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ABSTRACT 

Oxide semiconductors have attracted increasing interest due to their potential in solving 

environmental problems. The development of antibiotic resistance of bacteria is one of the most 

pressing problems in world health care. One of the promising ways to overcome microbial 

resistance to antibiotics is the use of metal oxide nanoparticles and their dopants. This work aims 

to investigate the synthesis of ZnO NPs and Fe doped ZnO NCs (1%,3%, and 5%) using aqueous 

Zingibeer Officianale root extract via biosynthesis and evaluation of its antibacterial activities. 

The synthesized nanoparticles and nanocomposites were characterized using X-ray diffraction 

(XRD), UV-Vis spectrophotometer, Fourier transform infrared spectroscopy (FTIR), and 

Scanning Electron Microscopy (SEM). The optical band gaps were calculated to be Eg = 3.12 eV 

and Eg = 3.0 eV for ZnO NPs and  1% Fe doped  ZnO NCs respectively. Functional groups 

present in the extract, NPs, and NCs were confirmed by FTIR spectroscopy.  The average 

particle size calculated from the XRD pattern for ZnO NPs and Fe doped ZnO nanocomposite 

were 23 and 19.6 nm respectively.  SEM analysis showed that ZnO nanoparticles were a granular 

size and has irregular spherical morphology while with Fe doped ZnO nanocomposite there is 

dispersion with less agglomeration as well as regular distribution of ZnO NPs. The synthesized 

NPs and NCs were tested for their antibacterial properties on two Gram-negative bacteria: 

Escherichia coli (E.coli) and Salmonella typhi (S.typhi) and two Gram-positive bacteria: Bacillus 

cerius (B.cerius) and Staphylococcus aureus (S.aurus). The results showed that ZnO NPs have an 

antibacterial inhibition zone of 10 mm and 14 mm against E. coli and S. aureus, and 15 mm and 

9 mm against B. cereus and S. typhi respectively at a concentration of 50 mg/mL.   Those 

synthesized NPs and NCs were more effective on Gram-negative bacteria than gram-positive. 

Thus, the bactericidal activity of Fe doped ZnO NCs was more prominent with S. aureus and B. 

cerius than S.typhi and E. coli bacteria and when compared to ZnO NPs.  

 

Keywords:  Fe doped ZnO Nanocomposites, Zingiber Officinale, Gram-Negative Bacteria, 

Antibacterial Activities, Green synthesis. 
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1. INTRODUCTION 

1.1. Background of the study 

Many Physico-chemical methods have been used so far to synthesize nanoparticles that are 

tedious and possess hazardous solvents or reagents as the expensive substrate with potentially 

adverse effects, as well as requiring specific instrumentation [1,2]. Synthesis of nanoparticles via 

eco-friendly, i.e. green synthesis, provides simplicity, low cost, ambient atmosphere synthesis, 

non-toxicity, and environmental compatibility [3, 4]. Due to these novel properties, green 

synthesis has attracted various researchers in the scientific community from around the world. 

Green synthesis of metal nanoparticles is an exciting subject of nanoscience as it provides the 

most stable nanoparticles with varying shapes [5]. Plant extracts have been found an up-and-

coming candidate for facile synthesis of nanoparticles. Zinc Oxide (ZnO) is an essential 

inorganic semiconductor material due to its high photostability, nontoxicity, thermal stability, 

oxidation resistivity, and high electron mobility [6,7]. The biological applications of ZnO 

nanoparticles make them ideal candidates for biological sensing, gene delivery, drug delivery, 

wound dressing material, antifungal, and antibacterial activities [8-10]. Besides, ZnO 

nanoparticles are inexpensive and exhibit morphological versatility such as nanorods, 

nanoflowers, nanospheres, nanotubes, etc., and were more influential on rheological parameters 

[11-14]. Photocatalytic processes driven by ZnO nanostructure semiconductors have great 

potential for decontamination of organic compounds in water due to ease, complete 

mineralization of pollutants, and being environmentally friendly [15]. Semiconductor 

photocatalysts have recently demonstrated high photocatalytic activity for decontamination and 

Iron oxide nanoparticles combined with semiconductor, which promotes the separation of 

charges, produces more photo-generated charges [16, 17]. Heterogeneous hybrid systems also 

have developed as compelling. In this work, the structural and anti-microbial activity of ZnO and 

Fe doped-ZnO NCs prepared via a green synthesis approach have been taken into consideration.  

 

Among the transition metals, iron (Fe) is preferred for doping of ZnO due to easily overlapping 

of its d-electrons with the ZnO valance band. It has also been reported that Fe-doped ZnO 

nanoparticles can enhance antibacterial and magnetic properties. Numerous methods have been 

applied for the transition metal-doped ZnO nanoparticles [18-19]. ZnO NPs are one of the n-type 
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semiconductors and the most extensively used materials in a variety of applications [20]. 

However, ZnO NPs are considered extremely toxic to the environment, and their wide band gap 

(Eg =3.37 eV) has created limited practical applications as photocatalyst and antimicrobial 

agents [21]. The enhancement of its photocatalytic activity in the visible region and the reduction 

of ZnO toxicity can be achieved by NP doping strategies[22].  Some transition metal ions, e.g., 

Co
2+

, Mn
2+

, Ti
4+

, La
3+

, and Fe
3+

, have been doped into ZnO. The transition metal-doped ZnO 

NPs show better traits such as narrow or split band gap, enhanced interfacial charge transfer rate, 

and antibacterial activity [23]. In particular, Fe-ZnO has been frequently explored for biomedical 

applications such as dye degradation reagents, toxic dye absorbers, wound treatment, cancer 

treatment, drug delivery, etc. due to its high antimicrobial activities [24]. ZnO nanoparticles have 

many significant features of chemical and physical stability, high catalysis activity, and effective 

antibacterial activity [25-29].  

 

Various techniques have been employed to synthesize ZnO nanoparticles, including sol-gel 

method, vapor deposition, precipitation, thermal decomposition, hydrothermal synthesis, and 

spray pyrolysis [30-31]. Among the various known synthesis methods, plant-mediated 

nanoparticle synthesis is preferred since it is cost-effective, environmentally friendly, and safe 

for human therapeutic use and a single-step method for the biosynthesis process [32]. Biological 

methods of nanoparticle synthesis using microorganisms, enzymes, and plant extracts have been 

suggested as possible eco-friendly alternatives to chemical and physical methods [33]. 

Biosynthesized nanoparticles are now known for their use in biosensors, water purification 

processes, catalyst, antibacterial, antiviral, and anti-insect-like applications [34]. The main active 

plant-based multifunctional agents are polyphenols and flavonoids that have strong roles in the 

synthesis and stabilization of metal NPs [35]. In recent years, inorganic antimicrobial agents are 

being increasingly used for the control of microorganisms in various areas [36]. The considerable 

antimicrobial activity of inorganic metal oxide NPs, such as ZnO, MgO, TiO2, and SiO2, and 

their selective toxicity in biological systems suggest that the potential application in therapeutics, 

diagnostics, surgical devices, and nanomedicine. Green synthesis of zinc oxide (ZnO) 

nanoparticles using different plant extracts of Azadirachta indica, Hibiscus rosa-sinensis, 

Murraya koenigii, Moringa oleifera, and Tamarindus indica for biological applications has been 

reported [37]. Ginger (Zingiber officinale Roscoe, Zingiberaceae) is among the most frequently 
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and heavily consumed dietary condiments throughout the world. Ginger is frequently prescribed 

by Indian and Chinese medicine for the treatment of cough, common cold, rheumatism, snake 

bite, and respiratory problems. It is also used in the treatment of colorectal cancer, treating skin 

diseases, cough, heart palpitation, swelling, dyspepsia, and loss of appetite [38]. Chemically, 

ginger is rich in flavonoids and polyphenolic compounds such as gingerols, shagols, zingerone, 

paradol, terphineol, terpenes, borneol, geraniol, limonene, linalool, alpha zingiberene, etc. 

Recent studies that revealed that ginger can be used for the synthesis of nanoparticles have 

reported that an aqueous extract of ginger was used for the synthesis of gold and silver 

nanoparticles [39-40]. The main objective of the present investigation focused on the synthesis of 

ZnO NPs and Iron doped ZnO NCs from zingiber officinale root extract and the evaluation of its 

antibacterial activity. 

