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Abstract: With the advancement of technology, there is a growing demand for new nanoparticles that 

are viable, eco-friendly, non-toxic, and non-hazardous, as well as having unique chemical and physical 

properties. Silver nanoparticles are currently promising for antibacterial, antimicrobial, and 

photocatalytic applications. Because of their toxicity, nanosilver particles are now widely used in 

various applications, including cosmetics, clothing, sunscreen, medicinal, sensing, antibacterial, 

antimicrobial, and photocatalytic. The importance of plant extracts in the synthesis of AgNPs is 

emphasized. The various mechanisms and characterization techniques used in the study of silver 

nanoparticles will also be covered. This review also discusses the role of green synthesized AgNPs in 

antimicrobial and photocatalytic applications, which adds to our understanding of improving health, 

and the environment and preventing contagious diseases.  
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1. Introduction 

The potential interest in nanoparticle research and its applications in the fields of 

therapeutics, environmental science, and material science has opened a new window in the 

scientific community for determining the safest methods of nanomaterial synthesis, utilization, 

and disposal, as well as removing any potential harmful effects on nature [1-3]. Ayurvedic 

Bhasma is an example of ecologically friendly nanoparticles from the past [4]. Ayurvedic 

Bhasma is believed to be highly safe and cost-effective when compared to contemporary metal-

based nanomedicines [5-7]. For decades, physical and chemical nanoparticle synthesis methods 

have been utilized to generate homogeneous, monodispersed, spherical metal nanoparticles [8-

9]. However, because it is simple, fast, environmentally friendly, and cost-effective, 

transforming bulk materials into nanomaterials utilizing microorganisms and plant material has 

emerged as a viable alternative to standard physical and chemical procedures in recent years 

[10-11]. Because of their high catalytic, electrical, magnetic, and antimicrobial activity, 

nanoparticles with a high specific surface area to volume ratio have gained popularity in the 
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field of research and application, and they could be used in sensors, catalysts, surface-enhanced 

Raman spectroscopy, and biomedicine [12–17]. 

Silver nanoparticles (AgNPs) are crucial in the current scenario due to their different 

optical, thermal, electrical, and biological characteristics[12–17], hence finding many 

applications in the present technology, depicted in Figure 1. Many reports of physical, 

chemical, and bio-mediated synthesis techniques [18–20]. Chemical reduction, 

electrochemical, and photochemical reduction are the most commonly used chemical 

techniques [20]. Evaporation-condensation and laser ablation are two additional important 

physical techniques [21-22]. On the other hand, chemical reduction with organic and inorganic 

reducing agents is the most common approach for generating AgNPs [20]. To date, several 

reducing agents have been used to reduce silver ions (Ag+) in aqueous and non-aqueous 

solutions, including sodium citrate, sodium borohydride (NaBH4), ascorbate, N-

dimethylformamide (DMF), elemental hydrogen, polyol process, N, and poly (ethylene 

glycol)-block copolymers and Tollens reagent, [18–20]. In producing nanoparticles, 

microorganisms such as bacteria, fungi, protozoans, and other microbes are utilized [23–25]. 

Extracellular synthesis is more advantageous than intracellular synthesis because nanoparticle 

separation is much easier in the former. Furthermore, anaerobic microorganisms like 

Treponema species, Clostridium, Microbes, and enzymes act as reducing agents, and various 

microorganisms like fungal mycelium, bacterial strains of E. coli, Staphylococcus, Salmonella 

species, and others have been studied and found to be well-known reducing agents [18, 19, 23-

25]. Among all methods, biosynthesized nanosilver nanoparticles are suitable for a wide range 

of applications, including pollution abatement, pharmaceutical applications, and so on, due to 

their remarkable properties such as antibacterial, chemical stability, and rigorous catalytic 

activities [17-25]. 

On the other hand, there is a growing demand for ecologically friendly procedures that 

avoid using toxic and hazardous chemicals in their synthesis, a process known as Green 

synthesis  [15, 18-19]. Green synthesis techniques have acquired considerable lead in 

environmental conservation, and efforts to eradicate hazardous wastes and biosynthesized 

nanoparticles are gaining popularity due to their non-toxicity, environmental safety, and non-

hazardous properties. The green synthesis technique has been shown to be a straightforward 

and ecologically friendly method for producing silver nanoparticles using plant extract [18-

19]. This technique has an advantage over physical and chemical methods due to its non-toxic 

and non-hazardous nature and the improved conditions for synthesizing metal nanoparticles. 

