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Nanotechnology has been a flourishing field by being concentrated on the fabrication, 

characterization, manipulation and the exploitation of materials at the nanometre scale. 

There is also an expanding commercial demand for nanoparticles, particularly the 

metallic nanoparticles because of their wide-ranging capacity to be used in various 

sectors. Conventional methods for nanoparticle synthesis are quite expensive as well as 

they produce nanoparticles with toxic residues. The existence of these contaminated 

toxic residues with synthesized NPs can create potential risks such as ecological 

imbalance, carcinogenicity and cytotoxicity which might limit their clinical and 

biomedical applications. Hence, there is a new branch in contemporary scientific 

approach which is called nanobiotechnology. Along with the chemical and physical 

processes, this new scientific branch particularly deals the principles of biology for the 

production of particles at nano-levels of specific functions. Providing that they utilize 

simple, moderately low-priced and effortlessly scaled-up nontoxic materials for 

comparatively a large-scale fabrication, the bio-based techniques for the production of 

NPs are economic as well as environmentally. Besides, the green syntheses of NPs with 

microwave-assisted heating technique offer some extra benefits. This is due to the 

reason that it reveals increased reaction kinetics and boosts reaction rates which 

eventually accelerate higher yields along with the desirable quality. 

Considering these facts, scopes and benefits, the main aim of this study has been to 

fabricate silver and copper nanoparticles via plant extracts, as reducing, capping and 

stabilizing agents. In this investigation, microwave irradiation scheme with two 

optimized parameters (time and temperature) has been used for facile and fast 

phytosynthesis of NPs. Aqueous extracts of Malus pumila (apple) pulp, Cuminum 

cyminum (cumin) seeds, Zingiber officinale (ginger) rhizome, Rosa santana (rose) 

petals, Citrus sinensis (orange) peel and Citrus limon (lemon) peel have been used to 
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synthesize AgNPs whereas Camellia sinensis (green tea), Zingiber officinale (ginger) 

rhizome, Citrus sinensis (orange) juice and Pinus brutia (Turkish pine) bark extracts 

were used for CuNPs synthesis. 

After successful syntheses, the quantity and quality of nanoparticles have been 

screened by UV-Vis spectroscopy, X-Ray Diffraction (XRD) analysis, Fourier 

Transforms Infrared (FTIR) spectroscopy, Transmission Electron Microscopy (TEM) 

and particle size distribution and Zeta potential measurement. The TEM micrographs 

confirmed the presence of nearly spherical or oval shaped nanoparticles (AgNPs & 

CuNPs). For AgNPs, the smallest size ranged (1.84 - 20.57 nm) nanoparticles 

(CcAgNPs) with the mean diameter of 14.30 nm were obtained from Cuminum 

cyminum (cumin) seed extract while the largest size ranged (7.5 - 69.83 nm) 

nanoparticles (ClAgNPs) with the average diameter of 41.86 nm were found using 

Citrus limon (lemon) peel extract. On the other hand, for CuNPs, the smallest size 

ranged (6.93 - 20.70 nm) nanoparticles (CisCuNPs) with the average diameter of 17.58 

nm were observed from Citrus sinensis (orange) juice extract and the largest particle 

size ranged (17.59 - 149.92 nm) nanoparticles (CasCuNPs) with the average diameter 

of 45.30 nm were achieved from Camellia sinensis (green tea). 

Antibacterial prospective and potentials of both silver and copper NPs have been 

investigated against Gram-positive (Staphylococcus aureus) along with Gram-negative 

(Escherichia coli) bacteria. It has been found that the nanoparticle samples with 

smallest particle size range and highest potential value showed the best antibacterial 

activities. Therefore, the silver nanoparticle (CcAgNPs) obtained from Cuminum 

cyminum seed extract showed the highest antibacterial activity against S. aureus and E. 

coli with the maximum inhibition zones of 12.53 mm and 10.30 mm in diameter, 

respectively. Similarly, the copper nanoparticles (CisCuNPs) using Citrus sinensis juice 

extract showed the maximum antibacterial activity with the highest inhibition zones of 

12.60 mm and 10.83 mm in diameter against S. aureus and E. coli, respectively. 

Considering the overall outcomes, it is remarkable that silver nanoparticles showed 

stronger antibacterial activity then copper nanoparticles. 

In this study, the in-vitro cytotoxic effects of both AgNPs and CuNPs have also been 

monitored against healthy, regular normal mouse fibroblasts cell line (L929) by means 

of XTT assay. According to results, the cell viability has not been found significantly 

affected with increased concentrations (0.1 - 5μg/mL) of nanoparticles; hence it is 

noticeable and apparent that, none of the phytosynthesized nanoparticles has toxic 

effect on L929 cells in given concentrations. 

 

Keywords: Green synthesis, Microwave-assisted synthesis, silver, copper, metallic 

nanoparticles, antibacterial activity, cytotoxicity  
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Nanoteknoloji, nanometre ölçeğinde malzemelerin üretilmesi, karakterizasyonu, 

manipülasyonu ve kullanımına odaklanarak geliĢen bir alandır. Nanopartiküllerin, 

özellikle metalik nanopartiküllerin çeĢitli alanlarda geniĢ ve kapsamlı uygulanabilir 

olması nedeniyle bu nanopartiküllere yüksek bir ticari talep mevcuttur. Nanopartikül 

sentezi için konvensiyonel yöntemler, nanopartikülleri toksik kalıntılar ile birlikte 

üretmesinin yanı sıra oldukça pahalıdır. Nanopartiküller üzerindeki bu toksik 

kalıntıların varlığı, çevresel toksisite, sitotoksisite ve kanserojenite gibi klinik ve 

biyomedikal uygulamaları sınırlayabilecek potansiyel riskler oluĢturabilir. Bu nedenle 

günümüzdeki bilimsel yaklaĢımlarında, biyolojinin prensiplerini kimyasal ve fiziksel 

süreçlerle birleĢtirerek, nano-boyutlu partiküllerin spesifik fonksiyonlarla üretilmesi 

için nanobiyoteknoloji adı verilen yeni bir bilim dalı ortaya çıkmıĢtır. Nanopartiküllerin 

sentezi için biyolojik yöntemler hem ekonomik hem de çevresel olarak yeĢildir. Çünkü 

daha büyük ölçekli üretim için bu uygulamalarda nispeten ucuz, basit ve kolayca 

ölçeklendirilebilen toksik olmayan malzemeler kullanılmaktadır. Öte yandan, 

nanoparçacıkların mikrodalga destekli ısıtma tekniği ile yeĢil sentezi ise bu 

uygulamalarda ek faydalar sağlamaktadır. Bunun nedeni ise, bu tekniğin istenen kalite 

ile birlikte daha yüksek verime sebebp olan yüksek reaksiyon kinetiği ve yüksek 

reaksiyon hızları sağlamasıdır. 

Bu sebepleri, kapsamları ve avantajları ele aldığımızda bu çalıĢmanın temel amacı, 

bitkisel ekstraklarını indirgeyici, kapaklayıcı ve stabilize edici maddeler olarak 

kullanılması ile gümüĢ ve bakır nanoparçacıkların sentezlenmezi olarak belirlendi. 

ÇalıĢmada, nanoparçacıkların kolay ve hızlı fitosentezi için iki paramtre (zaman ve 

sıcaklık) yönünden optimize edilmiĢ olan mikrodalga ıĢınlama yöntemi kullanılmıĢtır. 
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GümüĢ nanoparçacıkların (AgNPs) sentezi için taze Malus pumila (elma), Cuminum 

cyminum (kimyon) tozu, taze Zingiber officinale (zencefil), Rosa santana (gül) 

taçyaprağı, Citrus limon (limon) kabuğu ve Citrus sinensis (portakal) kabuğun sulu 

ekstraksiyonu kullanırken, bakır nanoparçaların (CuNPs) sentezi için taze Zingiber 

officinale (zencefil), kuru Camellia sinensis (yeĢil çay), Citrus sinensis (portakal) suyu 

ve Pinus brutia (Kızılçam) kabuğun ekstraksiyonu kullanılmıĢtır. BaĢarılı sentez 

iĢlemlerinden sonra, nanopartiküllerin miktarı ve kalitesi UV-Vis spektroskopisi, 

Fourier Transforms Ġnfrared (FTIR) spektroskopisi, X-IĢını Kırınımı (XRD) analizi, 

Transmisyon Elektron Mikroskobu (TEM), Partiküllerin Boyut Ölçümü ve Zeta 

Potansiyel Ölçümü (Zeta sizer) ile karakterize edilmiĢtir. TEM mikrografları ile 

neredeyse yuvarlak veya oval Ģekilli nanopartiküllerin (AgNPs & CuNPs) varlığı 

doğrulanmıĢtır. AgNP‘ler için, ortalama çapı 41,86 nm ile birlike en büyük boyutlu 

olan (7,5 - 69,83 nm) nanopartiküller (ClAgNP) Citrus limon kabuğu ekstraksiyondan 

elde edilirken, Cuminum cyminum çekirdeği kabuğu ekstraksiyondan ortalama çapı 

14,30 nm ile birlikte en küçük boyutlu (1,84 - 20,80 nm) nanopartiküller (CcAgNP) 

tespit edilmiĢtir. Öte yandan CuNP‘ler için, ortalama çapı 45,30 nm ile birlike en büyük 

boyutlu olan (17,59 - 149,92 nm) nanopartiküller (CasCuNP) Camellia sinensis 

ekstraksiyondan elde edilirken, Citrus sinensis suyudan ortalama çapı 17,58 nm ile 

birlikte en küçük boyutlu (6,93 - 20,70 nm) nanopartiküller (CisCuNP) tespit edilmiĢtir. 

Hem AgNP hem de CuNP‘lerin antibateriyel potansiyelleri Gram pozitif 

(Staphylococcus aureus) ve Gram negatif (Escherichia coli) bakterilere karĢı test 

edilmiĢtir. En küçük parçacık büyüklüğü aralığına ve en yüksek potansiyel değere sahip 

nanopartikül örneklerinin en iyi antibakteriyel aktiviteleri gösterdiği gözlenmiĢtir. 

Böylece, kimyon tohumu ekstraksiyondan elde edilen gümüĢ nanoparçacık (CcAgNP), 

12,53 mm maksimum inhibisyon zonlarıyla10,30 mm çapındaki sırasıyla S. aureus ve 

E. coli‘ye karĢı en yüksek antibakteriyel etkinliği göstermektedir. Aynı Ģekilde, 

portakal suyu ekstraksiyondan elde edilen bakır nanoparçacık (CisCuNP), 12,60 mm 

maksimum inhibisyon zonlarıyla10,83 mm çapındaki sırasıyla S. aureus ve E. coli‘e 

karĢı en yüksek antibakteriyel etkinliği göstermektedir. Dolayısıyla, genel sonuçlar göz 

önüne alındığında, bakır nanoparçacıkların aksine gümüĢ nanoparçacıkların daha güçlü 

antibakteriyel aktivite gösterdiği söz konusudur. 

Bu çalıĢmada, ayrıca, hem AgNP hem de CuNP‘lerin in vitro sitotoksik etkilerin, XTT 

testi ile normal fare fibroblast hücre hattı (L929) üzerinde belirlenmiĢtr. Sonuçlara 

göre, nanopartiküllerin artan konsantrasyonlarından (0,1 - 5,0 μg/mL) hücre canlılığı 

önemli ölçüde etkilenmemiĢtir; Dolayısıyla, fitosentezlenmiĢ nanopartiküllerin 

hiçbirinin, verilen konsantrasyonlarda L929 hücreleri üzerinde toksik etkisi olmadığı 

açıktır. 

 

Anahtar Kelimeler: YeĢil sentez, Mikrodalga destekli sentez, gümüĢ, bakır, metalik 

nanopartiküller, antibakteriyel aktivite, sitotoksisite  
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CHAPTER 1 

INTRODUCTION 

1.1 Literature Review  

The prefix ‗Nano‘ of the Nanotechnology was actually coined from the Greek 

originated word ‗Nanos‘, meaning the dwarf or miniature. This is a theoretical and 

applied science at the molecular level mainly covering and focusing the exploration, 

manufacture, categorization and the use of materials below 100 nanometres. In other 

ways, ‛nanotechnology‘ compels the capability to include components of molecular 

size and precise machine. While giving a talk called ―There‘s Plenty of Room at the 

Bottom‖, the idea of nanotechnology first came from a physicist Richard Feynman in 

1959 [1].  

According to the National Science Foundation (NSF) in the U.S., nanotechnology 

enhances the ability to comprehend, operate and control matter at molecular level of 

particular atom [2]. It is a rising field which can be used in almost every field of 

scientific inventions. Currently, the branches of nanotechnology are being expanded 

and extended to large a number of areas including catalysis, mechanics, biomedical, 

beverage, cosmetics, photo-electrochemical application which could bang the 

international market [1].  

Furthermore, green nanotechnology is the branch of nanotechnology that increases 

environmental sustainability by utilizing eco-friendly methods to manufacture green 

Nano-products that reduce negative facet [3]. Nanotechnology appliances are vastly 

appropriate for biological research applications mainly because of their specific 

properties.  

The significance of the use of green or bio-nanotechnology comes from the advantages 

that it can use biological resources to fabricate metallic nanoparticles. Albeit having 
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many conventional schemes available for the fabrication of metallic nanoparticles 

assuring high purity and expected quality of the nanostructured materials, these 

methods are often reasonably costly, damaging, unsafe, unhealthy and environmentally 

harmful. Therefore, bio-based green synthesis by means of biological materials such as 

plant, algae, fungi, bacteria and viruses has gradually been a matter of extra attention as 

well as been believed to be biocompatible and lucrative process among scientific 

community [4]. Consequently, the biosynthesis of metallic nanoparticles has been a 

vast area of study with the potential and impending functions as well as the applications 

for utilizing and implementing different developments of advanced technologies [5]. 

However, the main aim of green nanotechnological research has been to reduce 

environmental and human health hazards and to enhance the application of more 

environmentally friendly Nano-products as the substitute of existing toxic products.  

1.2 Objective of the Thesis  

The primary objective of this study has been:  

1. The evaluation of the potential use of plant parts as well as biological wastes (e.g. 

orange and lemon peel, rose petals and pine bark) as synthesizing agents for the 

production of silver (AgNPs) and copper (CuNPs) nanoparticles.  

2. To phytosynthesize silver nanoparticles (AgNPs) and copper nanoparticles (CuNPs) 

under microwave irradiation (by green synthesis method).  

3. To perform details chemical and biochemical characterizations of biosynthesized 

silver (AgNPs) and copper (CuNPs) nanoparticles.  

4. To observe and thoroughly estimate the antimicrobial potential of both 

biosynthesized silver (AgNPs) and copper (CuNPs) nanoparticles against the species 

Escherichia coli and Staphylococcus aureus.  

5. To investigate in vitro cytotoxic activities of the biosynthesized silver (AgNPs) and 

copper (CuNPs) nanoparticles.  

1.3 Hypothesis  

A standard protocol can be established from this research suitable for synthesizing 

silver and copper nanoparticles using green technology assisted by microwave 

irradiation. This research protocol can be both non-toxic and economical. In this 
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protocol, moreover, diverse verity of plants and fruits are possible to be exploited 

directly as the reducing and capping agent for the syntheses of silver (AgNPs) and 

copper (CuNPs) nanoparticles. Utilization of microwave-assisted synthesis could be 

helpful to produce nanoparticles with desired properties. Comparison between the 

antibacterial potential of these nanoparticles at very low concentration against the 

species Escherichia coli and Staphylococcus aureus could also be possible from this 

experiment. Moreover, the in vitro cytotoxic studies of the phytosynthesized silver 

nanoparticles (AgNPs) and copper nanoparticles (CuNPs) by this promising protocol 

could unfold a novel phase of the secure exercise of nanostructured materials and their 

applications in diverse sectors, particularly in the medical field.  
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CHAPTER 2 

GENERAL INFORMATION 

2.1 Nanotechnology 

Nanotechnology allocates the materials sized between 1 to 100 nm (1 nm = 10
−9

 of a 

meter) (Figure 2.1). This technology offers the capability to create materials with 

desirable properties mainly controlling their size and shape. This promotes multi-scaled 

research by using nanomaterials. This technology is therefore considered to be one of 

the latest advanced branches of science emerging from the multi-disciplinary sciences, 

mainly of physical, chemical, biological and engineering [7]. Furthermore, this 

innovative field is being spread to the number of areas including beverages, cosmetics, 

biomedical applications, production of drugs, different types of health care facilities, 

environmental safety, catalytic analysis, mechanics, development of different types of 

devices, space industries as well as various types industrial uses [8].  
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Figure 2.1 Diagram indicating the relative scale of nanosized objects of the various 

natural and artificial occurring objects [9]. 

2.2 Background of Nanotechnology   

Indeed, it is evident that people from different parts of the ancient world were 

practicing various kinds of Nano-level process for the production of nanosized objects 

and used them in practical application long before the beginning of modern ―nanoera‖. 

For instance, organic resources such as wool, silk, cotton and flax of a size ranged 

between 1 and 20 nanometres were found to be used at least around 1000 BC. The use 

of metallic nanoparticles, on the other hand, seems to have started in ancient Egypt and 

Mesopotamia back in the 14
th

 and 13
th

 centuries BC, mainly with the beginning of 

glass-making. In fact, some of the red coloured glasses were made by using either of 

metallic copper nanoparticles or cuprous oxide nanoparticles [10]. Moreover, the 

ancient Egyptians used a special type of hair dyeing paste mixed with sulphur and 

Nano-galenite particles. Even surprisingly, a steady dyeing was reported to be obtained 

from this Nano-based hair dyeing paste [11].  
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On the other hand, the production of multi-coloured stained-glasses, which were used 

in the church windows, was reported to accomplish at a high-quality level during the 

medieval time in Europe. In the manufacturing process of these various types of 

coloured glasses, particularly gold and other kinds of nanometals were used as special 

additives for the making of the red-coloured stained-glass [12].  

However, in modern science, the concepts of nanotechnology first came to the light in 

1959 by renowned physicist Richard Feynman which was given the place to be the 

father of modern nanoscience. However, N. Taniguchi (1974) applied the word 

―nanotechnology‖ in scientific research purpose in 1974 [13]. Following this, the ideas 

of nanotechnological approach were put forward by a number of important discoveries 

and inventions particularly during the second half of 1980s and early 1990s. The efforts 

and inventions of these contributory scientists eventually promoted and spread a 

conceptual ground of nanotechnology into conventional scientific protocols. Since then, 

considerable numbers of new, contributory and innovative scientific applications of 

nanotechnological researches have begun to flourish all over the world [14].  

A chronological brief description of important events of the development of 

nanotechnology is given below in Table 2.1. 

Table 2.1 A chronological brief of the key events of the nanotechnology [15]. 

• ~ 2000 Years ago  Greeks and Romans were using sulphide based nanocrystals 

as very useful supplements of hair dye.   

• ~ 1000 Years ago       Along with some other nanoparticles of different sizes, gold 

was used to produce different colours in the making process 

of stained-glass windows used in medieval church.  

• 1959  The concept of modern nanotechnology first came to the light 

by Richard Feynman.  

• 1974  For the first time, Taniguchi uses the term ―Nanotechnology‖  

• 1981   Development of Scanning Tunnelling Microscope  
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Table 2.1 A chronological brief of the key events of the nanotechnology [15] 

(Continued). 

• 1985  C60 (Buckyball) was discovered by Scientists at the University 

of Sussex and Rice University  

• 1986  K. Eric Drexler‘s ―Engines of Creation‖ became the first book 

on nanotechnology.   

Binnig, Quate and Gerbe invented Atomic Force Microscope 

(AFM), one of the important tools being used in nanoscience.   

• 1991  Sumio Iijima first invented Carbon (C) nanotubes.  

• 1999  ―Nanomedicine‖, the first book on nano-medicine was written 

by R. Freitas.  

• 2000   The establishment of ―National Nanotechnology Initiative 

(NNI)‖, in the U.S.  

2.3 Nanoparticles (NPs) or Nanostructured Materials (NSMs) 

The term ―Nanoparticles‖ is used to describe the set of particles or the substances 

through smaller dimension less than approximately 100 nm, at any rate, for one 

dimension which could be exploited as building blocks in nano-researches [16]. More 

than a few terms have been tended for describing nanoparticles; such as nanoscale 

materials, nanosized particles, nanomaterials, nanosized materials, nanostructured 

materials, nanoscale particles, and nano-objects etc.  

Nanoparticles are complex molecules having mainly of three layers i.e. (a) surface or 

outer layer, (b) shell layer and (c) the core [17]. The surface or outer layer might be 

functionalized having a variety of small molecules, ions, surfactants, and polymers with 

it. The shell layer diverges according to the nature of nanoparticles. However, they 

might be natural or manufactured as well as chemically diverse from the core in every 

aspect. On the other hand, the core is actually the central portion of NPs that eventually 

refers to the nanoparticle itself. Consequently, this complex active structure of NPs 

provides various unique and suitable physicochemical properties.  
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2.3.1 Classifications of Nanostructured Materials (NSMs)  

Nanoparticles are broadly categorized in different groups according to their size and 

shape, morphological structure, composition, origin, dimensionality, uniformity, and 

agglomeration. Therefore, NPs can be tubular, spherical and irregular in their shape. 

They further can be observed in aggregated, fused and agglomerated in form and 

structure. Depending on their various categories, different classes of nanoparticles are 

narrated below- 

2.3.1.1 Classification of Nanoparticles or Nanostructured Materials based on The 

Number of Dimensions 

For the first time, Gleiter gave the classification idea of NPs or NSMs in 1995, and 

further was explained by Skorokhod in 2000 [18]. Nevertheless, Gleiter and Skorokhod 

scheme didn‘t take into account the dimensional structures of NPs such as fullerenes, 

nanotubes, and nanoflowers and that‘s why, this classification was not entirely 

measured and counted. Late on, Pokropivny and Skorokhod offered a modified 

classification system for nanostructured materials, where 0D, 1D, 2D and 3D NSMs 

were included [19]. 

Dimensionality refers to shape or morphology of nanomaterials, which can broadly 

classify the Nanostructured Materials (NSMs) into four categories: Zero-dimensional 

Nanostructured Materials, One-dimensional Nanostructured Materials, Two-

dimensional Nanostructured Materials, and Three-dimensional Nanostructured 

Materials (Figure 2.2). According to the dimensions, various prominent features and 

examples of four categories of NSMs are explained in Table 2.2 and Figure 2.3: 
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Table 2.2 Dimensional systems of nanostructured materials (NSMs) [19]. 

Nanostructured 

Materials 

(NSMs) 

Characteristics Examples 

Zero 

dimensional 

NSMs (0D) 

a) The electrons in the materials are confined in 

their motion in all three directions (Figure. 

2.3a). 

b) 1 to 100 nm range in all three dimensions . 

nanospheres, 

Nanoclusters 

One 

dimensional 

NSMs (1D) 

a) The electrons in the materials can easily move 

in one direction and confined in their motion in 

two directions (Figure. 2.3b). 

b) Usually this category includes needle like-

shaped nanomaterials. 

Nanofibers, 

Nanorods, 

Nanowires 

Two 

dimensional 

NSMs (2D) 

a) Electrons are free to travel in two directions 

and confined in one direction (Figure. 2.3c). 

b) These NSMs exhibit plate-like shapes. 

Nanofilms, 

nanoplates and 

branched 

structures. 

Three 

dimensional 

NSMs (3D) 

a) In 3-D system, the electrons free to move in 

all three directions as a result of having three 

arbitrarily dimensions (Figure. 2.3d). 

b) This type is also called Bulk nanomaterials 

possess a nanocrystalline at the nanoscale. 

c) 3-D nanomaterials can contain bundles 

nanotubes and of nanowires, dispersions of 

nanoparticles as well as multi-nanolayers. 

Nanoballs, 

nanocoils, 

nanocones, 

nanopillers 

and 

nanoflowers 
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Figure 2.2 Heterogeneous nanostructured materials with different morphologies [20]. 

 

Figure 2.3 Schematic representation of (a) zero-dimension, (b) one- dimension, (c) two- 

dimension and (d) three-dimension systems with their corresponding density of states 

[21]. 
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2.3.1.2 Classification of NPs or NSMs based on their Properties   

Depending on their chemical, biochemical and physical properties, several recognized 

and familiar classes of NPs are mentioned in Table 2.3:  

Table 2.3 Various features of different NP groups and their applications.  

Nanoparticles 

(NPs) 

Features Usages 

 

 

 

Carbon-based NPs 

a) Contain single or multiple 

layered allotropic crystalline carbon 

sheets with remarkable strength and 

unique electrical properties 

(conducting, semi conducting, or 

insulating). These crystals sheets 

form a globular hollow cage or 

tubular structures [22]. 

b) Two best examples of carbon-

based NPs groups can be the 

Fullerenes and carbon nanotubes 

(CNTs).  

