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ABSTRACT 

Synthesis and application of Zinc oxide nanoparticles is a new research topic that is gaining 

popularity due to a rise in commercial demand for nanoparticles. Green synthesis, also 

known as green chemistry, is a procedure that involves chemical reduction, which is carried 

out by phytochemicals, which then act as a capping agent. The cost-effective and 

environmentally friendly production of zinc oxide utilizing aqueous plant leaf extract of 

Costus afer (ginger lily) is described in this study. The synthesized zinc oxide nanoparticles 

were characterized with UV-Visible spectroscopy, Fourier Transform infrared spectroscopy 

(FTIR), X-ray Diffractometer, Scanning Electron Microscopy (SEM) and Energy Dispersive 

X-ray spectroscopy (EDX) to ascertain the physico-chemical and morphological properties of 

the zinc oxide nanoparticles. The UV-Visible spectrum of colloidal solutions had absorbance 

peak at 369 nm. The Energy Dispersive X-ray spectroscopy (EDX) showed that the zinc oxide 

nanoparticles of the five samples contain higher amount of Zn both in atomic concentration 

and in weight concentration and few other elements. The zinc oxide nanoparticles were tested 

against Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus and Pseudomonas 

spp and The antimicrobial investigation revealed zones of inhibition as well as no zones of 

inhibition on some isolates, which can be related to nanoparticle concentration. The ease 

with which zinc oxide nanoparticles were synthesized via the green route, as well as the zones 

of inhibition, provide an alternate route and solid support for the use of green plants in the 

manufacture of novel antibacterial medicinal agents. 

Keywords: Nanoparticle, characterization, green synthesis, Costus afer, antimicrobial 

activity 
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INTRODUCTION 

Nanotechnology is an exciting new subject of science that has piqued the curiosity of 

scientists from several fields. The synthesis of metal nanoparticles can be done in a variety of 

ways, including physical, chemical, and biological methods. Laser ablation (Tsuji et al., 

2009), Arc discharged method (Tien et al.,2008), irradiation (Yong et al., 1999), polyol 

process (Sun and Xia, 2002), polymers (Hebeish et al., 2011; Chengcai et al., 2005; Narendra 

and Khanna, 2007), co-precipitation (Yang et al., 2003), sol-gel (Lu et al., 2002), bacteria 

(Korbekandi et al., 2012), fungi (Ahmad et al., 2003; Balajiet al., 2009) have been used in 

the synthesis of nanoparticles. Nanotechnology has become a viable research topic due to the 

utilization of plant extracts, enzymes, microbes, polymers, carbohydrates, and vitamins in the 

production of nanoparticles (Oxana et al., 2013). Zinc oxide (ZnO) is a well-engineered 

compound that has received remarkable interest globally due to its distinctive properties and 

usages in various applications, such as pharmaceuticals, industries e.g rubber manufacture 

cement industry ceramic glazing also used as a way to get dietary zinc into enriched foods. 

Zinc (Zn) is the metal of choice for potential applications in the field of biological systems, 

living organisms and medicine as antimicrobials. Plant extracts are inexpensive to utilize in 

the production of zinc oxide nanoparticles because plant leaves are easily available, 

environmentally benign, and energy efficient. Biologically synthesized zinc oxide 

nanoparticles using medicinal plants or plant extracts include Sesanium indium (Sara Z et al., 

2020), Moringa oleifera (Matinise, N et al., 2017), Arthocurpusgomezianus fruit (Anitha, R 

et al., 2018), Cassia alata (Agakwal, H et al., 2019), Azadirachta indica (D. T. Handago et 

al., 2019 , M. J. Haque et al.,  2020), Passiflora caerulea (J. Santhoshkumar et al., 2017), 

Aloe vera (N. I. Rasli et al 2020 , A. Chaudhary et al.,2019), Vitex trifolia (K. Elumalai et al., 

2015), Trifolium pratense (D. Renata and D. Jolanta, 2016), Bauhinia tomentosa (G. 

Sharmila et al., 2018), Cinnamomum verum (A. A. Mohammad et al., 2020), Camellia 

sinensis (I. Shagufta et al., 2018), Artocarpusgomezianus (D. Suresh et al., 2015), Matricaria 

chamomilla, Olea europaea, and Lycopersicon esculentum (Solabomi O.O et al., 2019). 

