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Abstract: Recently, noble metal nanoparticle synthesis has become more advanced thanks to the growth of nanotechnology. The abundance and diversity of the biomolecules that function as capping and reducing agents in biological synthesis methods make them more advantageous than other traditional synthesis techniques in terms of cost and safety. Due to their safety and environmental friendliness, biosynthesized silver nanoparticles (AgNPs) show potential uses in a variety of disciplines. The results of reported studies on the green synthesis of Ag NPs employing various stem, fruit, and seed components have been compiled together with their effects on the morphological characteristics. This review is crucial for figuring out how to synthesize Ag NPs in a method that is regulated, less expensive, and ecologically benign.
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Introduction
In contrast to bulk matter, nanotechnology creates nanoparticles (NPs) and nanoproducts with innovative size-related physicochemical features that are likely employed in many different commercial products throughout the world.[1]. The scientific world has compiled impressive advancements in the domains of nanotechnology and nano-science during the previous several years. [2].  Nanoparticles have superior properties based on their structure, shape, and size rage between1and 100 nm). Nanoparticles can be broadly classified into two types: organic nanoparticles and  inorganic nanoparticles. An inorganic semiconductor nanoparticles such as (ZnS ,ZnO, CdS), while metal nanoparticles such as (Ag, Al, Cu, Au),  as the magnetic nanoparticles (Ni, Co, Fe), and the organic nanoparticles are essentially carbon nanoparticles like carbon nanotubes, fullerenes, quantum dots. Silver (Ag) and Gold (Au) NPs are immediately gaining some interest due to their excellent properties and flexibility[3]. In this review, AgNPs are noted for their unique and distinctive excellent physicochemical properties, including surface-enhanced Raman scattering, high thermal and electrical conductivity, chemical stability, catalytic activity, biological properties[4] and nonlinear optical behavior[5]. The outstanding properties are crystalline, size, shape, structure and composition are superior to those of the bulk materials form [6, 7]. The unique features possess ability  to be applied in many potential applications, including consumer, renewable energy, biomedical devices,  remediation, medicine, food, environmental cosmetics, and industrial purposes[8, 9].
In recent years, the NPs produced by green synthesis has attracted much attention. This is because; natural resources, including microbes, enzymes and plant extracts possess proven to be a good  substitute reagents in nanoparticle fabrication. The use of green materials offers various benefits, including low energy consumption, the absence of any harmful chemicals, and moderate operating conditions e.g., temperature and pressure [10]. As a result, green synthesis methods for creating nanoparticles have been developed employing a variety of species, including molds, yeast, bacteria, algae, and plant extracts. [11].
Metal nanoparticles have distinct thermal, physical, chemical, and optical characteristics in comparison with metallic elements in the bulk form because of their large surface area-to-volume ratio. [12]. Thus, Due to their special qualities, nanoparticles with a diameter of less than 100 nm are appropriate for a wide range of applications [13]. Major microbiological species including bacteria, fungi, and viruses are known to be extremely poisonous to silver and its compounds. [3, 14, 15]. The mechanism of silver fungicidal and fungicidal activity is not exactly understood, but may be that silver inhibits cell transmission and also causes cell lysis[16].  
The higher the ratio of surface area to volume of AgNPs, is the more remarkable their antimicrobial and physicochemical properties[17]. The antimicrobial properties of silver make it an interesting option for the applications in water treatment, catalysis, mirrors, optics, air treatment,  photography, food packaging,  medicine, dentistry, electronics, clothing, and many other areas[16, 18].
AgNPs have been synthesized utilizing a long range of methods, including chemical, physical, and environmentally friendly (biological) ones. All of these techniques include the use of a reducing chemical to convert silver ions into silver as well as nucleation and growth procedures to create stable nanoparticles [19, 20]. It is feasible to create particles with the necessary qualities using a variety of chemical and physical processes can been used to create nanoparticles. However, it is not a promising approach to utilize pricey and harmful compounds as lowering and stabilizing agents [21, 22]. Plant extracts and microorganisms have been lauded as a promising alternative synthesis technique.