1.2. The statement of the problem 

The conventional methods of nanoparticle synthesis, via physical and chemical methods, have 

been remaining expensive, use toxic, hazardous, and non-eco-friendly chemicals, use high 

pressure, temperature, and energy, and required complicated operative conditions. Therefore the 

great need for a cost-effective and eco-friendly method attracted the attention of researchers to 

develop biological methods using plant extracts.  Resistance of microbial to antibiotics has 

increased in recent years. Some antibacterial agents are extremely irritant and toxic and there is 

much interest in finding a way to formulate a new type of safe and cost-effective biocidial 

materials. Metallic/oxide nanoparticles and nanocomposites are thoroughly being explored and 

extensively investigated as potential antibacterial. Many plant extract-mediated synthesis of ZnO 

nanoparticles and their wide application as an antibacterial agent have been reported in the 

various literature [38]. However, the synthesis of ZnO nanoparticles and Fe doped ZnO 

nanocomposite using zingiber officinale rhizome extract has not been reported so far.  Therefore 

this study focused on zingiber officinale rhizome extract mediated synthesis of ZnO nanoparticle 

and Fe doped ZnO nanocomposite and evaluation of its antibacterial activity. 

Generally, this research was designed to answer the following questions: 

 Is the selected plant extract rich in secondary metabolites which responsible for ZnO NPs and 

Fe-ZnO NCs synthesis? 
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 Does the applications of the synthesized Fe-ZnO NCs consistent with the reported values in 

related works of literature? 

 Is the application useful for society in controlling biocidals? 

1.3. Objectives 

1.3.1. General objective 

 To synthesize ZnO nanoparticles and Fe doped ZnO nanocomposite using zingiber officinale 

rhizome and evaluation of its antibacterial activities. 

 

1.3.2. Specific objectives 

 To prepare ginger (zingiber officinale) rhizome extract supported ZnO nanoparticles and their Fe 

doped ZnO nanocomposites. 

 To characterize the synthesized ZnO NPs and Fe doped ZnO nanocomposites using techniques: 
UV-Vis spectroscopy, FT-IR, SEM, and XRD.  

 To evaluate the antibacterial activity of the synthesized ZnO NPs and Fe doped NCs.  

1.4. Significance of the study 

In recent years, there is an increasing demand for Synthesizing of ZnO NPs and Fe doped ZnO NCs due 

to their wide application. Thus, the most effective, cheap, and simplest technique of nanoparticle 

synthesis becomes a much more interesting area of research. Therefore, the development of biological 

methods of synthesis using plant extract is an essential method.   

In general, the findings of this study have the following significance.     

 Providing further awareness for researchers about antibacterial applications of green synthesized ZnO 

NPs and Fe doped ZnO NCs. 

 This study provided baseline information for other researchers who want to work in this area 

 Upgrading the knowledge about the Fe doped ZnO NCs regarding its antibacterial activity.  
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2. REVIEW LITERATURE 

2.1. Nanomaterial’s: 

Nanomaterials are cornerstones of nanoscience and nanotechnology. It has the potential for 

revolutionizing how materials and products are created and the range and nature of 

functionalities that can be accessed. It is already having a significant commercial impact, which 

will assuredly increase in the future [39]. Nanoscale materials are defined as a set of substances 

where at least one dimension is less than approximately 100 nm. A nanometer is one-millionth of 

a millimeter- approximately 100,000 times smaller than the diameter of a human hair. 

Nanomaterials are interesting because at this scale unique optical, magnetic, electrical, and other 

properties emerged [40]. These emergent properties have the potential for great impacts in 

electronics, medicine, and other fields. 

2.1.1. Classification of nanomaterials: 

Nanomaterials have an extremely small size having at least one dimension of 100 nm or less. 

They can be nanoscale in one dimension (eg. surface films), two dimensions (eg. strands or 

fibers), or three dimensions (eg. particles). They can exist in single, fused, aggregated, or 

agglomerated forms with spherical, tubular, and irregular shapes. Common types of 

nanomaterials include nanotubes, dendrimers, quantum dots, and fullerenes [41]. Nanomaterials 

have applications in the field of nanotechnology and display different physical-chemical 

characteristics from normal chemicals (i.e., silver nano, carbon nanotube, fullerene, 

photocatalyst, carbon nano, and silica). According to Siegel, Nanostructured materials are 

classified as Zero dimensional, one dimensional, two dimensional, or three-dimensional 

nanostructures [42]. 

2.1.2. Nanomaterial synthesis and processing 

We are dealing with very fine structures: a nanometer is a billionth of a meter. This indeed 

allows us to think in both the 'bottom up' or the 'top down' approaches to synthesize 

nanomaterials, i.e. either to assemble atoms or to dis-assemble (break, or dissociate) bulk solids 

into finer pieces until they are constituted of only a few atoms. This domain is a pure example of 

interdisciplinary work encompassing physics, chemistry, and engineering up to medicine [43]. 
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2.1.2.1. Wet Chemical Synthesis of Nanomaterials 

In this principle we can classify the wet chemical synthesis of nanomaterials into two broad 

groups:  

1. The top-down method: where single crystals are etched in an aqueous solution for producing 

nanomaterials, For example, the synthesis of porous silicon by electrochemical etching.  

2. The bottom-up method: consists of sol-gel method, precipitation, etc. where materials 

containing the desired precursors are mixed in a controlled fashion to form a colloidal solution. 

2.1.2.1.1. Sol-gel process 

The sol-gel process involves the evolution of inorganic networks through the formation of a 

colloidal suspension (sol) and gelation of the sol to form a network in a continuous liquid phase 

(gel). The precursors for synthesizing these colloids consist usually of a metal or metalloid 

element surrounded by various reactive ligands. The starting material is processed to form a 

dispersible oxide and forms a sol in contact with water or dilute acid. Removal of the liquid from 

the sol yields the gel, and the sol/gel transition controls the particle size and shape. Calcination of 

the gel produces the oxide [44]. Sol-gel processing refers to the hydrolysis and condensation of 

alkoxide-based precursors such as Si (OEt)4 (tetraethyl orthosilicate, or TEOS). Sol-gel method 

of synthesizing nanomaterial is very popular amongst chemists and is widely employed to 

prepare oxide materials. The sol-gel process can be characterized by a series of distinct steps 

[45]. 

2.1.2.2. Gas Phase synthesis of nanomaterials: 

The gas-phase synthesis methods are of increasing interest because they allow an elegant way to 

control process parameters to be able to produce size, shape, and chemical composition 

controlled nanostructures. Before we discuss a few selected pathways for the gas-phase 

formation of nanomaterials, some general aspects of gas-phase synthesis need to be discussed. In 

conventional chemical vapor deposition (CVD) synthesis, gaseous products either are allowed to 

react homogeneously or heterogeneously depending on a particular application [46]. 
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2.2 Doping 

Doping of transition metals, noble metals, or lanthanide ions is the method employed for 

retarding the fast charge recombination and enabling visible light absorption by creating defect 

states in the band gap.  

2.2.1 Metal doped ZnO NPs 

Metal doping of ZnO can improve the antimicrobial activity of catalysts by increasing the 

trapping site of the induced charge carriers and thus decreasing the recombination rate of induced 

electron-hole pairs [47]. To decrease the band gap energy of photo-catalysts, metal dopants such 

as Ce, Nd, Cu, and Al have been used in applications in dye degradation and gas sensors [48].  

They have shown that higher loads of organic compounds could be adsorbed on Al-doped ZnO 

compared to ZnO NPs based on the high light harvesting efficiency [49]. It is also reported that 

the incorporation of metal ions such as Fe
3+

, can contribute to more oxygen defects on ZnO 

along with an increase in the charge density of ZnO, which subsequently can induce higher 

performance of the nanostructure. 

