous extracts, which are 

non-toxic and eco-friendly, served as a solvent 

medium, reducing and stabilizing agents. The 

secondary metabolites present in the plant 

extracts stabilized the metal nanoparticles. They 

played the role of surface modification of the 

particles giving BET specific surface area of 22.84 

and 39.8 m2/g, respectively, for root and leaf 

mediated AgNPs. The surface plasmon resonance 

for the AgNps was observed at 430-460 nm.  The 

Olax subscorpioidea mediated-AgNPs have shown 

effectiveness against the growth of bacterial and 

fungal strains investigated in this study. 

However, further studies should be carried out to 

investigate the effect of temperature on the 

stability of the plant-mediated AgNPs and their 

antioxidant properties. 
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