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Abstract 

The utilization of plant extracts for the green synthesis of silver 

nanoparticles (AgNPs) has emerged as a prominent method due to its 

environmentally friendly and cost-effective nature, garnering 

substantial attention in scientific research. This review article provides 

an in-depth exploration of the synthesis process, focusing on critical 

parameters such as temperature, pH level, and reaction duration, which 

exert significant influence on the size, morphology, and stability of the 

resultant AgNPs. By leveraging the inherent reducing and stabilizing 

properties of diverse biomolecules present in plant extracts, researchers 

can finely adjust the synthesis conditions to yield AgNPs tailored to 

specific requirements. The biomedical applications of these AgNPs are 

extensive, encompassing a wide range of functions from serving as 

antimicrobial agents in wound care and coatings to functioning as 

versatile drug delivery platforms and diagnostic aids. The pronounced 

antimicrobial activity of AgNPs renders them particularly valuable in 

combatting infections and facilitating wound healing processes. 

Moreover, their biocompatibility and minimal cytotoxicity profile hold 

promise for diverse therapeutic applications, including but not limited 

to cancer therapy and tissue engineering. In essence, the green synthesis 

of AgNPs using plant extracts represents a sustainable and promising 

avenue with far-reaching implications in the realms of biomedical 

research and healthcare. 

 

Introduction 

With the rapid emergence of new applications, the nanotechnology industry is experiencing 

significant advancements in the synthesis of nanoparticles with varying shapes and sizes. 
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Nanotechnology has evolved across various fields, including electronics, optics, environmental 

science, healthcare, biosensors, biotechnology, and even everyday household products. This 

evolution has led to a growing demand for safe and efficient nanotechnology solutions. As 

nanotechnology continues to expand its reach and impact, the need for innovative and reliable 

approaches becomes increasingly vital [1]. Studies have explored various methods, including 

physical, chemical, and biological approaches, for synthesizing different metallic nanoparticles. 

However, drawbacks have been identified with both physical and chemical methods. These 

drawbacks include the relatively short lifespan of the nanoparticles produced, the high cost associated 

with these methods, and the production of toxic intermediates during the synthesis process [2]. 

Researchers have identified several benefits of green synthesis compared to physical and chemical 

methods. These include simplicity in the synthesis process, rapid production of nanoparticles, 

absence of toxicity in the synthesized materials, ease of scaling up the synthesis process, and a 

reduction in the overall cost associated with nanoparticle production [3]. Various studies in the 

literature have documented the production of diverse metal nanoparticles through biological 

processes. Among these, silver nanoparticles (AgNPs) synthesized through biological methods have 

garnered significant attention from researchers. This preference stems from the extensive array of 

applications these nanoparticles offer, spanning across healthcare, agriculture, water treatment, 

biosensors, textiles, and the food industry. Achieving controlled synthesis of nanoparticles using 

different biological systems necessitates careful optimization of several parameters. This process 

involves several key steps, such as adjusting the pH and temperature of the reaction mixture, 

optimizing the ratio of biomass to metal ion concentration, determining the appropriate reaction 

duration, and controlling the agitation rate. Each of these adjustments is crucial for ensuring the 

efficiency and effectiveness of the reaction. Such optimization efforts are crucial for ensuring the 

reproducibility and efficiency of the synthesis process [4]. Biological systems exhibit inherent 

efficiency and distinctive properties conducive to the synthesis of silver nanoparticles (AgNPs). For 

instance, plants, readily accessible in nature, offer a straightforward and swift method for AgNPs 

synthesis. This efficiency can be attributed to the presence of various metabolites within plants, 

including alkaloids, terpenoids, amino acids, vitamins, polysaccharides, proteins, and enzymes. These 

metabolites play dual roles as both reducing agents, facilitating the conversion of metal ions to 

nanoparticles, and stabilizing agents, preventing the agglomeration or precipitation of the synthesized 

nanoparticles [5]. Algae, which can thrive on water surfaces with relative ease, employ cellular 

reductase enzymes for the synthesis of silver nanoparticles (AgNPs) [6]. 
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Researchers have found that maintaining a basic pH level is more conducive for the synthesis of 

silver nanoparticles (AgNPs), resulting in the production of nanoparticles that are more stable, have a 

higher yield, exhibit monodispersity, and grow rapidly [7]. Additionally, recent technological 

advancements have made it possible to monitor synthesis kinetics in real-time using techniques such 

as synchrotron small-angle scattering, wide-angle synchrotron scattering combined with UV-

spectroscopy, and transmission X-ray microscopy (TXM).  By fine-tuning nanoparticles using 

specifically designed processes, it becomes feasible to address existing challenges in various fields 

including agriculture, medical sciences, textiles, and environmental protection [8]. 

