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Abstract 

The increasing demand for environmentally friendly and sustainable synthesis methods has prompted the exploration 
of green routes for the production of silver nanoparticles (AgNPs). This study focuses on the green synthesis of AgNPs 
from different plants and microbes. The article indicated successful formation of stable AgNPs with well-defined 
characteristics. The eco-friendly synthesis approach ensures antimicrobial activities of the green-synthesized AgNPs, 
including bacteria and fungi. The mode of action of the nanoparticles on microbial cells were also investigated, shedding 
light on their potential as novel antimicrobial agents. Furthermore, the versatility of these green-synthesized AgNPs 
was explored in different applications, such as biomedical, agricultural, and environmental sectors. Moreover, the 
environmental implications of utilizing these eco-friendly nanoparticles were assessed, highlighting their potential in 
addressing contemporary challenges. 
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1. Introduction

Nanotechnology is a branch of science concerned with the creation, manipulation, and application of materials ranging 
in nanometers (1). It deals with creating nanomaterials and nanoparticles (NPs) for use in a variety of industries, 
including food technology, electrochemistry, biomedicines, sensors, chemical manufacturing, etc. (2-4) Among other 
materials, metal nanoparticles have recently received a lot of attention due to their unique optical and electrical 
properties, as well as potential biomedical applications (5,6) gained early recognition for their effective biomedical 
properties, such as anti-inflammatory, antifungal, anticancer, antibacterial, antiviral, and larvicidal effects (7-13) Silver 
nanoparticles can be synthesized using various methods and approaches, which include chemical (14) electrochemical 
(15) radiation (16), photochemical methods (17) Langmuir-Blodgett (18,19), and biological techniques (20). However, 
most of the approaches mentioned involve the use of expensive and toxic chemicals that can create biological risks, and 
sometimes these processes cause harm to the ecology and the ecosystem. This enhances the increasing need to develop 
eco-friendly processes through green synthesis and other biological approaches (10,21). In recent times, biological 
methods have been widely preferred. Green synthesis of AgNPs provides advantages over chemical and physical 
methods due to its cost-effectiveness, environmental friendliness, ease of scaling up for large-scale synthesis, and lack 
of need for toxic chemicals and high temperatures (22). The sources of the reducing and stabilizing agents used in the 
green synthesis of nanoparticles are bacteria, fungi, viruses, algae, and plant extracts (23). In this regard, several plant 
parts, including the leaf, flower, stem, fruit, seed, shoot, bark, peel, root, and callus, etc., have been studied (24-28), as 
plants are rich in a variety of proteins and secondary metabolites such as quinones, flavonoids, saponins, and 
terpenoids, which contribute to the stabilization or reduction of the nanoparticles (29,30). AgNPs show potential 
antimicrobial effects against infectious microorganisms like E. coli and S. aureus. AgNPs are also used in biological tags 
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and biosensors in diagnostic applications, footwear, wound dressings, antimicrobial nano-paints, cosmetics, food-
related products, and packaging (31,32). The purpose of this study is to thoroughly analyze the body of literature 
already in existence, offering insights into the characterizations, synthesis methods, and many applications, thus 
advancing our knowledge of green nanotechnology. 

2. Materials and methods 

2.1. Plant extracts 

More stabilization and decrease are shown in plant phytochemicals (34). AgNPs that revealed the presence of alkaloids, 
flavonoids, saponins, and sugar compounds were created using Eugenia jambolana leaf extract (35). An extract from the 
bark of Saraca asoca revealed the presence of carboxyl and hydroxyl groups (36). After synthesizing AgNPs from 
Rhynchotechum ellipticum leaves, the presence of steroids, polyphenols, flavonoids, alkaloids, and terpenoids was 
shown (37). When AgNPs measuring between 5 and 60 nm are formed, pepper-leaf extract functions as a reducing and 
capping agent (38). Malus domestica fruit extracts served as a reducing agent. In a similar vein, Vitis vinifera, Andean 
blackberry (39), Adansonia digitata (40), Solanum nigrum (41), Nitraria schoberi (42), or more fruit peels. 
Polysaccharide (43), soluble starch (44), natural rubber (44), tarmac (45), stem-derived callus of green and red apples 
(46)(47), egg white (48), lemongrass (49), coffee (50), black tea (51) and Abelmoschus esculentus juice (52) are a few 
more reductants that are employed for AgNO3. 

2.2. Microbial extracts  

Microorganisms like fungi, bacteria, and yeast are of huge interest for NP synthesis. NPs formed by microorganisms can 
be classified into distinct categories, depending upon the location. Otari et al synthesized AgNPs intracellular using 
Actinobacteria and Rhodococcus sp. Kannan et al. (53) reported biosynthesized AgNPs using Bacillus subtillus 
extracellular. AgNPs were synthesized using microalgae Chaetoceros calcitrans, C. salina, Isochrysis galbana, and 
Tetraselmis gracilis (54). Cystophora moniliformis was used as a reducing and stabilizing agent to synthesize AgNPs (55). 
Some fungal species such as Fusarium oxysporum (56) Verticillium, Aspergillus fumigatus, Fusarium semitectum (57) 
Phanerochaete chrysosporium and Alternaria alternata (58) were used for AgNPs production. 

 

Figure 1 Several techniques for synthesizing silver nanoparticles. 

2.3. Extraction and fractionation of plants and microbial extracts 

The plants or plant parts are collected from the available sites. Removal of dirt and extra organic waste by washing 
thoroughly twice or thrice has been made. The fresh and clean plant parts are dried for two weeks in the dark (59). ~10 
gm of the fresh and clean plant parts are mixed with 100 ml of sterile distilled water, boiled for 5 minutes, and cooled 
to room temperature. The boiled mixtures are finely crushed in a kitchen grinder and filtered through Whatman filter 
paper. The filtrate is utilized for the synthesis of silver nanoparticles (60,61). For extracting the leaf, analytical grade 
methanol is used twice for soaking the plant material and kept at room temperature for 15 days. The filtrate is 
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concentrated using a rotary evaporator under vacuum at 40°C, to obtain a crude methanolic extract. For the 
fractionation of the crude methanolic extract, different solvents were utilized (62) and to utilize the wide range of 
bioactive chemicals generated by microbes, it is crucial to extract and fractionate microbial extracts carefully. This 
involves extracting specific bioactive compounds through processes like cell destruction, filtering, and centrifugation. 
Fractionation then separates these constituents based on their characteristics. In the synthesis of AgNP using 
microorganisms, a solution containing microbial biomass serves as a bio-reducing agent for silver ions, aiding in the 
creation of stabilized Ag-NPs (63-65). 

 

Figure 2 AgNO3 formation steps 

2.4. Biosynthesis of AgNPs from different materials 

Effective biosynthesis of nanoparticles has been achieved through the utilization of plant-related materials such as 
leaves, stems, roots, shoots, flowers, barks, seeds, and their metabolites (66,67) to produce AgNPs, plant extracts are 
added to an AgNO3 solution, which is subsequently transformed into Ag+ ions. The resultant solution undergoes a color 
change after a while, which indicates the production of AgNPs (68).  

Utilizing microbial cells to produce metal nanoparticles sounds like a really smart idea these days.The size of AgNPs 
generated utilizing Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae, and other bacteria that efficiently 
produced silver nanoparticles is controlled by parameters such as pH, temperature, and AgNO3 concentration (69). 
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Figure 3 Systematically green synthetic approaches of nanoparticles (70).  

3. Characterization of AgNPs 

3.1. TEM analysis 

Using picture magnifying software, which can enlarge particles smaller than 10 nm and provide distinct morphological 
information, one can ascertain the size of the silver nanoparticles (71). At the EM National Research Centre, University, 
transmission electron microscopy (TEM) was used to visualize the morphology and form of the green Nanosilver. One 
ethanol-negatively stained drop of the emulsion was placed on a copper grid. A tungsten-source transmission electron 
microscope (JEOL JEM-1400Plus) running at 80 kV was used to capture the TEM micrographs (72). The scale shown in 
the micrograph can be used to determine the particle's size (73).  

3.2. Zeta potential 

Zeta potential measurement can be used to determine the surface electric charge of the nanoparticle, which aids in 
estimating the suspension stability of the silver nanoparticle (74). Using laser Doppler electrophoresis at room 
temperature, the surface charge of green Nanosilver was determined using the Malvern Zeta sizer ZS (Malvern 
Instruments, Worcestershire, UK). Before measurement, the samples were diluted using deionized water. To quantify 
charge, the samples were subsequently put into a capillary cell. The repellent forces among the particles in the emulsion 
system are shown by zeta potential values (75). The high negative value increases the formulation's stability by 
confirming the particles' repulsion to one another (76).  

3.3. Fourier transform infrared (FTIR) analysis of silver nanoparticles 

One method that can be used for checking the surface chemistry of metal nanoparticles and the contribution of 
biomolecules to the creation of nanoparticles is FTIR spectroscopy (77).  

