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    The term “Green” makes us recall something natural, eco-friendly, economical, non-hazardous and environmentally friendly. Nowadays, we are living in a world where we largely depend on medicines to cater to health issues. In this era, the pharmaceutical industry has become an important part of our lives. We know that the formation of medicines requires three main components i.e. reagent, solvent, and energy but the use of hazardous chemicals results in the formation of medicines with harmful effects. There is a strong need to generate medicines that do not harm the body and cure disease with ease. In this way, green synthesis is found to be very effective in producing pharmaceutical products having very little consumption of sources as well as less waste production with the development of new methods and resources of synthesis. This book aims to know the qualities of nanoparticles obtained from plants through green approaches of synthesis. The content of this book gives information about different methods of synthesis of green nanoparticles by using various metal salts and different characterization techniques used to identify them. Along with that, this chapter elaborates on the use of green nanoparticles alone in the form of medicines as well as with synergism with various preexisting drugs. The mechanism of action of these green nanodrugs is also explained. So, this book provides comprehensive knowledge of green nanomedicines that have the ability to replace harmful and costly medicines.




    This book will be very helpful for postgraduate students and scholars who have selected nanoparticles as their area of research. This will provide them an insight into the topic and related targets.
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      Abstract




      This chapter elaborates the basic introduction of nanoparticles obtained from different sources. This includes the information regarding different types of nanoparticles, methods of synthesis and important principles of green chemistry etc. along with all these parameters this chapter emphasize on production of environmental friendly green nanoparticles by using different parts of the plants such as stem, bark, leaves, root, flower, seed and fruit etc. Clear information can be gathered from the chapter regarding appropriate parameters and precautions to be taken while synthesis of green and sustainable materials with wide ranges of applications which includes essential industries like food, cosmetics, pharmaceuticals etc. Brief introduction has also been mentioned here about the various characterization techniques adopted for identification and monitoring of green nanoparticles.
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      1. Introduction




      Nanotechnology is science, engineering, and technology carried out at the Nano-scale, which ranges from up to 100 nm. Richards Feynman is the pioneer of nanotechnology. The study of incredibly small objects is known as nanoscience or nanotechnology, and it has applications in all other scientific domains, including chemistry, biology, physics, material science, and engineering. Richard Feynman proposed the theory and notion behind nanotechnology and nanoscience in a discussion on “There is Plenty of Room at the Bottom” at a meeting on December 29, 1959. Professor Norio Taniguchi coined the term nanotechnology. The ability to observe and control individual atoms and molecules is at the heart of nanotechnology and nanoscience. Atoms contribute to everything on Earth, especially the food we consume, the clothes we put on, buildings, houses, and our bodies. However, atoms are so minuscule that they are invisible to the naked eye.




      The microscope, which is used in the school science lab, can also observe the infection. In the early 1980s, the microscope required to examine the thing at the Nano size was invented. Scientists possessed the necessary tools at the time, such as the scanning tunneling microscopy (STM) and the atomic force microscope (AFM). Today's scientists and engineers are discovering a wide range of ways to purposefully create materials at the Nano size in order to benefit from them. Nanotechnology is a small solution to big problems. As it is the rule of nature that a thing with advantages has disadvantages too (Fig. 1).
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Fig. (1))


      Nanotechnology's benefits and drawbacks.

    




    

      2. Types of nanotechnology




      There are many forms of nanotechnology, which are explained below. These forms depend upon different techniques for the formation of nanoparticles.




      

        2.1. Descending (Top-down)




        This is the most frequent trend, especially in the electronic field. The structure is miniature at the nanometer scale from 1 to 100 nanometers.


      




      

        2.2. Ascending (Bottom-up)




        This is a mounting or self-assembly process that allows you to build a larger mechanism than you started with (you start with a Nanometric structure- a molecule) [1].


      




      

        2.3. Dry Nanotechnology




        It is utilized to make structures that do not work with humidity out of coal, silicon, inorganic materials, metals, and semiconductors.


      




      

        2.4. Wet Nanotechnology




        Based on biological systems found in watery environments. It is concerned with genetic material, the membrane, enzymes, and other cellular components.


      




      

        2.5. Green Nanotechnology




        This branch of nanotechnology deals with the concept of green chemistry and green engineering. It refers to the utilization of plant products. It consumes less energy and fuel. NPs synthesized by biological methods are more valuable and preferred over Physicochemical methods. Physico-chemical methods require a large amount of investment, which may allow the use of toxic solvents and the production of hazardous substances at the end of the process. Whereas in chemical methods, the use of more than one chemical species may lead to toxicity, which also harms human health and the environment. NPs synthesized from green synthesis have different approaches to synthesis.