Several recent studies have concentrated on the antibacterial activity of silver nanoparticles (AgNPs), 

primarily assessing parameters such as Minimum Inhibitory Concentration (MIC), Zone of 

Inhibition, and reduction in growth rate  [9]. However, a comprehensive understanding of the 

antimicrobial mechanism of AgNPs has remained elusive. Recent advancements in various 

biophysical techniques, including proteomics, bioinformatics, Anode Stripping Voltammetry (ASV), 

and Scanning Transmission Electron Microscopy-High Angle Annular Dark Field (STEM-HAADF), 

have enabled researchers to explore the underlying mechanisms of AgNPs' action more thoroughly. 

Yan et al. (2018) utilized proteomic and bioinformatics tools to examine the role of 64 proteins in the 

interaction between AgNPs and bacteria [10]. Furthermore, STEM-HADDF analysis revealed the 

distribution of silver released by silver nanoparticles within bacterial cells, leading to damage to the 

 

Figure 1 Plant-mediated synthesis of silver nanoparticles. 
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integrity of the cell membrane and organelles [11]. Furthermore, Anodic Stripping Voltammetry 

(ASV) was utilized to examine the liberation of silver ions from silver nanoparticles upon interaction 

with bacterial cells, leading to cellular demise [12]. Moreover, recent advancements have seen the 

development of innovative methods for delivering AgNPs, such as encapsulation, conjugation, and 

hybridization with antibiotics, metallic nanoparticles, and polymers [13]. 

Green synthesis of silver nanoparticles (AgNPs) 

While the exact mechanism remains unclear, the process of reducing metal ions using plant extracts 

was first discovered in the early 1900s. Since then, numerous metals have been successfully reduced 

using a wide range of plant materials. This method leverages the natural reducing agents found in 

plants, making it an effective and environmentally friendly approach for metal ion reduction [14]. 

However, over the past 35 years, there has been considerable interest in the biosynthesis of silver 

nanoparticles (AgNPs) utilizing extracts from plant tissues, specific plant parts, or even whole plants 

[15]. The The bioreduction process involves a straightforward method of mixing a metal solution 

with plant extracts at room temperature. This approach leverages the natural reducing agents present 

in the plant extracts to facilitate the reduction of metal ions, offering a simple and eco-friendly 

alternative to more complex chemical methods  [14]. During the green synthesis of AgNPs, the main 

objectives are to improve safety and efficiency while reducing the environmental and societal impact 

of toxic raw materialsThe properties, yield, quality, and characteristics of the generated AgNPs are 

predominantly influenced by variables such as the concentrations of plant extract and metal salt, 

reaction duration, temperature, and pH level. These parameters play crucial roles in controlling the 

synthesis process and achieving desired outcomes with minimal environmental impact [16]. 

The selection of plant extract is crucial as various plants and their different parts contain diverse 

biomolecules that serve as both reducing and stabilizing agents during bioreduction. These 

biomolecules can significantly impact the surface properties of AgNPs and their tendency to 

agglomerate in solution, given the multitude of potential interactions with AgNPs [14]. Therefore, the 

following section briefly explores the various plant types and parts commonly utilized for AgNP 

biosynthesis. 