2.2.2. Non-metal doped ZnO NPs 

In the nonmetal doping case, the incorporation of dopant leads to the creation of local states 

inside the band gap and the absorption on a set of semiconductors can be extended from the UV 

to the visible-light region through band gap narrowing [50]. ZnO doping with nonmetals, such as 

carbon (C), nitrogen (N), and sulfur (S) can lead to the formation of intermediate energy levels 

and extend the valence band, which causes visible light photocatalytic activity. Shelja [51] 

synthesized N-ZnO/C-dots nanoflowers for Mg Methyl blue degradation under visible light 

irradiation. The photocatalytic efficiency of N-ZnO/C is (85%) which is higher than ZnO (65%). 

Hanggara [52] reported the synthesis of visible light active N doped ZnO through a combustion 

reaction. The N doped ZnO show 89.3% of MB degradation with an initial concentration of 10 

mg/L within1.5 hrs under visible light. Weilai [53] also studied C, N, and S doped ZnO and 

investigated the electronic structures, optical properties, and effective masses of charge carriers 

by first-principle density functional theory calculation. The calculation of the effective masses 

shows that ZnO typically possesses light electrons and heavy holes, confirming its intrinsic 

character as an n-type semiconductor, while N, C and S doping can generally render electrons 
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lighter and holes heavier, resulting in a slower recombination rate of photogenerated electron-

hole pairs. 

2.3. Botanical Description of zingiber officinale plant 

2.3.1. Plant description 

Ginger is a 2-4 foot tall perennial with grass-like leaves up to a foot in length. It is the 

underground root or rhizome that is used for culinary and medicinal purposes. Ginger root is the 

rhizome of the zingiber officinale plant and it is a slender herbaceous perennial herb. Ginger is 

cultivated in the tropics and it requires a warm and humid climate flourishing in well-drained 

friable soil, though it can also be grown in a light soil rich in humus. Ginger is the underground 

rhizome of the ginger plant with a firm striated texture. The flesh of the ginger rhizome can be 

yellow, white, or red depending upon the variety [61]. It is covered with brownish skin that may 

either be thick or thin and it is consumed as a delicacy, medicine, or spice. The characteristics of 

odor and flavor of ginger are caused by a mixture of zingerone, shogaol, and gingerol. Ginger 

produces clusters of white and pink flower buds that bloom into a yellow flower and due to its 

aesthetic appeal and the adaption of the plant to warm climates, ginger is often used as 

landscaping around subtropical homes [62-63]. 

2.3.2 .Vernacular names  

Table 1: Name of zingiber officinale that are given by some different countries and languages 

[64-65]. 

No Countries( Language)  Name of zingiber officinale 

1 Arabic Zanjabal 

2 China Gan-Jiang(dried) ,sheng jiang (fresh) 

3 Dutch Gember 

4 English Ginger 

5 French Gingembre 

6 German Ingwer 

7 Spanish Jengibre 

8 Sanskrit Adraka (fresh) 

9 Shunthi Shringaveran 
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10 Japan Shouga 

11 Amharic Zinjibl 

12 Afan Oromo Zinjibal 

13 Urdu and Hindi Adrak (fresh) , Sonth (dry) 

 

2.3.3. Scientific classification of Ginger: 

Division: Magnoliophyta; Class:   Liliopsida ; Order:  Zingiberales ; Family: Zingiberaceae        

 Genus:   Zingiber; Species:  Zingiber Officinale  

2.3.4. Medicinal values and Phytochemistry of ginger 

Medicinal plants with recognized therapeutic features and no side effects have attracted much 

attention. Zingiber officinale Roscoe (ginger) is among these plants. It belongs to the family 

Zingiberaceae and has been traditionally consumed as a spice with strong therapeutic activity 

[66]. Ginger has been widely used in ethnomedicine for the cure of several ailments. In modern 

Phytotherapy, ginger preparations are predominantly used to counteract nausea and vomiting in 

pregnant women but they have anti-inflammatory, analgesic, and metabolic actions in clinical 

applications in knee osteoarthritis, dysmenorrhea, type-2 diabetes, hyperlipidemia, overweight, 

and obesity [67]. There are more than 400 different compounds in ginger which include 

carbohydrates, lipids, terpenes, zingiberene, 

β-bisabolene, α-farnesene, β-sesquiphellandrene, α-curcumin, gingerols, paradols, and shogaols . 

Given that, ginger is plentiful in antioxidants, and the biomolecules in the ginger extract are 

assumed to play a critical role in the reduction of metal ions to metallic NPs]. The anti-

inflammatory properties of ginger have been known and valued for centuries. This contains 

many phytochemicals such as alkaloids, saponins, tannins, and flavonoids. (It includes 

Pantothenic acid, Vit B6, Folate, Vit C, Calcium, Iron, Magnesium, and Manganese). To the best 

of our knowledge, a biological approach using powder extract of dry ginger rhizome has been 

used for the first time as a reducing material as well as a surface stabilizing agent for the 

synthesis of spherical ZnO [68-70]. Many Metal and non-metal Nanoparticles and 

nanocomposite Research are conducted plant-mediated. Some of the recent reports on the plant-

mediated synthesis of ZnO NPs and Fe-ZnO NPs summarized as follows: 
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Table 2: The Recent study conducted by a different types of plants to synthesize ZnO 

Nanoparticles and Fe-ZnO Nanocomposite 

No Plants Part Used Nanopart

icle 

Size(nm) studies Reference 

1 Alotropis gigintean Leaves ZnO 30-35 Characterization [71] 

2 Aloe Vera Leaves ZnO 40 Antimicrobial [72] 

3 Ixora coccinea Leaves ZnO 32-51 catalytic [73] 

4 Acalypta indica Leaves ZnO 45 Characterization [74] 

5 Seaweeds whole ZnO 36 Characterization [75] 

6 Cassia auriculata flower ZnO 80-90 Characterization [76] 

7 Salvadora persica Leaf  ZnO 30-50 Catalytic [77] 

8 Allium sativum Bulbs ZnO 47.57 synthesis [78] 

9 Parthenium hysterophorus Leaf ZnO 16-45 Antimicrobial [79] 

10 Vitis vinifera Leaf ZnO-Ag  Antimicrobial [80] 

12 V.trifolia Leaf ZnO  Antimicrobial [82] 

13 Emblica Officinalis fruit ZnO  Antimicrobial [83] 

14 Carica papaya Leaf and stem 

bark 

ZnO  Antimicrobial [84] 

16 Zingiber officinale Root ZnO   Antimicrobial [86] 

 

Phenolic compounds of Ginger[88] 

Gingerol                                  Gallic acid                                Shagoal 

 

 Paradol           Caffeic acid  
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Catechin                                         chlorogenic acid                                           Protochatecuitic

                                   

                           

 

Flavonoids compounds of ginger 

Luteolin                                         Rutin                                                    Rosmarinic acid  

                                            

 

2.4. Green Synthesis of ZnO nanoparticles 

Among the metal oxide nanoparticles, zinc oxide is interesting because it has vast applications in 

various areas such as optical, piezoelectric, magnetic, and gas sensing. Besides these properties, 

ZnO nanostructure exhibits high catalytic efficiency, and strong adsorption and is used 

frequently in the manufacture of sunscreens [54], ceramics, and rubber processing, wastewater 

treatment, and as a fungicide.  ZnO has large excitation binding energy (60 m eV) which allows 

UV lasing action to occur even at room temperature and ZnO with Oxygen vacancies exhibits an 

efficient green emission. Several physical and chemical procedures have been used for the 

synthesis of large quantities of metal nanoparticles in a relatively short period. But chemical 

methods lead to the presence of some toxic chemicals adsorbed on the surface that may have 
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adverse effects in medical applications. Currently, plant-mediated Biological synthesis of 

nanoparticles is gaining importance due to its simplicity, eco-friendliness, and extensive 

antimicrobial activity [56]. Biosynthesis of zinc oxide nanoparticles by plant zingiber officinale 

has been reported.  

 

The plant ginger belongs to the family of Zingeiberaceae and is a common condiment for 

various foods and beverages. It has an ailing history of medicinal use in India for conditions such 

as headaches, nausea, rheumatism, and colds. The structure, phase, and morphology of the 

synthesized product were investigated by the standard characterization techniques [57]. 

Synthesis of zinc oxide nanoparticles can be performed using many routinely used chemical and 

physical methods [59]. However, the green synthesis of zinc oxide nanoparticles is an interesting 

issue in nanoscience and nanobiotechnology. Nanoparticles produced by plants are more stable, 

and the rate of synthesis is faster. Moreover, the nanoparticles are more varied in shape and size 

in comparison with those produced by other methods [60]. 

