
 

1 | P a g e 

 

 

 

 
 

THE INTERNATIONAL JOURNAL OF GLOBAL 
SCIENCES (TIJOGS) ISSN Online: 2663-015X 
Vol. 4(1) Jan-March;29-March-2022 
http://www.rndjournals.com 

 
Nanotechnology and Food Safety; A Review 

Shahnshah E Azam 

Department of Chemistry, University of Engineering and Technology Lahore 

*Corresponding Email: shahnshaheazamft@gmail.com 

Abstract 
Nanotechnology may revolutionize the food industry by providing stronger, high-barrier packaging materials, more potent antimicrobial 

agents, and a host of sensors which can detect trace contaminants, gasses or microbes in packaged foods. Maintaining product safety from 

processing to acceptable consumption level is very necessary to avoid the negative effect on human health. This review assesses applications 

of nano-materials in food packaging, processing and safety issues.  Nano-enabled approaches such as antimicrobial food-contact 

surfaces/packaging, nano-enabled sensors for rapid pathogen/contaminant detection and nano-delivered biocidal methods, currently on the 

market or at a developmental stage, show great potential for the food industry.  Nano food processing and products can change the color, 

flavor, or sensory characteristics; they also change the nutritional functionality, removes chemicals or pathogens from food.  
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Introduction 
 

In addition to being nutritious and appealing, food must be above all safe. Providing safe food to consumers has never been more important 

and more challenging for food authorities and the food industry.  In order to meet the needs of consumers for safer and better food, more 

accurate detection sensors and packaging with high barrier performance, antibacterial and biodegradable are needed. Nanotechnology is a 

rapidly expanding field involving nanomaterials. Nanotechnology has applications in different areas of food safety from food processing to 

assays for detection of contaminants. Nanomaterials have been used to remove contaminants. The rising consumer concerns about food 

quality and health benefits are impelling the researchers to find the way that can enhance food quality while disturbing least the nutritional 

value of the product. The demand of nanoparticle-based materials has been increased in the food industry as many of them contain essential 

elements and also found to be non-toxic (Roselli et al., 2003). They have been also found to be stable at high temperature and pressures 

(Sawai, 2003). Nanotechnology offers complete food solutions from food manufacturing, processing to packaging. Nanomaterials bring 

about a great difference not only in the food quality and safety but also in health benefits that food delivers. Many organizations, researchers, 

and industries are coming up with novel techniques, methods, and products that have a direct application of nanotechnology in food science 

(Dasgupta et al., 2015). Food security is a broader concept than food safety, food security is built mainly on three pillars: (1). adequacy of 

food production, which is sufficient for the global human population; (2). sufficient resources to purchase or obtain the available food; (3). 

sufficient food nutrition, as well as proper food hygiene (Von Braun 2010). Development of novel nanomaterials makes possible to improve 

food quality and safety, crop growth, and monitoring environmental conditions (He et al. 2019). The obtained materials have unique 

properties such as high surface-to-volume ratio and their other physiochemical properties such as color, solubility, strength, diffusivity, 

toxicity, magnetic, optical, thermodynamic properties, etc. are improved (Singh et al. 2017). Therefore, new studies are focused on 

developing novel methods, techniques, and procedures for the purpose of processing, packaging, functionalization, and quality control 

implementation of food, and also the for nutraceutical products delivery system (Dasgupta et al. 2015). Nanotechnology is one such known 
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to possess extensive uses in food processing. For example, some nanoparticles have been developed to increase the nutritional value of food: 

reducing the size of vital nutrients can allow more to be added without adversely affecting a food. Also, Vitamin E nanoparticles are used 

in beverage applications (Chen and Wagner 2004) or antioxidant nanoparticles made of ethyl cellulose encapsulated with poor water-soluble 

gamma oryzanol, providing a system with a controlled release of the antioxidant into the food (Ghaderi et al. 2014). Nanoparticles are often 

used as food additives to protect the food from contamination thereby enhancing the lifespan. Nanomaterials and nanoscale food additives 

in forms of preservatives, antimicrobial sensors, flavoring agent, packaging substances, encapsulated food components, and so forth are 

used to influence nutrient composition and improve product shelf life, texture, flavor, and so on (Bajpai et al. 2012). It can even be used to 

detect food pathogens acting as food quality and safety indicators (Benvenuto et al. 2014). In food processing, nanoencapsulation of food 