Green synthesis of AgNPs using extracts derived from leaves, roots, shoots, flowers, and fruits 

The green method of manufacturing silver nanoparticles (AgNPs) using extracts derived from leaves, 

roots, stems, flowers and fruits has several advantages over other conventional methods. It is an 

environmentally friendly method, uses natural and non-toxic materials, and is characterized by low 

cost and fast production. This process is done by using plant extracts as sources of reductive and 



Laith S. Alhiti, et al. Iraqi Journal of Natural Sciences and Nanotechnology (6)(2) (2025) 64-95 

 

68 

 

stabilized materials to manufacture silver nanoparticles. These extracts contain natural chemical 

compounds such as phenols, flavonoids, amino acids, proteins and enzymes that reduce silver ions 

and stabilize the nanoparticles formed [17].This process is performed in moderate environmental 

conditions in terms of temperature, humidity and pH. It is also characterized by speed and efficiency 

in producing silver nanoparticles with a uniform size distribution and spherical shape. Silver 

nanoparticles produced in this way have unique physical and chemical properties, such as biological 

activity, antibacterial properties, and diverse medical and industrial applications [18]. 

• If the plant extract is sourced from leaves or peels of specific plants, a meticulous procedure 

ensues. Firstly, a portion of these botanical parts is carefully harvested from suitable 

locations. Then, they undergo a thorough washing regimen involving two to three rounds of 

cleansing with tap water to eliminate any adhered dust and soil residues. Subsequently, the 

botanical parts are subjected to a rinse with distilled water to eradicate any lingering debris. 

Following this, the clean and freshly washed leaves are left to air-dry in a shaded area for a 

duration spanning 5 to 7 days. Once adequately dried, they are finely pulverized using a 

household blender to yield a powdered form. To obtain the plant extract, approximately 0.5 to 

10 grams of the dried powder is boiled with an appropriate volume of distilled water [19]. 

The resulting extracts are then subjected to filtration through filter paper to remove any solid 

particulates, and each filtrate is collected into individual volumetric flasks (250 ml). These flasks are 

carefully stored at 4°C to maintain their integrity and purity for future use [20]. It's essential to note 

that this freshly prepared extract, obtained through meticulous processing, serves as a crucial 

component in the synthesis of silver nanoparticles (AgNPs). This extract is consistently utilized in its 

unadulterated state to ensure the optimal performance and efficacy of the synthesized nanoparticles 

[21]. 

• When extracting from fresh fruit, a meticulous procedure is followed to ensure purity and 

efficacy. Firstly, the fruit undergoes a thorough washing process with tap water, followed by a 

rinse with distilled water to eliminate any surface contaminants. Subsequently, the fruit is 

carefully sliced and pressed through a fine nylon mesh to extract the juice, ensuring minimal 

loss of valuable components. The resulting juice extract is then subjected to centrifugation at 

10,000 rpm for 10 minutes. This centrifugal force effectively separates any undesirable 

impurities from the extract, ensuring its clarity and purity. 

Once centrifugation is complete, the clarified extract is carefully transferred into a dark 

volumetric flask with a capacity of 100 ml. This choice of container helps to shield the extract 
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from light, which could potentially degrade its constituents. The flask is then sealed and 

stored at a temperature of 4°C to maintain the stability and integrity of the extract for 

subsequent experimental procedures [22]. This detailed process ensures that the extract 

obtained from fresh fruit is of high quality and suitable for use in scientific experiments.  

• For extraction from other plant parts, it is crucial to meticulously cleanse the requisite plant 

material and subsequently combine it with distilled water. Following this, it undergoes a brief 

boiling process and filtration. The resultant filtrate can be employed promptly or stored at a 

low temperature for subsequent utilization [23]. The selection of solvent also influences the 

extraction efficiency, with phenolic and alcoholic extracts demonstrating an augmentation in 

phytochemical content. Numerous investigations, as outlined in Table 1, have examined the 

fabrication of AgNPs utilizing diverse plant extracts. 

Table 1 Different leaf extracts utilized in the eco-friendly production of AgNPs and their antibacterial efficacy. 

No. Plants 
Size 

(nm) 
Shape Biomedical Applications Ref. 

1.  
Tea leaf 20 Spherical 

• Escherichia coli 

• Staphylococcus 

aureus 

[24] 

2.  

Raphanus 

sativus 
6-38 Spherical • Aspergillus fumigatus 

• Fusarium solani 

[25] 

3.  

Clitoria 

ternatea 
20 Spherical 

• Bacillus Subtilis 

• Staphylococcus 

aureus 

• Streptococcus 

pyogenes 

• Escherichia coli 

• Pseudomonas 

aeruginosa 

• Klebsiella aerogenes 

[26] 
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4.  