3.4. UV-Visible Spectroscopy Analysis  

Using a UV-visible spectrophotometer (CECIL CE 2041 2000 SERIES), the production of AgNPs was verified. To get the 
UV-visible spectra of the sample, precisely 4 mL of the diluted supernatant of the WMRE-AgNPs sample was put in a 
quartz cuvette with a 1 cm path length and inserted in a UV-Vis spectrophotometer in the wavelength range of 300–700 
nm (78). Using distilled water as a reference, green-produced silver nanoparticles were exposed to UV-visible 
spectrophotometry at wavelengths between 200 and 800 nm. This method yields data on the stability and concentration 
of the nanoparticles in addition to their size and shape (79).  
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3.5. Scanning Electron Microscopy (SEM) 

After 48 hours, the surface morphology of the nanoparticles was examined using SEM at a 30 kV accelerating voltage. 
The precipitate was allowed to dry following the AgNPs solution's centrifugation. A coater applied a gold coating to the 
dried nanoparticles to stop the accumulation of electrical charges (80). Ag-NPs are also characterized by a suspension 
of particles. 

3.6. X-Ray Diffraction (XRD) Analysis 

An X-ray-dx was used to study the crystal structure of Ag-NPs. X-rays were used to penetrate the powdered Ag-NPs and 
scan a region of 2θ, ranging from 0° to 80° (81). 

 

Figure 4 SEM image of silver nanoparticle synthesized from neem leaf extract 

3.7. Applications of Silver Nanoparticles 

Silver-coated dressings are currently widely used in wound care, especially for burns, diabetic wounds, leg ulcers that 
don't go away, and injuries from trauma. Furthermore, it has been proposed that metallic biomaterials, catheters, 
vascular grafts, burn therapy, arthroplasty, and biomaterial-mediated infections in prosthesis can all be prevented with 
the use of materials containing silver (82).  

The addition of silver nanoparticles (about 225 nm) dramatically enhanced the antibacterial activity of penicillin G, 
amoxicillin, erythromycin, clindamycin, and vancomycin against S. aureus and E. coli. The strongest synergistic effect 
against S. aureus was identified with erythromycin, while the biggest fold increase in area from the disk diffusion 
experiment was obtained for vancomycin, amoxicillin, and penicillin G (83). 

Not only does nanocrystalline silver offer outstanding antibacterial qualities, but it also has demonstrated beneficial 
effects in reducing inflammation at the wound site and promoting wound healing. At the contaminated wound site in a 
pig model, nanocrystalline silver increased cellular death and decreased local matrix metalloproteinase levels (84). 

The antifungal power of silver nanoparticles with amphotericin B and fluconazole, two of the strongest fungicides, have 
been compared against several different fungi (85). The results show that the antifungal power of silver nanoparticles 
is similar to one of the strongest fungicides and is much stronger than fluconazole (33). Antifungal agent was assessed 
the effectiveness of silver nanoparticles using yeast (86). 

AgNPs from plants have anticancer properties, and neither humans nor other living things are harmed by them. AgNPs 
dramatically reduced lung cancer cells' ability to proliferate. Specifically, NCI-H460 cells treated with green AgNPs at 
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240 ppm demonstrated 2% cell viability (87,88). and many AgNPs were shown to be harmful or to have stunted the 
growth of the MCF-7 breast cancer cell line (89).  

The treatment involving biosynthesized silver nanoparticles showed promise in modulating the expression of key 
cytokines, reducing pro-inflammatory signals, and promoting an anti-inflammatory environment, which could be 
beneficial for the wound healing process after burn injuries (90,91). 

The unique properties of the green-synthesized silver nitrate nanoparticles demonstrated their successful production 
on mice for heat damage, diabetic wounds, and chronic wounds to study the impact of silver nanoparticles on scar tissue 
formation and wound healing (92).  

By using Ag-NPs instead of traditional Ag Sulfadiazine and gauze dressing, wound dressings significantly shortened the 
healing period or injuries by an average of 3.35 days while increasing bacterial clearance from contaminated wounds 
without having any negative effects (93).  

Harvests and trees provide nanosized lignocellulosic materials, which have created a new market for valuable and 
inventive nanosized products and materials. These can be applied to the development of food items and other packaging 
as well as the body structures of vehicles. As part of agribusiness, nano fertilizers, nano pesticides that incorporate nano 
herbicides, nanocoating, and innovative plant nutrition delivery systems are widely used. These products contain 100–
250 nm Ag-NPs, which are more soluble in water and therefore more active (94). 

Prosthetic silicone heart valves were the first cardiovascular devices coated with Ag elements to reduce endocarditic 
occurrences (95). To prevent bacterial contamination of the silicone valve and lessen the heart's inflammatory response, 
the use of Ag was suggested (96). In addition, Ag-NPs are utilized in several consumer byproducts that are part of the 
broader field of nanotechnology, including room sprays, deodorants, socks, soaps, water filters, and sanitization systems 
(97-100).  

 

Figure 5 Applications of silver nanoparticle 

3.8. Various plants used for the green synthesis of AgNPs 

A new era in quick and safe nanoparticle production techniques has been brought about by current research on the 
biosynthesis of nanometals from plant extracts. Numerous researchers have documented the production of metal 
nanoparticles using extracts from different parts of plants and their possible uses (101-105). 

 



World Journal of Advanced Research and Reviews, 2024, 21(03), 1221–1238 

1227 

Table 1 Green synthesis of AgNPs from different plants extracts and their applications 

SI 
No. 

Plants name Applications References 

1 Coffea arabica Antimicrobial activity (106) 

2 Artocarpus hirsutus Antibacterial activity (107) 

3 Salvia hispanica  Antibacterial activity against E. coli and S. aureus (108) 

4 Annona squamosa Antibacterial activity against S. aureus (109) 

5 Vigna sp. Antimicrobial activity (110) 

6 Alpinia katsumadai Antioxidant, cytotoxicity, and antibacterial activities (111) 

7 Persea americana Antimicrobial activity against E. coli (112) 

8 Phoenix dactylifera Antibacterial activity against S. aureus (113) 

9 Jatropha curcas Antimicrobial, antioxidant, antidiarrheal, and antidiabetic activity (114) 

10 Calendula officinalis Antimicrobial properties (115) 

11 Syzygium cumini Antioxidant activity (116) 

12 Pistacia atlantica Antibacterial activity against S. aureus  (117) 

13 Acacia leucophloea Antibacterial activity (118) 

14 Boswellia 
ovalifoliolata 

Antibacterial and antifungal activity (119) 

15 Moringa oleifera Anti-inflammatory and antibiotic (120) 

16 Cinnamon 
zeylanicum 

Antibacterial activity (121) 

17 Azadirachta indica Antibacterial Activity (122) 

18 Prosopis juliflora Antimicrobial Activity (123) 

19 Citrus sinensis Antioxidant, anticancer and antimicrobial activities (124) 

20 Citrus limon Effective against gram-negative bacteria (125) 

21 Piper longum Antibacterial activity (126) 

22 Piper retrofractum Antibacterial activity (127) 

23 Emblica officinalis Antimicrobial activity against E. coli, K. pneumonia, S. aureus and B. 
subtilis. 

(128) 

24 Averrhoa carambola Antibacterial activity (129) 

25 Capsicum 
frutescence 

Antibacterial activity against E. coli and B. substilis (130) 

26 Cassia fistula Antibacterial activity (131) 

27 Fructus amomi   Activity against S. aureus and E. coli  (132) 

28 Vitis vinifera  Antimicrobial activity, antioxidant and anti-inflammatory properties (133) 

29 Camellia sinensis Reduce cancer, inflammation and antimicrobial properties. (134) 

30 Carica papaya L. Antimicrobial activity against multi-drug resistant human pathogen (135) 

31 Acalypha indica Antibacterial activity against E. coli and V. cholera (136) 

32 Morinda tinctoria Potocatalytic activity (137) 
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33 Datura stramonium Activity against S. aureus and E. coli (138) 

34 Paederia foetida Antimicrobial reactivity (139) 

35 Viburnum lantana Antibacterial Activity (140) 

36 Mukia 
maderaspatana 

Antibacterial, antimalarial, and anticancer agents (141) 

37 Origanum vulgare Antimicrobial activity against human pathogenic bacterial strains (142) 

38 Vitex negundo Antibacterial Activity (E. coli and S. aureus) (143) 

38 Sapindus mukorossi Activity against Mycobacterium tuberculosis (144) 

40 Abies webbiana Antibacterial activity against S. aureus, E. coli and P. aeruginosa (145) 

41 Coccinia grandis Photocatalytic activity (146) 

42 Coleus aromaticus Antibacterial effect against S. aureus, B. subtilis, E. coli and K. pneumonia (147) 

43 Asiatic Pennywort Antimicrobial activities against Staphylococcus epidermidis (148) 

44 Bryophyllum Antimicrobial activities against Pseudomonas fluorescens (149) 

45 Berberis vulgaris Antibacterial Activity (150) 

46 Calotropis gigantean Antibacterial activity on V. alginolyticus (151) 

47 Coriandrum sativum Antimicrobial activity (152) 

48 Ceratonia siliqua  Antibacterial activity against E. coli (153) 

49 Dodonaea viscosa Antibacterial and anticancer activity (154) 

50 Eriobotrya japonica Antibacterial activity against Shigella and Listeria (155) 

51 Citrullus colocynthis Remedy for indigestion, gastroenteritis, and intestinal parasites (156) 

52 Pterocarpus 
santalinus 

Antipyretic, anti-inflammatory, anthelmintic, anti-hyperglycemic and 
diaphoretic. 

