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7.1  Introduction

Drug delivery field is currently being revolutionized by nanoencapsulation of bioac-
tives. Main sources for bioactives are the natural products which are believed to be 
the most important discovery of modern medicine (Molinski 1993; Grabley and 
Thiericke 1999). Identification of novel pharmacophores and active compounds has 
always been in demand because still synthetic medicinal chemistry has yet to find 
substitutes to many of the natural compounds (Leach et al. 2010). But several phy-
tochemicals have low solubility leading to their poor bioavailability. Encapsulation 
of such bioactives  in appropriate carrier matrix can enhance their bioavailability 
because of altered pharmacokinetics and biodistribution (Huang et  al. 2013). 
Therapeutic index of drugs has been shown to increase using controlled drug deliv-
ery systems due to increase in their localization to specific tissues (Riehemann et al. 
2009; Ferrari 2005). Recent trends in medical field have shown that nanoparticle- 
based therapeutic products have the potential of being commercialized and there is 
an upsurge in number of commercially available nanoparticle-based products. These 
days not only researchers but ordinary people are  also attracted towards natural 
dietary agents due to their proven benefits in healthcare and fitness (Amin et  al. 
2009). Recently taurine, a major constituent of cactus pear, has become an active 
constituent of nutraceuticals after the reported health benefit  spectrum of cactus 
plant such as anticancer, antiviral and antidiabetic properties. Due to the increasing 
interest of scientists and researchers in traditional medicines, the World Health 
Organization has initiated a global strategy to deal with the concerns related to tra-
ditional medicine. The European Commission has also resolved to put the disease 
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risk reduction at priority in their coming plans. Researches on nanoencapsulation of 
nutraceuticals have been in recent trends to eliminate the limitations associated with 
them and maximize their health benefits. The present review focuses on different 
nanocarriers for nutraceuticals and major challenges in the way of commercializa-
tion of nano-nutraceuticals.

7.2  Nutraceuticals

The term nutraceuticals arises from the combination of nutrition and pharmaceuti-
cals. These are a part of food or foods which offers nutritional and pharmaceutical 
benefits, that is, give nutrients to the body, provide resistance against several dis-
eases and also help in curing of some diseases (Trottier et al. 2010). In ancient time, 
the knowledgeable people working in the field of medicine thought of developing 
such food which could be used as medicine to prevent and cure diseases. Those bril-
liant ideas gave birth to the field of nutraceuticals. Nutraceuticals can be divided 
into three main categories—dietary supplements, functional foods and functional 
beverages. Further the dietary supplements can be subdivided into vitamin and min-
eral supplements, herbal supplements, plant extracts and protein supplements. 
Functional foods include omega fatty acid foods and probiotics, whereas functional 
beverages can be subsegmented into energy drinks, sports drinks and fortified 
juices. Some common words related to nutraceuticals or used as synonym for nutra-
ceuticals are functional food, multifunctional food, dietary supplements, etc. 
Functional foods are just the same as basic foods providing nutritions, incorporated 
with special and specific ingredients which provide health benefits to the body 
(Kalra 2003). The recent advancements in the field of food technology have opened 
gates for the development of functional foods exclusively produced to promote 
good health for human being. Some basic steps taken into consideration while scru-
tinizing are identification, isolation, purification and characterization of the proper-
ties of incorporated food components, that is, the nutritional value, medicinal value, 
etc. Primary food elements comprise of carbohydrates, proteins and lipids which are 
the basic necessity for proper functioning of the body and its normal energy require-
ments. Vitamins are secondary food elements which are commonly not synthesized 
within the human body, so these must be taken in food diet for proper functioning 
of the body. Nutraceuticals are also minor food elements which improve the body 
functioning by fighting against some persistent diseases (McClements 2012b).