Prunus 

yedoensis 
18 - 20 

Spherical, 

oval 

• Propionibacterium 

acnes 

• Staphylococcus 

epidermidis 

[27] 

5.  

Justicia 

adhatoda L. 
5 - 50 Spherical • Pseudomonas 

aeruginosa 

[28] 

6.  
Plantago major 10 - 20 Spherical 

• Staphylococcus 

aureus 

• Escherichia coli 

• Pseudomonas 

aeruginosa 

[29] 

7.  

Artocarpus 

altilis 
20-50 Spherical 

• Escherichia coli 

• Pseudomonas 

aeruginosa 

• Staphylococcus 

aureus 

• Aspergillus versicolor 

[30] 

8.  

Crotalaria 

retusa 
80 Spherical 

• Escherichia coli 

• Staphylococcus 

aureus 

[31] 

9.  

Pedalium 

murex 
20-50 Spherical 

• Escherichia coli 

• Klebsiella 

pneumoniae 

• Mariniluteicoccus 

flavus 

• Pseudomonas 

aeruginosa 

• Bacillus subtilis 

• Bacillus pumilus 

• Staphylococcus 

[32] 



Laith S. Alhiti, et al. Iraqi Journal of Natural Sciences and Nanotechnology (6)(2) (2025) 64-95 

 

71 

 

aureus 

10.  

Azadirachta 

indica 
34 Spherical 

• Staphylococcus 

aureus 

• Escherichia coli 

[33] 

11.  

Croton 

bonplandianum 
15-40 Spherical 

• Pseudomonas 

aeruginosa 

• Escherichia coli 

• Staphylococcus 

aureus 

[34] 

12.  
Tamarix gallica 5-40 Spherical 

• Escherichia coli 
[35] 

13.  
Lantana trifolia 5 - 70 Spherical 

• Staphylococcus 

aureus 

• Candida albicans 

• Escherichia coli 

• Pseudomonas 

aeruginosa 

• Bacillus subtilis 

[36] 

14.  

Taraxacum 

officinale 
5 - 30 Spherical 

• Xanthomonas 

axonopodis 

• Pseudomonas 

syringae 

[37] 

15.  
Lantana camara 20-200 Spherical 

• Staphylococcus 

aureus 

• Escherichia coli 

• Pseudomonas 

aeruginosa 

• Klebsiella 

pneumoniae 

[38] 

16.  
Jatropha curcas 20-50 Spherical • Escherichia coli 

• Pseudomonas 

[39] 
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aeruginosa 

• Bacillus cereus 

• Salmonella enterica 

• Listeria 

monocytogenes 

• Staphylococcus 

aureus 

17.  

Salvinia 

molesta 
10 Spherical 

• Staphylococcus 

aureus 

• Escherichia coli 

[40] 

18.  

Protium 

serratum 
74.5 Spherical 

• Pseudomonas 

aeruginosa 

• Escherichia coli 

• Bacillus subtilis 

[41] 

19.  

Indoneesiella 

echioides 
29 Spherical 

• Rhodococcus 

rhodochrous 

• Aeromonas 

hydrophila 

• Staphylococcus 

aureus 

• Pseudomonas 

aeruginosa 

• Candida albicans 

[42] 

20.  

Hydrocotyle 

rotundifolia 
7.39 Spherical 

• Escherichia coli 

 
[43] 

21.  

Maclura 

pomifera 
6-16 Spherical 

• Staphylococcus 

aureus 

• Bacillus cereus 

• Escherichia coli 

• Pseudomonas 

[44] 
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aeruginosa 

• Aspergillus niger 

• Candida albicans 

22.  

Paederia 

foetida Linn. 
5-25 Spherical 

• Bacillus cereus 

• Staphylococcus 

aureus 

• Escherichia coli 

• Aspergillus niger 

[45] 

23.  

Talinum 

triangulare 
13.86 Spherical 

• Escherichia coli 

• Salmonella typhi 

• Bacillus subtilis 

• Staphylococcus 

aureus 

• Candida albicans 

[46] 

24.  

Ricinus 

communis 
8.96 Spherical 

• Staphylococcus 

aureus 

• Pseudomonas 

aeruginosa 

[47] 

25.  

