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 The use of nano-emulsions is an example of how a nanotechnology can be applied 
to an existing process which can prove beneficial for the food industry. Nano-
emulsions have been developed for use in the decontamination of food packaging 
equipment and in the packaging of food. Some of the areas where 
nanotechnologies are set to make a difference in meat processing in near future 
relate to intelligent packaging of meat and meat products, meat derived bioactive 
and fat based nano-emulsions for antioxidant delivery. Nano-emulsions have 
recently received a lot of attention from the food industry due to their high 
clarity. These enable the addition of nano-emulsified bio-actives and flavors to a 
beverage without a change in product appearance. Nano-emulsions are effective 
against a variety of food pathogens, including Gram-negative bacteria. Nanosize 
emulsion-based ice cream with a lower fat content has been developed by Nestle 
and Unilever. NutraLease, a technology start-up company established by a 
scientific team, is working to improve the bioavailability of functional 
compounds. Beverages containing encapsulated functional compounds such as 
coenzyme Q10, lycopene, lutein, β-carotene, omega-3, vitamins A, D3 and E, 
phytosterols and isoflavones are available. Nanotechnologies in relation to food 
colour are not well researched. However, the use of the oil-soluble pigment 
compound b-carotene to colour aqueous based foods may now become possible 
using nano-emulsion technology.  
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INTRODUCTION 

 

Emulsions with microdroplets, sometimes called 
conventional emulsions, and nano-dispersions, or 
thermodynamically stable emulsions (surprisingly called 
micro-emulsions), can be easily manufactured on an 
industrial scale up. Due to their satisfactory stability over a 
certain storage time and high bioavailability, they have 
attained particular interest as delivery systems for 
bioactive substances, such as carotenoids, phytostetol, 
polyunsaturated fatty acids, g-oryzanol, lipophilic 
vitamins, and numerous other compounds. Some 
researchers [1-4], prepared food-grade conventional 
emulsions containing carotenoids with considerable 
success. Recently, some studies have shown the successful 
approach of using nanoemulsions to improve stability in 
food applications. 
Some researchers [1-4] prepared b-carotene 
nanodispersions using high-pressure homogenization and 
studied their physicochemical properties. Other 
applications include the encapsulation of limonene, lutein, 
omega-3 fatty acids, astaxantin, and lycopene, the 
encapsulation of a -tocopherol to reduce lipid oxidation in 
fish oil, and the use of nanoemulsions to incorporate 