2.5. Antibacterial activity of Fe doped ZnO nanoparticles 

Zinc Oxide (ZnO) is an essential inorganic semiconductor material due to its high photostability, 

nontoxicity, thermal stability, oxidation resistivity, and high electron mobility. ZnO 

nanoparticles, in particular, are environment-friendly, offer easy fabrication, and are non-toxic, 

bio-safe, and biocompatible [88]. The biological applications of ZnO nanoparticles make them 

ideal candidates for biological sensing, gene delivery, drug delivery, wound dressing material, 

antifungal, and antibacterial activities [89].  The organic components played an important role in 

the morphology and texture of the final products [90].  The conventional methods used toxic 

chemicals and non-polar solvents as synthetic additives or capping agents [91]. Simple and 

biocompatible processes are needed for the inexpensive synthesis of non-toxic NPs. In the 

biological methods, bacteria, fungi, actinomycetes, yeasts, and plants have been used as reducing 

agents for the synthesis of various NPs [92]. Akhtar et al. have reported that the biogenic 

synthesis of NPs from plant extract seems to be an effective method in raising facile, innocuous, 

and biocompatible NPs [93].  The inhibition zones were measured by taking the nanostructure 

solution. Ampicillin showed the appearance of inhibition zones of different sizes in different 

bacteria and Fluconazole showed an inhibition zone against C. Albicans [94-95]. The presence of 
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a zone of inhibition demonstrates the mechanism of the activities of ZnO nanoparticles, which 

includes interruption of the membrane with a high rate of multiplication of surface oxygen 

species and at last go to the death of pathogens [96-97]. Interestingly, the size of the inhibition 

zone was different according to the type of pathogens, synthesis method, and the concentrations 

of nanoparticles [98-99]. 

Mechanism of Antibacterial activity 

The concentration of ZnO NPs when extended the zone inhibition diameter range (mm) can also 

be extended to increased H2O2 concentration on ZnO NPs surface. The mechanisms of 

antimicrobial activities of ZnO NPs, (Fig.) most of the defects can be activated by both UV and 

visible light; as a result, electron-hole pairs (e
-
 h

+
) can be created. The holes split H2O molecules 

from ZnO into OH
-
 and H

+
. Dissolve oxygen molecules are transformed into superoxide radical 

anions (O2), which in turn react with H
+
 to generate (H2O2) radicals, which upon successive 

collision with electrons create hydrogen peroxide anions (H2O2). Then they react with hydrogen 

ions to generate molecules H2O2. The generated H2O2 molecules can penetrate the cell 

membrane and kill the bacteria [112]. 

 

 Figure 1: Antibacterial activity of ZnO NPs and Fe oxide NPs 
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3. MATERIALS AND METHODS 

3.1. Chemicals, Materials, and Reagents 

All the chemicals and reagents used in this study were of analytical grade: Zinc nitrate 

hexahydrate (Zn(NO3)2.6H2O) (Himedia), Ferric Chloride (FeCl3) (Himedia), and, 2M of sodium 

hydroxide NaOH, Ethanol,( CH3CH2OH), Distilled water and dilute Hydrochloric acid (HCl). 

Zingiber officianale Plant root extract 

3.2. Instruments and apparatuses 

3.2.1. Apparatuses 

Centrifuge, Oven, Mortar and pestle, Digital Balance, Hot plate, Magnetic stirrer, Watch, Filter 

paper, funnel, Beakers, Test tubes, Droppers, Graduated cylinders, Glass rod, Erlenmeyer flask, 

cuvettes, PH meter, spatula, 

3.2.2. Instruments 

Double beam Uv-vis spectrophotometer (C/plus, FT-IR Spectroscopy (Agilent Cary 630, 

Germany spectroscopy), X-ray diffraction (XRD)(SHIMDZU,7000, Japan), Scanning electron 

microscopy (SEM)(Bench Top SEM, JEOL Model: JCM-6000 PLUS, Japan). 

3.3. Sample collection and preparation 

3.3.1. Sample Collection and Preparation 

Fresh Ginger was collected by purchasing from Jimma market, locally known as ―Bishishe 

market‖. The Ginger was washed well and soaked in water to remove contaminants present in 

the skin. The cleaned Ginger was dried at room temperature to remove moisture content and the 

outer skin of zingiber officinale was peeled and the peeled ginger was cut into pieces and dried at 

room temperature. Then, the dried roots were crushed using mortar and pestle. To get crude root 

extract; the 5 g of powder was dissolved in 100 mL of distilled water under continuous magnetic 

stirring at 60 
o
C for 30 min. After time was completed the mixture was kept for a few minutes to 

cool down. Meanwhile, it was filtered by using Whatman no1 filter paper and stored at 4 
o
C in 

the refrigerator for further use [57]. 
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3.4. Preliminary Phytochemical Screening of the Plant Extract 

Test for flavonoids 

i) 0.5 g of zingiber officinale root extract was mixed with 5 mL of distilled water and 1 

mL of NaOH was added to the solution. The color change was observed, after that 

few drop of dilute HCl was added. 

ii) 0.2 g of z. officinale root extract and 5 mL distilled water were mixed and 1 mL of 

1% AlCl3 was added and color change was observed. 

Test for phenols 

i) 50 mg of root extract and 5 mL of distilled water were mixed and a few drops of 

neutral 5% FeCl3 solution was added and the color change was observed. 

Test for Alkaloids 

i) 2 mL of H2SO4 and a few drops of 40% formaldehyde mixture were added to 1 mL of 

plant root extract and were shaken. The color formed was observed [70]. 

Optimization of Some Parameters 

 Optimization of pH value 

Table 3: Optimization of pH value at the same concentration of Zn (NO3)2.6H2O and Volume of 

root extract 

The concentration of Zinc 

nitrate hexahydrate 

(in M) 

The volume of Root 

Extract of z.officinale 

(mL) 

pH value Uv-reading 

λmax (nm) Absorbance 

0.1 20 6   

0.1 20 8   

0.1 20 9   

0.1 20 11   

Various parameters for nanoparticle synthesis were optimized by varying one parameter 

and keep the other constant at a time to obtain the optimum values. Accordingly, the parameters 

such as concentration of precursor (Zn (NO3)2.6H2O), the volume of plant extract, and pH were 

optimized in that by using the same concentration of precursor 0.1 M,0.1 M, and 0.1 M and the 

same volume of plant extract were mixed at different pH value (6,8,9 and 11) of the solution. 
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The absorbance of each different pH value was recorded at a wavelength range of 250 nm – 600 

nm from UV-Vis spectroscopy.  

 Optimization of Precursor: Zinc nitrate hexahydrate 

Constant volumes of plant extract (20 mL) were added to different amounts of concentration of 

precursor (0.5 M, 0.1 M, and 0.15 M) at optimized pH values.  After this, the Wavelength and 

absorbance of each concentration were recorded. 

Table 4: Optimization of Zinc nitrate hexahydrate concentration at constant volume of root 

extract as well as the same PH value 

Concentration of Zn(N03)2.6H2O in 

M 

The volume of plant extract(in 

mL) 

pH Value     Uv-Reading 

λmax (nm) Absorbance 

0.05 20 11   

0.1 20 11   

0.15 20 11   

 

The last optimization was an optimization of the volume of plant extract. In doing so, different 

volumes (10 mL, 20 mL, and 30 mL) of plant extract were mixed with a 0.1 M constant 

concentration of precursor at the same pH value and the UV-Vis result was recorded. During the 

experiment, the sharpest peak with the highest absorbance was preferred. 

