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ABSTRACT 

The challenge of food security, which is the reliable access to adequate, safe, and nutritious food, is disturbing 

globally in this 21st century, especially due to rapid population growth, climate change, and low agricultural 

productivity. Traditional approaches alone are insufficient to sustainably meet projected food demand increases 

by 2050. As a result of the bottleneck, the need for researchers and industries to explore innovative technologies, 

like nanotechnology, the manipulation and application of materials at the nanometer scale (1–100 nm), where 

unique physicochemical properties allow new functions unattainable by bulk materials, to transform the 

agricultural and food systems in ways that enhance productivity, improve safety, reduce waste, and ensure 

equity in food access. Nanotechnology refers to the manipulation and application of materials at the nanometer 

scale (1–100 nm), where unique physicochemical properties allow new functions unattainable by bulk 

materials. Nanotechnology is emerging as a transformative tool in global food security, offering innovative 

solutions to agricultural challenges and improving food quality, safety, shelf life, and nutritional value. By 

manipulating materials at the nanoscale, unique physicochemical properties can be exploited to enhance food 

processing, preservation, packaging, and quality monitoring. This review examines the role of nanotechnology 

in both agricultural and food industrial sectors, how it can be harnessed, as well as concerns and future 

prospects. 

 

Keywords: Nanotechnology, Food security, Sustainable solution

 

INTRODUCTION 

Food security is the reliable access to sufficient, safe, and 

nutritious food to meet dietary needs and food preferences for 

an active and healthy life (FAO, 2022). Currently, the issue of 

food security has become a fundamental challenge to 

humanity in this century (Savary et al., 2012; Shittu et al., 

2023; FAO et al., 2023). This is mainly due to rapid 

population growth, climate change, agricultural resource 

constraints, conflict, political instability, economic inequality, 

and poverty, according to Elmer and White (2018), IPCC 

(2022), and FAO et al. (2023). Also, land degradation, low 

mechanization, water scarcity, pests, diseases, and post-

harvest losses threaten food security (Ayanlade and Radeny, 

2020).  

It is projected that by 2050, an additional 70% of food 

production will be required to meet the needs of a growing 

human population, which will rise from an estimated six (7.6) 

billion to nine (9.7) billion people (Godfrey et al., 2010; 

Bedington, 2010; Ditta and Arshad, 2016; UN, 2022). Use of 

traditional approaches (agricultural practices/technologies) 

alone are not capable of sustainably meeting projected food 

demand; as a result, scientists, policymakers, and industry are 

exploring innovative technologies, including 

nanotechnology, to transform the agricultural and food 

systems in ways that enhance productivity, improve safety, 

reduce waste, and ensure food access (Ansari, 2023; 

Kuchipudi et al., 2025). 

Nanotechnology (NT) is a broad-based science involving 

manipulation of matter in a variety of ways to generate new 

understanding of how materials can be developed at the 

nanoscale level to solve many problems in various fields 

(Scrinis and Lyons, 2007; Koka et al., 2019). It is the science 

and engineering of materials at the nanoscale (1–100 nm) that 

have unique physiochemical and biological properties due to 

their reduced small size (Ahmed et al., 2016; Khan et al., 

2017; Terna, and Oshinowo, 2019; Igiehon et al., 2020). The 

unique properties allow new functions unattainable by bulk 

materials, like enhanced reactivity, strength, or sensing 

capability, which can be harnessed in food and agriculture 

sectors (Ansari, 2023; Kuchipudi et al., 2025).  

Nanotechnology offers transformative solutions by enhancing 

efficiency, precision, and sustainability across the entire food 

value chain from primary production to consumption that 

directly address food availability, access, utilization, and 

stability (Mahmoud and Alwan, 2025). The use of 

nanotechnology has been reported in different ways in 

agricultural and food sciences. This review article is aimed at 

exploring applications of NT as a potential means of 

revolutionizing agricultural and food industrial sectors in 

ways of optimizing fertilizer and pesticide efficiency, 

improving nutrient delivery, enabling precision farming, 

mitigating environmental impacts, and enhancing crop yields, 

nanocapsulation, nanodelivery of active ingredients, and 

nanopackaging to meet the demand for food. 

 

The Issue of Food Security 

Despite global efforts, food insecurity persists, with over 700 

million people experiencing hunger worldwide (FAO et al., 

2023). Africa, including Nigeria, accounts for a 

disproportionately high burden of food insecurity, with more 

than 20% of its population undernourished (Conway, 2012; 

Jones et al., 2013; World Bank, 2022; FAO et al., 2023). Food 

security is built on four interrelated pillars that include food 

availability, accessibility, utilization, and stability (FAO, 

2008; Pinstrup-Andersen, 2009; Barrett, 2010). Addressing it, 

therefore, requires multidimensional and systems-based 

approaches. 

 

Harnessing Nanotechnology as an Option 

Nanotechnology operates as an enabling technology, 

complementing biotechnology, precision agriculture, and 

smart food systems (He et al., 2019; Kah et al., 2023). NT 

integrates across the entire food supply chain, from farm 

production and crop protection, through processing and 

packaging, to distribution and consumption (Gustafson et al., 

2016; Mahmoud and Alwan, 2025). The basic goals of NT in 
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food security are to increase agricultural productivity 

sustainably; improve food quality and nutritional value; 

reduce post-harvest losses and spoilage; enhance food safety 

and traceability; and support resource-efficient and climate-

resilient food systems (Rajiv et al., 2013; Tripathi et al., 2017; 

Mahmoud and Alwan, 2025). 

 

Applications of Nanotechnolgy in Agricultural Sector 

The effective use of nanotechnology in the agriculture sector 

is multidirectional and has the potential to change the entire 

scenario of agriculture (United States Department of 

Agriculture (USDA) 2003; Ditta, 2012; Thul et al., 2013; 

Peters et al., 2016; Kah et al., 2023). Its applications in 

agricultural productivity improvements are central to food 

security (Qaim, 2020; Kah et al., 2023). Below are the 

following ways NT has been used in the field of agriculture. 

