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Abstract 

The environmentally friendly synthesis, characterization, evaluation of potential toxicity 

and antibacterial development of alumina nanoparticles (Al2O3NPs) has become one of 

the best approaches to address the problem of antimicrobial drug resistance. The recent 

advances in the field of nanotechnology have thus made a great contribution to medical, 

biomedical, pharmaceutical and drug discovery research. Moreover, the tiny Al2O3NPs 

have a great success in inhibiting various types of microbes that cause diseases in humans 

and animals. In this study, we use the simplest, cheapest, less time-consuming and most 

effective green synthesis approach to produce environmentally friendly Al2O3NPs. In 

this study, the Al2O3NPs  were synthesized from Carica papaya leaf extract (CPL) and 

examined microscopically for their size and shape. Fourier transform infrared 

spectroscopy (FTIR) was performed to determine the concentration of metal ions and the 

shape of the molecules. In vitro cytotoxicity was performed on different mammalian cell 

lines to determine the safety of the Al2O3NPs. Finally, bactericidal activity was evaluated 

using the agar plug diffusion method. The result showed 50–60 nm sized spherical 

nanoparticles. Turbidity analysis revealed MIC and MBC of >25 μg/mL against both 

Gram-positive and Gram-negative bacteria on Mueller-Hilton agar cultures. In 

conclusion, the Al2O3NPs synthesized from CPL exhibited acceptable nanoparticle size 

and shape as well as effective bactericidal activity. 
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INTRODUCTION 

Recent advances in the field of nanotechnology have thus made a major 

contribution to medical, biomedical, pharmaceutical and drug research. Alumina 

nanoparticles (Al2O3NPs) have dimensions between 1 nm and 100 nm and can be 

synthesized green in either a bottom-up or top-down approach. Large surface area, 

durability, increased stability and recyclability are properties that nanoparticles possess. 
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Recent advances in the field of nanotechnology have therefore contributed greatly to 

medical, biomedical, pharmaceutical and drug discovery. Al2O3NPs are continuously 

produced due to their application in medicine, agriculture and industry by adding 

aluminum nitrate to the leaf extracts to obtain Al2O3NPs. Existing literature confirms 

favorable and unique properties such as porous morphology and highly stable nature that 

qualify Al2O3NPs as nanoparticles of interest for scientific research. 

Among the existing methods for the synthesis of Al2O3NPs, which include 

chemical and physical methods, the novel green synthesis approach has been shown to be 

an effective, affordable, safe, natural, non-toxic and simple method for the preparation of 

nanoparticles. As a bottom-up approach, it can serve as either a reducing agent, capping 

agent or solvent due to the secondary plant compounds contained in the plant extract. The 

novel approach to synthesize nanoparticles using green plants aims to minimize the use 

of toxic chemicals, which in turn cause serious problems to the vital organs of humans 

and animals. In addition, the green synthesis approach is relatively inexpensive and 

sustainable compared to the conventional chemical approach. 

Papaya, botanically known as Carica papaya L., belongs to the Caricaceae family. 

It is often referred to as ‘papaya' in Australia and as ‘tree melon’ in some other countries 

in Africa and Asia. Papaya is a very important biomaterial with a special therapeutic effect 

and efficient antibacterial activity. Several studies have reported that the excellent 

antibacterial epoxy coatings of the extract have been shown to have a self-healing effect. 

Recent studies suggest that C. papaya fruit and leaf extracts are used in the treatment of 

fever to increase both whole blood and platelet counts. In another study, C. papaya leaf 

extract was found to have antioxidant and immunostimulatory properties against 

acrylamide toxicity in rats. The extract from the leaves and fruits of C. papaya is rich in 

vitamins, phenols and proteolytic enzymes and acts as a good antioxidant and excellent 

antimicrobial agent.  

In the recent years antimicrobial resistance has become a serious problem in the 

treatment of infectious diseaseas a significant worldwide concern. Microbes can 

courteously be fought through the application some antimicrobial substances derived 

from plant extract coupled with compound derived from chemical sources. The good 

news is that the effectiveness of green synthesized nanomaterials in the treatment of an 

infectious disease has been reported in several studies. 

