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 ـــــــــــداءـــالاه

 

 ي ..ـــد آوان عطائـــهـيش ي ولمــىـــر .. إلى مً غرســـه بكل فخــــل أسمــإلى مً أحم

                           بـــي زيز قلـــــع إلى

             رحمه الله ( ز )ــــــدي العزيــــــوال                            

 

ا ــــــا وروحهـــــــطت مً دمهـــــعأً ـــيها .. إلى مـــــــــام قدمــــــع العطاء أمـــــً ركــــــإلى م 

 ي ...الى ـــهجاح رــــائها ســل .. إلى مً كان دعـــا لغد اجمــــا وتصميمـــوعمرها حب

 ت                 ــــــــالاحبلى ـــــغأ

                   ت ــــــبيبــي الحـــــــــــــــــأم                                                 

 

ني ـــاركــــي وشـــــــــوسني دراستآً ــــــي .. إلى مــــــــر دربـــــــــدة التي تييـــــت المتقــــــــإلى الشمع

 دود لها ـــت لاحـــــــــىه ومحبــــب قـــــــىده اكتســـي .. إلى مً بىجـــــــىمـــــهم
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Abstract 

The green synthesis method was used as a faster metallic nanoparticle 

production by offering an environmentally friendly, simple, non-toxic, 

economical, and reproducible approach. In this method, an extract plant root 

Withania Somnifera (Ashwagandha) with silver and zinc oxide nanoparticles 

was utilized as an antibacterial activity. 

In this research, the structure, and characterization of silver and zinc 

oxide nanostructured material were examined using X-ray diffraction (XRD) 

analysis were analyzed for identifying and measure the crystainality and 

particle size of them. The structural results approved a face-centered cubic 

structure (FCC) of silver and a hexagonal wurtzite structure of ZnO, while the 

crystalline size is 21 nm, 29 nm for silver and zinc oxide respectively. The 

existence of Ag and ZnO was clarified by FTIR,where the peak at 495 cm
-1

 

corresponds to metal confirms the formation of (Ag), while the peaks between 

400 cm
−1

 to 600 cm
−1

  to the metal-oxygen (M–O). 

The optical properties were examined using a UV-VIS 

spectrophotometer, where the absorption spectrum of Ashwagandha root 

extract was at 286 nm. Broad absorption spectra for AgNPs between 375 and 

450 nm. The strong absorption peak at 300 nm, which is a characteristic 

signature for ZnONPs. 

The topological properties of the Ashwagandha roots extract were 

investigated used Atomic Force Microscopy (AFM) with an average particle 

size of the sample equals to 72.24 nm. 

EDX illustrates that the chemical composition and quantity of the 

Ashwagandha roots completely matched with the basic used material, where 

the EDX spectrum proves that the Ashwagandha roots were composed of 

Calcium, Copper, Carbon, and Oxygen. The FESEM results revealed that the 
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prepared samples existed in the shape of flowers of ZnO formed from 

concentrated rods structure for Ashwagandha roots and zinc oxide 

nanoparticles with a length of rod (40 mm) and width diameter (5 mm), also 

the Ashwagandha roots appear as a rod shape, while the silver nanoparticle was 

spherical particles shape with width diameter is (5.06 mm). 

       Bacterial isolates were identified by a combination of cultural 

characteristics, Gram stain appearance, and finally confirmed by Vitek 2 

compact system. 

        The antibacterial activity of green synthesis nanoparticles was performed 

on the growth of Gram-negative and Gram-positive. Also, the effect of 410 nm 

diode laser irradiation on the growth of Gram-negative Escherichia coli and 

Gram-positive Staphylococcus aureus .Following irradiation, Colony-forming 

unit (CFU/ml) was calculated,  by using Enzyme-linked immunosorbent assay 

(ELISA).    

Laser Irradiation experiments showed that the number of CFU/ml of 

E.coli and S. aureus was significantly reduced with increasing exposure times, 

reaching a100% bacterial mortality at 15 min for Gram-negative (E.coli), while 

the exposure time (15 minutes) for Gram-positive S.aureus no significant 

differences in the number of log CFU/ml, just at the exposure time  3 minutes 

number of log CFU/ml was a significant reduction (P<0.01) compared with the 

control group.Accordingly, the blue laser irradiation seems to have a more 

bactericidal effect on Gram-negative (E.coli ) than Gram-positive bacteria (S. 

aureus). 

          From all that was mentioned earlier, the silver and zinc oxide 

nanoparticles by using the green synthesis method and diode laser 410 nm 

irradiation on the growth of Gram-negative and Gram-positive is an efficient 

method for antibacterial activity. 
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1.1 Introduction       

In this chapter, some definitions and concepts of Enzyme-Linked 

Immunosorbent Assay (ELISA), Green Nanotechnology, Withania Somnifera 

(Ashwagandha), Gram-negative and Gram-positive Bacteria and laser in 

addition to some review of literature survey will be introduced. 

 

1.2 Enzyme Linked Immunosorbent Assay (ELISA) 

  
          ELISA is a biochemical assay that uses antibodies and enzyme-mediated 

color changes to detect the presence of any antigen (proteins, peptides, 

hormones, etc.) or antibodies in a given sample [1]. The ELISA analysis is 

based on the solid-phase ELISA principle, which uses spectroscopic color 

reaction detection. Performed on plastic plates that each have 96 small wells.  

         Each well is coated with an antibody (AB1) that is specific for the 

hormone being assayed. Samples or standards are added to each of the wells, 

followed by a second antibody (AB2) that is also specific for the hormone, but 

binds to a different site of the hormone molecule. A third antibody (AB3) that 

is added recognizes AB2 and is coupled to an enzyme that converts a suitable 

substrate to a product that can be easily detected by colorimetric or fluorescent 

optical methods. Because each molecule of enzyme catalyzes the formation of 

many thousands of product molecules, even small amounts of hormone 

molecules can be detected. In contrast to competitive radioimmunoassay 

methods, ELISA methods use excess antibodies so that all hormone molecules 

are captured in antibody-hormone complexes.  

Therefore, the amount of hormone present in the sample or in the standard is 

proportional to the amount of product formed [2]. The basic steps of ELISA 

described in Figure (1.1). 
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Figure (1.1):Enzyme-Linked Immunosorbent Assay (ELISA) Technique 

Used to Detect an Antigen in A Given Sample [1]. 

1.3 Nanotechnology 

Nanotechnology is the term given to those areas of science and 

engineering where phenomena that take place at the dimensions in the 

nanometer scale are utilized in the design, characterization, production and 

application of materials, structures, devices and systems [3].  

The rapidly developing nanotechnology is the interdisciplinary research 

and development field of biology, chemistry, physics, food, medicine, 

electronics, aerospace, medicine, etc., which examines the design, 

manufacture, assembly, characterization of materials that are smaller than100 

nanometers in scale, as well as the application of miniature functional systems 
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derived from these materials [4].  The development of a metal nanoparticle is 

an increasing interest due to its distinctive properties and this leads to many 

significant applications in the field of multi-disciplinary research activities 

[5,6].     

Noble metal nanoparticles have found widespread applications in 

catalysis, bio sensing, drug delivery, antibacterial activity, anticancer activity, 

and gene therapy [7]. Among the noble metals, silver nanoparticles have 

attracted increasing interest due to their distinctive physical-chemical 

properties, including a high electrical and thermal conductivity, surface-

enhanced Raman scattering, chemical stability, catalytic activity and nonlinear 

optical behavior [8]. In addition, Nano silver in powder form, as well as 

suspensions, is a safe and effective antibacterial metal as it's non-toxic to 

animal cells and highly toxic to bacteria such as Escherichia coli and 

Staphylococcus aureus, and the cost-effectiveness of AgNPs products is that 

one gram of silver nanoparticles is all that is needed to give antibacterial 

properties to a hundred of square meters of substrate material [9] . 

 

1.4 Nanomaterials 

Nano science is the study of materials (which are at least one external 

dimension in the size range from approximately 1-100 nanometers) that exhibit 

remarkable properties, functionality, and phenomena due to the influence of 

small dimensions. This science has become one of the most important sciences 

at the present time because these material properties have unique properties 

and several applications [10].  

Nanomaterials, which are the mainstay of nanotechnology that serve our 

lives for many years thanks to the contributions of many sciences, can be 

classified according to their origins, dimensions and structural configurations. 

According to their origin; nanomaterials are classified into two main groups: 
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natural nanomaterials that are found in nature such as viruses, proteins, 

enzymes and minerals, and artificial nano-materials, which are not found in 

nature and require some processes for their production. 

According to their dimensions, nanomaterials are examined under four classes: 

1-Nano- sizedonanocrystals, also known as zeroodimensions, including 

metallicoand semiconductoronanoparticles. 

2. One- dimensionalonanomaterials are nanowiresoandonanotubes. 

3.Two-dimensional nanomaterials such as nanocomposites and nanoplates. 

4. Three-dimensional nanomaterials, bulkers 

According to their structural configurations, nanomaterials are studied 

under four main groups as metallic nanomaterials, carbon-based nanomaterials, 

dendrimers, and composites [11]. Figure (1.2)  shows some types of 

nanoparticles used in nanotechnology. 

 

 

Figure (1.2): Types of nanoparticles used in nanotechnology [11] 
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Nanoparticles (NPs) can be synthesized using a variety of methods, 

including physical, chemical, biological techniques. Figure (1.3) shows 

different methods of Nanoparticles. Nanoparticles (NPs) can be synthesized 

using two approaches, the top-down (Physical) approach and the bottom-up 

(Chemical and biological) approach [12]. 

 

 Figure (1.3): Different methods used for the synthesis of NPs [12]. 



6                                                                                  ne OChapter   
  

 

 Top-down approach: The concept behind this approach is that bulk 

materials are broken down into nano-sized dimensions using cutting, 

grinding, and scraping techniques, i.e. nanomaterials are created from 

larger materials without atomic-level control. Physical techniques for NP 

synthesis include laser ablation (pulse), vacuum vapor deposition, pulsed 

wire discharge (PWD), and mechanical milling. 

 Bottom-up approach: Bottom-up self-assembly refers to the formation 

of an atom by atom, molecule by molecule, or cluster by cluster 

structure. A simple example of a bottom-up approach is colloidal 

dispersion that is used for nanoparticle synthesis. Atoms, molecules or 

clusters make up the structure of NPs. Chemical reduction, non-chemical 

reduction, electrochemical, microwave-assisted, and hydrothermal 

micro-emulsion (colloid) techniques. Plants (inactivated plant tissue, 

plant extracts and living plants), enzymes and microorganisms are used 

in the biological synthesis of NPs (especially Cu-NPs) [12]. 

In the biomedical field, metallic nanoparticles developed by biological 

methods are used for purposes such as protection against harmful 

microorganisms, bioimaging, drug transport, cancer treatment, medical 

diagnosis, and sensor construction due to their unique properties, such as 

isolation, optics, antimicrobial, antioxidant, anti-metastasis, biocompatibility, 

and stability. 

Metallic nanoparticles can be used in the industrial field due to their 

catalytic activity, are of great importance nowadays. Figure (1.4) shows where 

metallic nanoparticles obtained through biological methods are used in detail 

[11].  

 



7                                                                                  ne OChapter   
  

 

 

Figure (1.4) :Application areas of metallic nanoparticles synthesized by 

biological methods [11]. 

 

1.5 Silver Nanoparticles (Ag-NPs): 

 Silver Nanoparticles (Ag-NPs) are one of the highly utilized 

nanomaterials due to their distinctive properties, such as good conductivity, 

chemical stability, catalytic activity, and antimicrobial activity [13]. 

Due to the high degree of commercialization, silver nanoparticles have a range 

of applications that enable them to be used in many applications, such as 

biosensors, catalysts, antimicrobials, optical limiters, pharmaceuticals, 

cosmetics, medical devices, apparel and textile industries [14]. Also, AgNPs 

been effective in the purification of drinking water/ effluent water through the 

efficient removal of waterborne pathogens [15]. 
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1.6 Synthesis of Silver Nanoparticles. 

Generally, the methods for synthetic AgNPs can be classified into three 

broad categories: physical, chemical, and biological (or green) synthesis [16] 

which illustrated in figure (1.5). Each of these methods has different process 

efficiency and accompanying technological limitations. Parameters of 

obtaining nanoparticles, such as shape, diameter or longest dimension, 

stability, are closely related to the choice of methods leading to their receipt 

[17]. 