 

Nanofertilizers 

Nanofertilizers are nutrient formulations engineered at the 

nanoscale to improve nutrient delivery and uptake (Kuchipudi 

et al., 2025). The basic mechanism of action of nanofertilizer 

usage is to control and slow nutrient release, increase surface 

area that will enhance plant absorption, and reduce leaching 

and volatilization losses (Solanki et al., 2015; Raliya et al., 

2020; Dimkpa and Bindraban, 2023). This will be beneficial 

to plants in ways of higher nutrient use efficiency, reduced 

fertilizer application rates, and lower environmental pollution. 

Notably, studies have shown that nanofertilizers can improve 

crop yield by 15–30% compared to conventional fertilizers 

(Raliya et al., 2020; Dimkpa and Bindraban, 2023). 

 

Nanopesticides 

Pesticides such as DDT, which cause extreme environmental 

hazards and have increased public and regulatory awareness 

of the use of chemicals in farming, therefore lead to the use of 

user-friendly and eco-friendly nano-delivery systems 

(Dimetry and Hussein, 2016). Nanoparticle pesticides 

enhance effectiveness, reduce required doses, and minimize 

environmental impact by more precisely targeting pests and 

reducing harm to nontarget organisms (Sun et al., 2019; 

Kuchipudi et al., 2025). Nanoemulsions, nanoencapsulates, 

nanocontainers, and nanocages were some of the 

nanopesticide delivery techniques proven to be effective in 

plant protection programs (Lyons and Scrinis, 2009; 

Bouwmeester et al., 2009).  

According to Yan et al. (2005), these nanomaterials exhibited 

useful properties such as stiffness, permeability, crystallinity, 

thermal stability, solubility, and biodegradability needed to 

formulate the nanopesticides that offer a large specific surface 

area for increased affinity to the target. Nanopesticides can 

reduce the rate of application because the quantity of product 

actually being effective is at least 10-15 times smaller than 

that applied with classical formulations (Chittaranjan et al., 

2013). The use of nanopesticides using nano-carriers to 

deliver active ingredients precisely to target pests, thereby 

significantly reducing chemical residues in food and the 

environment, supporting sustainable agriculture (Qaim, 2017; 

Kumar et al., 2022). 

 

Nanodiagnostics 

Nanodiagnostics is the application of nanotechnology in 

disease detection, monitoring, and prognosis; it is highly 

sensitive, rapid, and specific in the detection of biological 

targets (pathogens) at molecular and cellular levels 

(Valenzuela et al., 2023). It was reported that these nano-

devices can identify plant-related health issues even before 

they become visible to the farmers and, at the same time, 

provide remedial measures (Prasad et al., 2014). This nano-

enabled diagnostics has transformed diagnostics in medicine, 

environmental monitoring, food safety, and agriculture, with 

growing relevance in point-of-care and low-resource settings 

(Kumar et al., 2021). 

 

Nanobiosensors 

Nanobiosensors enable precision farming; it is a process of 

maximizing crop yields and minimizing the input/usage of 

pesticides, fertilizers, and herbicides through efficient 

monitoring procedures (Rai and Ingle, 2012; Gul et al., 2014; 

Faroogui et al., 2016). It is designed to utilize remote sensing 

devices, computers, and global satellite positioning systems 

to analyze various environmental conditions in order to 

determine the best environmental conditions for the growth of 

plants and identify problems related to crops and their 

environment (Prasad et al., 2014; Aitieri et al., 2015). The 

development of small sensors and monitoring devices using 

nanotechnology will enhance productivity in agriculture by 

providing accurate information, thus helping in making better 

decisions (Prasad et al., 2014).  

Nanomaterials influence soil properties to enhance moisture 

retention or pollutant remediation, contributing to improved 

plant growth in stressed environments (Ansari, 2023). 

Nanosensors integrated with IoT (internet of things) platforms 

help farmers optimize irrigation and fertilizer application, 

increasing crop health and yield while conserving resources 

(Elmer and White, 2024; Mahmoud and Alwan 2025). These 

innovations can reduce dependency on traditional chemical 

inputs and bolster climate-resilient farming practices essential 

for future food security. 

 

Nano-antimicrobial Agent 

Several inorganic nanoparticles, such as copper oxide 

nanoparticles (NPs), silver NPs, titanium oxide NPs, gold 

NPs, magnesium NPs, and zinc oxide NPs, have shown 

potential as new antimicrobial agents for the management of 

phytopathogens affecting agricultural crops (Gul et al., 2014; 

Shittu et al., 2023). Studies have reported the extensive use of 

silver nanoparticles and other metallic/metallic oxide 

nanoparticles as antimicrobial agents against several 

pathogenic fungi and bacteria (Park et al., 2006; Kim et al., 

2009; Esteban-Tejeda et al., 2010; Malandrakis et al., 2019; 

Fatemifard et al., 2024; Hussain et al., 2024).           

 

Post-harvest Management 

A significant proportion of global food is lost to spoilage, 

decay, or inefficient storage; the use of a nanotechnology-

based approach mitigates these challenges to a large extent as 

nanocoatings and nanocomposites protect fruits, vegetables, 

and grains during storage and transport (HLPE, 2014; 

Kanmani and Rhim, 2014; Ansari, 2023). Its functions are to 

delay ripening, reduce microbial growth, and improve the 

mechanical strength of packaging. This is particularly critical 

in tropical regions where storage infrastructure is limited 

(Qaim, 2017; Adeyemi et al., 2024). Such systems reduce 

post-harvest losses, which account for nearly 30% of global 

food production (FAO, 2022). 

