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process costs and operational complications are limiting factors 
for such combination. New disinfection methods and media are 
needed to overcome the disadvantages of the current technologies.3 
Nanomaterials are emerging and promising fungicidal, algicidal, and 
bactericidal media that could be applied for the disinfection of food 
products. The objective of this article is to review the potential use of 
nanomaterials for the decontamination of food materials and to define 
potential research needs for the application of nanomaterials as food 
decontaminants. 

 Nanoparticles for food decontamination
Nanoparticles are particles with sizes ranged from 1 to 100 

nanometers in at least one dimension.4 They have high reactivity 
due to their large surface area to volume ratio and therefore they are 
used as antibacterial agents in aqueous and solid media.5 Nano-iron 
was used as a health supplement and water decontamination agent 
to breakdown contaminant and kill microorganism6 Zhan7 applied 
amine modified magnetic nanoparticles (Fe3O4-SiO2-NH2) for rapid 
removal of both pathogenic bacteria and viruses from water. Silver 
nanoparticles (AgNPs) are widely used in pharmaceuticals, cosmetics, 
medical devices, foodware, clothing and water purification due to 
their antimicrobial properties and low toxicity toward mammalian 
cells.4,8 To our knowledge little has been done to use nanoparticles 
as antibacterial coatings for food materials including grains and nuts. 
Nawrocka et al.,9 used AgNPsas antipathogen coating for wheat 
grains. No information was presented on the bacterial species and the 
reduction potential of AgNPs. 

Nanoemulsions for food decontamination
Nanoemulsions are dispersions of droplets of one liquid in another 

immiscible liquid with length scales in the range from 1 to 100nm.10,11 
They can be made of food-based, non-toxic, and non-corrosive 
materials. Compared with conventional emulsions, nanoemulsions 
have high physical stability, high bioavailability and low turbidity. 
Therefore, they are attractive systems for food, cosmetics and 
pharmaceutical industries.12 They are effective in the inactivation 
of gram-negative bacteria, bacterial spores, enveloped viruses, and 
fungal spores.13 They can be used for surface decontamination of 
food packaging equipment and chicken skin.14 Nanomicelle-based 

product, containing natural glycerin, was used to remove pesticide 
residues from fruits and vegetables.6 Up to 3 log (10) CFU/g (99.9%) 
reductions in L. monocytogenes, S. Typhimurium and E. coli O157:H7 
could be obtained after dipping samples in oregano nanoemulsions 
(0.05% or 0.1%) for one minute and storing samples at 4oC for 72hr.15 
Diluted food-grade basil oil nanoemulsion showed at least 40% 
reduction of pure E. coli culture after 60min.12

Mechanism of bacteria inhibition by 
nanomaterials

Several mechanisms have been discovered for the effect of 
nanomaterials on the inhibition of microorganisms. The inhibitory 
effect of nanoparticles (e.g., AGNPs) could be due to the release of 
free Ag+ that could: 

i. Deactivate cellular enzymes and DNA by coordinating to electron-
donating groups such as thiols, carboxylates, amides, imidazoles, 
indoles, hydroxyls sensitivity.16

ii. Disrupt membrane permeability, and ultimately leading to cell 
lysis and death,8,17 and/or

iii. Penetrate bacterial cell and turn DNA into a condensed form and 
at the same time react with cell proteins causing the damage or 
the death on the microorganisms.16 Nanoemulsions fuse with cell 
membrane of microorganisms causing cell lysis.13 

Risk on nanomaterials
No evidence of unusual toxicity effects of nano emulsions and 

micelles could be determined in both experimental animals and 
humans. There is a dearth of information on the safety and potential 
effects of different nanoparticles to human and animal, using chronic 
oral exposure to nanoparticles combined with a broad screen.6 No 
data on possible genotoxicity, carcinogenesis and teratogenicity, is 
available for most of the available nanoparticles.18

Conclusion
Nanomaterials including nano emulsions are promising 

decontamination media for the reduction of food contaminating 
pathogens. The main challenges for the application of nano 
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Introduction
Food contamination is a major concern in many countries because 

it can cause fatal illnesses. Salmonella, Escherichia coli O157:H7, 
Staphylococcus aureus, Clostridium, Camplyobacter and Listeria 
monocytogenesare common agents for food contamination in the 
United States.1 In 2011, the Food Safety Modernization Act (FSMA) 
was signed by the U.S. President to prevent food borne illness in 48 
million Americans. According to the FSMA, the US Food and Drug 
Administration (FDA) will have mandatory science-based preventive 
controls across the food supply. Physical, chemical, or biological 
technologies are being applied for food decontamination.2,3 The 
selection of a certain technology depends on its efficacy in removing 
certain pathogens to the safe level, the sensory quality of the final 
product as well as energy efficiency and cost.3 Combination of more 
than one technology could synergistically work better and result in 
greater antimicrobial effect than any single treatment.2 However, 
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emulsions in food systems are the production cost, product safety 
and acceptance.19 Nanoparticles could be applied as antimicrobial 
coatings for grains and nuts. However, they should have combined 
desirable attributes such as potent antibacterial efficacy, low toxicity, 
environmental safety and ease of manufacturing.17 There is a need to 
study the effect of different nanomaterials on the decontamination of 
different food materials. Moreover, there is a need to compare the 
efficacy of the nanomaterials and other chemicals and technologies 
for the decontamination of grains, nuts and fresh produce. There is 
also a need to study the effect of using nanomaterials as carriers of 
conventional disinfection chemicals so that it could be possible to 
reduce the chemicals doses used in food disinfection applications.
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