RESEARCH METHODS 

The leaves of C. papaya were collected from the Biological Garden of the Science 

laboratory Technology of Ramat Polytechnic, Maiduguri, Borno State, Nigeria. The 

reagents such as aluminum nitrate (Cat. No.: 209139, Sigma Aldrich, India), alumina, 

ethanol, distilled water (Cat. No.: 209140, Sigma Aldrich, India), Muller-Hinton agar 

(Cat. No.m1245, Invitrogen, USA), Nutrient Agar (Cat. No.: M001, Invitrogen, USA), 

Evergreen Malaysia. The pure cultures of Staphylococcus aureus and Escherichia coli 

were kindly provided by Mustapha Abubakar from the Department of Medical 

Microbiology, 

Green synthesis of Al2O3NPs using C. papaya leaf extract has been previously 

described with antibacterial activities against medically important bacteria [14]. In this 

study, C. papaya Al2O3NPs (CPL- Al2O3NPs) were synthesized using a one-pot method 

in agreement with the aforementioned study. CPL- Al2O3NPs were synthesized by 

mixing an Al2NO3 solution with an extract of C. papaya leaves. The resulting reaction 
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leading to the formation of the nanoparticles is the reduction of aluminum oxide ions by 

the aqueous extract. The obtained nanoparticles were characterized by electron 

microscopy (SEM and TEM) and FTIR and investigated for their cytotoxicity and 

antibacterial properties with bacterial strain. 

 

RESULTS AND DISCUSSION 

Determination and Synthesis of Al2O3NPs 

The aqueous papaya leaf extract and 1 mM Al2NO3 were mixed in a 1:4 ratio and 

heated on a heating mantle at 70 °C for 30 minutes until a colour change was observed. 

The colour change indicated the formation of Al2O3NPs by C. papaya leaf extract (CPL- 

Al2O3NPs) (Fig. 1). The yellow precipitate shown in Figure 2 also indicates the 

successful synthesis of Al2O3NPs. The precipitate containing the Al2O3NPs was 

carefully collected and dried overnight at 70 °C in an oven. It was then calcined in a 

muffle furnace at 500 °C for 1 hour. At the end of the calcination process, a uniform 

powder was obtained, as shown in Figure 3. 

 

The mixture of Alumina nitrate and C. Papaya leave was heated at 70°C for 30 min 

in a Heating Mantle  
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Figure 1. Colour Change Of Carica Papaya Leaf Extract From Deep Brown 

Colour Before Mixing With Aluminium Nitrate To Yellowish Colour After Mixing 

With Aluminium Nitrate Powder. 

 

The results of the SEM and HRTEM studies clearly showed a particle size between 

50 and 60 nm and an average size of the nanoparticles of 10 and 40 nm with a spherical 

morphology (Fig. 4). The FTIR spectrum also showed a very strong absorption between 

1000 and 4000 cms−1. There are further peaks in the spectrum at 1020, 1350, 1420, 1600, 

2050 and 3300, which could be esters, ethers, carbonyl (polyols) or aromatic compounds. 

The sharp FTIR curve indicates the presence of alumina ions and confirms the green 

synthesis of alumina nanoparticles (Fig. 5) 
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The finding from agar well diffusion method clearly indicates the effective 

antibacterial activity of the plant extract (negative control), ampicillin (Positive control), 

and four treatment groups treated with (100 μg/mL, 200 μg/mL, 300 μg/mL, and 400 

μg/mL) of alumina nanoparticles (Fig. 6). The visible zones of inhibitions were recorded 

when the bacteria were exposed to the highest concentration of alumina nanoparticles 

which are recorded as follows S. aureus (26 mm), K. pneaumoniae (28mm), E. coli (36 

mm), and Salmonella spp (31 mm). Relatively, lower zones of inhition were recorded 

when the bacteria were exposed to 100, 200, and 300 μg/mL as shown in table 1.  

Table 1: Antibacterial Activity Of Alumina Nanoparticle Against Two 

Pathogens 

Bacteria  Inhibition zones     

  

Positive control   

 

Conc. of AlNPs 

   

Neg. control 
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 1000 µg/mL 100 µg/mL 200 µg/mL 300 µg/mL 400 µL 

S. aureus  52 mm 16 mm 18 mm 21 mm 26 mm 

S. pneumoniae  

E. coli 

43 mm 

48 mm 

8 mm 

10 mm                       

17 mm 

21 mm 

24 mm 

32 mm 

28 mm 

36 mm 

Salmonella spp 39 mm 14 mm 23 mm 27 mm 29 mm 

 

 

Discussion  

The environmentally friendly synthesis, characterization, evaluation of potential 

toxicity and antibacterial development of alumina nanoparticles (Al2O3NPs) has become 

one of the best approaches to address the problem of antimicrobial drug resistance. In 

present days, there has been a huge demand   in researching and developing new 

antimicrobial agents from various sources to combat microbial resistance. Therefore, a 

greater attention has been paid to antimicrobial activity screening and evaluating 

methods. Nanomaterials had proven to be the efficient mode of drug delivery in modern 

science The utilization of medicinal plant materials, microbes, enzymes for synthesis of 

nanoparticles has been revolutionized in recent years and could serve as alternative for 

antibiotics. In the present study, the CPL- Al2O3NPs showed particle size ranging in 

between 5 and 200 nm, which may confer the ability to penetrate the cells/microbes and 

execute the bactericidal property. The mechanism of action of alumina nanoparticles is 

ambiguous in microorganism.  