 

Applications Nanotechnology in Food Industry  

Nanotechnology plays a key role in the food industry 

(Martirosyan and Schneider, 2014; Dasgupta and Ranjan, 

2018). It addresses hidden hunger (micronutrient deficiency), 

especially in developing regions (McClements, 2020). There 

are several reports of nanotechnology having the potential to 

revolutionize the food industrial sector (Thakur and Kumar, 
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2018). These are some of the applications of NT in the food 

industry. 

 

Nanoencapsulation of Nutrients 

Nanoencapsulation involves entrapping bioactive compounds 

such as vitamins, antioxidants, probiotics, omega-3 fatty 

acids, and necessary bioactive ingredients within nanocarriers 

to protect them from degradation and improve bioavailability 

(Augustin and Hemar, 2009; McClements and Xiao, 2014). 

Nanoencapsulation techniques are widely used to enhance 

stability, controlled release in the digestive system, and 

improved absorption of nutrients (Acosta, 2009; Katouzian 

and Jafari, 2016; Emamhadi et al., 2020). Nutrients, primarily 

vitamins, are encapsulated and targeted into the bloodstream 

via NT, and these selected foods and drinks exhilarated with 

NPs are found to be taste and appearance unaffected (Thakur 

and Kumar, 2018). 

 

Food Safety and Quality 

Conventional food processing and preservation techniques 

often face limitations related to nutrient loss, microbial 

spoilage, and chemical degradation (Floros et al., 2010; 

Zhong and Wang, 2019). Nanotechnology offers novel 

approaches to address these challenges by enhancing 

functionality and efficiency at the molecular level (Chaudhry 

et al., 2008; Roco, 2011; Dasgupta et al., 2015; McClements, 

2020). The use of nanosensors in food safety and quality are 

faster, highly sensitive, and portable; these sensors operate 

through optical, electrochemical, or colorimetric signals 

triggered by molecular interactions (Kumar et al., 2017; Chen 

et al., 2019). Nanosensors enable real-time detection of the 

presence of contaminants like pathogenic bacteria (E. coli, 

Salmonella), mycotoxins, aflatoxin, heavy metals, and 

pesticide residues at extremely low concentrations in food 

products (Ding et al., 2020; Zhang et al., 2022; Thurner and 

Alatraktchi, 2023). Also, nanocoating of materials helps in 

self-purification and disinfection for improved food quality 

(Thakur and Kumar, 2018; Kim et al., 2020). 

 

Shelf-life Extension 

Nanotechnology-based packaging extends shelf life as 

nanoparticles with antimicrobial properties are incorporated 

into food matrices or packaging materials to inhibit microbial 

growth (Thakur and Kumar, 2018; Nacas et al., 2019). 

Reports have it that silver, zinc oxide, and chitosan 

nanoparticles disrupt microbial cell membranes, generate 

reactive oxygen species, and interfere with cellular 

metabolism (Rai et al., 2009; Duncan, 2011). These 

mechanisms significantly reduce food spoilage and extend 

shelf life without compromising sensory quality (Silvestre et 

al., 2011; Mashad and Pan, 2015; Thakur and Kumar, 2018). 

 

Smart and Active Packaging 

Nanocomposite packaging materials combine polymers with 

nanoparticles to improve mechanical strength, gas barrier 

properties, and thermal stability (Sorrentino et al., 2007; 

Rhim et al., 2013; Pereda et al., 2018). Clay nanoparticles, 

nanocellulose, and metal oxides are commonly used to 

prevent oxygen and moisture transmission, thereby 

maintaining food freshness and quality (Arora and Padua, 

2010; Azeredo et al., 2017). Smart packaging integrated with 

nanosensors enhances traceability and quality assurance 

across the food supply chain (Zhao et al., 2020).  

The packaging materials are integrated with nanosensors to 

detect the oxidation process in food, and in such packaging 

materials, when oxidation occurs in the foodstuff, the 

nanosensor indicates with colour change and provides 

information about the contamination of the foodstuffs like 

milk and meat (Thakur and Kumar, 2018). Also, nano-food 

packaging is an excellent opportunity to use high-

performance and lightweight nanomaterials to replace non-

degradable plastic packaging materials (Emamhadi et al., 

2020; Topuz and Uyar, 2020; Ashfag et al., 2022). 

 

Nanofortifed Functional Foods and Texture Modification 

The use of nanotechnology enables the development of 

functional foods with health-promoting properties and also 

contributes to improved texture, appearance, and flavor.  Zhao 

et al. (2023) reported nano-iron fortified foods (nano-calcium 

dairy products), an innovation that enhance food utilization 

and nutritional security. NPs emulsion is being used in ice 

cream production, and its use can improve the texture and 

uniformity of the ice cream (Kumar, 2015).  Also, 

nanostructured ingredients improve viscosity and stability in 

beverages, dairy products and biofortification of food 

products (Solans and Solé, 2012; McClements, 2015; Bouis 

and Saltman, 2017). 

 

Potential Concerns 

While promising, the integration of nanotechnology in food 

security also faces significant concerns like the concerns of 

safety and toxicity that is the possibility for nanoparticles to 

migrate from packaging or food systems into human tissues 

raises health concerns, as the toxicity data remain limited 

(EFSA, 2018; Fadeel and Garcia-Bennett, 2010; Bryksa and 

Yada, 2012; Cushen et al., 2012; Ansari, 2023). The issue of 

environmental impacts concerning the use of nanomaterials / 

nanoparticles persistence in soil or water could cause 

ecological consequences (Xiaojia et al., 2018; Mahmoud and 

Alwan, 2025).  Regulatory frameworks are still evolving, 

there is lack of international consensus on assessment and 

standards for nanosafety, complicating global deployment 

evolving (Chaudhry et al., 2014; He et al., 2019; Mousavi 

Khaneghah et al., 2021; Ansari, 2023). Also, Consumer 

awareness, acceptance and trust are critical for market 

adoption, but many remain unaware or wary of nanoscale 

food technologies (Cormick, 2009; Chaudhry et al., 2014). 