(nano-sized) ingredients, nutritional supplements (e.g., proteins and antioxidants), and additives (e.g., flavor and color) forms nanocapsules 

that can be incorporated in functional foods. This provides odd taste and off-flavor masking, protective barriers, controlled release, enhanced 

bioavailability of many vitamins and their precursors, and better delivery and dispensability for water-insoluble ingredients (solubilized by 

a nanoparticle formulation) (Berekaa 2015; Prakash et al. 2013). 

Nanotechnology in food Packaging 

Nanomaterials used for food packaging provide many benefits such as improved mechanical barriers, detection of microbial 

contamination and potentially enhanced bioavailability of nutrients. This is perhaps the most common application of nanotechnology in 

food and food-related industries. Nanocomposites using nanoclays and layered silicates for food packaging have been made by introducing 

inorganic and hybrid organic-inorganic systems in packaging materials that elicit multiple functions, improve barrier and mechanical 

properties, and are more biodegradable and stable than conventional packaging materials.  A number of nanocomposites, polymers 

containing nanoparticles, are used by the food industry for food packaging and food contact materials. The use of ZnO and MgO 

nanoparticles for food packaging has been reported. The incorporation of silver, zinc oxide, titanium oxide, and titanium nitride as 

nanoparticles have been done in various packaging systems for antimicrobial properties, with zinc oxide being relatively more efficient and 

cost-effective than others (Anirudhan et al. 2018).  A desirable packaging material must have gas and moisture permeability combined with 

strength and biodegradability (Couch et al., 2016). Nano-based “smart” and “active” food packagings confer several advantages over 

conventional packaging methods from providing better packaging material with improved mechanical strength, barrier properties, 

antimicrobial films to nano-sensing for pathogen detection and alerting consumers to the safety status of food.  Many inorganic or organic 

fillers are being used in order to achieve improved polymer composites. The incorporation of nanoparticles in polymers has allowed 

developing more resist packaging material with cost effectiveness (Sorrentino et al., 2007). Use of inert nanoscale fillers such as clay and 

silicate nanoplatelets, silica (SiO2) nanoparticles, chitin or chitosan into the polymer matrix renders it lighter, stronger, fire resistance, and 

better thermal properties (Duncan, 2011; Othman, 2014). Antimicrobial nanocomposite films which are prepared by impregnating the fillers 

(having at least one dimension in the nanometric range or nanoparticles) into the polymers offer two-way benefit because of their structural 

integrity and barrier properties (Rhim and Ng, 2007). In recent years, the coating of natural polymer or a biopolymer on the surface of the 

food has gained much attention and has shown promising results in preserving produce (Luo et al. 2020). Food preservation is the process 

of treating and handling food to reduce spoilage and prevent the loss of food quality and nutrition value by microorganisms. 

Nanotechnology in food safety 

Nanocomposites that contain different nanostructures such as inorganic phase and biodegradable polymers, have been considered. 