It is anticipated to be applicable to A number of plant metabolites, including proteins, sugars, alkaloids, phenolic acids, terpenoids, and polyphenols, are crucial for the bioreduction of silver ions into silver nanoparticles[23]. acalyphaindica[24], mangroves[25],  Arbutus unedo [26], Tribulus terrestris [27],use of Rumex hymenosepalus [28], Eucalyptus chapmaniana[29], Eucalyptus chapmaniana[3] to create AgNPs, previously been revealed. Polysaccharides, The primary elements of the plant extracts are polyol components and water-soluble heterocyclic compounds, which play a key role in the stability of the generated nanoparticles and the reduction of silver ions. Regarding the effectiveness of the AgNPs manufacturing process, it is vital to consider the kind of organic compounds in the crude leaf extract, the concentration of initial silver ion ions, temperature, and the type and concentration of leaf extract pigments. These factors all play a role in the green synthesis of AgNPs using plant extracts [30]. When compared to physical and chemical processes, plant extracts are more affordable and ecologically friendly, and they may be used to create nanoparticles that are safe for human usage [31]. This process offers an affordable and worthwhile option for the large-scale manufacture of AgNPs. In addition, plant extracts have the potential to act as both reducing and stabilizing agents in nanoparticle synthesis[23]. By avoiding the identification, isolation, and maintenance processes, the use of plant extracts for nanoparticle production may be preferable over microbial methods.
Silver nanoparticles (AgNPs) may be created using "bottom-up" and "top-down" methods, as demonstrated in the Fig.1 below. The "bottom-up" approach entails the creation of AgNPs through chemical and biological processes that involve self-assembling atoms into other nuclei that develop into nanoscale-sized particles (Fig.1), as opposed to the "top-down" approach, which involves the size reduction of bulk materials through lithographic techniques (such as grinding, milling, sputtering, or thermal/laser ablation) (Fig.1). Chemical reduction is frequently employed in the "bottom-up" technique to create silver nanoparticles. The silver ions (Ag+) are reduced in aqueous and non-aqueous solutions using organic or inorganic reducing agents, such as sodium citrate, sodium borohydride (NaBH4), elemental hydrogen, ascorbate, N,N-dimethylformamide (DMF), and polyethyleneglycol copolymers. Capping agents are also employed to stabilize the nanoparticles. This technique has a significant benefit because it enables the rapid acquisition of vast amounts of AgNPs. This procedure' significant drawbacks include the usage of hazardous chemicals and the production of unfriendly byproducts[32, 33].
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Figure 1.  (1) Green Synthesis methods of AgNPs  adopted from[34]
Green synthesis methods of AgNPs
Biological method: in this method, The use of microorganisms including bacteria, fungus, yeast, and actinomycetes in the manufacture of metal nanoparticles has enormous promise. It is a method that is beneficial to the environment. Proteins, enzymes, polysaccharides, amino acids, and vitamins found in microorganism extracts may function as reducing and capping agents during the formation of AgNPs. Thus, microbes may contribute to the provision of a large number of nucleation sites and the creation of the circumstances necessary to produce highly distributed nanoparticle systems. They may also immobilize nanoparticles by inhibiting their agglomeration and provide a viscous medium. These microorganisms have recently been recognized as possible eco-friendly Nanofactories. Numerous academics have investigated how microbial resources are used in the production of silver and gold nanoparticles [35-37]. Additionally, these extracts have been shown to have anti-HIV, antifungal, larvicidal, antibacterial, anti-inflammatory, antidiabetic, antioxidant, and snake venom neutralizing properties[38].
Biological method of AgNPs synthesis using bacteria
Extracellular and intracellular manufactoring of inorganic materials via bacteria is a promising biofactory for the production of precious metal nanoparticles such as gold and silver. Despite evidence that silver nanoparticles are biocompatible, certain bacteria are resistant to silver [39]. These bacterias can collect silver in their walls of cell and are industrially suggested for utilize in the recovery of silver from raw materials [40] A number of bacteria that could be used to synthesize AgNPs shown in (Table. 1).
Table 1. Biological method of AgNPs synthesis using bacteria adopted from [41]
	Type of Bacteria 
	Intracellular or
Extracellular
	Precursor 
	Size (nm)
	Shape 
	Ref