 

Figure (1.5) :Illustrates the methods of synthesizing AgNPs [16]. 
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1.7 Antibacterial activity of AgNPs 

Silver has been widely used as a therapeutic agent for a wide range of 

diseases since ancient times. Until antibiotic treatment, silver was used as an 

antiseptic agent to treat burns and open wounds [18]. For gram-negative and 

gram-positive bacteria, the antibacterial activity of AgNPs is not comparable, 

but competes with each other [19].  

The antibacterial activity of AgNPs against gram-negative and gram-

positive bacteria are drawn from conflicting conclusions. Some researchers 

have indicated that gram-negative bacterial strains are more susceptible to 

AgNP than gram-positive bacterial strains [20-22]. The cell membrane of the 

bacteria is negatively charged and the AgNPs are positively charged, and when 

these positively charged AgNPs accumulate on a negatively charged 

membrane, they cause structural changes in the membrane, making the 

membrane of the bacteria more permeable. Unregulated transport across the 

cytoplasmic membrane contributes to cell death [23].  

AgNPs can harm the genetic material inside the bacterial cell by binding 

to it, resulting in inhibition of transcription and translation [24]. Two types of 

antibacterial activity can be characterized by AgNPs: inhibitory action and 

biocidal action. The antibacterial activity of AgNPs depends strongly on 

numerous factors, including pH, temperature, bacterial forms, the concentration 

of AgNO3 [25].  

However, due to the large area to volume ratio, AgNPs could have much 

better performance. Potential mechanisms for intervention are as follows: 

1. Nanometer-scale silver provides an incredibly wide bacteria-contact 

surface area, enhancing interaction with the microorganism. Nanoparticles 

bind to the cell membrane and bacteria are also penetrated by them. 
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2. Bacterial membranes contain sulfur-containing proteins, and AgNPs can 

interact with them to inhibit activity, such as Ag
+
, as well as compounds 

containing phosphorus, such as DNA. Silver (nanoparticles or Ag
+
) can 

attack the respiratory chain of bacterial mitochondria and lead to cell death. 

3. AgNPs may have sustained release of Ag
+
 once (in a lower pH 

environment) into bacterial cells, which can generate free radicals and 

induce oxidative stress, further enhancing their bactericidal activity, as 

shown in Figure (1.6) [26]. 

 

Figure (1.6): Schematic diagram showing the different antibacterial 

activity mechanisms of silver nanoparticles [26]. 
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1.8 Zinc Oxide (ZnO). 
 

In Nanotechnology, Zinc oxide is one of the most significant 

semiconductive metal oxide materials. ZnO, which occurs in two stable forms, 

the hexagonal wurtzite and the blend of cubic zinc. Under ambient conditions, 

the wurtzite structure is the most stable structure and has a hexagonal structure 

with a = b=0.3296 nm,and c=0.520 nm lattice parameters. The ZnO structure 

can simply be described as a number of alternating planes consisting of 

tetrahedrally coordinated O
2-

 and Zn
2 + 

ions, as shown in Figure (1.7) [27]. 

 Zinc oxide has attracted considerable attention in electronics, optics, and 

Photonics applications due to its promising properties, including a wide band 

gap of 3.2 eV, a large binding energy of 60 meV, low toxicity, high electron 

mobility high chemical stability, good transparency and photochemical 

stability [28]. 

 

Figure (1.7): Crystal structure of a hexagonal wurtzite ZnO [27] 

Zinc oxide nanoparticles are currently used in some devices, such as 

biosensors, gas sensors, and solar cells, as it is relatively easy to shape ZnO 

nanostructures, that has good charge-carrier transport properties and high 

crystalline quality. ZnO nanostructures can be synthesized using a wide range 



12                                                                                  ne OChapter   
  

 

of chemical, physical and green methods. ZnO nanoparticles are also good 

antibacterial agents for Gram-positive and Gram-negative bacteria [29-31].  

The mechanism of antibacterial behavior of ZnO nanoparticles can be 

associated with a combination of more than one phenomenon, such as: 

 (a) The mechanical effect due to the physical interaction of ZnO nanoparticles 

on the membrane, resulting in deformation and rupture, blockage of critical ion 

channels, penetration of extremely small nanoparticles interacting effectively 

with multiple compound cells components, and cause oxidative stress, resulting 

in extensive protein and DNA damage. 

 (b) Membrane lipid peroxidation formed by reactive oxygen as a result of the 

interaction with culture media of photo-excited electrons and holes in ZnO NPs 

that could lead to the cell wall breakup and leakage of cellular material, as 

shown in Figure (1.8). 

(c) Dissolution of NPs to yield toxic amounts in culture media of Zn2
 +

 ions 

[32].  

Figure(1.8):Schematic illustration of antibacterial activity of ZnO NPs[33]. 
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1.9 Green Nanotechnology 

The concept of green technology or green nano-biotechnology is 

currently a part of the important objective of facilitating the development of 

nanotechnology-based products that are simple, fast, low-cost, environmentally 

friendly, and safe for all beings. Owing to their peculiar optical, biochemical, 

photochemical and electronic properties, the  "green synthesis" of metal 

nanoparticles receives a great deal of interest [34,35].  

Green Nanobiotechnology synthesizes using plant extracts, have 

attracted more attention than chemical and physical methods, as well as the use 

of microbes. The method is acceptable for nanoscale metal synthesis due to the 

lack of any need to maintain an aseptic environment. This can only be done by 

benign biological synthesis procedures using biotechnological techniques that 

are considered healthy and environmentally sound for the production of 

nanomaterials production as an alternative to conventional physical and 

chemical methods [36]. 

1.10 Withania Somnifera (Ashwagandha) 

          Withania Somnifera (WS) is a vital herb, which is commonly known as 

Ashwagandha or Winter Cherry. In Ayurveda, it is defined as "Indian ginseng", 

one of the most strong medicinal plants that have been used for more than 3000 

years. Ashwagandha root extract has a wide variety of pharmacological 

activities due to the presence of many biologically active metabolites.  

Due to the existence of natural, antioxidants acting as reducing, agents, free 

radical scavengers, and singlet oxygen, quenchers, Ashwagandha has 

therapeutic potential [37,38]. Figure (1.9) shows a plant Withania Somnifera. 
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Scientific classification 

Kingdom: Plantae                                                         

Order:  Solanales 

Family:  Solanaceae 

Genus:  Withania 

Species:  Somnifera   

 

Figure (1.9) Withania somnifera plant: (A) plant; (B) roots and root 

powder; (C) flowers; (D) leaves; and (E) and fruits [39] 

Withanolides are the most active components of W. Somnifera, isolated 

from its roots and leaves.  The two primary Withanolides, Withaferin A and 

Withanolide D contribute to the majority of W.Somnifera's biological activity  

[39].  
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1.11 Chemical Composition for Ashwagandha 

The chemical components of Withania Somnifera are almost 35 

chemical components found in the roots of Withania Somnifera [40]. 

Biologically active chemical constituents are alkaloids (isopellertierine 

,anferine), steroidal lactoneso(Withanolides, Withaferins), saponins containing 

additional acyl (sitoindoside VII and VIII), and Withanoloids containing 

glucoseoatocarbon 27 (sitonidoside XI and X) as shown in  Figure (1.10). 

 Withania Somnifera is also iron-rich. The major constituents of 

ashwagandha are alkaloids and steroidal lactones. Withanone and Withaferin 

are the main components of the alkaloids, and Withanolide is the main 

component of the steroidal lactones found in the leaves. The roots of Withania 

Somnifera consist mainly of compounds known as Withanolides which are 

believed to be responsible for their exceptional medicinal properties [41]. 

 

Figure (1.10):Principal biochemical constituents of Withania somnifera 

[39]. 
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1.12 Pharmacological Activity for Ashwagandha 

Withania Somnifera has a variety of pharmacological activities as shown 

in Figure (1.11), such as antibacterial activity, antifungal activity, antiviral 

activity, antitumor activity, immunomodulatory activity, anti-stress /adaptogen 

activity, etc. [42]. 

 

Figure (1.11) :Pharmacological activities of Ashwagandha (W. somnifera) 

[42]. 

1.13 Gram-negative and Gram positive Bacteria  

     Bacteria can be classified into two broad categories: gram-negative 

and gram-positive. They have similar internal structures, but have somewhat 

different external structures, as shown in Figure (1.12) [43]. 
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Gram-positive bacteria (such as Streptococcus, Staphylococcus, 

Clostridium, Listeria, etc.) have a thick layer of peptidoglycan (20-40 layers) 

containing teichoic and lipoteichoic acids covering the cell membrane. Gram-

negative bacteria, on the other hand, have only a thin layer of peptidoglycan 

covering the cell membrane (such as Escherichia, Salmonella, Pseudomonas, 

Legionella, Helicobacter, etc.),and are further surrounded by an external outer 

membrane containing lipopolysaccharide, phospholipids, and proteins.  

In the periplasmic space between the cytoplasmic and outer membranes, 

transportation, degradation, and cell wall synthetic proteins are found. The 

outer membrane is connected to the cytoplasmic membrane at adhesion points, 

and lipoprotein connections are attached to the peptidoglycan membrane [43]. 

 

Figure (1.12): Comparison of Gram-positive and Gram-negative bacterial 

cell walls. Cross-section view of cell envelope (A) Gram-positive bacteria 

(B) Gram-negative bacteria [43]. 
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Gram-positive bacterial walls are rich in peptidoglycans (protein-sugar 

complex), that are closely linked and allow cells to withstand decolorization. 

Gram-negative bacterial walls have a high lipid concentration that dissolves in 

the decolorizer (alcohol) and is washed away with the purple crystal. The 

decolorizer thus prepares gram-negative organisms the counterstain safranin or 

carbol fuchsine [44].  

 

1.14 Bacteria  

 
The isolated bacteria used in our study are Escherichia coli, ,Staphylococcus. 

1.14.1 Escherichia coli 

  

 

Escherichia coli is a gram-negative, facultative, rod-shaped anaerobic 

bacterium of the Escherichia gene commonly found in warm-blooded 

organisms (endotherms) in the lower intestine. Cells are typically rod-shaped 

and around (0.25-1 μm) in diameter and around 2 micrometers (μm) in length, 

with a cell volume of 0.6-0.7 μm
3
, as shown in figure (1.13) [45, 46]. 

 

 

Domain Bacteria 

Phylum Proteobacteria 

Class Gammaproteobacteria 

Order Enterobacteriales 

Family Enterobacteriaceae 

Genus Escherichia 

Species coli 

Figure (1.13) Gram stain of E. coli 
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1.14.2 Staphylococcus aureus 

 

 

Staphylococcus aureus is a gram-positive bacteria. Its cells are 

represented as being spherical, as shown in figure (1.14). No spores can be 

produced with a diameter ranging from 0.5 to 1.7 μm, unable to move (non-

motile), S.aurus is a facultative anaerobic agent that has a temperature of 37
o
C 

and a pH of 7, 5.  S.aureus produces white colonies that appear to change over 

time to a buff-golden color [47]. In particular S. aureus, is found 

predominantly on the skin in wet areas such as the nose, armpits, and thighs 

[48]. 

1.15 Laser Tissue Interaction  

When the laser light strikes the surface of the biological tissue, it can be 

reflected, refracted, absorbed, scattered or transmitted [49]. The intensity of 

these processes depends on the optical properties of the tissue, such as the 

absorption coefficients, scattering, particle size, and reflectivity [50], as well as 

laser parameters, such as energy, wavelength, pulse duration,output spectral 

profile and operation mode [51, 52]. 

 

Domain Bacteria 

Phylum Firmicutes 

Class Bacilli 

Order Bacillales 

Family Staphylococcaceae 

Genus Staphylococcus 

Species aureus 

Figure (1. 14) Gram stain of S. aureus 
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In the medical application of laser, refraction plays an essential role in 

the radiation of transparent media such as corneal tissue. The effect of 

refraction is normally difficult to evaluate in opaque media because of 

scattering and absorption [53]. The laser light that passes through the tissues 

presents several processes scattering processes and converts from a narrow- 

collimated beam to a wide-spreading beam [54]. All light impacts begin with 

electromagnetic radiation absorption [55]. The intensity of the incident light, 

by passing the medium, is decreased by the fact that the light energy is partially 

converted into heat movement or the particular vibrations of the absorbing 

material molecules. 