Responsible innovation, risk assessment, and transparent 

regulation are essential (Arnaldi and Muratorio,  2013; Kah et 

al., 2023). 

 

Future Prospects  

The future of nanotechnology in food security is promising 

but requires focus on biodegradable, nanomaterials using 

green synthesis methods, interdisciplinary research for 

sustainable, safe, and scalable solutions, stronger regulation 

and safety assessment methods, Public engagement and 

education programs and Integration with artificial intelligence 

and smart systems may further revolutionize food quality 

 

CONCLUSION 

Nanotechnology offers powerful tools to strengthen food 

security by improving agricultural productivity, food safety, 

nutritional quality, and supply chain resilience. While 

challenges related to safety, regulation, and public acceptance 

remain, responsible and evidence-based deployment of 

nanotechnology can significantly contribute to sustainable 

and resilient global food systems. 

 

REFERENCES 

Acosta, E. (2009). Bioavailability of nanoparticles in nutrient 

delivery. Journal of Food Science, 74(2): 1–8. 

 



HARNESSING NANOTECHNOLOGY AS A…         Igiehon et al.,     FJS 

FUDMA Journal of Sciences (FJS) Vol. 10 No. 4, February, 2026, pp 363 – 369 366 

Adeyemi, O. S., Adebayo, O. A., and Oladipo, O. G. (2024). 

Nanotechnology approaches for post-harvest loss reduction in 

tropical food systems. Journal of Stored Products Research, 

103: 102-117.  

 

Ahmed S, Ahmed M Swami B.L and Ikram S (2016). A 

review on plant extract mediated synthesis of silver 

nanoparticles for antimicrobial applications: A green 

expertize. Journal of Advanced Research, 7: 17–28. 

 

Altieri, M.A., Nicholls, C.I., Henao, A., and Lana, M.A. 

(2015). Agroecology and the design of climate change-

resilient farming systems. Agronomy for Sustainable 

Development, 35(3): 869–890. 

 

Ansari, M. A. (2023). Nanotechnology in food and plant 

science: Challenges and future prospects. Plants, 12(13), 

2565. https://doi.org/10.3390/plants12132565  

 

Arnaldi S. and Muratorio A. (2013). Nanotechnology, 

uncertainty and regulation. A guest editorial. NanoEthics. 

7:173–185. 

 

Arora, A., and Padua, G.W. (2010). Review: Nanocomposites 

in food packaging. Journal of Food Science, 75(1): 43–49. 

 

Augustin, M.A., and Hemar, Y. (2009). Nano- and micro-

structured assemblies for encapsulation of food ingredients. 

Trends in Food Science and Technology, 20(10): 547–556. 

 

Ashfaq, A.,  Khursheed, N., Fatima, S., Anjum, Z. and  

Younis K. (2022). Application of nanotechnology in food 

packaging: Pros and Cons. Journal of Agriculture and Food 

Research 7: 100-127. 

 

Ayanlade, A., and Radeny, M. (2020). Climate change 

impacts on food security in sub-Saharan Africa: Insights from 

Nigeria. Environmental Science & Policy, 109: 1–10.  

 

Azeredo, H.M.C. (2017). Nanocellulose reinforced 

biodegradable packaging. Food Research International, 97: 

664–671. 

 

Barrett, C.B. (2010). Measuring food insecurity. Science, 

327(5967): 825–828.  

 

Beddington, J. (2010). Food security: Contributions from 

science to a new and greener revolution. Philosophical 

Transactions of the Royal Society B, 365(1554): 61–71.  

 

Bouis, H.E. and Saltzman, A. (2017). Improving nutrition 

through biofortification: A review of evidence from 

HarvestPlus. Global Food Security, 12: 49–58.  

 

Bryksa, B.C. and Yada, R.Y. (2012). Challenges in food 

nanoscale science and technology. Journal Food Drug 

Analysis, 20:418–421. 

 

Bouwmeester, H.S., Dekkers, M.Y., Noordam, W.I. and 

Bulder, A.S. (2009). Review of health safety aspects of 

nanotechnologies in food production. Regulated Toxicology 

Pharmacology, 53: 52-62. 

 

Chaudhry, Q., Scotte,r M., Blackburn, J., Ross, B., Boxall, A., 

Castle, L. and Watkins. R. (2008). Applications and 

implications of nanotechnologies for the food sector. Food 

Additives and Contaminants, 25(3): 241 - 258. 

 

Chaudhry, V., Jangra, S. and Yadar, R.N. (2014). 

Nanotechnology based approaches for detection and delivery 

of MicroRNA in healthcare and crop protection. Journal of 

Nanotechnology, 16: 140-53. 

 

Chen, Y., Wen, Y., Song, J., Chen, B., Wang, L., Ding, S., 

Ding, L., and Dai, J. (2019). Food handling behaviors 

associated with reported acute gastrointestinal disease that 

may have been caused by food. Journal of Food Protection, 

82(3): 494–500. 

 

Chittaranjan, K., Phullara, K., Manoj, R., Choudhary, P., 

Ramakrishna, P., Rao, A. and Richard, R. (2013). 

Nanobiotechnology can boost crop production and quality: 

First evidence from increased plant biomass, fruit yield and 

phytomedicine content in bitter melon (Momordica 

charantia). BMC Biotechnology 13(37): 1-10. 

 

Conway, G. (2012). One billion hungry: Can we feed the 

world? Cornell University Press..pp 233. 

 

Cormick C. (2009). Why do we need to know what the public 

thinks about nanotechnology? NanoEthics: 3:167–73.  