Green synthesis offers the additional benefits of being economical, having a simple single-step 

method, being readily scaled up for large-scale synthesis, and not needing high pressure, 

energy, temperature, or hazardous chemicals [18-19,25]. The extract derived from various 

sections of plants, such as leaves, fruit, flower, bud, pod extracts, and so on, is used as a 

reducing agent in the green synthesis process to reduce metal ions to metal nanoparticles. 

Phytochemicals present in plants and their different sections play an essential role in creating 

nanoparticles. Terpenoids, flavones, ketones, aldehydes, amides, amino acids, and carboxylic 

acids are important active components in the production of nanoparticles [18, 25]. Plant 

extracts such as aloe vera [26], pineapple [27], Arecaceae [28], ficus [29], neem [30], 

Nyctanthes [31], Morus [32], Hydrilla [33], Phyllanthus amarus [34], Rosa Indica [35], and 

others have been utilized in green synthesis, as described in the literature.  Green synthesized 

silver nanoparticles were used in a variety of applications, including antimicrobial [18-19, 25], 
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photocatalytic/dye degradation [36], biosensors [37], wastewater treatment [38-39], tissue 

engineering [40], cosmetics [41-42], coatings [43-44], drug delivery systems [45], and so on. 

This review study illustrates the present state of the art and techniques for green 

synthesis of silver nanoparticles utilizing various plant extracts and their prospective uses. We 

also discuss the potential mechanisms for silver nanoparticle reduction and the procedures for 

various characterization techniques used to characterize silver nanoparticles for their potential 

properties in various applications, such as antibacterial, antimicrobial, and photocatalytic dye 

degradation. 

 

Figure 1. Potential applications of green synthesized silver nanoparticles. 

2. Synthesis of Silver Nanoparticles 

The green approach is utilized to synthesize silver nanoparticles using the following 

general technique. Figure 2 depicts a schematic illustration of the green synthesis method for 

producing silver nanoparticles. To begin, a sufficient amount of silver nitrate (AgNO3) (10 mg) 

is dissolved in de-ionized water (50 ml) to fill the beaker. The beaker is coated with aluminum 

foil to prevent silver photodegradation. Simultaneously, a tiny amount of plant extract (5 mL) 

is dissolved to obtain the necessary concentration in de-ionized water (50 mL). The prepared 

plant extract will be added drop by drop to the silver nitrate solution and continually agitated 

at room temperature until the solution turns golden brown. The development of color 

demonstrates the reduction and synthesis of silver nanoparticles (golden brown). Different 

factors, such as synthesis temperature, pH, and synthesis duration, among others, may be used 

to regulate the size of the silver nanoparticles and the pace of synthesis. The mechanism of 

silver nanoparticle generation is as follows: 

AgNO3 + H2O (DI) 
              
→     Ag+

 (aq) + NO3
- (aq) 

Ag+ (aq) + NO3
- (aq) + Plant Extract (water) 

         𝑒−      
→       Ag0 (NPs) (aq) +  NO2

− () 
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Figure 2. Schematic representation of the green synthesis of silver nanoparticles. 

3. Characterization/Measurement Techniques 

3.1. UV-Visible spectroscopy (UV-Vis). 

In addition to the color change throughout the synthesis, UV-Visible spectroscopy can 

validate the production of silver nanoparticles. Generally, the absorbance spectra of the 

produced silver nanoparticles (in aqueous) will be recorded in the wavelength range of 300 nm 

to 800 nm. The distinctive peak of spherical silver nanoparticles, surface plasmon resonance 

(SPR), can be observed in the recorded absorbance spectra of about 420 nm. The concentration 

of silver nanoparticles in the solution is indicated by the strength of the SPR peak. 

3.2. X-ray diffraction (XRD). 

It is worth noting that the silver nanoparticles are produced in an aqueous media. To 

conduct XRD investigations, powder or film form is necessary. As a result, the produced 

samples (aqueous solution) may be centrifuged to get the concentration of silver nanoparticles, 

or the solution may be dried onto a glass plate to form a sufficiently thick film containing silver 

nanoparticles. The crystallinity of the slides will next be determined using an X-ray 

diffractometer. The acquired XRD patterns of silver nanoparticles will be compared to the 

conventional JCPDS pattern for phase purity and structural alterations. Furthermore, Scherer's 

method [46] will be used to calculate the crystallite size (the size of the silver nanoparticles).  