Nanoclays are being developed and refined. For hygienic reasons, food packaging must been made with inert materials, but active and smart 

materials have also been marketed recently. Enzymes, antibacterials, and absorbent materials not only increase shelf life and improve storage 

conditions but also make food distribution much easier. Manganese oxide, zinc oxide, and silver nanoparticles are examples of these active 

particles in anti-microbial properties for packaging. Gold nanostructures, quantum dots (QD), carbon nanotubes, and other active 

nanostructures have been or can be used as sensors of microbes or other tests for food safety. 

https://www.tandfonline.com/doi/full/10.1080/02772248.2021.1957471
https://www.tandfonline.com/doi/full/10.1080/02772248.2021.1957471
https://www.food-safety.com/categories/testing-and-analysis-category/testing-microbiological/
https://www.food-safety.com/categories/testing-and-analysis-category/testing-microbiological/
https://www.frontiersin.org/articles/10.3389/fmicb.2017.01501/full#B9
https://www.frontiersin.org/articles/10.3389/fmicb.2017.01501/full#B54
https://www.frontiersin.org/articles/10.3389/fmicb.2017.01501/full#B13
https://www.frontiersin.org/articles/10.3389/fmicb.2017.01501/full#B35
https://www.frontiersin.org/articles/10.3389/fmicb.2017.01501/full#B45


 

3 | P a g e 

 

 

Nanomaterials usually consist of a wide surface area per unit mass and decreased particle dimension which enhances the biological activity, 

bioavailability, and solubility of the encapsulated food materials. Nanosized iron and iron/zinc materials used in the nutraceutical deliveries 

enhanced the bioavailability and reduced the color changes in the final products. The bioavailability of most of the vitamins (A, D, and E) 

and bioactive compounds such as curcumin, carotenoids, conjugated linoleic acids, coenzyme Q10, and ω-30 fatty acids is low or unstable 

after intake. Low bioavailability is due to the physicochemical and physiological parameters such as bioaccessibility, absorption, and 

transformation. In general, the low bioavailability, solubility, and stability of most of the bioactive molecules such as antioxidants, vitamins, 

micronutrients, polyphenols, carotenoids, and food ingredients can be enhanced with the help of nanotechnology specifically with 

nanoformulations. Most of the biologically active substances used in treatment of diseases are hydrophobic in nature having least 

bioavailability. The traditional methods for detecting food microorganism, such as manual identification of microorganism culture by 

experiment, are tedious and relatively slow (Papadakis et al. 2018). Therefore, sensors based on nanotechnology have been developed for 

rapid and accurate detection of microorganism.  For example, Singh et al.  invented a microfluidic-based nanobiosensor, which is quite 

sensitive and efficient compared with the previous technology. The main principle of this technology is using covalent binding of quantum 

dot nanoparticles and anti-Salmonella polyclonal antibodies to specifically detect Salmonella (Singh et al. 2018). Using microfluidic chips, 

as well as super paramagnetic particles can achieve cell separation and enrichment from complex food systems in short time with high 

sensitivity (Weng et al. 2021). Encapsulation of bioactive nutraceutical molecules using nanoformulations increased their bioavailability 

and biodistribution. Nanoencapsulation is a process in which the substances are packed in tiny structures, either by nano-structuration, nano-

emulsification, or nanocomposites that facilitate controlled release of the core. Different types of nanoencapsulations (nanoparticles, 

liposomes, nanospheres, micelles, nanocochleates, and nanoemulsions) have been employed depending on the requirement. They can be 

used as nutritional supplements, to conceal unpleasant taste, improve the bioavailability, and permit efficient dispersion of insoluble 

supplements without the requirement for surfactants or emulsifiers. The PLA-based nanoparticles were used as a stabilizer in the 

nanoencapsulated curcumin and quercetin in turmeric extract. Stevioside nanoparticles, nontoxic natural noncaloric sweeteners, were used 

as antidiabetic nutraceutical agents. The stability and bioavailability of the polyphenols (catechin and epicatechin) in tea were enhanced by 

encapsulating them in BSA nanoparticles. For instance, combining sliver nanoparticles with titanium dioxide and carbon nanotubes was 

found to be twice as effective against E. coli and Bacillus cereus spores (Krishna et al. 2005). Detection of Listeria monocytogenes in milk 

powder and lettuce using NMR has recently been reported (Zhao et al. 2017). L. monocytogenes is a foodborne pathogen usually found in 

raw and processed foods. The specific binding between L. monocytogenes and antibody-modified MNPs resulted in clustering of MNPs. 