 

Cushen, M., Kerry, J., Morris, M., Cruz-Romero, M. and 

Cummins, E. (2012).  Nanotechnologies in the food industry: 

Recent developments, risks and regulation. Trends Food 

Science Technology, 24:30–46.  

 

Dasgupta, N., Ranjan, S., Mundekkad, D., Ramalingam, C. 

and Shanker, R. (2015). Nanotechnology in agro-food: from 

field to plate. Food Research International, 69: 381–400. 

 

Dasgupta, N. and Ranjan, S. (2018). Nanotechnology in food 

sector: An Introduction to food grade nanoemulsions.  pp. 1–

18. 

 

Ding, L.,  Li, X.,  Hu, L.,  Zhang, Y., Jiang, Y.,  Mao, Z., Xu, 

H., Wang, B.,Feng, X. and  Sui Z.A. (2020). Naked-eye 

detection polyvinyl alcohol/cellulose-based pH sensor for 

intelligent packaging. Carbohydrate polymers, 233:  115859. 

https://doi.org/10.1016/j.carbpol.2019.115859 

 

Dimkpa, C.O. and Bindraban, P.S. (2023). Nanofertilizers: 

New products for the industry? Journal of Agricultural and 

Food Chemistry, 71(5): 1451–1464.  

 

Dimetry N and Hussein C (2016). Role of nanotechnology in 

agriculture with special reference to pest control. 

International Journal of Pharm Tech Research 9(10): 121 - 

144. 

 

Ditta, A. (2012). How helpful is nanotechnology in 

agriculture - Advances in natural sciences: nanoscience and 

nanotechnology. Advanced Natural Science Nanoscience 

Nanotechnology 3: 1 - 10. 

 

Ditta A and Arshad M. (2016). Applications and perspectives 

of using nanomaterials for sustainable plant nutrition. 

Nanotechnological Review 5(2): 209-229. 

 

Duncan, T.V. (2011). Applications of nanotechnology in food 

packaging and food safety. Journal of Colloid and Interface 

Science, 363(1): 1–24. 

 

European Food Safety Authority (EFSA). (2018). Guidance 

https://doi.org/10.3390/plants12132565
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=lRQZ4bkAAAAJ&citation_for_view=lRQZ4bkAAAAJ:qjMakFHDy7sC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=lRQZ4bkAAAAJ&citation_for_view=lRQZ4bkAAAAJ:qjMakFHDy7sC
https://scholar.google.com/citations?user=Vv7gdiEAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=kKMPQt4AAAAJ&hl=en&oi=sra


HARNESSING NANOTECHNOLOGY AS A…         Igiehon et al.,     FJS 

FUDMA Journal of Sciences (FJS) Vol. 10 No. 4, February, 2026, pp 363 – 369 367 

on risk assessment of nanomaterials in food and feed. EFSA 

Journal, 16(7), e05327. 

https://doi.org/10.2903/j.efsa.2018.5327 

. 

Elmer, W.H. and White, J.C. (2024). The future of 

nanotechnology in agriculture. Nature Nanotechnology, 

19(2): 117–125.  

 

Emamhadi, M.A., Sarafraz, M., Akbari, M.,  Thai, V.N., 

Fakhri, Y. and Linh, N.T.T (2020). Nanomaterials for food 

packaging applications: A systematic review. Food and 

Chemical Toxicology, 146: 111-125. 

 

Esteban‐Tejeda, L, Malpartida F Pecharroman C and Moya 

J.S. (2010). High antibacterial and antifungal activity of silver 

monodispersed nanoparticles embedded in a glassy matrix. 

Advanced Engineering Materials, 12(7): 292-297. 

 

FAO, WFP (2023). The state of food security and nutrition in 

the world 2023. FAO. 

 

FAO. (2008). An introduction to the basic concepts of food 

security. FAO. 

 

FAO. (2017). The future of food and agriculture: Trends and 

challenges. FAO. 

 

FAO. (2022). The state of food security and nutrition in the 

world. Food and Agriculture Organization of the United 

Nations. 

 

Fatemifard, S.Z., Masoumiasl, A., Fazeli-Nasab, B. (2024). 

Exogenously applied silver nanoparticles (AgNPs) 

differentially affect bacterial blight disease control in twenty-

seven wheat cultivars. BMC Plant Biology, 24, 695. 

https://doi.org/10.1186/s12870-024-05424-7  

 

Faroogui, A., Tabassum H., Ahmad, A., Maboon, A., Ahmad, 

A. and Ahmad, I.Z. (2016). Role of nanoparticles in growth 

and development of plants: A Review. International Journal 

of Pharm and Bioscience, 7(4): 22- 27. 

 

Fadeel, B. and Garcia-Bennett, A.E. (2010). Better safe than 

sorry: understanding the toxicological properties of 

inorganic nanoparticles manufactured for biomedical 

applications. Advanced Drug Delivery Reviews, 62(3): 362–

374. 

 

Floros, J.D., Newsome, R., Fisher, W., Barbosa-Cánovas, 

G.V., Chen, H., Dunne, C.P., German, J.B., Hall, R.L., 

Heldman, D.R., Karwe, M.V., Knabel, S. J., Labuza, T. P., 

Lund, D.B., Newell-McGloughlin, M., Robinson, J.L., 

Sebranek, J. G., Shewfelt, R.L., Tracy, W.F., Weaver, C.M. 

and Ziegler, G.R. (2010). Feeding the world today and 

tomorrow: The importance of food science and technology. 

Comprehensive Reviews in Food Science and Food Safety, 

9(5): 572–599.  

 

Gul, H.T., Saeed, S., Khan, F.Z.A. and Manzoor, S.A. (2014). 

Potential of nanotechnology in agriculture and crop 

protection: A review. Applied Sciences and Business 

Economics, 1(2): 23- 28. 