The ability of the medium to absorb electromagnetic radiation depends 

on several variables, such as the wavelength of the radiation, the electronic 

structure of its molecules and atoms, the thickness of the absorption layer, and 

internal parameters, such as temperature or concentration. Two laws that have 

frequently been implemented, describe the effect of either density or 

concentration on absorption, often referred to as Beer's and Lambert's, and are 

expressed as: 

           I (z) = Io exp -α z     ................... (1.1)   

           I (z) = Io exp -k c z  ………………(1.2)   

Where (z) are the optical axis, I (z) is the intensity at a distance z, Io is the 

incident intensity, α is the absorption coefficient of the medium, c is the 

concentration of the absorbing agent , and k depends on the internal parameter 

[53]. The most significant optical property that determined the appropriateness 

of a laser for a surgical operation is the penetration depth of its radiation in the 

tissue. It is equivalent to the inverse of the absorption coefficient (α) of the 

laser radiation in the tissue, and it's described as the depth at which laser 



21                                                                                  ne OChapter   
  

 

radiation intensity decreases to 37% (drops to l/e) of its peak value at the 

surface of the tissue. The depth of penetration changes considerably with the 

laser radiation wavelength [56]. The penetration depth can be significantly high 

in the red portion of the spectrum and near the IR region. In spectral regions 

with a relatively high absorption coefficient, the radiation is absorbed in a thin 

layer close to the surface [54,56]. 

In biological tissue, absorption is caused mainly by water molecules or 

macromolecules such as pigments and proteins. The IR region absorption of 

light can be credited to water molecules, while visible light and UV absorbs by 

pigments and proteins [57].Figure (1.15) illustrates the physical phenomenon 

when the laser light hits the surface of the tissue. 

 

Figure (1.15) : Reflection, refracted, absorbed, scattering or transmission 

when laser light hits a tissue surface [50]. 

Depending on the nature of the tissue and the wavelength of the laser 

radiation, the absorbed amount of laser radiation can generate photochemical 

or photothermal impacts [56,57]. 
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1.16 Literature Survey 

S. K. Verma and A. Kumar (2011) [58] Found that Withania 

Somnifera was a medicinal plant commonly used by traditional medical 

practitioners in everyday practice to treat various diseases. In traditional 

medicines, for liver tonics, anti-inflammatory agents, and more recently for the 

treatment of bronchitis , asthma, ulcers, emaciation, insomnia and senile 

dementia, etc., several parts (leaves , stems, bulbs, roots, seeds , bark and even 

whole plants) of the whole plant of Withania Somnifera (known as 

Ashwagandha in Hindi) have been recommended. Ashwagandha's chemical 

preventive properties make it a potentially useful adjunct for patients with 

radiation and chemotherapy. Steroidal alkaloids and steroidal lactones are the 

main biochemical constituents of the Ashwagandha root in a class of 

constituents called Withanolide extract. 

M. P. Srivastava et al. (2013) [59] reported using 'Withania Somnifera' 

medicinal plant leaf extract to establish the synthesis of silver nanoparticles 

and test their anti-microbial properties. To confirm the antibacterial activity of 

silver nanoparticles, UV-Visible spectrophotometer,Fourier Transform Infrared 

(FTIR), Scanning Electron Microscopy (SEM), Transmission Electron 

Microscopy (TEM), and Disc diffusion assay methods were used to confirm 

the synthesis and characterization of silver nanoparticles. Maximum absorption 

was demonstrated at 455 nm by the UV-Visible absorption spectra of the 

reaction medium containing silver nanoparticles. FTIR research has confirmed 

the reduction of Ag
+
 ions to Ag

0
 ions in the synthesized silver nanoparticles. 

The study of SEM and TEM showed that the size of the particles was between 

5-40 nm, and the shape was spherical. The silver nanoparticles have shown 

bactericidal activity against Escherichia coli and Staphylococcus aureus. 



23                                                                                  ne OChapter   
  

 

A. K. Singh et al. (2015) [60] reported insulation of Fusarium sp. 

Endophytic fungus Isolated from stable Withania Sominnifera (Ashwagandha) 

leaves and undergoing extracellular silver nanoparticle (AgNps) biosynthesis. 

The synthesized AgNps were characterized by visual observation, UV-Vis 

spectroscopy and Transmission Electron Microscopy (TEM).Other synthesized 

AgNps have been tested for efficacy against bacterial pathogens such as E. 

Coil, S.typhi, S.aureus. AgNps formation was confirmed by visual observation 

of the color transition from pale white to brown and the UV-Vis spectrum was 

determined by the Surface Plasmon Resonance at 422 nm. TEM revealed the 

existence of small-scale spherical shaped nanoparticles ranging from 12 to 20 

nm. Promising results were obtained for the antibacterial activity of AgNps 

against E.coli, S.typhi and S.aureus, showing a maximum inhibition zone of 26 

mm, 26 mm and 28 mm at 60 μl of AgNps against E.coli, S.typhi and S.aureus 

respectively. 

A. Tereshchenko et al. (2016) [61] studied the use of beneficial 

physicochemical properties of ZnO nanostructures in the identification of a 

wide range of biological compounds. As medical diagnostics require reliable , 

fast and inexpensive biosensors, the advantages inherent in optical detection 

methods are taken into account. The key points of the immobilization process 

responsible for the production of biosensors (biomolecule adsorption, surface 

properties, surface defect location, surface functionalization, etc.) are revealed 

along with the mechanism of interaction between biomolecules and ZnO. The 

latest achievements in surface-plasmon resonance (SPR), surface-enhanced 

Raman spectroscopy (SERS) and photoluminescent biosensors, along with new 

trends in the development of the ZnO biosensor system. 
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M. G. Mohammed and A. M. Maki (2017) [62] Studied The effect of 

410 nm laser diode irradiation on the growth of Gram-negative Pseudomonas 

aeruginosa and Gram-positive Staphylococcus aureus was evaluated at 

different exposure times. These bacteria have been isolated and characterized 

in selective media, cultural characteristics, Gram stain morphology and 

biochemical tests on the basis of their growth and have finally been confirmed 

by the Vitek 2 compact system test. The sum of CFU / ml of P.aeruginosa and 

S.aureus was shown by laser irradiation studies. With-exposure periods, S. 

aureus decreased significantly, reaching a 100% bacterial mortality rate of 13 

minutes for S.aureus and 19 minutes with P.aeruginosa. Laser diode 410 nm 

irradiation appears to have a more bactericidal than gram-negative(P. 

aeruginosa) effect on Gram-positive bacteria (S.aureus). 

C. Zhou et al. (2018) [63] Studied the detection of Escherichia coli in 

water and juice, a fiber optic Surface Plasmon Resonance (FOSPR) sensor has 

been developed. AgNPs-rGO successfully performed the essential signal 

amplification, leading to a low detection limit of 5 to 102 cfu / mL E. Coli. 

I. Uddin et al.(2018) [64] Found to develop the green synthesis of silver 

nanoparticles (AgNPs) of ashwagandha root aqueous extract (ARAE) and their 

in vitro anti-diabetic activity was produced in order to develop an eco-friendly, 

inexpensive and effective technique. UV-Visible spectroscopy showed a 440 

nm absorption peak absent in ARAE and AgNO3. FTIR spectroscopy revealed 

the absorption peaks of the various functional groups involved in the formation 

of ARAENP and further emphasized the position of ARAENP data with 

anolides. By scanning electron microscopy ( SEM), an average ARAENP size 

of 123.23 nm was seen. Two peaks at 28.98
o
, 39.80

o
, 42.24o, 64.42

o
, and 

79.76
o
, respctialy were observed in X-ray diffraction (XRD) studies. 
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S. Rahman et al. (2019) [65] Studied the successful biosynthesis 

analysis of AgNPs using endophytic organisms, characterization, mechanisms, 

and their biological activities. The microbial behavior of AgNP depends on the 

size, shape, concentration, and surface of the organic group that regulates the 

absorption and cytotoxicity of its cells. Possible biological activities of AgNPs 

(anti-fungal, antibacterial, kinetic destruction, antioxidants, cytotoxicity, and 

germination of seeds) are also possible. 

B. Malaikozhundan et al. (2020) [66] Reported the first attempts to 

synthesize ZnO nanoparticles using extracts were investigated.W. Somnifera 

(NPs of Ws-ZnO).The particles, with an average size of 15.6 nm, were 

crystalline and hexagonal. Greater effect on E. faecalis, S. aureus is shown by 

Ws-ZnO NPs. After treatment with Ws-ZnO NPs, the biofilm of the examined 

bacteria was completely removed. 

 

1.17 The Aim of Work 

        The effect of different parameters like Laser, Ashwagandha, 

Nanoparticles  for Silver and Zinc oxide, Micro material for (Silver nitrate and 

Zinc acetate) and Antibiotic Meropenem (Mem) on the growth of  Escherichia 

coli and Staphylococcus aureus. 
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Experimental Part 

2.1 Introduction: 

This chapter is divided into three parts, the chemical part that includes 

materials, procedures, details of the characterization devices (identification 

techniques), and various methods of green synthesis for silver nanoparticles 

and zinc oxide nanoparticles. The biological part, which includes the materials 

and equipment used for biological samples. The last part focuses on the 

experimental setup of  laser for Escherichia coli and Staphylococcus aureus. 

The chemical part: 

2.2 Materials:  

   The materials used in this work are: 

2.2.1 The Withania Somnifera (WS) 

The chemical formula of (WS) is C56H78O12S. The main  characteristics 

of it are shown in Table (2.1).  

  

Table (2.1): The main characteristics of (WS) 

Name Mol.wt  Solubility  Physical form Supplier 

Withania Somnifera 

(WS) 

 

975.3 

g/mol 

Methanol and 

Distilled Water 

Brown powder  Solgar, 

India  

 

 

Figure (2.1) Ashwagandha root extract 



82                                                                                   TwoChapter   
 

 

2.2.2. The Silver Nitrate (AgNO3) 

The chemical formula of  is  (AgNo3). The main characteristics of it are 

shown in Table (2.2). 

Table (2.2): The main characteristics of Silver Nitrate (AgNO3) 

Name Mol.wt  Solubility  Physical form Supplier 

Silver Nitrate 

(AgNO3) 

169.5g/mol Distilled 

Water 

White powder SIGMA 

CHEMICAL 

CO.(USA) 

 

2.2.3. The Zinc Nitrate Hexahydrate (ZND) 

The chemical formula of (ZND) is (Zn(No3)2.2H2O). The main 

characteristics of it are shown in Table (2.3). 

Table (2.3): The main characteristics of Zinc Nitrate Hexahydrate (ZND) 

Name Mol.wt  Solubility  Physical form Supplier 

Zinc Nitrate 

Hexahydrate (ZND) 

297.49  

g/mol 

Distilled 

water 

White crystalline 

solid 

SIGMA 

CHEMICAL 

CO.(USA) 

 

2.2.4. The Zinc Acetate Dehydrate (ZAD) 

The chemical formula of (ZAD) is (Zn (CH3COO) 2.2H2O). The main 

characteristics of it are shown in Table (2.4). 

Table (2.4): The main characteristics of The Zinc Acetate Dehydrate 

(ZAD). 

Name Mol.wt  Solubility  Physical form Supplier 

Zinc Acetate 

Dehydrate (ZAD) 

219.50 

g/mol 

Alcohol and 

Distilled 

water 

White powder Central 

Drug Hose 

India 
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2.2.5. The Polyvinyl Alcohol (PVA) 

The chemical formula of (PVA) is (CH2CH(OH)).The main 

characteristics of it are shown in Table (2.5). 

Table (2.5): The main characteristics of  Polyvinyl Alcohol (PVA) 

Name Mol.wt  Solubility  Physical form 

Polyvinyl Alcohol (PVA) 44.5 

g/mol 

Distilled water White powder 

 

2.2.6. The Hexamethylenetetramine (HMT) 

The chemical formula of (HMT) is (CH2)6N4 . The main characteristics 

of it are shown in Table (2.6) . 

Table (2.6): The main characteristics of Hexamethylenetetramine (HMT) 

Name Mol.wt  Solubility  Physical form 

Hexamethylenetetramine 

(HMT) 

140.186 

g/mol 

Distilled water White  powder 

 

2.2.7. Isopropyl alcohol (IPA) 

Isopropyl alcohol commonly called isopropanol or propanol. The 

chemical formula of (IPA) is (CH3CHOHCH3). The main characteristics of it 

are shown in Table (2.7) . 

Table (2.7): The main characteristics of Isopropyl alcohol (IPA) 

Name Mol.wt  Solubility  Physical form 

Isopropyl alcohol 

(IPA) 

60.1 g/mol Distilled water, benzene, 

chloroform, ethanol  and 

ether. 

Colorless 
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2.2.8. De-ionized Water (DI) 

         De-ionized Water (DI) is water that has the ions removed and it's purer 

than distilled water. 