Efficacy of any nutraceutical product depends on its bioavailability. In terms of 
nutritional concept, bioavailability means that some nutrients in food are partially 
available, whereas in terms of pharmacology it refers to rate and extent to which a 
drug reaches to its site of action. With increasing popularity of nutraceuticals as 
preventive medicine, their bioavailability has become a major issue to the regulators 
and manufacturers of health-related products (Rapaka and Coates 2006). When 
administered orally, various parameters such as insufficient gastric residence time, 
low permeability and/or solubility within the gut and instability under conditions 
encountered in food processing or in the gastrointestinal (GI) tract limit the activity 
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and hence health benefits of various nutraceuticals (Bell 2001). Apart from their low 
bioavailability and poor water solubility, other challenges such as chemical instabil-
ity and crystallization need to be overcome before the incorporation of these bioac-
tive molecules into commercial food products (Augustin and Sanguansri 2012; 
McClements et al. 2012a, c). Patenting of new delivery systems like nanotechnol-
ogy has been in trend for improving the efficacy of nutraceuticals.

7.3  Nanocarriers as Delivery Platforms

There has been a boom of nanotechnology in most of the sectors with major impact 
in health and food industry. Encapsulation of active food ingredients in nano-based 
drug delivery system is an important application of this technology, in the field of 
food and nutrition (Fig. 7.1).

Nanoformulations of nutraceuticals also follow the fundamental principles of 
nanotechnology. The nanotechnology platforms are mainly used to prepare delivery 
systems for nutraceuticals with poor water solubility. The technology possesses a 
great potential for commercialization of the bioactives by overcoming the limita-
tions associated with them and therefore a multifold increase for this technology is 
eminent in the coming years (Augustin and Hemar 2009). However before its use in 
commercial food products, it is a must to ensure that these newly developed 
nanoscale delivery systems are safe to be incorporated in commercialized food 
products. There are several desirable characteristics of nanoscale delivery systems 
which need to be taken into consideration. First of all, as reduced to nanoscale, they 
will behave differently within gastrointestinal tract in comparison to conventional 
particulate matter (Tiede et  al. 2008; Bouwmeester et  al. 1998). If the digestion 
product of nanoscale delivery system is the same as that of conventional particulate 

Fig. 7.1 Advantages of 
nanocarriers over the 
conventional methods of 
encapsulation 
(McClements 2012a)

7 Nano-based Delivery System for Nutraceuticals: The Potential Future



106

matter, then they can’t be expected to be more toxic; otherwise toxicity concern may 
arise. So it is very important to assess  potential toxicity of these food-grade 
nanoscale delivery systems to ensure their safety. Use of food-grade ingredients for 
fabrication of these delivery systems is preferable. These nanoscale systems should 
be economically viable, strong enough to confront storage conditions as well as 
robust enough for practical applications. Further, their incorporation into final food 
product should not adversely affect its quality aspects.

• Delivery system should be chemically and physically stable to environmental 
stresses while preserving its functional characteristics (McClements 2012a).

• Delivery system should be able to improve gastric stability of labile bioactive 
nutrients.

• Should be able to maintain constant dosage level within systemic circulation.
• In case of highly lipophilic compound, it should be capable of facilitating lym-

phatic transport.
• Should be able to extend gastric retention time (Ting et al. 2014).
• Over the past few years, several researchers have described the use of nanotech-

nology for nutraceutical compounds. Oral absorption and bioavailability of phe-
nolic compounds have been reported to increase thereby promoting their 
nutraceutic effect (Munin and Edwards-Levy 2011; Rein et  al. 2013).  The 
nanoparticles have mainly been prepared using lipids, polysaccharides or pro-
teins, loaded with different bioactive compounds. Some of the nanodelivery sys-
tems used for nutraceuticals are discussed below.

7.3.1  Lipid-Based Nanostructures

Lipid-based structures such as solid lipid nanoparticles, liposomes, nanoemulsions 
and self-emulsifying systems hold a great potential for encapsulation and delivery 
of sensitive bioactives and may serve as bioreactors for release of aroma compound 
and flavours. They are advantageous on the part that most of the natural bioactives 
can be encapsulated in them. Moreover they can incorporate high loads of different 
molecules and target them on specific sites via active or passive mechanisms 
(Mozafari et al. 2006; Taylor et al. 2005; Mozafari and Mortazavi 2005; Mozafari 
et al. 2009).