 

Godfray, H.C.J., Beddington, J. R., Crute, I.R. (2010). Food 

security: The challenge of feeding 9 billion people. Science, 

327(5967): 812–818 

 

Gustafson, D., Gutman, A., Leet, W.  (2016). Seven food 

system metrics of sustainable nutrition security. 

Sustainability, 8(3): 196-223.  

https://doi.org/10.3390/su8030196 

 

He, X., Deng, H., and Hwang, H.-M. (2019). The current 

application of nanotechnology in food and agriculture. 

Journal of Food and Drug Analysis, 27(1): 1–21.  

 

HLPE. (2014). Food losses and waste in the context of 

sustainable food systems. High Level Panel of Experts, FAO. 

 

Hussain, M.A., Nijabat, A. and Rehman, M.M. (2024). 

Management of tomato bacterial canker disease by the green 

fabricated silver nanoparticles. BMC Plant Biology, 24: 597-

621.  

 

Igiehon, E., Shittu, H.O. Eremwanrue, A.O. Ojiagbe, R.E., 

Momoh, M.O. and Agbontian, M.A. (2020). In vitro 

evaluation of Magnesium oxide nanoparticles for the control 

of Fusarium wilt disease of tomato (Solanum lycopersicum 

L). Nigerian Journal of Mycology 12(2): 26–33. 

 

IPCC. (2022). Climate change 2022: Impacts, adaptation and 

vulnerability. Cambridge University Press. P 203. 

 

Jones, A.D., Ngure, F. M., Pelto, G. and Young, S.L. (2013). 

What are we assessing when we measure food security? 

Advances in Nutrition, 4(5): 481–505.  

 

Kah, M., Tufenkji, N., and White, J.C. (2023). Nano-enabled 

strategies to enhance crop production and food security. 

Nature Food, 4: 1–12.  

 

Kanmani, P. and Rhim, J. W. (2014). Nano and 

nanocomposite antimicrobial materials for food packaging 

applications. Infectious Disorders – Drug Targets, 14(2): 

113–123. 

https://doi.org/10.2174/1871526514666141023155041  

 

Katouzian I and Jafari SM (2016). Nano-encapsulation as a 

promising approach for targeted delivery and controlled 

release of vitamins. Trends Food Science and Technology 53: 

34-48. 

 

Kim, J.H., Bae, S.M., Jeong, J. Y. (2020). Effects of the 

addition levels of white kimchi powder and acerola juice 

powder on the quality of indirectly cured meat products. Food 

Science of Animal Resources, 40: 636–648. 

 

Kuchipudi, J. D., Selma, F., Mumtaz, M. A., and Hussein, H. 

S. (2025). Application of nanotechnology in food safety and 

agriculture: Smart packaging and delivery systems for 

enhanced food security. South Eastern European Journal of 

Public Health, 17(1): 182–194. 

https://doi.org/10.70135/seejph.vi.6266  

 

Khan, I., Saeed, K., and Khan, I. (2017). Nanoparticles: 

Properties, applications and toxicities. Arabian Journal of 

Chemistry, 10(6): 562–588. 

https://doi.org/10.1016/j.arabjc.2017.05.011 

 

Kim S.W., Kim, K.S., Lamsal, K., Kim, Y.J., Kim, S.B., Jung, 

M. and Lee, Y.S. (2009). An in vitro study of the antifungal 

effect of silver nanoparticles on oak wilt pathogen Raffaelea 

sp. Journal of Microbiology and Biotechnology 19: 760 -764. 

 

https://doi.org/10.2903/j.efsa.2018.5327
https://doi.org/10.3390/su8030196
https://doi.org/10.2174/1871526514666141023155041
https://doi.org/10.70135/seejph.vi.6266
https://doi.org/10.1016/j.arabjc.2017.05.011


HARNESSING NANOTECHNOLOGY AS A…         Igiehon et al.,     FJS 

FUDMA Journal of Sciences (FJS) Vol. 10 No. 4, February, 2026, pp 363 – 369 368 

Koka, J.A, Wani, A.H. and Bhat, M.Y. (2019). Evaluation of 

antifungal activity of Magnesium oxide (MgO) and Iron oxide 

(FeO) nanoparticles on rot causing fungi. Journal of Drug 

Delivery and Therapeutics, 9(2): 173-178. 

 

Kumar, L.Y. (2015). Role and adverse effects of 

nanomaterials in food technology. Journal of Toxicology and 

Health, 2: 2-8. 

 

Kumar, S. (2021). Recent advances in nanodiagnostics for 

point-of-care applications. Biosensors and Bioelectronics, 

171: 112-115. 

 

Kumar, S., Guo, Z., Singh, R.,  Wang,Q.,  Zhang, B., Cheng, 

S., Liu, F.Z.,Marques, C. and   Kaushik, B.K. (2021). MoS2 

Functionalized Multicore Fiber Probes for Selective 

Detection of Shigella Bacteria Based on Localized 

Plasmon. Journal of Lightwave Technology, 39(12): 4069–

4081. 

 

Kumar, S., Nehra, M., and Dilbaghi, N. (2022). Nano-based 

smart pesticide formulations: Emerging opportunities and 

challenges. Environmental Science: Nano, 9(5): 1345–1360.  

 

Mahmoud, R. S., & Alwan, A. Y. (2025). A review of 

nanochemistry and nanotechnology applications in the food 

industry. Journal of Current Research in Food Science, 6(1), 

184. https://doi.org/10.22271/foodsci.2025 

 

Malandrakis, A.A., Kavroulakis, N., and Chrysikopoulos, 

C.V. (2019). Use of copper nanoparticles against 

phytopathogenic fungi. Nanomaterials, 9(9): 1308. 

https://doi.org/10.3390/nano9091308 

 

Mashad, H. and Pan. Z. (2015). Food decontamination using 

nanomaterials. MOJ Food process Technology 1: 11-25. 

