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ABSTRACT 

Environmental pollutants are one of the most series global issues today. Dyes are recognized as 

one of the roots for environmental pollution. Methyl orange (MO) are a type of dyes which can be 

found in various branches of textile, leather, and paper printing industries. In recent years, 

microbial infections are considered as a serious issue in human health worldwide. The 

advancement of nanotechnology based on bio-synthesis of medicinal plant supported nanoparticles 

has improved therapeutic capacity of ZnO nanoparticles. The main objective of this study was to 

synthesize ZnO nanoparticles using Lepidium sativum seed extract for their photocatalytic and 

antibacterial activities. The plant mediated synthesized ZnO nanoparticles was prepared from 

macerated extract of Lepidium sativum seeds, zinc acetate dihydrate and sodium hydroxides at 

room temperature. The synthesized ZnO nanoparticles were characterized by UV-Vis, FT-IR 

spectroscopic techniques and Powder XRD analysis. The color change observed in the nanoparti

cle’s solution and the sharp peak at 376 nm in the UV–Vis region suggested that the formation of 

small-sized ZnO nanoparticles. The color changed during the preliminary phytochemical 

investigation and the FT-IR spectroscopic analysis suggested the presence of flavonoids, tannin, 

saponin and Alkaloids which could be responsible for the stabilization of the synthesized ZnO 

nanoparticles. The XRD studies the synthesized zinc oxide nanoparticles has crystalline size of 29 

nm which predict as hexagonal structure. The photocatalytic activity of MO dye degradation was 

efficient in the presence ZnO nanoparticle catalyst as compared to in the absence of ZnO 

nanoparticle catalyst. Finally, the bio-assay test showed 13 to 24 zone of inhibition for zinc oxide 

nanoparticles and 11 to 16 zone of inhibition for plant extract against different bacterial strains. 

The highest activity was observed against Klebsiella for zinc oxide nanoparticles compared to 

plant extract alone, which might be due to synergistic effect. 

Key words: ZnO-Nanoparticles, Lepidium sativum, phytochemicals, Methyl orange, 

Photocatalytic activity, Antibacterial activity 
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1. INTRODUCTION 

1.1 Background of the study 

Nowadays, a vast amount of toxic effluents is discharged to the environment through the rapid 

industrialization [1]. A number of industries such as leather, paper, plastic, textile, food processin

g, printing, cosmetics and pharmaceuticals, etc., deal with the aid of dyes. In addition to these, 

some of the dyes can cause serious health problems such as mutation and cancer [2]. Other 

industries produce a large number of organic contaminants including dyes which are toxic and    

non biodegradable. The presence of these contaminants causing severe environmental pollution 

problems by the releasing toxic and potential carcinogenic substances into the aqueous phase [3].  

Methyl orange is an anionic dye having molecular formula[C14H14N3NaO3S] with molecular of 

327.34 g mol-1 and maximum absorption wavelength (λmax) at 465 nm [4]. These dyes are widely 

used in textiles, food, paper, and leather industries, and used as a pH indicator. Due to its toxicity, 

it produces serious health risks such as cancer, genetic mutation, and biodegradation in humans 

and animals [5]. 

 Nanoparticles (NPs) are particles which exist the dimensions in the range of 1–100 nm, acting as 

a bridge between bulk materials and atomic or molecular structures. They have remarkable and 

interesting properties due their small sizes, large surface area with free dangling bonds and higher 

reactivity over their bulk cousins [6]. Nanoparticles have both chemical and physical differences 

in their properties (e.g. mechanical properties, biological and sterical properties, catalytic activity, 

thermal and electrical conductivity, optical absorption and melting point) compared to bulk of the 

same chemical composition. Therefore, design and production of materials with novel applications 

can be achieved by controlling shape and size at nanometer scale [7].  
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Metal oxide nanoparticles due to their smaller size have properties different than those in the bulk. 

The physico-chemical properties of metal oxides have special relevance in chemistry mostly 

related to the industrial use of oxides as sensors, ceramics, adsorbents and catalysts [8]. Physical 

methods such as adsorption and chemical methods such as chlorination and ozonation are some of 

the most frequently used methods for the removal of textile dyes. Flocculation and reverse osmosis 

are also some other methods commonly used, but these methods are not destructive. They just 

transfer the contaminants from one phase to another for which further treatments are required.  

But, advanced oxidation process (AOP) like heterogeneous photocatalysis is a promising 

technology for water purification going on the surface of photocatalyst under irradiation of 

photons, leading to total mineralization of dyes [3]. The present study focuses on the design of 

Zinc oxide (ZnO) nanoparticles has been considered as an essential semiconductor having a wide 

band gap of 3.37 eV and large exciton binding energy of 60 meV; a highly multitasking metal 

oxide due to its distinctive electrical and optical properties. Specifically, ZnO efficiently absorbs 

ultraviolet (UV) light and has surface electrical properties sensitive to the environment at the 

interface. ZnO, has attracted extensive attention as a photo catalyst for the degradation of organic 

pollutants in water and air under UV irradiation [9]. ZnO is more efficient in the photodegradation 

of organic compounds under UV-light illumination. The photocatalytic activity of ZnO 

nanocrystals is mainly dependent on the type and concentration of the oxygen defects. Therefore, 

expected to control the nanostructures (e.g., size, morphology, and oxygen defects) of ZnO by 

using different techniques, thereby tailoring the properties [10].  

Many different semiconductor materials, such as TiO, ZnO, ZrO, SrO, Fe2O3, CdS, used to photo-

degrade different pollutants. Among these, ZnO is known to be the best photo-catalysts for the 

degradation of several environmental contaminants due to having high band gap energy [5].  

ZnO nanoparticles show antibacterial activity against a broad spectrum of pathogenic bacteria, and 

these nanoparticles adopt various mechanisms such as reactive oxygen species (ROS) generation, 

cell membrane integrity disruption, biofilm formation, or enzyme inhibition. There are many 

conventional zinc oxides (ZnO) nanostructure synthesis routes employing the chemical and 

physical methods, which require particular set-up, high cost, high temperature-pressure conditions, 

and nonecological chemicals. However, high-energy consumption of these routes and released 

toxic chemicals after the process can be hazardous to the environment and human health. In recent 
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years, the green synthesis approach has been gaining attention, which eliminates the use of toxic 

chemicals and applies environmentally friendly routes [11]. The biosynthesis may actually provide 

nanoparticles of a better-defined size and morphology as compared to some of other 

physicochemical methods of production. It has been found that the microbial-based synthesis 

process is readily scalable, eco-friendly, and compatible with the use of product for 

pharmacological applications, but production through microorganisms is often more expensive 

than the production of plant-based materials. The main benefit of plant-based synthesis approaches 

over classical chemical and physical method is more eco-friendly, cheaper, and easily scale-up 

process for the large-scale synthesis of nanoparticles with no need to use high temperature, 

pressure, and toxic chemicals [12]. 

Medicinal plants are the cheap and safe alternative sources for the prevention against antimicrobial 

infections. Lepidium sativum plant and seeds are considered as one of the popular medicinal herbs 

used in the community of Saudi Arabia, Sudan and some other Arabic countries as a good mediator 

for bone fracture healing in the human skeleton [13]. Lepidium sativum. Linn (Garden cress) is 

locally known as “fetto”, which belongs to the family of Brassicaceae. It is commonly grown in 

Ethiopia as a garden plant and found in any market, while usually in small quantities. Commonly 

used in folk medicine for the treatment of hyperactive airways disorders, such as asthma, bronchitis 

and cough. About 150 species are found in the temperate and sub temperate areas. Among those 

species, the present study has been focused on Lepidium sativum seed extract [14].  