Erythrina 

suberosa 
15-34 Spherical 

• Staphylococcus 

aureus 

• Pseudomonas 

aeruginosa 

• Candida krusei 

• Trichophyton 

mentagrophytes 

[48] 

26.  

Brassica 

oleracea L. 
30-100 Spherical 

• Staphylococcus 

aureus 

• Escherichia coli 

• Candida albicans 

[49] 

27.  Artemisia 
27-53 Spherical • Escherichia coli 

• Staphylococcus 

[50] 



Laith S. Alhiti, et al. Iraqi Journal of Natural Sciences and Nanotechnology (6)(2) (2025) 64-95 

 

74 

 

vulgaris aureus 

• Pseudomonas 

aeruginosa 

• Klebsiella 

pneumoniae 

• Haemophilus 

influenzae 

28.  

Petiveria 

alliacea L. 

16.7-

33.74 
Spherical 

• Escherichia coli 

• Klebsiella 

pneumoniae 

• Staphylococcus 

aureus 

[51] 

29.  
Ficus ingens 81.37 Spherical 

• Escherichia coli 

• Salmonella typhi 

• Bacillus cereus 

[52] 

30.  

Thymbra 

spicata 
70.2 Spherical 

• Bacillus cereus 

• Staphylococcus 

aureus 

• Escherichia coli 

• Salmonella 

typhimurium 

[53] 

31.  
Tecoma stans 2-40 Spherical 

• Bacillus subtilis 

• Staphylococcus 

aureus 

• Klebsiella 

pneumoniae 

[54] 

32.  

Selaginella 

bryopteris 
5-10 Spherical 

• Staphylococcus 

aureus 

• Escherichia coli 

• Aspergillus niger 

[55] 
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33.  

Camellia 

sinensis 
30 Spherical 

• Staphylococcus 

aureus 

• Klebsiella 

pneumoniae 

[56] 

34.  

Kleinia 

grandiflora 
20-50 Spherical 

• Pseudomonas 

aeruginosa 

• Candida albicans 

[57] 

35.  

Juniperus 

procera 
30-90 

Spherical and 

cubic 

• Micrococcus luteus 

• Bacillus subtilis 

• Proteus mirabilis 

• Klebsiella 

pneumoniae 

• Candida albicans 

[58] 

36.  

Capparis 

zeylanica 
23 Spherical 

• Staphylococcus 

epidermidis 

• Enterococcus faecalis 

• Salmonella paratyphi 

• Shigella dysenteriae 

• Candida albicans 

• Aspergillus niger 

[59] 

37.  

Ligustrum 

lucidum 
13 Spherical 

• Setosphaeria turcica 
[60] 

38.  

Murraya 

koenigii 
35-80 Spherical 

• Escherichia coli 

• Pseudomonas 

aeruginosa 

• Enterococcus faecalis 

• Candida albicans 

[61] 

39.  

Aspilia 

pluriseta 
1-20 Spherical 

• Bacillus subtilis 

• Staphylococcus 

aureus 

[62] 
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• Escherichia coli 

• Pseudomonas 

aeruginosa 

• Candida albicans 

40.  

Curcuma longa 

L. 
15-40 Spherical 

• Staphylococcus 

aureus 

• Pseudomonas 

aeruginosa 

• Streptococcus 

pyogenes 

• Escherichia coli 

• Candida albicans 

[63] 

41.  

Cleistanthus 

collinus 
30 - 50 

Spherical 

however not 

mentioned in 

manuscript 

• Shigella sonnei 

• Pseudomonas 

aeruginosa 

• Staphylococcus 

aureus 

• Bacillus subtilis 

• Shigella dysenteriae 

• Vibrio cholerae 

• Proteus mirabilis 

[64] 

42.  
Rice 16.5 Spherical 

• Rhizoctonia solani 
[65] 

43.  

Rosmarinus 

officinalis 
29 Sphere 

• Staphylococcus 

aureus 

• Bacillus subtilis 

• Escherichia coli 

• Pseudomonas 

aeruginosa 

[66] 

44.  