essential oils, oleoresins, and oil-based natural fl avors into 
food products such as carbonated beverages and salad 
dressings. 
Basil oil (Ocimum basilicum) containing 88% of estragole 
was encapsulated in a nanoemulsion formulated with 
Tween 80 and water by ultrasonic emulsification method. 
The nanoemulsion showed antibacterial activity against E. 
coli even after being diluted. For example, 10-fold and 100-
fold dilutions inactivated completely E. coli after 45 
minutes while the 1000-fold dilution achieved a reduction 
of 40% after 60 minutes. Fluorescence microscopy and 
FTIR results showed that nanoemulsion promotes 
bacterial cell membrane alterations [2-5]. 
It was entrapped within W/O/W multiple nanoemulsions 
with lecithin and poloxamers by homogenization. Both 
free and encapsulated lactoferrin showed a minimum 
inhibitory concentration (MIC) of 2000mg/mL for S. 
aureus and L. innocua and 200 mg/mL for Candida 
albicans. Although an improvement in antibacterial activity 
was not observed upon encapsulation, the activity 
remained and thesemultiple nanoemulsions can be 
employed to formulate oral elixir and beverages [6]. 
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Nanoemulsions have been developed for use in the 
decontamination of food packaging equipment and in the 
packaging of food. A typical example is a nanomicelle-
based product claimed to contain natural glycerin. It 
removes pesticide residues from fruits and vegetables, as 
well as the oil/dirt from cutlery. Nanoemulsions have 
recently received a lot of attention from the food industry 
due to their high clarity. These enable the addition of 
nanoemulsified bioactives and flavors to a beverage 
without a change in product appearance. Nanoemulsions 
are effective against a variety of food pathogens, including 
Gram-negative bacteria. They can be used for surface 
decontamination of food processing plants and for 
reduction of surface contamination of chicken skin [6-8]. 
Eugenol was incorporated in O/W nanoemulsion using 
sesame oil, Tween 80, and water by ultrasound cavitation 
method. The nanoemulsion with 0.003% of eugenol was 
stable for more than one month and exhibited antibacterial 
activity against Staphylococcus aureus, after 120 minutes 
the population of the microorganism was reduced 3 log 
(CFU/mL) due to membrane permeability changes. Some 
researchers [8] developed nanoemulsions containing 
carvacrol and eugenol with triacylglyceride (Miglyol 812N) 
or Tween 80 by high-pressure homogenization and 
ultrasonication. The antimicrobial activity of emulsions 
was tested against Escherichia coli C 600 and Listeria 
innocua. Carvacrol emulsions with a mean oil droplet size 
of 3000 nm at a concentration of 800 ppm completely 
inhibited L. innocua, while for 80 nm emulsions, only a 
delay of growth was observed. In this case, the authors 
attribute the fact that antimicrobial nanoemulsions were 
less active thanmacroemulsions due to an increased 
sequestering of antimicrobials in emulsion interfaces and a 
decreased solubilization in excess Tween 80 micelles. 
Carvacrol, limonene, and cinnamaldehyde were 
encapsulated in the sunflower oil based nanoemulsions 
obtained by high-pressure homogenization and stabilized 
by different emulsifiers. The antimicrobial activity was 
measured against Escherichia coli, Lactobacillus 
delbrueckii, and Saccharomyces cerevisiae.The 
antimicrobial activity was dependent on the compound 
concentration in the aqueous phase which was governed 
by the emulsifier capability to solubilize them. Emulsifiers 
such as sugar esters and glycerol monooleate solubilize the 
essential oil in the aqueous phase at high concentrations 
resulting in a high antimicrobial activity [7-9]. 
Carvacrol emulsion achieved complete inactivation of E. 
coli and L. delbrueckii after two hours while reduced the 
population of S. cerevisiae after two hours. Complete 
inactivation of S. cerevisiae was reached after 24 hours. 
Limonene and cinnamaldehyde emulsions exhibited lower 
antimicrobial activity than carvacrol; the more 
concentrated essential oil nanoemulsions demonstrated 
complete inactivation of E. coli, L. delbrueckii, and S. 
cerevisiae after 24 h. Due to a high availability of the 
compound a significantly enhanced bactericidal effect over 
shorter time scales compared with nonencapsulated 
essential oil was observed. Emulsifiers that slightly 
solubilized the essential oil in the aqueous phase (lecithin 
and pea proteins) promote bacteriostatic action [3-7]. 

NutraLease, a technology start-up company established by 
a scientific team, is working to improve the bioavailability  

 
of functional compounds. Beverages containing 
encapsulated functional compounds such as coenzyme 
Q10, lycopene, lutein, β-carotene, omega-3, vitamins A, D3 
and E, phytosterols and isoflavones are available. Their 
technology is based on selfassembled nanoemulsions 
where a better encapsulation rate as well as an improved 
bioavailability in the human body can be achieved [7-9]. 
NutraLease nanoemulsions can protect flavor compounds 
from manufacturing conditions and throughout the 
beverages’ shelf-life. It is claimed that nanoemulsions can 
capture the flavor and protect it from temperature, 
oxidation, enzymatic reactions and hydrolysis and are 
thermodynamically stable at a wide range of pH values [6-
9]. 

The objective is to produce ice cream with lower fat 
content, achieving a fat reduction from the actual 16% to 
1%. Nestlé has a patent in water-in-oil emulsions (10–500 
nm), aiming at achieving quicker and simpler thawing 
through the addition of polysorbates and other micelle-
forming substances; these are claimed to contribute to an 
uniform thawing of frozen foods in the microwave. Other 
applications of nanoemulsions into the food industry 
include antimicrobial nanoemulsions for decontamination 
of food equipment, packaging or food [8-11]. 

Another example of nanotechnology in the food industry is 
provided by Aquanova, with their NovaSol beverage 
solutions. NovaSol portfolio is divided into two categories: 
healthy functional compounds (coenzyme Q10, DL-α-
tocopherol acetate, vitamins A, D, D3, E, and K and omega 
three fatty acids) and natural colorants (β-carotene, 
apocarotenal, chlorophyll, curcumin, lutein, and sweet 
pepper extract). Aquanova claims enhanced stability (both 
in terms of pH and temperature) of encapsulated 
functional compounds and standardized additive 
concentrations. 