(157) 

53 Melia dubia Anti-diabetic, anti-inflammatory, antioxidant, antibacterial, antiviral, 
and fungicidal treatment 

(158) 

54 Lantana camara Respiratory infections, dysentery and gastropathy (159) 

55 Alternanthera 
dentate 

Antimicrobial effects against clinical bacteria and fungi strains (160) 

56 Nelumbo nucifera Antioxidant, immunomodulatory, antipyretic, anticancer, antiischemic (161) 

57 Azhadirachta indica  Antibacterial and antioxidant activity (162) 

58 Euphrasia officinalis  Anticancer, antibacterial and biofilm inhibition activity (163) 

59 Melia azedarach  Antimicrobial activity (164) 

60 Melissa officinalis Antibacterial activity (165) 

61 Petroselinum 
crispum  

Anti- E. coli, K. pneumonia, S. aureus (166) 

62 Rubus glaucus benth  Hepatic Cancer (167) 

63 Alternanthera 
tenella  

Breast Cancer  (168) 

64 Acacia nilotica Antibacterial, anticholesterol activity and maintain blood sugar level (169) 

65 Acacia rigidula Skin infections (170) 

66 Dioscorea bulbifera  Synergic antibacterial activity with broad spectrum antibiotic (171) 
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67 Eulophia herbacea  Antibacterial and antifungal activity (172) 

68 Jasminum 
auriculatum 

Antibacterial activity (173) 

3.9. Green synthesis of AgNPs using various microorganisms 

Antimicrobial substance might potentially overcome antibiotic resistance. They are efficient against bacteria that are 
gram-positive and negative. AgNP is said to bind with and penetrate the bacterial cell wall, causing a major disruption 
in the cell's ability to function that ultimately results in cell death (174-176). The antibacterial properties of AgNPs are 
influenced by various physicochemical characteristics, such as their size, shape, concentration, surface charge, and 
colloidal state (177). The production process for the nanoparticle has a major influence on these physicochemical 
qualities. Table 1 enumerates the antibacterial activity of AgNPs produced by various algae. Sondi et al. demonstrated 
that AgNP adheres to the Escherichia coli cell wall and creates holes in the membrane, which ultimately results in cell 
death (178). AgNPs exhibit anti-biofilm-forming properties through both bactericidal and bacteriostatic action. AgNP's 
bactericidal efficacy against E. coli has been demonstrated at the concentrations of 60μg/ml or higher (179). 

Table 2 Green synthesis of AgNPs from different plants extracts and their applications 

SI No. Species name Applications References 

1 Gelidiella acerosa Antifungal (180) 

2 Sargassum tenerrimum Antibacterial (181) 

3 Ulva fasciata Antimicrobial (182) 

4 Gracilaria corticata Antifungal (183) 

5 Microalgae Antibacterial (184) 

6 Enteromorpha flexuosa Antibacterial (185) 

7 Spirulina platensis  Anti-bacterial (186) 

4. Conclusion 

This review article demonstrated the importance of the environmentally friendly production of silver nanoparticles, 
including the use of waste grass extract, natural rubber latex (NRL) solutions, marine algae Ecklonia cava, Abelmoschus 
esculentus flowers, and F. macrocarpa. These nanoparticles exhibit unique properties, positioning them for varied 
applications, including antibacterial, antioxidant, and anticancer activities. The exploration of plant extracts, 
encompassing different plant parts, highlights the versatility of green synthesis. Notably, its scalability, sustainability, 
cost-effectiveness, simplicity, and eco-friendliness make it a promising alternative to chemical and physical methods. 
The biocompatibility of the resulting products and minimal environmental impact further accentuate the advantages of 
green synthesis, emphasizing its potential for widespread adoption in large-scale production. 

Compliance with ethical standards 

 Acknowledgments 

The authors are grateful to Prof. Dr. Biawanath Sikdar, Dept. of Genetic Engineering and Biotechnology, University of 
Rajshahi, Rajshahi-6205, Bangladesh for critical review and editing the article.  

Disclosure of conflict of interest  

The authors declare that the research was possessed no relevant financial or non-financial interests. 

Author Contributions  

The authors have made a substantial direct and intellectual contribution to the work and approved it for publication. 
Each author contributed equally to all sections of the manuscript. 



World Journal of Advanced Research and Reviews, 2024, 21(03), 1221–1238 

1230 

References 

[1] Sarsar V, Selwal KK, Selwal MK. Green synthesis of silver nanoparticles using leaf extract of Mangifera indica and 
evaluation of their antimicrobial activity. J Microbiol Biotechnol Res. 2017; 3: 27-32. 

[2] Daniel S.C.G.K, Kumar R, Sathish V, Sivakumar M, Sunitha S, Sironmani T.A. Green Synthesis (Ocimum tenuiflorum) 
of Silver Nanoparticles and Toxicity Studies in Zebra Fish (Danio rerio) Model. Int J of NanoSci Nanotech. 2011; 
2: 1–15. 

[3] Gurunathan S, Kalishwaralal K, Vaidyanathan R, Deepak V, Pandian S.R.K, Muniyandi J, Hariharan N, Eom S.H. 
Biosynthesis, purification, and characterization of silver nanoparticles using Escherichia coli. Colloids Surf B 
Biointerfaces 2009; 74: 328–5. 

[4] Li G, He D, Qian Y, Guan B, Gao S, Cui Y, Yokoyama K, Wang L. Fungus-Mediated Green Synthesis of Silver 
Nanoparticles Using Aspergillus terreus. Int J Mol Sci. 2011; 13: 466–6. 

[5] Gehr RJ, Boyd RW. Optical Properties of Nanostructured Optical Materials. Chem Mater. 1996; 8: 1807-9. 

[6] Templeton AC, Cliffel DE, Murray RW. Redox and Fluorophore Functionalization of Water-Soluble, Tiopronin-
Protected Gold Clusters. ACS Pub. 1999; 121(30): 7081-9. 

[7] David L, Moldovan B, Vulcu A, Olenic L, Perde-Schrepler M, Fischer-Fodor E, Florea A, Crisan M, Chiorean I, Clichici 
S, Filip GA. Green synthesis, characterization and anti-inflammatory activity of silver nanoparticles using 
European black elderberry fruits extract. Colloids Surf B Biointerfaces 2014; 122: 767–7. 

[8] Panáček A, Kolář M, Večeřová R, Prucek R, Soukupova J, Krysˇtof V, Hamal P, Zborˇil  R, Kvı´tek L. Antifungal 
activity of silver nanoparticles against Candida spp. Biomater. 2009; 30: 6333–40. 

[9] Nakkala JR, Mata R, Raja K, Khub Chandra V, Sadras SR. Green synthesized silver nanoparticles: Catalytic dye 
degradation, in vitro anticancer activity and in vivo toxicity in rats. Materials Science and Engineering: C. 2018; 
91: 372–81. 

[10] Sharma VK, Yngard RA, Lin Y. Silver nanoparticles: Green synthesis and their antimicrobial activities. Adv Colloid 
Interface Sci. 2009; 145: 83–6. 

[11] Dutta T, Ghosh NN, Das M, Adhikary R, Mandal V, Chattopadhyay AP. Green synthesis of antibacterial and 
antifungal silver nanoparticles using Citrus limetta peel extract: Experimental and theoretical studies. J Environ 
Chem Eng. 2020; 8: 104019. 

[12] Trefry JC, Wooley DP. Rapid assessment of antiviral activity and cytotoxicity of silver nanoparticles using a novel 
application of the tetrazolium-based colorimetric assay. J Virol Methods. 2012; 183: 19–24. 

[13] Govindarajan M, Rajeswary M, Muthukumaran U, Hoti SL, Khater HF, Benelli G. Single-step biosynthesis and 
characterization of silver nanoparticles using Zornia diphylla leaves: A potent eco-friendly tool against malaria 
and arbovirus vectors. J Photochem Photobiol B. 2016; 161: 482–9. 

[14] Sun Y, Yin Y, Mayers BT, Herricks T, Xia Y. Uniform Silver Nanowires Synthesis by Reducing AgNO 3 with Ethylene 
Glycol in the Presence of Seeds and Poly (Vinyl Pyrrolidone). Chem Mater. 2002; 14: 4736–5. 

[15] Yin B, Ma H, Wang S, Chen S. Electrochemical Synthesis of Silver Nanoparticles under Protection of Poly (N -
vinylpyrrolidone). J Phys Chem B. 2003; 107: 8898–04. 

[16] Dimitrijevic NM, Bartels DM, Jonah CD, Takahashi K, Rajh T. Radiolytically Induced Formation and Optical 
Absorption Spectra of Colloidal Silver Nanoparticles in Supercritical Ethane, J Phys Chem B. 2001; 105: 954–9. 

[17] Callegari A, Tonti D, Chergui M. Photochemically Grown Silver Nanoparticles with Wavelength-Controlled Size 
and Shape. Nano Lett. 2003; 3: 1565–8. 