Some researches were done on plants mediated synthesis of ZnO NPs by using some plants like 

Leucas aspera, olea europaea and Ricinus communis. However, no work has been reported on 

Lepidium sativum plant seed extract mediated ZnO NPs synthesis. The medicinal usage of the 

plant traditionally, as well as its healing ability may give a clue about the richness of the plant in 

phytochemicals. In view of these observations, it is planned to study the removal of methylene 

orange dye via photocatalytic degradation and evaluation of antibacterial activities of ZnO 

nanoparticles synthesized using Lepidium sativum seed extract. 

 1.2 Statement of the problem 

Traditionally, peoples have been using different plants for the treatment of various diseases 

without detailed scientific information. Lepidium sativum is one of the prominent plants that are 

traditionally used as antimicrobial agents in numerous areas.  
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The bioactivities of these plants proved particularly traditionally can be enhanced when the 

phenolic compounds of the plant extract support the formation and stability metal oxide 

nanoparticles due to enhancement of penetrating the cell of the pathogens.  

On the other hand, metal oxide nanoparticles play a great role in removal of toxic dyes to maintain 

environmental safety. However, the physical and chemical methods of synthesis of metal oxide 

nanoparticles are expensive and not eco-friendly. Metal nanoparticles synthesis using plant extract 

based on green chemistry perspectives impose limited hazards to the environment. In this study, 

Lepidium sativum supported zinc oxide (ZnO) nanoparticles said to have secondary metabolites 

such as, flavonoids, tannins and alkaloids in its crystal lattice, acting as efficient stabilizing and 

capping agent was synthesized. Based upon the above evidences, the present study was intended 

to explore the photocatalytic activity of Lepidium sativum seed extract supported zinc oxide (ZnO) 

NPs and evaluation of their antibacterial activities. 

Therefore, this research might answer the following basic questions: - 

➢ How efficient were the Lepidium sativum plant seed extract in acting as capping and 

stabilizing agent for zinc oxide (ZnO) NPs formation?  

➢ In what extent the antimicrobial activity of Lepidium sativum is improved with synthesis 

of zinc oxide (ZnO) NPs?  

➢ How efficient is the Lepidium sativum plant extract supported zinc oxide (ZnO) NPs in 

removing methylene orange dyes? 

1.3 Objectives of the study 

1.3.1 General objective of the study 

The main objective of this study was to synthesize Zinc oxide nanoparticles using 

Lepidium sativum seed extract and evaluate its photocatalytic and antibacterial activity. 

1.3.2 Specific objective of the study. 

➢ To prepare seed extract of Lepidium sativum. 

➢ To conduct phytochemical screening test of crude extract and characterize by FT-IR 

spectroscopy. 

➢ To synthesize zinc oxide nanoparticles using the seed extract of Lepidium sativum. 

➢ To characterize the synthesized zinc oxide nanoparticles using UV-vis, FT-IR and XRD 

spectroscopic techniques. 
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➢ To explore photocatalytic degradation of methylene orange using zinc oxide 

nanoparticles. 

➢ To test and compare the antibacterial activity of the plant extract and the synthesized 

zinc oxide nanoparticles. 

1.4 Significance of the study  

The green synthesis of metal oxide nanoparticles using a plant extract for varies environmental 

and medicinal applications are an active area of research, attracting the interest of many researchers 

globally. Hence, the result of this study may be used as a benchmark of reference for further study 

on design and application of metal oxide nanoparticles. Furthermore, similar work was done by 

other stakeholders for application of the metal oxide nano-composites to increase their biological 

and photocatalytic activities. 
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2. REVIEW OF RELATED LITRATURES 

2.1 Nanotechnology and Nanomaterials 

Nanotechnology is a field of science and technology which deals with production, manipulation 

and use of materials carrying in nanometers. The advances in nanotechnology have led to the 

greater development in various fields, including nanoparticles, nanotubes, and nanowire synthesis. 

Nanoparticles (NPs) are natural or anthropogenic materials having at least dimensions between 1–

100 nm. NPs possess numerous distinctive properties like high reactivity; unique optical properties 

and biocompatibility in comparison to their bulk counterparts due to their very high surface area 

to volume ratio, this shows the difference in their physical and chemical properties [15]. 

The properties of the NPs influence their behavior, particularly; morphological properties like 

shape and size can influence NPs circulation and targeting within the body. Nanotechnology plays 

an important role in the modern research. This technology could be applicable in a wide range of 

fields such as all pharmacology, food and nutrition, chemical industries, energy sciences, cosmeti

cs; further, it can be used for the treatment of infections, cancer, allergies, diabetes and inflamma

tion [16].  

Despite this fact, nanomaterials have the following limitation or challenges: stability in a hostile 

environment, lack of understanding in fundamental mechanism and modeling factors, 

bioaccumulation/ toxicity features, expansive analysis requirements, the need for skilled 

operators, problem in devices assembling and structures, and recycle/reuse/regeneration. In the 

true world, it is desirable that the properties, behavior, and types of nanomaterials should be 

improved to meet the aforementioned points [17]. 

  2.2 Botanical information of Lepidium sativum 

Medicinal plants are the cheap and safe alternative sources for the prevention against 

antimicrobial infections. Among those plants, Lepidium sativum L. in English, it is called 

"Garden cress”, and locally known as “fetto” (Figure 1) which belongs to the family, 

Brassicaceae. About 150 species are found in the temperate and sub temperate areas [18]. The 

traditional uses of Lepidium sativum seeds extract are controlling many clinical problems. The 

aerial parts are used in the treatment of asthma, cough and bleeding piles [19]. Lepidium sativum 

seed extract is known to have antioxidant, antimicrobial, antifungal, anticancer and anti-

inflammatory results from the presence of secondary metabolites components (α-tocopherol and 
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β-sitosterol) [20]. This study was intended to evaluate the Lepidium sativum seed extracts 

supported ZnO NPs as antibacterial activity against some selected pathogenic bacterial strains. 

                  

                Figure 1. Plants and seeds of Lepidium sativum (Garden cress) 

2.3 Phytochemical constituents of Lepidium sativum 

Plants produce a large variety of secondary product that contains a phenol group- a hydroxyl 

functional group on an aromatic ring. The derivatives of phenolic compounds include simple 

phenyl propanoid; benzoic acid derivatives, anthocyannin, isoflavones, tannins, lignin, and 

flavonoid compound beginning with phenyl alanines. Flavonoids are a family of natural 

polyphenolic compounds that include flavone, flavonol, flavanone, flavanonol, and isoflavone 

derivatives. The basic function of the flavonoids is for pigmentation and defense. The participation 

of sugars, terpenoids, polyphenols, alkaloids, phenolic acids, and proteins in the reduction of metal 

ions into NPs and in supporting their subsequent stability has also been postulated [21].  

Large varieties of secondary metabolites have nitrogen in their structure these include the 

alkaloids, cyanogenic glucoside, and glucosinate. The nitrogen atom in these substances is usually 

part of the heterocyclic ring, a ring that contain both nitrogen and carbon atom. Alkaloids were 

once thought to be nitrogenous wastes. Most alkaloid is now believed to function as defense against 

especially mammals, because of the general toxicity and deterrence capacity [22]. Lepidium 

sativum seed contains the seven imidazole alkaloids, sinapin, and sinapic acid in seeds. It also 

contains glucotropaeoline, N, N’- Dibenzyl urea, N, N’- Dibenzylthiourea, Sinapic Acid and its 

choline esters (sinapin), carotene, cellulose, calcium, phosphorus, iron, thiamine, riboflavin, 

niacin, carotene, uric acid [20] as shown in (Figure.2). 
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Figure 2. Chemical Structure of some Phytochemicals present in Lepidium sativum Linn 

2.4 Synthesis method of metal oxide nanoparticles 

In classical, nanomaterials are synthesized through; two basic approaches the first approach is the 

"top-down". In this approach, many physical, chemical and thermal techniques are used to provide 

the necessary energy for nanoparticles formation and the second approach, known as "bottom-up". 

