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Nanotechnology has experienced tremendous growth over the 

last decade, and has exhibited great potential to revolutionize 

food and agriculture systems. A wide range of nanomaterials 

have been studied and developed to assert greater control of 

food quality, to improve the absorption of nutrients and their 

functionalities, to enhance processing techniques, to 

accelerate the detection of food pathogen, and to reduce the 

contamination of agricultural environment.[1,2]  

As shown in Fig 1, the utilization of nanotechnology as 

delivery systems in food provides a tangible approach for the 

encapsulation of bioactive compounds that are poorly 

absorbed otherwise. The nano-scale delivery systems could 

protect labile and sensitive nutrients from degradation in harsh 

environment, enhance the dispersibility of water insoluble 

compounds into aqueous phase, targeted-release of 

encapsulated compounds at the specific site to maximize the 

health benefits, as well as prolong their circulation time in the 

blood to exert functional efficacy under physiological 

environment.[3-4] When designing delivery systems for 

manufacturing functional foods for added health benefits, the 

most basic rule that needs to be considered is the building 

materials to fabricate edible nanoparticles. Such building 

materials should be generally recognized as safe (GRAS), 

which is the regulatory approval by US food and drug 

administration (FDA) for use as food ingredients/additives. 

The utilization of naturally-occurring biomaterials, such as 

food-derived proteins, lipids, and polysaccharides, is a 

common strategy when formulating the edible nano-delivery 

systems for food application.[4] As listed in Fig. 1, each natural 

biomaterial-based delivery system exhibits unique 

characteristics when compared to others. Food-proteins, 

which can be classified as animal or plant proteins, have been  

extensively studied and used in the fabrication of nano-

delivery systems. Although many proteins, such as caseins, 

bovine serum albumin, and zein, exhibit high affinity to 

lipophilic nutrients and can self-assemble into spherical 

nanoparticles under designated conditions, their poor thermal 

stability and high sensitivity to acidic pH and digestive 

enzymes limit their applications to deliver nutrients via oral 

routes. In contrast, food-derived polysaccharides, which can 

be classified as non-polyelectrolyte and polyelectrolyte, are 

abundant in nature and renewable in production. Like proteins, 

polysaccharides possess excellent biological properties, 

including non-toxicity, biocompatibility, biodegradability, and 

chemical reactivity due to their special chemical and structural 

composition. Although, polysaccharides-based nanoparticles 

are resistant to enzymatic digestion in gastrointestinal fluids, 

the encapsulation efficiency of lipophilic compounds is 

compromised by their hydrophilic nature, which limit their 

application for delivery of hydrophobic bioactive nutrients. 

Lipids-based delivery system are ideal selection, in this case, 

due to their high loading capacity of lipophilic compounds, 

simple preparation process, and slow-release rate. However, 

their poor colloidal stability makes them easy to aggregate 

under various processing and physiological conditions, thus 

limiting their practical applications. More recently, complex 

or hybrid nanoparticles that are made from a combination of 

two or more biomaterials have become emerging candidates 

for designing oral delivery systems for food applications. The 

complex or hybrid nanoparticles have combined different 

advantages from each biomaterial and demonstrated 

outstanding colloidal properties and biological efficacies.[4-5] 

Besides biopolymer-based organic nanoparticles, inorganic 

nanomaterials exhibit excellent antimicrobial activity and high 

reactivity due to their high surface area to volume ratio. 

Nevertheless, the applications of inorganic nanomaterials in 

food products are limited by their potential safety concerns 

and long-term toxicity if consumed orally, as well as the risk 

for contamination to the natural environment. 

Recently, agriculture is facing many challenges, including  
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Fig. 1 Applications of various nanomaterials for sustainable food and agriculture system. 

 

the reduction of production caused by harmful insect, climate 

changes, and exhaustion of natural resources. In the meantime, 

the traditional agricultural practices are contingent upon the 

continuous applications of pesticides and fertilizers, posing a 

high risk for cross-contaminating the environment.[6-7] Up to 

now, nanotechnology has shown promising potentials to 

promote sustainable agriculture such as improving crop 

production and protection, which attracted the interest of 

companies in the agricultural sector (Fig. 1). For instance, the 

polysaccharide-based nano/micro particles and hydrogels can 

be used for water or soil remediation,[8] as well as some 

innovative nano-fertilizers and nano-pesticides are designed to 

reduce the usage of traditional chemical supplements.[9] On the 

other hand, inorganic nanomaterials, such as metal and 

metalloid-based nanomaterials, have been reported to provide 

crop protection that can reduce the influence caused by climate 

change.[6] However, some nanoparticles demonstrated side 

effects for some seeds and plants such as the inhibition of 

germination, which may be caused by the interruption of 

cellular signaling pathways as stimulants. Usually, the side 

effects depend on the physicochemical properties of applied 

nanoparticles, such as size, surface charge, concentration, et 

al., which determine the biological responses of plants/seeds 

to the applied nanoparticles, and such effects may be altered 

through the changing of corresponding properties of 

nanoparticles.[10] 

In a nutshell, although the comprehensive understanding of 

the fate and impact of various nano-martials in food and 

agriculture fields is yet to be fully discovered, there is no doubt 

that nanotechnology is a promising strategy to ensure 

sustainability. It is crucial to pursue collaborative efforts 

across different disciplines to develop nanomaterials with 

better efficiency and stability, multifunction, eco- and 

environmental-friendly properties.  
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