[18] Zhang L, Shen Y, Xie A, Li S, Jin B, Zhang Q. One-Step Synthesis of Monodisperse Silver Nanoparticles beneath 
Vitamin E Langmuir Monolayers. J Phys Chem B. 2006; 110: 6615–20. 

[19] Swami A, Selvakannan PR, Pasricha R, Sastry M. One-Step Synthesis of Ordered Two-Dimensional Assemblies of 
Silver Nanoparticles by the Spontaneous Reduction of Silver Ions by Pentadecylphenol Langmuir Monolayers. J 
Phys Chem B. 2004; 108: 19269–75. 

[20] Naik RR, Stringer SJ, Agarwal G, Jones SE, Stone MO. Biomimetic synthesis and patterning of silver nanoparticles. 
Nat Mater. 2002; 1: 169–72. 

[21] Roy S, Das TP. Plant Mediated Green Synthesis of Silver Nanoparticles-A. Int J Plant Biol Res. 2015; 3: 1044-55. 



World Journal of Advanced Research and Reviews, 2024, 21(03), 1221–1238 

1231 

[22] Sandeep S, S Santhosh A, Swamy NK, S. Suresh G, S. Melo J, Mallu P. Biosynthesis of Silver Nanoparticles Using 
Convolvulus pluricaulis Leaf Extract And Assessment Of Their Catalytic, Electrocatalytic And Phenol Remediation 
Properties. Adv Mater Lett. 2016; 7: 383–9. 

[23] Zhang D, Ma X, Gu Y, Huang H, Zhang G. Green Synthesis of Metallic Nanoparticles and Their Potential Applications 
to Treat Cancer. Front Chem. 2020; 8. 

[24] MubarakAli D, Thajuddin N, Jeganathan K, Gunasekaran M. Plant extract mediated synthesis of silver and gold 
nanoparticles and its antibacterial activity against clinically isolated pathogens. Colloids Surf B Biointerfaces 
2011; 85: 360–5. 

[25] Prathna TC, Chandrasekaran N, Mukherjee A. Studies on aggregation behaviour of silver nanoparticles in aqueous 
matrices: Effect of surface functionalization and matrix composition. Colloids Surf A Physicochem Eng Asp. 2011; 
390: 216–4. 

[26] Sathishkumar M, Sneha K, Won SW, Cho C-W, Kim S, Yun Y-S. Cinnamon zeylanicum bark extract and powder 
mediated green synthesis of nano-crystalline silver particles and its bactericidal activity. Colloids Surf B 
Biointerfaces 2009; 73: 332–8. 

[27] Bankar A, Joshi B, Kumar AR, Zinjarde S. Banana peel extract mediated novel route for the synthesis of silver 
nanoparticles. Colloids Surf A Physicochem Eng Asp. 2010; 368: 58–3. 

[28] Nabikhan A, Kandasamy K, Raj A, Alikunhi NM. Synthesis of antimicrobial silver nanoparticles by callus and leaf 
extracts from saltmarsh plant, Sesuvium portulacastrum L. Colloids Surf B Biointerfaces. 2010; 79: 488–93. 

[29] Rajeshkumar S, Malarkodi C, Vanaja M, Annadurai G. Anticancer and enhanced antimicrobial activity of 
biosynthesized silver nanoparticles against clinical pathogens. J Mol Struct. 2016; 1116: 165–3. 

[30] Krithiga N, Rajalakshmi A, Jayachitra A. Green Synthesis of Silver Nanoparticles Using Leaf Extracts of Clitoria 
ternatea and Solanum nigrum and Study of Its Antibacterial Effect against Common Nosocomial Pathogens. J 
Nanosci. 2015; 2015: 1–8. 

[31] Dastjerdi R, Montazer M, Shahsavan S. A new method to stabilize nanoparticles on textile surfaces. Colloids Surf 
A Physicochem Eng Asp. 2009; 345: 202–10. 

[32] Li W-R, Xie X-B, Shi Q-S, Zeng H-Y, OU-Yang Y-S, Chen Y-B. Antibacterial activity and mechanism of silver 
nanoparticles on Escherichia coli. Appl Microbiol Biotechnol. 2010; 85: 1115–22. 

[33] Khatami M, Sharifi I, Nobre MAL, Zafarnia N, Aflatoonian MR. Waste-grass-mediated green synthesis of silver 
nanoparticles and evaluation of their anticancer, antifungal and antibacterial activity. Green Chem Lett Rev. 2018; 
11:125–4. 

[34] Mohamad NAN, Arham NA, Jai J, Hadi A. Plant Extract as Reducing Agent in Synthesis of Metallic Nanoparticles: 
A Review. Adv Mat Res. 2014; 832: 350–5. 

[35] Aminu A. Green Synthesis of Plant Mediated Silver Nanoparticles and Their Anticancer Potentials: Review of 
Contemporary Literatures. Accex Gate J. 2023; 8: 1–29. 

[36] Banerjee P, Nath D. A Phytochemical Approach to Synthesize Silver Nanoparticles for Non-Toxic Biomedical 
Application and Study on their Antibacterial Efficacy. Symbiosis 2015; 1–14. 

[37] Hazarika D, Phukan A, Saikia E, Chetia B. Phytochemical screening and synthesis of silver nanoparticles using leaf 
extract of Rhynchotechum ellipticum. Int J Pharm Pharm Sci. 2014; 6(1), 672-4. 

[38] Mallikarjuna K, Sushma NJ, Narasimha G, Manoj L, Raju BDP. Phytochemical fabrication and characterization of 
silver nanoparticles using Pepper leaf broth. Arabian J of Chem. 2014; 7: 1099–03. 

[39] Kumar B, Smita K, Cumbal L, Debut A. Green synthesis of silver nanoparticles using Andean blackberry fruit 
extract. Saudi J Biol Sci. 2017; 24: 45–50. 

[40] Kumar C, Yugandhar P, Savithramma N. Biological synthesis of silver nanoparticles from Adansonia digitata L. 
fruit pulp extract, characterization, and its antimicrobial properties. J Intercult Ethnopharmacol. 2016; 5: 79. 

[41] Malaikozhundan B, Vijayakumar S, Vaseeharan B et al. Two potential uses for silver nanoparticles coated with 
Solanum nigrum unripe fruit extract: Biofilm inhibition and photodegradation of dye effluent. Microb Pathog. 
2017; 111: 316–4. 

[42] Rad MS, Rad JS, Heshmati GA, Miri A, Sen DJ. Biological Synthesis of Gold and Silver Nanoparticles by Nitraria 
schoberi Fruits. Am J Adv Drug Deliver. 2013; 1(2): 174-9. 



World Journal of Advanced Research and Reviews, 2024, 21(03), 1221–1238 

1232 

[43] Naganathan K, Thirunavukkarasu S. Green way genesis of silver nanoparticles using multiple fruit peels waste 
and its antimicrobial, antioxidant and antitumor cell line studies. IOP Conf Ser Mater Sci Eng. 2017; 191: 12009. 

[44] Huang H, Yang X. Synthesis of polysaccharide-stabilized gold and silver nanoparticles: a green method. 
Carbohydr Res. 2004; 339: 2627–31. 

[45] Guidelli EJ, Ramos AP, Zaniquelli MED, Baffa O. Green synthesis of colloidal silver nanoparticles using natural 
rubber latex extracted from Hevea brasiliensis. Spectrochim Acta A Mol Biomol Spectrosc. 2011; 82: 140–5. 

[46] Zhao X, Meng Y, Li J, Liu S, Meng Y. Preparation of an antitumor and antivirus agent: chemical modification of 
&amp; alpha; -MMC and MAP30 from Momordica charantia L. with covalent conjugation of polyethyelene glycol. 
Int J Nanomed. 2012; 3133-42. 

[47] Saliem AH, Ibrahim OM, Salih SI. Biosynthesis of Silver Nanoparticles using Cinnamon zeylanicum Plants Bark 
Extract. Kufa J for Veterinary Medical Sci. 2016; 7. 

[48] Umoren SA, Obot I, Gasem ZM. Green Synthesis and Characterization of Silver Nanoparticles Using Red Apple 
(Malus domestica) Fruit Extract at Room Temperature. J Mater Environ Sci. 2014; 907–14. 

[49] Masurkar SA, Chaudhari PR, Shidore VB, Kamble SP. Rapid Biosynthesis of Silver Nanoparticles Using 
Cymbopogan citratus (Lemongrass) and its Antimicrobial Activity. Nanomicro Lett. 2011; 3: 189–94. 

[50] Nadagouda MN, Varma RS. Green synthesis of silver and palladium nanoparticles at room temperature using 
coffee and tea extract. Green Chem. 2008; 10: 859. 

[51] Begum NA, Mondal S, Basu S, Laskar RA, Mandal D. Biogenic synthesis of Au and Ag nanoparticles using aqueous 
solutions of Black Tea leaf extracts. Colloids Surf B Biointerfaces 2009; 71: 113–8. 

[52] Li X, Xu H, Chen Z-S, Chen G. Biosynthesis of Nanoparticles by Microorganisms and Their Applications. J 
Nanomater. 2011; 2011: 1–16. 

[53] Otari SV, Patil RM, Ghosh SJ, Thorat ND, Pawar SH. Intracellular synthesis of silver nanoparticle by actinobacteria 
and its antimicrobial activity. Spectrochim Acta A Mol Biomol Spectrosc 2015; 136: 1175–80. 

