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A B S T R A C T   

In this work, the aqueous leaf extracts of three Ophiorrhiza genus species, namely Ophiorrhiza 
mungos (Om), Ophiorrhiza harrisiana (Oh) and Ophiorrhiza rugosa (Or), have been used as the 
reducing and capping agents to control the size of AgNPs, Om-AgNPs, Oh-AgNPs and Or-AgNPs, 
respectively and found to be an effective antimicrobial agent against a wide range of bacteria and 
fungi. The biosynthesized AgNPs were studied by UV–Visible spectrophotometer, powder X-ray 
diffraction (XRD), scanning electron microscopy (SEM), energy dispersive X-ray, transmission 
electron microscopy (TEM) and Fourier transform infrared spectrometer (FTIR). The average 
particle sizes of Om-AgNPs, Oh-AgNPs and Or-AgNPs were measured as 17 nm, 22 nm and 26 nm, 
respectively, and observed to be spherical and face-centered cubic crystals. The antibacterial test 
of synthesized AgNPs was performed against Staphylococcus aureus, Bacillus cereus, Escherichia coli, 
and Vibrio cholerae where the maximum antibacterial activity was observed by reducing the nano- 
size and increasing the silver content of AgNPs. The antifungal effect of these three types of AgNPs 
on Penicillium notatum and Aspergillus niger was also evaluated and their growth with AgNPs 
concentrations of 450 μg/mL was inhibited up to 80–90% and 55–70%, respectively. The size- 
control synthesis of AgNPs using the Ophiorrhiza genus species is presented here for the first 
time where the synthesized AgNPs showed higher stability and antimicrobial activities. There
fore, this study might lead to synthesize AgNPs with different morphologies using plant extracts of 
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the same genus but from different species and provide strong encouragement for future appli
cations in treating infectious diseases.   

1. Introduction 

Nanotechnology is used to improve the properties of the material by manipulating its structure at the nanoscale for developing 
innovative materials and technologies with distinctive features [1]. These particles have unique characteristics that are entirely 
different from those of the bulk because they are tiny and have a high surface area-to-volume ratio [2,3]. Nanomaterials offer answers 
to numerous technological and environmental problems because of their various magnetic, electrical, and optical capabilities [4]. 
Because of their unique properties, they can be applied in case of drugs, manufacturing and/or tailoring of materials, electronics, 
mechanics, antimicrobials, optics, catalysis, electronics, sensing, energy harvesting and environment and so on [3,5]. Specially, noble 
metals like Au, Ag, Pt etc. And their oxides, sulfides are most applied because of their extrinsic applications but among them, silver 
nanoparticles (AgNPs) are more advantageous in the case of biomedical applications [1,6]. AgNPs act at the membrane level because 
they can pass through the outer membrane and accumulate in the inner membrane [7]. According to another proposed mechanism, 
AgNPs can affect the structure of a cell’s membrane in addition to breaking through it [8,9]. Furthermore, In addition to being highly 
effective against both Gram-negative and Gram-positive bacterial strains, AgNPs are also used as photocatalysts, biopesticides, and 
biosensors [10]. AgNPs act as adsorbents to remove dye, antioxidant, anti-inflammatory, anticoagulant, anticoagulant, wound healing, 
anticancer etc. purposes [11–13]. Again, AgNPs can be considered one of the widely studied nanomaterials and therefore have been 
chosen for our study. 

However, the conventional physical (e.g., mechanical milling, laser ablation, sputtering) and chemical (e.g., chemical reduction, 
electrochemical precipitation, vapor deposition, pyrolysis, atomic condensation) methods of synthesizing AgNPs involve the use of 
toxic solvents and hazardous chemicals posing a great threat on the environment [14–17]. Besides, these synthesis procedures are 
time-consuming and require sophisticated instrumental set up which may not be cost-effective [18]. Stabilization of the synthesized 
AgNPs is a great concern. Thus, researchers developed unique “green chemistry” methodologies for producing nanomaterials in 
biological systems like bacteria, fungi, and plant extract in response to the escalating environmental concerns [19–21]. Moreover, 
using microorganisms in the synthesis of AgNPs is time-consuming, consists of several preparative steps, and is subsequently expensive 
[22]. Accounting for all aspects of readily scalable, less expensive, and rapid procedure, green synthesis using plant extract was the 
most prominent method for AgNPs synthesis [23,24]. Plant extract contains a wide range of biomolecules, viz., phenolic acids, fla
vonoids, xanthones, and phloroglucinols, which can act as reducing, capping, and stabilizing agents [25,26]. Noteworthy that, the 
overall characteristics of the nanoparticles are influenced by the chemical composition, size, shape and surface charge [27]. Especially, 
biomedical applications of AgNPs are notably size and shape-dependent [28]. Smaller AgNPs can exhibit the largest dose- and 
time-dependent antibacterial activity [29,30]. The size and shape can be controlled by varying pH, synthesis temperature, and reaction 
time [31,32]. In plant extract-based methods, different plants have different reducing, capping, and stabilizing agents to generate an 
enormous range of shapes and sizes, which are significant features for several biomedical applications [33,34]. Hence, the synthesis of 
AgNPs with variable sizes using plant extract under an eco-friendly route is highly desirable. 