7.3.1.1  Solid Lipid Nanoparticles (SLN)
Solid lipid nanoparticles are colloidal dispersions of lipid in water or aqueous 
surfactant solution (Weber et al. 2014). They have many advantages such as pro-
tection of incorporated molecule from external environment, better stability of the 
encapsulated compound, ability to carry both lipophilic as well as hydrophilic 
drugs, controlled release and easy to scale up. These lipidic systems may also help 
to improve organoleptic and functional properties. Moreover these systems 
include the compounds with GRAS (generally recognized as safe) status (Severino 
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et al. 2011). Disadvantages including relatively high water content and increased 
particle size, flocculation, aggregation and compound release may occur during 
storage (Das and Chaudhury 2010). 

7.3.1.2  Nanoliposomes
Liposomes are lipid bilayer membrane structures with hydrophilic heads and hydro-
phobic fatty acid tails (Lasic 1998). They can carry both hydrophobic and hydro-
philic bioactives, hydrophilic in aqueous core whereas hydrophobic component in 
lipid bilayers (Langer 1990). Nanoliposomes specifically refer to liposomes with 
nanometric size (Mozafari and Mortazavi 2005). Route of administration for nano-
liposomes could be parenteral, oral, topical or nasal (Shoji and Nakashima 2004; Li 
et al. 2013). Their disadvantage is that they are considered as foreign particles by 
circulatory system and hence rapidly get cleared by reticuloendothelial system 
(Tang et al. 2013). Furthermore they can get disintegrated by various forces such as 
electrostatic, hydrophobic and van der Waals forces that can disintegrate nanolipo-
somes (Lasic et al. 1991). Hence some stability mechanism is required such as steric 
stabilization using inert polymers (Momekova et al. 2007).

7.3.1.3  Nanoemulsions
Emulsions are basically biphasic systems which are composed of an inner phase, 
i.e. dispersed phase, and an outer phase, i.e. continuous phase. There is an inter-
phase made up of surfactant molecule. Nanoemulsions are emulsions which are 
extremely small in size and appear transparent or translucent. Their size range is 
usually 50–200 nm which is much smaller than the conventional emulsions (Solans 
et al. 2005). In general, the size of a surfactant molecule is 2 nm long, and therefore 
a micelle is usually 5 nm or more in diameter. But incorporation of oil phase into 
micellar core can cause increases in its size sometimes to a large extent (Huang 
et al. 2013). Nanoemulsion is a better option to incorporate poorly soluble nutraceu-
ticals into food matrix, and it is well known that most of the bioactive phytochemi-
cals are either poorly soluble or lipophilic in nature. Systemic bioavailability of 
these active components is considerably influenced by their poor solubility in water 
or oil because their properties, such as solubility, partition coefficient, lipophilicity, 
etc., decide their route of administration, transport and target sites. Entrapment of 
such bioactives into nanoemulsions can prove advantageous as the small particle 
size of nanoemulsions will increase their surface area thereby resulting in enhanced 
digestion rates, rapid diffusion across mucus membrane and increased epithelium 
cell permeability (Sivakumar et al. 2014; Ting et al. 2014; Yu and Huang 2013). 
Moreover, nanoemulsions may protect the chemically labile bioactives from oxida-
tion, thereby resulting in increased shelf life and reduced degradation in the gastro-
intestinal tract (GIT) (Augustin et al. 2011; Frede et al. 2014). There are a large 
number of reports on entrapment of bioactives into nanoemulsions, and recent 
trends have shown the use of food-grade nanoemulsions (Sun et al. 2015). Carrier 
oil is an important component in preparation of food-grade nanoemulsions as it 
determines the bioavailability of encapsulated components (Qian et  al. 2012;  
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Zheng et al. 2014). The carrier oil should be able to form mixed micelles with a  
high solubilization capacity for active component and should be fully digestible  
(Li et al. 2012). 