[54] Merin DD, Prakash S, Bhimba BV. Antibacterial screening of silver nanoparticles synthesized by marine micro 
algae. Asian Pac J Trop Med. 2010; 3: 797–9. 

[55] Prasad TNVKV, Kambala VSR, Naidu R. Phyconanotechnology: synthesis of silver nanoparticles using brown 
marine algae Cystophora moniliformis and their characterization. J Appl Phycol. 2013; 25: 177–82. 

[56] Ahmad A, Mukherjee P, Senapati S, Mandal D, Khan M.I, Kumar R, Sastry M. Extracellular biosynthesis of silver 
nanoparticles using the fungus Fusarium oxysporum. Colloids Surf B Biointerfaces 2003; 28: 313–8. 

[57] Basavaraja S, Balaji SD, Lagashetty A, Rajasab AH, Venkataraman A. Extracellular biosynthesis of silver 
nanoparticles using the fungus Fusarium semitectum. Mater Res Bull. 2008; 43: 1164–70. 

[58] Gajbhiye M, Kesharwani J, Ingle A, Gade A, Rai M. Fungus-mediated synthesis of silver nanoparticles and their 
activity against pathogenic fungi in combination with fluconazole. Nanomed. 2009; 5: 382–6. 

[59] Asharani P V, Hande MP, Valiyaveettil S. Anti-proliferative activity of silver nanoparticles. BMC Cell Biol 2009; 
10: 65. 

[60] Jain S, Mehata MS. Medicinal Plant Leaf Extract and Pure Flavonoid Mediated Green Synthesis of Silver 
Nanoparticles and their Enhanced Antibacterial Property. Sci Rep. 2017; 7: 15867. 

[61] Jayanthi PJ, Punithavathy IK, Jeyakumar SJ, Elavazhagan T. Structural and surface morphology transformation of 
plant-assisted silver nanoparticles and its biological applications. J Nanosci Technol. 2019; 5: 632–6. 

[62] Khattak A, Ahmad B, Rauf A, Bawazeer S, Farooq U, Ali J, Patel S, Ramadan E, El-Sharkawy, Ikram R. Green 
synthesis, characterization, and biological evaluation of plant‐based silver nanoparticles using Quercus 
semecarpifolia Smith aqueous leaf extract. IET Nanobiotechnol. 2019; 13: 36–41. 

[63] Ali I, Qiang TY, Ilahi N, Adnan M, Sajjad W. Green synthesis of silver nanoparticles by using bacterial extract and 
its antimicrobial activity against pathogens. Int J Biosci. 2018; 13: 1–15. 

[64] Wang C, Kim YJ, Singh P, Mathiyalagan R, Jin Y, Yang DC. Green synthesis of silver nanoparticles by Bacillus 
methylotrophicus and their antimicrobial activity. Artif Cells Nanomed Biotechnol. 2015; 1–6. 

[65] Rafique M, Sadaf I, Rafique MS, Tahir MB. A review on green synthesis of silver nanoparticles and their 
applications. Artif Cells Nanomed Biotechnol. 2017; 45: 1272–91. 



World Journal of Advanced Research and Reviews, 2024, 21(03), 1221–1238 

1233 

[66] Husen A, Siddiqi KS. Phytosynthesis of nanoparticles: concept, controversy and application. Nanoscale Res Lett 
2014; 9: 229. 

[67] Husen A. Gold nanoparticles from plant system: synthesis, characterization and their application. Nanoscience 
and plant–soil systems. 2017:455-79. 

[68] Lakshmanan G, Sathiyaseelan A, Kalaichelvan PT, Murugesan K, Plant-mediated synthesis of silver nanoparticles 
using fruit extract of Cleome viscosa L.: Assessment of their antibacterial and anticancer activity. Karbala Int J 
Modern Sci. 2018; 4: 61–8. 

[69] Minaeian S, Shahverdi AR, Nohi AS, Shahverdi HR. Extracellular biosynthesis of silver nanoparticles by some 
bacteria. JSIAU 2008; 17. 

[70] Yusof KN, Alias SS, Harun Z, Basri H, Azhar FH. Parkia speciosa as reduction agent in green synthesis silver 
nanoparticles. Chem Select. 2018; 3(31):8881-5. 

[71] Banala RR, Nagati VB, Karnati PR. Green synthesis and characterization of Carica papaya leaf extract coated silver 
nanoparticles through X-ray diffraction, electron microscopy and evaluation of bactericidal properties. Saudi J 
Biol Sci 2015; 22: 637–644. 

[72] Jain N, Bhargava A, Majumdar S, Tarafdar JC, Panwar J. Extracellular biosynthesis and characterization of silver 
nanoparticles using Aspergillus flavusNJP08: A mechanism perspective. Nanoscale 2011; 3: 635–41. 

[73] Zaheer Z, Rafiuddin. Silver nanoparticles to self-assembled films: Green synthesis and characterization. Colloids 
Surf B Biointerfaces 2012; 90: 48–52. 

[74] Zhang Y, Kohler N, Zhang M. Surface modification of superparamagnetic magnetite nanoparticles and their 
intracellular uptake. Biomaterials 2002; 23: 1553–61. 

[75] Honary S, Zahir F. Effect of Zeta Potential on the Properties of Nano-Drug Delivery Systems - A Review (Part 2). 
Trop J Pharma Res. 2013; 12. 

[76] Rao YS, Kotakadi VS, Prasad TNVKV, Reddy AV, Gopal DVRS. Green synthesis and spectral characterization of 
silver nanoparticles from Lakshmi tulasi (Ocimum sanctum) leaf extract. Spectrochim Acta A Mol Biomol 
Spectrosc. 2013; 103: 156–9. 

[77] Baraton MI. Surface analysis of semiconducting nanoparticles by FTIR spectroscopy: Application to the 
evaluation of gas sensing properties. Springer US. 2002; 165–7. 

[78] Ndikau M, Noah NM, Andala DM, Masika E. Green Synthesis and Characterization of Silver Nanoparticles Using 
Citrullus lanatus Fruit Rind Extract. Int J Anal Chem. 2017; 2017: 1–9. 

[79] Hemlata, Meena PR, Singh AP, Tejavath KK. Biosynthesis of Silver Nanoparticles Using Cucumis prophetarum 
Aqueous Leaf Extract and Their Antibacterial and Antiproliferative Activity against Cancer Cell Lines. ACS Omega 
2020; 5: 5520–8. 

[80] Keskin NOS, Kılıç NK, Dönmez G, Tekinay T. Green Synthesis of Silver Nanoparticles Using Cyanobacteria and 
Evaluation of their Photocatalytic and Antimicrobial Activity. J Nano Res. 2016; 40: 120–7. 

[81] Hanna AL, Hamouda HM, Goda HA Sadik MW, Moghanm FS, Ghoneim AM, Alenezi MA, Alnomasy SF, Alam P, 
Elsayed TR. Biosynthesis and Characterization of Silver Nanoparticles Produced by Phormidium ambiguum and 
Desertifilum tharense Cyanobacteria. Bioinorg Chem Appl. 2022; 2022: 1–14. 

[82] Nair LS, Laurencin CT. Silver Nanoparticles: Synthesis and Therapeutic Applications. J Biomed Nanotechnol. 
2007; 3: 301–6. 

[83] Shahverdi AR, Fakhimi A, Shahverdi HR, Minaian S. Synthesis and effect of silver nanoparticles on the 
antibacterial activity of different antibiotics against Staphylococcus aureus and Escherichia coli. Nanomedicine 
2007; 3: 168–71. 

[84] Wright JB, Lam K, Buret AG, Olson ME, Burrell RE. Early healing events in a porcine model of contaminated 
wounds: effects of nanocrystalline silver on matrix metalloproteinases, cell apoptosis, and healing. Wound Repair 
and Regen. 2002; 10: 141–51. 

[85] Sumitha S, Vasanthi S, Shalini S, Chinni SV, Gopinath SCV, Anbu P, Bahari MB, Harish R, Kathiresan S, 
Ravichandran V. Phyto-Mediated Photo Catalysed Green Synthesis of Silver Nanoparticles Using Durio Zibethinus 
Seed Extract: Antimicrobial and Cytotoxic Activity and Photocatalytic Applications. Molecul. 2018; 23: 3311.   



World Journal of Advanced Research and Reviews, 2024, 21(03), 1221–1238 

1234 

[86] Kim JS, Kuk E, Yu KN, Kim JH, Park SJ, Lee HJ, Kim SH, Park YK, Park YH, Hwang CY, Kim YK. Antimicrobial effects 
of silver nanoparticles. Nanomedicine 2007; 3: 95–101. 

[87] Ahn EY, Park Y. Anticancer prospects of silver nanoparticles green-synthesized by plant extracts. Materials 
Science and Engineering: C. 2020; 116: 111253. 

[88] Kummara S, Patil MB, Uriah T. Synthesis, characterization, biocompatible and anticancer activity of green and 
chemically synthesized silver nanoparticles – A comparative study. Biomed Pharmacother. 2016; 84: 10–21. 