Genus Ophiorrhiza belonged to the Rubiaceae family is commonly found in the wet forests of Asia, Australia, New Guinea and the 
Pacific Islands. This genus containing 321 species, 5 varieties and 1 subspecies, is used in both traditional and modern medicine for its 
medicinal properties (antioxidant, antitussive and analgesic agent) and to treat snakebite, stomatitis, ulcers, inflammation, pain, 
cancer, wounds and bacterial and viral infections [26,35–37]. As mentioned above, the Ophiorrhiza plant extract is full of various 
biomolecules [38]. The aim of this study is to prepare various sizes of AgNPs using plant extract under eco-friendly route. The presence 
of various bio-chemicals in plant species of the Ophiorrhiza genus encouraged us to test the usefulness of functional groups of 
bio-chemicals for the green synthesis of AgNPs as a potential antimicrobial agent in treating infectious diseases. In this work, we have 
selected the three plant species of the Ophiorrhiza genus viz., Ophiorrhiza mungos (Om), Ophiorrhiza harrisiana (Oh) and Ophiorrhiza 
rugosa (Or) (Fig. 1a–c), which having different biomolecules, may be responsible for the formation of different size of AgNPs [26,35, 
38]. These three plant species are commonly available in the hilly area of University of Chittagong (Chattogram, Bangladesh). We 

Fig. 1. Image of (a) Ophiorrhiza mungos, (b) Ophiorrhiza harrisiana and (c) Ophiorrhiza rugosa leaf along with its flower and stem.  
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describe the synthesis of highly stable AgNPs at different sizes from the aqueous leaf extracts of three Ophiorrhiza species, Om-AgNPs, 
Oh-AgNPs and Or-AgNPs. At the same time, we also highlighted its action as the effective antibacterial and antifungal agents against a 
wide range of bacteria and fungi namely Staphylococcus aureus, Bacillus cereus, Escherichia coli, Vibrio cholera, Penicillium notatum and 
Aspergillus niger which usually responsible for human diseases. To our knowledge, the formation of different sizes of AgNPs using the 
same plants of Ophiorrhiza genus and their antimicrobial activities has not been previously reported. Thus, we aimed to use the aqueous 
leaf extract of three Ophiorrhiza genus species (Om, Oh and Or) which have been used for the first time as the reducing and capping 
agents to control the size of AgNPs. In addition, their antimicrobial potential against a wide range of bacteria and fungi have been 
investigated. 

2. Material and methods 

2.1. Materials 

AgNO3 and Trypan blue stain solution (4%) were obtained from Merck, Germany and Bio Rad, Hercules (CA, USA), respectively, 
and used as received. Bactotrypton, bacto agar and yeast extract were obtained from Difco Laboratories (Detroit, MI, USA). Sodium 
chloride was acquired from Wako (Osaka, Japan). Fresh leaves of the plants (Ophiorrhiza rugosa, Ophiorrhiza mungos and Ophiorrhiza 
harrisiana) were obtained from the hilly area of the University of Chittagong (Chattogram, Bangladesh). These plants were identified 
and acknowledged by Farhana Rumzum Bhuiyan, Assistant Professor, Dept. of Botany, University of Chittagong, Bangladesh. 
Analytical-grade reagents were utilized throughout. 

2.2. Leaf extracts preparation 

The extraction procedure was performed following the literature with slight modifications [39]. A scheme of the biosynthesis of 
AgNPs is shown in Fig. 2. Each of the plant leaves was carefully washed with tap water and double distilled water, and placed for drying 
under sunlight, then powdered. Individually, 1.0 g of dried leaf powder with 100 mL deionized water blended under continuous 
stirring at 80 ◦C for 30 min. Whatman No. 1 filter paper was then used to separate and filter the supernatant, which was then preserved 
in a sealed container and maintained in a cooler until use. 