7.3.2  Polysaccharide-Based Nanoparticles

Most of the naturally occurring polysaccharides are considered to be cheap and 
adequate raw materials for nanoencapsulation of different bioactives. Nanoparticles 
of different shape and sizes have been prepared using various methods. Selection of 
method and polysaccharides depends on factors such as safety, economic and envi-
ronmental considerations, etc. Different processes can be used for nanoencapsula-
tion of bioactives depending upon physical and chemical properties of bioactives 
and polysaccharides. Polysaccharides are able to encapsulate both hydrophilic and 
hydrophobic compounds (Renard et al. 2002). Their structural versatility and site- 
specific digestion properties project them as suitable carriers for the targeted and 
controlled delivery of nutraceuticals along the human gastrointestinal tract (GIT) 
(Sinha and Kumria 2001). Their non-toxic, biocompatible, stable structure, low- 
cost, hydrophilic nature along with availability of reactive sites for chemical modi-
fications makes them the material of choice (Sinha and Kumria 2001). Commonly 
used polysaccharides include starch, pectin and guar gum, chitosan, chondroitin 
sulphate, alginate, etc. (Kosaraju 2005; Augustin and Hemar 2009). They are advan-
tageous on the part that they can be used for delivery of synergistic combinations, 
but when considered for food applications, high molecular weight of polysaccha-
rides sometimes limits its application, e.g. for delivery in clear drinks, because it is 
difficult to prepare transparent system based on biopolymeric nanoparticles (Livney 
2008).

Vast research has been conducted to encapsulate wide variety of bioactive com-
ponents in nutraceuticals and functional foods (McClements et al. 2009) as shown 
in Table 7.1, but clear in vitro or in vivo evidences of their biological efficacies are 
still limited.

7.4  Nanotechnology-Enabled Food Products

According to the Food Standards Agency, fumed silica, nanosilver, nanoclay and 
titanium nitride are the nanomaterials that are permitted to be used in food provided 
they follow the relevant legislation. Centre for Food Safety has released a database 
which enlists near about 300 food products/food contact products that use nanotech-
nology. Those with food supplement and additives category are summarized in 
Table 7.2.

Apart from these, Chinese Nano tea, Nano silver and Nano gold have been used 
as mineral supplements; carotenoid nanoparticles have been used in fruit drinks; 
patented “Nano drop” delivery systems have been used for encapsulation of materi-
als such as vitamins; and Nano cages or Nano clusters have been used in 
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Table 7.1 Recent works on nanoencapsulation of nutraceuticals

Sr. 
No.

Nanodelivery 
system used Material used Achievements References

1. Allicin
a. Nanocapsules Alginate, chitosan – Fakoor Yazdan 

Abad et al. (2016)
2. Anthocyanins
a. SLNs Palmitic acid, span 85 and 

egg lecithin
↑ the stability 
against high pH

Ravanfar et al. 
(2016)

3. Bromelain
a. Nanoparticles Katira gum ↑ anti-inflammatory 

activity
Bernela et al. 
(2016a)

4.Caffeine
a. SLNs Softisan, pluronic F68 ↑skin permeation 

through skin
Puglia et al. 
(2016)

b. Nanohydrogels Lactoferrin- 
glycomacropeptide

↑ antimicrobial Bourbon et al. 
(2016)

c. Nanoparticles PLGA Pronounced 
increase in the 
endurance of 
dopaminergic 
neurons, fibre 
outgrowth and 
expression of 
tyrosine 
hydroxylase (TH)

Singhal et al. 
(2015)

5. Capsaicin
a. Polymeric 

micelles
Phospholipid, sodium 
cholate and PVP K30

Prolonged plasma 
circulation with ↑ 
oral bioavailability

Zhu et al. (2014)