In the up-down approach, which is costlier to implement, it is impossible to obtain perfect surfaces 

and edges due to cavities and roughness that can occur in nanoparticles; whereas excellent 

nanoparticle synthesis results can be obtained by bottom-up approach. In addition, with the bottom 

up approach, no waste materials that need to be removed are formed, and nanoparticles having 

smaller size can be obtained thanks to the better control of sizes of the nanoparticles [23]. 

 

 

                                                              Carotenoids 
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Scheme:1 Approaches and methods in the synthesis of nanomaterials. 
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Nanoparticles can be synthesized using a variety of methods, including chemical, physical, hybrid 

and biological technique. Chemical and Physical methods have been using high radiation and 

highly concentrated registrants' and stabilizing agents that are harmful for the environment 

and to human health. Hence, biological synthesis of nanoparticles is a single step bioreduction m

ethod and less energy is used to synthesize ecofriendly [24].  

In traditional chemical and physical methods; reducing agents involved in the reduction of metal 

ions, and stabilizing agents used to prevent undesired agglomeration of the produced nanoparticles 

carry a risk of toxicity to the environment and to the cell. Besides, the contents of the produced 

nanoparticles are thought to be toxic in terms of shape, size and surface chemistry. In the green 

synthesis method in which nanoparticles with biocompatibility are produced, these agents are 

naturally present in the employed biological organisms. The biological method, which is 

represented as an alternative to chemical and physical methods, provides an environmentally 

friendly way of synthesizing nanoparticles. Moreover, this method does not require expensive, 

harmful and toxic chemicals. Metallic nanoparticles with various shapes, sizes, contents and 

physicochemical properties can be synthesized thanks to the biological method actively used in 

recent years [25]. 

2.5 Characterization Techniques  

UV-visible spectroscopy is used to confirm the formation of various types of nanoparticles by 

measuring plasmon resonance and evaluating the collective oscillations of conduction band 

electrons in response to electromagnetic waves. This provides information about the size, structure, 

stability, and aggregation of the nanoparticles. Metal nanoparticles are associated with specific 

absorbance bands in characteristic spectra when the incident light enters into resonance with the 

conduction band electrons on the surface of the nanoparticles [6]. 

FT-IR Spectroscopy is used to determine the nature of functional groups or metabolites present on 

the surface of NPs which might be responsible for reduction and stabilization of NPs [26]. A 

recorded spectrum gives the position of bands related to the strength and nature of bonds, and 

specific functional groups, providing this information concerning molecular structures and 

interactions [25]. 
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XRD is used to assess the crystallinity of synthesized nanoparticles. This technique is employed 

to identify and quantitatively examine various crystalline forms or the elemental composition of 

natural and manufactured materials or nanoparticles [27].  

PXRD pattern gives information about translational symmetry, size and phase identification of 

metallic NPs [27]. The average Crystallite size, D, can be calculated using the well-known 

Scherrer’s equation: 

Dhkl = (k*λ) / (βhkl* Cos θhkl)  

Where, Dhkl is the Crystallite size perpendicular to the normal line of (hkl) plane, k is a constant 

(0.94), βhkl is the full width at half maximum of the (hkl) diffraction peak, θhkl is the Bragg angle 

of (hkl) peak and λ is the wavelength of X-ray. 

2.6 Photocatalytic applications of ZnO nanoparticles 

Photocatalytic degradation of organic pollutants is a promising approach for the removal of dyes 

in wastewaters. ZnO nanoparticles have been involved in photocatalytic applications due to their 

optical and electronic properties. When the ZnO nanoparticles are irradiated with UV light, 

valence band electrons are excited to the conduction band, which leaves holes behind. Then the 

generated holes create hydroxyl radicals by oxidizing H2O and OH- and the excited electrons are 

captured by oxygen in the air. The resulting anionic radicals are highly reactive and degrade the 

organic dyes in to carbon dioxide and water [28]. 

                       

             Figure.3 Schematic diagram of dye degradation by ZnO nanostructures. 
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Zinc oxide (ZnO) is a promising candidate as a photocatalytic material since it exhibits higher 

photocatalytic efficiencies for the degradation of organic contaminants compared to other metal 

oxides owing to their high catalyst surface area important factor to enhance photocatalytic activity 

of metal oxides. Larger effective surface area leads to a higher adsorption of organic molecules 

leading to a better photocatalytic activity [29]. For a photocatalyst, as the particle size decreases, 

surface area increases and the number of active sites increases which leads to high reactivity. As 

the number of active sites increases, the absorbance of pollutants on the surface of the catalyst 

increase. In photocatalysis degradation takes place when the photocatalyst adsorbs photons of 

energy greater than its band gap energy [1].  

2.7 Antimicrobial activity of metal oxide nanoparticles 

Metal oxide nanoparticles are of great interest for use as potential antimicrobial agents because of 

their unique optical, electronic, and magnetic properties. The electrostatic interaction of 

nanoparticles with negatively charged bacterial surfaces draws the particles to the bacteria and 

promotes their penetration into the membrane. A strongly positive zeta potential of a nanoparticle 

promotes nanoparticle interactions with cell membranes leading to membrane disruption, bacterial 

flocculation, and a reduction in viability. The generation of reactive oxygen species is also a 

mechanism of nanoparticle antibacterial activity. Further mechanisms of action of nanoparticles 

as antimicrobial agents include disrupting deoxyribonucleic acid during the replication and cell 

division of microorganisms, compromising the bacterial membrane integrity via physical 

interactions with the microbial cell (the physical presence of a nanoparticle most likely disrupts 

cell membranes in a dose-dependent manner), and releasing toxic metal ions and possessing 

abrasive properties which bring about lysis of cells[30] .  

The ZnO nanoparticles show antibacterial activity against a broad spectrum of pathogenic bacteria, 

and these nanoparticles adopt various mechanisms such as reactive oxygen species (ROS) 

generation, cell membrane integrity disruption, biofilm formation, or enzyme inhibition [31]. 

Under UV irradiation, ROS such as superoxide ions, hydroxyl ions, singlet oxygen species, and 

peroxide molecules are formed. The formed peroxide ions could easily penetrate through the cell 

membrane and result in cell death. Figure 5 shows the possible ROS generation mechanism and 

its effect on the bacterial cell wall. 
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                                   Figure 4. ROS mechanism of ZnO nanoparticles [31]. 
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3. MATERIALS AND METHODS 

3.1 Chemicals  

Zinc acetate dihydrate Zn (CH3COO)2.2H2O, 0.1 M and 2 M Sodium hydroxide (NaOH), Methyl 

orange (MO), 0.1 M HCl (hydrochloric acid), distilled water, ferric chloride (FeCl3), Potassium 

iodide (KI) and iodine(I) and DMSO (dimethyl sulfoxide). 