	Marine
Ochrobactrum spp.
	Intr 
	AgNO3 
	38–85 
	Spherical 
	[42]

	Exiguobacteriumm
exicanum
	Extr 
	AgNO3 
	5–40 
	Spherical
and cubic
	[43]

	Shewanella
oneidensis
	Extr 
	AgNO3 
	4 1.5 
	Spherical 
	
[44]

	Lactobacillus spp. 
	Extr and intr
	AgNO3 
	2–20 
	Spherical 
	[44]

	Lactobacillus sp.
HG-C3
	Extr 
	AgNO3 
	8–25 
	and spherical
	[45]

	Serratia
nematodiphila
	Extr 
	AgNO3 
	10–31 
	Spherical and
crystalline
	[46]

	Pseudomonas
putida NCIM 2650
	Extr 
	AgNO3 
	70 
	Spherical 
	[47]

	Bacillus
methylotrophicus
	Extr 
	AgNO3 
	10–30 
	Spherical 
	[48]

	Rhodococcus spp. 
	Intr 
	AgNO3 
	5–50 
	Spherical 
	[49]

	Vibrio
alginolyticus
	Extr and intr
	AgNO3 
	50–100 
	Spherical 
	[50]



Klaus et al [51] studied AgNPs synthesis using the Ag-resistant Pseudomonas stutzeri AG259 strain. As a result, they reported a large accumulation of AgNPs reach to 200 nm [51], Moreover, research on AgNP synthesis utilizing Bacillus licheniformis was done in 2008 [52]. In this study, AgNO3 solution was imparted to B. licheniformis biomass and the a brownish color shown was confirmed that AgNPs were formed within an average diameter of 50 nm and stabilized by nitrate enzymes Nanda and Saravanan[53] further said that Staphylococcus aureus culture supernatants were used to produce AgNPs. Their research revealed that all types of Enterobacteriaceae produce AgNPs at a high rate in culture supernatants [53].  Suresh et al [54] utilized a bacterium (Shewanella oneidensis) with the ability to reduce metals and biosynthesized silver nanoparticles by incorporating them into  silver nitrate solution. The outcome result was almost monodisperse AgNPs with spherical shape, as the size 2 - 11 nm, with excellent properties like hydrophilic, stability,  and possess a large surface area [54]. Regarding to another research [55], stability of AgNPs occur were fabricated via the airborne bacterium Bacillus sp. and silver nitrate. The sizes obtained were reported to be between 5 and 15 nm when the biogenic of NPs was investigated between the inner and outer cell membranes of bacterial cells. Considering a report [56], By reducing aqueous Ag+ in a variety of bacterial cultures (Klebsiella pneumoniae, Enterobacter cloacae, and Escherichia coli), AgNPs are created. The findings demonstrated that AgNPs are produced within 5 minutes following the addition of Ag ions to the cell filtrate, demonstrating a very quick rate of synthesis. Sintubin and other [57] used Lactobacillus spp. in the production of AgNPs as a capping and reducing agent. Different kinds of lactic acid bacteria were utilized in this work to gather and then decrease Ag+. 
Biological method of AgNPs synthesis using fungi
Metal NP synthesis is  possible via fungi. This is because of their highest binding capability, capacity for metal bioaccumulation, and tolerance of cellular absorption [58]. Fungi secrete sufficient enzymes that can reduce AgNO3 solutions in a variety of ways, which can be used to synthesize NPs [59].Kumar et al[60] examined the rational use of enzymes possessed by fungi.  The following is an in vitro enzymatic process for producing AgNPs: Nitrate reductase and phytochelatin are used to process NADPH (nicotinamide adenine dinucleotide phosphate) [60]. Purified nitrate reductase from the fungus Fusarium oxysporum was coupled with NADPH in vitro. According to their research, hydroxyquinoline serves as an electron shuttle for silver, a capping peptide was used to further stabilize the silver hydrosol, which had a size range of 10 to 25 nm. It has been reported that Trichoderma viride contains biocomponents useful for the extracellular biosynthesis of Ag; micrographs demonstrate that the produced AgNPs have a variety of morphologies, including rod-like and spherical, and the obtained NPs range in size from 5 to 40 nm [61]. In another study, Naqviet et al [62] shown that producing AgNPs with antibiotic-incorporated A. flavus increased their biocidal effectiveness against multidrug-resistant bacteria [62]. Ahmad et al[61] It has also been shown that water-soluble Ag+ ions are reduced in solution by an enzymatic mechanism to create a very stable Ag hydrosol when they come into contact with Fusarium oxysporum. The generated NPs are detected in the 5–15 nm range and are stabilized in solution by bacteria-secreted proteins [61]. Extracellular synthesis from Aspergillus fumigatus produces monodisperse AgNPs and is shown to be extremely quick [2]. 
Regarding to research [63] AgNPs with spherical shape were synthesized used Aspergillus terreus and reported that they have a diameter of 1-20 nm [63]. The extracellular production of AgNPs using F. oxysporum and their antimicrobial impact on the textile fabrics were also studied [64], and from work [37] they claimed that monodisperse AgNPs could be realized with the fungus Aspergillus flavus. In this research, (TEM) measurement shown that the size of NPs appeared  to be in the range of 8.92 ± 1.61 nm [37]. Additionally, Balaji et al. investigated the extracellular synthesis of AgNPs using Cladosporium cladosporioides [65], who found that the size of synthesized NPs measured via TEM was between 10-100 nm [65]. In summary, we can say that the walls of the cell microorganisms used in biological synthesis play an important role in the formation of NPs in the cell. The interaction of positively charged metal ions with the negatively charged cell wall results in the electrostatic biological reduction of metal ions to NPs [66]. As shown in Table 2, there are numerous fungi available for the synthesis of AgNPs.
Table 2. Biological method of AgNPs synthesis using fungi adopted from [41]
	Type of Fungi 
	Intracellular/Extracellular 
	Precursor 
	Size
(nm)
	Shape
	Ref