Commercially used as 

nanocomposites such as 

efficient gas adsorbents 

for environmental 

remediation [23], fillers 

and as the supportive 

medium for different 

inorganic and organic 

catalysts [24]. 

 

 

Metallic NPs 

a) Made of stable, alkali, pure and 

significant metals precursors e.g. 

copper (Cu), gold (Au), silver (Ag) 

etc. [25].  

b) These nanoparticles have unique 

optoelectrical properties because of 

their characteristic Localized 

Surface Plasmon Resonance 

(LSPR).  

Highly sensitive 

diagnostic assays, drug 

and gene delivery, 

radiotherapy 

enhancement, thermal 

ablation etc. 
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Table 2.3 Various features of different NP groups and their applications (continued). 

Nanoparticles 

(NPs) 

Features Usages 

 

Ceramics NPs 

a) These are non-metallic inorganic 

NPs. 

b) Can be found as the solid state 

with polycrystalline, amorphous, 

porous or hollow structures [26]. 

Catalysis, 

photocatalysis, 

photodegradation of 

dyes, and imaging 

applications [27]. 

 

 

Semiconductor 

NPs 

a) These nanomaterials have 

properties between metals and non-

metals. 

b) They also possess wide 

bandgaps. With bandgap tuning, 

they further show significant 

alteration in their properties [28].  

They are very important 

materials in electronic 

devices, photo optics 

and photo catalysis [29]. 

 

Polymeric NPs 

a) Usually biodegradable, 

biocompatible and organic based 

NPs with nanospheres or Nano-

capsular shape [30]. 

Due to their 

biodegradable and 

biocompatible 

properties, they could be 

applied for the suitable 

carrier in controlling and 

sustaining drug delivery. 

 

Lipid-based NPs 

a) Normally, a lipid NP is 

characteristically spherical 

(diameter ranging from 10 to 1000 

nm) consists of a solid core made of 

lipid and a matrix contains soluble 

lipophilic molecules [31]. 

Effectively using in 

many biomedical 

purposes such as drug 

carriers and delivery and 

RNA release in cancer 

therapy [32]. 
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2.3.1.3 Classification of NPs based on Source of Origin  

Nano structured materials (NSMs) or nanoparticles (NPs) can be derived from natural 

or man-made (engineered or incidental) sources. Based on their source of origin, nano-

structured particles could be grouped into two categories, i.e. (a) Natural NPs and (b) 

Engineered NPs.  

These nano-structured materials could be found in the natural minerals where they are 

capable of synthesizing by natural routes like biodegradation or/and biomineralization 

[33]. Additionally, under in-vivo condition, Nano-structured materials (NSMs) can be 

created throughout diverse natural events like volcanic eruption, erosion, marine wave 

strokes, forest fires, natural weathering of rocks etc.  

On the other hand, nanoparticles can also be produced through usual human actions in 

everyday life like automobile exhaust, welding fumes, fuel (coal) combustion, 

industrial effluents etc. This type of NPs is known as incidental NPs.  In this day and 

age, the Nano-scaled particles have been engineered to provide definite intentions, 

intended for the profits of mankind. The vast range of engineered Nano-structured 

materials (NSMs) is being created with unlike characteristics like unique physical, 

chemical and biochemical nature as well as distinctive morphology, dispersion status, 

and modified surface area; and therefore, contributing to build a significant dynamic 

area of science [33].  

2.4 Metallic Nanoparticles  

Nanoparticles which are synthesized either by destructive methods or constructive 

techniques, from their metal salts and reduced to zero-valent nanometric sizes atoms 

are called metallic nanoparticles. In 1857, Faraday recognized the existence of metal 

based nanoparticles in solution and quantitative details of their colour were specified by 

Mie in 1908 [34]. The term metal or metallic nanoparticle is used for describing 

nanosized metals consist of a number of atoms or molecules with their dimensions such 

as length, width or thickness in nanometres.  

Even though, almost all the metals can be synthesized into their metallic nanoparticles 

but some metal also can be used to produce their metal oxides based nanoparticles i.e. 

Copper oxides (CuO & Cu2O), Iron oxide (Fe2O3), Aluminium oxide (Al2O3), Silicon 

dioxide (SiO2), Titanium oxide (TiO2), Zinc oxide (ZnO),Cerium oxide (CeO2), 
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Magnetite (Fe3O4) etc. In contrast to the bulk materials, the metallic nanoparticles 

particularly possess distinctive properties [34]. Such as-  

a) Sizes, as low as within the range of 10 to 100 nm,  

b) Distinctive unique structures like spherical and cylindrical,  

c) Crystalline and amorphous structures,  

d) Surface characteristics like pore size, high surface area, large surface energies etc.  

e) Diverse colour of the particles,  

f) Specific surface charge and surface charge density. The conversion involving 

molecular to metallic states that helps to provide definite electronic configuration (local 

density of states LDOS);  

g) The ability to store excess electrons. 

h) Highly Reactive and sensitive to environmental factors, for example humidity, air, 

high temperature, sunlight etc.  

2.4.1 Silver Nanoparticles (AgNPs)  

Silver (Ag) is a soft and white glossy malleable metal. It has an atomic mass of 107.862 

and atomic number of 47. It is a first-rated conductor of electricity and heat as well as 

also able to reflect light very well. This lustrous is widely preferred as a catalyst for 

different significant oxidation reactions. 

Silver nanoparticles have different shape for instance cubes, triangular, rods, 

pentagonal and prism. Moreover, silver nanoparticles itself are insoluble in water while 

the silver salts such as silver nitrate (AgNO3) and silver chloride (AgCl) are soluble in 

water. The particle size of a silver nanoparticle (AgNP) is usually smaller than 100 nm 

and each nanoparticle contains approximately 20-15,000 atoms [35]. However, these 

nanoparticles have unique and remarkable properties such as dispersion capacity, well-

developed surface, chemical and functional stability, excellent electrical conductivity 

with high electrical double layer capacitance, catalytic activity, non-linear optical 

behaviour associated with the SPR etc. Moreover, the structure and morphology 

possess strong influence on their above mentioned unique and remarkable properties 

[36].  
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2.4.2 Copper Nanoparticles (CuNPs) 

Copper (Cu) is a red-orange coloured transition metal. It has an atomic mass of 63.546 

and an atomic number of 29. This metal comprises two oxides forms, i.e. cupric oxide 

(CuO) and cuprous oxide (Cu2O). These two oxides contain distinct colours, crystal 

structures as well as unique physical and electrical properties. Copper possesses 

metallic lustre. Moreover, it is comparatively more plentiful in the Earth‘s crust (the 

8
th

). The metal further shows various types of characteristic features for example, high 

corrosion resistance, high electrical conductivity, high thermal conductivity, good 

ductility and malleability. Therefore, copper has been utilized in contribution of the 

humanity for several millennia [37]. It is also considered to an inevitable element in 

contemporary world. For instance, it has been used in associated plumbing and modern 

household water piping prior to other metals along with is being chosen for most 

vehicle radiators and air conditioners.  

On the other hand, a copper nanoparticle is a copper based blackish brown or black 

coloured metal particle [38]. This particle is 1 to 100 nm in size and therefore been a 

particle of sought-after as a consequence of its high melting point, high electrical 

conductivity, low electrochemical migration behaviour as well as low material cost 

[39].  

Like many other metallic nanoparticles, on the other hand, copper nanoparticles can 

also be formed both in through artificial synthesis as well as natural processes. 

Sometimes the copper nanoparticles (CuNPs) require encapsulation by organic or 

inorganic compounds to prevent oxidation [40], since the particles (CuNPs) can easily 

oxidize into oxides (CuO & Cu2O).  

2.5 Syntheses of Metallic Nanoparticles  

Metallic NPs are formed through the reduction of metal salt to zero-valent metal atoms. 

The diameter of the metallic nanoparticle is influenced by various factors like strength 

of the metal-metal bonds, nature of solvent, synthesis conditions, the redox potential 

between the metal salts and the reducing agent, type of stabilizing agent used, 

temperature etc. [41]. Majority metals are capable of creating into their metallic NPs. 

However, the on the whole, frequently exercised metals intended for nanoparticle 

production are silver (Ag), iron (Fe), gold (Au), copper (Cu), lead (Pb), aluminium 

(Al), cadmium (Cd), cobalt (Co) and zinc (Zn) [42].  
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Various methods and protocols are applied to create nanoparticles. However, all of 

these methods could largely be classified into two chief groups, i.e. (1) Bottom-up 

synthesis and (2) Top-down synthesis [43]. These chief groups could further be 

categorized into three subgroups (i.e. biological, physical and chemical schemes 

methods) according to their reaction condition, operation, and adopted protocols 

(Figure 2.4).  

 

Figure 2.4 The representation of different types of nanoparticles synthesis methods 

[44].  
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2.5.1 Top-down Synthesis  

For ―top–down‖ synthesis, destructive approach is employed. In this method, bulk state 

metals or larger molecules are systematically broken down into extra smaller particles. 

Therefore, these extra small particles become very suitable to be converted into metal 

nanoparticles of desired dimensions (Figure 2.5). In top-down manufacturing, 

moreover, particle assembly and formation is controlled by a pattern or matrix [45]. All 

examples of this approach basically represent the physical methods such like 

evaporation-condensation, pyrolysis, laser ablation grinding, physical vapour 

deposition (PVD) and also other kinds of decomposition techniques.  

Various types of metallic nanoparticles e.g. gold (Au), cadmium sulphide (CdS), silver 

(Ag) and lead sulphide (PbS) have been synthesized in the past, particularly by using 

the evaporation-condensation method [46]. Ultrasound has also been used in the 

fabrication of novel nanomaterials. However, this physical synthesis method as a 

nanoparticle producer can be helpful for enduring experiments related to inhalation 

toxicity studies [47].  

Comparing to other protocols, the physical methods are beneficial because of the 

uniformity of nanoparticle distribution as well as absence of chemical solvent 

contamination throughout the synthesis [48]. Hence, for various types of advanced 

applications, pure, clean and contamination free metal particles and colloids can be 

fabricated from these useful techniques [49].   

2.5.2 Bottom–up Synthesis 

In contrast of the Top-down Synthesis, nanoparticles are created from moderately 

smaller and simpler molecules (atoms) in the ‗bottom–up‘, also called ‗building-up‘ 

synthesis (Figure 2.5). This synthesis system involves the assembly of small substances 

to synthesize nanoparticles through chemical or biological methods with the help of 

reduction and sedimentation mechanisms [50].  

In this processes, the aqueous metal ions which are the precursor of metal salts play the 

vital role for nanoparticle production. Different reducing agents convert these metal 

ions to metal particles. Consequently, a change in colour occurs in the mixture that 

basically specifies the construction of nanoparticles. However, using protective agents 

to stabilize dispersive synthesized NPs is very crucial and significant while preparing 
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them. Hence, to avoid agglomeration, various stabilizers are added to the synthesis 

mediums which protect by shielding the particles [51]. In General, both biological 

approaches and chemical methods like photoinduced reduction, vapour deposition, sol-

gel process, tollens method etc. are cheaper in comparison with physical methods.  

The most common example of the Bottom–up synthesis by far is the fabrication of 

silver (Ag) nanoparticles with a controlled size (50-200 nm) through the modified one-

stepped Tollens method [52].  

 

Figure 2.5 Diagrammatic illustration of the top-down and bottom-up syntheses of NPs 

[44].  

2.6 Biological Approach for Metallic Nanoparticle Fabrication   

Nanoparticles are fabricated with the help of a diverse range of scientific protocols both 

of physical and chemical as well as their hybrid and modified procedures [53]. 

Conventional methods of these protocols could be useful to commercially manufacture 

an outsized amount of nanoparticles comparatively within shorter time-period. 

However, manufacturing nanoparticles by using these protocols sometimes might 

produce toxic by-products which are eventually environmental hazards. Moreover, 

there are more advanced, easier and more efficient techniques are available nowadays 
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so far. Besides, the physical methods require expensive instrumentations, high pressure 

and temperature that demand enormous consumption of energy [54], [55]. With all of 

the disadvantages mentioned above, nevertheless, both physical and chemical schemes 

enclose some limitations to maintain the desirable shape, size, quality and quantity of 

nanoparticles along with their further functionalization [56].  

Therefore, alternative method for nanoparticle synthesis which is less expensive and 

uses environmentally friendly resources, produces non-toxic waste products and with 

high yield of nanoparticles would be ideal that every researcher in nanoparticle 

synthesis is aiming to attain [57], [58]. This has promoted the opportunity to come 

forward with the idea of nano-biotechnology which is also called as ‗green chemistry‘.  

As a consequence, in the 1990‘s, along with the development and advancements in the 

field of nanotechnology, another concept was evolving known as ―Green chemistry‖. 

To develop this concept, the Green Chemistry Institute was included in 1997 and 

turned out to be a part of the American Chemical Society (ACS) in 2001. In recent 

years, moreover, scientists have used biomaterials as inexpensive raw materials for the 

fabrication of various kinds of nanoparticles [59].  

Based on several aspects and conditions, fabricating nanoparticles with the help of 

green protocols are therefore far superior and advantageous comparing to the 

fabrication and production of nanoparticles in the course of conventional physical and 

chemical methods. Below, the benefits of the alternative protocols or the green 

syntheses of nanoparticle production are expressed in Figure 2.6.   
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Figure 2.6 Advantages of alternative protocols or the green synthesis [44]. 

As designed in Figure 2.7, the green nanobiotechnology could generally be categorized 

into bottom-up synthesis. Using biological resources such as plants, microorganisms, 

and viruses as well as their by-products, for example, proteins and lipids, this green 

nanobiotechnology synthesize nanomaterials or nanoparticles with the help of reduction 

or oxidation reaction [60]. The two main goals of green nanobiotechnology or green 

chemistry are,  

 Producing nanomaterials without affecting the human health or the environment. 

 Producing nanomaterials that offer resolutions to the environmental problem. 
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Figure 2.7 Schematic representation of bio-based synthesis process [61]. 

However, a brief discussion of biological approach using a variety of living materials is 

given below:  

2.6.1 Synthesis of Metallic NPs using Virus, Bacteria and Yeast 

Different microorganisms like virus, bacteria, actinomycetes and yeast have the 

capability to synthesize different metallic nanoparticles due to their high growth rate 

and genetic modification/manipulation tendency as well as the capacity to accumulate 

heavy metals. A range of reductase and metal-resistant enzymes and proteins, cofactors 

and other molecules of these microbes are proficient of reducing metal ions to metallic 

nanoparticles with a fine size diameter distribution [62]. 
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It has been confirmed that diverse bacterial genera have been applied for metallic 

nanoparticle synthesis, i.e. Pseudomonas, Bacillus sp., Lactobacillus, Escherichia, 

Klebsiella sp., Enterobacter sp., Aeromonas sp., Corynebacterium sp., Weissella sp., 

Rhodobacter sp., Rhodococcus sp., Trichoderma, Brevibacterium sp., Streptomyces sp., 

Desulfovibrio sp., Rhodopseudomonas, Sargassum sp., Shewanella sp., 

Plectonemaboryanum sp., Pyrobaculum sp. etc.[63], [64]. Furthermore, similar 

potential for producing AgNPs with the particles size ranges from 35 to 46 nm has been 

showed by using Pseudomonas stutzeri AG259 [65]. Likewise, Serratia sp. was also 

used to synthesize copper oxide (CuO) nanoparticles. This bacterium was isolated from 

the midgut of an insect, Stibara sp. [66].  

On the other hand, Virus proteins have been worked as biological particles to extend 

the biological synthesis of nanoparticles [67]. For Instance, It has been found that TMV 

could able to the mineralize sulphide and crystalline nanowires [68].  

2.6.2 Fabrication of Metallic NPs using Fungus 

Different genera of fungi are being considered as significant agents on behalf of the 

biological fabrication of nanoparticles by reason of the fact that they are highly tolerant 

to adverse conditions, economically viable and   have the capacity of bioaccumulation, 

therefore, could produce substantial amounts of NPs [53], [69].  

Furthermore, the mechanism of NPs fabrication by this microorganism is done as 

follows i.e. attachment of metal ions to the outside layer of the fungal cells; the 

consequent enzymatic reduction (enzymes like nitrate reductase, and /-NADPH-

dependent reductase) of the metallic ions to nano-metals by the fungal cell system [70]. 

For instance, fungal reductase enzymes from Penicillium spp. and Fusarium oxysporum 

have been found to play vital roles in nanoparticle syntheses [71]. Furthermore, 

Mukherjee et al have also investigated the fabrication of highly stable nanocrystalline 

silver particles using an agriculturally important Trichoderma asperellum species 

which is also considered as non-pathogenic fungus [72]. Additionally, copper (Cu) 

nanoparticles have also been produced by the extracellular mechanisms of three 

Penicillium spp. (Penicillium citrinum, P. waksmanii and P. aurantiogriseum ) [73].  
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2.6.3 Synthesis of Metallic Nanoparticles using Algae 

Some information is offered for algae as a ―Biofactory‖ for the nanoparticles synthesis. 

Lower groups (Cyanobacteria, eukaryotic genera) of algae such as Cladophora 

prolifera, Rhizoclonium heiroglyphicum, Spirulina subsalsa, S. platensis, Lyngbya 

majuscule, Chlorella vulgaris, Sargassum fluitans and Padina pavonica  have been 

utilized for biorecovery of gold (Au) NPs [74], [75], [76]. In addition, some available 

marine groups of algae, such as Chlorella salina, Chaetoceros calcitrans, Isochrysis 

galbana have also been engaged for the reduction of Ag
+
 to AgNPs [77].  

Nevertheless, nanoparticles synthesis using microorganisms are slower and low 

productive. On the other hand, the maintenance for synthesis procedures using lower 

group of organisms are also time consuming as because of the extra complex steps are 

needed to follow through the process, such as microbial maintenance, sampling, 

isolation and culturing. Therefore, the utilization of plant source raw materials to 

fabricate metallic NPs has become a immense and significant option which is 

reasonable, practicable and feasible [78]. 

2.6.4 Plant-mediated Syntheses of Metallic Nanoparticles  

Not long ago, plant based fabrication of metallic NPs, particularly silver (Ag), gold 

(Au) and copper (Cu) nanoparticles has turned into a significant topic and has gained 

extra attention by the researches, working in the field of phytonanotechnology or 

bionanotechnology. It is being taken a better option for NPs production as plants are 

boasted with some advanced features, including biocompatibility, scalability [79]. 

Moreover, plant-mediated biosynthesis is easier and rapid since the natural reducing 

factors are ready and thereby, could effortlessly be supplied by the plants. Furthermore, 

water can be used as a universal solvent in the reducing medium to accelerate the 

synthesizing process [80].  

Primarily, the entire plants had been utilized for the production of metal nanoparticles. 

However, isolated pure phytocompounds like cellulose, starch, glucose, etc. or dried 

biomass were utilized for silver (Ag) nanoparticle production [81]. On the other hand, 

the entire plant and/or their parts, i.e. roots, leaves, barks, stems, fruits, peels, fruit 

pulps, seeds as well as secretory substance like gums, volatile oils, rubber, pigments 

have already been reported for green synthesis of different NPs [82] (Figure 2.8).  
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Figure 2.8 Various parts of plants used in green synthesis of NPs [44]. 

Besides, plants possess primary metabolites such as amino acids, acyl lipids, peptides, 

proteins, reducing sugars, phytosterols, vitamins etc. over and above the secondary 

metabolites like alkaloids, terpenoids, tannins, phenolic compounds, heterocyclic 

compounds, tannins and resins which could act the crucial aspects for reducing metallic 

ions to NPs [83], [84], [85]. Furthermore, the general biobased metallic nanoparticle 

reduction mechanism process is followed by 3 main steps [85] as pointed up in Figure 

2.9. 
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Figure 2.9 Consecutive diagram of plant-mediated (bio-based) metallic nanoparticle 

reduction mechanism (M+-metal ion) [86]. 

However, a brief summary of some reports of plant-mediated metallic nanoparticle 

fabrication by using a number of plants parts is describing in Table 2.4.  

Table 2.4 List of plant species, their parts used and some mentionable features of NPs 

for plant-mediated syntheses of metallic NPs. 

Biological 

 resources 

Plant parts  Obtained 

NPs 

Shapes and 

size (nm) 

References 

 

Ginkgo biloba Leaves Copper Spherical; 

15–20 nm 

[87] 

Azadirachta indica Leaves Silver 41–60 nm [88] 

Pinus densiflora Cones Silver Oval but few 

triangular; 

30–80 nm 

[89] 



26 

 

Table 2.4 List of plant species, their parts used and some mentionable features of NPs 

for plant-mediated syntheses of metallic NPs les (continued). 

Biological 

 resources 

Plant parts  Obtained 

NPs 

Shapes and 

size (nm) 

References 

 

Orange and pineapple  Fruits Silver Spherical; 

10–300 nm 

[90] 

Nelumbo nucifera  Leaves Silver spherical, 

triangular; 

25–80 nm 

[91] 

Allium sativum Cloves and 

Bulbs 

Silver spherical; 

7–8 nm 

[92] 

Aloe vera 

 

Leaves 

 

Silver spherical; 

34–102 nm 

[93] 

Citrus medica Fruits Copper 20 nm [94] 

Lawsonia inermis Leaves Iron Hexagonal; 21 

nm 

[95] 

Artocarpus 

gomezianus 

Fruits Zinc Spherical; >20 

nm 

[96] 

Euphorbiaceae latex Silver & 

Copper 

18 nm Ag; 

10.5 nm Cu 

[97] 

 

Citrus sinensis peel Silver spherical; 

10±1 nm (at 

60 °C); 35±2 

nm (at 25 °C) 

[98] 

Rosa rugosa Leaves Silver & 

Gold 

30–60 nm Ag; 

50–250 nm 

Au 

[99] 

Carica papaya  Fruits Silver 25–50 nm [100] 
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Table 2.4 List of plant species, their parts used and some mentionable features of NPs 

for plant-mediated syntheses of metallic NPs (continued). 

Biological 

 resources 

Plant parts  Obtained 

NPs 

Shapes and 

size (nm) 

References 

 

Cymbopogon sp. 

(lemongrass)  

Leaves Gold spherical or 

triangular; 

200–500 nm 

[101] 

Jatropha curcas L.  latex  Lead 10–12.5 nm [102] 

Mentha piperita 

(peppermint)  

Whole plant Silver spherical; 

5–150 nm 

[103] 

Syzygium cumini  Seeds Silver spherical;  

29–92 nm 

[104] 

Musa paradisiacal  Peel Silver 20 nm [105] 

Geranium  sp. Leaves Gold 16–40 nm [106] 

2.7 Factors Affecting the Formation of NPs   

Quite a few factors can influence the creation, categorization and appliance of 

nanoparticles while manufacturing the metallic nanoparticles. Among them, the most 

important physical and chemical parameters are the pH of reaction mixture, reaction 

temperature, duration of reaction and agitation, pressure, reactant concentration, 

content of the reducing agent, environment, proximity and above all the protocols that 

are followed for the synthesis process [107]. The sections following present a glimpse 

of some of those dominant factors.  

2.7.1 Particular Method or Technique 

Different schemes have been intended for the fabrication of metal NPs. This could 

include the physical techniques of using mechanical and photolytic procedures, the 

chemical protocols with the help of various organic or inorganic chemicals as well as 

the biological protocols using different kinds living organisms and bio-based raw 

materials. However, each of these procedures has its certain advantages and 
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disadvantages. Providing that the biological protocols mainly use nontoxic and 

environmentally benign materials, they are economically cheap, eco-friendly, safe, 

having less side effects as well as more reliable and convenient than the protocols used 

in traditional methods [108]. Additionally, the preference of technique used to purify 

the fabricated metallic nanoparticles can influence nanoparticle quantity and quality.  

2.7.2 Influence and Effect of pH  

The pH value of the redaction solution is very influential in the course of nanoparticle 

fabrications. Studies have shown that pH of the solution medium has propensity to 

construct variability in the morphology of synthesized nanomaterials [109]. On the 

contrary of the high pH values, larger particles have a propensity to be fabricated 

particularly at lower acidic pH values [110]. There is example, conversely, of rod-

shaped AuNPs fabrication by using the common oat (Avena sativa). In this case, it has 

been found that larger sized gold nanoparticles (25nm to 85 nm) were synthesized at 

pH 2, whereas comparatively smaller sized gold nanoparticles (5 to 20 nm) were 

synthesized at pH 3 to 4 [111]. Therefore, it is strongly evident that the dimension of 

NPs may possibly be monitored by altering the pH of the reaction solution. On the 

other hand, some studies also present the effect of pH on the structure and morphology 

of the synthesized silver nanoparticles (AgNPs) [112].  

2.7.3 Influence of Reaction Temperature 

In all kinds of methods, temperature is also a vital cause that influences the morphology 

and yield of fabricated nanoparticles. The highest temperature (>350
°
C) is needed in 

physical processes, whereas less than 350
°
C is require chemical schemes [113]. 