𝐷 =  
𝑘𝜆

𝛽𝑐𝑜𝑠𝜃
 

Plant Part

Plant Part Extract

AgNPs

Silver 

Nitrate 

solution

Reduction
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where, k is the Scherer's constant, λ is the wavelength of the x-ray used, β is the full with half 

maximum, and θ is the Bragg angle.  

3.3. Scanning Electron Microscopy-Energy Dispersive X-ray Spectroscopy (SEM-EDS). 

A Scanning Electron Microscope (SEM) is an imaging instrument used to investigate 

the surface morphology of materials at magnifications of up to 100,000X. A scanning electron 

microscope gets its name from the fact that pictures are acquired by scanning the surface of a 

sample with an electron beam and detecting the electrons scattered from the surface of the 

sample. An electrically conducting sample, such as a metallic sample, may often be examined 

without significant sample preparation. On the other hand, electrically insulating materials, 

such as polymers, biological samples, ceramics, and glasses, may require a small coating of 

electrically conductive material, such as gold or carbon, to produce better pictures. The 

morphology, such as voids, fractures, porosity, agglomeration, grain distribution, and average 

grain size, was assessed by SEM microscopy. For thin films, on the other hand, the cross-

sectional SEM aids in estimating the thickness of the film on the substrate adhesively, and 

layered structure, if any, may be investigated. The X-rays produced by electrons scanning the 

material's surface can be examined using an Energy Dispersive X-ray Spectrometer (EDS) 

attachment. The quantitative information on the chemical composition of the sample's contents 

can also be calculated. In other words, EDS is best suited for identifying and mapping the 

elements present on a sample's surface.  

3.4. High-Resolution Transmission Electron Microscope (HR-TEM). 

The transmission electron microscope (TEM) is well-known for being a highly 

effective, efficient, and flexible imaging instrument in material research. Transmission electron 

microscopy (TEM) pictures with high resolution (HR-TEM) show structures at the atomic 

scale. HRTEM is the most effective approach for determining the size and dispersion of 

nanoparticle samples. HRTEM also aids in precisely estimating the structure, distribution, and 

size of particles with great resolution. HR-TEM allows a more accurate examination of the 

sample's morphology. The HRTEM picture may also be subjected to Inverse Fast Fourier 

Transformation (IFFT) to estimate the d-spacing of the crystalline sample, allowing the 

orientation of the crystallites to be calculated. It aids in estimating the presence of contaminants 

that the XRD could not identify owing to its limits. On the other hand, Selected Area Electron 

Diffraction (SAED) is a valuable method for identifying crystal structure and structural 

parameters such as d-spacing and lattice parameters. SAED patterns are composed of diffracted 

ring patterns, with each ring corresponding to a satisfied diffraction state of the sample's crystal 

structure. For this d, – spacing values and related (h k l) values may be calculated using 

conventional JCPDS patterns [46].  

3.5. Fourier Transform Infra-Red Spectroscopy (FTIR). 

In green synthesis, FTIR spectra aid in identifying the potential molecules responsible 

for reducing silver (Ag+) ions into metal silver (Ag) nanoparticles. The FTIR spectroscopy 

method will be used to record the absorbance/transmittance spectra. The existence of 

peaks/bands in the acquired spectrum shows the presence of distinct species' molecular 

vibrations in the processed samples. 
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3.6. Antibacterial.  

The antibacterial activity of silver nanoparticles may be studied using (a) the broth 

dilution method and (b) the agar well diffusion method.  