Ceropegia 

thwaitesii 
100 Sphere • Salmonella typhi 

• Bacillus subtilis 

[67] 
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• Staphylococcus 

aureus 

• Staphylococcus 

epidermidis 

• Vibrio cholerae 

• Klebsiella 

pneumoniae 

• Micrococcus luteus 

• Proteus mirabilis 

• Pseudomonas 

aeruginosa 

• Shigella flexneri 

45.  
Ziziphus jujuba 20-30 Irregular 

• Escherichia coli 

 

[68] 

46.  

Ocimum 

Sanctum 
14.6 Spherical 

• Escherichia coli 

 

[69] 

47.  
Ficus palmata 28 - 33 Spherical 

• Streptococcus 

pneumoniae 

• Escherichia coli 

• Pseudomonas 

aeruginosa 

• Klebsiella 

pneumoniae 

• Proteus vulgaris 

[70] 

48.  

97 

Andrographis 

paniculata 

40 and 

60 
Cubic 

• Pseudomonas 

aeruginosa 

• Escherichia coli 

• Vibrio cholerae 

• Shigella flexneri 

• Bacillus subtilis 

[71] 
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• Staphylococcus 

aureus 

• Micrococcus luteus 

49.  

Andrographis 

echioides 

68.06-

91.28 

Cubic, 

pentagonal, 

hexagonal 

• Escherichia coli 

• Staphylococcus 

aureus 

• Salmonella 

typhimurium 

• Micrococcus luteus 

• Pseudomonas 

aeruginosa 

[72] 

50.  

Pedalium 

murex 
10 - 50 Spherical 

• Bacillus subtilis 

• Staphylococcus 

aureus 

• Escherichia coli 

• Micrococcus flavus 

• Pseudomonas 

aeruginosa 

• Bacillus pumilus 

• Klebsiella 

pneumoniae 

[73] 

 

Table 2 The utilization of diverse seed, flower, root, Fruit and Gum extracts in the environmentally friendly synthesis of AgNPs and 

evaluates their antimicrobial properties . 

No. Plants parts 
Size 

(nm) 
Shape Biomedical Applications Ref. 

1.  
Grape seeds 

25 - 

35 

Spherical 

- 

polygonal 

• Vibrio alginolyticus 

• Escherichia coli 

• Vibrio 

parahaemolyticus 

[74] 



Laith S. Alhiti, et al. Iraqi Journal of Natural Sciences and Nanotechnology (6)(2) (2025) 64-95 

 

79 

 

• Vibrio anguillarum 

• Pseudomonas 

aeruginosa 

• Alteromonas 

punctata 

• Shigella dysenteriae 

• Staphylococcus 

aureus 

2.  
D. zibethinus seeds 

20 -  

75 

Spherical 

- rod 

shaped 

• Escherichia coli 

• Salmonella 

typhimurium 

• Bacillus subtilis 

• Staphylococcus 

aureus 

• Staphylococcus 

haemolyticus 

• Salmonella typhi 

[75] 

3.  

Synsepalum 

dulcificum 
seeds 4 - 26 Spherical 

• Pseudomonas 

aeruginosa 

• Klebsiella 

granulomatis 

• Aspergillus flavus 

• Aspergillus 

fumigatus 

• Aspergillus niger 

[76] 

4.  
Linseed seeds 

10 - 

35 
Spherical 

• Streptococcus mutans 

• Staphylococcus 

epidermidis 

• Pseudomonas 

aeruginosa 

• Escherichia coli 

[77] 
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• Staphylococcus 

aureus 

• Bacillus subtilis 

• Actinomyces 

odontolyticus 

• Aspergillus niger 

5.  

Melissa 

officinalis 
seeds 34.64 Spherical 

• E. coli 

• B. subtilis 

• B. vallismortis 

[78] 

6.  

Alpinia 

katsumadai 
seeds 12.6 Spherical 

• Staphylococcus 

aureus 

• Escherichia coli 

• Pseudomonas 

aeruginosa 

[79] 

7.  
C. arabica seeds 

20  - 

30 

Spherical 

- 

ellipsoidal 

• Escherichia coli 

• Staphylococcus 

aureus 

[80] 

8.  

Tectona 

grandis 
seeds 

10 - 

30 
Spherical 

• Bacillus cereus 

• Staphylococcus 

aureus 

• Escherichia coli 

[81] 

9.  