      


    




    

      3. What is a nanoparticle?




      Nanoparticles are materials with diameters ranging from 1 to 100 nm. They fall in the transition zone between the molecule and their bulk counterparts [2, 3]. Because of their small size, they feature unique physiochemical qualities such as enormous surface area, high energy, and quantum confinement [4-6]. Since they have their very large scale specific surface area, high surface energy, and quantum confinement [7], they exhibit numerous unique properties (optical, magnetic, electrical, and so on). Because of their unique physiochemical properties, nanoparticles have a wide range of uses, including medicine [8], cosmetics [9], electronics [10], the food business [11], and the chemical industry [12]. Nanoparticles exhibit a wide range of chemical and morphological features [13].




      

        3.1. Types of Nanoparticles




        Nanoparticles come in a variety of forms, including metallic, metal oxide-based, alloy-based, magnetic, and others, which are addressed further below:




        

          3.1.1. Metallic Nanoparticles




          These are nano metals with nanoscopic dimensions (between 1-100nm). The existence of metallic nanoparticles in solution was first recognized by Faraday in 1857 [14], and Mie published a quantum description of the color-changing behavior of nanoparticles in solution in 1908 [15]. The following are some essential characteristics of metallic nanoparticles:




          

            	A high surface area-to-volume ratio




            	High surface energy




            	Particular electrical structure




            	Plasmon stimulation




            	Quantum confinement


          




          There are numerous varieties of metallic nanoparticles that have been created, the most common of which are silver, gold [16], copper [17], palladium [18], and platinum [19]. Because of its unique anti-bacterial characteristics, silver is a commonly preferred nanoparticle and can be easily converted from monovalent silver into metallic silver [20]. Silver shows a higher tendency towards the plasmon excitation [21]. It also shows a wide range of applications in various fields like medicine [22], textiles [23], water treatment [24], and catalysis [25].


        




        

          3.1.2. Metal Oxide Nanoparticle




          These nanoparticles are created by connecting metal centers with Oxo (M-O-M) or hydroxo (M-OH-M) bridges, resulting in metal-Oxo or metal-hydroxo polymers in solution [26].


        




        

          3.1.3. Alloy Nanoparticles




          These are the alloy nanoparticles that are formed by combining different elements, and they show metallic properties. The synergic effect enhances the specific properties of alloy nanoparticles [27]. Their physical and chemical qualities are modifiable by varying the composition, atomic order, and size of the clusters [28]. Nano alloy has different properties than the bulk which leads to a number of properties in different fields such as electronics, engineering, and catalysis [29].


        




        

          3.1.4. Magnetic Nanoparticles




          These nanoparticles are made up of two parts: a magnetic component (such as iron, nickel, or cobalt) and a chemical component with a specified functionality [30]. Because of the magnetic component, these magnetic nanoparticles may be easily manipulated [31]. They exhibit a range of magnetic properties and are hence used in catalysis [32], medical diagnosis [33] and tissue-specific targeting [34].


        


      


    




    

      4. Principles of green chemistry




      There are twelve major concepts that support the use of green chemistry in the synthesis of green nanoparticles [35]:




      

        4.1. Prevention




        Necessary steps should be taken to avoid the formation of waste products during and after synthesis.


      




      

        4.2. Atom Economy




        The synthesis components must be turned into the end product without the production of extra materials.


      




      

        4.3. Safer Solvent




        Use of auxiliary chemicals and solvents should be avoided.


      




      

        4.4. Less Risky Chemical Synthesis




        Synthesis procedures that need materials with low or no toxicity to the environment should be used.


      




      

        4.5. Utilization of Renewable Feedstocks




        The feedstock must be renewable, with minimal depletion.


      




      

        4.6. Catalysis




        Catalysis agents should be used as stoichiometric agents.


      




      

        4.7. Creating Safer Chemicals




        Chemicals should be designed to perform a certain function with minimum harmful environmental effects.


      




      

        4.8. Avoid Derivatives




        If feasible, avoid derivatives such as protecting or deprotecting groups and blocking agents.


      




      

        4.9. Degradation Design




        Chemicals should be chosen so that they degrade into non-toxic derivatives at the conclusion of synthesis.