2.3. Synthesis of AgNPs 

AgNPs were synthesized using the methodology reported by Ullah et al. [40]. Briefly, the AgNPs were successfully synthesized 
using the leaf extracts of three different Ophiorrhiza species separately. Briefly, 20 mL of each plant extract was added in a drop-wise 

Fig. 2. Schematic representation of the synthesis of AgNPs from the aqueous leaf extracts of three Ophiorrhiza species.  
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manner (20 min) to the 100 mL aqueous solution of AgNO3 (1 mM) with continuous stirring for 60 min at 80 ◦C. For complete 
bio-reduction, the resulting liquor was preserved for 24 h at room temperature. After 24 h, the solution was centrifuged at 5000 rpm for 
20 min. The paste obtained was washed three times to eliminate any contaminants and dried at 60 ◦C for 12 h. The product (AgNPs) 
was then stored in a sealed glass vial, and reserved in a desiccator until needed. The samples are denoted as Om-AgNPs, Oh-AgNPs and 
Or-AgNPs for the Om-, Oh- and Or-mediated plant extract, respectively. 

2.4. Characterization of AgNPs 

For optical characterization, UV–visible spectrophotometer (UV-1800, Shimadzu, Japan) was used. X-ray diffraction (XRD) 
analysis was conducted to determine the AgNPs’ crystalline phase using Rigaku Ultima IV diffractometer with Cu-Kα (λ = 1.5406 Å) 
radiation at 0.2 min− 1. Fourier Transform Infrared Spectrophotometer (FTIR) spectra were measured as KBr discs on an IR Prestige 
(Shimadzu) spectrometer to identify the presence of the functional group. Using Scanning Electron Microscope (SEM) (JSM-6490 L A), 
the surface morphology of AgNPs was investigated, while the average particle size and distribution were determined by Transmission 
Electron Microscope (TEM) (FEI, Bellaterra Spain). To check the elemental composition, the Energy-dispersive X-ray (EDX) was 
employed using a BRUKER system attached to the SEM. 

2.5. Antibacterial and antifungal test 

The disc diffusion method was applied to identify the antibacterial activity of the synthesized AgNPs following the standard 
protocol [40]. Staphylococcus aureus (ATCC 12228), Bacillus cereus (ATCC 14579), Escherichia coli (ATCC 25922), and Vibrio cholerae 
(ATCC 39315) were assessed for the antibacterial activity of the AgNPs. On the other hand, the antifungal activity was tested 
employing the poisoned food technique using potato dextrose agar (PDA) as the culture medium [41]. Briefly, a sterilized pipette was 
used to transfer 0.5 mL of each solution into separate sterile petri dishes after Om-AgNPs, Oh-AgNPs and Or-AgNPs had been dispersed 
in deionized water. Then, the medium (20 mL) was added to each Petri dish and let to set. The middle of each petri-dish was then 
injected with a 5 mm mycelium block of each fungus which was positioned in an upside-down posture. Three days after incubation at 
27 ± 2 ◦C the mycelial growth was assessed. The measurements were carried out three times and the average values were plotted. 

Fig. 3. (I) Color change during the formation of AgNPs. Plant extract without AgNO3 solution Om, Oh and Or. Plant extract with AgNO3 solution 
after 30 min, 1 h, 2 h, 4 h and 24 h. (ii) UV–Visible absorption spectra of the synthesized AgNPs (a) Om-AgNPs, (b) Oh-AgNPs and (c) Or-AgNPs 
formation at different time intervals. 
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3. Results and discussion 

3.1. Visual examination and UV–visible spectral analysis 

The green synthesis of AgNPs was performed using aqueous leaf extract of three Ophiorrhiza species and 1 mM of AgNO3 at 80 ◦C. 
The aqueous leaf extract of Om, Oh and Or exhibited a slightly acidic nature of pH at 6.1, 5.7, and 5.8, respectively. The pH of the 
colloidal AgNPs solution was reached at ~4.7 after 1 h reaction between plant extract and AgNO3, and then remained virtually the 
same afterward. To examine the formation of nanoparticles, a visual examination and UV–visible spectroscopy analysis were carried 
out. The visual color change of the plant extract solution from yellow to deep brown during synthesis (Fig. 3 i) owing to a surface 
plasmon resonance (SPR) of the bio-reduction of Ag + to Ag0 [42]. 