3.5. Synthesis of ZnO nanoparticles 

50 mL of 0.1 M Zn (NO3)2.6H2O was prepared in a 250 mL volumetric flask and it was shaken 

until dissolved well and transferred to a beaker. After that, 20 mL of zingiber officinale root 

extract was added into the solution drop by drop under stirring. The pH of the solution was 

adjusted to pH 11 by adding 1 M NaOH until a white precipitate was formed. It was heated for 2 

hrs at 70 
o
C and washed three times every 10 minutes using water and ethanol to remove 

impurities while using a centrifuge at 100 rpm.  The product was collected and dried in Oven at 

70 
o
C for 2 h. It was powdered by mortar and pestle and then stored in desiccators for further 

characterization. 
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3.6. Synthesis of Fe doped ZnO nanoparticles using zingibber officinale root extract 

Fe doped ZnO nanoparticles were synthesized by weighing 7.4375 g of Zn(NO3)2.6H2O and 

dissolved in 250 mL distilled water in a 250 mL volumetric flask.   50 mL of Zn(NO3)2.6H2O 

solution was added to each of four beakers (I, II, III) from this volumetric flask. Then, 20 mL of 

root extract was added dropwise with continuous stirring into each of the beakers.  Different 

percent of ferric chloride (1%, 3%, and 5%) were prepared and added to three of the beakers. 

The pH of the solutions was adjusted to pH =11 by Using 1 M NaOH and 0.1 M HCl. The 

solutions were stirred by a magnetic stirrer at a temperature of 70 
o
C for 2 h. The solutions were 

cool down for a few minutes. After that, they were filtered and centrifuged at 100 rpm and 

washed with either distilled water or Ethanol three times. The samples were dried in Oven for 2 

hrs at a temperature of 70 
o
C. The dried samples were powdered by using a Mortar and pestle. 

The powdered samples were stored in a desiccator for further characterization and antimicrobial 

activity [57]. For the synthesis of Fe doped nanoparticles, three samples were prepared using the 

stoichiometric amounts of zinc nitrate hexahydrate and Ferric chloride. 

Synthesis of 1% Fe-ZnO NCs 

In this case, 1.4875 g of Zn (NO3)2.6H2O was dissolved in 50 mL of distilled water in a 100 mL 

volumetric flask and 1 g of FeCl3 was dissolved in 100 mL of distilled water in a 25 mL 

volumetric flask. 50 mL Zn (NO3)2.6H2O (0.1 M), 10 mL FeCl3 (0.01 M) and 20 mL of Ginger 

root extract were mixed into 250 mL beaker. Then the mixture was stirred continuously using a 

magnetic stirrer and the solution was kept at pH 11.0 by dropwise addition of 1 M sodium 

hydroxide (NaOH) with constant vigorous stirring with a magnetic stirrer for 2 h at room 

temperature.  Then the resultant precipitant was centrifuged and washed repeatedly with distilled 

water followed by ethanol at 100 rpm for 10 min to eliminate the residual impurities. The 

precipitate was collected and kept at 60 
o
C in a hot air oven for 12 h. Then, the product of Fe 

doped ZnO NCs was powdered by pestle and mortar and stored at a desiccator for further 

characterization and antibacterial activity. The same procedure was undergone for each 3 and 5% 

Fe doping synthesis [98-99]. 
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3.7. Characterizations of the Synthesized ZnO NPs and Fe- ZnO NCs 

ZnO NPs and Fe-ZnO NCs were characterized by using Uv-vis spectrophotometry, FTIR 

spectrometry, X-ray Diffraction, and Scanning electron Microscopy. 

3.7.1. UV-vis Spectra analysis 

The absorption spectra of ZnO NPs and Fe-ZnO were obtained by using a Double beam UV-vis 

spectrophotometer (Model SPECORD 200/plus. ANALYTIK, JENA in 250-600nm range and 

distilled water was used as blank. The recorder data were plotted using Origin 8.0 and Origin 6.0 

software. 

3.7.2. Powder X-ray diffraction Studies 

The XRD analysis was done at Jimma University, Technology Institute College of Engineering, 

at the Chemical Engineering department Laboratory. To identify the crystal phase and crystallite 

sizes of the synthesized nanocrystals.  X-ray diffraction (XRD) studies were carried out using 

Shimadzu, XRD-6000 diffractometer at room temperature. The crystallinity and size of the NPs 

were acquired by using a powder x-ray diffractometer with Cukα radiation of a wavelength of λ 

= 1.5406 A
o
 in the 2θ range of 20

o
 – 70

o
. Debye Scherrer’s equation indicated in equation 1, was 

used to estimate the crystallite size. 

  
    

     
                           [100] 

Where D is the Crystallite size, is the X-ray source wavelength, β is the Full Width at Half 

Maximum (FWHM) of a peak, and θ is the Bragg diffraction angle. 

The diffractions were compared with Joint Committee for Powder Diffraction Standards (JCPDS) 

library to account for crystalline structure. 

3.7.3. FT-IR Spectral Analysis 

Fourier Transmission Infrared Spectroscopy was conducted with the help of Agilent Cary 630 

FTIR instrument which exists in the University of Jimma Chemistry department: at the Inorganic 

and Organic Research Laboratory. FT-IR spectroscopy was carried out to determine or identify 

the functional groups that might be involved in NPs formations in the range of 4000 – 400 cm
-1

 

using KBr pellets. The synthesized Nps and Fe doped ZnO NCs were mixed with KBr powder 
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and pressed into a pellet for measurement. The background was corrected based on the spectrum 

from the reference pure KBr powder which was pressed into a pellet. 

3.7.4. Evaluation of Antibacterial Activities of ZnO NPs and Fe doped ZnO NCs 

Antibacterial assay of ZnO NPs and Fe doped ZnO NCs and Ginger root extract was performed 

by standard disc diffusion method.  The Overnight Bacterial suspensions of Escherichia coli and 

Salmonella typhi (gram negative) and Staphylococcus aurus and Bacillus cerius (gram-positive) 

were used for the determination of antibacterial activities obtained from the Jimma University 

Biology department. To culture the bacteria Sterile Nutrient Agar was prepared as standard 

inoculum and added at 45 
o
C after solidification, 50 mg/mL of NP and root extract discs were 

kept on each plate and Gentamycin (50 mg/mL) was used as a reference drug. The two gram-

negative strains namely, Salmonella typhi and Escherichia coli, and two gram-positive strains 

namely Staphylococcus aureus and Bacillus cereus) were performed using Muller-Hinton agar 

(MHA) medium by disk diffusion test (Kirby–Bauer test). 50 mg/mL of DMSO (30%), plant 

extract (100 μl) and ZnO NPs (50 mg/mL) was employed for the determination of antimicrobial 

activity.  The inhibitory influence of the concentration of ZnO NPs is examined using a disc 

diffusion system by way of observing zone inhibition diameters (mm).   
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4. RESULT AND DISCUSSION 

4.1. Synthesis of ZnO NPs and Fe-ZnO NCs 

4.1.1. Mechanism for reduction and stabilization of NPs and Fe-ZnO NCs 

The reduction of metallic ions by zingiber officinale is believed to be due to the presence of 

natural biomolecules such as flavonoids, alkaloids, and phenolic compounds [65]. Phytochemical 

analysis of zingiber officinale root extracts showed the presence of phenolic compounds reported 

by [67]. It is believed that the phenolic hydroxyl group acts as a reducing agent and forms an 

intermediate complex with the Zn
2+

 ion and finally reduce it to Zn
o
, thereby themselves getting 

oxidized to corresponding carbonyl groups. Consequently, it becomes logical to reason that ZnO 

NPs prepared in the study should be stabilized by phenolic molecules through carbonyl groups 

[71]. ZnO NPs formed surrounded (capped) by a thin layer of other materials which is believed 

to be capping organic material from the aqueous root extract. These capping organic materials 

prevent the aggregation of ZnO NPs and thus provide extra stability to the synthesized ZnO NPs. 

The reduction of metallic ions was visually observed by a color change from light brown root 

extract to the white color of ZnO nanoparticles,( see appendix 6) which similar color change to 

the previous study[ 79] and from a white precipitate solution of ZnO NPs to red color precipitate 

(Fe doped ZnO solution) upon addition ferric chloride which confirmed the formation of the 

nanocomposite. During the synthesis of NPs, no other chemical reagent was introduced to the 

system because the active components in the extracts act as both reducing and capping agents 

[86]. 

4.2. Preliminary Phytochemical screening of the zingiber officinale root extract 

The light brown aqueous extract was obtained from zingiber officinale root extract. 

Subsequently, the phytochemical constituents of the extracts were analyzed and the results were 

indicated in Table 5 below 

 Table 5: Phytochemical screening of zingiber officinale root extract. 