      




      

        4.10. Real-time Analysis for Pollution Prevention




        Toxic chemical synthesis should be monitored in real-time.


      




      

        4.11. Design for Energy Efficiency




        The usage of energy for synthesis should be kept to a minimum.


      




      

        4.12. Inherently Safer Chemistry for Accident Prevention




        Synthetic agents should be chosen with care to avoid potentially dangerous mishaps.


      


    




    

      5. Nanoparticles produced by using parts of plants




      Previously, the biosynthesis of AgNPs utilizing medicinal herbs was reported [36]. These medical plant extracts are advantageous because they are cost-effective, energy-efficient, and safeguard human and environmental health. Such approaches promote healthier workplaces and, as a result, are acceptable in all aspects of AgNP synthesis. Azadirachta indica (A. indica) is a medicinal plant that is used to cure a variety of ailments. Because of the presence of terpenoids and flavanones, which enable the stabilization of AgNPs, A. indica extract is useful for the synthesis of AgNPs. Many investigations have previously reported AgNP production utilizing A. indica leaf extract [37]. To the best of our knowledge, AgNP biosynthesis using A.indica fruit extract has only been studied once.




      

        5.1. Fruit




        Natural bioactive compounds found in fruit extracts have been shown to have great medicinal potential [38-40]. Consumption of fruit and its products not only improves individuals' health but also lowers their risk of various diseases such as age-related muscular degeneration, aging, cardiovascular diseases, cancer, cataracts of the eye, compromised immune system, gastrointestinal disorders, hypertension, and high cholesterol [41]. They are high in dietary fibers, minerals (calcium, iron, magnesium, and potassium), vitamins (ascorbic acid, folic acid, and vitamin A), and phytochemicals and antioxidants. Fruit-derived nanoparticles have been shown to have antimicrobial, anticancer, antioxidant, and catalytic properties. Carotenoids are plant pigments that give fruits their red, yellow, and orange colors [42]. Various animal and human research have demonstrated that lycopene has anti-inflammatory properties [43-46]. Citrus fruits and berries are high in flavonoids.




        Fruits rich in anthocyanins, ascorbic acid, phenolic compounds, flavonoids, saccharides, and other vitamins include blueberries, blackberries, grapes, Citrullus lanatus, Terminalia arjuna, and Funica granatum [47]. Citrus medica Linn's juice, Capparis spinosa whole fruit, and Fragaria ananassa whole fruit are utilized to produce copper oxide nanoparticles, which have an advantage over biological techniques.


      




      

        5.2. Root




        Silver nanoparticles can be manufactured using the plant root of Morinda citrifolia, which belongs to the Rubiaceae family and has long been used in traditional medicine to cure a variety of diseases such as Atherosclerosis [48], hypertension [49], colic [50], and diarrhea [51]. The principal elements present in the roots of M. citrifolia are isoflavonoids, flavonoids, proteins, alkaloids, terpenoids, carbohydrates, and proteins present in the plant, which act as a stabilizing and reducing agent in the creation of silver nanoparticles. Damnacanthal, an anthraquinone derivative of M. citrifolia, has a cytotoxic effect against breast cancer cells. It also has antifungal efficacy against Candida albicans and anti-tuberculosis activity against Mycobacterium tuberculosis [52, 53].


      




      

        5.3. Flower




        Trifolium pratense flower extract was also used to create zinc oxide nanoparticles. T. pratense is a member of the Leguminosae family and contains anthocyanins, phenolic acid, and a trace of tannins. Carotene, essential oils, and vitamins C and E are all present. T. pratense possesses a high concentration of estrogenic isoflavones. These isoflavones have cardiovascular, skin, and bone-protecting properties [54].


      




      

        5.4. Leaf




        Extraction of plant leaf extracts such as tea leaves [55] or tree and shrub leaves is carried out [56]. When opposed to traditional methods, the utilization of these extracts offers various advantages. The polyphenolic matrix can operate as a capping agent, preventing early oxidation of the iron nanoparticles, and it can be employed as a source of nutrients and microbes for a possible bioremediation activity after chemical treatment.


      




      

        5.5. Seed




        The aqueous seed extract of Jatropha curcas, a tree of major economic value, can be used to create nanoparticles. Because of the presence of 40-50% oil from seed, it has been identified as a possible biodiesel crop. This, through a chemical or lipid-mediated esterification process, can be transformed into biodiesel. Jatropha seed kernels yield 40-60% oil as a valuable end product. It has 47% crude fat, 25% crude protein, 10% crude fiber, 5% moisture, and 8% carbohydrates [57-59].