Trigonella 

foenum-

graecum 

seeds 33.9 Spherical 

• Escherichia coli 

• Klebsiella 

pneumoniae 

• Staphylococcus 

aureus 

• Salmonella typhi 

• Pseudomonas 

aeruginosa 

• Aspergillus flavus 

[82] 
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• Candida albicans 

• Trichophyton rubrum 

• Penicillium notatum 

10.  

Carum 

copticum 
seeds 21.4 Spherical 

• Pseudomonas 

aeruginosa 

• Serratia marcescens 

• Chromobacterium 

violaceum 

[83] 

11.  
N. arbortristis Flower 5–20 

pherical - 

oval • Escherichia coli 
[84] 

12.  
Alcea rosea Flower 7.20 Spherical 

• Escherichia coli 

• Staphylococcus 

aureus 

[85] 

13.  

Turnera 

ulmifolia 
Flower 32.4 Spherical 

• Staphylococcus 

aureus 

• Pseudomonas 

aeruginosa 

• Escherichia coli 

• Klebsiella aerogenes 

[86] 

14.  
T. stans Flower 50–60 Spherical 

• Escherichia coli 

• Staphylococcus 

aureus 

[87] 

15.  
M. oleifera Flower 8 Spherical 

• Klebsiella 

pneumoniae 

• Staphylococcus 

aureus 

[88] 

16.  

Potentilla 

fulgens 
Root 10–15 Spherical • Escherichia coli 

• Bacillus subtilis 

[89] 

17.  
C. barometz Root 23 Spherical 

• Escherichia coli 
[90] 
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• Staphylococcus 

aureus 

• Salmonella enterica 

• Pseudomonas 

aeruginosa 

18.  

Pelargonium 

endlicherianum 

Fenzl. 

Root 25–80 Spherical 

• Pseudomonas 

aeruginosa 

• Escherichia coli 

• Staphylococcus 

epidermidis 

[91] 

19.  

Lepidium 

draba 
Root 20–80 Spherical 

• Staphylococcus 

aureus 

• Bacillus cereus 

• Salmonella 

typhimurium 

• Escherichia coli 

[92] 

20.  

Phoenix 

dactylifera 
Root 15–40 Spherical • Escherichia coli 

• Candida albicans 

[93] 

21.  

Psidium 

guajava 
Fruit 2–10 Spherical 

• Streptococcus mutans 

• Bacillus cereus 

• Escherichia coli 

• Staphylococcus 

aureus 

• Salmonella typhi 

[94] 

22.  

Solanum 

trilobatum 
Fruit 

12.50–

41.90 
Spherical 

• S. mutans 

• E. faecalis 

• E coli 

• K. pneumoniae 

[95] 

23.  Syzygium 
Fruit 5–68 Spherical • Bacillus subtilis 

• Staphylococcus 

[96] 
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alternifolium aureus 

• Escherichia coli 

• Klebsiella 

pneumoniae 

• Proteus vulgaris 

• Pseudomonas 

aeruginosa 

• Salmonella 

typhimurium 

• Alternaria solani 

• Aspergillus flavus 

• Aspergillus niger 

• Penicillium 

chrysogenum 

• Trichoderma 

harzianum 

24.  
Citrus lemon Fruit 2–10 Spherical 

• Pseudomonas 

aeruginosa 

• Escherichia coli 

• Staphylococcus 

aureus 

[97] 

25.  

Momordica 

charantia 
Fruit 

78.5–

220 
Spherical 

• Escherichia coli 

• Salmonella typhi 

• Staphylococcus 

aureus 

• Pseudomonas 

aeruginosa 

[98] 

26.  
Styrax benzoin Gum 12–38 Spherical 

• Pseudomonas 

aeruginosa 

• Staphylococcus 

aureus 

[99] 
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• Escherichia coli 

• Candida tropicalis 

27.  