In the broth dilution method, a known volume of sterilized liquid medium (broth) is 

placed in test tubes (Figure 3). A known volume of pure bacterial culture is evenly distributed 

throughout the tubes. Multiple volumes/concentrations of the nanoparticle solution are added 

to determine the lowest concentration that suppresses bacterial growth. The tubes are incubated 

for 24 hours at 370 °C in a shaking incubator at 120-150 rpm. The tubes will be inspected for 

evident bacterial growth after 24 hours of incubation. The turbidity generated by the bacteria 

will be measured using a UV-Visible spectrometer by determining the optical density at 600 

nm. The lower the turbidity, the lower the optical density, and the stronger the antibacterial 

activity of the nanoparticle. The lowest concentration of silver nanoparticles that inhibited 

growth (MIC) showed the least inhibitory concentration. The formula calculates the percentage 

of antimicrobial activity: 

 

% of antimicrobial activity = (
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 −𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
) × 100 

where, control is the liquid media with bacterial inoculum without the nanoparticle. 

 

In the agar well diffusion method, sterilized agar medium is placed onto Petri plates 

and allowed to harden before streaking the bacterial inoculum uniformly with a spreader. The 

cavities on the agar plates, known as wells, are created with a cork borer. Various 

volumes/concentrations of nanoparticle solution are pipetted into this well and incubated for 

24 hours at 37 °C. After 24 hours, the plates will be manually viewed, and the clearing zone 

will be measured using a millimeter scale. The inhibitory action of the nanoparticle solution 

increases as the clearing zone increases. 

3.7. Antifungal activity. 

The antifungal activity is evaluated using well diffusion or disc diffusion techniques, in 

which the nutritional medium is put into hardened plates, as depicted in Figure 3. The fungal 

spores are injected into the plates and evenly distributed, following which the wells for the well 

diffusion method are formed.  

 

 
(a) 

 
(b) 

 
(c) 

Figure 3. Pictorial representation of (a) broth dilution, (b)well diffusion, (c) disc diffusion involved in the 

evaluation of the antibacterial and antifungal activity of silver nanoparticles. 
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The nanoparticle solution is pipetted to test its antifungal activity. Alternatively, the 

nanoparticle solution is impregnated into sterile discs and placed on the plates to examine its 

antifungal activity. The plates are subsequently incubated at 25-27 °C for 3 to 4 days to detect 

the nanoparticle's suppression of mycelial growth. Less mycelial development or a larger 

clearing zone suggests that the nanoparticles have better antifungal effectiveness. 

3.8. Photocatalytic. 

The optimum quantity of AgNPs is dispersed in the dye medium. Photocatalytic dye 

degradation efficiency (D) can be estimated from the following equation: 

 

𝐷 =  (
𝐴0 − 𝐴𝑡
𝐴0

) × 100 % 

where, A0 is the absorbance before dye degradation and At is the UV-Visible absorbance after 

dye degradation in the presence of AgNPs. 

The first-order kinetic study on the dye degradation reaction of different dyes can be 

evaluated using the following equation: 

 

ln (
𝐴0
𝐴𝑡
) = 𝑘𝑡 

where, k is the rate constant, A0, and At is the initial and final UV-Visible absorbance before 

and after degradations of dye. 

4. Applicative properties of Silver Nanoparticles 

4.1. Antibacterial activity of silver nanoparticles by green synthesis. 

The silver nanoparticles produced by the aqueous extracts of Parkia biglandulosa 

leaves showed a 12 mm inhibition zone against Bacillus cereus at a concentration of 0.02M. In 

contrast, higher concentrations reduced the antimicrobial activity [47]. The AgNPs synthesized 

from the fruit extracts of Olea europaea showed a 22 mm inhibition zone against Streptococcus 

mutans in the presence of 100µL/mL of silver nitrate solution. The antimicrobial activity 

increased as the concentration was increased [48]. The antibacterial effect of AgNPs obtained 

from different plant extracts (water, acetone, petroleum ether, and methanol) of certain weeds 

(Lantana camara, Parthenium hysterophorus, Oxalis corniculata, Leucas aspera, and Tridax 

procumbens) were examined. The highest antimicrobial activity against Escherichia coli was 

reported to be in aqueous extract of Oxalis corniculata (40 mm clearing zone), while against 

Klebsiella pneumoniae was seen in petroleum ether extract of Oxalis corniculata (20 mm) and 

against Staphylococcus aureus was observed in aqueous extract of Leucas aspera (24 mm) 

[49]. AgNPs synthesized from Aqueous extracts of Nyctanthes arbor-tritis showed bactericidal 

effects on E. coli, S. aureus, and Shewanella putrefaciens. As the concentrations of AgNPs 

increased from 0.006 – 0.2%, the antibacterial effect on all these three strains increased from 