      




      

        5.6. Bark




        The bark of Pinus eldarica contains a high concentration of phenolic compounds, which have significant antioxidant properties. The goal of this project was to create silver nanoparticles. Pinus bark was employed as a reducing agent in the creation of silver nanoparticles. The bark of the medicinal plant Syzygium cumini is used to reduce blood pressure and gingivitis [60]. Phytochemical substances found in the plant include phenols, tannins, alkaloids, glycosides, amino acids, and flavones [61]. The bark extract is used to create silver nanoparticles that have antibacterial properties against bacteria such as E. coli, Staphylococcus aureus, Pseudomonas aeruginosa, Azotobacter cerococcid, and Bacillus licheniformis.




        Table 1 Different parts of various plants used to synthesize nanoparticles with variable shapes, sizes, and morphology.




        

          Table 1 Plant sources of nanoparticles.




          

            

              

                	Sr. No.



                	Plant



                	Plant Part



                	Precursors



                	Shape of the NPs



                	Size of the NPs



                	References

              


            



            

              

                	1.



                	Sophora japonica



                	Pods



                	Na2S2O3




                	Spherical



                	60nm



                	[62]

              




              

                	2.



                	Plantago major



                	Leaves



                	AgNO3



                	Spherical



                	12-18nm



                	[63]

              




              

                	3.



                	Tea



                	Leaves



                	Ca(NO3)2.4H2O



                	Agglomerated



                	86-117nm



                	[64]

              




              

                	4.



                	Oscimum sanctum



                	Leaves



                	Ca(NO3)2




                	Needle



                	-



                	[65]

              




              

                	5.



                	
Plumeria rubra L



                	Leaves



                	AgNO3




                	NA



                	32



                	[66]

              




              

                	6.



                	
Solanum xanthocarpum L



                	Leaves



                	AgNO3




                	NA



                	10



                	[67]

              




              

                	7.



                	Azadirachta Indica



                	Leaves



                	Ca(NO)3




                	Star



                	50nm



                	[68]

              




              

                	8.



                	Citrus limon



                	Fruits



                	AgNO3




                	Spherical



                	-



                	[69]

              




              

                	9.



                	Papaya



                	Leaves



                	Ca(NO3)2.4H2O



                	Agglomerated



                	89-180nm



                	[70]

              




              

                	10.



                	Sorghum



                	Leaves



                	AgNO3




                	NA



                	10



                	[71]

              




              

                	11.



                	
Trianthema decandra L



                	Leaves



                	AgNO3




                	NA



                	10-50



                	[72]

              




              

                	12.



                	Zingiber officinale



                	Rhizome



                	AgNO3




                	Spherical



                	10



                	[73]

              




              

                	13.



                	Manilkara zapota



                	Leaves



                	AgNO3




                	Spherical



                	NA



                	[74]

              




              

                	14.



                	
Tridax procumbens L



                	Leaves



                	CuO2




                	NA



                	NA



                	[75]

              




              

                	15.



                	
Vitis vinifera grape



                	Fruits



                	AgNO3




                	Spherical



                	NA



                	[76]

              


            

          




        


      


    




    

      6. Green nanoparticles




      Green chemistry is a collection of concepts that reduce the use of harmful compounds in chemical property design, manufacture, and application. Green nanoparticles can be synthesized by the use of microorganisms, plants, etc. Biological methods are more valuable and preferred over Physio-chemical methods. Physio-chemical methods require a large amount of investment, which may allow the use of toxic solvents, and the production of hazardous substances at the end of the process. Whereas chemical methods use more than one chemical species that may lead to toxicity, which harms human health and the environment. Green NPs synthesized from green synthesis have different approaches to synthesis. This process allows the use of natural extracts, such as tree leaves, crops, etc. in place of expensive and highly toxic chemical species and this process is eco-friendly [77]. Green nanoparticles synthesized from traditional methods have some benefits as well as drawbacks. Benefits include extensive scalability [78], high control over the morphology of NPs [79-81], battery conduction innovation, electrical applications [82-86], use in medical processes (disease therapy) [87, 88], and storage of conservation of energy [89-91]. The negative effects include unlimited utilization of organic solvents, which causes neuronal disorders and reproductive risks [92-94]. The use of high pressure and heat during synthesis may result in hazardous working circumstances [95-97]. Excess release of carbon monoxide can cause a greenhouse effect [98, 99].