Generally, using green technology for the synthesis of nanoparticles requires ambient 

temperature or temperatures less than 100°C and the temperature during synthesis 

established the nature of the nanoparticles [114]. For instance, by using the sweet 

orange peel extract (Citrus sinensis), Ag nanoparticles with mean dimension of just 

about 35 nm has been produced at a reaction temperature of 25°C. However, the 

average particle size in this synthesis was reduced to 10 nm while the reaction heat was 

amplified to 60°C [98]. On the other hand, it has been illustrated that higher 

temperatures moreover, influence the structural form of gold nanoparticles. For 

example the rod-like and plate-like gold nanoparticles (AuNPs) have been formed at 
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higher temperature whereas spherical-shaped gold nanoparticles (AuNPs) have been 

produced predominantly at lower temperatures [115, 116].  

2.7.4 Influence of Reaction Time 

While using green technology, the reaction condition like time also comprises an 

immense effect upon the quality and type of synthesized metallic NPs [117]. The 

variations in the time may affect the synthesis process in many ways. For example, 

particles might shrivel or grow during long storage; the aggregation of particles might 

also occur due to long time storage [118]. There is also example that a quick colour 

change occurred within 2 minute, while synthesizing spherical silver nanoparticles 

(AgNPs) using pineapple (Ananas comosus) extract. The reaction sustained up to 5 min 

and however, subsequently only an insignificant difference in colour may possibly be 

monitored [119].  

2.7.5 Influence of Pressure  

Pressure also becomes an important factor while synthesizing nanoparticles. The shape 

and size can be affected by the pressure applied to the reaction medium [120].  It has 

been found that the metal ions reduction rate occurs much faster at ambient pressure 

conditions using biological agents [121].  

2.7.6 Effects of Reactant Concentration  

In green chemistry, the formation of metallic nanoparticles has extensively been 

influenced by the concentration and density of bio-particles occurs in the plant extracts. 

A recent study has demonstrated the difference in concentration of sundried camphor 

leaf extract (Cinnamomum camphora) in the synthesis medium; possibly possess 

significant influence on the morphology of Ag and Au synthesized nanoparticles [122]. 

Similarly another study shows that, the ratio of gold triangular plates to spherical 

nanoparticles was influenced depending on the amount of chloroaurate ions containing 

the extract from the juicy leaves of Aloe vera (Asphodelaceae) in the synthesis medium 

of fabrication process [81]. 
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2.7.7 Chemical Constitute of Reducing and Stabilizing Agent 

A variety of living systems (e.g. plants) are being exercised as reducing, synthesizing 

and stabilizing mediators, meant for the nanoparticle syntheses. These living systems 

are rich in secondary metabolites. However, the substances of these secondary 

metabolites diverge according to their types, parts as well as the procedures which have 

been followed for their extraction [123]. Correspondingly, different microorganisms 

produce distinctive extracellular and intracellular enzymes of different quantities which 

might affect the synthesis of nanoparticle [124].  

2.7.8 Environment 

The surrounding environment especially humidity also operates as important factor for 

the construction of synthesized NPs. Additionally; the environment also influences the 

chemical and physical structure of the synthesized nanoparticles. In the biological 

system, a single nanoparticle would quickly become core-shell nanoparticles by 

reacting with other materials. Quick changes might also occur when it absorbs 

materials by the oxidation or corrosion process in its environment [125]. For instance, 

the crystalline nature of the zinc sulphide nanoparticles changed immediately when 

their surrounding has been changed from a wet environment into a dry circumstance.  

2.8 Characterization of Nanoparticles 

The chemical, biochemical and physical components of NPs are extremely important 

for their performances, their applications and their interaction with living systems. On 

the other hand, the key features of nanomaterials like structure, morphology, surface 

energy, surface composition, surface charge, and the morphology subsist crucially 

significant as well as needed to be well examined for the better understanding of the 

behaviours of nanomaterials in vivo [126]. Therefore, a range of sophisticated 

analytical techniques is commonly applied for the categorization and determination of 

the properties of nanoparticles.  

Some of the frequently used microscopy and spectroscopy techniques are, UV-Visible 

Spectroscopy (UV-vis), Fourier Transform Infrared Spectroscopy (FT-IR), Atomic 

Force Microscopy (AFM), Scanning Electron Microscopy (SEM), Transmission 

Electron Microscopy (TEM), Energy Dispersive Spectroscopy (EDS), Dynamic Light 

Scattering (DLS), Powder X-ray Diffraction (XRD) and Raman Spectroscopy.  
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A glimpse of the several techniques which are used for the evaluation of the physical 

and chemical characterizations of nanoparticles is presented below.  

2.8.1 UV-Visible Absorption Technique 

UV-Visible Absorbance Spectroscopy covers a visible range of among 380 nm and 800 

nm and an UV range of among 190 and 380 nm. Both of these two categories of 

radiation interact with substance by promoting electronic transitions that could vary 

between the ground state to a higher energy state.  

Metallic nanoparticles from a minimum size range of 2 nm to a maximum size range of 

around 100 nm can be monitored by using the wavelengths of between 300 and 800 nm 

that are in general, being used for characterization [127]. UV-Visible Spectroscopy 

gives information regarding to the structure, size, stability, concentration and 

aggregation of the nanoparticles. It could even give the information about the bio-

conjugation the nanoparticles if the absorption profiles are different [128]. On the other 

hand, in a process of estimating the combined oscillations of conduction electrons in 

response to electromagnetic emissions as well as measuring the Plasmon resonance, the 

UV-Visible Spectroscopy is also been applied to prove the formation of metallic 

nanoparticles.  Metal nanoparticles commonly have specific absorbance bands in 

characteristic spectra. For example, while the silver nanoparticles (AgNPs) demonstrate 

an absorbance peak of between 400 and 450 nm, the gold nanoparticles (AuNPs) 

present a specific absorbance peak of between 500 and 550 nm [129], [130].  

2.8.2 Fourier Transform Infrared Spectroscopy (FTIR) 

Since nearly all molecules are capable of absorbing infra-red light, their absorption 

spactra can be used as molecular fingerprints of the sample that show how the sample 

absorbs light at each wavelength [131]. The infrared emission spectrum, 

photoconductivity, absorption, or Raman scattering of a gas, liquid, or solid can be 

estimated and calculated by using FT-IR analysis; this because of the fact that all of 

these substances have distinct characteristic vibrational frequencies in the infra-red 

range.  

Fourier transform infrared spectroscopy (FTIR) with a significant I.R. region between 

4000 – 670 cm
-1

 is capable of identifying chemical information i.e functional groups, 

side chains, and cross-links of the NPs, and thereby, helps to elucidate the possible 
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molecules which might accountable for capping and stabilization of the nanoparticles. 

Hence, this is able to facilitate nanoparticle synthesis using green technology [132].  

In FTIR technique, conventionally, the absorption spectra for the solid nanoparticles 

samples can obtain through the formation of thin, translucent potassium bromide (KBr) 

pellets containing the specimens of interest. The KBr mixtures are placed in a vacuum 

line prior to pellet construction and the spectra are obtained after purging in dry air 

conditions corrected to a reference blank sample (KBr) [133]. However, there is a latest 

method that has been developed in recent time and called the Attenuated Total 

Reflection (ATR)–FTIR Spectroscopy. When it comes into contact with a sample, the 

intensity of the reflected IR beam changes. Consequently, this method provides the 

result peaks representing the chemical functional groups of the sample. In an ATR–

FTIR system, an IR beams are focussed onto an optically dense internal reflection 

element (IRE) crystal with a high refractive index at a certain angle. This internal 

reflectance generates a transitory wave that broadens away from the exterior layer of 

the crystal that achieves the contact of the specimens with the crystal [134]. ATR is 

ideal not only for strongly absorbing or thick solids samples i.e natural powders, but 

also for liquid analysis i.e free-flowing aqueous solutions [135].  

In a recent study, copper nanoparticles (CuNPs) have been synthesized with the use of 

the secondary bio-compounds, the rubber or latex of Euphorbiaceae. The FTIR 

measurements have been carried out in this study, to identify the possible interactions 

between the nanoparticles and polypeptides that are present in steam latex of a plant. 

This is due to the fact that the functional group of enzymes, proteins, peptides and 

amino acids are significant markers for IR peak graphs [97].  

2.8.3 X-ray Diffraction (XRD) Technique 

A wide range of X-ray based approches and techniques have been invented which 

could be useful for characterization of NPs. However, among all these instruments, X-

ray diffraction (XRD) has gained extra attention due to the capacity of its evaluation 

functions and facilities to measure the crystallinity and size of synthesized 

nanoparticles [131]. It has been considered as a very important key instrument to 

generate and evaluate the tertiary structures with mean size allocation over and above 

the crystallinity of particles at molecular levels [127].  
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According to Bragg's law, the diffraction peaks of molecules, extracted from XRD 

analysis merely illustrate the reflection of beam onto the crystalline planes of an 

inspected sample [136]. For achieving the result, the composition and lattice parameters 

of the diffracted powdered samples are analyzed through computing the angle of 

diffraction, once, X-ray beam is prepared to incident on them. Particle size is 

determined using the Scherrer formula. This formula counts the interplanar spacing 

(dcalculated) values and XRD reflection peaks to calculate mean particle size [137]. 

Furthermore, size distributions and crystallinity of particles depend on the width of 

reflection peaks. Internationally, a standard database is being employed to compare the 

examined XRD pattern that confirms the identification and chemical composition of the 

samples. Additionally this data also considered as crystallographic data that could be 

utilize to resolve the structural information of the examined specimens [138]. 

Albeit X-ray diffraction (XRD) practice is considered as an indisputable, well-known 

technique, there are some remarkable rising difficulties for structural analysis of 

molecules. This is due to the fact that XRD shows limitations to conclude the structural 

information in growing crystals. Additionally, this practice verifies the state of the 

materials by evaluating and extracting the results from a single conformation scheme 

confirmation state which might limits the relevance of this technique [139]. 

Furthermore, in comparisons with the electron diffractions procedure, another 

weakness of this X-ray diffraction is to generate reflection planes for molecules with 

low atomic number due to the low intensity of X-ray of XRD [140].  

2.8.4 EDX technique/Energy Dispersive X-ray Spectroscopy 

Energy Dispersive X-ray Spectroscopy (EDX, XEDS or EDXS), also known as Energy 

Dispersive X-ray Microanalysis (EDXMA/ EDXA). It is a systematic methodical 

practice, applicable and designed for the chemical characterization of samples at 

molecular levels which is being regarded as one of the alternatives of XRF to study 

very small scales; i.e. at the atomic or micro or even nano levels. It has become an 

accommodating analytical device that interact some resource of X-ray excitation 

features with the sample molecules which might open the window of opportunity of the 

appliance of this device in plentiful areas of materials science and microelectronics 

along with the branches of biotechnology specially for the characterization of 

nanoparticles constructed  with green nanotechnology [141]. 
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In the EDX setup, four chief working components are the excitation and interesting 

source (x-ray electron beam), the EDX detector, the pulse processor and the analyser. A 

detector inside the instrument works as convertor that adapts the X-ray beams/energy 

and converts into voltage beams or signal. These voltage signals are transferred in to 

the processor. The pulse processor is capable of measuring the signals and surpasses 

them into an analyzer to exhibit data for examination and analysis [142]. 

It is established that each and every element possesses a distinctive, distinguishing and 

characteristic atomic structure. This uniqueness of the elements works as the crucial 

basic principle of the characterization function of this practice that allows x-rays beams 

to identify and recognize the atomic structure distinctively [143].  

Characterization of molecules by EDX, XEDS or EDXS EDS schemes are quite easy 

and the data regenerated from these instruments show high degree of reproducibility. 

Moreover, this useful instrument is easy to handle and very simple with lasting 

operation.  However, major leading complexities in this system are the lack of skilled 

enthusiastic analysts. The general error made by EDX learners might lead to the 

misidentification of the extracted peaks or data. Furthermore, this approach has relied 

too much on automated systems instead of manual investigation [144].  

2.8.5 TEM technique or Transmission Electron Microscopy  

Transmission Electron Microscopy (TEM) inserts images that are simple, easy to 

resolve the morphology and chemical status of materials at nanolevel; therefore this 

technique is very popular, effective and commonly used method for differentiating and 

analyzing nanomaterials [145]. TEM has advantages over other microscopic imaging 

system due to the fact that this microscopy inserts enhanced spatial focus and higher 

resolution quality images with additional supplementary analytical measurements 

[146].  

Nevertheless, during the specimen preparation for TEM analysis, this method usually 

requires extremely ultrathin section of the sample on average not more than 100 nm for 

electron transmittance which is time consuming, extremely complex and complicated; 

and demands skilful technicians [147]. Those samples containing thin films are 

equipped on to a carbon-coated copper grid by applying dropping method.  A tiny 

quantity of the sample in liquid form is dropped on the grid; waited for few minutes to 

stale down the specimen on the grid and then removed the additional solution by using 
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the blotting paper [143]. Nonetheless, Organic polymers, biological specimens, and 

similar materials may need special treatment with heavy atom labels in order to obtain 

sufficient image contrast. 

In addition, the Transmission electron microscopy utilizes a high voltage electron beam 

to illuminate the specimen and generate a micrographic image. An electron gun in the 

instrument initiates and accelerates these electron beams and then transmitted through 

the specimen on the conducting grid. These transmitted electron beams holds and 

carries all the morphological information of the samples that could be recorded by 

fluorescence screen or CCD camera and revealed into the micrographic images.  

Furthermore, the magnification of Transmission electron microscopy (TEM) is 

resolved by adjusting the distance between the lens and the ultrathin section of the 

sample and the distance between lens and its image plane [148].  

Nevertheless, some additional features such as the surface atomic arrangement of 

crystalline nanoparticles, microstructures of atoms are possible to examine by utilizing 

HRTEM (High-resolution Transmission Electron Microscopy) [149]. 

2.8.6 SEM technique or Scanning Electron Microscopy  

SEM scheme is another method, supportive to reveal and evaluate the morphology and 

atomic composition of the samples as well as the topographic details of the outer layer 

of the materials at nanolevel. It is a surface imaging mode wherein through direct 

visualization, light sources and glass lenses work combinedly to illuminate or light up 

and visualize the molecular samples and to manufacture magnified images [149]. 

Inside the SEM device, the electron beams interact with the sample surface. This 

interaction aid and facilitate the beams to scan and inspect transversely the sample 

surface. This overall scanning of the molecules works to create higher resolution 

images of much [150]. The SEM device has special condenser lenses along with some 

other functional features like a vacuum system and an electron gun. With the help of 

specially functionalized lenses, SEM constructs 3 types of prime images: backscattered 

electron image, exterior X-ray map and secondary e-image (electron based image) 

[151]. 

This method offers several advantages for morphological analysis of material at nano 

level. In addition, SEM practice is very realistic and practical and could be applied 
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directly to reveal the nano-scaled facts of nanomaterials; i.e. the form, dimension and 

size distribution of NPs. Moreover, a three-dimensional appearance can be displayed 

using this microscopic technique [152].    

Despite these advantages, this technique is costly, time consuming. The performance of 

SEM practice also generates several drawbacks. It has disclosed that, the three-

dimensional images offer limited and scarcity in information regarding the mean size 

distribution and accurate density of population number [153]. In addition, for this 

analysis, the solution of the nanoparticles must be dried in powder form. The dried and 

powdered sample further must be mounted or glued on a filter membrane or a 

conducting grid holder. A thin layer made of various conductive materials is used for 

the coating the dried and powdered sample. This ultrathin layer helps obtain clear 

images of particles at molecular levels. On the other hand, materials like graphite, 

iridium, palladium alloy, osmium, gold alloy, gold, platinum, chromium, or even 

tungsten could be to best conductive sources of this thin layer [154].  

Moreover, it is necessary to wait and put the sample filter in open air for the samples to 

be dried up after the mounting or gluing the specimens. Throughout this drying process, 

the specimen might shrink and retract. Here, this shrinking effect could bring changes 

in the characteristic features of nanomaterials [155]. Furthermore, for a successful and 

fruitful analysis, the nanoparticles must be capable of resisting the unfavourable effects 

of the electron beam and vacuum pressure, which can damage Nano-polymers [149].  

2.9 Application of Metallic Nanoparticles  

Nanotechnology has become one of the most influential and beneficiary technologies in 

all branches of scientific contribution. This technology mainly relies on the synthesis, 

intonation and modulation of particles in nano-level. On the other hand, considerable 

amount of alteration and modifications of the metallic properties is required for the 

synthesis of metallic nanoparticle [156]. Albeit this is a very effective and very popular 

research protocols in contemporary science, different nanomaterials especially the 

metallic NPs in fact have been exploited in every part of the humankind as well as by 

many civilization for thousands of years. However, it is still a matter of discussion 

whether the ancient people used various kinds of nanoparticles knowingly or 

accidentally. It is further reported that gold nanoparticles were considered to be very 
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useful particles for colouring the wine glasses. They are also regarded to be very 

valuable substance for the cure of certain ailments [157].  

Information storage device have also been developed by using metallic nanomaterials. 

The advantage of these types of devices is that they can record the information in a 

nanoscale layer. Additionally, different kinds of sensors and biosensors could be 

designed by using these very effective and unique nanoparticle properties [158].  

Walter and co-workers have developed devices using nanoparticle for optical, 

electronic and sensor applications [159]. On the other hand, nanosensors, which are 

particularly made of nano-scale particles, have been manufactured particularly to trace 

the heavy metal particles such as mercury, mycobacterial and algal toxins present in 

drinking water [160]. In recent times, scientists have also developed nanosensors for 

hormonal regulation. They are also manufacturing nanosensors for the detection of 

viruses, very harmful agricultural pests and also the nutrient levels of the soil. Even 

different kinds of nanosensors are being used for the monitoring and detection of the 

stress factors like oxygen distribution as well as concentration level of a plant hormone 

named auxin [161]. Additionally, semiconductor nanoparticles are more efficient and 

proficient for computer devices, solar cells and for electricity production 

(photovoltaics).  

In recent time, with the help of highly developed technologies, scientists have 

increasingly become successful monitoring physiochemical characteristics of 

nanoparticles. Scientists have also been able to identify that, some of these 

characteristics are virtually responsible for the control of the morphological features of 

these nano-scale particles. Moreover, these monitored NPs are currently being used in 

diverse in vitro applications (Figure 2.10).  
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Figure 2.10 Overview applications of nanoparticles [162]. 

Nonetheless, when nanomaterials in powder form are supplemented with polymer 

matrix, the activity of polymer-complex might enhance by the reason of the 

amalgamation of two originator material characteristics like strength and lightweight. 

Hence, as a result of such properties, various products with advanced features like fire-

retardant nanocomposites and/or wear resistant coatings have been expanded for 

various application purposes [163].  

The production of particular types of very important drugs such as doxorubicin, 

paclitaxel and methotrexate has currently been possible with the help of metallic 

nanoparticles for example gold nanoparticles (AuNPs). AuNPs have also been utilized 

for angiogenesis, for the detection of tumour, for the detection and cure of various 

kinds of genetic disease as well as for the diagnosis of genetic disorders. They are also 

used as highly significant components for the photothermal therapy as well as photo-

imaging [164].  

Conversely, iron oxide nanoparticles have been applied for magnetic resonance 

imaging, different types of therapies for the cure of cancer, for tissue repair, for the 

production of specific drugs, for the labelling of cell and for hyperthermia. These 
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nanoparticles are also being used particularly for the detoxification of biological fluids 

[165], [166], [167].  

The zinc nanoparticles (ZnNPs) and titanium nanoparticles (TiNPs) are also being used 

as valuable elements in different crucial fields. For example, they have been widely 

used in the cosmetic sectors, for the manufacture of biomedical productions, for the 

manufacture of biocompatible products, for the manufacture of self-cleansing products, 

for the manufacture of skincare products as well as for the dermatological treatments. 

The zinc nanoparticles as well as the titanium nanoparticles are also being used as 

ultraviolet (UV)-blocking agents in particular of sunstone cream and skincare 

treatments. They are also being considered to be useful for various types of modern 

processing applications because of their nontoxic nature [168], [169].  

The silver nanoparticles (AgNPs), on the other hand, also have different types of 

applications. They have particularly been exploited for many antimicrobial purposes, 

anticancer treatments as well as the applications of antiseptic treatments. They further 

are being used as a valuable product of anti-inflammatory applications [170].  

On the other hand, the palladium nanoparticles (PdNPs) and the copper (CuNPs) 

nanoparticles are considered to be highly potential and sometimes inevitable elements 

for various kinds of manufacture and industrial applications. For example, they are 

widely being exploited in polymers, for the production of batteries, for the manufacture 

of optical limiting devices. Besides they are used in plastics plasmonic wave guides 

[171], [87]. The palladium nanoparticles (PdNPs) and the copper (CuNPs) 

nanoparticles are also reported to have antimicrobial potentials against numerous 

groups of pathogenic microorganisms.  

Besides of the specific applications of certain metal nanoparticles (i.e. AuNPs, ZnNPs, 

AgNPs, PdNPs, CuNPs etc.), the metallic nanoparticles in general have also been 

applied in the spatial analysis of various biomolecules, particularly for the visualization 

with higher resolution and sensitivity [172].  

The Figure 2.11 confirms the frequent usages of different metallic NPs in 

biotechnological applications.  
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Figure 2.11 The metallic nanoparticles and their functions in biotechnology [173]. 

Until the present day, researchers have so far investigated huge amount of efforts for 

the establishment of different kinds of suitable techniques for nanoparticle productions. 

Making this process for a use of eco-friendly and environmentally safe use was also 

among the main aspirations of these efforts by scientists. Therefore, synthesizing 

nanoparticles by biological means like different types of fungi, different types of 

bacteria as well as yeast has been a new trend in scientific communities, designed for 

the fabrication of nanoparticles. Besides, various kinds of plants that have the multi-

scale advantages such well-defined morphology, non-toxicity, reproducibility in 

production, easy scaling-up have also been popularly exploited as very useful 

biological means for the fabrication of nanoparticle. Consequently, with the help of 

various kinds of biomaterials, the biosynthesis of nanoparticles has popularly been 

taken place in different types of scientific ventures. Experiments and applications in 

biomedical sectors, different types of inventions and productions for agricultural 

benefits, different types of experiments and initiatives for environmental safety and 

environmental health as well as different types of experiments and applications in 

physiochemical sectors have been the most frequent ones among these cutting-edge 

biosyntheses of nanoparticles (Figure 2.12).  
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Figure 2.12 Applications of bio-based synthesized metallic nanoparticles [61].  

However, the sections mentioned below are pointing out the applications of both silver 

and copper nanoparticles in various aspects-   

2.9.1 Application of Silver Nanoparticles (AgNPs) 

Compared to ion and bulk parent materials, AgNPs have distinct optical, mecanical 

chemical and biochemical properties. Moreover, these exclusive properties of silver 

nanoparticles revels remarkable properties like increased catalytic activity. It happens 

as a consequence of their morphologies with exceedingly active facades [174], [175].  

That is why the silver nanoparticles (AgNPs) have been among one of the most 

attractive nanomaterials which are preferably being used in commercialization 

applications (Figure 2.13). Moreover, the silver nanoparticles (AgNPs) have widely 

been exploited as a very suitable anti-bacterial agent particularly in the health industries 

[176]. They have also been the basic material for electronic manufacturing, particularly 

for the advancement of cutting-edge electronic products, optical devices as well as 

various kinds of sensors [177]. On the other hand, the silver nanoparticles (AgNPs) 

have an extensive assortment of applications particularly for the purpose of food 



42 

 

storage, coating purposes textile sectors [178]. The significant facts that the silver 

nanoparticles (AgNPs) have gradually become the inevitable particles in various kinds 

of environmental applications in contemporary world. Furthermore, according to 

different research and commercial sectors, a brief description of applications of silver 

nanoparticles are given below-   

 

Figure 2.13 Various applications of AgNPs [179]. 

2.9.1.1 AgNPs as Sensors  

To focus the nature of the peptide, peptide capped silver nanoparticle has been used 

widely by past societies particularly for the colorimetric sensing system. The system 

works by the capping rates as well as the other effects of the peptides on silver 

nanoparticles. Moreover, fluorescent sensors which are based on the silver 

nanoparticles have a very high efficiency. These sensors are able to overcome the 

limitations in detection process [180].  

2.9.1.2 Optical Probes  

Silver nanoparticles reveal more advantages in contrast to other gracious metal 

nanoparticles. For instance, using silver nanoparticles (AgNPs) provides the benefits of 

their sharper extinction bands, the benefits of the higher extinction coefficients, as well 

as benefits of their high field enhancements [127]. Therefore, silver nanoparticles 
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(AgNPs) have extensively been employed as probes both for the Metal-Enhanced 

Fluorescence (MEF) as well as the Surface-Enhanced Raman Scattering (SERS).  

2.9.1.3 Antibacterial Agent 

Silver nanoparticles have broad-spectrum antimicrobial ability and therefore, it turns 

out to be the main extensively exercised sanitizing nano-materials for medical services, 

personal care products, food packaging, refrigerator exterior making and textile 

purposes [181]. 