11.2 to 22.3mm zone of inhibition [50]. In AgNPs synthesized from Marphysa moribidii 

(Annelida) showed antimicrobial effects against both gram-positive as well as gram-negative 

bacteria. The highest activity was observed against S. epidermidis (9.18 mm), followed by 
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Pseudomonas aeruginosa (8.94 mm), and the least was observed against K. pnuemoniae (6.00 

mm). However, the antimicrobial activity of these AgNPs was significantly lesser than those 

of commercially available antibiotics like gentamycin [51]. When AgNPs were formed using 

the extracts of Lactobacillus reuteri, they showed an 8 mm inhibition zone against E.coli and 

10 mm against Bacillus subtilis when 20 µL of AgNp solution was used [52]. Using the 

exopolysaccharides produced from B. subtilis the AgNPs synthesized were impregnated into 

the linen fabrics to check the antimicrobial activity. It showed an average of 94% inhibition 

against S. aureus and 90% against E. coli. Also, it was noted after 20 cycles of laundering, the 

antimicrobial effect of the fabric were reduced to 75% against S. aureus and 70% against E. 

coli [53]. The biosynthesized AgNPs from the tubers of Gloriosa superba showed antibacterial 

effects against Enterococcus faecalis (29 mm), B. subtilis (24 mm), and S. aureus (23 mm) at 

40 µg/mL concentration [54] The fruit peel extract of Vitis vinifera was used as a reductant to 

synthesize the AgNPs, and its antimicrobial activity was tested against potential pathogenic 

bacteria like S. aureus, S. epidermidis and Listeria monocytogenes at a concentration of 

1mg/ml. There was a positive result as the fruit peel extract showed no inhibition zone while 

the doped AgNPs showed a zone of inhibition against all the bacteria used for the study [55]. 

Similarly, in another study, the essential oils of oregano, thyme, clove, and rosemary were used 

as a reductant for forming AgNPs, and their antimicrobial activity was checked against E. coli, 

S. aureus, and B. cereus. The AgNPs formed due to the clove oil was found to have a minimum 

inhibitory conc. at 40 µg/mL against S. aureus while they had no effect on other organisms 

[56] AgNPs synthesized from aqueous extracts of Sapindus mukorossi fruit pericarps showed 

similar antibacterial effects on both gram-negative and gram-positive bacterium. They also 

reported that higher concentrations showed larger clearing zones. 60 µg/mL showed 27.3 and 

12.0 mm clearing zone against S. aureus and P. aeruginosa, respectively. The bactericidal 

effect of synthesized AgNPs was almost equivalent to the activity of standard antibiotic 

streptomycin against the S. aureus cultures [57]. Similarly, the AgNPs synthesized from 

Zataria multiflora also showed antibacterial effects on S. aureus. 4 µg/mL of green synthesized 

Nps showed minimum inhibitory activity, while the commercial Nps exhibited minimum 

inhibitory activity at 8 µg/mL. Also, it was noted that higher concentrations of Nps caused 

strong biofilm inhibitory activity [58]. The AgNPs synthesized from aqueous extracts of 

Scutellaria barbata showed antimicrobial activity against E. coli (21 mm), S. aureus (20 mm), 

P. aeruginosa (21 mm), and K. pneumoniae (22 mm) at 60 µg/mL [59]. Aloe vera gel was used 

as a reductant, and AgNPs were synthesized, which showed a strong antibacterial effect against 

Enterobacter sps. (32 mm) followed by S. aureus (21 mm), and the least was observed in P. 

aeruginosa (14 mm) [60]. The AgNPs synthesized with arabinoxylan extracted from 

Andrographis paniculata showed bactericidal activity against S. pneumonia (12.06 mm) and 

E. coli (12.03 mm) [61]. The AgNPs synthesized from Coriander sativum showed maximum 

inhibitory activity against S. aureus (13 mm) followed by S. epidermidis (12 mm), and the least 

was observed in K. pneumoniae and P. aeruginosa (9 mm) [62]. The AgNPs biosynthesized 

from Citrus limetta peel extracts showed maximum inhibitory activity against E. coli (12.5 

mm) and Streptococcus mutans (12 mm), while the least activity was seen in Micrococcus 

luteus (11 mm) [63]. Click or tap here to enter text. The AgNPs synthesized from Brillantaisia 

patula, Crossopteryx febrifuga, and Senna siamea also showed an antibacterial effect on E. 