The characterization of nanoparticles was done using various techniques such as 

FTIR electron and microscopy. The results obtained from the techniques and antibacterial 

studies have coincided with the literature in the field of nanoparticle research and 

certainly gives proof about the nanoparticle synthesis and its efficiency as antibacterial 

agent. The bio-compounds in leaf extract having the carbonyl groups are believed to be 

reducing the alumina ions and converting to unsaturated carbonyl groups by auto-

oxidizing. The FTIR analysis of CPL- Al2O3NPs showed two sharp absorption peaks at 

between 1000 and 4000 cms−1. There are further peaks in the spectrum at 1020, 1350, 

1420, 1600, 2050 and 3300, which could be esters, ethers, carbonyl (polyols) or aromatic 

compounds.. The absorption peak at 1640 cm−1 could be due to the amide bond coming 

from the carbonyl group of a protein and the peak at 3359 cm−1 may be because of OH 

groups present in alcohols and phenolics.  
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The characterization studies by scanning electron microscopy has provided more 

information on the synthesized Al2O3NPs in the presence of papaya leaf extract such as 

size and morphology of nanostructures at scale of 200 nm, 1 μm and 2 μm (Fig. 4). The 

transmission electron microscopy studies have given further inputs on the morphology 

and size of biosynthesized alumina nanoparticles ranging between 50 and 61 nm with a 

scale of 100 nm and histogram showing sizes of particles with spherical morphology (Fig. 

6)  

The existing findings suggests that there are several mechanisms by which 

Al2O3NPs could be killing the microorganisms: (i) destructuring the cell wall and ceasing 

the cell permeability (ii) formation of free radicals, (iii) inactivating important enzymes 

by interacting with thiols, (iv) interaction of Al2O3NPs with DNA and interruption of 

DNA replication and translation and by dephosphorylating the tyrosine residues on 

peptides inhibiting the signal transduction and growth in bacteria. The antibacterial 

studies with CPL-Al2O3NPs showed profound antibacterial effect against both Gram 

positive and Gram negative strains. The disc diffusion studies demonstrated larger 

inhibition zones in comparison to papaya leaf extract and similar to that of ampicillin 

(Positive control) which are analogous to the results reported by[1,19]. Based on the 

varying sizes (in mm) of zone of inhibitions, we could confirm the bactericidal efficiency 

against individual bacterial strains (Fig. 6, table 1). The MIC studies showed varied 

concentrations of CPL- Al2O3NPs against both Gram positive and Gram negative strains. 

CONCLUSION 

The green synthesis and characterization of CPL- Al2O3NPs was done and 

confirmed by FTIR, SEM, and TEM techniques. The nanoparticles appeared to be 

spherical in shape with smooth surface and the size of the particles varied from 50 to 60 

nm, but amongst them most of the particles obtained were sized in between 5 and 15 nm. 

The zones of the inhibitions CPL- Al2O3NPs had exhibited inhibitory value >25 μg/mL 

against both Gram positive and negative bacterial species. In summary, the CPL extract 

mediated synthesis of Al2O3NPs was efficient and provides additional property such as 

bactericidal efficiency and might act as long searched alternative and could be the answer 

to antibiotic resistance. 

 

REFERENCES 
Liu J, Li Q, Gu W, Wang C. (2019). The impact of consumption patterns on the generation of municipal 

solid waste in China: evidences from provincial data. Int J Environ Res Public Health, 16(10), 

1717 2.  

Kaza S, Yao L, Bhada-Tata P, Van Woerden F. (2018). What a waste 2.0: a global snapshot of solid waste 

management to 2050. World Bank Publications.  

Alam P, Ahmade K. (2013). Impact of solid waste on health and the environment. Spec Issue Int J Sustain 

Dev Green Econ, 2, 165–168 . 

Nanda S, Berruti F. (2021). Municipal solid waste management and landfilling technologies: a review. 