The aggregation of bound MNPs changed T2 relaxation time, which was measured using a MRSw based assay. The detection limit of this 

assay was as low as 3 CFU/mL and the assay requires less than an hour to complete the test. The same authors also reported the detection 

of Cronobacter sakazakii, a bacterium that causes rare but fatal foodborne infection in infants by contaminated powdered infant formula, 

using the same method and achieved a detection limit of 1.1 CFU/mL in less than 2 h (Zhao et al. 2013). The nanosensor works as an 

indicator that responds to changes in environmental conditions such as humidity or temperature in storage rooms, microbial contamination, 

or products degradation (Bouwmeester et al., 2009). Various nanostructures like thin films, nanorods, nanoparticles and nanofibers have 

been examined to their possible applications in biosensors (Jianrong et al., 2004). Thin film-based optical immunosensors for detection of 

microbial substances or cells have led to the rapid and highly sensitive detection systems. In these immunosensors, specific antibodies, 

antigens, or protein molecules are immobilized on thin nano-films or sensor chips which emit signals on detection of target molecules 

(Subramanian, 2006). A dimethylsiloxane microfluidic immunosensor integrated with specific antibody immobilized on an alumina 

nanoporous membrane was developed for rapid detection of foodborne pathogens Escherichia coli O157:H7 and Staphylococcus 

aureus with electrochemical impedance spectrum (Tan et al., 2011). Nanotechnology can also assist in the detection of pesticides (Liu et 

al., 2008), pathogens (Inbaraj and Chen, 2015), and toxins (Palchetti and Mascini, 2008) serving in the food quality tracking–tracing–

monitoring chain. 
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A complete understanding of the risks of nanomaterials in food industry requires improvements in at least three domains. First, methods 

must be developed because of the unique properties of nanomaterials. Conventional methods cannot be used in their case. Conventional 

methods like 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) or calcein AM (CAM) have not been useful for 

evaluation of toxicity in some nanostructures like single-wall carbon nanotubes (SWCNT), QD, fullerene, etc. It has been shown that 

SWCNT could interact with markers of this test. It has been suggested that, in the case of nanomaterials, several methods for cytotoxic 

evaluations may be needed. Following the fate of nanoparticles in humans or laboratory animals requires a precise characterization 

technique. Recently, specific analysis methods have been introduced to nanotoxicity evaluations. 

Biosensors based on carbon nanotubes also gained much attention due to their rapid detection, simplicity and cost effectiveness and have 

also been successfully applied for the detection of microorganisms, toxins, and other degraded products in food and beverages (Nachay, 

2007). Toxin antibodies attached to these nanotubes causes a detectable change in conductivity when bound to waterborne toxins and 

therefore are used to detect waterborne toxins (Wang et al., 2009). Further, the use of electronic tongue or nose which is consists of the array 

of nanosensors monitor the food condition by giving signals on aroma or gases released by food items (Garcia et al., 2006). The quartz 

crystal microbalance (QCM)-based electric nose can detect the interaction between various odorants and chemicals that have been coated 

on the crystal surface of the QCM. Many studies on small molecule detection have used quartz crystal surfaces that have been modified 

with different functional groups or biological molecules, such as amines, enzymes, lipids, and various polymers (Kanazawa and Cho, 2009). 

 

Conclusions: Nanotechnology has enormous potential in the field of medicine both in therapeutic and diagnostic applications. The 

application of nanotechnology in food industry has great benefit for food safety, where there is a need for rapid, real time, simple and cost-

effective method to detect contamination of foodborne pathogens, toxins and chemicals. Nanotechnology can provide high-throughput and 

portable diagnostic platforms for screening pathogenic microorganisms and toxins directly from food samples in field and point-of-care 

clinical settings. 
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