3.2 Apparatus and Instruments  

Test tube, glass beaker, round bottom flask, heating mantel, magnetic stirrer, thermometer, a 

mortar, balance, Refrigerator, Conical flask, measuring cylinder, Petri dishes, PH indicator and 

centrifuges. Ultraviolet visible spectroscopy (UV-Vis) (Aspect - 1.2.3.6173, Analytic jena 

and UV-Jenway6705), Fourier transform infrared (FTIR) spectroscopy (65 FTIR Perkin Elmer

) and Powder X-ray Diffraction (PXRD) diffractogram (Rigaku miniflex600 XRD machine). 

3.3 Preparation of the Lepidium sativum seeds   

Lepidium sativum seed was collected from the local markets of merkato town at jimma zone, 

Oromia regional state, Ethiopia in January 2019. Then the sample were stayed at room 

temperatures in Jimma university Inorganic research laboratory.  

3.3.1 Extraction of Lepidium sativum seeds  

5 g of Lepidium sativum seeds powder were immersed in 500 mL distilled water and stirred at 70 

°C for about 4 h. The mixture was incubated for 3 days at room temperature. The obtained solution 

was filtered (what man No.1 filter paper) and centrifuged at 6000 rpm. The obtained extract was 

stored in a dry place (refrigerator) until use [19].  

3.4 Phytochemical screening test and characterization of the extract   

Flavonoids: To check the presence of flavonoids, 2 mL of sodium hydroxide was added in 2 mL 

of aqueous extract [32]. 

Tannin: The presence of tannins was tested by adding 2 mL of 5 % FeCl3 to 2 mL of extract [33].   

Saponins: About 1 mL of solvent extract was introduced into a tube containing 1 mL of distilled 

water, the mixture was vigorously shaken for 2 min [32].  
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Alkaloids: a drop or two of Wagner’s reagent (iodine and potassium iodide) were added to 2 mL 

of extract for the checkup of this phytochemical’s presence [33]. 

Phenolic: 1 mL of 1% ferric chloride solution was added to 2 mL of extract to test the presence 

of phenolic phytochemicals [33]. 

3.5 Synthesis of ZnO nanoparticles using Lepidium sativum extract   

0.5 g of Zinc acetate dihydrate Zn (CH3COO)2.2H2O was dissolved in 50 mL of distilled water, 

then 7 mL of this solution was taken and added to 7 mL of the prepared seed solution. The mixture 

was mixed well using a magnetic stirrer. After a few minutes, 2M NaOH solution was added drop 

by drop to adjust a pH between10 - 12, due to formation of colloidal almost instantaneously. The 

mixture was stirred well with the magnetic stirrer for one hour and then kept undisturbed till the 

colloidal suspension settled down. The colloidal suspension was then collected while discarding 

the supernatant. This suspension was kept in open air till all the water is evaporated. The obtained 

product was used for further studies [34].  

3.5.1 Optimization of various physicochemical parameters for ZnO NPs synthesis 

Physicochemical parameters regulate the green synthesis of inorganic metal NPs, several 

physicochemical parameters were optimized including pH, temperature, concentration of metal 

ion, extract volume and reaction time. 

3.5.1.1 Effect of pH  

pH was maintained at 5.0, 7.0, 8.0, 10.0, 12.0, and 14.0 by using 0.1 NaOH and HCl. The 

concentration of reaction mixture, the reaction time and temperature were kept constant. The 

absorbance of the solution was measured by the spectrophotometric approach to determine the 

optimum pH for the synthesis of ZnO nanoparticles.  

3.5.1.2 Effect of Temperature  

Temperature, was maintained at 25,30,33,36, 39, 41, 44, 47 and 50 0C, using a thermometer by 

keeping the concentrations of metal ions, the reaction time and pH of reaction mixture constant. 

The absorbance of the solution was measured by the spectrophotometric method. 
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3.5.1.3 Effect of Metal Ion Concentration  

Concentration of metal ion was maintained at 0.01, 0.025, 0.046, 0.05 and 0.1M (0.01_0.1M). The 

concentration of seed extract, pH, temperature and incubation time of the solution were kept 

constant. The absorbance of the solution was measured at 300–800 nm as described above. 

3.5.1.4 Effect of Reaction time  

The reaction time effect was determined at room temperature at the interval of 0.5, 1, 2, and 4                

h to study the effect of reaction time on the synthesis of NPs by keeping the pH, temperature and 

concentration of metal ion constant [35].  

3.6 Analysis and characterization of ZnO nanoparticles 

The synthesized plant mediated ZnO nanoparticles were analyzed using the following techniques. 

UV-Vis spectroscopy designed to detect the intense peak with in the wavelength range of 300-800 

nm, to analyze electronic transition (Band gap) and the size, structure, stability, and aggregation 

of the synthesized zinc oxide nanoparticles. FTIR analysis was applied to identify the presence of 

functional groups in synthesized ZnO NPs and secondary metabolites in the plant extract. Hence, 

the dried powder of zinc oxide nanoparticles was grounded with KBr and cast into a pellet and 

made ready for analysis on the 65 FT-IR (Perkin Elmer) in range 4000-400 cm-1spectrophotometer 

in the diffuse reflectance mode operating at a resolution of 4 cm-1. A powder X-ray diffractometer 

(PXRD) (Rigaku miniflex600 XRD) (using K-alpha radiation of X-ray source a wavelength of 

1.54059 Å, scan mode of 2theta/theta in 2θ range from 10-60°, to study crystalline particle size of 

ZnO NPs. 

3.7 Photocatalytic degradation  

Stock solution of methyl orange dye (5 Х 10-5M) was prepared in distilled water. It was further 

diluted as and when required. The photocatalytic degradation of MO dye was studied after addition 

of the catalyst 0.25 g of ZnO nanoparticles in 50 mL dye solution (0.05 mM). The whole setup 

was kept in dark and allowed ZnO to suspend in the MO solution for 30 min for physical adsorption 

equilibration. Initial concentration of MO, in term of light absorbance, was measured by UV-Vis 

spectrometer at 465 nm (wavelength range 200-600 nm). The whole solution was exposed to 

sunlight (30 -180 min). After a given irradiation time, about 2 mL of the mixture was withdrawn 

and the catalysts were separated from the suspensions by centrifugation (at 13000 rpm). The 

degraded solution was taken for absorbance measurement [36].  



17 
 

UV–vis absorption spectra (Aspect-1.2.3.6173, Analytic jena) and (UV-Jenway6705) monitoring 

the change in concentration of the organic dyes. The absorbance A0 measured after stirring for 30 

min in the dark was taken as the initial concentration C0 of the solution. The absorbance At 

measured after variable periods of illumination was taken as corresponding to the residual 

concentration Ct. The degree of organic compound degradation was calculated by equation (1) 

[37]. 

Degradation efficiency (%) = C0-Ct /C0 *100= A0-At/A0 *100……………… (1) 

3.7.1 Optimization parameters photocatalytic degradation of methylene orange dye  

3.7.1.1 Effect of photocatalysts dose 

In order to examine the effect of photocatalyst dose on the bleaching and degradation of MO, 

different amount of catalyst from 0.05, 0.1, 0.15, 0.25 and 0.3 g (0.05 to 0.3 g) of ZnO nanoparticle 

were added to solution at a reaction time of 180 min, pH of 6 and initial MO concentration of 0.05 

mM. 

3.7.1.2 Effect of dye Concentration 

In the photo catalysis process, one of the main parameters of discoloration of dye solution is dye 

concentration, so different concentration of dye, from 0.01, 0.025, 0.05, 0.075  and 0.1 mM (0.01-

0.1 mM) of MO dye solution was removed at a reaction time of 180 min, pH of 6 and 0.3 g ZnO 

nanoparticle catalyst dose were kept constant. 