Some of the giants of the food industry such as Unilever 
and Nestlé are also applying nanotechnology to their food 
products. Unilever has made ice cream healthier without 
compromising on taste through the application of 
nanoemulsions. 

Emulsion stability 
The use of nanoemulsions is an example of how a 
nanotechnology can be applied to an existing process 
which can prove beneficial for the food industry. The small 
droplet size gives nanoemulsions unique rheological and 
textural properties which render them transparent and 
pleasant to the touch; both of these unique features can be 
desirable in the food industry and the cosmetics industry.  
Using nanoemulsions in food products can facilitate the 
use of less fat without a compromise in creaminess, thus 
offering the consumer a healthier option. Products of this 
type include low fat nanostructured mayonnaise, spreads 
and ice creams: the latter has an expected fat reduction 
from 8e16% to 1%. A 2.5% fat ice cream is commercially 
available worldwide from a recognized premium ice cream 
brand which claims to have no flavour defects due to the 
low fat content; however no nanotechnology claim is made 
by the product. More choice of such low fat ice cream is 
available in the United States where many brands have 
introduced them [6-8].  
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As the size of the droplets in an emulsion is reduced, the 
less likely the emulsion will break down and separate. In 
this way nanoemulsification may reduce the need for 
certain stabilizers in a product. Nanoemulsions look set to 
play a future role in revolutionising the production of 
spreads and mayonnaise, but this is very much still in 
development stages. Nanotechnologies in relation to food 
colour are not well researched. However, the use of the oil-
soluble pigment compound b-carotene to colour aqueous 
based foods may now become possible using 
nanoemulsion technology [7-9]. 
 
Today’s consumers are looking for wholesome food 
without chemical preservatives. These can be classified as 
novel compounds obtained from sunflower oil based 
nanoemulsions that delay microbial growth of pathogens 
and spoilage organisms in food. Sunflower oil was 
screened for the development of a surfactin based 
nanoemulsion formulation. On further screening for 
antibacterial activity sunflower oil-based nanoemulsion 
designated as AUSN-1 showed highest activity against 
Pseudomonas aeruginosa followed by Bacillus cereus, 
Proteus mirabilis, Acinetobacter baumannii , Bacillus sp and 
Aeromonas sp. AUSN-1 also demonstrated a high 
bacteriostatic and bactericidal con (%) against 
Pseudomonas aeruginosa, Bacillus cereus respectively.Their 
role in controlling food pathogens and mechanisms of 
action. This work suggests the possible use of 
nanoemulsion as preservatives in meat products [5-8]. 
The application (table 1) of nanoemulsions to food 
systems still poses challenges that need to be addressed 
both in terms of the production process, especially their 
cost, and of the characterization of both the resulting 
nanoemulsions and the food systems to which they will be 
applied in terms of product safety and acceptance [5-7]. 

Solid lipid nanoparticles are formed by controlled 
crystallization of food nanoemulsions and have been 
reported for delivery of bioactives, such as lycopene and 
carotenoids. 
Research has shown that stabilised mono-dispersed oil-in-
water (O/W) or water-in-oil (W/O) nanoemulsion systems 
can be used for controlled release of nutraceutical and 
other bioactive components in food. The technology has 
been combined with advanced processing technologies to 
develop novel microencapsulated products that allow 
controlled release of food bioactives in the gastrointestinal 
tract. These products may be either ready-to-drink or 
powdered formulations fortified with functional 
ingredients from a wide range of sources. Process 
technologies such as ultra high pressure homogenisation 
and micro-fluidisation have been used to create stable 
mono-dispersed O/W or W/O nanoemulsions for the uses 
described [7-9]. The physical properties of nanoemulsions 
such as rheological and microstructural properties, phase 
separation behaviour and stability in food products is 
significantly different to those found in emulsions 
manufactured using standard emulsification techniques. 
Incorporation of plant-derived nutraceuticals, e.g. plant 
sterols, lycopene, limonenes, CoQ10, and protein-based 
bioactives into the oil phase (O/W emulsions) or water 
phase (W/O emulsions) has already been successfully 
carried out using this technology. One food company has 
produced a nanoemulsion (Table 1) which is not digested 
until it passes to the lower regions of the small intestine 
where it stimulates satiety signals in the brain to tell the 
body that food intake can be reduced. Because of their 
small particle size, nanoemulsions may be used in the 
future in the development of low fat products due to the 
viscosity that is imparted at low oil droplet concentrations 
[6-9]. 