2.9.1.4 Catalyst  

AgNPs have been exhibited to enhance the catalytic redox features for biological 

agents like dyes, in addition to chemical agents like benzene. In addition, adsorption 

ability of the reactant species to the catalytic substrate and the substance atmosphere of 

the AgNPs play an essential function in their catalytic characteristics. In general, silver 

nanoparticles have widely been used as the catalyst with titanium dioxide particularly 

for the chemical reactions [182].  

2.9.1.5 Environmental Purposes  

There is a huge concern of the silver nanoparticles (AgNPs), nanodots or nanopowder 

for different applications of the wastewater treatment. They further have great 

potentialities for various kinds of utilities applied in biological systems [183]. For 

instance, the nitrifying bacteria show susceptibility for inhibition by nano-scale silver 

particles. These particular silver nanoparticles (AgNPs) are typically of 1-40 

nanometres (nm) in size. However, they can have the mean particle dimension of 2-10   

nm that commonly ranges with a explicit surface area of about 1 m
2
 g

−1
 [184].  

2.9.1.6 Household Applications  

The silver nanoparticles (AgNPs), along with the colloidal silver, have also been 

widely exploited in various types of household utilities, particularly of electrical and 

electronic machines. For instance the Samsung, one of the leading brands for household 

appliances, have maintained that the exploitation of metallic AgNPs in washing 

machines may facilitate to purify water; therefore, these machines could be capable of 

sterilizing garments throughout the washing and rinsing course of action. It is further 
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claimed that, because of this, the washing machine may have the capacity to clean the 

dirty clothes without any use of hot water [185].  

2.9.2 Application of Copper Nanoparticles (CuNPs)  

Copper is of metallic elements due to mainly of their historical application for various 

kinds of facilities. The earliest use of these particular nanoparticles (i.e. CuNPs) 

perhaps goes back to the manufacturing process of colour glasses and ceramics during 

the 9
th

 century in ancient Mesopotamia [37]. The preference of copper nanoparticles 

(CuNPs) over silver nanoparticles (AgNPs) is because of the physical and chemical 

stability, the lower cost of copper than silver, and ease of mixing with polymers [186]. 

Hence, CuNPs have great applications as antimicrobial materials [187], super strong 

materials [188], heat transfer systems [189], sensors [190], and catalysts [191]. A brief 

description of applications of copper nanoparticles are given below-  

2.9.2.1 Copper Nanoparticles for Water Purification 

Even though there are some beneficial microbes in all ground waters, but, on the other 

hand, some harmful microorganisms (e.g. bacteria, protozoa, viruses) may cause 

disease which is a foremost threat to human race. Water-borne pathogen contamination 

and the provision of safe drinking water have become a significant human-health 

concern throughout the world. As a consequence, the numbers of disinfectant 

procedures have increased since some microbes are resistant to older antimicrobial 

agents. In such case, Point-of-use (POU) water purification offers an inexpensive and 

suitable way to reduce exposure to pathogenic microorganisms [192]. Paper-based 

filters coated with biocidal agents like nanoparticles do not require energy and 

therefore, are easy to produce and distribute to remote locations [193]. Recently, copper 

nanoparticles have been employed as a disinfectant for drinking water [194].  

2.9.2.2 Effective Antimicrobial Agent  

Copper nanoparticles can easily interact with other particles like polymers, sepiolite, 

carbon, and polyurethane foam. They possess this significant capacity owing to their 

very reactive high surface to the volume ratio. Therefore, it is possible to increase their 

antimicrobial efficiency. Because of its bio-compatibility, it is very possible to develop 

the copper-based bio-pesticide into an efficient delivery system. This could further be 
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in use for the copper-based fungicides which is more advantageous particularly for the 

protection of plants [195]. On the other hand, it has been found that at low melting 

point, the 100% recycled soda-lime-silica glass powder which contains the copper 

nanoparticles (CuNPs) possess efficient antimicrobial actions against the gram-negative 

and the gram-positive bacteria. With this additive of copper nanoparticles (CuNPs), the 

glass powder has also the efficiency of antimicrobial activity against yeast as well as 

fungi [196].  

2.9.2.3 CuNPs as Catalyst 

Copper nanoparticles are also widely used as catalyst due to the irreversible and 

renewable surface, the large surface-to-volume ratio, over and above, the changes in 

microelectrode potential values. Therefore the stabilized copper nanoparticles offer 

suitable catalytic properties [197]. The performance of biodiesel in automotive engines 

is limited due to its high nitrogen oxide emission. For diesel engine, CuNPs within the 

range of 40–50 nm have been used as the fuel additive with soya bean bio-diesel (B10) 

which exhibit better engine performance and reduced nitrogen oxide emission 

compared to other formulations [198].  

2.9.2.4 In Sensor System 

Metallic copper nanoparticles provide flexible interface activity by reason of its special 

properties like great catalytic activities, high stability against aggregation, bio 

compatibility, and hydrophilic character. Therefore, the copper nanoparticles (CuNPs) 

and their composites can be very useful for different kinds of applications of 

biosensors. Moreover, the copper nanoparticles (CuNPs) and their composites have 

highly functional potentials to be used for the manufacture of electrochemical sensors 

[199].  

A glucose sensor is one of the best examples of using copper nanoparticles in sensor 

system. The sensor does not require any enzyme if the copper nanoparticles (CuNPs) 

are used in glucose sensor. Therefore, dealings with the enzyme degradation as well as 

the enzyme and denaturation are no longer required in this process.   

If a glucose sample is added to a polyacrylamide hydrogel that contains the copper 

nanoparticles (CuNPs), the CuNPs in the sensor diffract the incident light. However, 

figuring on the amount of glucose, CuNPs may diffract the incident light from couple 
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of dissimilar angle. Alternatively, the hydrogel becomes swollen. This is due to the fact 

that the phenylboronic acid assemblages on the gel polymers can combine with the 

glucose molecules. Consequently, the CuNPs move apart and thereby, the gel becomes 

red in colour. However, the colour may change its variations from red to orange, from 

orange to yellow, or from yellow to green, depending on the gradual decrease of the 

glucose levels [200]. To present it in a more clear way, an illustration of this sensor 

system is revealed in Figure 2.14 below:  

 

Figure 2.14 Mechanism of copper nanoparticles in glucose sensor [200].  

2.10 Antimicrobial Mechanism of Nanoparticles 

It has been observed that various prominent metals at their nano levels along with some 

important nanometals oxides showed their remarkable and significant actions against 

diverse microbial strains. Some of the mentionable metals and oxidized form of metals 

are silver (Ag), gold (Au), copper (Cu), zinc oxide (ZnO), copper oxide (CuO), silver 

oxide (Ag2O), magnesium oxide (MgO) and titanium dioxide (TiO2) have been 

conducted as nanomaterials and accounted as prominent  agents for controlling harmful 

or unwanted organisms at micro level [201], [202]. Therefore, these important 

abundant metals and oxidized metals as nanomaterials have been broadly exploited like 

antimicrobial agents and intended for hundreds of years. Thus, form a long period of 

time; metals have been being applied effectively in various sectors like medical 

procedures, agricultural management and industrial purposes.   
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Besides their usages and applications, scientist have also been searching and 

conducting experiments to reveal a clear explanation of the mechanism of metal and 

metal oxide NPs against microorganisms. Nevertheless, the mechanism of 

antimicrobial activity is not clear and still controversial as there are not sufficient 

existing literatures that could support it. 

However, two most accepted hypothetical mechanisms of antimicrobial activity are: 

Mechanism 1: antimicrobial activity using oxidative stress or catalytic effects that 

produced by Reactive Oxygen Species (ROS) of NPs. Mechanism 2: ionic mimicry; 

antimicrobial toxicity on account of the production of metallic ions by NPs [203], 

[204].  

Figure 2.15 illustrates a brief outline of the promising mechanisms related to the 

antimicrobial behaviour or actions of metallic nanoparticles as well as a details and 

informative explanation of this hypothesis is discussing below: 

The first mechanism: antimicrobial activity using oxidative stress produced by Reactive 

Oxygen Species (ROS) which is accelerated by the reduction potential activity of 

metallic NPs. Metals have the capability to involve and participate in RS (Redox 

Reactions). By creating this Redox Reactions, metals gain electrons from donors [205]. 

Electron containing redox-activated metals could consequently play a vital role for 

antimicrobial mechanism by different processes.  These activated metallic electrons 

could function as catalytic cofactors which might interrupt the activities of microbial 

cell enzymes.  

On the other hand, these metallic electrons could also work as catalyzing Reactive 

Oxygen Species (ROS). The exterior surface or outer layer of NPs constructs the 

Reactive Oxygen Species (ROS) that might produces oxidative stress [205]. In 

addition, different free radicals (e.g. 
1
O2, OH

• 
etc.), ions, minute molecules for example 

H2O2, superoxide (O2
•−

) etc. also promote the activities of Reactive Oxygen Species 

(ROS). The ROS containing outer layer of organic metallic nanoparticle could change 

the ionic balance of bacterial cells. As a consequence, these ROS-induced bacteria with 

ionic imbalance could not function properly and disturb by the damaging of cellular 

membrane as a result of membrane lipid peroxidation. These bacterial proteins, lipids 

and DNA also could not function properly due to the oxidative stress or oxidative 

lesions [206], [207].  
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The remarkable example of oxidative stress induced antimicrobial activity was noticed 

in Escherichia coli by silver oxide (Ag2O) nanoparticles. It has found that these NPs 

stimulated the oxidative stress oxidative stress that damages the bacterial DNA; 

interrupts the bacterial cell cycles that hampers the cell growth and ultimately promotes 

the death of the cell [208]. 

Likewise, CuO NPs could also account for this mechanism. It is established that CuO 

nanoparticles encompass the capability of regenerating Reactive Oxygen Species 

(ROS) while it come to the contact of bacterial cells. The evident shows that in case of 

both Staphylococcus aureus and E. coli, the CuO NPs release free radicals and 

superoxide ions when these NPs are absorbed by the surfaces of bacterial cells [209]. 
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Figure 2.15 A diagrammatic outline of various mechanisms behind the antimicrobial 

behaviour of metallic nanoparticles [210], [211]. 

Several mechanisms on ROS regarding copper-induced bacterial cellular toxicity have 

been developed to explain how this NP works as bactericidal agent. It is believed that 

CuNPs produce both free cuprous (Cu
+
) and cupric (Cu

++
) ions which could involve in 

redox reactions [212].  The cupric (Cu
++

) ions reduced to cuprous (Cu
+
) ions in the 

existence of several reducing factors ( e.g. ascorbic acid) and the superoxide (O2
•−

). 
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This ionic reduction induces and catalyzes the free radical reaction that forms hydroxyl 

radicals from hydrogen peroxide via the Haber-Weiss reactions [213] 

In the existence of either superoxide (O2
•−

)  or other reducing agents like ascorbic acid, 

Cu
2+

 can be reduced to Cu
+
 catalyzing the formation of hydroxyl radicals from 

hydrogen peroxide (H2O2) according to the Haber-Weiss reaction formula  [213]: 

O2
•−

 + Cu
2+

 → O2 + Cu
+ 

                                                                                      

Cu
+
 + H2O2 → Cu

2+
 + OH

− 
+ OH

• 
                                                                      

However, the hydroxyl radical (OH
•
) is so potential and influential that It might capable 

of functioning as common oxidizing radical factor.  This radical could easily react with 

nearly all biological components and molecules [214].  

On the other hand, the second mechanism: Mechanism 2: ionic mimicry; antimicrobial 

toxicity in consequence of the production of metallic ions by nanoparticles is 

established on the nature of metallic NPs‘ donor atom specificity, selectivity and 

convergence/speciation. Inside the microbial cells, a strong and interactive force works 

for metallic ions that might help them to bind easily with some atoms/molecule of 

donors i.e. S, O, and N [215]. In fact, these external ions from metallic NPs along or 

with the help of their donor binding complexes might reinstate and substitute novel 

metallic ions working for the regular functions of different biomolecules of the 

bacterial cellulose [194]. This trend is described either molecular impersonation if the 

metal complexes involved or ionic mimicry when metal ions are implicated in this 

process [215]. 

Likewise, metal nanoparticles are also capable of substituting some functional non-

catalytic sites of the bacterial enzymes that can easily bind metallic ions. There metal-

binding sites with metallic ions however could easy inhibit the functions and activities 

of these enzymes. As a result of malfunctioning enzymes, the conformational 

isomerism structures of polypeptides, proteins, DNA and RNA could be altered.  These 

irregularities may cause defects in oxidative phosphorylation and other important 

pathways which could lead to osmotic imbalance [205]. For instance, with the aid of 

lipid radicals and oxygen, ions of copper nanoparticles are capable of excessing the 

peroxidative functions and activities of membrane [214].  

Nevertheless, independent on the abovementioned mechanisms, another possible 

bactericidal mechanism might be interpreted as the intracellular regulation of biocidal 



51 

 

ions from metallic NPs inside the bacterial cell membrane. This is providing that the 

bacterial cell membranes hold macromolecules which are loaded with extremely 

electronegative functional groups. These natively charged functional groups serve as 

metal binding sites that could attach and absorb some of the bactericidal metallic ions 

that might cause bactericidal toxicity [205], [216].  

Some evidences have recommended that few metallic nanoparticles, mostly AgNPs are 

capable of attaching, anchoring and penetrating the bacterial cell wall [217]. This 

theory has suggested that metal ions first damage the cell membrane after attaching 

with it. And subsequently penetrate into the intracellular region of bacterial cell; 

dissipate the chemiosmotic potential of the cell membrane that could change the cell 

membrane permeability. This altered membrane permeability leads to proton leakage 

throughout the cell membrane that causes disruption on the bacterial electron transport 

chain reaction [205]. Additionally, ions from silver nanoparticles (AgNPs) are also 

capable of interacting with the thiol groups (R-S-R′) of many essential proteins and 

enzymes of bacterial cells. This interaction causes inactivation of these essential 

molecules‘ functions. Some of the malfunctioning enzymes inhabit respiratory system 

and hence causes the death of the bacterial cell [218].  

 Furthermore, silver (Ag) is a soft acid. It has a natural affinity to respond and interact 

with a soft base [219]. Bacterial cells especially cell membranes are largely consist of 

some important soft base; i.e. phosphorus and sulphur. Sulphur and phosphorus are also 

the major components of nucleic acids.  Therefore, the ionic silver nanoparticles after 

anchoring into the bacterial cells easily react with those based that subsequently change 

the membrane functions as well as interrupt the DNA replication of the bacteria, 

destroy the DNA which eventually terminate the bacterial growth and thus, lead to cell 

death [220] (Figure 2.16).  
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Figure 2.16 Hypothetical modes of action of ionic nanosilver inside the bacterial cell 

[207]. 

In addition, in a comparison to the larger particles of bulk materials, nanoparticles are 

able to dissolve more rapidly in a specified solution with desirable concentration of 

volume. Therefore, this advantage favours the nanometals releasing a huge amount of 

ions [221]. For that reason, based on the abovementioned antimicrobial mechanisms, 

nanoparticles ought to perform rapidly as antimicrobial agent with relatively stronger 

antimicrobial effects rather than their bulk forms; i.e. metallic microparticles or metal 

surfaces. In case of copper nanoparticles, it has been experimented that in distilled 

water the nanoparticle as their ionic form dissolve rapidly as compared with 

microparticles [222].  

On the other hand, morphological and physiochemical properties of nanoparticles are 

also play vital factors for their bactericidal properties [223]. Nanoparticles with smaller 

size distribution trend to show stronger antimicrobial effect [224], [225]. Furthermore, 

the potential values of NPs also influence their bactericidal properties. Nano-metallic 
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particle surface with high potential charge could rapidly bind with surfaces of bacterial 

cells which might increase of the bactericidal effect [226].  

Nevertheless, the shapes of the metallic nanoparticles; i.e. globular, oval, triangular or 

irregular structured nanoparticles also influence their antimicrobial actions [227]. As it 

is reported that with the comparison of rod-shaped silver nanoparticles, truncated 

triangular and spherical shaped AgNPs showed stronger antibacterial effects [227].  

2.10.1 AgNPs and CuNPs as Antimicrobial Agent 

Copper and silver nanoparticles have gained extra attention attracted in recent time due 

to their remarkable chemical, physical and biochemical properties along with their huge 

applications  in  electrical, optical, catalytic, and biological sectors [228], [229]. These 

nanoparticles have been utilized either singly as their pure forms or  polymeric states 

holding up a variety of suitable elements, like carbon compounds, polyurethane foam, 

polymers etc. which have been successfully exercised for bactericidal purposes [100], 

[230]. 

Silver is usually applied in its nitrate types to influence antimicrobial effect however 

while AgNPs have been applied, an enormous enhanced antimicrobial effect has been 

observed due to the high surface area of silver nanoparticles, offered additional 

availability for the microorganisms to be exposed to [231]. Silver NPs are illustrated as 

‗oligodynamic‘ for the reason that, the ions of these NPs are proficient to cause not 

only bactericidal (antibacterial) impact but also bacteriostatic (growth inhibition) effect 

[232]. However, it is a safe inorganic antimicrobial agent that has a low toxicity 

towards animal cells. 

Silver at nanoscale has demonstrated antibacterial, antifungal and antiviral activities 

and is capable of killing about 650 microorganisms that cause diseases [231]. The 

antimicrobial features of AgNPs are influential, stable, deep-rooted and well-known; 

thereby these NPs have been extensively applied for diverse relevance because of their 

distinctive features which aid plentiful antimicrobial appliances [217].  

Silver nanoparticles synthesized either chemically or biologically, are capable of 

inhibiting both Gram-negative and Gram-positive bacteria besides against yeasts. But, 

stronger antibacterial activity has been observed against Gram-negative bacteria that 

might be accredited to the presence of an additional external surface layer on top of the 
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peptidoglycan of the thicker cell wall of Gram-positive bacteria. These outer layers of 

the bacteria have been distinguished as extremely resistant and impermeable that might 

interrupt the access of metallic ions into the bacterial cell [233]. However, Gram-

positive bacteria have polysaccharides in their cell wall called teichoic acid, which is 

negatively charged and have facilitated the passage of the positive metal ions [231].  

Additionally, along with the bactericidal activities, Nano-silver is very efficient and a 

fast-operative fungicide against a wide spectrum of universal fungal genera such as 

Saccharomyces, Aspergillus and Candida [234]. Silver nanoparticle synthesized by 

using the plant Svensonia hyderabadensis leaf extract has shown its antifungal effect 

against Fusarium oxysporum, Aspergillus niger, Curvularia lunata and Rhizopus 

arrhizus [235]. Moreover, Silver nanoparticles synthesized using green chemistry 

especially from plant resources have been utilized for evaluating their antimicrobial 

potentials against different microbes as describing in Table 2.5. 

Table 2.5 Antimicrobial activities of AgNPs synthesized using plant materials. 

Biobased units 

(Plant extracts) 

Microorganisms References 

Aloe vera Escherichia coli [236] 

Coconut (Cocous 

nucifera) 

 

Pseudomonas aeruginosa,  

Salmonella paratyphi, Klebsiella pneumoniae, 

and Bacillus subtilis 

[237] 

Camellia sinensis Escherichia coli [238] 

Alternanthera 

dentate 

 

Pseudomonas  aeruginosa, Escherichia coli, 

Klebsiella pneumoniae, 

Enterococcus faecalis 

[239] 

Lemon grass 

(Cymbopogan 

citrates) 

Pseudomonas aeruginosa, Escherichia coli,  

Proteus mirabilis, Shigella flexaneri, Shigella 

sonnei, Klebsiella pneumonia 

[240] 
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Table 2.5 Antimicrobial activities of AgNPs synthesized using plant materials 

(continued). 

Biobased units 

(Plant extracts) 

Microorganisms References 

Bindii (Tribulus 

terrestris)  

Pseudomonas aeruginosa, Streptococcus 

pyogens, Bacillus subtilis, Escherichia coli, 

Staphylococcus aureus 

[241] 

Spreading hogweed 

(Boerhavia diffusa)  

Flavobacterium branchiophilum, 

Pseudomonas 

Fluorescens, Aeromonas hydrophila  

[242] 

On the other hand, copper or copper oxide NPs have offered noteworthy pledge as 

bactericidal mediator albeit very few evidences have accounted for the antimicrobial 

properties of these NPs [243]. Copper nanoparticles are very involuntary, capable of 

interacting easily with other molecules on account of their elevated surface area to 

volume ratio which might enhance their antimicrobial effectiveness [244]. Copper in 

colloidal forms have been exercised as an antimicrobial mediator for several decades.  

For instance, the bactericidal activities of CuNPs were confirmed against various 

species of bacteria, for example Bacillus subtilis and methicillin-resistant Pseudomonas 

aeruginosa (MRSA), Pseudomonas aeruginosa and Salmonella enteric as well as some 

yeast species like Candida albicans [245]. 

Furthermore, Beyth et al. showed that CuNPs have a high antimicrobial activity against 

Anthrax bacterium and Bacillus subtilis as because these microbes are rich of  carboxyl  

and amines groups  on  their  outer layers of the cell  which offers  better  affinity  of  

copper nanoparticles as their ionic form to these  groups [246]. Yoon et al. evaluated 

the antibacterial properties of both copper and silver NPs by means of B. subtilis and E. 

coli strains and in this case the CuNPs have proved better antibacterial potential in 

contrast of the AgNPs [247]. However, handling metallic copper nanoparticles is quite 

challenging because of its intense susceptibility to the air. When copper nanoparticles 
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expose to the air they trend to form an oxidized layer which may reduce their 

antimicrobial potential, remarkably [244], [248].  

Along with the abovementioned reason, the bactericidal action of copper nanoparticles 

is also contingent on the stage of agglomeration of CuNPs. By reducing and decreasing 

agglomeration, it possible to achieve smaller sized copper nanoparticles that might be 

able to provide more obtainable surface area and increase the solubility of copper ions; 

hence, facilitate the interaction with bacterial cell which offers increased availability of 

CuNPs as antimicrobial agent [244].  

2.11 Cytotoxicity of Nanoparticles 

Rapid advancement in the field of nanotechnology lead to fabricate nano-sized 

materials with diverse chemical, biochemical and physical characteristics in contrast to 

their bulk form [249]. Albeit this is a very effective and very popular research protocols 

in contemporary science, different nanomaterials especially the metallic NPs in fact 

have been exploited in almost all parts of the world as well as by many civilization for 

thousands of years.   

Human exposure to different nanoparticles is unavoidable and inevitable as it acquires 

various applications in almost all aspects of mankind; i.e. from cosmetics to medical 

goods to water purification and renewable energy capture like solar energy [250]. Due 

to rising extensive interaction and exposure of nanomaterials with human body, the 

possible threat to human safety has become the considerable matter of concern and 

therefore, research on nanotoxicology is now gaining more attention [251]. The major 

concern is that in the workplace where worker handle nanomaterials may have the 

adverse effects of acute or chronic exposure.  

Furthermore, in nanoparticle research, particle size has a vital and significant role to 

determine important and specific biological behaviour of nanomaterials. Nanoparticles 

with larger surface area create the number of surface molecules or atoms that amplify 

exponentially and offer high reactivity [252]. Therefore, small sized nanoparticles with 

larger surface area have been widely utilized in industry, and hence, there is a high 

chance in this case that these NPs could easily interact directly with macromolecules 

such as protein, DNA, RNA etc. Besides, NPs could easily pass through the nostril 

respiratory system and inhale into the lung. This could make it a possible organ system 

for accumulation of nanoparticle intake inside the human body. After inhaling in to the 
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lung, such tiny particles rapidly absorbed by the cells found mainly on the internal 

surfaces of the air cavities, alveolar cells. This absorption by the air cavities might 

induce toxic effects on human body [253].  

Additionally, exposure to NPs might be related to an increased risk of different cancers. 

Even though the accurate mechanisms are not yet studied, there are some evidences 

that same mechanisms of these NPs inside the bacterial cells could also take place 

inside the human body. The surface or outer layer of nanoparticles constructs the 

Reactive Oxygen Species (ROS) that might produces oxidative stress [205]. This 

oxidative stress might be a significant reason in the carcinogenetic effects of metals on 

human body [254]. Furthermore, in an advanced study, it has been found that in the 

NT2 human testicular embryonic carcinoma cells, AgNPs with particle size of 200 nm 

have some negative effects on Human DNA. These have evidently caused a 

concentration-dependent increase in DNA strand breaks of these carcinoma cell lines 

[255]. Researchers have also shown that AgNPs decreased cell viability. AgNPs have 

been applied on apoptotic bodies, DNA fragmentation and sub-G1 hypo-diploid cells to 

test their cytotoxic activity [255].  