S/no Secondary 

metabolites 

Tests Observations Remark 

1 Phenols Ferric chloride Test A deep bluish green solution + 
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+ =indicates the presence of phytoconstituents in extract ++= the presence of the highest 

phytochemical 

During the phytochemical screening of zingiber officinale root extract, it was confirmed that the 

presence of the highest flavonoid content is observed by changing the color of root extract to 

yellow in alkaline reagent (NaOH) and after the addition of dilute HCl yellow color was 

disappeared. From it was generalized that the highest amount of flavonoids accumulated in 

ginger that responsible for antibacterial activity. In Testing phenolic contents ferric chloride is 

used as a testing agent. In this case, the deep bluish-green color was observed with some amount 

of phenolic group which is very important for  bio reduction during synthesis of ZnO NPs and Fe 

doped ZnO NCs. The alkaloids group was tested by Marquis Reagent which was observed 

orange in color. This confirmed the presence of alkaloids in ginger. 

 4.2.1. Optimization of pH  

 Table 6: Optimization of PH value at the same concentration of Zn (NO3)2.6H2O and Volume of 

root extract 

The concentration of 

Zinc nitrate hexahydrate 

(in M) 

The volume of Root 

Extract of z.Officinale 

(mL) 

pH value Uv-reading 

λmax (nm) Absorbance 

0.1 20 6 375 1.498 

0.1 20 8 380 1.322 

0.1 20 9 370 1.259 

0.1 20 11 365 1.755 

 

From above Table 3, it was denoted that pH optimization was satisfied at pH =11. At this point, 

the sharpest peak with the highest absorbance was recorded at a wavelength of 365 nm with 

1.755 absorbance which is below two. 

2 Flavonoids Alkaline reagent 

Test 

Yellow coloration disappears on 

the addition of dilute HCl 

++ 

3 Alkaloids Marquis Reagent Bluish Green color + 
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4.2.1.2. Optimization of Precursor: Zinc nitrate hexahydrate 

 Table 7: Optimization of Zinc nitrate hexahydrate concentration at constant volume of root 

extract as well as the same pH value 

Concentration of Zn(N03)2.6H2O in 

M 

The volume of plant extract(in 

ml) 

pH Value     Uv-Reading 

λmax (nm) Absorbance 

0.05 20 11 377 0.040 

0.1 20 11 368 0.391 

0.15 20 11 378 0.079 

 

Different concentrations of Zn (NO3)2.6H2O were seen at different wavelength ranges. 0.05 M 

concentration of Zn(NO3)2.6H2O was seen at 377 nm wavelength with 0.040 absorbance which 

is very low in concentration. This Confirmed that only a lesser amount of nanoparticles are 

synthesized at the position. For 0.1 M concentration of Zinc nitrate salt, nanoparticle synthesized 

can be seen at 368 nm with 0.391 absorbances. This is the preferred sharpest peak with the 

relatively highest absorbance of ZnO nanoparticles recorded and hence, it is selected for the next 

optimization. This absorption peak is very closer to the previous study in which the optical 

absorbance spectrum of ZnO NPs displayed an absorption peak at a wavelength of 370 nm 

[101,102]. Additionally, the synthesis of ZnO NPs is confirmed visually by the change in color 

of the solution into white precipitate.0.15 M concentration of precursor used to synthesis 

nanoparticle but due to it hasn’t sharpness peak and low absorbance it cannot be selected for 

further reaction. 

4.2.2. Optimization of Volume of Root extract of Ginger 

 Table 8: Optimization of Plant extract or Zingiber officinale root extract  

 

The concentration of Zinc 

nitrate hexahydrate(in M) 

The volume of Root 

Extract of 

Z.Officinale(mL) 

pH value     Uv-reading 

 λmax (nm) Absorbance 

                        0.1    10 11 369 1.553 

                        0.1     20 11 377 1.456 

                        0.1     30 11 376 0.9061 
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 Table 9:  Uv-Vis result of Fe-ZnO NCs 

Uv-reading ZnO NPs 1% Fe-ZnO 3% Fe-ZnO 5% Fe-ZnO 

Wavelength 368 nm 370 nm 372 nm 374 nm 

Absorbance 1.65  1.72 1.698 1.746 

 

ZnO NPs and Fe-doped ZnO NPs were successfully synthesized using Zingiber officinale root 

extract as a reducing agent. The UV-Vis spectroscopy was observed in the wavelength range of 

250 to 600 nm. Figures 2 & 3 below show the UV-Vis spectra of ZnO NPs as well as 1, 3, and 5 

wt % Fe-doped ZnO. The result shows a broad peak at 368 nm for ZnO NPs, and then peaks 

were shifted towards higher wavelengths (redshift) due to Fe doping. This is indicated by the 

change in catalyst color from white to red.  The highest absorption peak of 1% Fe-ZnO NPs is 

370 nm with 1.72 absorbances; for 3% Fe-ZnO 372 nm absorption peak with 1.698 concentration 

and 374 nm absorption peak with 1.746 absorbances with the sharpest peak were recorded. From 

figure 2 and 3, it is clear that ZnO and Fe–ZnO shows absorption at 368 nm and 370 nm 

respectively as indicated in the previous literature at 350 nm and 360 nm [98]. The optical band 

gaps of the samples were determined.  With the increase of Fe doping, the optical band gap of 

ZnO decreases as in the 3.120 eV, 3.00 eV, 2.97 eV, and 2.93 eV of 0,1, 3, and 5 wt% Fe-doped 

ZnO NCs respectively as shown in Appendix 6. 

4.3. Structural analysis of synthesized nanoparticles 

 ZnO and Fe- ZnO nanocomposite were synthesized using zingiber officinale root extract as a 

reducing and capping agent.   

4.3.1. UV-Vis Analysis 
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 Figure 2: UV-Vis Graphical representation of  ZnO NPs by using Zingiber officinale root extract  

 

  

Figure 3: UV-Vis spectroscopy Fe doped ZnO nanoparticles using Zingiber officinale root 

extract 

4.3.2. Characterization by FTIR spectroscopy 

 To detect the functional groups involved in the synthesis of NPs and nanocomposites, Fourier 

transforms infrared (FTIR) spectra of the native ginger extract, ZnO NPs, and Fe –doped ZnO 

NCs were performed using an FTIR which was examined in the range of 400–4000 cm−1. 

 

Figure 4a: FTIR spectra of Zingiber officinale root Extract 

4000 3500 3000 2500 2000 1500 1000 500

40

60

80

100

Wave number (cm
-1
)

C-O

C=C
C-H

 OH

Tr
an

sm
itt

an
ce

(a
.U

)



25 
 

                  

 

Figure 4b: FTIR spectra of undoped ZnO NCs      Figure 4c: FTIR spectra of 1%Fe doped ZnO NCs 

             

Figure 4d: FTIR spectra   3% Fe doped ZnO NCs        Figure 4e: FTIR spectra of 5% Fe doped ZnO NCs   

Fig.4a-4e shows FTIR spectra of ZnO NPs and Fe doped ZnO NCs respectively. Information 

regarding functional groups, molecular geometry, and inter or intra-molecular interactions can be 

deduced from the FTIR spectrum of a compound. So, FTIR spectroscopy was employed to study 

the vibrational bands of the ZnO NPs and Fe- ZnO NCs at room temperature. The band 

frequencies occurring within the 1000 cm
-1

 range should be attributed to the bonds between 

inorganic elements [106]. The intense peaks shown in Figure 6b at 3347.15 cm
-1

 are due to O–H 

bond stretching of the solvent which is very close to other literature, that had been recorded at 

3351.49 cm
-1 

and 3421.37 cm
-1

 [107].   