  
Table 1: Applications [12-16] of Nanotechnology in Food – Examples of Products currently on the Market (non-exhaustive list) 
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Major Nutrients/Bioactive Compounds that are 
commonly added [10-14] 

• Vitamins 
• Minerals 
• Omega 3 
• Antimicrobials (food preservation) 
• Antioxidants 
• Enzymes 
• Peptides 
• β-carotene 
• Lutein 
• Lycopene 
• Phytosterols 
• Iron and Calcium 
• Vitamin D, E, C 
• DHA and EPA 

  
Antimicrobial nano-emulsions [12-18]: Nano-emulsions 
have been developed for use in the decontamination of 
food packaging equipment and in the packaging of food. 
The applications of nanoemulsions include: 

• Delivery of active compounds in the body 
• Stabilisation of biologically active ingredients 
• Extended shelf-life due to increased stability 
• Increased viscosity at lower concentrations of oil 
phase 

Some of the areas where nanotechnologies are set to make 
a difference in meat processing in near future relate to 
intelligent packaging of meat and meat products, meat 
derived bioactive peptides, pro- and pre-biotics inclusion 
in processed meat products, fat based nanoemulsions for 
antioxidant delivery, nanosensors and nanotracers for 
meat bio-security tracing and nanostructured meat 
products with defined functions. 
Nanotechnology and nanomaterials are a natural part of 
food processing and conventional foods, because the 
characteristic properties of many foods rely on nanometer 
sized components, for example, nanoemulsions and foams. 
Application also provides protective barriers to flavour 
and taste masking, controlled release and better 
dispersability for water-insoluble food ingredients and 
additives. 
Nanoencapsulation of food and color additives to increase 
bioavailability  

– e.g.,  nano‐emulsions.  
Due to the large number of bioactive substances, with low 
and very low solubility in water, new and improved 
investigation methods were developed. Researches in this 
area have shown that lipid systems in lipophilic substances 
formulation increase their bioavailability and prevent or 
reduce the toxicological risk because most of the 
components involved in the formulation are of natural 
origin, with a structure compatible with biological 
membranes components. 

Among the lipid systems used in the leaching, transport 
and release of lipophilic substances there are: liposomes, 
solid lipid nanoparticles, double and single emulsions, 
autoemulsionante and auto-microemulsionante lipid 
systems. 

Research in this field is carried out by some researchers 
who formulated beta-cypermethrin nanoemulsions. They 
were more effective than commercial microemulsions of 
the same compound.  
Nanoemulsions Liquid Transparent/translucent systems 
suitable to use in beverages 

 Carrier of hydrophobic compounds 
 Rapid absorption 
 Toxicological safe 
 Good shelf stability 
 Disadvantages: 
 Rapid release 
 Low stability in acidic condition 
 Low-energy methods are limited in food sector 

Nanotechnologies in relation to food colour are not well 
researched. However, the use of the oil-soluble pigment 
compound β-carotene to colour aqueous based foods may 
now become possible using nanoemulsion technology. The 
formation of nanosize structures using alginic acid and 
calcium ions may allow the natural fat-soluble colourant to 
be used in a novel way. However, the idea of color effect of 
nanotechnology is still under developed. 
Solid lipid nanoparticles are formed by controlled 
crystallization of food nanoemulsions and have been 
reported for delivery of bioactives, such as lycopene and 
carotenoids. The major advantages of solid lipid 
nanoparticles include large-scale production without the 
use of organic solvents, high concentration of functional 
compounds in the system, long term stability, and the 
ability to be spray dried into powder form [16-18].  

APPLICATIONS OF NANOEMULSIONS 
Applications [16, 18-24] of Nanoemulsions are 
described as follows- 
Use in Cosmetic: Nanoemulsion is widely used in the 
cosmetic because the active constituents are easily 
absorbed to give effective action due to the small size of 
the droplet and reduce the water loss from the skin. 
Nanoemulsions are used as moisturizer and creams. 
Attractive delivery vehicle in the cosmetics as 
nanoemulsion droplet size is very small, creaming and 
flocculation is not observed leading to a more elegant and 
stable product. The incorporation of potentially irritating 
surfactants can be avoided by using high energy 
equipment during manufacturing. Nanogel technology to 
create miniemulsion from oil-in water concentrate suited 
to minimizing transepidermal water loss, enhanced skin 
protection and penetration of active ingredient. It would 
be useful for sun care products, moisturing and antiageing 
creams. It helps to give skin care formulations a good skin 
feels. 