      Due to the harmful effects of traditional methods, the use of these methods has reduced and green synthesis has come into existence. It is clean, safe, cost-effective, and environmentally friendly since it adheres to the 12 principles of green chemistry [100]. Substrates used in this process are bacteria, fungi, yeast, algae, and certain plants. Because of the above properties and applications, this process is beneficial for antimicrobial [101], natural reduction, and stabilizing properties. This process also includes the use of some specific enzymes [102], amino acid groupings [103], proteins, or chemical structures [104, 105]. The 12 principles were reconsidered by Galoszka et al. in 2012 [106]. They suggest the “SIGNIFICANCE” word which includes all these 12 principles.




      S-select technological devices.




      I- incorporate analyzing processes and tasks.




      G-generate minimal waste.




      N-never waste energy.




      I-implement automating and tiny technique.




      F-favor agent derived from renewable sources.




      I-improve operational safety.




      C-carry out an internal evaluation.




      A-Absolute-avoid derivatization.




      N-note the sample size and number to a minimum.




      C-choose several analytes.




      E-eliminate hazardous reagents.




      Therefore, from the above text, it is very clear that nanoparticles play a vital role in different fields.


    




    

      7. Types of green nanoparticles




      The types of green nanoparticles metals, ceramics, and polymers, whereas the advanced green nanoparticles are classified as semiconductors, biomaterials, smart materials, and nano-engineered materials (Fig. 2).




      

        7.1. Metals




        These groups include one or more metallic elements such as silver (Ag), iron (Fe), aluminum (Al), titanium (Ti), gold (Au), and nickel (Ni) [107]. Moreover, nonmetallic components such as carbon, nitrogen, and oxygen are also included. This category shows important structural applications because of their stiffness, strong, ductile behavior, and resistance to fracture [108, 109].
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Fig. (2))


        Classification of composite materials.

      




      

        7.2. Ceramics




        They are intermediates between metallic and nonmetallic elements. These can be oxides, nitrides, or carbides [110], aluminum oxide, silicon nitride, silicon dioxide, and silicon carbide. Other traditional examples of ceramics are porcelain, cement, and glass. These are stiffer and stronger as compared to metals. They are extremely brittle, rigid, and easily fractured. They show low conductivity towards electricity and high resistance to high temperatures. Ceramics can be clear, translucent, or opaque based on the optical character. Fe3O4 is the only ceramic oxide that shows magnetic properties [111].


      




      

        7.3. Polymers




        Polymers include plastics and rubber materials. Polymers can be organic and chemical-based depending upon carbon, hydrogen, and other metals (O, N, and Si). They form a chain-like structure with carbon as a backbone. Polyethylene (PE), nylon, polyvinylchloride (PVC), polycarbonate (PC), polystyrene (PS), and silicon rubber are examples of materials. Their mechanical properties are different from metals and polymers and have low densities.


      




      

        7.4. Composite




        They are formed when any two substances either metal, polymer, or ceramics are combined to form a composite, with an aim to achieve a material that includes the characteristics of both. The material formed is greatly advantageous. Fiberglass is a naturally occurring composite, which is made from glass and polymer. It is strong, stiff, flexible, and ductile with low density. Another example includes CFRP (carbon fiber reinforced polymer) which is stronger than glass fiber and hence expensive. It is utilized in aircraft and aerospace applications, as well as high-tech sports equipment such as golf clubs, tennis rackets, snowboards, and bicycles [112, 113]. Nano-composites show multipurpose uses in various fields. Nano-composite is a novel type of hybrid material generated by the dispersion of nano-scale particles. They are made up of an organic polymer matrix embedded with inorganic particles that have at least one dimension in the Nano range and can be spherical, fibrillar, or lamellar in structure. A major concern is about how to protect the environment and human health while using nanomaterials [114]. Nanocomposites have - grasped more attention than pure and traditional components because of their thermal, mechanical, fire-resistance, and solvent resistance [115], modulus and strength, permeability to water, gasses, and hydrocarbons, dimensional and thermal stability, and chemical resistance [116]. Due to these unique properties, they show a wide range of industrial uses for polymer nanocomposites. [117]. These are as follows [118]:


      




      • Automobile (inner and outer panels, gas, tanks, bumpers).




      • Development of structural and building sections.




      • Aerospace industry.




      • Electric and electronic industry.




      • Packaging for food.