In this research the Biosynthesis of ZnO Nanoparticles using Costus afer, characterization 

and antibacterial effect on Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus 

and Pseudomonas spp have been reported. Costus afer (Ginger lily)commonly known as 

Bushcane (English), Opete or Okpoto (Igbo), kakizawa (Hausa) and Tete-egun (Youruba) is a 

widespread tree of evergreen forest valued inWest Africa and Nigeria for its medicinal value 

which has led to its exploitation.Almost every portion of this plant has medicinal value in 

ailments like malaria, measles, diabetes mellitus, arthritis, and stomach problems. The 

succulent stem, for example, is chewed to alleviate thirst as well as to treat cough and sore 

throat in West Africa (Omokhua G. E., 2011; TaiwoA. O. and Bolanle A. A., 2003). The 

proximate analysis of different parts of C. afer shows the presence of both macro and 

micronutrients (M. C. Dike 2009; G. Anyasoret al 2014).  
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Fig 1: Ginger Lily Plant 

Both the leaves and stem are rich in macronutrients such as carbohydrate, crude protein, fat, 

ash, moisture, and a good source of fiber. There are also reports of the presence of certain 

vital nutrients such as vitamins B (1, 2, 3, 6, and 12), E, and C in the leaves (I. P. Ekpeet 

al.,2018). The oil extracted from the plant is made up of 78% saturated fatty acids and 22% 

unsaturated fatty acids (I. P. Ekpe et al.,2018). The phytochemical analysis of the leaves, 

stem, and the rhizome of this plant in different solvents shows the presence of alkaloids, 

phenols, saponins, triterpenes, tannins, and glycosides (Okugbo T. and OriakhiK., 2015; 

Ukpabi C.F. et al., 2012; Akpan M. M. et al., 2012; Jesus M. et al., 2016). 

Biomolecules with carbonyl, hydroxyl, and amine functional groups have the potential for 

metal ion reduction and capping the newly formed particles during their growth processes 

(Adesuyi et al., 2012). In this work, we report a simple, nontoxic, and eco-friendly green 

synthesis of zinc oxide nanoparticles using aqueous leaf extract of Ginger lily and no toxic 

chemicals are used as reducing and stabilizing agent during the synthesis. 

METHODOLOGY 

Materials 

Ginger lily leaves were gotten from otamiri river bank in Federal university of technology 

owerri, imo state Nigeria. While Zinc nitrate hexahydrate) (Zn₂N0₃.6H₂0) of analytical grade 

was gotten from Chemiscience laboratory Imo state Nigeria. 

Organisms 

Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus and Pseudomonas spp were 

collected at the Department of Microbiology, Everight Laboratory owerri, imo state. 

Plants and preparation of extract 

Ginger lily leaves were obtained from the Otamiri riverbank Owerri, the capital of Imo state 

Nigeria. Fresh leaves are cut from the stalk and the leaves are washed with sterile water and 

allowed to dry then they were grounded using industrial laboratory blender.10g from the 

grounded leaf was weighed and soaked in 250ml Erlenmeyer flask. The solution is boiled at 

70⁰ C for 2 hours. Whatman Filter paper is fixed into a funnel and the solution is allowed to 

pass through the filter paper.The filtrate is collected and allowed to cool before storage at 

4°C.  
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Synthesis of Zinc oxide nanoparticles 

Zinc nitrate hexahydrate (Zn2N03.6H20) was used. A ratio of 1:1 of 1M zinc nitrate 

hexahydrate (Zn2N03.6H20) and plant extracts were mixed in separate flasks.The solution is 

subjected to continuous heating and stirring at 100rpm for 4hrs using a magnetic stirrer. The 

resultant solution was purified by centrifugation for 20mins.The pellet is washed 3x using 

sterile water. The resultant solution is oven dried and calcinised at 450 
o
C and the whitish 

looking pellets were stored in an amber colored bottle.Then characterization was carried out 

on the samples. 

Characterization 

The functional groups of ZnO nanoparticles were characterized by Fourier-Transform 

Infrared (FTIR, Cary 630 by Agilent Technologies USA) spectroscopy in the range of 4000–

350 cm
-1

. The crystallinity and phases of the ZnO nanoparticles were characterized by X-ray 

diffractometer (XRD-6000, is Rigakuminiflex by Rigakucoporation) with Cukα radiation (λ = 

1.5412 Å) in the range of 30°–90° with 2°/min scanning rate.. In addition, time- resolved 

absorption spectra of prepared ZnO nanoparticles was analyzed via UV-visible 

Spectrophotometer (T60 UV-Vis spectrophotometer). The morphology and size of the 

prepared ZnO nanoparticles was observed by Scanning Electron Microscopy (SEM 

phenomProX by Phenomworld Eindhoven, Netherlands). 