	Aspergillus
niger
	Extr 
	AgNO3 
	1-20 
	Spherical and
Poly-dispersed
	[67]

	Trichoderma
harzianum
	Extr
	AgNO3 
	34.77 
	Ellipsoid and
Spherical
	[68]

	Fusarium
acuminatum
	Extr
	AgNO3 
	13 
	Spherical 
	[69]

	Penicillium
fellutanum
	Extr
	AgNO3 
	5-25 
	Spherical 
	[70]

	Aspergillus
clavatus
	Extr and intr
	AgNO3 
	10-25 
	Poly-dispersed
and Spherical
	[71]

	Fusarium
oxysporum
	Extr
	AgNO3 
	10-25 
	Not reported 
	[60]

	Aspergillus
flavus
	Extr
	AgNO3 
	8.92
±1.61
	Mono-dispersed 
	[37]

	Schizophyllum
commune
	Extr and intr
	AgNO3 
	51-93 
	Spherical 
	[72]



Biological method of AgNPs synthesis using Plants
Preparation of metal nanoparticles via plants (plant extracts, non-functional plant tissues, and living plants) is a promising part of the biosynthetic process. It is known that the plants possess the ability to potential to reduce metal ions at the nanoparticle surfaces and in various tissues and organs away from ion permeation sites [23]. Biomolecules (Biomolecules present in plant extracts, including amino acids, enzymes proteins, polysaccharides, vitamins, and some organic acids, such as citric acid, can maybe reduce metal ions. In this context, plant extracts are employed for the biological reduction of metal ions from their nanoparticles, an in vitro method that has been effectively established in recent years. extracts different plant components, such leaves and flowers Fruits and seeds.
Plant metabolites: The plants are made up of a variety of plant metabolites, including terpenoids and polysaccharides, Alkaloid, proteins, phenolic acids, and polyphenols all contribute significantly to the bioreduction of metal ions into nanoparticles [23]. Terpenoids are a diverse group of plant-based organic polymers of five-carbon isoprene units that possess potent antioxidants[23]. Flavonoids are a large group of polyphenols consisting of several catigories including flavonols, anthocyanins, chalcones, isoflavonoids, and flavanones, which can efficiently bind metal ions and transform them into nanoparticles. Flavonoid groups are also capable of forming nanoparticles[23]. Sugar is also utilized to create metal nanoparticles in plant extracts. Because their free aldehyde groups can function as reducing and capping agents shown in Fig.2,  agents, they are recognized as monosaccharides like glucose. The kind of sugars and the quantity of each component monosaccharide are very important factors[23].
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Figure 2. Plant extract work as solvent, reduction and capping agent in green synthesis

 Different amino acid-containing proteins have the ability to diminish a number of metal ions, resulting in nanoparticles. In green synthesis, plant extracts are usually utilized to synthesize silver nanoparticles. The plant extracts are mixed with silver nitrate to form silver nanoparticles. However, several factors, such as the nature of the reducing agent (e.g., plant secondary metabolites) shown in Fig. 3, the method of stirring the solution while adding AgNO3, the dropping or direct addition of AgNO3 to the series, the concentration of plant extract used, the concentration of AgNO3 solution, the time interval, light or radiation intensity, reaction time, temperature, and pH, can affect the synthetic process.
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Figure 3. Types of secondary metabolites adopted from [73]

Table 3.  (3) Green synthesis of AgNPs using Plants adopted from[74]
	References
	Size
(nm)
	Morphology 
	Plant
part used
	Plant origin 
	Sr.
no.