 

Martirosyan A and Schneider YJ (2014). Engineered 

nanomaterials in food: implications for food safety and 

consumer health. International Journal Environmental 

Resource and Public Health 11: 5720-5750. 

 

McClements, D.J. (2015). Nanoparticle- and microparticle-

based delivery systems. Critical Reviews in Food Science and 

Nutrition, 55(4): 469–488. 

 

McClements, D.J. (2020). Nano-enabled delivery systems for 

food bioactives: A review. Food Science and Human 

Wellness, 9(4): 265–275.  

 

McClements, D.J. (2020). Nanotechnology approaches for 

improving food quality. Annual Review of Food Science and 

Technology, 11: 261–282. 

 

Mousavi K. A., Emamhadi, M. A., Sarafraz, M., Akbari, M., 

Thai, V. N., Fakhri, Y. and Linh, N. T. T. (2020). 

Nanomaterials for food packaging applications: A systematic 

review. Food and Chemical Toxicology, 146: 111-125.  

 

Nacas, A., L.D., Antonino, A.C., Chinellato, D.J. and dos 

Santoset (2019).  Nano boron nitride/polyurethane adhesives 

in flexible laminated food packaging: peeling resistance and 

permeability properties. International Journal of Adhesion 

and Adhesives, 93: 102326. 

 

Park, H.J., Kim, S.H., Kim, H.J., and Choi, S.H. (2006). A 

new composition of nanosized silica-silver for control of 

various plant diseases. Plant Pathology Journal 22: 295-302. 

 

Peters, R.J., Bouwmeester, H., Gottardo, S., Amenta, V., 

Arena, M. and Brandhoff, P. (2016) Nanomaterials for 

products and application in agriculture, feed and food. Trends 

Food Science Technology, 54: 155–64.  

 

Pereda, M., Marcovich, N.E. and Ansorena, M.R. (2018). 

Nanotechnology in food packaging applications: barrier 

materials, antimicrobial agents, sensors, and safety 

assessment. In: Martínez L, Kharissova O, Kharisov B, 

edition. Handbook of ecomaterials. Springe. pp 1-15.  

 

Pinstrup-Andersen, P. (2009). Food security: Definition and 

measurement. Food Security, 1(1): 5–7. 

https://doi.org/10.1007/s12571-008-0002-y 

 

Prasad, M., Kumar, V. and Prasad, K.S. (2014). 

Nanotechnology in sustainable agriculture: Present concerns 

and future aspects. African Journal of Biotechnology 13(6): 

705-713. 

 

Qaim, M. (2017). Globalisation of agrifood systems and 

sustainable nutrition. Proceedings of the Nutrition Society, 

76(1): 12–21. https://doi.org/10.1017/S0029665116000598 

 

Qaim, M. (2020). Role of biotechnology in sustainable food 

systems. Proceedings of the National Academy of Sciences, 

117(9): 5245–5251.  

 

Rai, M. and Ingle, A. (2012). Role of nanotechnology in 

agriculture with special reference to management of insect 

pests.  94(2): 287–293. 

 

Rai, M. (2009). Silver nanoparticles as antimicrobial agents. 

Biotechnology Advances, 27(1): 76–83. 

 

Rajiv, P., Rajeshwari, S. and Venckatesh, R. (2013). Bio-

Fabrication of zinc oxide nanoparticles using leaf extract of 

Parthenium hysterophorus L. and its size-dependent 

antifungal activity against plant fungal pathogens. 

Spectrochim Acta A, 112: 384–397.  

 

Raliya, R., Saharan, V., Dimkpa, C. and Biswas, P. (2020). 

Nanofertilizer for precision and sustainable agriculture. 

Journal of Agricultural and Food Chemistry, 68(18): 5283–

5297.  

 

Rhim, J.W. (2013). Preparation and application of 

nanocomposite films. Food Science and Biotechnology, 

22(1): 1–10. 

 

Roco, M.C. (2011). The long view of nanotechnology 

development: The National Nanotechnology Initiative at 10 

years. Journal of Nanoparticle Research, 13: 427–445. 

 

Savary, S., Ficke, A., Aubert, J. and Hollier, C. (2012). Crop 

losses due to diseases and their implications for global food 

production losses and food security. Food Security, 4: 519-

537. 

 

Scrinis, G. and Lyons K (2007). The emerging nano corporate 

paradigm nanotechnology 

https://scholar.google.com/citations?user=AgsVRaUAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=DeP8iqUAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=myM2tiEAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=k8ZqlzYAAAAJ&hl=en&oi=sra
https://doi.org/10.22271/foodsci.2025
https://doi.org/10.1007/s12571-008-0002-y
https://doi.org/10.1017/S0029665116000598


HARNESSING NANOTECHNOLOGY AS A…         Igiehon et al.,     FJS 

FUDMA Journal of Sciences (FJS) Vol. 10 No. 4, February, 2026, pp 363 – 369 369 

 ©2026 This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 
International license viewed via https://creativecommons.org/licenses/by/4.0/ which  permits  unrestricted  use,  
distribution,  and  reproduction  in  any  medium, provided the original work is cited appropriately.  

and the transformation of nature, food and agrifood systems. 

International Journal of Sociology Food Agriculture, 15(2): 

22-44. 

 

Searchinger, T., Hanson, C., and Ranganathan, J. (2019). 

Creating a sustainable food future: A menu of solutions to 

feed nearly 10 billion people by 2050. World Resources 

Institute. https://www.wri.org/research/creating-sustainable-

food-future  

 

Shittu H.O. and Igiehon E. (2023). Control of Fusarium wilt 

disease of tomato (Solanum lycopersicum. L) using 

magnesium oxide nanoparticles. Discovery, 59: 15-32. 

 

Solanki, A. P. Bhargava, Chhipa, H., Jain, N. and Panwar, J. 