3.7.1.3 Effect of pH 

The pH-related experiments were carried out in the various pH values 4, 6,7,8 and 10 (4-10) with 

constant dose of 0.3 g of ZnO nanoparticle catalyst into 50 mL of the dye solution (0.025 mM) 

and reaction time of 180 min. The adjustment of the solution pH was conducted by 0.1 M HCl and 

0.1 M NaOH solution [38]. 

3.8 Antibacterial Studies  

The antibacterial activity was studied using the disk- diffusion method [34]. Staphylococcus 

aureus, Escherichia coli, Bacillus subtilis and Klebsiella were grown overnight on Mueller Hinton 

agar. A sterile cotton swab was dipped into the inoculum suspension and the swab was rotated 

several times with firm pressure on the inside wall of the tube to remove excess fluid. The swab 

was used to inoculate the dried surface of the Mueller Hinton agar by swabbing over the surface 
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of the agar, rotating the plate approximately by 90º to ensure an even distribution of the inoculum. 

Ciprofloxacin and dimethyl sulfoxide were used as positive and negative control respectively. An 

aqueous Lepidium sativum seed extract and ZnO nanoparticles were added on to the well of 6 mm 

diameter. The plates were incubated at 37 ºC for 24 h. Clear zones of inhibition around the wells 

were measured and calculated [34]. 

3.9 Methods of Data Analysis 

Origin8.0 software was used to analyze the data collected from UV-Visible, XRD, and FT-IR 

spectroscopy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



19 
 

4. RESULTS AND DISCUSSIONS 

4.1 Physicochemical properties  

In this study, the Lepidium sativum seed extract were tested for the presence of its phytochemicals, 

such as flavonoids, tannins, saponins, alkaloids and phenolics. The results of these qualitative 

phytochemical analysis of the Lepidium sativum extract are shown below in table 2. 

Table 1: Lists of phytochemical groups and indications ‘+’ shows presence’- ‘absence 

No Phytochemicals              Test Observation Inferences 

1 Flavonoids 2M sodium hydroxide Yellow color + 

2 Tannins 5 % Ferric chloride Yellow brown precipitates + 

3 Saponins Distilled water Froth + 

4 Alkaloids Iodine and 

potassium iodide 

Reddish-brown precipitate + 

5 Phenolics 1% Ferric chloride Green color + 

  

The presence of phytochemicals in the seed extract was helped in the formation of 

ZnO nanoparticles by acting as both reducing and capping agent during ZnO NPs synthesis 

because of the presence of important functional groups like O-H, N-H, C=O, C=N and C=C within 

their structure.  

For instance, the polyphenolic compounds such as flavonoids are very important plant constituents 

because of their electron donating ability via their –OH groups to act as reducing agent. The color 

changes in these tests are indicators for the formation of different complexes as a result of oxidation 

and reduction reactions in the phytochemicals presence testing process. For instance, the reddish-

brown color for alkaloids indicates that the nitrogen or oxygen atoms of the amide groups of the 

alkaloids involve in a reaction. In most of the ferric chloride tests, the iron (III) ion forms 

complexes having different colors depending on the nature of the complexes. Moreover, the 

presence of phytochemicals conducted above in the crude extract as well as in the crystal lattice of 

the synthesized ZnO nanoparticles is responsible for their antimicrobial activities [39].  
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4.2 Synthesis of ZnO nanoparticles using Lepidium sativum seed extract 

The color change in reaction mixture (metal ion solution and plant extracts) during the synthesis 

of nanoparticle were recorded through visual observation which was considered as 

an initial signature to formation of the target NPs [40]. When equal volume of 0.046 M of zinc 

acetate dehydrate react with seed extract the color of the mixture turned to pale white color up on 

the addition of 2M NaOH and stirring for 1 h it converted to yellow. These color changes might 

be due to the excitation of surface plasmon vibrations within the ZnO nanoparticles [41].  

The appearance of yellow color precipitation in the reaction mixture indicates the formation of the 

respective nanoparticles. Particularly, flavonoids are believed to be responsible for conversion of 

Zn ions to ZnO NPs. The color changing in the solution was stopped further after a few hours, 

suggesting that the complete conversion of ZnO salt in to nanoparticle. These results have similar 

agreement with the previous reports [42].  

4.2.1 Optimization of Physicochemical Parameters of ZnO NPs  

The plant mediated synthesis of ZnO NPs by using Lepidium sativum seed extract was maintained 

in the absorption peak range of 300 - 800 nm. So, the sharp absorption peak was observed at 377 

nm (Appendix 1(B)). In this study, the parameters for the synthesis of the target nanoparticles like 

pH, temperature, concentration of the metal ion and reaction time was optimized by measuring 

λmax and considering the sharpest peak. 

4.2.1.1 Effect of pH 

At low pH (5), the formation of zinc oxide nanoparticles was not taking placed these might be due 

to repulsion occurred between positively charged H+ and ZnO nanoparticles. The characteristics 

absorption peak of the ZnO NPs observed at 377 nm was found at pH of 10 (Appendix 2(c)). It 

suggested that the zinc acetate dihydrate was converted to ZnO NPs. While, at high pH 12- 14 the 

surface plasmon resonance (SPR) absorption peak shifted to larger wavelength (red shift) 

indicating the formation of larger size ZnO nanoparticles, broadening the observed peak.  

Moreover, the strongly alkaline condition, the more abundance of OH- ions in the solution form a 

complex with Zn2+ cations as the molecules Zn [OH]2
4- and Zn (OH)2 which could restrain the 

production of ZnO nanoparticles.  However, with increase in pH from 7 to 10, SPR absorption 

peak shifted to shorter wavelength (blue shift) confirmed to the formation of smaller size ZnO 

nanoparticles [44]. The spectra had single/sharp peak indicated that the synthesized nanoparticles 
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are specific. As a result of these pH 10 was found to be the optimum pH for the synthesis of zinc 

oxide nanoparticles (appendix 2(C)). 

4.2.1.2 Effect of temperature 

Increasing of the solution temperature lead to an increase in the size of the zinc oxide nanoparticles 

as a result no intense absorption peak and broadening of peak was observed from 33-50 ◦C 

(Appendix 3(C-J)). Therefore, this study has similar agreement with previous report [44]. While, 

at lower temperatures 25 and 30 ◦C the absorption peaks were obtained at 377 nm, but the better 

intense peak was observed at 25 ◦C (Appendix 3(A)) which suggested that the zinc acetate was 

converted into ZnO NPs and the synthesized nanoparticles are small in size, So RT was the 

optimum temperature needed for the synthesis of zinc oxide nanoparticles [35].  

It has been demonstrated that, plant mediated synthesized ZnO nanoparticles size could be 

controlled by changing the solution temperature. The reduction rate of metal ions increased by 

temperature; because high temperature will lead to too high reaction kinetics. It is impossible to 

control the growth step of the crystallization process in reactions with fast kinetics [44]. 

4.2.1.3 Effect of Metal ion concentration 

Synthesis of NPs was also affected by the concentration of zinc acetate dihydrates as the NPs 

formation was increased with increasing the concentration of zinc acetate dihydrates. While, at 

low concentration of 0.01 M no absorption peaks were observed, indicating that the dispersion of 

ZnO NPs was affected by the concentration [35].  