[89] Ratan ZA, Haidere MF, Nurunnabi MD, Shahriar SM, Ahammad AS, Shim YY, Reaney MJ, Cho JY. Green Chemistry 
Synthesis of Silver Nanoparticles and Their Potential Anticancer Effects. Cancers (Basel) 2020; 12: 855. 

[90] Tyavambiza C, Elbagory AM, Madiehe AM, Meyer M, Meyer S. The Antimicrobial and Anti-Inflammatory Effects 
of Silver Nanoparticles Synthesized from Cotyledon orbiculata Aqueous Extract. Nanomat. 2021; 11: 1343. 

[91] Bold B-E, Urnukhsaikhan E, Mishig-Ochir T. Biosynthesis of silver nanoparticles with antibacterial, antioxidant, 
anti-inflammatory properties and their burn wound healing efficacy. Front Chem. 2022; 10. 

[92] Tian J, Wong KK, Ho CM, Lok CN, Yu WY, Che CM, Chiu JF, Tam PK. Topical Delivery of Silver Nanoparticles 
Promotes Wound Healing. Chem Med Chem. 2007; 2: 129–6. 

[93] Huang Y, Li X, Liao Z, Zhang G, Liu Q, Tang J, Peng Y, Liu X, Luo Q. A randomized comparative trial between Acticoat 
and SD-Ag in the treatment of residual burn wounds, including safety analysis. Burns. 2007; 33: 161–6. 

[94] Prasad R, Kumar V, Prasad KS. Nanotechnology in sustainable agriculture: Present concerns and future aspects. 
Afr J Biotechnol. 2014; 13: 705–13. 

[95] Grunkemeier GL, Jin R, Starr A. Prosthetic Heart Valves: Objective Performance Criteria Versus Randomized 
Clinical Trial. Ann Thorac Surg. 2006; 82: 776–80. 

[96] Andara M, Agarwal A, Scholvin D, Gerhardt RA, Doraiswamy A, Jin C, Narayan RJ, Shih CC, Shih CM, Lin SJ, Su YY. 
Hemocompatibility of diamondlike carbon–metal composite thin films. Diam Relat Mater 2006; 15: 1941–1948. 

[97] Sharma K, Singh G, Singh G, Kumar M, Bhalla V. Silver nanoparticles: facile synthesis and their catalytic 
application for the degradation of dyes. RSC Adv. 2015; 5: 25781–88. 

[98] Chen X, Schluesener HJ. Nanosilver: A nanoproduct in medical application. Toxicol Lett. 2008; 176: 1–12. 

[99] Yang W, Shen C, Ji Q, An H, Wang J, Liu Q, Zhang Z. Food storage material silver nanoparticles interfere with DNA 
replication fidelity and bind with DNA. Nanotechnol. 2009; 20: 085102. 

[100] Manjumeena R, Duraibabu D, Sudha J, Kalaichelvan PT. Biogenic nanosilver incorporated reverse osmosis 
membrane for antibacterial and antifungal activities against selected pathogenic strains: An enhanced eco-
friendly water disinfection approach. J Environ Sci Health. Part A. 2014; 49: 1125–33. 

[101] Shankar SS, Rai A, Ahmad A, Sastry M. Rapid synthesis of Au, Ag, and bimetallic Au core–Ag shell nanoparticles 
using Neem (Azadirachta indica) leaf broth. J Colloid Interface Sci 2004; 275: 496–2. 

[102] Rai A, Singh A, Ahmad A, Sastry M. Role of Halide Ions and Temperature on the Morphology of Biologically 
Synthesized Gold Nanotriangles. Langmuir 2006; 22: 736–741. 

[103] Shankar SS, Rai A, Ahmad A, Sastry M. Controlling the Optical Properties of Lemongrass Extract Synthesized Gold 
Nanotriangles and Potential Application in Infrared-Absorbing Optical Coatings. Chem Mat. 2005; 17: 566–72. 

[104] Chandran SP, Chaudhary M, Pasricha R, Ahmad A, Sastry M. Synthesis of Gold Nanotriangles and Silver 
Nanoparticles Using Aloe vera Plant Extract. Biotechnol Prog 2006; 22: 577–583. 

[105] Ankamwar B, Damle C, Ahmad A, Sastry M. Biosynthesis of Gold and Silver Nanoparticles Using Emblica officinalis 
Fruit Extract, Their Phase Transfer and Transmetallation in an Organic Solution. J Nanosci Nanotechnol. 2005; 5: 
1665–71. 

[106] Dhand V, Soumya L, Bharadwaj S, Chakra S, Bhatt D, Sreedhar B. Green synthesis of silver nanoparticles using 
Coffea arabica seed extract and its antibacterial activity. Materials Science and Engineering: C. 2016; 58: 36–43. 

[107] Shobana S, Veena S, Sameer SSM, Swarnalakshmi K, Vishal LA. Green Synthesis of Silver Nanoparticles Using 
Artocarpus hirsutus Seed Extract and its Antibacterial Activity. Curr Pharm Biotechnol. 2020; 21: 980–9. 

[108] Hernández-Morales L, Espinoza-Gómez H, Flores-López LZ, Sotelo-Barrera EL, Núñez-Rivera A, Cadena-Nava RD, 
Alonso-Núñez G, Espinoza KA. Study of the green synthesis of silver nanoparticles using a natural extract of dark 
or white Salvia hispanica L. seeds and their antibacterial application. Appl Surf Sci. 2019; 489: 952–61. 



World Journal of Advanced Research and Reviews, 2024, 21(03), 1221–1238 

1235 

[109] Jose V, Raphel L, Aiswariya KS, Mathew P. Green synthesis of silver nanoparticles using Annona squamosa L. seed 
extract: characterization, photocatalytic and biological activity assay. Bioprocess Biosyst Eng. 2021; 44:1819–29. 

[110] Mohammadi S, Pourseyedi S, Amini A. Green synthesis of silver nanoparticles with a long-lasting stability using 
colloidal solution of cowpea seeds (Vigna sp. L). J Environ Chem Eng. 2016; 4: 2023–32. 

[111] He Y, Wei F, Ma Z, Zhang H, Yang Q, Yao B, Huang Z, Li J, Zeng C, Zhang Q. Green synthesis of silver nanoparticles 
using seed extract of Alpinia katsumadai, and their antioxidant, cytotoxicity, and antibacterial activities. RSC Adv 
2017; 7: 39842–51. 

[112] Girón-Vázquez NG, Gómez-Gutiérrez CM, Soto-Robles CA, Nava O, Lugo-Medina E, Castrejón-Sánchez VH, Vilchis-
Nestor AR, Luque PA. Study of the effect of Persea americana seed in the green synthesis of silver nanoparticles 
and their antimicrobial properties. Results Phys. 2019; 13: 102142. 

[113] Ansari MA, Alzohairy MA. One-Pot Facile Green Synthesis of Silver Nanoparticles Using Seed Extract of Phoenix 
dactylifera and Their Bactericidal Potential against MRSA. Evidence-Based Complementary and Alternative 
Medicine 2018; 2018: 1–9. 

[114] Bar H, Bhui DKr, Sahoo GP, Sarkar P, Pyne S, Misra A. Green synthesis of silver nanoparticles using seed extract 
of Jatropha curcas. Colloids Surf A Physicochem Eng Asp 2009; 348: 212–6. 

[115] Baghizadeh A, Ranjbar S, Gupta VK, Asif M, Pourseyedi S, Karimi MJ, Mohammadinejad R. Green synthesis of silver 
nanoparticles using seed extract of Calendula officinalis in liquid phase. J Mol Liq. 2015; 207: 159–63. 

[116] Jagtap UB, Bapat VA. Green synthesis of silver nanoparticles using Artocarpus heterophyllus Lam. seed extract and 
its antibacterial activity. Ind Crops Prod. 2013; 46: 132–7. 

[117] Sadeghi B, Rostami A, Momeni SS. Facile green synthesis of silver nanoparticles using seed aqueous extract of 
Pistacia atlantica and its antibacterial activity. Spectrochim Acta A Mol Biomol Spectrosc. 2015; 134: 326–2. 

[118] Duraisamy S, Kasi M, Balakrishnan S, Al-Sohaibani S. Biosynthesis of silver nanoparticles using Acacia 
leucophloea extract and their antibacterial activity. Int J Nanomed. 2014; 2431. 

[119] Savithramma N, Rao ML, Rukmini K, Devi PS.Antimicrobial activity of silver nanoparticles synthesized by using 
medicinal plants. CABI Database 2011; 3: 1394–1402. 

[120] Vasanth K, Ilango K, MohanKumar R, Agrawal A, Dubey GP. Anticancer activity of Moringa oleifera mediated silver 
nanoparticles on human cervical carcinoma cells by apoptosis induction. Colloids Surf B Biointer. 2014; 117: 
354–9. 

[121] Anjum S, Jacob G, Gupta B. Investigation of the herbal synthesis of silver nanoparticles using Cinnamon 
zeylanicum extract. Emergent Mater. 2019; 2: 113–2. 

[122] Nayak D, Ashe S, Rauta PR, Kumari M, Nayak B. Bark extract mediated green synthesis of silver nanoparticles: 
Evaluation of antimicrobial activity and antiproliferative response against osteosarcoma. Materials Science and 
Engineering: C 2016; 58: 44–52. 