coli, S. aureus, and P. aeruginosa [64]. Seeds of Moringa oleifera mediated AgNPs showed a 

strong bactericidal effect against E. coli (30.6 mm), followed by Salmonella enterica (29 mm), 

P. aeruginosa (22.8 mm), and the least was observed in S. aureus (14.6 mm) [65].Click or tap 
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here to enter text. Calendula officinalis flower extracts were used to synthesize AgNPs, and 

their antimicrobial activity was checked against a plant pathogen, namely, Pectobacterium 

caratovorum. 40 ppm concentration showed a minimum inhibitory effect against the pathogen; 

however, the highest inhibitory effect was seen at 160 ppm. The AgNPs also prevented biofilm 

formation at 40 ppm [66].Click or tap here to enter text. The AgNPs synthesized from aqueous 

extracts of Tasmanian flax-lily leaves showed the highest inhibitory effect against S. aureus 

(94%), followed by P. aeruginosa (93.68%) and S. epidermidis (91.57%) [67] Click or tap here 

to enter text. The AgNPs synthesized from Rivina humilis showed antimicrobial activity against 

Brucella species. 800 µg/mL showed the highest inhibition zone against B. abortus, B. 

melitensis, and B. suis, equivalent to its standard antibiotic drug. While 1200 µg/mL showed 

the highest inhibition zone against B. cereus (12 mm), S. aureus (11 mm), B. subtilis (10 mm), 

E. aerogenes (12 mm), Shigella flexineri (13 mm), and E. coli (12.5 mm) [68].Click or tap here 

to enter text. AgNPs synthesized from aqueous extracts of Symplocos racemosa showed a 

maximum zone of inhibition (27 mm) at a concentration of 200 mg/mL and the least (20 mm) 

at a concentration of 50 mg/mL against P. aeruginosa [69].Click or tap here to enter text. The 

AgNPs synthesized from aqueous leaf extracts of Gomphrena globosa showed a maximum 

zone of inhibition against S. aureus (24 mm), followed by E. coli (22 mm), K. pneumonia (15 

mm), B. subtilis, M. luteus and P. aeruginosa all showing 14 mm inhibition zone when 5 mL 

of Np was impregnated to the disc. As the volume increased, the antibacterial effect decreased 

[70]. The AgNPs synthesized from tea leaf extracts showed a clearing zone of 27 mm against 

Streptomyces albidoflavus at a conc. of 0.005% [71]. 

4.2. Antifungal activity of silver nanoparticles by green synthesis. 

AgNPs synthesized from Bacillus sp. extract inhibited the hyphal growth of 

Colletotrichum falcatum and showed the highest antifungal activity at conc. ranging from 10-

20 µg/mL [72]. The Olea europaea AgNp extracts also showed antifungal activity against 

Candida albicans whose inhibition zone was noted to be 13 mm for 100µL/mL concentration 

[48]. The AgNPs synthesized from arabinoxylan extracted from Andrographis paniculata also 

showed a similar result against C. albicans (10.77 mm) [61]. While the AgNPs synthesized 

from Citrus limetta peel extracts showed antifungal activity against various strains of Candia 

like C. albicans (15 mm), C. glabrata, C. tropicalis, and C. parapsilosis, all showed a 14 mm 

growth inhibition zone. The AgNPs synthesized from Tasmanian flax-lily showed an inhibitory 

percentage of 89.94 against C. albicans [67]. Leaf extract of Malva parviflora was used for the 

biosynthesis of AgNPs and further used for the study of antifungal activity against 

Helminthosporium rostratum, Fusarium solani, Fusarium oxysporum, and Alternaria 

alternata. The maximum mycelial growth inhibition was observed against H. rostratum 

(88.6%), followed by A. alternata (83.0%), F. solani (81.1%), and the least was observed in F. 

oxysporum (80.7%) [73]. The AgNPs synthesized from Tea tree leaf extracts were used to 

determine the antifungal activity in different concentrations (0.005, 0.01, 0.0125%). The 

inhibition zone with the lowest concentration was 11, 17, and 18 mm against Aspergillus 

fumigatus, Byssochlamys spectabilis, and Cladosporium xanthochromaticum, respectively 

[71]. 
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4.3. General mechanism of antimicrobial activity of silver nanoparticles. 