 

The peaks below 1000 cm
-1

 showed the formation of nanoparticles[108]. The absorption peak in 

Figure 4b.at 678.35 cm
-1 

(ZnO NPs) which relative to the previous literature[109]. For 1% Fe 

doped ZnO NCs absorption peak seen at 609.12 cm
-1

at and 575.87 cm
-1

(3% Fe doped), as well as  
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519.9 cm
-1

(5% Fe doped), shows the stretching frequency of Zn–O bond in zinc oxide. While 

absorption peak in Figure 4b at 471.6 cm
-1

 is characteristic stretching of Fe–O [110]. As Fe-

atoms are slightly lighter than Zn atoms that’s why their vibration requires low frequency and 

this clearly showed that Fe was successfully incorporated in ZnO crystal [111]. As Literature 

stated due to internal ionic vibrations Metal Oxide gives bands below 1000 cm
-1

[ 112]. Then, in 

this work bands exist between 400 cm
-1

 and 600 cm
-1

 stretching ZnO NPs with doped was 

shown. Therefore, doping Fe ions in their absorption peaks were recorded between 471.6 and 

547.918 cm
-1

. The absorption peak in figure 4a of plant extract; at 2931.56 cm
-1

 -C=C- stretching 

of alkene and –C-H stretching of alkane, as well as phenolic group, have been shown at 1625.12 

cm
1
. Then, the absorption peak of plant extract, ZnO, and 1% Fe doped ZnO NCs confirmed the 

presence of –C=C- stretching conjugative alkene at 2931.56 cm
-1

, 2357.15 and 2346.36 cm
-1

 

respectively, and deviation of absorption bands for  ZnO NPs.  678.9 cm
-1

 to 609.12 cm
-1

of 1% 

Fe, 575.918 cm
-1 

3% Fe and 547.918 cm
-1

 5% Fe doped ZnO nanoparticles formed is due to 

transformation in bond lengths as a consequence of Fe doping onto ZnO. This can be supported 

by an earlier study [80]. 

4.2.3. X-ray diffraction Analysis of ZnO NPs and Fe doped ZnO NCs 

X-ray diffraction analysis indicated that ZnO NPs and Iron doped ZnO NCs synthesized were 

with wurtzite phase and the entire diffraction peaks are supported by  Joint Committee powder 

diffractions standard ( JCPDS) data (card no.36-1451). The average crystallite size was 

calculated from the Debye- Scherrer formula [115]. 

 Scherer equation =   
 λ

     
, 

Where, k is cubic symmetry Scherer constant (the shape factor of the average crystallite and it 

can be considered k=0.90[91], λ = 0.15406 nm is the wavelength of the incident Cukα radiation; 

β =the line broadening at FWHM in radians, θ–Bragg’s angle in degree half of 2θ and D is 

crystallite size. 

The XRD pattern of synthesized ZnO NPs and Fe doped ZnO NCs was a range of 2θ = 20
o
 -

70
o
their grain size were shown in (fig.8b-8e) below. All evident peaks could be indexed as the 

ZnO wurtzite structure (JCPDS data card:36-1401).  wurtzite lattice parameters such as the 

values of d which is the distance between adjacent planes in the Miller indices (hkl). 
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 Figure 5: The XRD analysis shift of ZnO NPs to calculate crystallite size 

 

Then: D =          ,                       = FWHM      
      

   
                

    

                 

  
           

                 
      

  

      = 23.2   (This is crystal size of ZnO NP) 

                  

 

Figure 5b: XRD spectral analysis of ZnO NPs          Figure 5c:   XRD spectral analysis of  

                                                                                                                              1% Fe- ZnO NCs 
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Figure 5d: XRD spectral analysis of             Figure 5e:  XRD spectral analysis of 5%Fe ZnO NC  

3%Fe ZnO NPs                                                               

The 2θ calculated from the highest intense peak graph is 36. 4 supported by recent literature is 

34.4306 [116] and β is 5.64 in radians as shown in fig.5a above.  In this study, the XRD pattern 

displayed the existence of ZnO NP peaks found at 28.8°, 32°, 34.6°, and 36. 

43°,44°,47.68°,51.08°,56.72°,60.72°, 62.29°and 63°, that is very close together which 

corresponds to the lattice plane (100), (002), (101), (102), (003), (110), (03) and (112), 

respectively. The crystallite size of ZnO NPs calculated by combining the data information. The 

intense and sharp peaks in the X-ray diffractogram showed that the synthesized ZnO NPs 

maintained their hexagonal wurtzite structure upon doping with iron. The small broadness in the 

major peak increases with the addition of dopant [110]. The obtained results also confirm the 

wurtzite structure of prepared ZnO NPs (figure 5b). The XRD pattern displayed the existence of 

1%, 3%, and 5% Fe-ZnO NCs. These results of doping confirmed that as doping increases the 

intense peak decreases as shown in fig.5c – 5e above. 

Table 10: Crystal size calculated for ZnO NPs and1% Fe doped ZnO NCs 

2θ 

degre
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ZnO 
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e 

Size for 

intense 

peak 

(nm) 

Miller 

indices,h

kl 

2θ 

Degre
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1 

32 0.961    100 35.44 0.95

2 

0.415 

 

0.0074

4 

 

19.6 

34.6 0.954    002 39.76 0.94

0 

   

36.4 0.949 0.352 0.006

1 

23.2 101 42.68 0.93

1 

   

47.66 0.9147    102 44.24 0.92

6 

   

51.08 0.9022

8 

   110 45.96 0.92

0 

   

56.72 0.879    003 50.4 0.90

4 

   

 

Table 11 : Crystal size calculated for  Fe Doped ZnO 

2θ 

degree 

3%  

Fe-

ZnO  

NCs 

Cos θ FWHM   crystal

lite 

size 

for 

intens

e peak 

(nm) 

Miller 

indices,h

kl 

 

2θ 

degree 

5% Fe-

ZnO 

NCs 

Cosθ FWH

M 

  Cryst

allite 

size 

for 

inten

se 

peak 

(nm) 

30.1  0.965     100 32.25 0.960    

32.06 0.961    002 35.54 0.955 0.501 0.008

72 

16.32 

35.5 0.952 0.451 

 

0.00748 18.10 101 44.45 0.925    

38.8 0.943    102 48.8 0.910    

43.2 0.929    003 51.15 0.901    

48.4 0.912    110 55.85 0.884    

The average particle size of ZnO and Fe-ZnO NCs was 23 nm and 19.6 nm respectively, similar to [98-99] 



30 
 

 

4.2.4. Scanning electron microscopy (SEM) Characterizations 

The SEM images of the synthesized general formula Zn1-xFexO samples are shown in Figures 

6a and 6b Spongy network-type morphology is seen in the SEM images of all the samples. The 

origin of this spongy network-type structure could be assigned to the evolution of the volatile 

gases during the combustion process. In the SEM images, it seems that the fine nanosized 

particles are aggregated to form the irregularly shaped agglomerated/foamy particles. 

     

 

Figure 6a: SEM image of ZnO Np             Figure 6b: SEM image of Fe-ZnO       

The SEM images of   ZnO NPs and Fe doped ZnO nanoparticles show that ZnO NPs 

nanoparticles are granular in size and have irregular spherical morphology. The morphology can 

also be affected by Fe doping in ZnO NPs. The results show that there is the dispersion of 

nanoparticles with less agglomeration as well as regular distribution of ZnO NPs due to Fe 

doping [112]. 

4.3. Antibacterial activity of   ZnO NPs and Fe doped ZnO nanocomposite 

The antibacterial activity of synthesized NPs and NCs was tested against four human pathogenic 

bacteria (two gram-negative strains namely, Salmonella typhi and Escherichia coli, and two 

gram-positive strains namely Staphylococcus aureus and Bacillus cereus). The results of the 

antibacterial assay are shown in Table 11 and Appendix 4 

 

 

 

a b 
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Table 12 : Antibacterial activity of green synthesized ZnO NPs against various pathogenic 

microorganisms. 