Moreover, in another finding it has been shown that AgNPs damage mitochondrial 

function, mainly by altering mitochondrial membrane permeability, which effect on the 

oxidative phosphorylation system [256]. Collectively, abovementioned findings 

indicate that silver nanoparticles have potential cytotoxic effects that might cause 

significant cell damage in case of long term exposure to these NPs [257]. However, 

now a day, by overlooking all these negative facts and risk, silver nanoparticles have 

become the most common metallic NPs among all and are extensively utilized in 

various purchasable products, for example cosmetics, healthcare proposes, household 

goods, clothing, pesticides etc. Since AgNPs have been found to an effective 

antimicrobial agent, it is introduced into different food-contacting supplies, like food 

containers made of plastic, storage bags, exterior surface of the refrigerators into the 

washing machine and chopping boards [258].  

Afterward, copper is being considered as one of the essential nutritional element for 

human body. If the intake of Cu surpasses the level of requirement however, it might 

have some lethal effects such as jaundice, hemolysis that ultimately could be dreadful 

for human life [259].  
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It has been observed that CuNPs are supplementary cytotoxic than their larger 

microparticles. This might be the reason of having easy penetration capability of NPs 

inside the human system through inhalation, skin contact, and ingestion [260]. The 

effect of CuNPs on dorsal root ganglion (DRG) of louse was studied by Prabhu et al. 

(2010).  

For cell viability, this study uncovered that the treatment with increasing sizes (40, 60, 

and 80 nm) and concentrations (10–100 μM) of nano-Cu showed the significant toxic 

effect compared to unexposed control cultures. Additionally, they also stated that 

higher concentration and small-sized nanoparticles exerted the maximum toxic effects 

[260]. However, albeit metallic nanoparticles are extensively used, the long-term fate 

of these NPs in biological environments is not well understood. Once metallic 

nanoparticles have entered cells, they may not induce DNA damage themselves but 

instead deteriorate cell cycle over time, release metallic ions that could induce 

genotoxicity [261]. 
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CHAPTER 3 

MATERIALS AND METHODS 

3.1 Materials  

The present study entitled ―Green synthesis of metal nanoparticles, their chemical and 

biochemical characterizations‖ was performed in the Polymeric biomaterials and 

macromolecular synthesis laboratory, Department of Bioengineering, Yildiz Technical 

University, Istanbul, Turkey. The details of materials, devices and chemicals used have 

been elaborated and were as follows- 

3.1.1 Devices and Instrument 

Table 3.1 Names of devices and equipment needed for the experiments. 

Devices and equipment Brand/Trademark 

Ultrasonic bath Bandelin, SONOREX SUPER 

Centrifuge machine Sigma 2-16PK centrifuge 

Water Purification Systems 

(ultrasonic water purifier) 

Purelab flex, veolia water solutions & 

technologies 

Food-grade blender Tefal Master Blend HB114B30 700 W 

Laboratory-grade microwave Milestone Microsynth microwave labstation 

Incubator 
Friocell, USA 

Magnetic Stirrer VWR 
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Table 3.1 Names of devices and equipment needed for the experiments (continued). 

Vortex machine Isolab 

pH meter Mettler Toledo 

Laboratory-grade freezer +4 ° C refrigerator with glass cover 

-20 ° C refrigerator LIEBHERR 

Class II sterile cabinet 

(laminar flow) 

Esco 

UV-vis spectroscopy Shimadzu UV-1700 spectrophotometer 

XRD PANalytical Empyrean model 

Zeta analyzer Zeta-sizer nano ZS, Malvern Instruments Ltd., U.K. 

TEM TEM 1400 (JEOL, Tokyo, Japan) 

FTIR 
Shimadzu IR Prestige-21 FTIR-ATR 

& 

JASCO, FT/ IR-6300 spectrometer (Tokyo, Japan). 

Autoclave 
Core 

CO2 Incubator Memmert 

Inverted Microscope Nikon 

Micro-plate reader  BioTek Instruments 

Multiplate reader Lab-Line Instruments, Melrose Park, IL, USA 

Sterile pipette (5,10 & 

25 ml) 

 LpItalianaSpa 

Serological pipette gun  Thermo 

Sterile 15 and 50 ml falcon 

tubes  

Isolab 
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Table 3.1 Names of devices and equipment needed for the experiments (continued). 

10, 100, 1000 μl micropipettes Isolab 

Disposable Pipette Tips 1-10, 10-100, 

100-1000 μl 

Isolab 

Centrifuge tubes 1, 2, 15, 50 ml Eppendorf, ISOLAB 

ELISA 24, 48 and 96 well plates VWR 

50-1000 ml autoclavable glass bottles Isolab 

250-1000 ml Erlenmeyer flasks Isolab 

0.22 μm and 0.45 μm Syringe Filters  Merck Millipore 

Filter paper Whatman No.1 & Whatman No.5 

 

3.1.2 Chemicals 

Table 3.2 Names of chemicals needed for the experiments. 

Name of the chemicals Brand/trademark 

Silver nitrate (AgNO3) Sigma-Aldrich 

Copper sulphate pentahydrate 

(CuSO4.5H2O) 

Sigma-Aldrich 

L- Ascorbic acid Merck 

Ethanol Merck 

Nutrient Agar Merck 
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Table 3.2 Names of chemicals needed for the experiments (continued). 

Agar Sigma-Aldrich 

Nutrient broth Merck 

Muller Hinton Broth MHB; BD, Auckland, New Zealand 

Muller Hinton Agar MHA, Merck 

Barium chloride dehydrate (BaCl2.2H2O) Sigma-Aldrich 

Sulphuric acid (H2SO4) Merck 

Penicillium-Streptomycin (PEST)  Biochrom-AG (Penicillium/Streptomycin: 

10,000 unit/1000 μl/ml) 

Trypan Blue powder (Dye content ~40%) Sigma-Aldrich 

L-Glutamine Biological industries 

Fetal Bovine Serum (FBS) Biochrom AG 

Sodium Chloride (NaCl) Sigma-Aldrich 

Potassium Chloride (KCl) Sigma-Aldrich 

Hydrochloric Acid (HCl) Merck 

Disodium Phosphate (Na2HPO4) Sigma-Aldrich 

Monopotassium Phosphate (KH2PO4) Sigma-Aldrich 

DMEM/ F12 mixed with F12 1.1 

(Dulbecco's Modified Eagle Medium: 

Nutrient mixture F-12) 

Sigma-Aldrich 
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3.2 Methods 

3.2.1 Plant Extract Preparations 

Various plant materials have been used for aqueous extract preparation which has 

utilized as synthesizing agent as reducing and stabilizing forces in the fabrication of 

silver and copper NPs. Extract preparation procedures are described in detail as blows: 

3.2.1.1 From Apple (Malus pumila) Pulp 

Fresh yellow delicious apples (Malus pumila) have been collected from the local 

market (Figure 3.1). The fruits have been washed separately and properly with running 

tap water to eliminate the unwanted dust particles and again, washed several times 

thoroughly with ultra-purified water. Using a sterilized kitchen paring knife, the fruits 

have been peeled off and 100 gm of its pulp has been sliced into small pieces. Then, 

these seedless pieces have been put into a food grade kitchen blender, ground well to 

make pulp paste. Afterwards, the paste has been transferred in a conical flask. After 

adding equal volume of ultra-purified water, the mixer has been seated approximately 

for 3 minutes with a maximum power level of 700 W into a microwave (laboratory-

grade) for irradiation to extract the biomolecules present in apple pulp. And then, after 

cooling down at room temperature, the pulp suspension has been centrifuged for 15 

min at 5000 rpm to collect the supernatant (pale yellow coloured). Then the pulp 

extract has been filtered well using Whatman No. 1 filter paper to eliminate the 

impurities. The final extract has been stored in the freezer at 4°C for further 

experiments.  

3.2.1.2 From Cumin (Cuminum cyminum) Seeds 

Dried cumin (Cuminum cyminum) seed powder has been purchased from the local spice 

shops (Figure 3.2). About 10 gm of powdered cumin seed has been added in 100 ml of 

ultra-purified water and subsequently, for 20 minutes, the solution has been placed into 

an ultrasonic bath at 70°C for heating. After cooling down at room temperature, the 

resulting suspension has been centrifuged for 15 min at 5000 rpm.  After centrifuge, a 

visible yellowish-brown coloured supernatant has been collected and filtered well using 

Whatman No. 1 filter paper to remove the stringy discarded particles. Lastly, the final 

cumin seed extract has been stored in the freezer at 4°C for further experiments 
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Figure 3.1 Yellow delicious apple (Malus pumila). 

 

Figure 3.2 Cumin (Cuminum cyminum) seed powder. 

3.2.1.3 From Fresh Ginger (Zingiber officinale) Rhizome 

Fresh ginger (Zingiber officinale) rhizomes have been collected from the local market 

(Figure 3.3). 100 gm of fresh rhizomes have been washed separately and properly with 

running tap water to eliminate the unwanted dust particles and again, washed several 

times thoroughly with ultra-purified water. Using a sterilized kitchen paring knife, the 

rhizomes have been peeled off and sliced into small pieces. Then, these ginger rhizome 
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pieces have been put into a food grade kitchen blender, ground well to make a paste. 

Afterwards, the paste has been transferred in a conical flask. 100 ml of ultra-purified 

water has been added into to flask and with a highest heating level of 700 W the 

mixture has been placed into a microwave (laboratory-grade) for irradiation 

approximately about 5 minutes to extract the biomolecules present in the mixture. 

Finally, the resulting suspension has been centrifuged for 10 min at 5000 rpm, after 

cooling, and afterwards, has collected the pale-yellow coloured supernatant. The ginger 

rhizome extract has been then filtered with Whatman No. 1filter paper to eliminate the 

fibrous impurities and stored at 4°C for further use. 

 

Figure 3.3 Fresh ginger (Zingiber officinale) rhizome. 

3.2.1.4 From Fresh Rose (Rosa santana) Flower Petals 

Fresh rose (Rosa santana) flowers have been collected from the campus of Yildiz 

Technical University, Davudpasa, Istanbul, Turkey (Figure 3.4).  10 gm of dustless 

flower petals have been isolated and thoroughly, rinsed thrice with ultra-purified 

deionized water before processing, and after that, have been chopped into very small 

pieces using a sterilized kitchen paring knife. These chopped pieces have been then 

placed into a food grade kitchen blender, ground well with 50 mL of ultra-purified 

deionized water. The petal suspension has been then placed at 80°C of in an ultrasonic 

bath for heating for about 60 min. In the end, And then, after cooling down at room 
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temperature, the resulting suspension has been centrifuged for 10 min at 5000 rpm, 

collected the wine-red coloured supernatant. Afterwards, the collected supernatant has 

been filtered well by using Whatman No. 1filter paper to eliminate the unwanted large 

particles and stored in frezzer at 4°C for further use. 

 

Figure 3.4 Rose (Rosa santana) flowers. 

3.2.1.5 From Lemon (Citrus limon) Peel 

Fresh lemon (Citrus limon) have been collected from the local market (Figure 3.5). 

Fruits have been thoroughly rinsed thrice, with ultra-purified deionized water to 

remove the dust particles. Then using a sterilized kitchen paring knife, the yellow 

coloured peel segments have been taken away from the lemon fruits and shortly after 

the cutting off, the peels have been chopped into small pieces. Around 5 gm of the 

sliced peels have been shifted into a conical flask. The shifting has been done as 

quickly as possible to diminish evaporation rates of the reagents like volatile oil, 

available in the lemon peel. 50 ml of ultra-purified deionized water has been added to 

peels and the aqueous mixture has been placed into the microwave (laboratory-grade) 

for heating for approximately 2 minutes with highest irradiation level of 700 W to 

extract the biomolecules. After cooling down, the solution has been filtered properly by 
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using Whatman No. 1 filter paper to eliminate the fibrous discarded particles. The 

aqueous extract has been then refrigerated at 4°C for further use. 

 

Figure 3.5 Fresh lemon (Citrus limon). 

3.2.1.6 From Orange (Citrus sinensis) Peel  

Fresh orange (Citrus sinensis) have been collected from the local market (Figure 3.6). 

Fruits have been thoroughly rinsed thrice, with ultra-purified deionized water to 

remove the dust particles. Using a sterilized kitchen paring knife, the orange coloured 

peel segments have been cut away from the fruits and shortly after the cutting off, the 

peels have been chopped into small pieces.  Around 5 grams of the sliced peels have 

been shifted into a conical flask. The shifting has been done as quickly as possible to 

diminish evaporation rates of the reagents like volatile oil, available in the orange peel. 

50 ml of ultra-purified deionized water has been added to peels and the aqueous 

mixture has been placed into the microwave (laboratory-grade) for heating for 

approximately 2 minutes with highest irradiation level of 700 W to extract the 

biomolecules. After cooling down, the solution has been filtered properly by using 

Whatman No. 1 filter paper to eliminate the fibrous discarded particles. The aqueous 

extract has been then refrigerated at 4°C for further use. 
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Figure 3.6 Fresh orange (Citrus sinensis). 

3.2.1.7 From Orange (Citrus sinensis) Juice 

The leftover peeled-off fresh orange fruits have been used to prepare juice extract. 

Using a sterilized kitchen paring knife, the peeled-off orange fruits have been sliced 

and then, squeezed properly to take out the juice. Afterwards, the squeezed orange juice 

has been centrifuged at 5000 rpm for 10 min to collect the supernatant. The aqueous 

solution of orange juice has then filtered well using Whatman No. 1filter paper. In a 

clean and dried vessel, the light-yellow coloured solution has been collected and stored 

at 4°C for further uses.  

3.2.1.8 From Green Tea (Camellia sinensis) 

Dried green tea (Camellia sinensis) leaves have been purchased from the local market 

(Figure 3.7). Using a 250 ml Erlenmeyer flask, 10 gm of dried leaves have been mixed 

well with 100 ml ultra-purified deionized water. On the electric heater, the mixture has 

been then placed for heating at 80°C for 20 min. A magnetic stirring bar has been used 

in the liquid for continuous spinning. After cooling down, the mixture has been filtered 

carefully by using Whatman No. 1 filter paper to remove unwanted large particles and 

stored at 4°C for further use. 
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Figure 3.7 Dried green tea (Camellia sinensis) leaves. 

3.2.1.9 From Turkish Pine (Pinus brutia) Bark 

The bark specimens of the Pinus brutia have been collected from the Yildiz Park, 

Besiktas, Istanbul, Turkey (Figure 3.8). The barks have been collected in the spring (in 

between April and May). The collected bark specimens have been thoroughly washed 

for several times with ultra-purified deionized water before processing. The rinsed 

barks have been dried at room temperature; put into a conventional food grade kitchen 

grinder and ground finely to get the powder form and then, stored in air-tight containers 

at 4°C for further use. In a 250 ml Erlenmeyer flask, 10 gm of bark powders has been 

mixed properly with 100 ml ultra-purified deionized water. At 80°C, the mixture has 

been placed on the electric heater for heating for about 30 min. A magnetic stirring bar 

has been used in the liquid for continuous spinning. After attaining the room 

temperature, by using Whatman No. 1 filter paper, the boiled solution has been filtered 

to obtain the aqueous pine bark extract, stored at 4°C and later, used for metallic 

nanoparticle productions.   
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Figure 3.8 Turkish pine (Pinus brutia). 

3.2.2 Biosynthesis of Nanoparticles  

In the present experiment, both silver and copper nanoparticles (AgNPs &CuNPs) have 

been fabricated by using the microwave irradiation in a single step, directed by means 

of the schemes of green chemistry. Different plant-based extracted stock solutions have 

been utilized within 1 week of preparation for the syntheses.  

Moreover, the temperature, time range and other experimental parameters have been 

optimized and standardized after several trails. Each synthesis cycle using the 

following plant extracts has been repeated several times to establish the protocol and to 

achieve the desired amounts of NPs. 

3.2.2.1 Biosynthesis of Silver Nanoparticles (AgNPs) 

AgNPs have been fabricated from silver nitrate (AgNO3) salt using apple (Malus 

pumila) pulp, cumin (Cuminum cyminum) seed, fresh ginger (Zingiber officinale) 

rhizome, rose (Rosa santana) petal, lemon (Citrus limon) and orange (Citrus sinensis) 

peel extracts. 

The fabrications of AgNPs have been conducted separately for each plant extract. 

Syntheses of AgNPs have been started by integrating 0.017 g of silver nitrate (AgNO3; 

1mM) with 90ml of ultra-purified deionized water and 10 ml of each plant extract. 

With a magnetic stirring bar, the reaction mixtures have been placed into the 

microwave (laboratory-grade) for 25 minutes at a temperature of 90°C with a highest 

heating level of 300 W. The colour change in the synthesis medium has primarily 

indicated the production of   AgNPs.  
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Following the successful finishing point of the phytosynthesis process, the synthesized 

samples have been filtered by means of Whatman Grade No.5 filter paper with 2.5µm 

pore size to eliminate large discarded particles in the sample solutions. At 4°C, the 

colloidal suspensions of the fabricated AgNPs have been centrifuged at 5000 rpm for 

15 minutes and then, washed with ultra-purified water to eliminate unwanted plant 

extract residues. These centrifugation and washing steps have been repeated 3-4 times 

to get pure, plant-debris free precipitate of NPs. Finally, the purified AgNPs have been 

placed for drying process under vacuum condition and stocked in dark coloured vials 

and stored at 4°C for further experiments.  

3.2.2.2 Biosynthesis of Copper Nanoparticles (CuNPs) 

For copper nanoparticles synthesis, copper sulphate pentahydrate (CuSO4.5H2O) salt 

has been used as basic precursors whereas different concentrations of plant extracts 

from fresh ginger (Zingiber officinale) rhizome, green tea (Camellia sinensis), orange 

(Citrus sinensis) juice and Turkish pine (Pinus brutia) bark have been played as 

reducing, synthesizing and stabilizing factors. Depends on the plant types, the 

fabrication process were slightly different. 

To synthesize CuNPs by utilizing orange juice extract, 1mM of copper (II) sulphate 

pentahydrate (CuSO4.5H2O) aqueous solution has been prepared using ultra purified 

deionized water. Afterward, 1mM copper sulphate solution and orange juice extract has 

been acquired in 1:2 ratios and the solution has been adjusted to microwave irradiation 

at 700 W for 5 minutes, then, stirred up properly and again, has been placed to 

microwave irradiation system for 10 min with continuous stirring by magnetic stirrers. 

The formation of dark blackish brown colloid in the reaction mixture has indicated the 

copper nanoparticles creation and the completion of the reaction. 

On the other hand, for the fabrication of CuNPs using ginger rhizome extract, 75 ml of 

the freshly acquired ginger rhizome extract has been mixed up with 100 ml of the 

freshly prepared 1mM CuSO4.5H2O solution. Then, for 2 minutes, the mixture has been 

subjected to the microwave system at 700 W. Afterward, 5 ml of 10% L-ascorbic acid 

solution has been stirred up properly with the mixture and then again, placed into 

microwave heating with continuous stirring by magnetic stirrers for 15 min until dark 

blackish brown colloid has been formed which has indicated the copper nanoparticles 

formation and the completion of the reaction. 
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In case of CuNPs production by using green tea and Turkish pine bark extract, 50 ml of 

the fresh plant extracts have been added to 50 ml of the freshly prepared 1mM 

CuSO4.5H2O solutions. Then, for 2 minutes, the mixture has been subjected to 

microwave system at 700 W. Afterward, 5 ml of 10% L-ascorbic acid solution has been 

stirred up properly with the mixture and then again, placed into microwave heating 

with continuous stirring by magnetic stirrers for15 min until dark blackish brown 

colloid has been formed which has indicated the copper nanoparticles formation and 

the completion of the reaction. 

Following the successful finishing point of the phytosynthesis process, the synthesized 

CuNPs samples have been filtered by means of Whatman Grade No.5 filter paper with 

2.5µm pore size to eliminate large discarded particles in the sample solutions. At 4°C, 

the colloidal suspensions of the fabricated CuNPs have been centrifuged at 5000 rpm 

for 15 minutes and then, washed with ultra-purified water to eliminate unwanted plant 

extract residues. These centrifugation and washing steps have been repeated 3-4 times 

to get pure, plant-debris free precipitate of NPs. Finally, the purified CuNPs have been 

placed for drying process under vacuum condition and stocked in a dark coloured vials 

and stored at 4°C for further experiments.  

To produce CuNPs by using ginger rhizome, green tea and Turkish pine bark extracts, 

plant extracts have played the role as stabilizer and reducing agent while L-ascorbic 

acid at low concentration has worked as an anti-oxidant agent. It is well known that 

orange juice is rich of vitamin C which is the substitute of ascorbic acid (AA) and 

therefore, no additional L-ascorbic acid solution has been needed to add for CuNPs 

synthesis [262]. 

3.2.3 Methods of Characterization 

3.2.3.1 UV-Vis Spectrophotometer Analysis 

To monitor the completion of bioreduction of metal ions, the optical properties of 

phytosynthesized silver and copper nanoparticles have been monitored by using UV-vis 

spectrophotometer (Shimadzu UV-1700 double beam scanning UV-vis 

spectrophotometer). For the documentation of UV-vis Spectroscopic outcomes, about 1 

cm path length UV-vis quartz cell has been employed, and the spectra have been 

collected over a range of 300 - 800 nm. For preparing the sample for UV- vis analysis, 



73 

 

1 ml of solution containing synthesized NPs have been diluted with 2 ml of ultra-

purified deionized water, with the aim of normalizing absorbance to approximately 2 

AU and subsequent scan in UV-visible (vis) spectra. Ultra-purified deionized water has 

been utilized as the blank and the spectra have been taken shortly after the completion 

of the syntheses. 

3.2.3.2 X-ray Diffraction (XRD) Study 

The composition of obtained silver and copper nanoparticles using various plant 

extracts have been examined through an X-ray diffraction scheme (PANalytical 

Empyrean model) with CuKα radiation (k-1.54 A). The XRD patterns of metallic silver 

and copper NPs have been calculated with a step size of 0.02 over the range of 2h from 

10° to 90°. The Origin 8.5 software has been used to regenerate the XRD graphs. 

3.2.3.3 Fourier Transform Infrared (FTIR) Spectroscopic Studies 

The specifications and identifications of biomolecules of plant extracts which might 

reduce and stabilize the phytosynthesized nanoparticles are most important 

characterization criteria. These biomolecules along with their functional groups also 

remain attached with the NPs; hence, the presence of these influential functional groups 

has been studied by using FTIR spectrometer. For silver nanoparticles, IR 

spectroscopic measurements have been conducted by Attenuated Total Reflection 

(ATR) method via Shimadzu IR Prestige-21 FTIR-ATR instrument in the 600–4000 

cm
-1

 range. On the contrary, FTIR investigations of the dried CuNPs have been 

conducted with the potassium bromide (KBr) pellet (FTIR grade) method. The 

powdered CuNPs and KBr have been acquired in 1:50 ratio and IR absorption spectra 

have been recorded in the wave range between 400 cm
-1

 and 4000 cm
-1

 with the help of 

the instrument Jasco FT/ IR-6300 Fourier transform infrared spectrometer (JASCO, 

Tokyo, Japan). 

3.2.3.4 Transmission Electron Microscopy (TEM) 

The morphology of both silver and copper nanoparticles has been revealed by using the 

transmission electron microscopy (TEM) that has been conducted at an increased speed 

voltage of 120 kV. Designed for TEM analysis experiments, small amount of 

nanoparticle suspensions have been placed drop by drop on the copper grids. For better 
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adjustment during the specimens‘ preparation, extra solutions have been eliminated 

with clean blotting paper, and then kept for drying at room temperature for 30-45 

minutes. After drying, the specimens have been handled for TEM imaging. 

Additionally, in some cases, the width of size distribution of the phytosynthesized NPs 

has been determined by measuring the randomly selected particles from TEM 

micrographs using J image software. 

3.2.3.5 Size Distribution and Zeta Potential Analysis  

A zeta analyzer has been employed for determining the polydispersity, size distribution 

and zeta potential of both copper and silver nanoparticles. All phytosynthesized 

powdered samples have been dispersed in ultra-purified deionized water, subsequently 

for ultra-sonication in ultra-sonic bath for 15 min at 30°C. After getting homogenous 

solution, the suspensions have been filtered by means of 2.5µm pore sized Whatman 

Filter Paper Grade No.5 to remove large aggregated particles. The filtered solutions 

have been diluted for 3 to 4 times by ultra-purified water and the particle distributions 

in liquors have been studied in a computer-controlled particle/zeta analyzer. 

3.2.4 Antibacterial Activity Study 

The antibacterial potentials of phytosynthesized AgNPs and CuNPs have been 

experimented against both Gram-negative (Escherichia coli) and Gram-positive 

(Staphylococcus aureus) bacteria through agar well diffusion method. For the 

experiment, under mentioned steps have been pursued-  

3.2.4.1 Preparation of Nutrient Media and Chemical Solutions  

 Nutrient Agar Medium  

Nutrient Agar is a wide-ranging and well-designed nutrient medium that contains many 

nutrients needed for the microbial growth and used for the cultivation and maintenance 

of a wide range of non-fastidious microbes in addition to enumeration of 

microorganisms in sewage, dairy products, water and other materials [263]. The cream 

to yellow homogeneous free flowing nutrient agar powder contains the following 

components (Table 3.3) 
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Table 3.3 Chemical compositions of nutrient agar powdered medium [264]. 