When mixed with other natural chemicals during the green manufacturing process, 

silver nanoparticles show a substantial boost in antibacterial activity owing to the breakdown 

of the microorganisms' cell membrane [74]. Because of their extremely small size, AgNPs 

readily penetrate the bacterial membrane and block cellular oxidation in the mitochondria, 

finally killing the bacterium [14], shown in Figure 4. According to McQuillan et al., the 

fundamental action of antibacterial activity is the total breakdown of the bacterial cell wall 

[75]. Because bacteria have a peptidoglycan cell wall, silver nanoparticles are poisonous to 

them but not to humans. As a result, the silver nanoparticles disintegrate the peptidoglycan cell 

wall. The antimicrobial sensitivity of certain bacteria varies to a larger extent depending on the 

makeup of their cell walls. The AgNPs are oxidized to silver ions in the cellular environment, 

adding to antibacterial action [74]. Silver ions have been shown to disrupt DNA replication and 

gene expression mechanisms [76]. The process comprises three key findings: cell membrane 

disruption, silver ion intake reduces potassium levels and impacts ATP synthesis, and the 

formation of Reactive Oxygen Species (ROS) and other free radicals [77]. The structure of the 

NP is also important for antibacterial action [78]. Pal et al. discovered that truncated triangular 

NP had greater antibacterial action against E. coli than spherical and rod-shaped particles [79]. 

The smaller the NP's size, the higher its antimicrobial activity efficiency. This is due to its 

greater penetration into bacterial cells [51, 55, 76]. Click or tap here to enter text. 

Figure 4. General mechanism of antimicrobial activity of silver nanoparticles. 

4.4. Catalytic properties of Ag NPs. 

With increasing population, commercialization, and civilizations, the usage of organic 

dyes in everyday life is expanding. Synthetic organic dyes are used in various sectors, including 

food, leather, pharmaceuticals, cosmetics, paints, plastics, paper, and textiles. The most 

difficult problem in the post-production of products from these sectors is the management of 

organic dyes, which migrate to water bodies via wastewater. These synthetic hues (organic 

dyes) harm human health and the environment. Traditional color removal procedures have 

included coagulation, filtration, adsorption, and reverse osmosis. Despite this, these hues are 
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difficult to remove from water because of their aromatic structural stability. Nano-catalysts are 

one of the most promising agents for reducing synthetic dyes. 

To date, green synthesized AgNPs mediated photocatalytic degradation of methylene 

blue under sunlight has been reported. Exposure to sun radiation (exposure time) plays a key 

role in the photocatalytic degradation activity of AgNPs. In this process, the color change from 

dark blue to light blue/colorless after some reaction time will be examined. That is, the 

absorption intensity of the dye decreases with exposure time, which can be evaluated by 

measuring the absorbance using a UV-Visible spectrometer. Reduction in the absorption 

intensity signifies the reduction of the dye, indicating dye degradation in the presence of 

AgNPs. In addition, the degradation rate also depends on various parameters such as the size 

of the particles, structure, morphology, and concentration of the silver nanoparticles. Among 

these, the size of the particles (AgNPs) is an important parameter in dye degradation. e Smaller 

the particle's size, the larger the surface-to-volume ratio, and the higher the adsorption to the 

reactants (organic dye), thus increasing the rate of reaction (dye degradation). It is reported that 

the AgNPs are the mediators of transferring the electrons in the dye degradation process. It is 

also reported that photocatalytic activity may be due to the excitation of surface plasmon 

resonance (SPR) of AgNPs. That is, the dye degradation rate accelerated by the photonic 

excitation of AgNPs. The mechanism of dye degradation by AgNPs in the presence of sunlight 

is given in Figure 5. 

 
Figure 5. General method and mechanism of dye degradation by silver nanoparticles. 