Evaluation of antibacterial activity 

The antimicrobial screening of the zinc oxide nanoparticles was carried out against 

Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus and Pseudomonas spp using 

disc diffusion method. 

 

Table 1. The variations in zone of inhibitions (mm) 

ZnONp conc. (µg/ml) S. aureus Pseudomonas spp E. coli Klebspp 

1000 - - 7.7 - 

2000 10.5 7.0 8.0 7.4 

3500 11.0 7.1 8.1 8.9 
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Figure 2. UV-visible spectrum of the silver nanoparticles synthesized with aqueous leaf 

extract of ginger lily 

 

RESULTS AND DISCUSSION  

 

UV- Vis spectra analysis 

The color change was noted by visual observation in the Erlenmeyer flask that contains Zinc 

nitrate hexahydrate (Zn₂ N0₃ .6H₂ 0) solution with Costus afer (ginger lily) aqueous plant 

leaf extract. The color of the Zn₂ N0₃ .6H₂ 0/ plant leaf extract solution changed from light 

amber to dark amber after 20 min of continuous stirring and eventually to dark brown when 

heat was applied using a water bath. This color change indicates the formation of ZnO 

nanoparticles in the solution. The formation of ZnO nanoparticles was further confirmed by 

using X-ray diffraction (XRD), Fourier-Transform infrared spectroscopy (FTIR) and 

Scanning electron microscopy (SEM). 

Figure 2 shows the UV-vis absorption spectrum of the synthesized ZnO nanoparticles. Strong 

absorbance was observed at 369 nm for ZnO nanoparticles synthesized ginger lily extracts. 

The synthesized ZnO nanoparticles confirmed in this study by the UV – vis absorption 

spectra at the wavelength which is the characteristic wavelength coupled with the absence of 

any other absorbance peak in the spectra confirms that the synthesized products are pure ZnO 

NPs (Salahuddin et al., 2015; Mohammadian et. al., 2018; Demissie et al., 2020). These 

corroborates with ZnO nanoparticle synthesized from chamomile flower (Matricaria 

chamomilla L.), olive leaves (Olea europaea), and red tomato fruit (Lycopersicon esculentum 

M.) (Solabomi et al., 2019) and from leaves of Lippia adoensis (Demissie et 

al.,2020).Furthermore, it is reported that the peak positions of UV-visible spectra are related 

with size of nanoparticles and blue shifted as the crystal size of the nanoparticles decreased 

(Pranjali et al., 2019). 



International Journal of Advanced Academic Research | ISSN: 2488-9849 

Vol. 7, Issue 8 (August, 2021) | www.ijaar.org 

 

33 
 

 

Figure 3: XRD patterns of ZnO-NPs synthesized with ginger lily 

 

FTIR spectra analysis 

The peaks at > 3100 cm
-1

 are related to OH species with co-adsorbed H2O on ZnO surfaces. 

The characteristics bands at 2109.7 to 2117.1 cm
-1

 and at 1006.4 to 1051.1 cm
-1

 were 

attributed to the C-N vibrations (Solabomi et al.,2019). Aromatic C-H bending vibrations 

were observed at 1990.4 cm
-1

 for ZnO nanoparticles from ginger lily plant extract. The 

characteristics peak at around 1576.7 and 1599 cm
−1

 is due to the C-C stretching aromatic 

ring, and the strong intensity at 1408.9 cm
−1

 and 1412.8 cm
−1

 are due to α-CH2 bending 

vibrations of aldehydes and ketones (Demissie et al., 2020).  The peak in the region of less 

than 900 cm
−1

 is assigned to Zn-O stretching vibration (Divyaet al.,2018; Demissie et al., 

2020), confirming ZnO NPs are synthesized using the Costus afer (ginger lily) plant extract 

as a reducing and capping agent. 