2.3 Sample Preparation: 

In the present work, using green synthesis: 

2.3.a  Preparation of plant extract 

The extract was prepared by the freshly Ashwagandha root extract. The 

root powder was weighed about (5 g) and mixing with distilled water (100 ml) 

on a magnetic stirrer with a hot plate then the solution was boiling at 50
 o

C for 

15 minutes. The plant extract was filtered through filter paper after cooling, 

and the filtered extract was stored for further experiments at a temperature of 4 

°C. 

2.3.b Green synthesis of Silver Nanoparticles 

The Silver nitrate solution was freshly prepared about (0.09g) with 

distilled water (100 ml) under dark conditions. Prepared root extracts were 

used to reduce Ag
+
 to Ag

0
 by combining it with silver nitrate solution (AgNO3) 

at a ratio of 1 to 1 mol. These plant extracts and AgNO3 mixtures have been 

kept under 27 ° C with continuous stirring. 

 Reduction of silver ions in solution was  monitored by a visible change 

in the color. This indicates the initial confirmation that Ashwagandha was 

formed as silver nanoparticles (As-Ag Nanoparticles) , as shown in figure 

(2.2).  
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Figure (2.2): Block diagram of Green synthesis of  Silver Nanoparticles 

using extract roots 

 

Ashwagandha roots powder 

with Distilled Water (DW) 

were boiling and then 

filtration 

Sliver Nitrate  

 (Mixing solution A+B) on a magnetic stirrer  for 5 minutes and can see 

change the color  

Solution A 

Solution B 

0 hour 4 hours 24 hours 28 hours 48 hours 
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2.3.c Thin Films preparation of Silver Nanoparticles   

AgNPs thin films were deposited onto the microscope glasses by 

dropping coating at room temperature. The glass slides which had cleaned 

before using for the deposition process. The ultrasonic cleaner was used for 15 

minutes to wash the slides in isopropanol (IPA) bath, then dried in the air 

before being used. 

  The coating steps are: immersing the substrate into the sample, the 

solution prepared by adding (mixed solution of AgNO3 with Ashwagandha) to 

hexamethylenetetramine (HMT). The molar ratio of AgNPs to HMT was fixed 

in 1:1. The mixtures were stirred on a magnetic stirrer in DI water. The cleaned 

glass slides were dipping in the mixtures solution by ingrown via chemical bath 

deposition (CBD) method were placed in glass beakers containing 80 ml of the 

growth solution for 16 hours at 85°C. The glass slides were dried for 5 minutes, 

the resulting thin film added drops of mixed solutions (AgNPs 48 hours), and 

then allowed to cool at the room temperature. 
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2.3.d Green synthesis of Silver Nanoparticles 

        Using the Ashwagandha plant extract roots and their antibacterial activity 

evaluation, as shown in figure (2.3). 

 

Figure (2.3): Block diagram of Biosynthesis for Silver Nanoparticles using 

extract roots 
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2.4. Preparation for Growing ZnO Nanoparticles 

Preparation of plant extracts of Ashwagandha root extract was described 

in Section 2.3.a. 

The thin films were made on glass microscope slides, which had cleaned 

before being used for the deposition process. They were used to create a 

seeding layer on the surface of the substrate by spin coating. Two different 

solutions for seeding have been prepared. The first solution (ZA) was formed 

by dissolving 2.195 g of zinc acetate in 10 ml of deionized water (DI) and 

magnetic stirring for 2 hours to produce a seed solution of 1 M. 

 The second solution (ZAP) has the same concentration of zinc acetate 

by adding 0.6 g polyvinyl alcohol (PVA) in a 10 ml solution with increased 

viscosity. To compensate for the difference in viscosity, the coating of the first 

solution (ZA) was spun for 30 s at a lower spin speed 300 rpm while the 

coating of the second solution (ZAP) was spin at the spin speed  800 rpm. 

The thin film-coated samples were annealed in a furnace at 350 ° C for 

an hour. This temperature was maintained to remove PVA and convert zinc 

acetate to ZnO nanocrystal seeds. In a nutrient solution consisting of a molar 

ratio of 1:1 of zinc nitrate hexahydrate , hexamethylenetetramine( HMT), and 

ashwagandha root extract in DI water, vertically aligned ZnONTs and NRs 

were grown using the CBD method. In the growth solution the final 

concentration of Zn
2 + 

was 1 M. The glass slides were put in glass beakers 

containing 80 ml of the growth solution at 85 ° C for 16 hours. Samples 

allowed to cool down at room temperature. 
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2.5 Biosynthesis route of ZnO nanostructures  

Using the Ashwagandha plant extract roots and their antibacterial activity 

evaluation, as shown in ,as shown in figure (2.4) . 

                                                                                           

  

 

 

 

 

 

 

 

                                                  

 

                                                    

Figure (2.4):Block diagram of Biosynthesis for ZnO nanostructures using 

extract roots 

 Ashwagandha roots powder 

with Distilled Water (DW) 

were boiling and then 

filtration 

Solution A Solution B 

Ashwagandha liquid  
Zinc Acetate Dehydrate 

(ZAD) with Distilled Water 

Soln A + Soln B 

Stirring the solution for 5 minutes and then keep the 

solution 24 hours before using   
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2.6 Identification Techniques 

The characterizations of nanoparticles and structural measurements are 

important for the realization and control of nanoparticle synthesis and their 

applications. A variety of different techniques are  used , as shown in figure 

(2.5): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2.5): Block diagram of the Characterization of nanoparticle 

synthesis 
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2.6.1 X-ray Diffraction (XRD) 

       All XRD patterns for synthesized AgNPs  and ZnO were recorded and 

analyzed using a  (SHIMADZU  LabX ) XRD-6000 (Baghdad University, Ibn 

Al Haitham College of Education, Central Service Laboratory) with a copper 

anode emitting at 1.5406 A
0
 and analyzed by the MDI/JADE6 software as 

shown in Figure (2.6) to determine the crystalline size. The sample was placed 

on the sample holder and scanned in the range from 20
o
 to 80

o
. 

 X-ray diffraction is a valuable method for studying the structure of the 

compounds and investigating the effects of thermal treatment on improved 

crystalline samples. This is a useful method for calculating the average distance 

between layers or rows of atoms. The average size of the crystalline was 

calculated from XRD peak broadening according to Debye–Scherer relation 

(2.1) as shown below [67] : 

 

D= (K λ)/ (βFWHM cosθ) …..(2-1) 

 

Where:  

D:  The crystallite size. 

K: Crystalline  shape  factor of a good approximation  of (0.9). 

λ: The wavelength of the incident X-ray (λ = 0.154056 nm). 

βFWHM : The Full-Width at Half-Maximum (FWHM) of the XRD.  

θ: The Bragg angle. 
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Figure(2.6) : X-ray Diffractometer 

2.6.2 UV-VIS Spectrophotometer 

UV – Vis spectroscopy has been used to verify the formation of silver 

nanoparticles and zinc oxide nanoparticles. The UV-VIS absorption spectrum 

of all prepared nano-solution samples, measured using the SHIMADZU  UV-

VIS 1800 spectrophotometer, covers an average of (190 – 1100) nm (Baghdad 

University, College of Science , Department of Chemistry), as shown in Figure 

(2.7). The instrument was computerized with a CRT screen and a keyboard to 

control the input value. The UV-VIS spectrophotometer specifications are 

shown in Table (2.8). 
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Figure (2.7) :The UV-VIS Spectrophotometer. 

Table (2.4) :shows the specification of the UV-VIS Spectrophotometer [68]  

Specification 

Wavelength Rang   190 nm – 1100 nm 

Spectral Band Width 

(Resolution)  

1  ± 0.2 nm  

Wavelength accuracy ±0.1nm at (656.1nm D2), ±0.3nm (All region) 

Photometric system Double Beam 

Light source  20W halogen lamp and deuterium lamp 

Detector Silicon photodiode 

Operating temperature  40 
0
C 
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2.6.3 Fourier Transformation Infrared Spectrometer (FTIR) 

         The Fourier-transform infrared spectra was obtained using SHIMADZU 

8400S corporation  FTIR  spectrophotometer  (Baghdad University, College of 

Science, chemistry department) as shown in Figure (2.8).This technique was 

used to investigate the molecular structure of the Ashwagandha roots , sliver 

nanoparticles and zinc oxide nanoparticles. This analytical device used in the 

range of 400 to 4000 cm
-1
 mid-infrared radiation with a wave number ν  . 

 

 

Figure (2.8): Fourier transformation infrared Spectrometer. 

2.6.4 Atomic Force Microscopy (AFM)  

The topological properties of the Ashwagandha roots were studied by 

contact mode of Atomic Force Microscopy (AFM, modal AA 3000 scanning 

probe microscope from Angstrom Advanced Inc., USA), (Baghdad University, 

College of Science, Chemistry department) of resolution 0.26 nm laterals and 

0.1 nm vertical as presented in figure (2.9). The advantage of AFM measures 

three-dimensional images so that particle height and its volume can be 

measured and surface roughness of the grown samples. 
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Figure (2.9):The Atomic Force Microscopy 

2.6.5 Field Emission Scanning Electron Microscope (FESEM) 

          The Morphological characterization of the prepared AgNPs and ZnoNPs 

thin films and particle size measurements were studied using Field Emission 

Scanning Electron Microscopes (FESEM), modal TESCAN MIRA from 

TESCAN Essence™ multiuser software, France),(Ferdowsi University, 

College of Science, Iran) with the resolution of 1.0 nm at 25 kV, as shown in 

Figure (2.10). 

 

Figure (2.10): Field Emission Scanning Electron Microscope 
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2.6.6 Energy Dispersive X-ray Analysis 

        Energy Dispersive X-ray (EDX) analysis of Ashwagandha roots was 

performed using scanning electron microscopy (SEM; INSPECT S50), as 

shown in figure (2.11). The EDX gives quantity and quality of the distribution 

of elements in the sample. 

 

Figure (2.11): The Energy Dispersive X-ray Analysis 
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2.7 The biological part: Materials and Methods 

2.7.1 Apparatuses and Equipment  

    The apparatus and equipment used for this study are listed in Table (2.5). 

The list involves the provider company and its origins. 

Table (2.5): Apparatuses and equipment used. 

Apparatus and Equipment Company Origin 

Autoclave CRYSTE Korea 

Incubator Thermo 

Scientific™ 

USA 

Hood cabinet CRYSTE Korea 

Micropipette and Tips Danish Denmark 

Burner Amal Turkey 

Eppendorf  tube Eppendorf Germany  

Vitek2 compact system BioMérieux  France 

Micropipette Dragon lab China 

Balance Ohaus Switzerland 

Tips Gilson USA 

Loop Himedia India 

VITEK®2 GN(to identified gram negative) 

)bacteria) 

BioMerieux® France 

VITEK®2 GP(to identified gram positive) 

bacteria) 

BioMerieux® France 

Hot plate with Magnetic stirrer Heidolph 

Instruments  

Germany 

Densichek Plus BioMerieux® France 

Diode Laser (410 nm)  China 

Microplate reader LT-4000 Labtech UK 
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2.7.2  Biological and Chemical Materials   

The biological and chemical materials used in this study are listed in 

Table (2.6), with the supplier company and origin. 

Table (2.6):  The biological and chemical materials used. 

Materials Company Origin 

Mannitol Salt Agar (MSA)  Condalab   Spain 

Uti chromagar (UCA) Himedia India 

MacConkey Agar (MCA) 

 

Himedia India 

Luria Bertani Broth (LB) Himedia India 

NaCl (Sodium Chloride)  

 

Fluka Germany 

 

2.7.3 Antibiotic 

The antibiotic used for detecting the sensitivity of E.coli and S.aureus 

isolates is meropenem Abbreviations for antibiotic (Mem) . 

2.8 Culture Media  

The ready-made media used in this study were prepared based on the 

information specified in the containers about the manufacturing company. 

They were then sterilized by autoclave at 121°C for 15 minutes. 
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2.8.1 Prepared Media 

2.8.1.1. Mannitol Salt Agar (MSA) 

Mannitol Salt Agar (MSA) was prepared by dissolving 111grams of the 

medium in one liter of distilled water. The suspension was then heated with 

constant agitation and boiled for a minute to dissolve the medium completely, 

then sterilized for 15 minutes at 121 ° C by autoclaving. When cooled to 45-50 

o
C and thoroughly mixed before pouring into sterile Petri-dishes. This medium 

has been used to detect bacterial ability for staphylococci isolation and 

enumeration. 