	[75]
	2-6
	Spherical 
	Leaf 
	Cycas 
	1

	[76]
	15-50 
	Spherical 
	leaf 
	Polyalthia longifolia
	2

	[77]
	75
	Spherical 
	Stem 
	Citrullus	 colocynthis 
(Bitter Apple)
	3

	[78]
	12
	Spherical 
	Fruit 
	Ananas comosus 
	4

	[79]
	14
	Spherical 
	Rhizome 
	Dioscorea oppositifolia L.
	5

	[80]
	20-40 
	Cubical 
	Leaves 
	Mulberry 
	6

	[81]
	4-18
	Spherical 
	Berry 
	Solanum xanthocarpum L.
	7

	[82]
	3-44
	- 
	Whole
seaweed
	Marinmacroalga
Chaetomortha linum
	8

	[83]
	4-14 and
2-16
	Spherical,
nanotrangles,
hexagonal
	Leaf 
	Eruca sativa and
Spinacia oleracea
	9

	[84]
	04-12
	Spherical 
	Root 
	Black Carrot
Daucus Carota
	10

	[85]
	20-25 
	Spherical 
	Leaf 
	Olive leaf 
	11

	[86]
	- 
	Spherical 
	Flower 
	Taraxacum
officinale
	12

	[87]
	4-48
	Spherical 
	Stem bark 
	Syzygium alternifolium
 (Wt.) Walp
	13

	[88]
	10-40
	Spherical 
	Fruit 
	carambola 
	14

	[89]
	10-15
	Spherical 
	Leaf 
	Cinnamomun
Tamala
	15

	[90]
	80
	Spherical 
	Leaf 
	crotolaria retusa 
	16

	[91]
	10-12
	Spherical 
	Leaf 
	Wrightia tomentosa 
	17

	[92]
	30-60 
	Spherical 
	Aerial
part
	Lippia nodiflora 
	18

	[93]
	10-60  
	Spherical 
	Leaf 
	Saccharum officinarum
	19

	[94]
	29 
	Spherical 
	Leaf 
	Pelargonium/ Geranium
	20

	[95]
	30-40 
	Spherical 
	Leaf 
	Ricinus communis
var. carmencita
	6

	[95]
	21-60 
	Hexagonal 
	Leaf 
	Zizyphusspina Christi
	7

	[96]
	17
	Spherical 
	Fruit 
	Citrullus lanatus 
	10

	[97]
	16-20 
	Spherical 
	Fruit 

	Carica papaya

	12

	[98]
	23
	Spherical 
	Seeds 
	Peganum harmala 
	14

	[99]
	35
	Spherical 
	bark 
	Butea monosperma 
	24

	[100]
	7.2
	Spherical 
	Flower 
	Alcea rosea 
	26





Silver Nanoparticles utilizing as Antimicrobial agent
Since they have the potential to combat resistant antibiotics, AgNPs are frequently utilized as antimicrobial agents. They successfully combat both gram-positive and gram-negative bacteria. AgNP is said to bind with the bacterial cell wall, pass through it, and seriously disrupt cellular function, leading to cell death [101-103]. AgNPs' antibacterial activities are influenced by a number of physico-chemical factors, including shape, size, surface charge, concentration, and colloidal state [104]. The physico-chemical characteristics essentially rely on the process employed to create the nanoparticle. Table 4 lists each algae's contribution to the antibacterial activity of AgNPs.
Table 4.  (4) Silver Nanoparticles utilizing as Antimicrobial agent adopted from[105]
	Fugi Type
	Size of NP(nm)
shape
	Volume of NP used
	Antimicrobial activity (zone of inhibition)
	Ref

	Padina
tetrastromatica
	14 spherical
	(30,  60 , 90) μl
	Bacillus sp., Pseudomonas sp., Bacillus subtilis, Klebsiella planticola
	[106]

	Sargassum
polycystum
	5-7 spherical
	100 μl
	Pseudomonas aeruginosa, Klebsiella, Pneumoniae, Escherichia coli,
Staphylococcus aureus
	[107]