Ingredients Amounts (gm/L) 

Peptone  5.0 gm 

Sodium chloride  5.0 gm 

Beef extract/ yeast extract 1.5 gm 

HM peptone B#  1.5 gm 

Agar 15.0 gm 

The medium has been prepared by placing 28 grams of the dehydrated agar powder 

into 1 litter of ultra-purified water. Then, to dissolve all components, the nutrient 

containing mixture has been placed for heating with continuous stirring. Afterwards, 

the medium has been brought to the boiling point for one minute to dissolve entirely. 

At room temperature by using 1N NaOH, the pH has been adjusted to 6.8 ± 0.2. After 

that, for 15 minutes, the medium has been autoclaved at 121°C with 15 lbs pressure to 

complete the sterilization. Afterward, it has been cooled to around 45-50°C (122 °F). 

Then, in an aseptic condition, the warm medium has been poured into Petri dishes and 

then, as soon as possible, the medium containing Petri dishes have been covered 

instantly. Until the solidification of agar medium, the plates have been left on the sterile 

surface and afterwards, these plates have been stored upside down and have been 

refrigerated until used. 

 Mueller Hinton Broth (MHB) 

Mueller Hinton broth is a fluid medium that is utilized particularly for the growth and 

cultivation of microorganisms. It can also be applied for preparing dilutions of 

microorganisms for antibacterial tests [265]. In this experiment, Hinton broth (MHB; 

BD, Auckland, New Zealand) powdered media was used that contains the following 

ingredients (Table 3.4) 
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Table 3.4 Chemical compositions of Hinton broth powdered medium [266]. 

Ingredients Amounts (gm/L) 

Beef extract (infusion from) 2.0 gm 

Casein acid hydrolysate 17.5 gm 

starch 1.5 gm 

Mueller Hinton broth medium has been prepared by suspending powdered medium (21 

gm) into one litter (1000 ml) of distilled water. The continuous shaking has been done 

to mix the powder well and has been heated with frequent agitation to dissolve 

properly. The medium has been then boiled for one minute for complete dissolution. 

The pH has been adjusted at 7.3 ± 0.1 at room temperature using 1N NaOH. Then the 

media has been dispensed into appropriate containers or test tubes that have been 

autoclaved at 121°C with 15 lbs pressure for 15 minutes to complete the sterilization. 

And lastly, after allowing for cooling to room temperature, the containers with broth 

media have been stored at 2-8 ºC for further use. 

 Mueller Hinton Agar (MHA) 

Mueller Hinton Agar is the same formulation of Mueller Hinton broth, with the added 

agar. It has become the ideal medium for microbial studies specially for antimicrobial 

susceptibility testing. For agar well diffusion assay, powdered Mueller Hinton agar 

(MHA, Lab M, UK) medium has been utilized that contains the following ingredients 

(Table 3.5).   

Table 3.5 Chemical compositions of Mueller Hinton agar medium [266]. 

Ingredients Amounts (gm/L) 

beef extract, infusion from 2.0 gm 

casein hydrolysate 17.5 gm 

starch 1.5 gm 

agar 17.0 gm 
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Mueller Hinton agar medium has been prepared by mixing 38 gm of the powdered 

medium with one litter (1000 ml) of ultra-purified deionized water. The continuous 

shaking has been done to mix the powder well and heated with frequent agitation to 

dissolve properly. It has been then boiled for one minute for complete dissolution. The 

pH has been adjusted at 7.3 ± 0.1 at room temperature using 1N NaOH. After that, for 

15 minutes, the medium has been autoclaved at 121°C with 15 lbs pressure to complete 

the sterilization. Afterward, it has been cooled to around 45-50°C (122 °F). Afterward, 

it has been cooled to around 45-50°C (122 °F). Then, in an aseptic condition, the warm 

medium has been poured into Petri dishes and then, as soon as possible, the medium 

containing Petri dishes have been covered instantly. Until the solidification of agar 

medium, the plates have been left on the sterile surface. Finally, after allowing for 

cooling to room temperature, the dishes with solidified agar have been stored upside 

down and are refrigerated (at 2-8 ºC) until used for the antibacterial test. 

 Preparation of Barium Chloride Dehydrate (BaCl2.2H2O), 1.175% (wt/vol)  

1.175 g of BaCl2.2H2O was weighted out and place into a 100ml volumetric flask. 50 

ml of ultra-purified deionized water has been added within the flask and the continuous 

mixing has been done to dissolve the powder well. The mixture has been then adjusted 

to 100 ml by adding more ultra-purified deionized water that has been stored at 25°C 

for further use. 

 Preparation of Sulphuric Acid (H2SO4), 1% (vol/vol) 

90 ml of ultra-purified deionized water has been added into a 100ml volumetric flask. 

By using a 1.0 ml volumetric pipette 1.0 ml of concentrated sulphuric acid has been 

measured and added into the water. Then, the mixture has been adjusted to 100 ml by 

adding deionized water. Subsequently, the solution has been transferred to a screw-cap 

glass bottle and stored it at 25°C for further use. 

 McFarland Standard 

For standardizing microbial testing, McFarland standards have been utilized as a 

standard indication to adjust the estimated amount of bacterial in a liquid suspension. 

The McFarland Standard is used to compare the turbidity of the test suspension. It is a 

solution of a chemical mixture of specified amounts of sulphuric acid and barium 
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chloride that reacts together and forms a fine barium sulphate precipitate that origins 

turbidity in the solution. For this experiment, to prepare a 0.5 McFarland standard 

solution, 0.05 mL of 1.175% barium chloride dihydrate (BaCl2.2H2O) has been mixed 

with 9.95 mL of 1% sulphuric acid (H2SO4). This mixture can provide an optical 

density equivalent to the density of a bacterial suspension colony (1.5 × 10
8
) forming 

units (CFU/ml) [267]. 

3.2.4.2 Culture Collection 

Lyophilized cultures of Staphylococcus aureus (ATCC 25923) and Escherichia coli 

(ATCC 25922) bacteria have been supplied from Microbiologics Inc. (Saint Cloud, 

MN, USA). Nutrient agar medium has been utilized to grow, cultivate the bacteria as 

well as to sustain the bacterial strains.  

3.2.4.3 Preparation of Inoculums 

Each bacterial strain has been transferred from the stock cultures and has been 

inoculated into separate cation-adjusted Mueller Hinton broth media. At 37 °C, these 

broth media have been incubated for a period of 24 h. Autoclaved bacteriological loops 

have been used for bacterial inoculation. Well-developed and distinctively separated 

bacterial colonies have been used as inoculums.   

3.2.4.4 Agar Well Diffusion Method  

The antimicrobial performances of both AgNPs and CuNPs have been tested using agar 

well diffusion bioassay. After 24 hours of inoculation, freshly cultured bacterial 

suspensions have been compared and adjusted to 0.5 McFarland turbidity standard 

colony forming units (1.5 × 10
8
,
 
CFU/mL). This standardization procedure has been 

performed through evaluating the transparency of the lines on the Wickerham card in 

the presence of good lighting. Subsequently, several holes or wells with approximately 

6 to 7 mm diameter have been made aseptically on each Muller–Hinton agar medium 

by using a sterile gel puncher. After that, the 100 µL of bacterial inoculums as 

suspension forms have been transferred to cation-adjusted autoclaved Mueller Hinton 

agar containing Petri dish. Using the sterile drigalski spatula, the plating has been 

performed through spreading the samples evenly over the upper surface of agar 

medium into the plates and by rotating the petridish underneath at the same time. Then, 
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these plates have been put on the sterile surface for air drying at room temperature. 5µg 

of each powdered nanoparticle samples have been suspended in 5 mL of ultra-purified 

deionized water. By using sterile syringe filters with a 0.22 µm pore size, the 

suspensions have been filtrated that applied as the working concentration. Afterward, 

using this micropipette, a volume of 50 µL of aliquot parts of nanoparticle solution of 

both AgNPs and CuNPs has been used to pour into every single well of the medium.  

Later, the agar plates have been incubated at 37°C for a period of 24 h. After 

incubation, by using a calliper, the zones of inhibition have been calculated in diameter 

by millimetres (mm) which have been distinguished by the transparent regions around 

the wells. Throughout the course of these experiments, gentamicin (Oxoid, 

10µg/sensidisc) has been used as reference antibacterial agents, respectively. Sterile 

double distilled water alone (20 µL) has been applied as negative control.  The 

experimental bioassay has been repeated in triplicate to verify the obtained results. 

3.2.5 Cytotoxicity Study of Biosynthesized Nanoparticles 

The cytotoxic effects of phytosynthesized silver and copper NPs have been done by 

following the under mentioned steps-  

3.2.5.1 Preparation of Chemical Solutions  

 Preparation of Phosphate-buffered Saline (PBS Buffer) Solution  

PBS is a buffer that is salty in nature, contains sodium chloride (NCl), sodium 

phosphate (Na2HPO4), potassium phosphate (KH2PO4) and potassium chloride (KCl).   

For preparing 100 ml of PBS buffer solution, at first, 80 ml deionized ultra-purified 

water has been taken and then 0.8 gm of NaCl, 0.144 gm of Na2HPO4, 0.024 gm of 

KH2PO4 and 0.02 gm of KCl have been added, cautiously. Afterward, the chemical 

containing aqueous solution has been mixed well and fixed the pH at 7.4 by using HCl. 

In the end, the volume has been adjusted to 100 ml by adding ultra-purified deionized 

water. Then, the solution has been distributed into aliquots and sterilize through 

autoclaving at 121°C for 20 min (liquid cycle). Finally, it has been stored at room 

temperature for further use. 
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• Trypan Blue (0.4% TB) Solution Preparation 

Trypan blue powder is soluble in water. Trypan blue solutions have been prepared in 

PBS buffer or phosphate buffered saline solution at the concentration of 0.4%.  

Initially, 1gm trypan blue powder (40% dye content) has been weighted and added into 

100 ml autoclaved PBS buffer solution. The mixture has been then put into a slow boil 

and dissolved completely by constant stirring. After cooling at room temperature, it has 

been filtered with 0.22 microns of pore sized sterile membrane filter to obtain desired 

0.4% TB solution. 

For testing cell viability and observing viable and nonviable cells, 10 µl of 0.4% trypan 

blue stock solution has been taken and diluted with 90 µl deionized sterile water which 

functioned as the counting solution. 98 µl of the counting solution and 2 µl of cell 

suspension have been mixed to give 100 ml of the mixture and examined instantly 

under a microscope at low magnification. 

3.2.5.2 Cell Culture 

A mouse fibroblast cell line (L929) has been used for in-vitro toxicity experiments. The 

cell line has been cultured in a DMEM-F12 medium supplemented with 5 ml 1% L-

Glutamine, 2.5 ml 0.5% Penicillin-Streptomycin and 10% Fetal Bovine Serum. The 

culture has been incubated at 37°C (5% CO2) and cell multiplication and proliferation 

has been daily observed. Fully confluent cells have been aseptically detached from 

surface of cell culture vessel via trypsinization (application of TB solution). Detached 

cells have been centrifuged at 5,000 rpm for 5 min and the supernatant have been 

removed and the cell number has been counted with Thoma slides using a 

hemocytometer by placing the cells suspension (50-100 cells per large square of the 

hemacytometer counting chamber) on the stage of an inverted microscope using the 

10X objective.  

3.2.5.3 In-vitro Cytotoxicity of Phytosynthesized Nanoparticles 

The cultured L929 cells have been used for cytotoxicity experiments of green 

synthesized silver and copper nanoparticles. Cultured viable cells (10
4
) have been 

seeded in every well of sterile 96-well flat bottom microplates. All nanoparticle 

samples have been added to cultured cells (n=5) at altered proportions (0.1 μg/mL, 0.25 
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μg/mL, 0.5 μg/mL 1μg/mL, 2.5μg/mL, and 5μg/mL). After exposing both AgNPs and 

CuNPs at different concentrations, the cultured cells have been incubated for 24 hours 

at 37°C (5% CO2) and afterward, followed by the replacement of the medium with 100 

ml fresh medium that contain 100μL of 2,3-Bis-(2-Methoxy-4-Nitro-5-Sulfophenyl)-

2H-Tetrazolium-5-Carboxanilide (XTT) solution in DMEM (0.5 mg/ml concentration 

with 7.5 μg/mL Phenazine methosulfate). Again then, the suspension containing plates 

have been incubated for additional 4 h at 37°C. Lastly, after incubation, by means of a 

multiplate reader, the optical density of the cell suspensions has been measured at 450 

nm.  

The cell viability (%) has been calculated by using Equation 3.1 as follows: 

%Cell viability =
Optical  density  of  sample

Optical  density  of  control  
× 100                                                          (3.1) 
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 Synthesis and Characterization of Silver Nanoparticles 

Freshly prepared plant based extracts have been used to create silver nanoparticles. 

When plant extracts had been mixed with silver nitrate (AgNO3) salt solutions in 

desirable proportions, metal ions were reduced into metal nanoparticles. After 

syntheses, different characterization techniques have been used to evaluate the quantity 

and quality of phytosynthesized AgNPs. 

4.1.1 Silver Nanoparticle Synthesis  

Formation and fabrication of silver nanoparticles has been followed by an immediate 

colour alteration of the reaction after a certain time of period. Table 4.1 represents the 

initial colour changes of reaction mixture of silver nanoparticle synthesis using various 

plant materials.   

Table 4.1 Colour changes of solutions during silver nanoparticle synthesis using 

different plant extract. 

 No. Solution Colour change Colour 

intensity 

(AgNPs 

solution) 

Before 

synthesis 

After 

synthesis 

1. Yellow delicious apple 

(Malus pumila) pulp extract 

Pale 

Yellow 

Reddish 

brown 

(Figure 4.1) 

 

++ 

1mM AgNO3 solution Colourless 
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Table 4.1 Colour changes of solutions during silver nanoparticles synthesis using 

different plant extract (continued). 

 No. Solution Colour change Colour 

intensity 

(AgNPs 

solution) 

Before 

synthesis 

After 

synthesis 

2. Cumin (Cuminum cyminum) 

seed extract 

Light brown  

Dark brown 

(Figure 4.2) 

 

++ 

1mM AgNO3 solution Colourless 

3. Fresh ginger (Zingiber 

officinale) rhizome extract 

Pale yellow Dark yellowish 

brown 

(Figure 4.3) 

 

+ 

1mM AgNO3 solution Colourless 

4. Rose (Rosa santana) petal 

extract 

Wine red Greenish Black 

(Figure 4.4) 

 

+++ 

1mM AgNO3 solution Colourless 

5. Lemon (Citrus limon) peel 

extract 

Yellow Black 

(Figure 4.5) 

 

+++ 

1mM AgNO3 solution Colourless 

6. Orange (Citrus sinensis) peel 

extract 

Dark yellow Black 

(Figure 4.6) 

 

+++ 

1mM AgNO3 solution Colourless 

Colour intensity/potency: Light colour: +, Dark colour: ++, Deep dark colour: 

+++ 
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Figure 4.1 Photographic representation of silver nanoparticle synthesis. A. AgNO3 

solution; B. aqueous extract of yellow delicious apple pulp; C. green synthesized silver 

nanoparticles (MpAgNPs). 

 

Figure 4.2 Photographic representation of silver nanoparticle synthesis. A. AgNO3 

solution; B. aqueous extract of cumin seed; C. green synthesized silver nanoparticles 

(CcAgNPs). 
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Figure 4.3 Photographic representation of silver nanoparticle synthesis. A. AgNO3 

solution; B. aqueous extract of fresh ginger rhizome; C. green synthesized silver 

nanoparticles (ZoAgNPs). 

 

Figure 4.4 Photographic representation of silver nanoparticle synthesis. A. AgNO3 

solution; B. aqueous rose petal extract; C. green synthesized silver nanoparticles 

(RsAgNPs). 
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Figure 4.5 Photographic representation of silver nanoparticle synthesis. A. AgNO3 

solution; B. aqueous extract of lemon peel; C. green synthesized silver nanoparticles 

(ClAgNPs). 

 

Figure 4.6 Photographic representation of silver nanoparticle synthesis. A. AgNO3 

solution; B. aqueous extract of orange peel; C. green synthesized silver nanoparticles 

(CsAgNPs). 

4.1.2 Silver Nanoparticle Characterizations  

4.1.2.1 UV-Visible Absorption Spectroscopic Study  

The progress of formation of silver nanoparticles has been monitored by UV-Vis 

spectroscopy. It is an important and reliable process of investigation for the structural 

characterization of metallic NPs. The UV-Vis spectroscopy has been monitored the 

bio-reduction of silver ions in aqueous solutions and the recorded spectra have 
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confirmed the distinguishing Surface Plasmon Resonance (SPR) spectra with 

absorbance at 300 – 800 nm. The sharp peaks of silver nanoparticles have been 

observed at 440 nm, 439 nm and 441nm for yellow delicious apple pulp (MpAgNPs), 

cumin seed (CcAgNPs), fresh ginger rhizome (ZoAgNPs), respectively (Figure 4.7, 

Figure 4.8 & Figure 4.9) whereas in case of rose petal (RsAgNPs) the band has found 

at 438 nm (Figure 4.10) and for orange peel (CsAgNPs) the peak has showed at 435 nm 

(Figure 4.12).  On the other hand, the spectrum in the Figure 4.11 of the ClAgNPs 

using lemon peel extract has provided the SPR band at 445 nm.  

 

Figure 4.7 UV-visible absorbance maxima of biosynthesized MpAgNPs at 440 nm. 
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Figure 4.8 UV-visible absorbance maxima of biosynthesized CcAgNPs at 439 nm. 

 

Figure 4.9 UV-visible absorbance maxima of biosynthesized ZoAgNPs at 441 nm. 

 



89 

 

 

Figure 4.10 UV-visible absorbance maxima of biosynthesized RsAgNPs 438 nm. 

 

Figure 4.11 UV-visible absorbance maxima of biosynthesized ClAgNPs at 445 nm. 
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Figure 4.12 UV-visible absorbance maxima of biosynthesized CsAgNPs at 435 nm. 

4.1.2.2 X-ray Diffraction (XRD) Study 

To reveal the presence of crystallinity in the phytosynthesized AgNPs by using 

different plant extracts, X-ray diffraction (XRD) analysis has been conducted as a very 

important key instrument. The diffracted intensities were documented from 20° to 90°.  

All silver nanoparticle samples have showed four strong reflections correspond to the 

planes of (111), (200), (220) and (311), respectively. These planes are the characteristic 

Bragg's diffraction plans for metallic silver with face-centered cubic crystalline 

structures which support or coordinate the database of the JCPDS (Joint Committee on 

Powder Diffraction Standards) file no: 04–0783 [268]. Moreover, details summary of 

XRD analysis of synthesized silver nanoparticle sample is describing below: 

X-ray diffraction (XRD) graph of biosynthesized MpAgNPs by fresh yellow delicious 

apple (Malus pumila) pulp extract is illustrated in Figure 4.13. Strong peaks have been 

observed at 38.13°, 44.29°, 64.48° and 77.49° with the interplanar spacing (dcalculated) 

values are 2.360, 2.046, 1.446 and 1.230 Å.  
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Figure 4.13 XRD pattern of biosynthesized MpAgNPs. 

Figure 4.14 exhibits the XRD pattern of biosynthesized CcAgNPs using cumin 

(Cuminum cyminum) seeds extract. Strong peaks have been detected at 38.10°, 44.37°, 

64.50° and 77.44° together with the interplanar spacing (dcalculated) values are 2.362, 

2.043, 1.444 and 1.233 Å.  

 

Figure 4.14 XRD pattern of biosynthesized CcAgNPs. 
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XRD outcomes of biosynthesized ZoAgNPs by fresh ginger (Zingiber officinale) 

rhizome extract is demonstrated in Figure 4.15. Significant peaks have been found at 

38.13°, 44.31°, 64.55° and 77.51° along with the interplanar spacing (dcalculated) values 

of 2.360, 2.044, 1.443 and 1.231 Å.  

 

Figure 4.15 XRD pattern of biosynthesized ZoAgNPs. 

XRD results of biosynthesized RsAgNPs by fresh rose (Rosa santana) petals extract is 

showed in Figure 4.16. Four strong reflections have been showed at 38.10°, 44.25°, 

64.44° and 77.38° through the interplanar spacing (dcalculated) values are 2.361, 2.0461, 

1.445 and 1.232 Å.  
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Figure 4.16 XRD pattern of biosynthesized RsAgNPs. 

Figure 4.17 revealed the XRD outline of biosynthesized ClAgNPs using lemon (Citrus 

limon) peel extract. Four significant reflections have been observed at 38.11°, 44.30°, 

64.54° and 77.50°. The interplanar spacing (dcalculated) values are 2.364, 2.046, 1.444 

and 1.234 Å. 

 

Figure 4.17 XRD pattern of biosynthesized ClAgNPs. 
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XRD analysis of biosynthesized CsAgNPs using orange (Citrus sinensis) peel extract is 

demonstrated in Figure 4.18. Diffraction peaks have been found at 38.14°, 44.32°, 

64.46° and 77.51° together with the interplanar spacing (dcalculated) values are 2.359, 

2.044, 1.440 and 1.231 Å.  

 

Figure 4.18 XRD pattern of biosynthesized CsAgNPs. 

4.1.2.3 Fourier-Transform Infrared Spectroscopic (FTIR) Analysis 

IR spectroscopic measurements of phytosynthesized metallic silver nanoparticle 

samples have been carried out to reveal the potential biomolecules available in yellow 

delicious apple (Malus pumila) pulp, cumin (Cuminum cyminum) seed, fresh ginger 

(Zingiber officinale) rhizome, fresh rose (Rosa santana) flower petal, lemon (Citrus 

limon) peel and orange (Citrus sinensis) peel extracts which might play significant 

roles as reducing, synthesizing, capping and stabilizing factors for AgNPs syntheses. 

• FTIR Study of MpAgNPs Biosynthesized using Fresh Yellow Delicious Apple 

pulp extract 

The FTIR spectrum of MpAgNPs (Figure 4.19) has illustrated the band at 3381.21 cm-
1
 

corresponds to aliphatic primary amine stretching (N-H). The band that has found at 

1641.42 cm
-1

, responsible for strong alkene monosubstituted (C=C) bond; a strong C-O 

stretching primary alcohol bond shows the peak at 1055.06 cm
-1

. The spectrum at 
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972.12 cm
-1 

represents a strong alkene disubstituted (trans) bond whereas the stretch of 

medium alkene (C=C) trisubstituted at 794.67 cm
-1

. 

 

Figure 4.19 FTIR spectra of the synthesized MpAgNPs. 

• FTIR Study of CcAgNPs Biosynthesized using Cumin Seed Extract 

Figure 4.20 represents Fourier Transform Infrared (FTIR) spectrum of CcAgNPs. From 

the obtained data, an aliphatic primary amine (N-H) bond showes its meadium streating 

at 3373.50 cm
-1

. The band at 1639.49 cm
-1

 indicates a strong alkene monosubstituted 

(C=C) stretching. The absorption peak at 1415.75 cm
-1

 could be identified as the -OH 

stretching of H2O or ethanol present in the sample. The peak at 1058.92 cm
-1 

is due to 

the strong C-O stretching of primary alcohol vibration. The spectrum at 972.12 cm
-1 

represents a strong alkene disubstituted (trans) bond whereas the peak at 794.67 cm
-1 

is 

owing to the stretch of medium trisubstituted alkene (C=C) stretching and finally, 655 

cm
-1 

is for strong C-Br stretching (halo compound). 
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Figure 4.20 FTIR spectra of the synthesized CcAgNPs. 

• FTIR Study of ZoAgNPs Biosynthesized using Fresh Ginger Rhizome Extract 

The FTIR spectrum of ZoAgNPs (Figure 4.21) has demonstrated the band at 3365.78 

cm
-1

 corresponds to aliphatic primary amine stretching (N-H). IR band has been 

detected mainly at 1637.56 cm
-1

 is responsible for strong alkene (C=C) 

monosubstituted stretching; whereas the spectrum at 1415.75 cm
-1

 could be identified 

as the -OH stretching of H2O or ethanol present in the sample. A strong C-O stretching 

(primary alcohol) bond shows the peak at 1060.85 cm
-1

. The peak at 966.34 cm
-1 

represents a strong alkene disubstituted (trans) bonds and finally, the stretch of medium 

alkene (C=C) trisubstituted at 800.86 cm
-1

. 
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Figure 4.21 FTIR spectra of the synthesized ZoAgNPs. 