[123] Arya G, Kumari RM, Gupta N, Kumar A, Chandra R, Nimesh S. Green synthesis of silver nanoparticles using 
Prosopis juliflora bark extract: reaction optimization, antimicrobial and catalytic activities. Artif Cells Nanomed 
Biotechnol 2018; 46: 985–3. 

[124] Kaviya S, Santhanalakshmi J, Viswanathan B, Muthumary J, Srinivasan K. Biosynthesis of silver nanoparticles 
using Citrus sinensis peel extract and its antibacterial activity. Spectrochim Acta A Mol Biomol Spectrosc 2011; 
79: 594–8. 

[125] Nasr HA, Nassar OM, El-Sayed MH, Kobisi AA. Characterization and antimicrobial activity of lemon peel mediated 
green synthesis of silver nanoparticles. Int J Biol Chem. 2019;12(2):56-63. 

[126] Reddy NJ, Nagoor Vali D, Rani M, Rani SS. Evaluation of antioxidant, antibacterial and cytotoxic effects of green 
synthesized silver nanoparticles by Piper longum fruit. Materials Science and Engineering: C 2014; 34: 115–122. 

[127] Amaliyah S, Sabarudin A, Masruri M, Sumitro SB. Characterization and antibacterial application of biosynthesized 
silver nanoparticles using Piper retrofractum fruit extract as bioreductor. J App Pharm Sci. 2022; 12(3):103-14. 

[128] Dinesh S, Karthikeyan S, Arumugam P. Biosynthesis of silver nanoparticles from Glycyrrhiza glabra root extract. 
Arch Appl Sci Res. 2012; 4 (1):178-87. 



World Journal of Advanced Research and Reviews, 2024, 21(03), 1221–1238 

1236 

[129] Gavade SM, Nikam GH, Dhabbe RS, Sabale SR, Tamhankar BV, Mulik GN. Green synthesis of silver nanoparticles 
by using carambola fruit extract and their antibacterial activity. Advances in Natural Sciences: Nanoscience and 
Nanotechnology. 2015; 6(4):045015. 

[130] Shankar T, Karthiga P, Swarnalatha K, Rajkumar K. Green synthesis of silver nanoparticles using Capsicum 
frutescence and its intensified activity against E. coli. Resource-Efficient Technologies 2017; 3: 303–8. 

[131] Ghafoori SM, Entezari M, Taghva A, Tayebi Z. Biosynthesis and evaluation of the characteristics of silver 
nanoparticles using Cassia fistula fruit aqueous extract and its antibacterial activity. Advances in Natural 
Sciences: Nanoscience and Nanotechnology 2017; 8: 045019. 

[132] Soshnikova V, Kim YJ, Singh P, Huo Y, Markus J, Ahn S, Castro-Aceituno V, Kang J, Chokkalingam M, Mathiyalagan 
R, Yang DC. Cardamom fruits as a green resource for facile synthesis of gold and silver nanoparticles and their 
biological applications. Artificial cells, nanomedicine, and biotechnology. 2018; 46(1):108-17. 

[133] Gnanajobitha G, Paulkumar K, Vanaja M, Rajeshkumar S, Malarkodi C, Annadurai G, Kannan C. Fruit-mediated 
synthesis of silver nanoparticles using Vitis vinifera and evaluation of their antimicrobial efficacy. J Nanostruc in 
Chem. 2013; 3:1-6. 

[134] Loo YY, Chieng BW, Nishibuchi M, Radu S. Synthesis of silver nanoparticles by using tea leaf extract from Camellia 
sinensis. Int J Nanomed. 2012: 4263-7. 

[135] Alex S, Rani PM, Soni KB, Nair DS, Reghunath BR. Biosynthesis of silver nanoparticles with antibacterial activity 
using leaf extract of Michelia champaca. J Plant Sci Res. 2012;28(1):121-6. 

[136] Krishnaraj C, Jagan EG, Rajasekar S, Selvakumar P, Kalaichelvan PT, Mohan N. Synthesis of silver nanoparticles 
using Acalypha indica leaf extracts and its antibacterial activity against water borne pathogens. Colloids Surf B 
Biointerfaces. 2010; 76: 50–56. 

[137] Vanaja M, Paulkumar K, Baburaja M, Rajeshkumar S, Gnanajobitha G, Malarkodi C, Sivakavinesan M, Annadurai 
G. Degradation of methylene blue using biologically synthesized silver nanoparticles. Bioinorganic chemistry and 
applications. 2014; 2014. 

[138] Gomathi M, Rajkumar PV, Prakasam A, Ravichandran K. Green synthesis of silver nanoparticles using Datura 
stramonium leaf extract and assessment of their antibacterial activity. Res Effic Technol. 2017; 3: 280-4. 

[139] Mollick MM, Bhowmick B, Maity D, Mondal D, Bain MK, Bankura K, Sarkar J, Rana D, Acharya K, Chattopadhyay 
D. Green synthesis of silver nanoparticles using Paederia foetida L. leaf extract and assessment of their 
antimicrobial activities. Int J Green Nanotech. 2012; 4(3):230-9. 

[140] Shafaghat A. Synthesis and Characterization of Silver Nanoparticles by Phytosynthesis Method and Their 
Biological Activity. Synthesis and Reactivity in Inorganic, Metal-Organic, and Nano-Metal Chemistry 2015; 45: 
381–7. 

[141] Chitra G, Balasubramani G, Ramkumar R, Sowmiya R, Perumal P. Mukia maderaspatana (Cucurbitaceae) extract-
mediated synthesis of silver nanoparticles to control Culex quinquefasciatus and Aedes aegypti (Diptera: 
Culicidae). Parasitol Res. 2015; 114: 1407–5. 

[142] Sankar R, Karthik A, Prabu A, Karthik S, Shivashangari KS, Ravikumar V. Origanum vulgare mediated biosynthesis 
of silver nanoparticles for its antibacterial and anticancer activity. Colloids Surf B Biointer. 2013; 108: 80–4. 

[143] Zargar M, Hamid AA, Bakar FA, Shamsudin MN, Shameli K, Jahanshiri F, Farahani F. Green synthesis and 
antibacterial effect of silver nanoparticles using Vitex negundo L. Molecules. 2011; 16(8):6667-76. 

[144] Sur UK, Ankamwar B, Karmakar S, Halder A, Das P. Green synthesis of Silver nanoparticles using the plant extract 
of Shikakai and Reetha. Materials Today: Proceedings. 2018; 5(1):2321-9. 

[145] Sowmiya K, Prakash JT. Green-synthesis of silver nanoparticles using Abies webbiana leaves and evaluation of its 
antibacterial activity. J Pharmacog Phytochem. 2018; 7(5):2033-6. 

[146] Arunachalam R, Dhanasingh S, Kalimuthu B, Uthirappan M, Rose C, Mandal AB. Phytosynthesis of silver 
nanoparticles using Coccinia grandis leaf extract and its application in the photocatalytic degradation. Colloids 
Surf B Biointerfaces 2012; 94: 226–230. 

[147] Vanaja M, Annadurai G. Coleus aromaticus leaf extract mediated synthesis of silver nanoparticles and its 
bactericidal activity. Appl Nanosci 2013; 3: 217–223. 



World Journal of Advanced Research and Reviews, 2024, 21(03), 1221–1238 

1237 

[148] Saikia D, K. Gogoi P, Phukan P, Bhuyan N, Borchetia S, Saikia J. Green Synthesis Of Silver Nanoparticles Using 
Asiatic Pennywort And Bryophyllum Leaves Extract And Their Antimicrobial Activity. Adv Mater Lett 2015; 6: 
260–264. 

[149] Vivek R, Thangam R, Muthuchelian K, Gunasekaran P, Kaveri K, Kannan S. Green biosynthesis of silver 
nanoparticles from Annona squamosa leaf extract and its in vitro cytotoxic effect on MCF-7 cells. Process 
Biochemistry 2012; 47: 2405–2410. 

[150] Behravan M, Hossein PA, Naghizadeh A, Ziaee M, Mahdavi R, Mirzapour A. Facile green synthesis of silver 
nanoparticles using Berberis vulgaris leaf and root aqueous extract and its antibacterial activity. Int J Biol 
Macromol 2019; 124: 148–154. 

[151] Baskaralingam V, Sargunar CG, Lin YC, Chen JC. Green synthesis of Silver nanoparticles through Calotropis 
gigantea leaf extracts and evaluation of antibacterial activity against Vibrio alginolyticus. Nanotechnology 
Development 2012; 2: 3. 

[152] Sathyavathi R, Krishna MB, Rao SV, Saritha R, Rao DN. Biosynthesis of silver nanoparticles using Coriandrum 
sativum leaf extract and their application in nonlinear optics. Adv Sci Lett 2010; 3: 138–143. 

[153] Awwad AM, Salem NM, Abdeen AO. Green synthesis of silver nanoparticles using carob leaf extract and its 
antibacterial activity. Int J of Industrial Chem 2013; 4: 29. 