6. Curcumin
a. Hydrogel 

nanoparticles
Hydrolyzed tetramethyl 
orthosilicate, chitosan, 
polyethylene glycol 400

↑antimicrobial and 
wound healing

Krausz et al. 
(2015)

b. SLNs Tween 80, curcumin, 
cholesterol

Effective oxygen 
scavenging activity

Jourghanian et al. 
(2016)

c. Nanoemulsion Controlled lipid 
digestion rate and 
free fatty acid 
adsorption

Joung et al. 
(2016)

7. Glycyrrhizic acid
a. Polymeric 

nanoparticles
Chitosan, katira gum ↑ anti-inflammatory 

activity
Bernela et al. 
(2016)

b. Polymeric 
nanoparticles

Chitosan ↑ anti-bacterial 
activity

Rani et al. (2015)

8. Green tea extract
a. Nanostructured 

lipid carriers
Cetyl palmitate, glyceryl 
stearate, grape seed oil, St. 
John’s wort oil (Hypericum 
perforatum oil), sea 
buckthorn oil

↑ antioxidant 
activity

Manea et al. 
(2014)

(continued)
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Table 7.1 (continued)

Sr. 
No.

Nanodelivery 
system used Material used Achievements References

9. Hesperetin
a. SLNs Glycerol monostearate, 

stearic acid, glyceryl 
behenate, oleic acid, Tween 
80

Could well mask 
the bitter taste, after 
taste, and obviate 
poor solubility of 
hesperetin

Fathi et al. (2013)

10. Lutein
a. Polymeric 

nanoparticles
Poly-γ-glutamic acid, 
chitosan

↑ solubility Hong et al. (2015)

b. Polymeric 
nanoparticles

Chitosan and dextran 
sulphate

↑ chemical stability Chaiyasan et al. 
(2016)

11. Melatonin
a. Polymeric 

nanoparticles
Poly(D,L-lactide-co- 
glycolide), polyvinyl 
alcohol

Sustained release Altındal and 
Gümüşderelioglu 
(2015)

b. Polymeric 
nanoparticles

Lecithin, chitosan Improved wound 
epithelialization

Blazevic et al. 
(2016)

12. Quercetin
a. Polymeric 

nanoparticles
Polyhydroxybutyrate-co- 
hydroxyvalerate, polyvinyl 
alcohol

– Vidal et al. (2016)

b. Nanoparticles Bovine serum albumin 
(BSA), 2,2-azinobis 
(3-ethylbenzothiazoline-6- 
sulfonic acid) diammonium 
salt (ABTS)

Prolonged quercetin 
release and 
improved 
antioxidant activity

Antônio et al. 
(2016)

c. Polymeric 
nanoparticles

Poly(lactic-co-glycolic 
acid)-d-α-tocopheryl 
polyethylene glycol 1000 
succinate

Enhanced 
pharmacological 
effects of quercetin 
with increased liver 
targeting

Guan et al. (2016)

13. Resveratrol
a. Solid lipid 

nanoparticles 
(SLNs) and 
nanostructured 
lipid carriers

Cetyl palmitate, 
polysorbate 60, 
miglyol-812

Validated for 
trans-resveratrol 
protection, 
stabilization and 
intestinal 
permeability

Neves et al. 
(2016)

b. Solid lipid 
nanoparticles

Phosphatidylcholine from 
soybean, D-α-tocopheryl 
polyethylene glycol 1000 
succinate

Significantly higher 
cytotoxicity than 
resveratrol against 
C6 glioma cells

Vijayakumar 
et al. (2016)

c. Nanoparticles Beta-lactoglobulin Improvement in 
treatment of 
oxidative stress

Kim et al. (2016)

14. Thymoquinone
a. Nanoparticles Poly(styrene-b-ethylene 

oxide)
Enhanced antitumor 
activity

Fakhoury et al. 
(2014)

M. Bernela et al.



111

Table 7.2 List of companies which produced food supplement and additives with nanomaterials