UV–visible spectroscopy analysis is commonly applied to assess the structural characterization of nanoparticle. The reaction profile 
for Om-, Oh- and Or-mediated AgNPs as a function of time is shown in Fig. 3 ii (a - c). The SPR bands were observed at 413, 424 and 451 
nm for Om-, Oh- and Or-mediated AgNPs, respectively, and the absorption intensity increased gradually with increasing reaction time 
up to 24 h incubation. The reaction was continued further and the Ag peak’s intensity did not change. The peak position is unchanged 
during the reaction time, indicating that nucleation of AgNPs starts with time and the size remains unaffected during the reaction. 
UV–visible spectra of synthesized AgNPs were found to be coherent with Mie theory. A single SPR band was found at 413 nm, 424 nm 
and 451 nm for Om-AgNPs, Oh-AgNPs and Or-AgNPs, respectively, where average particle sizes were calculated as 18 nm, 22 nm 26 
nm, respectively. Another group of researchers made identical assignments for the formation AgNPs using the surface plasmon 
resonance peak of AgNPs [43,44]. 

Literature surveys showed that the three species of plant extracts contain various phytochemicals [26,35]. The size-control syn
thesis of AgNPs may be due to different biomolecules, which play a vital role as reducing, capping and stabilizing agents for the growth 
of various sizes of AgNPs. Previous work demonstrated that the shape, size and stability of AgNPs also depend on the pH value during 
the reaction [45]. The present results indicated that the different pH values of different species of Ophiorrhiza genus might also be 
provided some additional features to the generation of various size AgNPs using aqueous leaf extract of Om, Oh and Or. 

3.2. X-ray diffraction analysis 

Fig. 4 shows the XRD patterns of Or-AgNPs, Om-AgNPs and Oh-AgNPs synthesized nanoparticles by three Ophiorrhiza species 
extract. The diffraction peaks of the Or-AgNPs, Om-AgNPs and Oh-AgNPs were observed close to 28◦, 32◦, 38◦, 44◦, 46◦, 55◦, 57◦, 64◦

and 77◦ in the 2θ range of 20◦–80◦, which can be ascribed to the (210), (122), (111), (200), (231), (142), (241), (220) and (311) silver 
crystalline planes of face-centered cubic structure (JCPDS, file No. 04–0783). 

The crystallite size of AgNPs has been calculated using the Debye-Scherrer equation [46]: 

D=
kλ

β cos θ  

where, D is the average crystallite size, k is the geometric factor (0.9), λ is the wavelength of X-ray radiation source (0.15406 nm) and β 
is the FWHM (full-width at half maximum) of the XRD peak at the diffraction angle θ and the results are presented in Table 1. The 
average crystallite size of Om-AgNPs, Oh-AgNPs and Or-AgNPs were 16 nm, 20 nm and 28 nm, respectively. 

Fig. 4. XRD patterns of the synthesized AgNPs.  
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3.3. SEM, TEM, EDX and SAED analysis 

The morphology and size of synthesized AgNPs were identified using SEM and TEM analysis. Spherical agglomerates with variable 
sizes were found during SEM analysis (Fig. 5a–c). TEM images of synthesized AgNPs are shown in Fig. 6 a. The images also show 
spherical shapes with variable sizes. The particle size distribution graph (Fig. 6 b) shows the average size of Om-AgNPs, Oh-AgNPs and 
Or-AgNPs to be approximately 17 ± 5 nm, 22 ± 9 nm and 26 ± 10 nm, respectively, which is in well agreement with the calculated size 
from XRD (16 nm, 20 nm and 28 nm) and SPR band (18 nm, 22 nm 26 nm) analysis. The SAED pattern (Fig. 6 c) showed that the 
diffraction rings might be indexed as (210), (122), (111), (200), (231), (142), (241), (220), and (311) reflections, which correspond to 
face-centered cubic polycrystalline silver from inner to outer with minimal variations in d-spacing. 

Energy Dispersive X-ray spectra (EDX) of synthesized AgNPs are shown in Fig. 7 (a - c) and the percentage of elemental compo
sitions is summarized in Table 2. All synthesized AgNPs showed an intense sharp signal at 3 keV indicating the formation of AgNPs as 
silver elements typically exhibits a characteristic optical absorption peak owing to surface plasmon resonance [47]. The percentage of 
the silver elemental composition of Om-AgNPs (88.74%) and Oh-AgNPs (91.96%) is much higher than that of Or-AgNPs (64.91%). EDX 
profile also showed other weak signals due to oxygen and carbon (Table 2), indicating the presence of oxygen and carbon-containing 
biomolecules on the surface of the AgNPs [48,49]. Our findings are in line with the other reports [50,51]. 