• FTIR Study of RsAgNPs Biosynthesized using Fresh Rose Petal Extract 

Figure 4.22 implies Fourier transform infrared (FTIR) spectrum of RsAgNPs. The band 

at 3446.79 cm
-1

 represents aliphatic primary amine stretching (N-H) bond. The 

spectrum at 2926.01 cm
-1

 is responsible for saturated alkane (-C-H) medium stretching 

and the spectrum at 1639.40 cm
-1

 could be allocated to the monosubstituted alkenyl (-

C=C)  strong bond. A strong stretching (C-O) of primary alcohol shows the peak at 

1062.78 cm
-1

. The band at 968.27 cm
-1 

represents a strong alkene disubstituted (trans) 

bonds; at 798.53 cm
-1 

 is owing to -C=C alkenyl bond (trisubstituted) and ultimately, at 

655 cm
-1 

is for strong C-Br stretching of halo compounds. 
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Figure 4.22 FTIR spectra of the synthesized RsAgNPs.  

• FTIR Study of ClAgNPs Biosynthesized using Lemon Peel Extract 

The FTIR spectrum of ClAgNPs (Figure 4.23) synthesized using lemon peel extract 

showed the band at 3392.79 cm
-1

 stands for the aliphatic primary amine bond (N-H). 

Peaks were observed mainly at 2926.01 cm
-1

 is responsible for saturated alkane (-C-H) 

medium stretching and the spectrum at 1641.42 cm
-1

 is responsible for strong alkene 

monosubstituted (C=C) stretching. A strong C-O stretching of primary alcohol bond 

represents at the peak of 1058.92 cm
-1

; the spectrum at 974.05 cm
-1

 represents a strong 

alkene disubstituted (trans) bonds and finally,  the peak  at 786 cm
-1 

demonstrated 

medium alkene (C=C) trisubstituted bond. 
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 Figure 4.23 FTIR spectra of the synthesized of ClAgNPs. 

• FTIR Study of CsAgNPs Biosynthesized using Orange Peel Extract 

The FTIR procedure has been utilized to uncover the biomolecules along with their 

functional groups available in CsAgNPs (Figure 4.24). The bands at 3383.14 cm
-1

 

stands for aliphatic primary amine (N-H) bond. Spectrum at 2931.80 cm
-1

 is 

responsible for saturated alkane (-C-H) medium stretching. The IR spectrum at 1639.49 

cm
-1

 is because of strong alkene monosubstituted (C=C) stretching contrariwise a 

strong primary alcohol (C-O stretching) bond shows the peak at 1060.85 cm
-1

. The 

spectrum at 970.19 cm
-1 

represents a strong alkene disubstituted (trans) bonds whereas 

the peak at 790.81 cm
-1

 is as a result of  -C=C alkenyl (trisubstituted) stretching. Lastly, 

the adsorption at 653.87 cm
-1

 is showing the C-Br bond (halo compound). 
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Figure 4.24 FTIR spectra of the synthesized CsAgNPs. 

4.1.2.4 Particle Size Distribution and Zeta Potential Measurement 

Particle size distribution and Zeta Potential measurement have been used to optimize 

the behaviour of the nanoparticles. The outcomes of Zeta-sizer have revealed the 

average size of phytosynthesized nanoparticles whereas the high zeta potential values 

have sustained long-term stability and excellent colloidal character of nanoparticles as a 

result of negativenegative repulsion [98]. Different powdered AgNPs samples have 

been diluted with ultra-purified water by ultrasonication process, to calculate the size 

distribution and Zeta Potential of the metallic silver nanoparticles. The average particle 

size in diameter (nm) has been recorded for all the six AgNPs samples from size 

distribution by number graph.  
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The zetasizer analysis of biosynthesized MpAgNPs by fresh yellow delicious apple 

(Malus pumila) extract has revealed that the average size was 22.70 nm whereas the 

average zeta potential value has been found as -25.80 mV as shown in Figure 4.25. 

 

Figure 4.25 (A) Particle size by number and (B) zeta potential distribution of 

biosynthesized MpAgNPs. 
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The zetasizer analysis of biosynthesized CcAgNPs using cumin (Cuminum cyminum) 

seed extract has shown that the average size is 14.30 nm whereas the average zeta 

potential value has been found as -27.8 mV as shown in Figure 4.26. 

 

Figure 4.26 (A) Particle size by number and (B) zeta potential distribution of 

biosynthesized CcAgNPs. 
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The outcome of zetasizer has revealed that the average size of biosynthesized 

ZoAgNPs by fresh ginger (Zingiber officinale) rhizome extract has been recorded as 

32.95 nm whereas the average zeta potential value has been found as -20.10 mV 

(Figure 4.27). 

 

Figure 4.27 (A) Particle size by number and (B) zeta potential distribution of 

biosynthesized ZoAgNPs. 
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The zetasizer analysis of biosynthesized RsAgNPs by fresh rose (Rosa santana) petal 

extract has revealed that the z-average is 48.05 nm whereas the average zeta potential 

value has been found as -26.50 mV as shown in Figure 4.28. 

 

Figure 4.28 (A) Particle size by number and (B) zeta potential distribution of 

biosynthesized RsAgNPs. 
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The particle size distribution and Zeta potential analysis of the biosynthesized 

ClAgNPs using lemon (Citrus limon) peel extract are given in Figure 4.29. Z-average 

value for this AgNPs is 41.86 nm and the average zeta potential value has been found 

to be -18.70 mV. 

 

Figure 4.29 (A) Particle size by number and (B) zeta potential distribution of 

biosynthesized ClAgNPs. 
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As shown in Figure 4.30, the outcome of zetasizer revealed that the average size of 

biosynthesized CsAgNPs using orange (Citrus sinensis) peel extract has been observed 

as 40.23 nm whereas the average potential value has been indicated as -19.7 mV. 

 

 Figure 4.30 (A) Particle size by number and (B) zeta potential distribution of 

biosynthesized CsAgNPs. 
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4.1.2.5 TEM Analysis 

TEM analysis has offered additional perception of the morphology and biochemical 

details of six different phytosynthesized silver nanoparticles at their nano level. TEM 

profiles also support the XRD results by confirming the crystalline nature of all silver 

nanoparticle samples. 

TEM profile of biosynthesized MpAgNPs by fresh yellow delicious apple (Malus 

pumila) extract has shown that the nanoparticles have been morphology spherical or 

globular in shape with the distribution range of 7.46 nm to 21. 80 nm in diameter. The 

MpAgNPs are monodisperse, as illustrated in Figure 4.31. 

 

Figure 4.31 The TEM image of biosynthesized monodisperse MpAgNPs at 100 nm 

scales. 

The TEM micrograph of the biosynthesized CcAgNPs using cumin (Cuminum 

cyminum) seeds extract at 50 nm scales has revealed in Figure 4.32. It has been found 

that CcAgNPs are almost globular shapes with maximum particles in the size ranged 

from 1.84 nm to 20. 57 nm. 

Figure 4.33 illustrates TEM image that has been traced from the drop-coated specimen 

layer of ZoAgNPs, biosynthesized by using the fresh ginger (Zingiber officinale) 

rhizome extract. ZoAgNPs at 50 nm scales have dispersed approximately in the range 

of 2.68 nm to 42.69 nm with spherical and oval assemblies. 
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Figure 4.32 The TEM image of biosynthesized CcAgNPs at 50 nm scales. 

 

Figure 4.33 The TEM image of biosynthesized ZoAgNPs at 50 nm scales. 
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The size distribution of the phytosynthesized RsAgNPs using R. santana petal extract 

has been resolved by calculating the particle size of 100 randomly selected particles 

from TEM images. For RsAgNPs, The size distribution in diameter has been observed 

between 6.527 nm and 25.247 nm with a middling value of 14.48 nm (Figure 4.34). 

Nearly spherical shaped RsAgNPs are monodisperse in nature. 

 

Figure 4.34 TEM image of biosynthesized RsAgNPs at 100 nm scales. 

Figure 4.35 demonstrates a TEM image that has been traced from the drop-coated from 

the drop-coated specimen layer of the biosynthesized ClAgNPs using lemon (Citrus 

limon) peel extract. The ClAgNPs in the TEM image are dispersed as roughly globular, 

spherical and irregular in shape. The particle size was calculated in size range from 7.5 

nm to 69.83 nm. 

TEM has exposed the configuration of the biosynthesized CsAgNPs using orange 

(Citrus sinensis) peel extract (Figure 4.36). The particles were roughly spherical in 

shape and the largest particle size had a diameter of 60.44 nm while the smallest size 

was found to be around 4.79 nm.  
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Figure 4.35 TEM image of biosynthesized ClAgNPs at 100 nm scales. 

 

Figure 4.36 The TEM image of biosynthesized CsAgNPs at 20 nm scales. 
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4.2 Synthesis and Characterization of Copper Nanoparticles 

Freshly acquired plant extracts have been used to fabricate copper nanoparticles. While 

plant extracts were mixed with Copper (II) sulphate pentahydrate salt (CuSO4.5H2O) 

solutions in desirable proportions, metal cooper ions have been reduced into copper 

nanoparticles. After synthesis, a variety of characterization techniques have been 

applied to evaluate the quantity and quality of phytosynthesized CuNPs. 

4.2.1 Synthesis of Copper Nanoparticles  

Fabrication of CuNPs has been followed by an immediate change in colour. Table 4.2 

represents the initial colour changes of reaction mixture of CuNPs synthesis using 

various plant materials.   

Table 4.2 Colour changes of solutions during copper nanoparticles synthesis using 

different plant extract. 

Sr. 

No 

Solution Colour change Colour 

intensity of 

synthesized 

solution 

Before 

synthesis 

After 

synthesis 

1. Fresh ginger (Zingiber 

officinale) rhizome extract 

Pale 

yellow 

Black 

 (Figure 4.37) 

 

+++ 

1mM CuSO4.5H2O solution Blue 

2. Green tea (Camellia sinensis) 

extract 

Yellowish 

brown 

 

Greenish black 

(Figure 4.38) 

 

+++ 

1mM CuSO4.5H2O solution Blue 

3. Fresh orange (Citrus sinensis) 

juice 

Yellow Brownish 

black  

(Figure 4.49) 

 

++ 

1mM CuSO4.5H2O solution Blue 

4. Turkish pine (Pinus brutia) 

bark extract 

Pale 

Yellow 

Brownish 

black  

 (Figure 4.40) 

 

+ 

1mM CuSO4.5H2O solution Blue 

Colour intensity/potency: Light colour: +, Dark colour: ++, Deep dark colour: 

+++ 
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Figure 4.37 Photographic representation of copper nanoparticle synthesis. A. copper 

(II) sulphate pentahydrate solution; B. aqueous extract of fresh ginger rhizome; C. 

synthesized copper nanoparticles (ZioCuNPs). 

 

Figure 4.38 Photographic representation of copper nanoparticle synthesis. A. copper 

(II) sulphate pentahydrate solution; B. aqueous extract of green tea; C. synthesized 

copper nanoparticles (CasCuNPs). 
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Figure 4.39 Photographic representation of copper nanoparticle synthesis. A. copper 

(II) sulphate pentahydrate solution; B. aqueous extract of orange juice; C. synthesized 

copper nanoparticles (CisCuNPs). 

 

Figure 4.40 Photographic representation of copper nanoparticle synthesis. A. copper 

(II) sulphate pentahydrate solution; B. aqueous extract of Turkish pine bark extract; C. 

synthesized copper nanoparticles (PibCuNPs). 
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4.2.2 Copper Nanoparticle Characterizations  

4.2.2.1 UV-Visible Absorption Spectroscopic Study  

The progress of formation of copper nanoparticles has been screened by means of UV-

Vis spectroscopy. Absorbance peaks between 500 nm and 600 nm is significant which 

have been exploited as an indicator to corroborate the formation of metallic copper 

nanoparticles from copper ions.  

The sharp peaks of copper nanoparticles have been observed at 566 nm, 570 nm and 

573 nm in case of ginger rhizome (ZioCuNPs), green tea (CasCuNPs.) and Turkish 

pine (PibCuNPs) extract, respectively (Figure 4.41, Figure 4.42 & Figure 4.44) whereas 

for orange juice extract (CisCuNPs) the band found at 560 nm (Figure 4.43). 

 

Figure 4.41 UV-visible absorbance maxima of phytosynthesized ZioCuNPs at 566 nm. 
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Figure 4.42 UV-visible absorbance maxima of phytosynthesized CasCuNPs at 570 nm. 

 

Figure 4.43 UV-visible absorbance maxima of phytosynthesized CisCuNPs at 560 nm.  



116 

 

 

Figure 4.44 UV-visible absorbance maxima of phytosynthesized PibCuNPs at 573 nm. 

4.2.2.2 X-ray Diffraction (XRD) Study 

X-ray Diffraction (XRD) measurements of different reduced CuNPs samples have been 

recorded to identify the crystallinity of copper nanoparticles. The diffracted intensities 

have been documented from 20° to 100°.  

The XRD pattern from various copper nanoparticle samples has confirmed five strong 

reflections correspond to the planes of (111), (200), (220), (311) and (222) corroborate 

the presence of metallic copper particles. As because, these planes are the characteristic 

Bragg's diffraction plans for copper with face-centered cubic crystalline structures 

which support or coordinate the database of the JCPDS (Joint Committee on Powder 

Diffraction Standards) file no: 04-0784 [269]. Moreover, a detail outline of XRD 

analysis of synthesized copper nanoparticle sample is describing below- 

Using XRD spectrum analysis of biosynthesized ZioCuNPs by the fresh ginger 

(Zingiber officinale) rhizome extract, five different diffraction peaks at 43.54°, 50.54°, 

74.42°, 90.28° and 95.52° are shown in Figure 4.45. The interplanar spacing 

(dcalculated) values are 2.082, 1.804, 1.277, 1.089 and 1.043Å. 
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Figure 4.45 XRD pattern of biosynthesized ZioCuNPs. 

Figure 4.46 exhibits the XRD pattern of biosynthesized CasCuNPs using green tea 

(Camellia sinensis) extract. Diffraction peaks have been appeared at 43.47°, 50.61°, 

74.32°, 90.28° and 95.40° along with the interplanar spacing (dcalculated) values were 

2.083, 1.804, 1.277, 1.089 and 1.043Å.  

 

Figure 4.46 XRD pattern of biosynthesized CasCuNPs. 
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Figure 4.47 has revealed the XRD pattern of biosynthesized CisCuNPs using freshly 

squeezed orange (Citrus sinensis) juice extract. Five significant reflections have been 

observed at 43.49°, 50.64°, 74.38°, 90.25° and 95.48°. The interplanar spacing 

(dcalculated) values are 2.084, 1.806, 1.277, 1.090 and 1.043Å. 

 

Figure 4.47 XRD pattern of biosynthesized CisCuNPs. 

XRD analysis of biosynthesized PibCuNPs using Turkish pine (Pinus brutia) bark 

extract is demonstrated in Figure 4.48. Diffraction peaks have been found at 43.45°, 

50.53°, 74.31°, 90.14° and 95.32° together with the interplanar spacing (dcalculated) 

values are 2.086, 1.807, 1.278, 1.091 and 1.044Å.  
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Figure 4.48 XRD pattern of biosynthesized PibCuNPs. 

However, for all four CuNPs samples, a weak and broad reflection at ∼36° marked 

with an asterisk (*) indicate the presence of minute amount of cuprous oxide (Cu2O) = 

36.5° as because the CuNPs have been exposed to the open air for a short time while 

transferring inside the XRD chamber during the sample loading into the instrument 

[270], [271]. 

4.2.2.3 Fourier-Transform Infrared Spectroscopic (FTIR) Analysis 

FTIR spectroscopic analysis has been conducted to reveal the potential functional 

groups of biomolecules available in the fresh ginger (Zingiber officinale) rhizome, 

green tea (Camellia sinensis), freshly squeezed orange (Citrus sinensis) juice and 

Turkish pine (Pinus brutia) bark extracts which might have played as reducing agent as 

well as capping and stabilizing factors for the production of Cu nanoparticles from 

copper ions.  

• FTIR Study of Biosynthesized ZioCuNPs by Fresh Ginger Rhizome Extract  

Figure 4.49 represents FTIR spectrum of ZioCuNPs synthesized using fresh ginger 

rhizome extracts. The IR spectrum at 3563.10 cm
-1

 indicates the existence of O-H 

stretching whereas the peaks located mainly at 2,917.42 and 2,849.76 cm
-1

 are the 

representation of medium alkane C-H Stretch. The bands at 2,349.35 cm
-1

 is due to 
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absorption of atmospheric CO2. Peaks observers at 1,629.34 cm
-1

 is for strong alkenyl 

monosaturated C=C stretch; whereas 1,096.37 cm
-1

 for strong C-O stretching alcohol 

bond. The adsorptions at 667.57 and 615.90 cm
-1

 are showing the C-X bond 

(X=bromide). Finally, The band at 420 cm-1 is related to metal ligand bond. 

 

Figure 4.49 FTIR spectrum of the phytosynthesized ZioCuNPs. 

• FTIR Study of Biosynthesized CasCuNPs by Green Tea Extract  

Figure 4.50 represents FTIR spectra of CasCuNPs phytosynthesized via the green tree 

extracts. Peaks have been observed mainly at 3560.89 cm
-1

for O-H stretching; 2,917.42 

cm
-1

 for medium alkane C-H stretching; 1,631.24 cm
-1

 for strong alkene 

monosubstituted bond; 1,094.80 cm
-1

 for strong C-O stretching alcohol bond; 613.40 

cm
-1

  for -C-X bond (X=bromide) and 426.90 cm
-1

 for metal ligand bond.  



121 

 

 

Figure 4.50 FTIR spectrum of the phytosynthesized CasCuNPs. 

• FTIR Study of Biosynthesized CisCuNPs by Freshly Squeezed Orange Juice 

Classification by FTIR has been utilized to uncover the biomolecules and their 

functional group available in the CisCuNPs phytosynthesized using fresh orange juice 

(Figure 4.51). The FTIR spectra of copper nanoparticles have showed the bands at 

3540.76, 1634.81, 1033.14, 667.89 and 602.28 cm
-1

. The absorption peak at 3540.76 

cm
-1

 indicates the presence of O-H stretching. On the other hand, the band at 1,634.81 

cm
-1

 matches up to strong alkenyl monosaturated (C=C) stretch. Another band at 

1033.14 cm
-1

 has allocated as absorption peaks of strong sulfoxide (S=O 

stretching).The adsorptions at 667.89 and 602.28 cm
-1

 are showing the C-X bond 

(X=bromide). 
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Figure 4.51 FTIR spectrum of the phytosynthesized CisCuNPs. 

• FTIR Study of Biosynthesized PibCuNPs by Turkish Pine Bark Extract 

Figure 4.52 represents Fourier transform infrared (FTIR) spectrum of PibCuNPs 

synthesized using the Turkish pine bark extract. The IR spectra at 3562.40 cm
-1

 

specifies the existence of O-H stretching whereas the peaks located mainly at 2,917.30 

and 2,849.67 cm
-1

 specify medium alkane C-H stretching alkane; 1,630.77 cm
-1

 for 

strong alkene monosubstituted C=C Stretch; 1,083.97 cm
-1

 for strong bond of C-O 

stretching found in primary alcohol; 667.90 and 616.05 cm
-1

 for -C-X bond 

(X=bromide) and finally 413.18 cm
-1

is for metal ligand bond.  
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Figure 4.52 FTIR spectrum of the phytosynthesized PibCuNPs. 
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4.2.2.4 Particle Size Distribution and Zeta Potential Measurement 

The comprehensive analysis of four different phytosynthesized copper nanoparticles 

have been carried out by particle size distribution and zeta potential measurement as 

described below- 

Zeta-sizer analysis of biosynthesized ZioCuNPs by the fresh ginger (Zingiber 

officinale) rhizome extract revealed that the average size was 27.17 nm whereas the 

mean zeta potential value has been found as -24.40 mV as shown in Figure 4.53. 

 

Figure 4.53 (A) Particle size by number and (B) zeta potential distribution of 

biosynthesized ZioCuNPs. 
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The particle size distribution and Zeta potential of the phytosynthesized CasCuNPs 

using green tea (Camellia sinensis) extract are revealed in Figure 4.54. Particle 

dimension distribution by number has revealed the z-average of CasCuNPs as 45.30 nm 

with the mean potential value of -19.0 mV.  

 

Figure 4.54 (A) Particle size by number and (B) zeta potential distribution of 

biosynthesized CasCuNPs. 
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The particle size distribution and Zeta potential of the phytosynthesized CisCuNPs 

using freshly squeezed orange (Citrus sinensis) juice extract are revealed in Figure 

4.55. Particle dimension distribution by number has revealed the z-average of 

CisCuNPs as 17.58 nm. The mean potential value has been found as -25.60 mV for this 

copper NPs sample.  

 

Figure 4.55 (A) Particle size by number and (B) zeta potential distribution of 

biosynthesized CisCuNPs. 
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The particle size distribution and Zeta potential of the phytosynthesized PibCuNPs 

using Turkish pine (Pinus brutia) bark extract are given in Figure 4.56. Z-average value 

for this copper nanoparticle sample has been recorded as 43.13 nm and the average 

potential value has been found to be -23.80 mV. 

 

Figure 4.56 (A) Particle size by number and (B) zeta potential distribution of 

biosynthesized PibCuNPs. 
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4.2.2.6 TEM Analysis  

TEM analysis has been performed for four different phytosynthesized copper 

nanoparticle samples to inspect the course of construction of CuNPs and to evaluate the 

morphology and size distribution of these NPs.  

TEM profile of biosynthesized ZioCuNPs by the fresh ginger (Zingiber officinale) 

rhizome extract has revealed that the particles have been morphology roughly round or 

globular in shape with the distribution range of 11.32 nm to 33.70 nm in diameter 

(Figure 4.57). 

 

Figure 4.57 The TEM image of biosynthesized ZioCuNPs at 50 nm scales. 

Figure 4.58 illustrates TEM image has been traced from the drop-coated specimen layer 

of the CasCuNPs, biosynthesized by treating the copper sulphate pentahydrate salt 

solution with green tea (Camellia sinensis) extract. CasCuNPs at 50 nm scales have 

dispersed approximately in between 17.59 nm and 149.92 nm by globular and oval 

assemblies. 

TEM profile of biosynthesized CisCuNPs using freshly squeezed orange (Citrus 

sinensis) juice extract revealed that the monodisperse particles have been morphology 
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roughly round in shape with the distribution range of 6.93 nm to 20.70 nm in diameter 

(Figure 4.59).  

 

Figure 4.58 The TEM image of biosynthesized CasCuNPs at 50 nm scales. 

 

Figure 4.59 The TEM image of biosynthesized CisCuNPs at 100 nm scales. 
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TEM revealed the formation of the biosynthesized PibCuNPs using Turkish pine (Pinus 

brutia) bark extract (Figure 4.60). The nanoparticles are roughly oval in shape and 

approximately, the largest particle size is of 76.35 nm in diameter while the smallest 

size has been found to be around 27 nm.  

 

Figure 4.60 The TEM image of biosynthesized PibCuNPs at 100 nm scales. 
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4.3 Antimicrobial Study of Phytosynthesized Nanoparticles  

Antibacterial effects of phytosynthesized silver and copper NPs have been studied 

against both Gram-Positive and Gram-negative bacteria. Lyophilized cultures of 

Escherichia coli (ATCC 25922) and Staphylococcus aureus (ATCC 25923) have been 

applied and designed for the antibacterial assays which were carried out by disc 

diffusion assay or agar diffusion assay method. 5 µg of each powdered nanoparticle 

samples have been suspended in 5 mL of ultra-purified deionized water that applied as 

the working concentration. In the Muller–Hinton agar plate medium, a volume of 50 µL 

of aliquot parts of nanoparticle solutions has been used to pour each medium well (7 

mm in diameter). The antibacterial actions and potentials of both AgNPs and CuNPs 

have been resolute in contrast of standard antibiotic discs of gentamicin (10 µg discs; 

B.D., USA). 

4.3.1 Antibacterial Potential of Phytosynthesized AgNPs 

The results have disclosed that various biosynthesized silver nanoparticle samples have 

had efficient antibacterial potential. Remarkable inhibition zones have been observed in 

case of both Gram-positive (S. aureus) and Gram-negative (E. coli) bacterial strains by 

synthesized AgNPs, revealed in Table 4.3, Figure 4.61 and Figure 4.62.  

Biosynthesized CcAgNPs using cumin seed extract with the inhibition zones of 12.53 ± 

0.45 and 10.30± 0.36 mm and RsAgNPs by fresh rose petals extract with the inhibition 

zones of 11.73± 0.25 and 10.20 ± 0.36 mm have demonstrated highest antibacterial 

action against S. aureus and E. coli bacteria, respectively (Figure 4.61). 

Phytosynthesized MpAgNPs by fresh yellow delicious apple extract have also 

performed significant antibacterial activity against both bacteria with the inhibition 

zones of 10.20 ±0.30 and   9.90 ± 0.50 (Table 4.3).  

For ZoAgNPs by using fresh ginger rhizome extract, moderate zones of growth 

inhibition with 9.17± 0.70 mm have been observed against S. aureus bacterial strain 

whereas inhibition zones of 8.53 ± 0.32 and 8.27 ± 0.32 mm have intended for 

ClAgNPs and CsAgNPs using lemon peel and orange peel extracts, respectively. In 

case of E. coli, the growth inhibitions have been recorded as 8.47 ± 0.50 mm and 7.87 ± 

0.35 mm, treating with ZoAgNPs and CsAgNPs, correspondingly (Table 4.3). 