Numerous papers have been published on the photocatalytic activity of green-produced 

silver nanoparticles on various dyes, including Methylene Blue (MB) [80-83], Rhodamine B 

[82, 84-86],  Nitrophenol [82, 87-88],  Congo Red [89] Click or tap here to enter text., KMnO4 

[89], Hexavalent Chromium [90],  Crystal Violet [88]Click or tap here to enter text., Coomassie 

Brilliant Blue [88], Textile Dye [91-92], methyl orange [88, 93],  Orange G [93]. Furthermore, 

green-produced silver nanoparticles are employed to break down active pharmaceutical 
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ingredients (APIs) such as paracetamol [94]. Carcinogenic organic solvents such as benzene, 

toluene, and phenol are degraded [95]. Table 1 shows the results of competitive research on 

dye degradation for several dyes. J. Saha et al. [80] reported 100 % degradation of methylene 

blue in the presence of 3.0 mL of silver nanoparticles with an average size of 17 nm within 10 

minutes. Furthermore, R. Banu et al. [82] found that the optimal amount of AgNP for MB 

degradation was around 100 L with an average size of 15  and the degradation of Rhodamine 

B and 4-Nitrophenol. Furthermore, F. Baghbani-Arani et al. [96] showed 100% effectiveness 

degradation of Coomassie Brilliant Blue G-250 under UV radiation after 60 minutes of 

exposure. It has been discovered that the size of silver nanoparticles has an important impact 

on the degradation of various colors. The smaller the silver particle, the faster it degrades and 

is more effective. Furthermore, the concentration of silver nanoparticles influences 

effectiveness and dye degradation; the higher the concentration, the greater the dye 

degradation. 

Table 1. Summary on the comparison of various dye degradation with the presence of silver nanoparticles. 

Ref. Plant / Extract Size of AgNPs / 

(nm) 

Target Dye Degradation 

[80] fruit extract of Gmelina 

Arborea 

17  Methylene Blue 

(MB) 

100% degradation within 30 min with 1.5 

mL of AgNPs and within 10 min with 3.0 

mL of AgNPs.  

[81] Honey 5 - 25  MB 92% degradation for 72 h. 

[82] Bael Gum (BG) 15  MB, 

Rhodamine B 

4-Nitrophenol 

The optimizing quantity of AgNP is 100 

μL. 

 

[83] Catharanthus roseus 7  MB 98 % degradation with 100 mM AgNPs 

within 5 mins. 

[85]  Kalanchoe pinnata 40  Rhodamine B 

(RhB) dye 

 83 % degradation in 45minutes under 

UV radiation. 

[88] Trigonella foenum-

graecum seed  

< 100  RhB  93 % degradation under UV.  

[87]  Fucus gardeneri 20  Nitrophenol 96.4 % degradation within 5 min. 

[88] Ruellia tuberosa 

 

56  Crystal violet, 

Coomassie brilliant 

blue 

87 % degradation towards crystal violet 

and 74% degradation of coomassie 

brilliant blue within 30 minutes. 

[89] Neem leaves 

 

3  Congo Red, 

KMnO4 

100 % degradation of Congo Red within 

15 mins and KMnO4 within 90 minutes.  

[91] Bacillus marisflavi 11 – 40 Textile dye  67 % degradation after 52 hours of 

exposure under sunlight with AgNPs 

concentration of 100 mg/L. 

[92] Nigella Sativa seed 10  Textile dye 98.5 % degradation of CR dye within 13 

minutes. 

[93] Alpinia nigra 6  RhB,  

Methyl orange,  

Orange G 

85.9 %, 83.4%, and 79.9% degradation of 

RhB, methyl orange, and orange G in the 

presence of sunlight. 

[96] Artemisia 

tournefortiana Rchb  

23 Coomassie Brilliant 

Blue G-250 

100 % efficacy within 60 min under UV 

light. 

[97] Chlorella vulgaris 55  MB 96.5 % degradation within 3 hours. 

4. Conclusions 

In this review study, we discussed the significance of green synthesis methods for 

producing silver nanoparticles utilizing various plant-mediated extracts and their antibacterial 

and photocatalytic characteristics. We also provided a general synthesis method and various 

spectroscopic characterizations, though the characterization techniques apply to all types of 
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nanoparticles to investigate the structural, microstructural, optical, and other physical 

properties of green synthesized silver nanoparticles. Nanosilver particles have been widely 

employed for various purposes in the modern era due to their toxicity. We also established a 

generic mechanism for antibacterial activity against various microorganisms and the 

photocatalytic activity of silver nanoparticles against various industrial dyes. 
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