(2015). “Nano-fertilizers and their smart delivery system,” in 

Nano- technologies in Food and Agriculture, pp. 81–101, 

Springer,  

 

Sorrentino, A., Gorrasi, G. and Vittoria, V. (2007). Potential 

of nanocomposites in food packaging. Trends in Food Science 

& Technology, 18(2): 84–95. 

 

Sun, J., Liang, L., and Tang, X. (2019). Nanopesticides: A 

great challenge for biodiversity? Nano Today, 28: 100757. 

https://doi.org/10.1016/j.nantod.2019.100757  

 

Terna, T. P. and Oshinowo, B. F. (2019). Growth responses 

of nanoparticles-treated tomato (solanum lycopersicum l.) 

cultivars to fungal disease stress. FUDMA Journal of Sciences 

3 (1): 152-159. 

 

Thakur, S. and Kumar. R. (2018). Bio-nanotechnology and its 

role in agriculture and food industry. Journal of   Molecular 

and Genetic Medicine 12: 1 - 5. 

 

Thurner, F. and Alatraktchi, F. A. (2023). Recent advances in 

electrochemical biosensing of aflatoxin M1 in milk – A mini 

review. Microchemical Journal, 190: 108594. 

 

Thul, S.T. Sarangi, B.K. and Pandey, R.A. (2013). 

Nanotechnology in agroecosystem: Implications on plant 

productivity and its soil environment.  Expert Opinion on 

Environmental Biology, 2: 1-3. 

 

Topuz, F. and Uyar, T. (2020). Antioxidant, antibacterial and 

antifungal electrospun nanofibers for food packaging 

applications. Food Research International, 130: 108927.  

https://doi.org/10.1016/j.foodres.2019.108927  

 

Tripathi, K.M., Bhati, A., Singh, A., Sonker, A.K., Sarkar, S. 

and Sonkar, S.K. (2017). Sustainable changes in the contents 

of metallic micronutrients in first generation gram seeds 

imposed by carbon nano-onions: life cycle seed to seed study. 

ACS Sustainable Chemical Engineering, 5:2906–2916.  

 

United Nations (2022). Population division, world population 

prospects. pp 44. 

 

United States Department of Agriculture (USDA). (2003). 

Nanoscale science and engineering for agriculture and food 

systems: a report submitted to cooperative state research, 

education and extension service. Washington, DC: 

Department of Agriculture. The United States Department of 

Agriculture: National Planning Workshop. [Google Scholar]  

 

U.S. Department of Agriculture, National Institute of Food 

and Agriculture. (n.d.). Nanotechnology in agriculture and 

food systems. USDA-NIFA. Nation Institute of Food and 

Agriculture. 

. 

Valenzuela‑Amaro, H.M., Aguayo‑Acosta, A., 

Meléndez‑Sánchez, E.R., de la Rosa, O., Vázquez‑Ortega, 

P.G., and Oyervides‑Muñoz, M.A. (2023). Emerging 

applications of nanobiosensors in pathogen detection in water 

and food. Biosensors, 13(10): 922-937. 

.  

Von-Braun, J. and Birner, R. (2017). Designing global 

governance for agricultural development and food security. 

Review of Development Economics, 21(2): 265–284. 

 

Webb, P. and Kennedy, E. (2014). Impacts of agriculture on 

nutrition. Advances in Nutrition, 5(2): 165–166. 

 

World Bank. (2022). Poverty and shared prosperity 2022. 

World Bank 

. 

World Food Programme. (2022). Global report on food 

crises. WFP 

 

Zhang, Y., Li, X., and Wang, Q. (2022). Nanosensors for food 

safety detection. Trends in Food Science and Technology, 

120: 260–272.  

 

Xiaojia, H., Hua, D., Awg, J., and Huey-Min, H. (2018). 

Regulation and safety of nanotechnology in the food and 

agriculture industry. In: G. Molina, I. Inamuddin, and A. M. 

Asiri (Eds.), Food applications of nanotechnology. CRC 

Press. pp 33-39. 

 

Yan, I., Huang, K., Wang, Y. and Liu, S. (2005). Study on 

antipollution nanopreparation of dimethomorph and its 

performance. Chinese Science Bulletin 50: 108 - 112. 

 

Zhao, L., Seth, A., Wibowo, N., Zhao, C.X. (2020). 

Nanotechnology in food packaging: opportunities and 

challenges. Food Packaging and Shelf Life, 24: 100-112. 

 

Zhao, Y., Hou, D., and Wang, J. (2023). Nanotechnology-

based functional foods: Current status and future perspectives. 

Critical Reviews in Food Science and Nutrition, 63(18): 

3145–3160. https://doi.org/10.1080/10408398.2021.2014938 

 

Zhong, J., and Wang, X. (2019). An introduction to evaluation 

technologies for food quality, In: Zhong J and Wang X (Eds.), 

Evaluation technologies for food quality, Elsevier. pp. 1–3. 

 

 

 

 

 

 

 

https://creativecommons.org/licenses/by/4.0/
https://www.wri.org/research/creating-sustainable-food-future
https://www.wri.org/research/creating-sustainable-food-future
https://doi.org/10.1016/j.nantod.2019.100757
https://doi.org/10.1016/j.foodres.2019.108927
https://scholar.google.com/scholar_lookup?title=Nanoscale%20science%20and%20engineering%20for%20agriculture%20and%20food%20systems:%20a%20report%20submitted%20to%20cooperative%20state%20research,%20education%20and%20extension%20service&publication_year=2003&
https://www.nifa.usda.gov/about-nifa/impacts/nanotechnology-agriculture-food-systems?utm_source=chatgpt.com
https://www.nifa.usda.gov/about-nifa/impacts/nanotechnology-agriculture-food-systems?utm_source=chatgpt.com