However, the biosynthesized ClAgNPs did not show any noticeable inhibition zone 

against E. coli (Figure 4.61 and Figure 4.62). 
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Table 4.3 Zones of Inhibition (mm) in diameter of different AgNPs samples against 

experimented microorganisms by agar diffusion method. 

Different samples of silver 

nanoparticle  

Zones of inhibition (mm) against 

microorganisms 

S. aureus E. coli 

MpAgNPs. 10.20 ±0.30 9.90 ± 0.50 

CcAgNPs 12.53 ± 0.45 10.30± 0.36 

ZoAgNPs 9.17± 0.70 8.47 ± 0.50 

RsAgNPs 11.73± 0.25 10.20 ± 0.36 

ClAgNPs 8.53 ± 0.32 _ 

CsAgNPs 8.27 ± 0.32 7.87 ± 0.35 

Gentamicin 18.87 ± 0.70 21.20 ± 0.46 

E. coli =Escherichia coli, S. aureus = Staphylococcus aureus. The individual data 

points have been articulated in the form of mean ± standard deviation (mean ± SD). 

 – Denotes no antibacterial activity. 

 

Figure 4.61 A comparative study of different AgNPs against two bacterial strains. 
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Figure 4.62 Inhibition zones of the AgNPs against tested microorganisms. 
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4.3.2 Antibacterial Potential of Phytosynthesized CuNPs 

Four different copper nanoparticle samples have been used against both Gram-positive 

(S. aureus) and Gram-negative (E. coli) bacteria to evaluate their antibacterial capacity 

as given in Table 4.4, Figure 4.63 and Figure 4.64.  

The biosynthesized CisCuNPs using freshly squeezed orange juice extract have showed 

the utmost antibacterial action against both S. aureus and E. coli with inhibition zones 

of 12.60 ± 0.20 and 10.83 ± 0.81 mm, respectively (Table 4.4). An effective zone of 

inhibition (12.07 ±0.38 mm) has been found for S. aureus by phytosynthesized 

PibCuNPs using Turkish pine bark extract whereas this nanoparticle did not show any 

noticeable antibacterial action against E. coli. Biosynthesized ZioCuNPs by the fresh 

ginger rhizome extract with the inhibition zones of 8.27 ± 0.23 and 9.63 ± 0.31 mm 

have demonstrated extraordinary antibacterial potential against S. aureus and E. coli 

bacteria, correspondingly.  Nevertheless, biosynthesized CasCuNPs using green tea 

extract did not showed any zone of inhibition against S. aureus and E. coli bacteria 

(Figure 4.63 & Figure 4.64).  

Table 4.4 Zones of Inhibition (mm) in diameter of different CuNPs samples against 

experimented microorganisms by agar diffusion method. 

Different samples of Copper 

nanoparticle  

Zones of inhibition (mm) against 

microorganisms 

S. aureus E. coli 

ZioCuNPs 8.27 ± 0.23 9.63 ± 0.31 

CasCuNPs _ _ 

CisCuNPs 12.60 ± 0.20 10.83 ± 0.81 

PibCuNPs 12.07 ±0.38 _ 

Gentamicin 18.87 ± 0.70 21.20 ± 0.46 

E. coli =Escherichia coli, S. aureus = Staphylococcus aureus. The individual data 

points have been articulated in the form of mean ± standard deviation (mean ± SD). 

 – Denotes no antibacterial activity. 
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Figure 4.63 A comparative study of different CuNPs against two bacterial strains. 

 

Figure 4.64 Inhibition zones of the CuNPs against tested microorganisms. 
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4.4 Cytotoxicity Study of Phytosynthesized Nanoparticles 

The in-vitro cytotoxic effects of different samples of both AgNPs and CuNPs have 

been experimented against healthy regular mouse fibroblasts cell line (L929) through 

XTT cell viability assay. 

As a consequence of mitochondrial activity, XTT changes to orange-coloured water-

soluble dye which is the basic principle of XTT cell viability assay to test the cell 

viability. Simply, living and existing cells are capable of converting XTT reagent; 

hence, the optical absorbance peak value is directly related to cell viability.  

The cell viability (%) has been calculated by using Equation 4.1 as follows: 

%Cell viability =
Optical  density  of  sample

Optical  density  of  control  
× 100                                                          (4.1) 

Correspond to ISO 10993-5 standards, the percentage (%) of cell viability higher than 

80% is measured as non-cytotoxic; in between 80% and 60% considered as weak 

cytotoxic; from 60% to 40% counted as moderate cytotoxic and beneath 40% estimated 

as strong cytotoxic [272], [273]. 

4.4.1 Cytotoxicity Study of Biosynthesized Silver Nanoparticles 

Cytotoxic effect of phytosynthesized MpAgNPs by apple pulp extract, CcAgNPs by 

cumin seed extract, ZoAgNPs by fresh ginger rhizome extract, RsAgNPs by rose petal 

extract, ClAgNPs by lemon peel extract and CsAgNPs by orange peel extract have 

been examined in the given proportions (0.1μg/mL to 5μg/mL).  

For all six silver nanoparticle samples, the percentage of cell viability is more than 90% 

in each concentration of nanoparticles. According to results, none of the nanoparticles 

has toxicity on L929 cells in given concentrations (Figures 4.65 to 4.70). 
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Figure 4.65 Cytotoxic effect of phytosynthesized MpAgNPs on L929 cells. 

 

Figure 4.66 Cytotoxic effect of phytosynthesized CcAgNPs on L929 cells. 
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Figure 4.67 Cytotoxic effect of phytosynthesized ZoAgNPs on L929 cells. 

 

Figure 4.68 Cytotoxic effect of phytosynthesized RsAgNPs on L929 cells. 
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Figure 4.69 Cytotoxic effect of phytosynthesized ClAgNPs on L929 cells. 

 

Figure 4.70 Cytotoxic effect of phytosynthesized CsAgNPs on L929 cells. 
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4.4.2 Cytotoxicity Study of Biosynthesized Copper Nanoparticles 

In-vitro cytotoxic effect of phytosynthesized ZioCuNPs by the fresh ginger rhizome 

extract, CasCuNPs by green tea extract, CisCuNPs using freshly squeezed orange juice 

extract and PibCuNPs using Turkish pine bark extract were examined in the given 

proportions (0.1μg/mL to 5μg/mL).  

The percentage of cell viability is more than 90% in each concentration of copper 

nanoparticles. According to results, none of the copper nanoparticle sample has toxicity 

on L929 cells in given concentrations (Figures 4.71 to 4.74). 

 

Figure 4.71 Cytotoxic effect of phytosynthesized ZioCuNPs on L929 cells. 
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Figure 4.72 Cytotoxic effect of phytosynthesized CasCuNPs on L929 cells. 

 

Figure 4.73 Cytotoxic effect of phytosynthesized CisCuNPs on L929 cells. 
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Figure 4.74 Cytotoxic effect of phytosynthesized PibCuNPs on L929 cells.

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

0 0.1 0.25 0.5 1 2.5 5

A
b

so
rb

an
ce

Concentration µg/ml



143 

 

CHAPTER 5 

CONCLUSIONS 

The present investigation entitled ―Green synthesis of metallic nanoparticles, their 

chemical and biochemical characterizations‖ has been conducted to study the 

phytosynthesis (plant based synthesis), characterization of silver (Ag) and copper (Cu) 

nanoparticles along with the evaluation of their antimicrobial and cytotoxicity potential. 

The study has reported the one-step microwave-irradiated biological fabrication of 

silver and copper nanoparticles. Using different aqueous plant extracts, metallic ions of 

silver and copper have been reduced to their metallic nanoparticles.  

Moreover, in contrast to the conformist physical/mechanical and chemical protocols for 

the productions of metallic NPs, the bio-based scheme offers numerous benefits as 

because they utilize relatively inexpensive as well as comparatively simple and easily 

scaled-up nontoxic materials, in support of extensive production [60]. However, there 

are some considerable obstacles in conventional green synthesis procedure that might 

have an effect on the quantity and quality of biosynthesized nanoparticles. The most 

noticeable drawback of conventional green chemistry is that, in contrast of the chemical 

or physical methods, it requires much longer time for the synthesis which may 

influence the aggregation of NPs [274].  

Considering these weakness, microwave-assisted green synthesis is an easy remedy to 

this problem. However, the green synthesis of nanoparticles with microwave-assisted 

heating technique offers some extra benefits in contrast to the conventional green 

synthesis. This is because of the fact that the microwave-assisted heating technique 

provides increased reaction kinetics and boosts reaction rates helping accelerate the 

higher yields along with the desirable quality. 

It was reported that, in contrast to the conventional heating methods used in regular 

NPs synthesis process, microwave irradiated heating system produces nanoparticles of 
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privileged quality and quantity like the high crystallinity in NPs along with the 

narrower and smaller dimensions in the biosynthesis of NPs. By using microwave 

irradiation heating, it is possible to conduct a rapid synthesis which might offers 

controlled and desirable morphology of the nanostructured materials [274]. It is further 

reported from some previous studies that, in contrast to the conventional biosynthesis 

protocols, the microwave-assisted biosynthesis produce higher reaction kinetics that 

pilot to accelerated robust reactions by using equivalent synthesis temperatures as well 

as similar amount of time [275].   

Microwave parameters have been optimized for two factors (i.e. time and temperature) 

in this study. Aqueous extracts of yellow delicious apple (Malus pumila) pulp, cumin 

(Cuminum cyminum) seeds, fresh ginger (Zingiber officinale) rhizome, fresh rose (Rosa 

santana) flower petals, lemon (Citrus limon) and orange (Citrus sinensis) peel have 

been used to synthesize AgNPs. On the other hand, CuNPs have been successfully 

synthesized by using the aqueous extracts from ginger (Zingiber officinale) rhizome, 

green tea (Camellia sinensis), freshly squeezed orange (Citrus sinensis) juice and 

Turkish pine (Pinus brutia) bark.  

Using microwave technology, plant extracts have been mixed with silver nitrate 

(AgNO3) and copper sulphate pentahydrate (CuSO4.5H2O) salt solutions in desirable 

proportions to reduce the silver and copper ions into AgNPs and CuNPs, respectively. 

Meanwhile, during the syntheses, the fabrications of NPs have been followed by an 

immediate colour change of the aqueous extract medium. After successful syntheses of 

AgNPs and CuNPs, detailed chemical and biochemical characterizations of these 

metallic nanoparticles have been conducted by means of UV-Vis spectroscopy, X-Ray 

Diffraction (XRD) analysis, Fourier Transforms Infrared (FTIR) spectroscopy, 

Transmission Electron Microscopy (TEM) and particle size distribution and Zeta 

potential measurement.  

Initially, the formations of both silver and copper nanoparticles have been monitored 

via UV-Vis spectroscopy.  It is an important and reliable process of investigation for 

identifying the Surface Plasmon Resonance (SPR) features of NPs. This is due to the 

fact that every noble metal is known to exhibit unique and distinctive optical features 

because of the property of the SPR. In the UV–Vis analysis, the free electrons of 

metallic NPs could provide the distinctive SPR absorption bands while these free 
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electrons create a combined vibration with specific light wave of the ultraviolet-visible 

range [276]. 

By the UV–Vis absorption spectroscopy, six different biosynthesized silver 

nanoparticle samples showed sharp, strong and broad absorption bands from 435 nm to 

445 nm. Different literatures also support that the development or fabrication of silver 

nanoparticles (AgNPs) were  recorded by the UV–Vis absorption spectra at which 

showed SPR peak, ranged between 400 nm and 450 nm [277], [278]. Balashanmugam 

et al. (2014) investigated the synthesized silver nanoparticles from orange peel had a 

plasmon absorption band of 435 nm after 48 hrs [279]. Chauhan et al. (2011) used 

pomegranate fruit seeds for silver nanoparticles synthesis which revealed a peak of λmax 

at 430 nm [280]. Iravani and Zolfaghari (2013) have reported that biosynthesized silver 

nanoparticles using Pinus eldarica bark extract showed absorbance maximum 

occurring at λmax = 430 nm [281]. Furthermore, in the study by Premasudha et al. 

(2015), the biosynthesized AgNPs were verified by characteristic UV-vis bands from 

400 nm to 440 nm [282]. Yallappa et al. (2013) studied microwave assisted  

biosynthesis of AgNPs using seed extract of Sweet Acacia (Acacia farnesiana) and 

have found that depending on the exposure time, the wavelength of the maximum 

absorption peaks varied from 430 to 450 nm [283].  

Furthermore, In the UV-Vis spectra, all four copper nanoparticles showed the strong 

SPR peaks of λmax from 560 nm to 573 nm. The UV-Vis results of CuNPs are also 

similar or closed to previous literatures. Dang et al. (2011) demonstrated that the 

absorption bands of the CuNPs varied from 562 to 572 nm, depending on the exposure 

time during synthesis [284]. Besides, Khodaie and Ghasemi (2018) studied green 

synthesis of CuNPs using Eryngium campestre leaf extract and found that the 

wavelength of the maximum absorption of metallic copper nanoparticles showed at 570 

nm [285]. Basavarajappa and Neelagund (2016) used silkworm fecal matter for CuNPs 

synthesis which revealed a peak of λmax at 560nm [286]. Usha et al. (2017) have 

reported that biosynthesized copper nanoparticles using tulasi (Ocimum sanctum L.) 

leaves extract showed absorbance maximum occurring at 560 nm (λmax). [287]. 

Therefore, the abovementioned results of the UV–Vis absorption spectroscopy obtained 

from our study are in agreement with these studies for the fabrication of metallic 

nanoparticle; the silver and copper nanoparticles. 
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Furthermore, analyses by means of the FTIR (Fourier-Transform Infrared 

spectroscopic) of both biosynthesized silver and copper nanoparticles have revealed the 

possible biological molecule available in different aqueous plant extractions. This 

analysis also divulges the functional groups of these biomolecules which might play 

significant roles as reducing, synthesizing, capping and stabilizing factors for 

nanoparticle fabrications. Moreover, the frequent functional groups existing in the bio-

extracts such as alkane (-C-H bending, C-H stretch) bonds, free hydroxyl (-OH) stretch, 

alkene (=CH bending, C=C stretch) bonds, carbonyl (C=O) and NH2 groups have been 

verified through the standard IR-correlation table.  Supporting theses exiting groups, 

FTIR data therefore have confirmed that these phytosynthesized nanoparticles were 

enclosed and attached by some reducing sugars, amino acid residues, proteins as well 

as some metabolites such as flavanones or terpenoids [288]. Besides that, IR spectra 

also has indicated that the protein molecules probably might create a coating layer  

encapsulating these metallic NPs (capping of both AgNPs and CuNPs) to prevent 

aggregation, and agglomeration as well as stabilizing these nanoparticles, which 

thereby are in agreement with the previous reports [289], [290]. Therefore, It can 

concluded that all those biological molecules of plant extracts could have carried out 

their binary functions for the fabrication as well as for the stabilization of silver 

(AgNPs) and copper (CuNPs) nanoparticles in the reaction medium. 

Furthermore, different dried powder samples of both AgNPs and CuNPs have been 

identified through X-ray diffraction analysis. It has been considered as a very important 

key instrument to generate and evaluate the tertiary structures with mean size allocation 

over and above the crystallinity of particles at molecular levels [127]. XRD patterns 

have been utilized for confirming the crystallinity of phytosynthesized silver and 

copper nanoparticles. All silver nanoparticle samples have showed four strong 

reflections correspond to the planes of (111), (200), (220) and (311), whereas all copper 

nanoparticle samples have provided five strong reflections correspond to the planes of 

(111), (200), (220), (311) and (222).  These planes are the characteristic Bragg's 

diffraction plans for silver and copper with face-centered cubic crystalline structures 

which support or coordinate the database of the JCPDS (Joint Committee on Powder 

Diffraction Standards) file no: 04–0783 and file no: 04-0784, respectively [268], [269], 

[291], [292].  
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Comprehensive analyses of both silver and copper nanoparticles have been carried out 

through TEM (Transmission Electron Microscopy) technique, zeta potential 

measurement with particle size distribution. TEM has provided direct images that help 

to determine the morphology and biochemical details of materials at nano level.  This is 

due to the fact that TEM micrographs offered Informations at spatial resolution down to 

the level of atomic dimensions.  

Conversely, Zeta sizer has been applied for perceiving the average particle size 

diameter (nm) of biosynthesized silver (AgNPs) and copper (CuNPs) nanoparticles. 

Besides, the interface extended net charges of the solid surface of nanoparticles have 

been calculated by the means of Zeta potential [98]. Likewise, zeta potential is also the 

effective electric charge on the nanoparticle surface and therefore it is needed to 

compute and evaluate the constancy and stability of metallic NPs by their potential 

values. Besides, the zeta potential charges of AgNPs and CuNPs are significantly 

essential for many appliance i.e. antimicrobial activities of NPs [293]. 

The TEM micrographs of both AgNPs and CuNPs have showed an organic coating 

layer around the NPs, possible came from biobased biochemical compounds.  These 

surrounding layers the phytosynthesized nanoparticles might elucidate the excellent 

dispersion of these phytosynthesized NPs in solution [294]. 

The morphologic micrographs of all AgNPs and CuNPs generated by TEM analysis 

have showed the presence of nearly spherical or globular or oval shaped nanoparticles. 

However, for both biosynthesized AgNPs and CuNPs, the size range of the 

nanoparticles from TEM image and the mean dimensions of the particles from Zeta 

sizer analysis have varied for different plant samples. Besides, the nanoparticle samples 

with the smallest size ranges have showed the highest negative potential values. 

Among all six silver nanoparticle samples, the smallest size range (1.84 nm - 20.57 nm) 

along with the mean diameter of 14.30 nm has been monitored for the biosynthesized 

CcAgNPs using cumin (Cuminum cyminum) seed extract. Moreover, CcAgNPs have 

also showed highest negative potential value and that is -27.8 mV. Besides, the largest 

size range (7.5 nm - 69.83 nm) along with the average diameter of 41.86 nm has been 

found for the biosynthesized ClAgNPs using lemon (Citrus limon) peel extract. The 

average zeta potential value of ClAgNPs has been observed as -18.70 mV which is the 

lowest among all AgNPs samples.  
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However, the average size diameter (48.05 nm), calculated for phytosynthesized 

RsAgNPs by using R. santana petal extract has exhibited as the highest value among all 

silver nanoparticle samples albeit showing smaller particle size range (6.527 nm to 

25.247 nm) by TEM profile. However, it is remarkable that the z-average size 

destitution can be larger than the size distribution by surface imaging method i.e. TEM, 

SEM etc, unless the nanoparticles are all identical [293], [294].  

Likewise, among all four copper nanoparticles, the smallest particle size range (6.93 

nm to 20.70 nm) by the average size dimension of 17.58 nm in diameter has been 

observed for the biosynthesized CisCuNPs using freshly squeezed orange (Citrus 

sinensis) juice extract. CisCuNPs also has owned the highest negative potential value (-

25.6 mV) among all CuNPs. On the other hand, the largest particle size range (17.59 

nm to 149.92 nm) by the average size dimension of 45.30 nm in diameter has been 

found for the biosynthesized CasCuNPs using green tea (Camellia sinensis) extract. 

The average zeta potential value of CasCuNPs was -19.0 mV which is the lowest 

among all CuNPs samples.  

Antibacterial potentials of both silver and copper nanoparticles have been examined 

against both Gram-Positive and Gram-negative bacterial strains. Lyophilized cultures 

of Staphylococcus aureus (ATCC 25923) and Escherichia coli (ATCC 25922) have 

been treated for the antibacterial assays by disc diffusion assay or agar diffusion assay 

method. 5 µg of the powdered nanoparticle samples have been suspended in 5 mL of 

ultra-purified deionized water that applied as the working concentration and a volume 

of 50 µL of aliquot parts of nanoparticle solution has been used to pour a single well of 

the medium.  

Yet, the exact antimicrobial mechanisms of metallic nanoparticles toward the 

microorganisms have not evidently clear. The key mechanism of inhibitory action of 

NPs perhaps correlated to the amalgamation of metallic NPs to the negatively charged 

bacterial cell wall, where they are efficient at interacting with sulphur and phosphorus 

containing compounds. This interaction might alter the permeability of the plasma 

membrane; disrupt the shape; inhabit cell growth and ultimately leads to cell death 

[218]. 

For both AgNPs and CuNPs, it has been found that the nanoparticle samples with the 

smallest particle size ranges and highest potential values have showed the best 
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antibacterial activities. Hence, for silver nanoparticle sample, the highest bactericidal 

effects have been shown by the biosynthesized CcAgNPs using cumin (Cuminum 

cyminum) seed extract with the zones of inhibition, 12.53 ± 0.45 mm with 10.30 ± 0.36 

mm in diameter against S. aureus and E. coli bacteria, respectively. In contrast, the 

biosynthesized ClAgNPs using lemon (Citrus limon) peel extract had moderate zone of 

inhibition (8.27 ± 0.32 nm) against S. aureus while has not showed any inhibition zone 

against E. coli (Gram-negative bacteria).  

As a consequence, among the copper nanoparticle samples, the biosynthesized 

CisCuNPs using freshly squeezed orange (Citrus sinensis) juice extract have confirmed 

the utmost antibacterial potential against both S. aureus and E. coli with zones of 

inhibition, 12.60 ± 0.20 and 10.83 ± 0.81 mm in diameter, correspondingly. An 

effective zone of inhibition (12.07 ±0.38 mm) in diameter has been found for S. aureus 

by phytosynthesized PibCuNPs by using Turkish pine bark extract whereas this 

nanoparticle has not demonstrated any noticeable activity against E. coli. Nevertheless, 

biosynthesized CasCuNPs using green tea extract has not showed any acttivity against 

S. aureus and E. coli bacteria. 

Variations and dissimilarities in the results are probably responsible for the structural 

and chemical nature of bacterial cell wall. The reasons for some silver and copper 

nanparticle samples not showing bactericidal activity against Gram-negative bacteria 

(E. coli) are the presence of an additional external surface layer on top of the 

peptidoglycan. These outer layers of the bacteria have been distinguished as extremely 

resistant and impermeable that might interrupt the access of metallic ions into the 

bacterial cell [295]. However, Gram-positive bacteria have polysaccharides in their cell 

wall called teichoic acid, which is negatively charged and have facilitated the passage 

of the positive metal ions [295]. 

On the other hand, morphological and physiochemical properties of nanoparticles are 

also play vital factors for their bactericidal properties [223]. Nanoparticles with smaller 

size distribution have high reactive surface to volume ratio compared to their bulk 

macromolecules [218], [227]. This distinctive feature of NPs might facilitate them to 

contact and interrelate easily with other particles. Hence, they are capable of interacting 

with the bacterial cell and trend to show stronger antimicrobial effect [224], [225]. 

Furthermore, the potential values of NPs also influence their bactericidal properties. 
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Nano-metallic particles with high potential charge could rapidly bind with surfaces of 

bacterial cells which might increase of the bactericidal effect as well [226], [296]. 

Furthermore, it is noticeable that silver nanoparticles showed stronger antibacterial 

potential then copper nanoparticles. Handling metallic copper nanoparticles is quite 

challenging because of its intense susceptibility to the air. When copper nanoparticles 

expose to the air they trend to form an oxidized layer which may reduce their 

antimicrobial potential, remarkably [244], [248], [297]. Moreover, XRD analysis of 

CuNPs also support the theory by indicating the presence of minute amount of 

oxidation as because the CuNPs have been briefly exposed to the air when moving 

inside the XRD chamber during the sample preparation which might be the reason for 

some copper nanoparticle samples not showing any bactericidal activity. 

The in-vitro cytotoxic effects of both AgNPs and CuNPs have been monitored against 

healthy regular mouse fibroblasts cell line (L929) through XTT cell viability assay.  

According to results, the cell viability has not extensively affected by raising 

concentrations (0.1 to 5μg/mL) of NPs; therefore, none of the phytosynthesized 

nanoparticles has toxicity on L929 cells in given concentrations.  

At the end, it can be concluded that the present investigation offers an environment 

friendly, nontoxic, quick and cost-effective way to synthesize nontoxic silver and 

copper nanoparticles. Operating microwave-assisted procedure, extracts from most 

available plants have been utilized as both reducing and capping agent for successfull 

syntheses of metallic silver and copper NPs. The fabricated AgNPs and CuNPs in 

powdered form have been remained stable for a period of nine months without 

agglomeration of particles. Considering antibacterial potentials and the results of 

cytotoxic studies, it can be revealed that the one step microwave-assisted green 

synthesis method using various environmentally benign extract could be useful for 

future studies. Without threatening intervention from potentially harmful and toxic 

reagents, bio-based syntheses of silver and copper nanoparticles, might be suitable for  

immense exercise in therapeutic field, drug delivery systems, development of various 

biodevices and for other biological applications as well [156], [173]. 
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