2.8.1.2. Uti chromagar (UCA) 

         Uti chromagar (UCA) was prepared by dissolving 56.8 grams in 1000 ml 

of distilled water. The suspension was then heated with regular agitation and 

boiled for one minute to dissolve the medium completely, then sterilized for 15 

minutes at 121 ° C by autoclaving. UTI Agar is a differential medium for the 

presumptive detection of micro-organisms, primarily causing infections of the 

urinary tract, most commonly known as Escherichia coli. 

2.8.1.3. MacConkey Agar (MCA) 

MacConkey Agar was prepared by dissolving 49.53 grams of the 

dehydrated medium in 1000 ml filtered distilled water. The suspension was 

then heated with regular agitation and boiled for a minute to fully dissolve the 

media, then autoclaved at 121 ° C for 15 minutes. Well mixing media and then 

cooling up to 45-50 ° C, before pouring to sterile Petri dishes. The surface of 

the media should be dry upon inoculation. This media helped detect the 

isolation of Escherichia coli. 
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2.8.1.4. Luria Bertani Broth 

Luria Bertani Broth had been prepared by dissolving 25 grams of 

distilled water in 1000 ml. The suspension was heated regularly and boiled for 

one minute to dissolve the medium completely, then sterilized at 121°C for 15 

minutes by autoclaving. 

 

2.9 Bacteria counting 

The instrument DensiCHEK Plus 21255-P1ML1 was used to measure 

the optical density (OD) of a microorganism suspension as shown in Figure 

(2.12). It is used to adjust bacterial suspension turbidity, consisting of four 

tubes (0.0 McFarland, 0.5 McF, 2.0, and 3.0 McF), providing values 

proportional to concentrations of microorganisms in McFarland units. The 

device is indicated for use with glass and polystyrene test tubes. 

 

Figure (2.12):Densichek Plus 
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2.10 Gram Stain Solutions 

   Gram stain solutions include iodine, crystal violet, ethanol, and safranin 

stains the following solutions for bacterial identification. 

2.11 Isolation and Identification of E.coli and S.aureus. 

Bacterial isolates of both bacteria were identified by a combination of growth 

on selective media, cultural characteristics, Gram stain morphology,  and 

finally confirmed by Vitek 2 compact system. 

2.11.1 Growth on Selective Media (Uti Chrom Agar for E.coli and Manitol 

Salt Agar for S. aureus) 

Uti Chrom Agar, MacConkey Agar was used to isolating and identifying 

E.coli. Each swab sample was cultured on (UCA) and(MCA) by streaking and 

incubated aerobically overnight at 37°C. The presence of growth is indicative 

of positive results.  

Mannitol salt agar (MSA) can be used to isolate staphylococci as a selective, 

differential medium. This medium distinguishes bacteria by their ability to 

ferment mannitol sugar, the medium's only carbohydrate. Accordingly, this 

selective medium was used to plate the streaking method to culture the 

swabbed samples. The inoculated plates were incubated at 37oC for 24 hours 

to obtain isolated staphylococcal colonies. The colonies of Mannitol ferments 

Staphylococcus appear as yellow with yellow zones in the media (positive), 

while non-mannitol fermenters appear pink to red colonies with no yellow 

color change in the medium (negative). 
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2.11.2 Cultural Characteristics 

      Visual examination of the color, consistency, odor, colony appearance of 

the bacterial growth, and the effect on the selective media for E.coli and S. 

aureus was carried out. 

2.11.3Gram Stain Morphology Gram stain was used to identify  

Bacterial response to the stain in addition to the examination of shape, 

size, and arrangement of cells with each other. A gram stain reaction was 

performed by placing a drop of distill water on a clean microscopic slide. A 

minute amount of pure bacterial colony was transferred and mixed with the 

water using a sterile cool loop. 

 A smear was prepared, air-dried, and heat-fixed by passing the slide 

over a gentle flame. The smear was stained with Gram‟s stains and then 

examined using a light microscope under 100X oil-immersion objective. 

2.11.4  VITEK® 2 Compact System Test for E.coli  and S. aureus. 

VITEK systems are automated microbial identification systems using 

technology based on development. It can be used for microbial identification 

(ID) (bacteria and yeast), antibiotic susceptibility testing (AST), and detection 

of resistance mechanisms.  

The system is available in three variants (VITEK 2 compact, VITEK 2, 

and VITEK 2 XL), which vary in the capacity and automation levels. All three 

systems0are equipped with the same calorimetric reagent cards which are 

automatically incubated and interpreted. In this analysis, the VITEK 2 compact 

system (Figure 2.13) was used for its precision in the identification of bacterial 

isolates. 
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In order to calculate and change the turbidity of the bacterial cell count per 1 

ml, which must be equal to 0.5 OD by DensiCHEK Plus, three to five well-

isolated.Colonies of each isolate were transferred to a glass tube containing 3 

ml distal water. 

      The sample entered the VITEK 2 compact system for transfer to the 

bacterial suspension of the cassette by negative pressure, then incubate the 

cassette for completion of the biochemical reaction within 12 hours. 

Interpreting the results was done using VITEK 2 compact system special 

software for the identification of bacterial species and strains. 

 

Figure (2.13) VITEK 2 Compact System 

 



33                                                                                   TwoChapter   
 

 

2.12 Enzyme-Linked Immune Sorbete Assay (ELISA) techniques.  

          ELISA is a biochemical technique using in this study for measurements 

the number of bacteria colonies (1ml), by used plate blank 96 well of Coated 

Streptavidin Plate from Applied Biosystems AB. USA kits , as shown in figure 

(2.14). 

 

 

ELISA  (B) plate well -96 optical )(A : techniquesELISA  )4(2.1 Figure

Reader 

B 

A 
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2.13 Evaluation of the Antibacterial activity for AgNPs and ZnONPs. 

2.13.1 Well diffusion method 

       Antibacterial of green synthesis for AgNPs and ZnONPs was evaluated 

using a well-diffusion method against bacterial strains of gram-negative 

(Escherichia coli) and gram-positive (Staphylococcus aureus). Microorganisms 

were grown at 37 ° C in the medium of Uti chromagar (UCA) and Mannitol 

salt agar (MSA), which is shown in figure (2.15). For the preparation of 

bacterial suspension with a turbidity of 0.5 McFarland (equal to 1.5×108 

colony-forming units (CFU)/ml), eighteen to 24 hours of single colonies on 

agar plates were used. Holes of 8 mm in diameter were filled with 80 μl 

impregnated with equal concentrations of Ashwagandha plant extract, AgNO3 

solution, synthesized AgNPs, Zinc acetate solution, synthesized ZnO NPs, and 

meropenem, and kept at 37 ° C. The diameter of the growth inhibition zones 

was measured in millimeters ( mm) after the 24-hour incubation time. 

 

Figure (2.15) Showing all instruments and samples used in the study 
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2.14 Laser Systems 

2.14.1  Diode Laser (410nm) 

A continuous wave Diode Laser (410nm) was used in this study. It is compact, 

long lifetime, low cost and easy to operate. It is usually used in measurement, 

communication and spectral analysis. Figure (2.16) shows an arrangement with 

which the laser is fixed on. 

 

Figure (2.16): Diode laser (410 nm) set-up. 
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The Characteristics of the diode laser (410nm) are listed in Table ( 2.7). The 

parameters to be applied were chosen according to pilot experiments. The 

exposure time was varied depending on the bacterial response. 

     Table (2.7) : Parameters of Diode laser (410nm) 

Fundamental wave length  410 nm  
 

Mode  Continuous 

Optical output power 100 mW 

Operating current 140 mA 

Operating voltage 3.5-5 V 

Laser medium  Gallium Nitride (GaN).  

Exposure time used for 

(Escherichia coli ) 

0 , 3, 5 ,7 ,9, 11, 13,15 minutes 

Exposure time used for    

(staphylococcus aureus). 

 

0 , 3, 5 ,7 , 9, 11, 13, 15 minutes 

 

2.15  Preparation of Escherichia coli  and staphylococcus aureus  for 

irradiation experiments 

   The selected two bacterial strains were grown on McConkey agar at 37 ºC for 

18-24 hours for E.coli and  Mannitol salt agar at 37 ºC for 18-24 hours for 

S.aureus. The OD measurement for the bacterial suspension was repeated for 

the selected isolate before each trial.   
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    A suspension of each bacterial growth with a dilution of 10
-5

 was chosen 

according to preliminary trials of viability count. The experimental sample was 

prepared by placing  0.5 ml of bacterial suspension with an equal volume of a 

0.5 ml sterile physiological saline solution in each one of two Eppendorf tubes. 

The samples were then subjected to a laser irradiation experiment.  

The laser beam was focused on the surface of the suspension at a distance of 21 

cm, and a beam diameter of 1 cm using a concave lens. The exposure time was 

from 3 to 15 minutes for two bacterial strains at two minute interval. After 

irradiation, all samples were then incubated at 37 °C for 24 hours. The number 

of colony-forming units were calculated. 

2.17 Statistical Analysis 

      The Statistical Analysis System- SAS (2012) program was used to detect 

the effect of different factors in study parameters. The least significant 

difference –the LSD test (Analysis of Variation-ANOVA) was used to 

significantly compare between means. An estimate of the correlation 

coefficient between variables in this study [69]. 

A probability value (P) is limited as: 

 Non-significant at P > 0.05. 

 Highly significant at P ≤ 0.01. 

 Significant at P ≤ 0.05. 
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3.1 Introduction 

         This chapter includes the results and discussions about the green 

synthesis of  Ag and ZnO nanostructured material using Ashwagandha roots. 

Also, it includes the optical properties results, the structural results, and 

morphologies properties results. 

         The biological work includes the bacterial isolates and the bacterial 

activity of nanostructured material was tested against Gram-positive and Gram-

negative bacterial strains.   

       Finally, the statistical results about using a laser (410nm) with bacteria 

interaction and the discussion about it.     

3.2 Optical properties  

        The optical properties of silver (Ag) nanoparticles and zinc oxide (ZnO) 

nanoparticles that extracted using Ashwagandha were presented. This involves 

the UV - VIS absorption. 

3.2.1 The UV–VIS absorption spectrum of Ashwagandha 

         The UV–VIS absorption spectrum of the control Ashwagandha root 

extract is shown in Figure (3.1). The absorption spectrum was ranged between 

200-1100 nm. The wavelength for the absorption maxima (λmax) of 

Ashwagandha  root extract was at 310 nm.  As can be observed from the 

figure, the resultant absorption peak at 310 nm is corroborated with the pale 

yellow color for Ashwagandha root. This result proved that plant extract 

absorption spectrum in UV. The plants' absorption peak at the UV region while 

the spectrum region is at a minimum at the visible. This result agrees with M. 

Kumar Trivedi [70].  
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Figure (3.1): shows the UV–Vis absorption spectrum of the Ashwagandha 

root. 

3.2.2 The UV–VIS absorption spectra of Silver Nanoparticles 

            UV–Vis spectra for different mixing times were achieved.The 

synthesized silver nanoparticles were analyzed in the range of 200-700 nm. In 

order to know the forming of Ag nanoparticles from mixing Ashwagandha 

roots with AgNO3 solution.  

          All results were shown in Figure (3.2), the reduction of the silver ions 

was observed by measuring the UV-visible spectrum of the reaction mixture 

for 0 hours, 4 hours, 24 hours, 28 hours, 48 hours, and 72 hours. The 

absorption spectrum at 72 hours was similar to the absorption spectrum at 48 

hours. For all our experimental work, 48 hours condition was chosen. When 

colorless AgNO3 solution mixed with Ashwagandha roots at 0 hour time 

watery pale yellow color was shown. The mixed solution color at time 4 hours, 
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24 hours, 28 hours, 48 hours and 72 hours, was gradually from light yellow to 

dark reddish-brown. As can be seen from figure (3.2) absorption spectra for the 

Ag NPs five absorption peaks appear at 395 nm, 400 nm, 410 nm, 415 nm and 

430 nm. 

        The change in color indicates the synthesis of different concentrations and 

particles of AgNPs. Broad absorption was observed for AgNPs between 375 

and 450 nm. The peak at these regions confirms the presence of silver 

nanoparticles. In figure (3.2) the surface plasmon resonance peak at 430 nm 

has confirmed the synthesis of AgNPs. The optical properties of silver 

nanoparticles (AgNPs) change which depends upon the collective oscillation of 

free-electron when particles aggregate and the conduction electrons near each 

particle surface become delocalized and are shared amongst neighboring 

particles. Due to the combined oscillation of AgNPs electrons in resonance 

with the incident light wave, these electrons produce a surface plasmon 

resonance (SPR) band.   