Nanomaterial Product name Company
Calcium and 
magnesium

24Hr Microactive® CoQ10, CoQ10, rejuvenate, 
rejuvenate for children nano calcium/magnesium

Genceutic 
Naturals, Cell 
Direct, Mag-I-Cal.
com

Cobalt CoQ10 Q-Avail VS softgel Design for Health
Copper MesoCopper Purest Colloids 

Inc.
Corosolic acid Nano slim
Curcuminoid Nano curcuminoids Life Enhancement
Gold MesoGold, Ultra Colloidal Gold™ Colloids for Life 

LLC., Source 
Naturals

Iridium Meso-Iridium Purest Colloids 
Inc.

Magnesium Nano-Ionic Calcium and Magnesium, 
Nano-Magnesium

MMI Labs Inc., 
Arrowhead Health 
Works

Nanoencapsulation Anabolic Vitakic, Gakic Hardcore, Nitro-Tech 
Hardcore, Bionic Joint Support, DHLA Nano-Plex, 
humic and fulmic acids, LifePak Nano, Liposomal 
Can-Help, Lypo-Spheric Vitamin C, Mucolyxir® 
Nanotech Nutrients® 12 ml liquid #75360, 
MuscleTech Nano Vapor Performance, nano green 
tea drops, Nano Vapor, Nanoceuticals Artichoke 
Nanoclusters/Cleanse, Nutri-Nano CoQ-10 3.1x 
softgels, Resveratrol VESIsorb, Solgar CQ10, 
Spray For Life vitamin supplements, summit 
vitamins vita-SEDDS multipacks, Sunshine Mist 
Vitamin D Spray, Taurox 6X Nanotech Nutrients® 
0.45 fl. oz. (13.5 mL) # 75090, Taurox High 
Potency 80 Pellets Nanotech Nutrients® net 
0.14 oz. (4 g) # 75250, Ubiquinol VESIsorb, 
VESIsorb®CoQ10 Plus Omega-3 30S/G, Vitamin 
D3 VESIsorb

Muscletech Sports 
Nutrition 
Supplements, Life 
enhancement, 
Quantum Nutrition 
Labs, Nano Health 
Solutions, 
Pharmanex, 
HealthyItems.co, 
LivOn Labs, 
Allergy Research 
Group, Julian 
Bakery LLC., 
Iovate Health 
Sciences Research 
Inc., RBC Life 
Sciences Inc., 
Solgar, Pure 
Encapsulation, 
Nutrition Centre 
Ltd., Summit 
Medical Group, 
Mercola Advanced 
Nutrition, Doctor’s 
Best

Nano polymeric 
film

LiquiGlide Liqui Glide Inc.

Palladium MesoPalladium Purest Colloids 
Inc.

Platinum MesoPlatinum Purest Colloids 
Inc.

(continued)
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nanoceutical products such as chocolate drink thereby imparting sweetness without 
addition of any sugar or sweeteners (Paul and Dewangan 2016).

7.5  Regulatory Issues

Nutraceuticals products claiming medicinal benefits would be required to abide by 
regulatory requirements for medicinal products regarding safety, efficacy, quality 
testing and marketing authorization procedures (Pandey et al. 2010). Use of nanode-
livery systems for designing not only fresh food but also healthier food has been in 
trend, but however many of them can cause serious threats to safety of people 
(Pradhan et al. 2015). A number of regulatory bodies such as the European Food and 
Safety Authority (EFSA), Environmental Protection Agency (EPA), Food and Drug 

Table 7.2 (continued)

Nanomaterial Product name Company
Resveratrol Nano resveratrol Life Enhancement
Selenium Nano ionic selenium, nano selenium The Wellness 

Centre, JST (sold 
by Alibaba.com)

Silica/silicon 
dioxide

Advanced Cell Life X-1 and X- 2, nano-2 bio-slim, 
Microhydrin products, Nanosiliceo Kapseln,