 

Name of Organisms 

 Zone of 

inhibition(mm) 

  ZnO NPs (50 

mg/mL) 

                    control  

 

Root extract 

positive Negative 

Gentamycin 

 

DMSO 

Staphylococcus aureus 14 mm 22 mm 

 

NI 10 mm 

E. coli 10 mm 23 mm NI 7  mm 

Bacillus cereus 15 mm 23 mm NI 9  mm 

Salmonella typhi 9  mm 20 mm NI 8  mm 

 

Within the process of comparative antibacterial test performed with green synthesized ZnO NPs 

and root extract at a concentration (50 mg/mL) and zone of inhibition (mm) as shown in Table 

11. The comparative antibacterial test revealed green synthesized ZnO NPs have superior 

antibacterial activities than root extract of zingiber officinale; because of the capping agent (root 

extract) which binds the surface of nanoparticles ( root extract + ZnO NPs), which increases the 

antibacterial activities. These outcomes have been similar to the previous report [112]. The Zone 

of inhibition varies depending on the microorganisms and combinations of Phyto compounds 

present on the surface of ZnO NPs. The green synthesized ZnO NPs were found to be more 

effective against Gram-positive bacteria than Gram-negative bacteria. The reason for the 

sensitivity difference between Gram-positive and Gram-negative bacteria could be Gram-

positive bacteria have only an outer peptidoglycan layer which is not an effective permeability 

barrier. The lipopolysaccharides present in the outer membrane of Gram-negative bacteria 

provided resistance to antibacterial substances [112]. 
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Table 13: Antibacterial activity of synthesis Fe doped ZnO NCs 

Name of  

Organisms 

      Zone of inhibition(mm)  

The concentration of Fe doped ZnO NCs Positive Negative  

1%Fe 

 

3%Fe 5%Fe Gentamicin DMSO 

50 mg/mL 50 mg/mL 50 mg/mL   

Staphylococcus 

aureus 

13 mm 14 mm 24 mm 22 mm NI 

E. coli 12 mm 13 mm 22 mm 23 mm NI 

Bacilus cereus 16 mm 18 mm 25 mm 23 mm NI 

Salmonella typhi 10 mm 11 mm 14 mm 20 mm NI 

 

Among these 4 pathogens, Gram-positive  Bacilus cerius and gram-negative E.coli were 

sensitive in the zone of inhibition  25 mm and 24 mm respectively to ZnO (Doped with 5% Fe)  

when compared to the standard drug Gentamycin in Table 12. From these results, it is 

accomplished that the use of ZnO NPs and Fe doped ZnO nanoparticles has the potential for 

antibacterial activity against Gram-positive bacteria. Doped NPs showed high bactericidal 

activity because of the low energy band gap. With the decrease in the energy band gap, the 

surface to volume ratio increases, and this, in turn, increases bactericidal activity due to the 

generation of free radicals in the cell and enhanced binding forces penetration of metallic 

nanosized particles across the microsomal membrane can also be taken into account while 

explaining inhibition of oxidation-based biological process. 

S,aurus E. coli B.cerius S.typhi
0

2

4

6

8

10

12

14

16

Zo
ne

 o
f i

n 
hi

bi
tio

n 
in

 m
m

 Pathogens

Antibacterial activity of ZnO NPs



33 
 

5. CONCLUSION AND RECOMMENDATIONS 

5.1. Conclusion 

A simple, biosynthetic, and low-cost approach for the synthesis of ZnO NPs and 1,3,5% Fe 

doped ZnO NCs utilizing the root extract of zingiber officinale plant is reported in this study. 

Zingiber officinale rhizome extract has secondary metabolite: alkaloid, phenolic, and flavonoid 

compounds. The qualitative phytochemical screening of zingiber officinale root extract was 

investigated and Zn metal binds to the polyphenolic group that undergoes bioreduction to 

produce ZnO nanoparticles as well as Fe-ZnO NCs. FTIR peaks confirmed the presence of 

chemical bonds that showed the involvement of ginger in the production of the nanoparticle. The 

XRD analysis of the intense and sharp peaks in the X-rays diffractogram showed that the 

synthesized ZnO NPs maintained their hexagonal wurtzite structure upon doping with iron. Then 

crystallite size of ZnO NPs and Fe-ZnO NCs was 23 nm and 19.6 nm which indicated that 

decreases in crystallite size were due to an increase in dopant concentration. ZnO, (1,3,5)%Fe 

doped ZnO shows absorption at 368 nm,370 nm,372 nm, and 376 nm respectively as indicated in 

the previous literature. Doping with Fe has shifted the absorption spectra of Fe–ZnO to a longer 

wavelength (red shift) as compared to the bulk of ZnO. From the SEM image, the morphology of 

ZnO NPs affected by Fe doping in ZnO NPs. The results show that there is the dispersion of 

nanoparticles with less agglomeration as well as regular distribution of ZnO NPs due to Fe 

doping. Antibacterial activity of ZnO NPs and Fe-ZnO NCs more successful over Gram-positive 

bacteria (S.aurus and B.cerius) than gram-negative bacteria (S.typhi and E.Coli). The produced 

ZnO NPs less effective on the four bacterial strains and as the dopant percent increases the 

activity of nanocomposite increases.  

5.2. Recommendations 

Gram-negative bacteria are most resistant to antibodies because of their impenetrable cell wall. 

To overcome bacterial infections and resist widespread of their existence; biosynthesis of 

Nanoparticles and their nanocomposite are carefully synthesized. Consequently, we can propose 

that ZnO and Fe-doped ZnO NPs at low dopant concentrations that can be prepared under the 

same conditions can be used as an ingredient for the dermatological applications in lotions, 

creams, ointments, or other biomedical applications. It is better if further investigation is 

conducted upon the plant extracts mediated synthesis of Fe-ZnO NCs.  
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Appendix 1 

zingibber Officianale root was extracted in the following procedure: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Fresh GingerRhizome was collected from Market 

Ginger was washed and well soaked in water 

To remove 

Contaminants 

Cleaned ginger was dried in the air To remove 

Moisture content 

                The outer skin was peeled and weighed about 5g ginger 

 Peeled ginger was cut into pieces and dried at room temperature 

Dry ginger was crushed by 

Mortar and pistle as well as by 

Maschine by slowly adding 

25ml Dw 

The extract was filtered using Whatman 

no 1 filter paper 

It was heated and stirred by a 

magnetic stirrer for 30min at 60
o
C 

The filtered extract was stored 

at 4
o
C in Refrigerator 
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Appendix 2 

The procedure of ZnO nanoparticle synthesis 

 

                   Shake for a few min                                                                          

  

 

 

 

                                                                          1M NaOH of was added dropwise  

 

 

 

 

 

 

 

 

 

 

 

Appendix 3 

The procedure of Synthesis of Iron doped ZnO nanoparticle by using ginger root extract 

 

 

 

 

 

 

                                      1%FeCl3                                                                         5%FeCl3 

                                                                                         3%FeCl3 

 

50 mL of Zinc nitrate 

hexahydrate was  
20 mL of root extract  

The solution was stirred by a 

magnetic stirrer for 2h at 60
o
C until 

white ppt observed 

Mixed 

  The solution was 

centrifuged at an 

rpm of 100 

The pH of the 

solution was 

adjusted to 11 

The precipitate 

formed was washed 

with Distilled water 

and Ethanol 3times. 

  The precipitate 

was dried in Oven 

at 70
o
C for 1h 

  Zno np 

was 

stored in 

decicator   

50 mL 0f 2.19 g of 

Z.nitrate hexahydrate 

solution 

20 mL 0f 1.62 g of 

FeCl3 
20 mL of root extract  

 

50 mL 

Zn(NO3)2.6H2O 

+20 mL root 

extract 

20 mL root +50 

mL 

Zn(NO3)2.6H2O 

Were added together in 250 mL Beaker 

separately 

20 mLroot+ 50 mL 

Zn(NO3)2.6H2O  
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Their pH was adjusted to 11                                                                  

 

 

 

 

 

 

 

 

 

 

Appendix4 

Antibacterial assay: 

                            

                           

S.aurus 

K.coli 

B. cereus 

Sample 1: Zn 0.99 Fe 0.01O 

Sample 2: Zn0.97Fe0.03 O 

Sample 3: Zn 0.95 Fe 0.05O  

The solution 

were stirred at 

70
o
Cfor 2h. 

The precipitate formed 

was centrifuged at rpm 

The precipitate was washed 

with water  the precipitate 

was washed 

by water and ethanol 3times 

The product was 

dried in an oven at 

70
o
c for 1h 

S. typhi 
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Appendix 5 

 

                            

 Sample of Ginger Zingibber officianale                Sample of Z.officianale that was purchased 

from Jimma 

Appendix 6 
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A) Energy bandgap of ZnO Nps                                          B) Energy bandgap of 1%Fe-ZnO NCs 
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C) Energy band gap of 3% Fe-ZnO NC                                     D) Energy band gap of 5% Fe-ZnO NC 
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