         The result, observes the spectrum shifts the surface plasmon resonance 

(SPR) to lower energies. i.e. The absorption peaks move to red shift of plasmon 

resonance (increases intensity of wavelength at which plasmon resonance 

occurs) with wide and lower intensity spectrum towards blue shift because of 

the accumulation effect. When spherical AgNPs were present in the reaction 

solution, a single SPR band was observed, while more than one SPR band was 

present in the case of other shapes. The increase of color intensity and SPR 

band sharpness clearly indicates the  reduction of Ag
+
into Ag

0
.These results are 

in good agreement with M.Gregory et.al. [71] 
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Figure (3. 2) Synthesis of AgNPs by using Ashwagandha roots extract: (A) 

Gradual visible color change during AgNPs synthesis and (B) UV-visible 

spectra of Sliver Nanoparticles with Ashwagandha at different times.   
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       The opticaloband gap of silver nanoparticles (AgNPs) was calculated from 

Figure (3.2) as in figure (3.3), which is obtained when (αhv)² is plotted 

againstophotonoenergy (hv). The interceptoof theostraight line of hv axis 

corresponds to the optical band gap (Eg),which shows the direct transitions 

between the valence and the conduction bands of the silver nanoparticles 

(AgNPs) where it is 2.3 eV at the time of 48 hours.  

 

Figure (3.3): The band gab of silver nanoparticles (AgNPs). 

3.2.3 The UV–VIS absorption spectrum of Zinc Oxide Nanoparticles 

The reaction mixture of the extract roots of Ashwagandha and Zinc 

Acetate Dehydrate (ZAD) in solution produced a strong change of color after 

24 hours from white to yellowish-brown. Where the observed change in color 

confirmed the ZnO NPs figuration. The color change monitored was due to 

ZnO NPs surface plasmon resonance excitation. 

The UV-VIS spectrum of biosynthesized zinc oxide nanoparticles using 

Ashwagandha showed a strongoabsorption peak at 300 nm within the 
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absorption orange 200-600 nm, which is a characteristic signature for ZnONPs 

as shown in Figure (3.4). Intense and broad absorption further shows the 

individual distribution of nanoparticles. 

The optical band gap of the zinc oxide nanoparticles (ZnO NPs) has been 

calculated as shown in Figure (3.5), which is obtained when (αhv)² is 

plottedoagainst photon energy (hν). The intercept of the straight line of the hν 

axis correspondsoto the opticaloband gap (Eg) that indicatesothe directoallowed 

transitionsobetween valenceoandoconductionobands.The bandogap of ZnO 

was 3.4 eV. This result agrees with  M. Manokari et.al.[72]  

 

 

Figure (3.4): The absorption spectrum of ZnO nanoparticle. 
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Figure (3.5): The band gab of ZnO nanoparticle 

3.2.4 Fourier Transformation Infrared Spectrometer (FTIR )  

The Fourier Transformation Infrared Spectrometer (FTIR) analysisoof 

the ashwagandha root extract wasodone and the functionalogroupsoassociated 

wereodetermined as in figure (3.6). The broad absorption bandoobserved at 

~3421 cm
−1

 correspondsoto the O-H stretching, while the absorbance band 

found at ~2920 cm
−1

 is related to stretchingovibration of  CH3– groups, so it 

can be directly correlated with the presence of alkane groups in the plant 

extract. 

The peakoat 1618 cm
−1

 attributedoto the stretching vibration of the C = 

C due toodeformationoin the aromaticoring of flavonoids where as the peaks at  

1460 cm
−1

 and 1394 cm
−1

 peak are attributed to C– H bending. At 1078 cm
−1

 

peak in the FTIR spectrum mightobe due to – C– O stretching of phenolic acid 

or polysaccharidesoof  plant extract. The crestoforms that appear between 838 

cm
−1

 to 524 cm
−1

 are assigned to the C-H aromaticobending.  

0

0.0002

0.0004

0.0006

0.0008

0.001

0.0012

1 1.5 2 2.5 3 3.5 4 4.5 5

(α
h

v)
2

 

hv (eV) 



30                                                                               ThreeChapter   
 

 

From the figure analysis, there chemicals can be indicatedothe number 

of chemicals,such as Bromide, Iodide, Chloride, Fluoride, Alkanes, Imines, 

Oxine, Aromatic (C=C), Aldehyde, Amines, which all were found in all 

Ashwagandha roots extract.This result agrees with M. K.Trivedi et.al. [73]. 

 

Figure (3.6): FTIR spectra for Ahwagandha roots. 

          The FTIR spectrum of AgNPs in Figure (3.7) providesoinformation 

about the functionalogroups of the synthesized AgNPs using the Ashwagandha 

root extract. The observedomain peak at 495 cm
-1

ocorresponds to 

metaloconfirms the formation of (Ag).  

The strongoflexural band of 3413 cm
-1

 belongs to the -OH functional group on 

the root extract surface of the maizeoshifted dueoto the interaction between the 

Ashwagandha root extract and the silver metal. The mediumopeaks of 1460 

cm
−1

 and 1394 cm
−1

 indicate the C−H and C≡H of alkanesoandoalkynes, 
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respectively. The peak at 1635 cm
−1

 is a signal of N−H bond vibrations 

fromoamide groups of the proteins. 

        Further, FTIR spectrum exposedoa peak at 1290 cm
−1

 is due to the 

presence of the C−N-like amine groups. C-N stretching , vibrations peak were 

also appeared in the spectral range of 1384 cm
−1

 to 962 cm
-1

. This result agrees 

with  C. I. Nosiri et.al [74]. 

 

Figure (3.7): FTIR spectra of green synthesized AgNPs using 

Ashwagandha root extract. 

       Figure (3.8) represents the FTIR spectra for the green synthesized of  ZnO 

nanoparticles were spectra recorded in the series of absorption band 4000 cm
-1

 

to 500 cm
-1

.  The broad absorption band observed at ~3483 cm
−1

 corresponds 

to the O–H stretching vibrations of adsorbed water. The peaks at 2977 cm
−1

and 
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2424cm
−1

, which corresponds to C-H stretching vibration.The higher 

absorption band that appeared at 1382 cm
-1

 in the spectrum has corresponded 

to C=O stretching vibration. Where the absorption at 821 cm
-1

 is due to the 

formation of tetrahedral coordination of  Zn.  

        The spectrum also reveals a peak around  1043 cm
-1

 is due to the C-O 

stretching vibration. The peaks that appear between 400 cm
−1

 to 600 cm
−1

 are 

assigned to the metal-oxygen (M–O) stretching mode. The Peak at 522 cm
−1

 is 

the characteristic absorption of the Zn-O bond confirms the formation of ZnO , 

which is agree with N. Jayarambabu et.al  [75]. 

 

Figure (3.8): FTIR of green synthesized ZnO nanoparticles using 

Ashwagandha root extract. 
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3.3 X-Ray Diffraction of Sliver Nanoparticales and Zinc Oxide 

Nanoparticles Results  

          The X-Ray spectra were done for Ag and ZnO material which prepared by 

coating deposition technique on glass substrates with annealing temperature at 

350°C were analyzed to identifyoand measure the crystainality and particle size 

of them. 

The crystalline nature of silver nanoparticles (AgNPs) that extracted 

from mixing AgNo3 with Ashwagandha  was confirmed by X-ray diffraction 

analysis as in figure (3.9). The sharpodiffraction peaks indicate the good 

crystallinity of the prepared AgNPs. The intenseoand narrowopeaks (111), 

(200), (220), (311), (222), (400), (331), (420) and (422) were assigned at 2θ = 

38.11°, 44.27°, 64.42°, 77.47°, 81.53°, 97.88°, 110.49°, 114.92° and 

134.88°,respectively. The sampleoindicated a face centered cubic structure 

(FCC) of silver structureowith the latticeoconstants (a = b = c = 4.086 Å), 

which are consistent with the values in the standard card. 

Figure (3.9) shows that silver nanoparticles (111) diffraction peak is the 

strongestoone,,whichoit indicates that formedosilver particles have a 

preferentialocrystallographic (111) orientation. This is due to the organic 

compounds present in the extract, which are responsible for the reduction and 

stabilization of the resulting nanoparticles by silver ions. The silver 

nanoparticles synthesized using the Ashwagandha root were crystalline in 

nature, conforming to this observation. 

The averageocrystallite size (D) for synthesized sliver particles was 

calculated accordingoto the Debye Scherrer equation and was equal 21 nm. 

Similar results were obtained by B.E. Kedi1 et.al. [76]. 
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Figure (3.9): XRD pattern of synthesized AgNPs using Ahwagandha roots. 

On the other side the phase characteristics and crystal structure pattern of 

annealed ZnO thin films at 350°C are exhibited in Figures (3.10). The 

sharpodiffractionopeaks indicate the goodocrystallinity of the prepared thin 

film. The intense and narrow peaks (100), (002), (101), (102), (110), (103), 

(200), (112) and (201) were assigned at 2θ = 31.69°, 34.38°, 36.18°, 47.45°, 

56.46°, 62.75°, 66.21°, 67.80° and 68.92° , respectively. The sample indicated 

a hexagonal wurtzite ZnO structure with the lattice constants (a = b = 3.257 Å 

and c = 5.213 Å), which are consistent with the values in the standard card.  

Figure (3.10) shows the XRD pattern a different lineowidth for 

differentodiffraction peaks of ZnO which corresponding to the crystalonature 

of the morphology. Great diffraction was (100) and (101) the best diffraction 

peaks. 
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This indicatesothat the formed ZnO particles have a 

preferentialocrystallographic (100) and (101) orientation.The 

averageocrystallite size (D) for synthesized ZnO particles was calculated 

according to Debye Scherrer equation and was equal 29 nm. The range 

crystalliteosize calculated from the highest  (100) and (101) XRD peak width 

was between 29 nm and 36 nm respectively, which is in agreement with J. 

Suresh et.al. [77]. 

The peakobroadening in the XRD pattern clearlyoindicates that nanocrystals 

present in the samples. The manufacturingoof ZnO in a noncrystallineoform is 

a majoroway to increase its activity. There is no evidence of bulk remnant 

materials and impurities , this suggests that the high purityonanostructured 

ZnO was obtained from the chemical bath deposition method. 

 

Figure (3.10) : X-Ray diffraction pattern of ZnO powder. 
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3.4 Morphological Analysis 

3.4.1 Atomic Force Microscopy (AFM) 

           The topological properties of the Ashwagandha roots extract sample were 

investigated using Atomic Force Microscopy (AFM). Figure (3.11), is standard 

AFM images of Ashwagandha roots, it shows images calculated with size = 

2139 X 2155 nm, and capacity analytical pixel = 404,407. The calculated 

values of surface roughness and the average particle size distrbution are in 

Table (3.1).  

Avg. Diameter:72.24 nm <=10% Diameter:40.00 nm 

<=50% Diameter:75.00 nm <=90% Diameter:90.00 nm 

Diamete

r(nm)< 

Volum

e(%) 

Cumulat

ion(%) 

Diamete

r(nm)< 

Volum

e(%) 

Cumulat

ion(%) 

Diamete

r(nm)< 

Volum

e(%) 

Accumula

tion(%) 

35.00 

40.00 

45.00 

50.00 

55.00 

1.91 

5.73 

2.55 

7.64 

5.10 

1.91 

7.64 

10.19 

17.83 

22.93 

60.00 

65.00 

70.00 

75.00 

80.00 

3.18 

8.28 

7.01 

7.01 

8.28 

26.11 

34.39 

41.40 

48.41 

56.69 

85.00 

90.00 

95.00 

100.00 

105.00 

12.74 

10.19 

10.83 

7.64 

1.91 

69.43 

79.62 

90.45 

98.09 

100.00 

Table (3.1): The average particles size and roughness of Ashwagandha 

roots. 

         Figure (3.11 A) is the AFM image in the two- dimensional (2D), it is 

found that the average roughness are (24.2 nm),and the Root mean square 

(RMS) is (27.9nm).   

Figure (3.11 B) represents a three-dimensional (3D) image, which explains the 

structure shape for grain. Ashwagandha roots AFM image reveals that the 

Ashwagandha is a rod shape with a length of roughly is 94.57 nm. 

Figure (3.11 C) shows the granularity distribution charts, the distribution of 

particle size was Gaussian curve in the range between 40 and 100 nm. The 

highest percentage diameter of 85 nm. 
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Figure (3.11): AFM images for Ashwaghandha roots thin film : 

(A) Two-dimensional (B) Three-dimensional and (C) Size distribution 

histogram. 