	Gracilaria corticata
	18-46 spherical
	30 ml
	C. albicans, C. glabara
	[108]

	Gelidiella acerosa
	22 spherical
	50 μl
	Humicola insolens, Fusarium dimerum, Mucor indicus, Trichoderma reesei
	[108]

	Enteromorpha
flexuosa
	2-32 circular
	-
	B. subtilis, B. pumulis, E. faecalis, S. aureus, S. epidermidis, E. coli, S. cerevisiae,
C. albicans
	[109]

	Sargassum wightii
	8-27 spherical
	(30, 60 , 90) μl
	Staphylococcus aureus, Bacillus rhizoids, E. coli, Pseudomonas aeruginosa
	[110]

	Turbinaria conoides
	2-17 spherical
	50 ml
	Salmonella, E. coli, S. liquefaciens, A. hydrophila
	[111]

	Ulva fasciata
	50 spherical
	20 μl
	C. albicans, C. glabrata
	[112]



Biological method of AgNPs synthesis using algae
A class of autotrophic organisms of economic and ecological significance is algae. They are single-celled or multicellular creatures that may exist in a variety of environments, including freshwater, saltwater, or moist rock surfaces. Microalgae (microscopic) and macroalgae (macroscopic) are the two distinct types of algae. They are essential in applications including forestry, pharmaceuticals, cosmetics aquaculture. They are a significant orgin of a number of industrial goods, including as biodiesel and natural dyes[113].
"Phyconano- technology" refers to the area of nanoscience that use algae in the production of nanoparticles. It belongs to a very young branch of nanoscience. Algae are utilized in the production of nanoparticles because they can grow at low temperatures, have a great capacity to collect the metals, are simple to manage and culture, and are less harmful to the environment[114]. The most popular categories of algae utilized to create silver nanoparticles are Chlorophyceae, Phaeophyceae, Cyanophyceae, and Rhodophyceae [113]. Fig.3. illustrate the easy method to synthesis AgNPs using algae and Table 3 shows the sizes and shapes of the AgNPs produced by several species of algae, along with the NPs themselves.Shape, size, stability, and other physical and chemical characteristics of NPs can all be changed by a number of different factors. Algae are frequently used these days for the production of nanoparticles. Algae are widely used because of their great ability to absorb metals and decrease metal ions, relatively inexpensive manufacturing costs, and—most importantly—large-scale synthesis of nanoparticles[115, 116].
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Figure 4. Synthesis AgNPs using algae as a green synthesis

Their greater capacity to withstand extreme climatic conditions than other microbes is an additional intriguing characteristic[117]. Algae biomass may be utilized to create nanoparticles both alive and dead, which is why these systems are often referred to as "Bionanofactories" [118]. The time needed for the creation of silver nanoparticles is another benefit of employing algae. Compared to other microorganisms, algae-mediated synthesis goes more quickly. While Caulerpa racemose generated nanoparticles in approximately 3 h [119], E. coli needed around 60 h to synthesis AgNPs [120]. Algae produce hydrophilic surface groups like sulphate, carboxyl, and hydroxl that allow their produced silver nanoparticles a special range of applications. Because algae do not produce anything on their own, they can be employed in medicinal treatments.
Table 5.  (3) Biological method of AgNPs synthesis using algae adopted from[105]

	Algae
	Type
	Intracellular & extracellular
	Size of Np (Nm)
	Shape
	Temp(C°).
	Reference

	Cyanobacteria
	Microcoleus
	Extr
	44–79
	Spherical
	RT
	[121]

	
	Phormidium willei
	Extr
	100–200
	Spherical
	25
	[122]

	
	Plectonema boryanum
	Intr & Extr
	1–15,
1–40, 
5–200
	Octahedral& Spherical
	25, 60,
100

	[123]

	
	Spirulina platensis
	Extr
	≈12
	Spherical
	25
	[124, 125]

	Microalgae
	Chlamydomonas reinhardtii
	Intr & extr
	5–15(in vitro) ,  
5–35  (in vivo)
	rectangular /Round
	RT
	[126]

	
	Chlorella vulgaris
	Intr
	≈ 10
	Spherical
	28
	[127, 128]

	
	Nannochloropsis oculate
	Intr
	≈ 19
	Spherical
	28
	[129]

	Macroalgae
	Caulerpa racemose
	Extr
	5–25
	triangular /Spherical
	RT
	[119]

	
	Codium capitatum
	–
	≈  30
	
	RT
	[130]