Araucaria 

heterophylla 
Gum 50 Spherical • Escherichia coli 

• Streptococcus species 

[100] 

28.  
P. chilensis Gum 50 Spherical • Escherichia coli 

• Streptococcus species 

[100] 

29.  
B. lanzan Gum 

14.7 - 

19.8 
Spherical 

• Escherichia coli 

• Avibacterium avium 

• Staphylococcus 

intermedius 

• Paenibacillus 

macerans 

• Serratia rubidaea 

• Erwinia mallotivora 

• Enterococcus faecalis 

• Staphylococcus 

haemolyticus 

• Proteus mirabilis 

[101] 

30.  
M. pudica Gum --- Irregular 

• Escherichia coli 

• Schizophyllum 

commune 

[102] 

 

Opimized Conditions for Green Synthesis of AgNps 

The efficient green synthesis of silver nanoparticles (AgNPs) and the thorough assessment and 

comprehension of their antimicrobial effects continue to be intricate procedures, despite extensive 

research in this domain over the years. Nonetheless, through a review of the existing literature, 

several hypotheses can be formulated that could contribute to the fabrication of AgNPs with robust 

antimicrobial attributes. Consequently, given the complexities inherent in the investigation of green 

synthesis and the antimicrobial potential of AgNPs, the following factors merit consideration during 

AgNPs synthesis: 
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1. Selection of plant extract 

The solubility of various biochemicals present in plants varies depending on the solvent used 

for extraction, making the selection of an appropriate extraction solvent crucial for the 

successful synthesis of silver nanoparticles (AgNPs). Phenolic compounds, for example, 

exhibit high solubility in solvents such as ethanol, methanol, and their aqueous mixtures (e.g., 

ethanol-water or methanol-water). Therefore, these solvents are commonly preferred for 

extraction purposes, along with pure water, which remains the most widely used solvent [103] 

[104]. 

2. Temperature 

The temperature during the synthesis reaction significantly impacts both the rate of 

nanoparticle formation and the quality of the resulting product. Controlling the temperature 

allows researchers to fine-tune the efficiency of the synthesis process and facilitate the 

creation of precisely defined nanoparticles. Adjusting the temperature parameters enables the 

manipulation of reaction kinetics, affecting factors such as nucleation and growth rates, which 

ultimately influence the size, shape, and uniformity of the nanoparticles produced. Therefore, 

optimizing the temperature conditions is crucial for achieving desired nanoparticle 

characteristics and ensuring reproducibility in synthesis outcomes. 

3. pH level 

The pH level of the reaction medium plays a crucial role in dictating the synthesis process of 

AgNPs. Variations in pH conditions exert a notable influence on the reduction of metal ions 

and the subsequent stabilization of nanoparticles mediated by biomolecules within the plant 

extract. Adjusting the pH level enables researchers to meticulously manipulate the 

characteristics of the synthesized AgNPs, including their size, shape, and stability. By 

carefully fine-tuning the pH parameters, it becomes possible to optimize the synthesis 

conditions to yield AgNPs with desired properties tailored for specific applications. This 

precise control over the pH level ensures reproducibility and consistency in the synthesis 

process, contributing to the advancement of nanoparticle fabrication techniques [107] [108]. 

4. Reaction duration 

The duration of the interaction between the plant extract and the metal salt solution stands as 

a critical determinant influencing the kinetics of nanoparticle formation. Extended reaction 

periods tend to yield larger nanoparticles, whereas shorter durations may produce smaller 

particles. Through meticulous optimization of the reaction duration, researchers can precisely 

control the size and morphology of the AgNPs, ensuring they meet the desired specifications. 
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Fine-tuning the reaction duration allows for the attainment of nanoparticles with tailored 

properties, facilitating their application in various fields. This optimization process enhances 

the reproducibility and efficiency of nanoparticle synthesis, fostering advancements in 

nanotechnology and its diverse applications [109]. 

Conclusions 

Green synthesis of silver nanoparticles is an environmentally friendly method compared to 

traditional chemical and physical methods. Using plant extracts as reducing and coating 

agents to prepare silver nanoparticles has many advantages such as low cost, environmental 

safety, and control of size and shape. The prepared silver nanoparticles have unique properties 

such as biological activity, antibacterial effect, and optical and electrical properties. Silver 

nanoparticles prepared by green synthesis method have been used in many biomedical 

applications such as antibiotics, antioxidants, anticancer, and diagnostic devices. More 

research is required to understand the interaction mechanisms between silver nanoparticles 

and living organisms and improve preparation methods to achieve more effective biomedical 

applications. 
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