B 

A 

C 
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3.4.2 Field Emission Scanning Electron Microscope (FESEM) 

characteristics 

The morphologicaloanalysis of the preparedonanostructured thin films 

that made by the green synthesis method usingoField Emission Scanning 

Electron Microscopy. FESEM to test examines the shape and size of 

Ashwagandha, Ag NPs and ZnO NPs. 

Figure (3.12) shows the FESEM images of Ashwagandha roots that 

recorded at 200nm -10μm. Figure (3.12 A) appears that Ashwagandha roots 

have a different size between (21- 53) nm , while the figure (3.12 B) represents 

that Ashwagandha roots almost have rod shape. 

 

Figure (3.12) : The FESEM images of Ashwagandha roots different 

magnification. 

FESEM is used to analyze the shape of the Ag NPs synthesized by a 

green method using Ashwagandha root extract. Figure (3.13) a,b,c,d  shows 

FESEM images of silver nanoparticles (AgNPs) with different magnification 

ranges at 500 nm - 1 μm. Itsoclearly demonstrate that AgNPs nanoparticle 

A

A 

B

A 
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covered the substratesouniformly and grow on the substrates with 

uniformothickness continuous on all surfaces of the substrate. The morphology 

of the films was homogeneousoand appearsoalmost spherical in the shape of 

AgNP, which greater numbers of theoagglomerated spherical particles within 

the diameter of 5.06 nm. Therefore ,the  nanoparticleoaggregation is dominant 

over the processoof reduction and primaryonucleation of reduced atoms. This 

may perhaps be related to the fact that a larger number of functional groups of 

Ashwagandha roots extract bind and nucleate. This result agrees with  S. 

Chandrasekaran and S. P. Sivasamy [78]  

 

Figure (3.13): The FESEM images of AsAgNPs in different magnification 

ranges from  500 nm -1μm . 

A B 

D C 
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The morphology of the ZnO nanoparticles was investigatedoby using 

FESEM which is an important technique to study the surface morphology at 

the nanoscale . The FESEM  image of the ZnO nanoparticles grown on glass 

substrate was demonstrated in figure (3.14) a,b,c,d with different magnification 

range from 200 nm -2 μm , which clearly demonstrate that ZnO nanoparticles 

covered the substratesouniformly and grow perpendicularoto the substrates 

with uniform thickness continuous on all surfaces of the substrate. The 

morphology of the films was homogeneous and appears as nanoflowers shape 

of ZnO formed from concentrated rods nanoparticles with a length of rod (40 

mm) and width diameter (5 mm). 

Figure (3.14) shows the FESEM images of the annealed ZnO 

nanoparticles sample at 85 °C annealing temperatures. The whole surface looks 

smooth and uniform in the annealed samples, that the ZnO films formed micro 

aggregates composed of the growth of vertically aligned ZnO NR arrays 

through the Chemical Bath Deposition (CBD) method with the addition of 

PVA in the seeding solution ZAP. This result agrees with  J. Sen Chang et 

al.[79]. 

            It suggests that with increasing annealing temperatures, small 

crystallites start to coalesce together to form larger crystallites. It may be 

attributed to the annealing-induced coalescence of small grains by grain 

boundary diffusion, Also the PVA plays an important role in the formation of 

the structure of ZnO NR. SEM images also indicate that the hexagonal crystal 

phase is less distinct for the grown sample. The distinct phase appears 

gradually with increasing annealing temperatures. Together with previous x-

ray results, it implies that the Chemical Bath Deposition (CBD) is an excellent 

method for the deposition of thin films of metallic oxides with optimum 

annealing temperature to get high-quality. 
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Figure (3.14) : The FESEM Images of ZnO NPs in different magnification 

ranges from  500 nm -2μm. 
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3.5 Energy Dispersive X-ray Analysis (EDX) 

Energy Dispersive X-ray Analysis (EDX) is a chemical analysis method 

used in combination with SEM to determine the elemental composition of the 

Ashwagandha root extract sample.   

Figure (3.15) appearsopeaks in the EDX Spectrum ,whichoidentifies the 

atomocorresponds to a singleoelement component in the sample. The EDX 

spectrum proves that the Ashwagandha sample was composed of Ca , Cu, C 

and O elementsoby the representationoof different Calcium, Copper , Carbon 

and Oxygen peaks.The EDX analysis revealedothe presence of the other 

elements such as K ,Cl. The atomicopercentage of all elements are in Table 

(3.2).  

Figure (3.15) : EDX Spectrum of Ashwagandha root 
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Table (3.2) :The percentage of the elements present in the Ashwagandha 

roots. 

Elt Line Int K Kr W% A% ZAF 

C Ka 726.7 0.5713 0.2371 49.32 59.89 0.4807 

O Ka 245.1 0.1958 0.0813 39.34 35.86 0.2066 

Cl Ka 66.3 0.0602 0.0250 2.95 1.21 0.8471 

K Ka 58.4 0.0551 0.0229 2.66 0.99 0.8583 

Ca Ka 116.7 0.1125 0.0467 5.44 1.98 0.8583 

Cu Ka 4.4 0.0052 0.0021 0.30 0.07 0.7220 

 

3.6 The biological activity results: 

3.7 Isolation and Identification of Escherichia coli and Staphylococcus 

aureus. 

         Bacterial isolates were identified by a combination of cultural 

characteristics, Gram stain appearance, and finally confirmed by Vitek 2 

compact system. 

3.7.1 Cultural Characteristics 

        Escherichia coli (Gram-negative) isolatesowere identified depending on 

their colonialocharacteristics on MacConkey's Agar and UTI Agar .Gram 

negative bacteria usually growowell in the mediumoand are differentiatedoby 

their ability to ferment lactose. Lactose fermenting strains grow as redoor    

pinkoand may be surroundedoby a zone of acid precipitated bile as shown in 

figure (3.16). 
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Figure (3.16): Cultural characteristics of Escherichia coli  isolate on: 

(A) UTI Agar    (B)  MacConkey's Agar.            

A 

B 
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Mannitol salt agar (MSA);can be used as a selectiveoand differential 

medium forothe isolation of staphylococcioand to distinguishothe bacteria 

based on the abilityoto ferment the sugar mannitol. The colonies of Mannitol 

fermentors Staphylococcus aureus (Gram-positive) appearoyellow with yellow 

zones in the media (positive) as shown in figure (3.17).  

While non-mannitolofermentors appear pinkoto red colonies with no 

yellow colorochange in the medium (negative). 

 

 

Figure (3.17): Staphylococcus aureus  isolate on Mannitol Salt Agar. 

3.7.2 Gram Stain Morphology  

Both bacteria were identified according to their color, shape, size and 

arrangements after Gram staining . 
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3.7.2.1 Gram stain morphology of  Escherichia  coli   

Under the compound light microscope, Gram-stained smears of 

Escherichia colioappeared as gram-negative redocolor, bacilli, arrangedoin a 

singleoor shortochain as shown in figure (3.18). 

 

 

Figure (3.18): Gram-stained photomicrograph of Escherichia coli 

(100X magnification). 

 

3.7.2.2 Gram stain morphology of Staphylococcus aureus   

         Microscopic examination of Staphylococcus aureus  showed a gram-

positive purple color, cocci arranged in a grape-like cluster , non-spore forming 

as shown in figure (3.19). 
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Figure (3.19): Gram-stained photomicrograph of Staphylococcus aureus 

(100X magnification). 

 

3.7.3 VITEK® 2 Compact System Test for Escherichia  coli  and  

Staphylococcus aureus.   

          VITEK Compact 2 Systems are automatedomicrobialoidentification 

systemsoutilizingogrowth-basedotechnology. It was usedoin this study for its 

accuracyotooconfirm bacterialoidentification. Figure (3.20A) and (3.20B) 

illustrates the Vitek test results for E.coli and S. aureus. 
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 Figure (3.20A): The printout of the Vitek test results for the identification 

of E.coli 

A 
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 Figure (3.20B): The printout of the Vitek test results for the identification 

of  S. aureus. 
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3.8 Evaluation of different parameters for antibacterial activity   

3.8.1 Antibacterial activity of AgNPs against Escherichia coli (Well 

Diffusion Method) 

          The antibacterial activity of AgNPs showed positive results against 

gram-negative bacterial pathogenic strains. The plant extract (Ashwagandha ) 

solution was no effect against E. coli, while AgNO3 solution was showed little 

effect against E. coli with a zone of inhibition=11mm, but AgNPs showed a 

greater effect against E. coli with a zone of inhibition =17 mm compared to 

Meropenem was effective against E. coli with a zone of inhibition=11mm as 

shown in figure (3.21).  

 

 

 

 

 

 

Figure (3.21): Antibacterial activity of AgNPs Against Escherichia coli By 

well diffusion method (Ashwagandha,AgNO3 solution, AgNPs, 

Meropenem) . 
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3.8.2 Antibacterial activity of AgNPs against Staphylococcus aureus (Well 

Diffusion Method) 

Figure (3.22) showed the AgNPs effect against S. aureus with a zone of 

inhibition = 8 mm, than the silver nitrate (AgNO3) against S. aureus with a 

zone of inhibition = 7 mm. But the Meropenem was showed the highest effect 

against S. aureus with a zone of inhibition = 16 mm. 

 

 

 

 

 

 

 

Figure(3.22):Antibacterial activity of AgNPs Against Staphylococcus 

aureus By well diffusion method (Ashwagandha,AgNO3 solution, AgNPs, 

Meropenem). 
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         However, the antibacterial activity of green synthesis AgNPs has been 

prepared using the Ashwagandha root extract. Figure (3.23) AgNPs showed 

positive results against both gram-positive and gram-negative bacterial 

pathogenic strains. While the Ashwagandha roots extract did not exhibit any 

effect on both bacteria the dose of the plant equal to 0.05 mg/ml. 

 

Figure (3.23): Antibacterial activity of AgNPs against pathogenic bacteria. 

3.8.3 Antibacterial effects of ZnONPs Against Escherichia coli (Well 

Diffusion Method) 

         Zinc oxide nanoparticles have exhibited the effect against E. coli with a 

zone of inhibition = 9 mm ,than the Meropenem showed a greater effect against 

E. coli with a zone of inhibition =10 mm when Zinc acetate showed a greater 

effect against E. coli with a zone of inhibition = 8 mm. But Ashwagandha roots 

was showed non effect against E. coli with a zone of inhibition = 0 mm as 

shown in the figure (3.24). 
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Figure (3.24): Antibacterial activity of ZnoNPs Against Escherichia coli by 

well diffusion method (Ashwagandha, ZAD solution, ZnONPs, 

Meropenem). 
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 3.8.4 Antibacterial effects of ZnONPs Against Staphylococcus aureus         

         (Well Diffusion Method) 

           Zinc acetate showed the effect against S. aureus with a zone of 

inhibition = 11 mm, but ZnOPNs was showed less effect against S. aureus with 

a zone of inhibition = 9 mm compared to the Meropenem stronger effect 

against S. aureus with a zone of inhibition = 21 mm shown in figure (3.25). 

 

 

 

 

 

 

 

Figure (3.25) :Antibacterial activity of ZnoNPs Against Staphylococcus 

aureus by well diffusion method (Ashwagandha, ZAD solution, ZnONPs, 

Meropenem). 
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Figure (3.26) shows the antibacterial activity of the biosynthesized ZnO 

nanoparticles. Antibacterial activity was measured against grams of positive 

bacteria (S.aureus )and gram of negative bacteria (E. coli), that have the same 

effect on this bacterial pathogen. 

 

Figure (3.26): Antibacterial activity of ZnoNPs against pathogenic 

bacteria. 

            S.aureus and  E.coli are the major causes of hospital-acquired infections 

and the environment. These organisms occur naturally in the human body. 

However, certain strains can lead to infections and are becoming resistant to 

antibiotics. The preliminary results of this study indicate that lower sensitivity 

(or resistance) of Gram positive strains (S.aureus) than Gram negative strains 

(E. coli) depending on outer membrane inhibits and/or retards the penetration. 

Also, another reason is their possession of multi drug resistance (MDR) pumps, 
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        Moreover, AgNPs have strong antibacterial activity more than ZnONPs to 

the selected bacteria due to the cell structure. These silver nanoparticles might 

be used as antibiotics in the future due to non-toxic, cheap, eco-friendly, and 

highly effective against the bacteria. 

3.9 Laser Irradiation Eeffect  

3.9.1  The effect of irradiation of  Diode laser (410nm) 

The effect diode laser (410nm), at a power density of 0.128 W/cm
2
, at 

different exposure times is shown in Table (3.3). The Statistical Analysis 

System-SAS (2012) software was used to detect the effects of various factors 

on the parameters of this study. The least significant difference – the LSD test 

(Analysis of Variation-ANOVA),was used to make a significant distinction 

between the means in this study. A probability value (P) is limited as:  

1- Non- significant value at (P) > 0.05. 