SEM and EDX analysis 

The surface morphologies of biosynthesized ZnO nanoparticles were studied by using SEM 

which showed flakelike clusters.To gain further insight into the features of the biosynthesized 

ZnO NPs, the analysis of the sample was performed using EDX techniques. The Energy 

Dispersive X-ray spectroscopy (EDX) showed that the zinc oxide nanoparticles of the five 

samples contain higher amount of Zn both in atomic concentration and in weight 

concentration and few other elements. The weight concentration of Zn in the ZnO 

nanoparticle was 76.89 % for ginger lily. The results corroborates with that reported for ZnO 

nanoparticle synthesized from leaf extract of Lippia adoensis (Koseret) (Demissie et al., 

2020) and indicated that the reaction product is composed of high purity zinc nanoparticles. 
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Fig 4: SEM-EDX for ZnO nanoparticle from ginger lily leaf extract. 

 

Antibacterial assay 

The antibacterial activity of biosynthesized ZnO nanoparticles was investigated against 

selected pathogens such as Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus 

and Pseudomonas spp by using the disc diffusion method, and the result is shown in Table 1. 

In general, as shown in Table 1, the biosynthesized ZnO nanoparticles using Costus afer leaf 

extract exhibited strong antibacterial activity against both Gram-positive (Staphylococcus 

aureus and Pseudomonas spp) and Gram-negative (Escherichia coli and Klebsiella 

pneumoniae) bacteria strains but the bactericidal activity was higher on gram positives. 

As stated in Previous research, bactericidal activity of ZnO nanoparticles was greater on 

Gram-positive than Gram-negative bacteria (TayelA. et al., 2011). The reason for the 

difference in sensitivity between Gram-positive and Gram-negative bacteria might be 

attributed to the differences in morphological constitutions between these microorganisms. 

Gram-negative bacteria have an outer lipopolysaccharide membrane, and this makes the cell 

wall impermeable to antibacterial chemical substances. Gram-positive bacteria on the other 

hand are more susceptible having only an outer peptidoglycan layer which is not an effective 

permeability barrier. Therefore, the cell walls of Gram-negative bacteria are more complex in 

layout than the Gram-positive ones acting as a diffusion barrier and making them less 

susceptible to the antibacterial agents (Getie A. M. et al.,2017). 

For the ways of interactions of ZnO nanoparticles with bacteria, scientists have suggested a 

few possible bactericidal mechanisms. Some proposed that smaller nanoparticles have greater 

surface reactivity and easier cell penetration that released Zn
2+

.The release of Zn
2+

 from ZnO 

nanoparticles is one of the main propositions in antibacterial mechanisms which are known to 

inhibit several bacterial cell activities including active transport, bacteria metabolism, and 

enzyme activity leading to bacterial cell death due to the toxicity properties of Zn
2+

(S. Soren 

et al., 2018). The other proposed antibacterial activity is caused by the formation of reactive 

oxygen species (ROS) which leads to oxidative stress and subsequent cell damage or death. 

The formation of ROS is a common antibacterial activity adopted by ZnO nanoparticles (H. 

Agarwal et al., 2018). Another possible mechanism for the antimicrobial activity of ZnO 

nanoparticlesis through the attachment of nanoparticles to the bacteria cell membrane via 
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electrostatic forces. This interaction may distort the membrane plasma structure and damage 

the bacterial cell integrity, resulting in the leakage of intracellular contents and ends with cell 

death (C. Jayaseelan et al., 2012). 

Conclusion 

In this research, we describe an effective green approach for synthesizing Zinc Oxide 

nanoparticles from Costus afer aqueous leaf extract, which exhibited remarkable features. 

The produced ZnO NPs displayed strong UV absorbance, X-ray diffraction examination 

indicated the creation of a ZnO hexagonal wurtzite structure with an average crystallite size 

of 17.32 nm.The aqueous Leaf extract of Costus afer assisted in the reduction and 

stabilization of Zinc Oxide nanoparticles, and the produced nanoparticles displayed 

significant antibacterial activity at varied doses. Surface-modifying reagent molecules 

extracted from the extract had improved antibacterial activity, which could be attributed to 

changes in Zn
2+

 ion release. This makes our green approach preferable to conventional 

methodologies.The results of our investigation demonstrated that biosynthesized Zinc oxide 

nanoparticles possess promising potential in medical care, food packaging, and industrial 

applications as an alternative to chemical compounds. 

 

Figure 5. Antimicrobial activity of Zinc oxide nanoparticles synthesized from Costus afer. 
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