	
	Ulva fasciata
	Extr
	28–41
	Spherical
	RT
	[131]

	
	Padina gymnospor
	–
	25–40
	Spherical
	30
	[132]

	
	Padina pavonica
	Extr
	45–64
	Spherical
	-
	[133]

	
	Gelidiella acerosa
	–
	22
	Spherical
	RT
	[108]

	
	Gracilaria dura
	–
	6
	Spherical
	25,60 & 100
	[134]

	
	Hypnea musciformis
	–
	40–65
	Spherical
	RT
	[135]



Biological method of AgNPs synthesis using enzymes
There are several kinds of enzyme-mediated nanoparticle synthesises (Table 4). By nature, enzymes catalyze synthesis but do not participate in reactions, and they occasionally may act as stabilizing and reducing agents. Whole enzymes or amino acids that are liberated following an enzyme's denaturation may potentially catalyze a reaction under specific conditions. In a superb study, Durán et al. demonstrated how enzyme thiol groups and disulfide bridge moieties contribute to the formation of nanoparticles [136]. Similar to this, denatured enzymes' S-S and S-H moieties have the ability to turn metallic ions into nanoparticles. As a result,  An nonenzymatic and enzymatic processes can produce nanoparticles.
Table( 4 ) Biological method of AgNPs synthesis using enzymesadopted from[137]
	Enzyme
	Reaction condition
	Types of nanoparticles
	Size (nm)
	Shape
	Applications
	References

	α-Amylase
	60 ml of 1 mm AgNO3 at 25°C + 40 ml α-amylase solution 
	AgNPs
	22–44
	Triangular and
hexagonal

	–
	[138]

	α-Amylase
	AuCl4/AgNO3 of mole ratio 1:1 at 70°C +2 ml of enzyme solution 
	Au/Ag NPs
	63
	
Spherical
	–
	[139]

	Cellulase
	10% glycerol + 100 μl of 5 mg/ml + cellulose 10 ml of 0.5 mm AgNO3 for 24 h 
	AgNPs
	5.04±3.50
	Spherical
	–
	[140]

	Nitrate
reductase
	1 mm NADH at pH7.2, 35°C and 150 rpm + Nitrate reductase + 10 ml of 1 mm AgNO3 + 1mm 8-hydroxyquinoline 
	AgNPs
	10–20
	Spherical
	–
	[141]

	Keratinase
	50 ml of 1 mm AgNO3 at 30°C±2°C for 2 h +1 ml of keratinase (50 U/ml)  
	AgNPs
	5–30
	Spherical
	Antibacterial
	[142]

	Laccase
	30 ml of 1 mm AgNO3 at 28°C±2°C for 2 h +12 ml of laccase 
	AgNPs
	50–100
	Spherical
	Antibacterial
	[143]

	Laccase
	1 mm AgNO3 at 30°C–50°C + 200 μl of laccase 
	AgNPs
	>100
	Spherical
	Antimicrobial
	[144]



Conclusion
This review paper provides a concise summary of the unique characteristics of green synthesised silver nanoparticles, their current research trajectory, and possible applications for metallic silver nanoparticles. The previously employed synthesis methods have a number of drawbacks, including the production of toxic by-products and the necessity of vigorous conditions, such as high temperature and pressure, longer time periods, high energy, and large spaces, in order to achieve thermally stable nanoparticles. However, the biological approach to the synthesis of Ag NPs is gaining significant attention because it is straightforward, only requires one step, is environmentally friendly, and is less expensive. The current study demonstrates that a variety of plant species and plant parts have been effectively used to synthesis Ag NPs because they include a wide range of bio-active molecules, including enzymes, alkaloids, terpenoids, phenolic compounds, and carbohydrates. These substances are given in tabular form. Ag NPs may be made in a variety of forms and sizes to obtain desired qualities, which is one of the main advantages of green synthesis techniques. Although the principles behind the microorganism-based green synthesis of Ag NPs are still being debated, they have shown organic activities that are shape and size dependent and have done away with the need for stabilizing and reducing chemicals. Additionally, biologically produced Ag NPs exhibit a range of physical, chemical, biological, optical, thermal, and electrical properties that are useful in a variety of relevant applications. Despite all the prospective uses for biologically produced Ag NPs in daily life, further study is needed to understand their long-term chemical and physical characteristics and to find ways to reduce their toxicity.
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