3.4. FTIR analysis 

The FTIR spectra of leaf extracts and synthesized AgNPs are shown in Fig. 8a–c. The spectra in all samples exhibited bands at ca. 
1720 cm− 1 due to the stretching vibration of the carbonyl group (C=O) [52]. The peaks were observed at ca. 1620 cm− 1, 1535 cm− 1, 
1380 cm− 1 and 1065 cm− 1 due to C=C aromatic rings, C=C alkene, germinal methyls and ether linkages, respectively, indicating that 
the surface of synthesized AgNPs may contain terpenoids or flavanones [53,54]. On the other hand, the EDX profile of synthesized 
AgNPs confirmed the presence of oxygen within AgNPs, suggesting that the oxygen-containing biomolecules such as alcohol, car
boxylic acid and ester groups, are encapsulated on the surface of as-synthesized AgNPs, confirmed by FTIR also earlier in this report. 
These results further confirmed the presence of phytoconstituents like flavanones or polyphenols or alkaloids on the surface of syn
thesized AgNPs which assisted in the reduction of Ag+ along with the stabilization of the surface of the AgNPs. 

3.5. Antibacterial activity 

To investigate the antibacterial activity of the AgNPs, three different sizes of AgNPs, Or-AgNPs, Om-AgNPs and Oh-AgNPs, where 
organic biomolecules like Om-, Oh- and Or-capped around the AgNPs were tested for antibacterial activity against 2 g-positive 
(Staphylococcus aureus and Bacillus cereus) and 2 g-negative (Escherichia coli and Vibrio cholerae) bacteria by varying concentration of 
AgNPs (100 μg/mL, 200 μg/mL and 300 μg/mL). As shown in Table 3, no clear zone of inhibition was found against Staphylococcus 

Table 1 
X-ray powder diffraction results of synthesized AgNPs.  

Sample Plane (hkl) 2 Theta (◦) FWHM Crystallite size, D (nm) Average size (nm) 

Om-AgNPs [210] 27.8 0.34 25.4 16.3 
[122] 32.2 0.32 27.1 
[111] 38.0 0.68 12.9 
[200] 44.2 1.13 (7) 7.9 
[231] 46.2 0.54 16.7 
[142] 54.7 0.48 19.5 
[241] 57.4 0.56 16.9 
[220] 64.4 0.87 11.3 
[311] 77.1 1.18 9.0 

Oh-AgNPs [210] 27.79 0.33 25.8 20.0 
[122] 32.22 0.29 29.9 
[111] 38.14 0.54 16.3 
[200] 44.34 1.07 8.4 
[231] 46.27 0.36 25.0 
[142] 54.81 0.48 19.5 
[241] 57.50 0.47 20.2 
[220] 64.48 0.38 25.8 
[311] 77.19 1.19 8.9 

Or-AgNPs [210] 27.79 0.29 29.5 27.7 
[122] 32.19 0.25 34.5 
[111] 38.08 0.41 21.2 
[200] 44.39 0.90 9.9 
[231] 46.22 0.25 36.3 
[142] 54.78 0.27 34.3 
[241] 57.43 0.41 23.1 
[220] 64.44 0.31 32.1 
[311] 77.38 0.37 28.8  
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aureus while applying 100 μg/mL of AgNPs. With an increase in AgNPs concentration, the antibacterial activity increased. However, 
when compared in antibacterial activity of Oh-AgNPs and Or-AgNPs, the former afforded the broadest zone of inhibition against all 
four bacteria than the latter due to the highest content of silver in Oh-AgNPs (91.96% Ag) than Or-AgNPs (64.91% Ag). The anti
bacterial activity was also found to be influenced by the size of AgNPs, the larger size Or-AgNPs (26 nm) showed a lower zone of 
inhibition than lower size AgNPs, Om-AgNPs (18 nm) and Oh-AgNPs (22 nm) (Table 3), suggesting the concentration-dependent nature 
of AgNPs mediated bacterial death. A similar trend in concentration-dependent activity was observed by groups of researchers [55]. 
All three types of AgNPs showed the highest rate of inhibition against Vibrio cholera at a concentration of 100 μg/mL. 