2- Highly significant at (P) ≤ 0.01. 

3- Significant at (P) ≤  0.05. 

The results from laser irradiation in a show that no significant reduction 

in the mean number of log CFU/ml of  E.coli  was noted following 3 minutes 

laser irradiation except for the 5 minutes irradiation time, significant (p<0.05) 

reduction was recorded. Whereas, highly significant (p<0.01) reduction in the 

log CFU/ml (0.641) was observed at 9 min (99.53%) and above compared with 

the control group (0.599) (Figure 3.27 and Table 3.3). However, a 100% 

reduction in the number of CFU/ml for  E.coli was achieved after 15 minutes 

of exposure to 410 nm laser irradiation as shown in Figure (3.27). 
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Table (3.3): Mean, standard deviation of log CFU/ml . 

Time(minutes) E.coli S.aureus LSD value 

0 0.599 ± 0.063 ab 0.411 ± 0.021 a 0.079 **  

3 0.459 ± 0.052 bc 0.394 ± 0.024 a 0.073 NS 

5 0.525 ± 0.019 b 0.381 ± 0.008 a 0.094 ** 

7 0.398 ± 0.036 c 0.371 ± 0.017 a 0.055 NS 

9 0.641 ± 0.041 a 0.367 ± 0.027 a 0.082 ** 

11 0.269 ± 0.009 e 0.357 ± 0.032 a 0.072 ** 

13 0.380 ± 0.044 d 0.338 ± 0.020 a 0.057 NS 

15 0.196 ± 0.08 e 0.340 ± 0.012 a 0.087 ** 

LSD value 0.112 ** 0.0963 NS --- 

Means having with the different letters in same column 

differed significantly. ** (P≤0.01). 
 

 

Figure (3.27) : Mean Log CFU/ml obtained for E.coli irradiated with 410 

nm diode laser at 0.128 W/cm2 power density and different exposure time. 

0.15

0.25

0.35

0.45

0.55

0.65

0.75

-1 1 3 5 7 9 11 13 15 17

Lo
g 

C
FU

/m
l 

Exposure Time (min.) 

E.coli 



23                                                                               ThreeChapter   
 

 

Figure (3.28) and Table (3.3) show the effect of diode laser (410nm) 

irradiation inhibited the growth of S. aureus at different exposure times. 

Similar to the previous experiment on E.coli, The results showed that there was 

a significant reduction (P<0.01) in the number of log CFU/ml (0.394) was 

observed following exposure to 410 nm laser light for 3 minutes compared 

with the control group (0.411) .The number of log CFU/ml continued not 

decreased with increasing the time of exposure to laser light. However, no 

complete mortality was reached after 15 minutes as shown in Figure (3.28). 

 

Figure (3.28) : Mean Log CFU/ml obtained for S.aureus irradiated with 

410 nm diode laser at 0.128 W/cm
2
 power density and different exposure 

time. 

The percentage of reduction in the growth of E.coli and S. aureus is 

shown in Figure (3.29).Laser Irradiation experiments showed that the number 

of CFU/ml of E.coli and S. aureus was significantly reduced with increasing 

exposure times, reaching a100% bacterial mortality at 15 min for Gram-

negative (E.coli ) , while the exposure time (15 minutes) for Gram-positive 
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S.aureus no significant differences in the number of log CFU/ml , just at the 

exposure time 3 minutes number of log CFU/ml was a significant reduction 

(P<0.01) compared with the control group. 

Accordingly, the blue laser irradiation seems to have a more bactericidal 

effect on Gram-negative (E.coli ), than Gram-positive bacteria (S. aureus).The 

bactericidal effect of laser photodynamic therapy (PDT) depends upon 

wavelength, power density, bacterial viable number, and bacteria species. 

 

Figure (3.29): Percentage of reduction of Mean values of CFU/ml obtained 

for E.coli and S.aureus irradiated with (410 nm) diode laser at 0.128 

W/cm
2
 power density and different exposure time. 
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3.10 Conclusion: 

Based on the results of the present work, the following conclusions are 

reached: 

-Green synthesis is a successful eco-friendly technique to create nanoparticle 

materials. 

- Green synthesis of silver nanoparticles using Ashwagandha roots extract with 

properties to reduce AgNO3 solution, also the biosynthesized of AgNPs were 

spherical in shape. Synthesized AgNPs have shown the ability to function as a 

strong antioxidant agent and have antibacterial activity against both gram-

positive and gram-negative bacteria. 

-Zinc oxide nanoparticles have been synthesized by using the green synthesis 

method using Ashwagandha root extract, zinc oxide nanoparticles were rod in 

shape. 

- Ashwagandha is a powerful plant that can be used reducing agents. 

-ELISA using to calculate the colonies-forming units of bacteria. 

-The blue diode laser irradiation at a wavelength of 410 nm with a power 

density of 0.128 W/cm2 showed a significant reduction in bacterial number  

Gram-negative Escherichia coli more than Gram-positive Staphylococcus 

aureus. 

-S.aureus is more resistant bacteria than E.coli due to the cell structure. Also, 

Meropenem is an antibiotic wide range activity of both bacteria. 
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 3.11 Future Work 

- Using the same parameters with wide different sides. 

-Examine the combined effect of 410 nm diode laser and dyes 

(photosensitizers) on Escherichia coli and Staphylococcus aureus can be 

considered at different doses to achieve the best bactericidal effect. 

-Investigate the effects of diode laser irradiation at 410 nm on other types of 

bacteria. 

- Investigating the effects of other types of laser with nanoparticles on bacteria. 

-Using other plants as reducing agent and anti-bacterial activity.
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 ــتــلاصـانخ

ؽشٌمخ  ٔانزً رؼزجش انًؼذٍَخ انُبٌَٕخ نزحؼٍش انجسًٍبد الأخؼش انزخهٍك ؽشٌمخ اسزخذاو          

 جزٔس يسزخهض اسزخذاو رى , انطشٌمخ ْزِ فً. سبيّ نهجٍئخ , الزظبدٌخ ٔغٍش طذٌمخ سشٌؼخ , ثسٍطخ ,

 .نهجكزٍشٌب يؼبد انضَك ٔانفؼخ كُشبؽ أٔكسٍذ اشٕاغبَذا يغ َجبد

 ٔأكسٍذ انفؼخ يٍ انًظُٕػخ انُبٌَٕخ انجٍُخ راد انًٕاد ٔخظبئض ثٍُخ فحض رى انجحث ْزا فً

 ٔاثجزذ. انجضٌئبد ٔحجى انزجهٕس ٔلٍبط نزحذٌذ( XRD) انسٍٍُخ الأشؼخ حٍٕد رحهٍم ثبسزخذاو انضَك

 21 كبٌ حٍث اٌ حجى انجهٕسح , ٔانزشكٍت انسذاسً لأكسٍذ انضَك نهفؼخ انٕجّ يكؼت انزشكٍت انُزبئج

فمذ نٕحع ٔجٕد انفؼخ  FTIR ايب ثبسزخذاو . انزشرٍت ػهى انضَك ٔأكسٍذ نهفؼخ َبَٕيزش 22 ٔ َبَٕيزش

  ٔأكسٍذ انضَك .

رى لٍبط  حٍث انًشئٍخ , –انجظشٌخ ثبسزخذاو يطٍبف الاشؼخ انفٕق انجُفسجٍخ  انخٕاص فحظذ

ٔأكسٍذ  اشٕاغبَذا جزٔس اظٓش ؽٍف الايزظبص نًسزخهضنهًٕاد انًسزخذيخ.  الايزظبص ؽٍف

خ انؼٕئٍخ نًبدح انفؼخ ثؼذ خهطٓب يغ ثًٍُب ايزذد الاسزجبث انضَك ػُذ انًُطمخ انفٕق انجُفسجٍخ ,

 .اشٕغُذا ثبرجبِ انًُطمخ انًشئٍخ

 انزسٌخ انمٕح يجٓش ثبسزخذاو جزٔساشٕاغبَذا نًسزخهض انسطحٍخ انخظبئض دساسخ رى

(AFM )َبَٕيزش. 42.24 ٔرسبٔي نهؼٍُخ ثًؼذل حجى انحجٍجخ 

 انًبدح يغ رًبيًب رزطبثك أشٕاغبَذا جزٔس ٔكًٍخ انكًٍٍبئً انزشكٍت أٌ EDX أٔػحذ َزٍجخ         

 ٔانُحبط انكبنسٍٕو يٍ رزكٌٕ الأشٕاغبَذا جزٔس أٌ EDX ؽٍف ٌثجذ حٍث , انًسزخذيخ الأسبسٍخ

  .ٔالأكسجٍٍ ٔانكشثٌٕ

لأكسٍذ  صْشح يكَّٕ يٍ ػذح لؼجبٌ شكم ػهى انًحؼشح انؼٍُبد أٌ FESEM َزبئج اثجزذ       

 جسًٍبد كشٌٔخ .فً حٍٍ اٌ انفؼخ ػهى شكم  , انضَك

اػزًبدا ػهى صساػزٓب ػهى أسبؽ اخزٍبسٌخ , ٔخظبئظٓب انضسػٍخ ,  ػضنذ ٔشخظذ انجكزشٌب       

 انًذيج. Vitek 2 َظبو اخزجبس ثٕاسطخ أخٍشًا ٔاكذد ٔيظٓشْب انخبسجً فً طجغخ غشاو ,
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 انجشاو ثكزشٌب سبنجخ ًَٕ ػهى انجسًٍبد انُبٌَٕخ انًحؼشح ثطشٌمخ انزخهٍك الاخؼش رطجٍك رى       

 الإششٌكٍخ ًَٕ ػهى َبَٕيزش 410دإٌد رٔ انطٕل انًٕجً  نٍضس إشؼبع رأثٍش ٔأٌؼب. انجشاو ٔإٌجبثٍخ

انجشاو . ثؼذ انزشؼٍغ , حسجذ اػذاد ٔحذاد  إٌجبثٍخ انزْجٍخ انؼُمٕدٌخ ٔانًكٕساد انجشاو سبنجخ انمٕنٍَٕخ

 (.ELISA) الانٍضا ركٌٍٕ انًسزؼًشح فً انًههٍزش ثبسزخذاو

 انمٕنٍَٕخ فً انًههزش نلإششٌكٍخ ػذد ٔحذاد ركٌٍٕ انًسزؼًشح أٌ ثبنهٍضس انزشؼٍغ رجبسة أظٓشد        

 أٔلبد صٌبدح يغ يهحٕظ ثشكم انجشاو اَخفغ إٌجبثٍخ انزْجٍخ انؼُمٕدٌخ ٔانًكٕساد انجشاو سهجٍخ

 , 15دلٍمخ  انمٕنٍَٕخ ػُذ الإششٌكٍخ لزم نهجكزشٌب٪  100 جشثٕيً ٔفٍبد يؼذل إنى ٔٔطم , انزؼشع

 فً إحظبئٍخ دلانخ راد فشٔق رٕجذ لا نهًكٕساد انؼُمٕدٌخ انزْجٍخ (دلٍمخ 15) انزؼشع ٔلذ ثًٍُب كبٌ

 P) كجٍشًا اَخفبػًب يم/  CFU سجم ػذد كبٌ دلبئك 3 انزؼشع ٔلذ فً فمؾ , ركٌٍٕ انًسزؼًشاد ػذد

 ػهى اكثش حسبسٍخ رأثٍش نّ الأصسق انهٍضس إشؼبع أٌ ٌجذٔ , نزنك ٔفمبً .انزحكى ثًجًٕػخ يمبسَخ( 0.01>

 انجشاو ) انًكٕساد انؼُمٕدٌّ(. يٕججخ انجكزٍشٌب يٍ( انمٕنٍَٕخ الإششٌكٍخ) انجشاو سبنجخ

 انًحؼشح ثطشٌمخ أكسٍذ انضَك ٔجسًٍبد انفؼخ انُبٌَٕخ فإٌ , سبثمبً ركشِ رى يب كم يٍ

 ٔإٌجبثٍخ انجشاو سبنجخ ًَٕ ػهى َبَٕيزش 410 دإٌد رٔ انطٕل انًٕجًنٍضس  ٔرشؼٍغ الاخؼش انزخهٍك

 .نهجكزٍشٌب انًؼبد نهُشبؽ فؼبنخ ؽشٌمخ ًْ انجشاو
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