[154] Anandan M, Poorani G, Boomi P, Varunkumar K, Anand K, Chuturgoon AA, Saravanan M, Prabu HG. Green 
synthesis of anisotropic silver nanoparticles from the aqueous leaf extract of Dodonaea viscosa with their 
antibacterial and anticancer activities. Process Biochemistry 2019; 80: 80–88. 

[155] M. Awwad A, M. Salem N, O. Abdeen A. Biosynthesis of Silver Nanoparticles Using Loquat Leaf Extract and Its 
antibacterial Activity. Adv Mater Lett 2013; 4: 338–342. 

[156] Satyavani K, Ramanathan T, Gurudeeban S. Plant Mediated Synthesis of Biomedical Silver Nanoparticles by Using 
Leaf Extract of Citrullus colocynthis. Res J of Nanosci and Nanotechnology 2011; 1: 95–101. 

[157] Gopinath K, Gowri S, Arumugam A. Phytosynthesis of silver nanoparticles using Pterocarpus santalinus leaf 
extract and their antibacterial properties. J Nanostructure Chem 2013; 3: 68. 

[158] Kathiravan V, Ravi S, Ashokkumar S. Synthesis of silver nanoparticles from Melia dubia leaf extract and their in 
vitro anticancer activity. Spectrochim Acta A Mol Biomol Spectrosc 2014; 130: 116–121. 

[159] Ajitha B, Reddy YA, Reddy PS. Green synthesis and characterization of silver nanoparticles using Lantana camara 
leaf extract. Materials Sci and Eng: C 2015; 49: 373–381. 

[160] Kumar DA, Palanichamy V, Roopan SM. Green synthesis of silver nanoparticles using Alternanthera dentata leaf 
extract at room temperature and their antimicrobial activity. Spectrochim Acta A Mol Biomol Spectrosc 2014; 
127: 168–171. 

[161] Santhoshkumar T, Rahuman AA, Rajakumar G, Marimuthu S, Bagavan A, Jayaseelan C, Zahir AA, Elango G, Kamaraj 
C. Synthesis of silver nanoparticles using Nelumbo nucifera leaf extract and its larvicidal activity against malaria 
and filariasis vectors. Parasitol Res 2011; 108: 693–702. 

[162] Lalitha A, Subbaiya R, Ponmurugan P. Green synthesis of silver nanoparticles from leaf extract Azhadirachta 
indica and to study its anti-bacterial and antioxidant property. Int J Curr Microbiol App Sci 2013; 2: 228–235. 

[163] Singh H, Du J, Singh P, Yi TH. Ecofriendly synthesis of silver and gold nanoparticles by Euphrasia officinalis leaf 
extract and its biomedical applications. Artif Cells Nanomed Biotechnol 2018; 46: 1163–1170. 

[164] Tripathi A, Chandrasekaran N, Raichur AM, Mukherjee A. Antibacterial applications of silver nanoparticles 
synthesized by aqueous extract of Azadirachta indica (Neem) leaves. J Biomed Nanotechnol 2009; 5: 93–98. 

[165] de Jesús Ruíz-Baltazar Á, Reyes-López SY, Larrañaga D, Estévez M, Pérez R. Green synthesis of silver 
nanoparticles using a Melissa officinalis leaf extract with antibacterial properties. Results in Phys 2017; 7: 2639–
2643. 

[166] Roy K, Sarkar CK, Ghosh CK. Plant-mediated synthesis of silver nanoparticles using parsley (Petroselinum 
crispum) leaf extract: spectral analysis of the particles and antibacterial study. Appl Nanosci 2015; 5: 945–951. 

[167] Kumar B, Smita K, Seqqat R, Benalcazar K, Grijalva M, Cumbal L. In vitro evaluation of silver nanoparticles 
cytotoxicity on Hepatic cancer (Hep-G2) cell line and their antioxidant activity: Green approach for fabrication 
and application. J Photochem Photobiol B 2016; 159: 8–13. 



World Journal of Advanced Research and Reviews, 2024, 21(03), 1221–1238 

1238 

[168] Sathishkumar P, Vennila K, Jayakumar R, Yusoff ARM, Hadibarata T, Palvannan T. Phyto-synthesis of silver 
nanoparticles using Alternanthera tenella leaf extract: an effective inhibitor for the migration of human breast 
adenocarcinoma (MCF-7) cells. Bioprocess Biosyst Eng 2016; 39: 651–659. 

[169] Jebakumar Immanuel Edison TN, Sethuraman MG. Electrocatalytic Reduction of Benzyl Chloride by Green 
Synthesized Silver Nanoparticles Using Pod Extract of Acacia nilotica. ACS Sustain Chem Eng 2013; 1: 1326–1332. 

[170] Escárcega-González CE, Garza-Cervantes JA, Vazquez-Rodríguez A, Montelongo-Peralta LZ, Treviño-Gonzalez MT, 
Díaz Barriga Castro E, Saucedo-Salazar EM, Chávez Morales RM, Regalado Soto DI, Treviño González FM, Carrazco 
Rosales JL. In vivo antimicrobial activity of silver nanoparticles produced via a green chemistry synthesis using 
Acacia rigidula as a reducing and capping agent. Int J of nanomedicine 2018; 13: 2349–2363. 

[171] Chopade B, Ghosh S, Patil S, Ahire M, Kitture R, Jabgunde A, Kale S, Pardesi K, Cameotra SS, Bellare J, Dhavale DD. 
Synthesis of silver nanoparticles using Dioscorea bulbifera tuber extract and evaluation of its synergistic potential 
in combination with antimicrobial agents. Int J Nanomedicine 2012; 483. 

[172] Shumail H, Khalid S, Ahmad I, Khan H, Amin S, Ullah B. Review on Green Synthesis of Silver Nanoparticles through 
Plants. Endocr Metab Immune Disord Drug Targets 2021; 21: 994–1007. 

[173] Balasubramanian S, Jeyapaul U, Kala SMJ. Antibacterial Activity of Silver Nanoparticles Using Jasminum 
auriculatum Stem Extract. Int J Nanosci 2019; 18. 

[174] Prabhu S, Poulose EK. Silver nanoparticles: mechanism of antimicrobial action, synthesis, medical applications, 
and toxicity effects. Int Nano Lett 2012; 2: 32. 

[175] Dawadi S, Katuwal S, Gupta A, Lamichhane U, Thapa R, Jaisi S, Lamichhane G, Bhattarai DP, Parajuli N. Current 
research on silver nanoparticles: Synthesis, characterization, and applications. J of Nanomater 2021; 2021: 1–23. 

[176] Yan X, He B, Liu L, Qu G, Shi J, Hu L, Jiang G. Antibacterial mechanism of silver nanoparticles in Pseudomonas 
aeruginosa: proteomics approach. Metallomics 2018; 10: 557–564. 

[177] Burdușel A-C, Gherasim O, Grumezescu AM, Mogoantă L, Ficai A, Andronescu E. Biomedical Applications of Silver 
Nanoparticles: An Up-to-Date Overview. Nanomaterials 2018; 8: 681. 

[178] Sondi I, Salopek-Sondi B. Silver nanoparticles as antimicrobial agent: a case study on E. coli as a model for Gram-
negative bacteria. J Colloid Interface Sci 2004; 275: 177–182. 

[179] Raffi M, Hussain F, Bhatti TM, Akhter JI, Hameed A, Hasan MM. Antibacterial characterization of silver 
nanoparticles against E. coli ATCC-15224. J Mater Sci Technol 2008; 24. 

[180] Kumar P, Selvi SS, Prabha AL, Kumar KP, Ganeshkumar RS, Govindaraju M. Synthesis of Silver Nanoparticles from 
Sargassum tenerrimum and Screening Phytochemicals for Its Antibacterial Activity. Nano Biomed Eng 2012; 4. 

[181] Rajesh S, Raja DP, Rathi JM, Sahayaraj K. Biosynthesis of silver nanoparticles using Ulva fasciata (Delile) ethyl 
acetate extract and its activity against Xanthomonas campestris pv. malvacearum. Journal of Biopesticides 2012; 
5: 119–128. 

[182] Rajeshkumar S, Kannan C, Annadurai G. Synthesis and characterization of antimicrobial silver nanoparticles 
using marine brown seaweed Padina tetrastromatica. Drug Invention Today. 2012; 4(10): 511-3. 

[183] Kumar P, Senthamil Selvi S, Govindaraju M. Seaweed-mediated biosynthesis of silver nanoparticles using 
Gracilaria corticata for its antifungal activity against Candida spp. Appl Nanosci 2013; 3: 495–500. 

[184] Yousefzadi M, Rahimi Z, Ghafori V. The green synthesis, characterization and antimicrobial activities of silver 
nanoparticles synthesized from green alga Enteromorpha flexuosa (wulfen) J. Agardh. Mater Lett 2014; 137: 1–4. 

[185] Mahdieh M, Zolanvari A, Azimee AS, Mahdieh M. Green biosynthesis of silver nanoparticles by Spirulina platensis. 
Scientia Iranica 2012; 19: 926–929. 

[186] Govindaraju K, Basha SK, Kumar VG, Singaravelu G. Silver, gold and bimetallic nanoparticles production using 
single-cell protein (Spirulina platensis) Geitler. J Mater Sci 2008; 43: 5115–5122 