When zinc ions concentration was increased biochemical reduction starts immediately. Further, 

the characteristic absorption peak at 377 nm was recorded in the concentration of 0.046 M. Thus, 

the narrow size distribution of ZnO nanoparticles and the optimum concentration of zinc acetate 

for ZnO nanoparticle via green route using Lepidium sativum extract was found to be 0.046 M [44] 

(Appendix 4(C)). The absorption spectra intensity of nanoparticles increased with increased 

concentration of precursor salt solutions [42]. 

4.2.1.4 Effect of reaction(incubation) time 

Reaction time is also considered as an important factor for the synthesis of NPs, which also 

depends on the nature of metals. Reaction time is the period required for complete reduction of the 
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metal ions for the synthesis of metal NPs. The effect of incubation time was studied by keeping 

pH, temperature and concentration of zinc acetate dihydrate as constant [35].   

As a result, after a time of 0.5 h no absorption peak was observed due to the instability of the 

synthesized ZnO NPs. The zinc oxide nanoparticles synthesized at optimum condition exhibited 

the sharpest peak obtained at 377 nm which was found to be stable after 4 h. (Appendix 5(D) [43]. 

4.3 Characterization of zinc oxide nanoparticles 

4.3.1 UV-Vis Spectroscopy of the ZnO NPs 

UV-vis spectroscopy which provides an information about the size and band gap energy of the 

nanoparticles. As a result, in the present study, the synthesized ZnO NPs was confirmed by the 

absorption maxima at the wavelength of 376 nm. The occurrence of these absorption peak is due 

to surface plasmon resonance property of the nanoparticle which occurs owing to oscillation of 

free electrons on the surface of the nanoparticle when they align in resonance with wavelength of 

irradiated light [44]. The obtained peak was even sharper and more intense it is expected to be the 

effect of smaller size of the as synthesized ZnO nanoparticles [39]. No other peaks were observed 

in the spectrum, which confirms that the synthesized product is only ZnO nanoparticles [47]. 

                  

  Figure 5. UV-Vis spectrum of synthesized ZnO NPs (max=376 nm) 
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The spectrum reveals the characteristic absorption peak at 376 nm (figure (5) shows the 

synthesized ZnO NPs exhibited a bandgap value of 3.08 eV (Figure 6), which can be assigned 

to the intrinsic band-gap absorption of ZnO [46]. As particle size decreases band gap increases as 

a result of quantum size effect on electric energy bands of semiconductor [47]. 

              

Figure 6. Plot of (αhν)2 vs hν, band gap energy of the synthesized ZnO NPs. 

Band gap energy was given by Tauc relationship (P. Bindu and S. Thomas.2017). In equation (2) 

(αhν)2 = K (hν - Eg) ………………………… (2) 

Where, α is absorption coefficient was calculated from absorbance A and the sample thickness t. 

h is plank’s constant (6.62.10-34 Js-1), K is constant (2.3026) and Eg is band gap energy. Therefore, 

the estimated band gap value of the synthesized ZnO nanoparticle was found to be 3.08 eV as 

shown above (figure 6). 

The UV-vis spectrum of the synthesized zinc oxide nanoparticles is shifted to longer wavelength 

as compared to the plant extract. This shows that during the formation of the nanoparticles, there 

is a red shift in wavelength which can be considered as an indicator of a newly formed particles 

with different surface plasmon resonance [39].  
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The UV-Vis spectrum of plant extract (Figure 7) is characterized by absorptions in the UV region 

(220-280 nm) and in the range 330-420 nm, corresponding to phenolic acids and their derivatives 

(flavones, flavanols, phenylpropenes and quinones). The Lepidium sativum seed extract have 

similar fingerprints, being the richest in phenolic derivatives (272 nm) and flavonoids (around 322 

nm) [48]. 

            

Figure7. UV-vis spectrum of Lepidium sativum seed extract. 

4.3.2 FTIR Spectroscopy of the ZnO NPs 

The FTIR spectra were used to confirm the presence of functional group and plant metabolites 

which are used in the reduction, capping and stabilization of the green synthesized zinc oxide 

nanoparticles. The FTIR spectra of the synthesized zinc oxide nanoparticles Figure 8(a) depicts, a 

broad band absorption peak at 3390 cm-1 indicates the stretching of O–H groups in water, alcohol 

and phenols. Peaks at 2923 and 2853 represent that the plane bending of C-H and C-C bonds of 

the alkyl groups [34]. The peak at 1077 and 1007 cm-1 are ascribed to C-O bond stretching 

vibration of biomolecules from seed extract. The peaks at 1518 cm-1 are assigned to C=C stretch 
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stretching of amine groups. The major absorption band at 559 and 443 cm-1 are characteristic to 

the Zn-O bond [49]. 

   

Figure 8. (a) FT-IR spectra for ZnO NPs b) FT-IR spectra for seed extract of Lepidium sativum. 

FTIR spectra of the biosynthesized ZnO NPs showed a small shift with slight changes to lower 

wavenumber (red shift) in some related peaks and in their intensities, functional groups like OH, 

C=O and C-N suggesting that the major biomolecules from the extract were capped or 

bonded to the surface of ZnO NPs. 

FTIR spectra of Lepidium sativum seed extrac as shown in Figure 8(b) represent, broad and inten

se absorption peak at 3392 cm-1 might be due to overlapped OH and NH stretching. The other  

peaks at 2926 cm-1 (C-H) stretching, 1668 cm-1 (C=O) of phytochemicals, 1403 cm-1 (C-N) of 

amine, 1392 cm-1 (C-H) of the alkene group, 1515 cm-1 (N-H) stretch, 1476 cm-1 (C-H) bending 

and 1119 cm-1 (C-O) stretch [50].  Further, peaks at 701,617 and 543 cm-1 (RCOO) of 

phytoconstituents, which are rich in polyphenols, carboxylic acid, polysaccharide, amino 

acid and proteins, which are involved in the reduction and stabilization (capping) of ZnO NPs. 

Our results are consistent with the previous study report [34].  
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4.3.3 XRD studies of ZnO-NPs 

The crystalline nature of the zinc oxide nanoparticles synthesized from Lepidium sativum seed has 

been studied by XRD analysis. The XRD diffractogram clearly shows the main peaks at (2θ) range 

from 10º to 60º (Figure 9). The XRD spectrum of the zinc oxide nanoparticles showed five most 

diffraction peaks at, 32.8, 34.72, 36.56, 47.84 and 56.88° corresponding to the (hkl) values of 

(011), (110), (111), (021) and (202) planes respectively. So, it was confirmed that the synthesized 

zinc oxide nanoparticles are crystalline and hexagonal wurtzite structure which is the most stable 

phase of ZnO.  

The broadening of the peaks in XRD indicates the formation of nanosized particles. The XRD 

peaks are broader as the NPs size decreases. Our result has similar agreement with the previous 

report [40]. There were unallocated peaks that appeared at 29.68, 33, 43.06 and 53.06°, these 

unpredicted crystalline structures could be due to impurities raised from the precursor (zinc acetate 

dihydrate) salts a result crystallization is occurred on the surface of the zinc oxide nanoparticles. 

            

   Figure.9 PXRD of Zinc oxide nanoparticles showing five peaks are given 2θ values. 

 

10 20 30 40 50 60

0

1000

2000

3000

4000

5000

6000

7000

8000

In
te

n
s
it
y
(C

p
s
)

2 Theta(deg)

ZnO NPs

* *

*

* *

011

110

111

021

202



27 
 

The crystallite size of ZnO NPs was calculated from the most intense peaks using Debye–

Scherrer’s formula, by equation (3) 

                                        D=Kλ/β cos θ …………………………. (3)  

Where D is crystallite particle size, K is Scherrer’s constant (0.9), λ is the wavelength of X-ray 

(1.54059 Å =0.154059 nm), β is the full width at half maximum (FWHM) of the intensity peaks, 

and θ is the Bragg’s diffraction angle. The most intense peak was observed 2θ=36.56, at hkl (101). 