Use as Anti Microbial Agent: Antimicrobial 
nanoemulsions are O/W droplet which has a broad- 
spectrum activity against bacteria, enveloped viruses (e.g. 
HIV), fungi and spores. Nanoemulsions are droplets 
component fused with lipid containing organisms and 
release part of the energy trapped within the emulsion. 
Pathogen lipid membrane is destabilized by active 
ingredient and the energy released by the emulsion, 
leading to microbial cans cell-lysis. 
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Nanoemulsions in Cancer Therapy: Nanoemulsions 
are used as vehicle in cancer chemotherapy for 
prolonging the rate of drug release after intramuscular 
and intratumoral injection (W/O systems). It also 
enhances the transport of anti-cancer drugs via 
lymphatic system. 

Prophylactic in Bio-Terrorism Attack: Nanoemulsions 
are used as a prophylactic medication and are used 
against bio-attack pathogens such as anthrax and ebola. 
In broad-spectrum, used as a chemical decontamination 
agent for anthrax, gangrene etc and can even be used on 
contaminated wounds to salvage limbs. 

Nanoemulsion as Mucosal Vaccines: Nanoemulsions 
can be used forneedle free immunization by delivering 
recombinant protein and inactivated organism to a 
mucosal surface as nanoemulsion cause the protein 
surface to be adjuvanted and thus facilitates uptake by 
antigen-presenting cells. 

Nanoemulsion in Cell Culture Technology: 
Nanoemulsions are used in cell culture technology 
because they increase uptake of oil soluble component in 
cell culture and improve growth of culture cell. 

Oral Drug Delivery System: A nanoemulsion can be 
used to improve oral bioavailability of poorly to soluble 
drug because it has a very small particle size and can 
incorporate hydrophobic drug in oil droplets. 

Transdermal Drug Delivery System: Nanoemulsion 
can be used for transdermal drug delivery due to 
increase permeation through the skin and are also it is 
non-irritant. 

Parenteral Delivery: Nanoemulsion is advantages for 
intravenous administration, due to the strict 
requirement of this route of administration, particularly 
the necessity for the formulation droplet size lower than 
1 micrometer. Parenteral (or Injectable) administration 
of nanoemulsion is employed for a variety of purposes, 
namely nutrition eg. Fats, Carbohydrates, Vitamins etc. 
Nanoemulsions of natural oils (soyabean, sesame and 
olive) with the non toxic surfactant Pluronic F-68 via 
ultrasound for parentral feeding. Lipid nanoemulsion has 
been widely explored for parentral delivery of drugs. 
Nanoemulsion formulations have distinct advantages 
over macroemulsion systems when delivered 
parenterally because of the fine particle Nanoemulsion is 
cleared more slowly than the coarse particle emulsion 
and, therefore, have a longer residence time in the body. 
Both O/W and W/O Nanoemulsion can be used for 
parenteral delivery. 

Topical Delivery 
 Topical administration of drugs can have advantages 
over other methods for several reasons, one of which is 
the avoidance of hepatic first pass metabolism of the 
drug and related toxicity effects. Another is the direct 
delivery and targetability of the drug to affected area of 
the skin or eyes. The nanoemulsion can achieve a level of 
topical antimicrobial activity that has only been 
previously achieved by systemic antibiotics. The 
nanoemulsion has broad spectrum activity against 
bacteria (e.g. E.coli, S. aureus) fungi (e.g. Candida, 
Dermatophytes).  

Ocular Delivery 
For the treatment of eye diseases, drugs are essentially 
delivered topically.  O/W Nanoemulsions have been 
investigated for ocular administration, to dissolve poorly 
soluble drugs, to increase absorption and to attain 
prolong release profile.  

In Biotechnology 
Many enzymatic and biocatalytic reactions are conducted 
in pure organic or aqua-organic media. Biphasic media 
are also used for these types of reactions. The use of pure 
apolar media causes the denaturation of biocatalysts. The 
use of water-proof media is relatively advantageous.  
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