Maat Shop, RBC 
Life Sciences Inc., 
Neosino Nanotech

Silver ASAP Double Strength 8oz, Colloidal Silver, 
Colloidal Silver Cream, Colloidal Silver Liquid, 
Colloidal Silver Spray, MaatShop Nano-2+, 
MesoSilver, Nano Health Silver, Nano Silver (1 
and 2), Nano Sil-10, Silver (8 oz), Silver (16 oz), 
Silver-22, Silver Biotics, Silvix3, Sovereign Silver, 
Ultra Colloidal Silver™, Ultra Colloidal Silver™ 
Spray, Ultra Colloidal™ Silver Salve™, Utopia 
Silver Supplements Colloidal Silver, Wellness 
Colloidal Silver Nasal Spray, Wellness Colloidal 
Silver™

American Biotech 
Labs, Fair Vital, 
Skybright Natural 
health, Spirit of 
Maat, Purest 
Colloids Inc., 
Nano Health 
Solutions, Maat 
Shop, Greenwood 
Research/
Consumer 
Products, Activz, 
RBC Life Sciences 
Inc., American 
Biotech Labs, 
Natural Care 
Products, 
Natural- 
Immunogenics 
Corp., Source 
Naturals, Utopia 
Silver Supplements

Zeolite ACZ nano® Advanced Cellular Zeolite Extra 
Strength

Vitality Products 
CO Inc.

Zinc MesoZinc Purest Colloids 
Inc.

M. Bernela et al.
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Administration (FDA), National Institute for Occupational Safety and Health 
(NIOSH), Occupational Safety and Health Administration (OSHA), US Department 
of Agriculture (USDA), Consumer Product Safety Commission (CPSC) and US 
Patent and Trademark Office (USPTO) govern application of nanosystems in food 
(Qi et al. 2004). In 2012, FDA released two draft guidance documents regarding 
nanotechnology. The documents cover the category of food and cosmetics, but none 
of them points out to dietary supplements specifically because as per FDA dietary 
supplements are considered to be a category of food. As per FDA guidance docu-
ment, bioavailability of a food substance is changed if its physical or chemical prop-
erties are changed. Further, such changes can also have an effect on its toxic levels. 
In its new dietary ingredient (NDI) draft guidance, the FDA considered nanotech-
nology as an example of a process that creates a new dietary ingredient and hence 
requires a notification to the FDA. But nanoceuticals are not regulated and therefore 
can be launched to the market with little or no verification of safety. The FDA antici-
pates that these nanotechnology products should come under the jurisdiction of the 
Office of Combination Products (Javeri 2016). As per EC Food Law Regulation, 
several points need to be considered, while designing nanomaterials for food appli-
cations such as the nanomaterials use should be free of toxic and heavy metals and 
mycotoxins (Scampicchio et al. 2008). Directive 89/107/EEC states that nanomate-
rials intended for use in food packaging should be initially evaluated as a direct food 
additive (Sondi and Salopek-Sondi 2004).

7.6  Conclusion

Production of NPs using the environment-friendly processes is quite a promising 
area of research to develop the various food products. Although many important 
goals have been reached in achieving controlled release of food products, cost is the 
overriding factor that has hindered the introduction of sophisticated controlled 
release technologies in food products. We all are aware about the potential health 
benefits of nutraceuticals and probiotics. So the added value of nutraceutical ingre-
dients justifies the additional cost of nanoencapsulation technology used to maintain 
the stability of these ingredients. The published literature indicates that in the near 
future, nanoparticle-based delivery systems will have more commercial status in the 
market than in the past. It seems these new technologies are viable and promising 
strategy for the food product industries and provoke various manufacturers to intro-
duce nano-based ingredients into their food products and as a part of their marketing 
strategy. Nanoparticles can minimize some of these food products unique problems 
by safeguarding stability and preserving their safety, low cost, appeal (taste, odour, 
colour and texture), stability and nutritional value. The published literature indicates 
that in the near future, nanoparticles based delivery systems will have more 
 commercial status in the market than in the past.
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