Fig. 5. Scanning electron micrographs of (a) Om-AgNPs, (b) Oh-AgNPs and (c) Or-AgNPs.  
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3.6. Antifungal activity 

The antifungal activity of all three types of nano-size silver from 250 μg/mL to 400 μg/mL was examined against Penicillium notatum 
and Aspergillus niger using antifungal drug Nystatin as a positive control under similar control conditions. The synthesized AgNPs 
exhibited more activity than the standard antibiotic. The growth of Penicillium notatum was inhibited 60–80% with 250 μg/mL AgNPs 
concentration, whereas the inhibition (%) was observed to be less than 50% for Aspergillus niger. As the concentration of AgNPs 
increased, the inhibitory activities steadily increased (Fig. 9). However, the Oh-AgNPs exhibited higher antifungal activity against 
Penicillium notatum with 250 μg/mL AgNPs concentration than the other two synthesized AgNPs. Among them, Om-AgNPs showed 
minimum activity against these two fungi even though the size of the Om-AgNPs were less among the three AgNPs which is somewhat 
opposite to other reports [56,57]. This is probably due to the fact that biomolecules present on the surface of Om-AgNPs might be 
responsible for their minimum antifungal action. However, the results suggest that, AgNPs have the potential to be employed as 
antifungal agents possibly due to their ability to impair membrane integrity and cause cellular and organelle structural degradation, all 
of which are necessary for fungal growth and survival [58]. Similar studies have also been reported on fungal species, probably due to 
the solution’s ability to saturate and adhere to the fungal hyphae with great intensity [59]. In addition, according to previous research, 
AgNPs are likely to cause damage to the transport system, resulting in the efflux of intracellular ions and the accumulation of silver 
ions, as well as the inhibition of metabolic and respiratory activities [60,61]. Although the mechanism is not clear in our study, the 
present results imply that AgNPs have significant antifungal efficacy, deserving further study for clinical applications. 

4. Conclusions 

In the work, using leaf extracts of Ophiorrhiza mungos, Ophiorrhiza harrisiana and Ophiorrhiza rugosa, we described a simple, efficient 
and eco-friendly greener route to synthesize different particle sizes of AgNPs. The biosynthesized AgNPs were spherical in shape and 
highly stable. The mean sizes of AgNPs were 17 ± 5 nm, 22 ± 9 nm and 26 ± 10 nm for Om-AgNPs, Oh-AgNPs and Or-AgNPs, 
respectively. Size-dependent antibacterial activity was observed. Though high antibacterial activity was found in all three types of 

Fig. 6. (a) Transmission electron micrographs, (b) particle size distribution and (c) SAED pattern of Om-AgNPs, Oh-AgNPs and Or-AgNPs.  
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AgNPs, the highest antibacterial activity was observed in the case of Vibrio cholera. In addition, antifungal activity was evident with 
notable inhibition for all three types of AgNPs where Oh-AgNPs were most lethal to the fungus used in this study. This study describes 
the nano-size-control synthesis of AgNPs using aqueous plant extracts for the first time from the same genus of Ophiorrhiza species. 
These synthesized AgNPs demonstrated potential biological applications and warrant further study of the role of biomolecules in the 
synthesis of nano-sized AgNPs and their antimicrobial potential via multifaceted mechanisms and binding sites. Furthermore, size- 
dependent activities like catalytic, optical, electrical and sensing activity can also be the potential subject to be explored. It can 
also be concluded that the present study might be taken as a baseline study for the size-controlled synthesis by varying species within 
the same genus. We believe this plant extract based synthesis of metal nanoparticles of a controlled size will be promising synthesis 
route for various fields, including biomedicine. 
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Table 3 
Zone of Inhibition (mm) for Or-AgNPs, Om-AgNPs and Oh-AgNPs tested against different gram-positive and gram-negative bacteria.  

Microorganisms Antibacterial agent Zone of inhibition (mm) [for different concentrations of AgNPs 
Suspension] 

Negative Controla Positive Controla 

100 μg/mL 200 μg/mL 300 μg/mL 

Staphylococcus aureus Or-AgNPs 0 7 7 0 31 
Om-AgNPs 0 7 7 
Oh-AgNPs 0 8 9 

Bacillus cereus Or-AgNPs 0 6 7 0 26 
Om-AgNPs 0 6 6 
Oh-AgNPs 7 7 7 

Escherichia coli Or-AgNPs 0 6 7 0 26 
Om-AgNPs 0 6 6 
Oh-AgNPs 7 7 7 

Vibrio cholerae Or-AgNPs 7 7 10 0 32 
Om-AgNPs 9 9 11 
Oh-AgNPs 8 8 11  

a Chloramphenicol and deionized water were used as positive and negative control, respectively. 

Fig. 9. Antifungal activity of the synthesized AgNPs.  
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