Environ Chem Lett, 19, 1433–1456 . 

Buryakovskaya O, Meshkov E, Vlaskin M, Shkolnokov E, Zhuk A. (2017). Utilization of aluminum waste 

with hydrogen and heat generation. IOP Conference Series: Materials Science and Engineering, 

IOP Publishing, 250(1), 012007 . 

Vincent VA, Kailasanathan C, Shanmuganathan V, Kumar JSP, Arun Prakash V. (2022). Strength 

characterization of Caryota urens fbre and aluminium 2024–T3 foil multi-stacking sequenced SiC-

toughened epoxy structural composite. Biomass Convers Biorefn, 12(9), 4009–4019. 

Yusuf NK, Lajis MA, Ahmad A. (2019), Multiresponse optimization and environmental analysis in direct 

recycling hot press forging of aluminum AA6061. Materials, 12(12), 1918. 



 
 

215 
 

 

Kumari K, Kumar S, Rajagopal V, Khare A, Kumar R. (2019). Emission from open burning of municipal 

solid waste in India. Environ Technol, 40(17), 2201–2214. 

Cullen JM, Allwood JM. (2013). Mapping the global fow of aluminum: from liquid aluminum to end-use 

goods. Environ Sci Technol, 47(7), 3057–3064 10. 

Swamy AKN, Shafrovich E. (2014). Conversion of aluminum foil to powders that react and burn with 

water. Combust Flame, 161(1), 322–331. 

Saravanan K, Shanthi B, Ravichandran C, Venkatachalapathy B, Sathiyanarayanan KI, Rajendran S, 

Karthikeyan NS, Suresh R. (2023). Transformation of used aluminium foil food container into 

AlOOH nanofakes with high catalytic activity in anionic azo dye reduction. Environ Res, 218, 

114985. 

Sankar PR, Supraja P, Mishra S, Prakash K, Kumar RR, Haranath D. (2022). A novel triboelectric 

nanogenerator based on only food packaging aluminium foils. Mater Lett, 310, 131474. 

Sithara R, Selvakumar P, Arun C, Anandan S, Sivashanmugam P. (2017). Economical synthesis of silver 

nanoparticles using leaf extract of Acalypha hispida and its application in the detection of Mn (II) 

ions. J Adv Res, 8(6), 561–568  

Mui J, Ngo J, Kim B. (2016). Aggregation and colloidal stability of commercially available Al2O3 

nanoparticles in aqueous environments. Nanomaterials, 6(5), 90. 

Manogar P, Morvinyabesh JE, Ramesh P, Jeyaleela GD, Amalan V, Ajarem JS, Allam AA, Khim JS, 

Vijayakumar N. (2022). Biosynthesis and antimicrobial activity of aluminium oxide nanoparticles 

using Lyngbya majuscula extract. Mater Lett, 311, 131569. 

Wahab R, Alam M. (2022). Highly efcient and fast electrochemical sensor based on aluminium oxide 

(Al2O3) nanoparticle for the detection of organosulfur compounds. Sensors Actuators A Phys, 

347, 113967. 

Bhutto AA, Baig JA, Kazi TG, Sierra-Alvarez R, Akhtar K, Perveen S, Afridi HI, Ali HE, Hol A, Samejo 

S. (2023). Biosynthesis of aluminium oxide nanobiocomposite and its application for the removal 

of toxic metals from drinking water. Ceram Int, 49(9), 14615–14623. 

Gbadamosi AO, Junin R, Manan MA, Agi A, Oseh JO, Usman J. (2019). Synergistic application of 

aluminium oxide nanoparticles and oilfeld polyacrylamide for enhanced oil recovery. J Petrol Sci 

Eng, 182, 106345  

Ghotekar S. (2019). Plant extract mediated biosynthesis of Al2O3 nanoparticles-a review on plant parts 

involved, characterization and applications. Nanochem Res, 4(2), 163–169 20.  

Bokhary KA, Maqsood F, Amina M, Aldarwesh A, Mofty HK, Al-Yousef HM. (2022). Grapefruit extract-

mediated fabrication of photosensitive aluminum oxide nanoparticle and their antioxidant and 

anti-infammatory potential. Nanomaterials, 12(11), 1885 21. 

Nduni MN, Osano AM, Chaka B. (2021). Synthesis and characterization of aluminium oxide nanoparticles 

from waste aluminium foil and potential application in aluminium-ion cell. Clean Eng Technol, 3, 

100108. 