While θ=18.28 ,18.28/180=0.1015 = 0.995   

                                 β = 0.2748= 0.2748*3.14/180=0.0048 

                             D=0.9*0.154059 nm / (0.0048) *(0.995) 

                                     = 0.13865 nm /0.00477 

                                      = 29 nm 

As a result, the calculated value of the synthesized zinc oxide nanoparticle has crystalline size of 

29 nm. 

 

4.4 Photocatalytic degradation  

In the present study, the photocatalytic degradation of methyl orange (MO) dye was studied by the 

synthesized zinc oxide nanoparticles using Lepidium sativum seed extract via solar irradiation 

technique in 30 min time interval (30, 60, 90, 120, 150 and 180 min) dye degradation which was 

visually detected by a gradual change in the color of dye solution from orange to colorless 

(appendix 6(A) and the characteristic absorption peak of MO was found to be 464 nm.  

However, the colour could not be completely degraded to water after completing the final reaction 

time at 180 min this might be due to dissolution occur between the dye molecule and ZnO NPs 

[52]. Further, this might be due to charge separation between electron and hole pairs in the excited 

states that prevents recombination of charge pairs for a longer time under visible radiation [53].  

 

 

 



28 
 

4.4.1 Optimization of photocatalytic degradation of MO dye 

4.4.1.1 Effect of catalyst dose 

It was observed that increasing catalyst dose from 0.05 to 0.3 g in a reaction time of 180 min which 

leads to an increase in the percentage of MO degradation 57.5 to 82 % respectively. The results 

showed that, the removal efficiency of MO increased with respect to the time of irradiation and 

the quantity of ZnO nanoparticles (Figure 10). Here, with the increase in the dose of the 

nanoparticles the rate of removal is rapidly increasing due to enhancement of active sites which 

increases in the number of hydroxyl radicals and superoxide [5]. Besides, it could be due to the 

mount of electron-hole pairs was formed during the UV light irradiation [37]. Therefore, catalyst 

dose of 0.3 g was found to be optimum and selected for further studies.  

 

 

Figure 10. The effect of catalyst amount on the dye degradation of MO. Methyl orange of 0.05 

mM, pH 6 and time 180 min 
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However, excessive use of catalyst quantity which forms milky solution leads to preventing 

penetration of UV light onto the catalyst surface which could decrease production of hydroxyl 

radicals as a result which decreases efficiency dye damage and discoloration of solution [38].  

4.4.1.2 Effect of dye concentration 

The degradation of MO dye is also affected by the concentration of MO dye. Varying dye 

concentration (0.01-0.1 mM) with constant dose of ZnO catalyst 0.3 g, reaction time 180 min and 

initial pH of 6. The relative degradation (99.1%) was obtained by using 0.025 mM concentration. 

The efficiency of methyl orange dye removal was gradually increase with time in 0.025 mM 

concentration of dye (Figure 11). Therefore, 0.025 mM of dye was the optimum concentration 

used for further studies [38]. 

               

Figure.11 The effect of dye concentration on the degradation of MO. Catalyst dose of ZnO NPs 

0.3 g, pH 6 and time 180 min 
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cost of required collisions between dye molecules and OH. radical and therefore, the rate of 

degradation is retarded [54]. 

4.4.1.3 Effect of pH 

The effect of pH was studied by talking the optimum amount of catalyst dose 0.3 g, dye 

concentration 0.025 mM and reaction time 180 min. While, varying pH of the solution in the range 

of 4-10. The pH of solutions greatly affects the rate of reaction taking place on semiconductor 

surfaces due to its influences on surface-charge-properties of the photocatalysts. The highest 

efficiency of photodegradation was observed at pH of 6 with 99 % efficiency (Figure 12). Methyl 

orange is an anionic dye; therefore, it is expected that more dyes absorbed at lower pH where ZnO 

surface is positively charged [55]. So, pH 6 was optimum pH selected for further studies.      

            

Figure 12. The effect of pH on the degradation of MO with 0.025 mM dye concentration, Catalyst 

dose ZnO of 0.3 g and time 180 min. 

At a lower pH (pH=4) the photocatalytic degradation is lower might be due to the less availability 
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there is less photocatalytic degradation of MO dye [55]. Moreover, because of this fact that the 

oxidation potential of hydroxyl radical decreases with increasing pH of the solution [56]. 

 

                                

                                               Structure of MO dye 

 

After optimization, the optimized methyl orange dyes having catalyst dose of ZnO NPs of 0.3 g 

concentration of MO dye 0.025 mM and PH 6 were taken. Then after, the photocatalytic 

degradation of MO dyes was taken place in the presence and absence of ZnO nanoparticle catalyst 

as a function of time with maximum wavelength 464 nm.  

Degradation of methyl orange were visualized by the decrease in the peak intensity with in 180 

min. The adsorption ZnO NPs on to the methyl orange solution was initially low and further 

increase with constant increase of time [52]. As shown figure 13(B), the decolorization rate is very 

low and does not occur complete degradation or mineralization and also there is no considerable 

shift in peak position without exposure of ZnO photocatalyst. Whereas, figure 13(A), an effective 

bleaching and degradation was occurred and the gradual decrease in peak intensity was found in 

the presence of ZnO nanoparticle catalyst. Generally, this indicates that an effective bleaching rate 

and degradation of methyl orange occur due to photochemical reaction in the presence of ZnO 

catalyst in time 180 min as compared to in the absence of photocatalyst degradation and bleaching 

processes were almost negligible. The present result is in agreement with the previous report [38].   
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Figure13 (A). Time dependent absorption spectra of Methylene orange dye in the presence of ZnO 

NPs 0.3 g photocatalyst, methyl orange 0.025 mM and pH 6. 

                   

(B). Time dependent absorption spectra of Methylene orange dye in the absence of ZnO NPs 

photocatalyst, methyl orange 0.025 mM and pH 6. 
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4.5 Antimicrobial activity study of ZnO NPs 

The antibacterial activity of the synthesized ZnO NPs using Lepidium sativum seed extract and the 

pure Lepidium sativum seed extract was investigated on Klebsiella, Escherichia coli, Staphyloco

ccus aureus, and Bacillus subtills bacteria (figure (14) or (Appendix 7(A-D)). Lepidium sativum 

plant seed extract contains a number of carbonyls, carboxyl, and hydroxyl groups in polyphenols. 

and the presence of abundant hydroxyl and carbonyl groups is responsible for antibacterial 

applications. The existence of these compounds in the extract and the surface helps ZnO NPs to 

adhere to the bacterial cell membranes. The chemical interaction between the extract molecules 

and ZnO NPs enhance the reactivity of NPs and improves penetration via bonding to the surface 

of the bacteria. 

 

.  

                  

Figure 14. Antibacterial activity of the biosynthesized ZnO NPs, Lepidium sativum extract and 

ciprofloxacin against B. subtills, S. aureus, Klebsiella and E. coli 
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The synthesized zinc oxide nanoparticles are more susceptible against gram negative bacteria than 

gram positive bacteria as the opposite charge enhances the interaction between the bacteria layer 

and the ZnO NPs. Moreover, gram-positive bacteria have a triple thin layer of peptidoglycan 

compared with Gram-negative bacteria and show more toleration to nanoparticle interaction with 

the cell membrane. Besides, the good antibacterial activity could be due to the smaller sized of the 

nanoparticles can easily penetrate to the cell of the bacteria. The entry of ZnO NPs into the cell 

leads to integrity loss of phospholipid layer and blebbing of intracellular elements resulting in cell 

death. Furthermore, the green synthesized nanoparticles show more antibacterial activity than that 

of the plant extracts [51].  