      In smart textiles, nano-composites take part in sensors, actuators, mediators, biosensors, thermoregulation energy storing, etc. Nano-composites can be classified based on a matrix and the strength of interfacial interaction between the polymer matrix and layered silicate. They are classified as:




      

        7.5. Semiconductors




        The electrical properties of semiconductors are intermediate between those of electrical conductors (metals and metal alloys) and insulators (ceramics and polymers). The electrical properties are particularly sensitive to the presence of impurity atoms in minute quantities, which can be adjusted over very small spatial regions. Over the last three decades, semiconductors have revolutionized the electronics and computing sectors [119].


      




      

        7.6. Bio-Nanoparticles




        Biomaterials are components that are transplanted into the human body to replace diseased or damaged bodily parts. These materials must not emit harmful substances and must be biocompatible (i.e., they must not cause undesirable biological reactions). Metals, ceramics, polymers, composites, and semiconductors are all examples of biomaterials [120, 121].


      




      

        7.7. Smart Nanoparticles




        Smart or intelligent nanoparticles are a class of cutting-edge materials that will have a substantial impact on many other technologies. The descriptor 'SMART' suggests that these materials can detect changes in a preset manner-traits shared by biological creatures. Furthermore, the smart concept, which combines smart and conventional materials, is becoming more popular. Sensors and actuators are two components of smart materials. In reaction to changes in temperature, electric fields, and magnetic fields, an actuator may be called upon to alter the shape, location, natural frequency, or mechanical features. Shape memory alloy actuators include piezoelectric ceramics, magnetostrictive materials, and magnetorheological fluids. In response to electric fields, piezoelectric ceramics expand and compress.




        Optical fibers, piezoelectric materials (including certain polymers), and micro-electromechanical devices are among the materials used as sensors. One form of smart system, for example, is employed in helicopters to reduce aerodynamic cockpit noise caused by whirling rotor blades. Inserted piezoelectric sensors monitor blade stresses and deformations; feedback signals from these sensors are given as input to a computer-controlled adaptive system, which provides noise-canceling antinoise [122].


      




      

        7.8. Nanoengineered Nanoparticles




        Recently, scientists' general approach to understanding the chemistry and physics of materials has been to begin by researching huge and complicated structures and then investigate the fundamental building blocks of these structures, which are smaller and simpler. This method is known as “TOP_DOWN” science. New materials are created by combining simple atomic-level constituent materials. This capacity to precisely arrange atoms allows for the development of hitherto unimaginable mechanical, electrical, magnetic, and other properties. This is known as the “BOTTOM-UP” strategy. Nanotechnology is the study of the properties of these materials; the 'nano' prefix signifies that the dimensions of these structural entities are on the order of a nanometer (10-9 m), for example, nanotube. Nanomaterials can be created in many ways but a general approach is TOP-DOWN and BOTTOM-UP synthesis. Layered bulk material is crushed and transformed into powdered form (nano-particles) e.g.; nano-particles silver, gold [123], selenium [124], cadmium sulfide [125], lead sulfide [126], and iron oxide [127]. It can be said that as technology improves, these materials will be used in an expanding number of applications.


      




      

        7.9. Properties of Green-Nanoparticles




        

          7.9.1. Antimicrobial Property




          Because of the increasing microbial resistance to two common antiseptic and antibiotic applications, numerous investigations have been conducted to increase antimicrobial activities. Metallic nanoparticles efficiently inhibit various bacteria species, according to in vitro antimicrobial research [128]. The antibacterial effectiveness of metallic nanoparticles is determined by two major parameters: (a) the material used in their manufacture and (b) their particle size. Microbial resistance to antimicrobial medicines has gradually increased, posing a risk to public health. Antimicrobial medication-resistant microorganisms, for example, are methicillin-resistant, sulfonamide-resistant, penicillin-resistant, and vancomycin-resistant [129]. Antibiotics are currently facing numerous problems, including the fight against multidrug-resistant mutations and biofilms. Antibiotic efficiency is predicted to decline fast due to microorganisms' drug-resistance capabilities. As a result, even when germs are treated with high dosages of antibiotics, illnesses can still infect living beings. Biofilms are also a key source of multidrug resistance to high dosages of antibiotics. Drug resistance is more common in infectious disorders such as pneumonia and gingivitis [130]. The use of nanoparticles is the most promising technique for reducing or avoiding microbial drug resistance. Metallic nanoparticles can overcome multidrug resistance and biofilm development in a variety of ways.
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