 

Table 2: Summary of antibacterial activity assay 

Zone of inhibition in diameter(mm) Negative 

control 

Positive 

control(mm) 

Bacterial strain ZnO NPs  

100 mg/mL 

Lepidium sativum 

extract (100 mg/mL) 

DMSO  Ciprofloxacin  

(20µg) 

Escherichia coli  16 mm - - 12 mm 

Bacillus subtills 13 mm - - - 

Staphylococcus 

aureus 

15 mm 11 mm - 14 mm 

Klebsiella 24 mm 16 mm - 27 mm 

 

Based on the above data, the antibacterial activity of zinc oxide nanoparticle against gram negative 

bacteria, klebsiellas has greater activity than plant extract. Regarding Gram positive bacteria, the 

zinc oxide nanoparticles show better activity to against Staphylococcus aureus than the plant 

extract. The zinc oxide nanoparticle has a potential to against all four bacterial strain than the plant 

extract. The synthesized zinc oxide nanoparticle has greater activity to against gram-negative 

bacteria (Escherichia coli and Klebsiella) than the gram-positive bacteria (Staphylococcus aureus 

and Bacillus subtills).  

Moreover, the synthesized ZnO NPs exhibited a considerable zone of inhibition for Escherichia 

coli and Klebsiella compared with Staphylococcus aureus and Bacillus subtills. The observed 

zones of inhibitions with 100 mg/mL concentration of ZnO NPs were 24, 16, 15 and 13 mm for 

Klebsiella, Escherichia coli, Staphylococcus aureus, and Bacillus subtills respectively.          
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5. CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

A green method for the synthesis of zinc oxide nanoparticles using seed extracts of Lepidium 

sativum has been demonstrated. The metal oxide nanoparticles were characterized by UV-Vis, FT-

IR and XRD. The Synthesized of zinc oxide nanoparticles was optimized based on parameters like 

pH, temperature, metal ion concentration and reaction time to demonstrate the maximum 

wavelength of intense peak. The FT-IR spectroscopy revealed different secondary phytochemicals 

like flavonoids, alkaloids, and others were around the synthesized zinc oxide nanoparticles. The 

XRD result revealed the crystalline nature of the synthesized zinc oxide nanoparticles. The 

photocatalytic degradation of MO dye was optimized by parameters such as catalyst dose, dye 

concentration and pH. Degradation of MO dye by ZnO catalyst was efficient for bleaching of dyes 

due large band gap energy and small size. The degradation of MO dye in the presence of ZnO 

catalyst was efficient as compared to in the absence of catalyst. The synthesized zinc oxide 

nanoparticles have been exhibited significant antibacterial activity against all the four bacterial 

strains. These are the gram positives bacterial Staphylococcus aureus and Bacillus subtills, the 

gram negatives bacterial Escherichia coli and Klebsiella. The synthesized zinc oxide nanoparticles 

have greater antibacterial activity to against gram negative bacteria than gram positive bacteria. 

The synthesized zinc oxide nanoparticles have greater antibacterial activities than the seed extracts 

of Lepidium sativum. Generally, Plant mediated synthesis of metal oxide nanoparticles have an 

application for photocatalytic degradation of MO dye and as antibacterial agent against human 

pathogenic diseases. 

5.2 Recommendation 

For further work, it was recommended that additional characterization for further size 

determination and morphology of the sample using instruments; SEM, TEM and EDX. The 

application of ZnO NPs as degrading dyes needs further work. Further work is also required on 

other metal oxide nanoparticles through mediation of Lepidium sativum seed extract with 

application of their antimicrobial agents and photocatalytic activity. Commonly peoples have been 

using seed as antimicrobial agent against pathogens, but using in excess amount have side effect 

which induce abortion. Therefore, care is needed to use the seed alone. Traditionally peoples have 
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been using the seed as antimalarial agent to reduce fever disease but, this strictly needs further 

investigation. 
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7.  APPENDIX 

7.1 Appendix Figure 

 

4.1.  

1.A) Synthesis process of the synthesized zinc oxide nanoparticles supported Lepidium sativum 

seed extract. 

                                           

Lepidium sativum seed(a)                                          Lepidium sativum seed powder(b)                       

                          

Filtering the extract (whatman no.1 filter paper)(d)                    Lepidium sativum seed extract(c) 

                        

                                        

Filtrate of extract(e)              Precursor solution (zinc acetate dihydrate)(f)                 Mixtures(g) 

                                                                                                                               (pale white color)                                                                         

                                  

The synthesized Zinc oxide nanoparticle            After addition of 2 M NaOH and stirring for 1 hr.           

     (White powder) (i)                                                                 (pale yellow color) (h) 
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B. UV-vis spectra of as-synthesized zinc oxide nanoparticles before optimization at RT and pH 

10-12. 

         

C. UV-vis spectra Lepidium sativum seed extract 

                          

2. A: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles at pH of 7. 
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B: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles at pH of 8. 

                      

C: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles at pH of 10. 

                         

D: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles at pH of 12. 
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E: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles at pH of 14. 

                      

3. A: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles at room 

temperature (25 ºC). 

                        

 B: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles at temperature of 

30 ºC. 
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C: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles at temperature of 

33 ºC. 

                          

D: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles at temperature of 

36 ºC. 
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E: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles at temperature of 

39 ºC. 

                           

F: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles at temperature of 

40 ºC. 

                             

G: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles at temperature of 

43 ºC. 
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G: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles at temperature of 

46 ºC. 

                        

I: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles at 49 ºC. 

                   

J: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles at temperature of 

50 º. 
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4.A: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles with 

concentration of metal ion (precursor salt solution) 0.1 M. 

                         

B: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles with concentration 

of metal ion (precursor salt solution) 0.05 M. 
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C: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles with concentration 

of metal ion (precursor salt solution) 0.046 M. 

                         

D: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles with concentration 

of metal ion (precursor salt solution) 0.025 M. 

                   

E: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles with concentration 

of metal ion (precursor salt solution) 0.01 M. 
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5(A): UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles with 

incubation(reaction)time of 0.5 h. 

               

B: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles with 

incubation(reaction)time of 1 h. 
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C: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles with 

incubation(reaction)time of 2 h. 

                     

D: UV–Vis absorption spectra of the as-synthesized zinc oxide nanoparticles with 

incubation(reaction)time of 4 h. 

 

 

                   

        In dark (a)                   30 min (b)                      60 min (c)                90 min (d)  

 

                             

                180 min (g)                          150 min (f)                        120 min (e) 
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(A) 

 

(B) 

4.4 

6. Optimized color change observed during photocatalytic degradation of methyl orange dye t 

(A)presence and (B)absence ZnO nanocatalyst in 30 min time interval. 

 

 

 

 

 

                  

  In dark (a)                    30 min (b)               60min (c)                   90 min(d) 

 

                        

              180 min (g)                 150 min (f)                     120 min (e) 



54 
 

 

4.5. 

7. Clear Zone of inhibition for antibacterial activity of ZnO NPs and plant extract for four bacterial 

strain with the positive control (ciprofloxacin) at the center of each Petri plate and negative control 

(DMSO).  

A) Klebsiella (B) Escherichia coli (C) Staphylococcus aureus and (D)Bacillus subtills  

 

 

 

 

 


