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Abstract - Functional food is a ‘food that has a component incorporated into it to give it a specific medical or physiological 
benefit, other than purely nutritional benefit. It should be naturally occurring, can be consumed as part of the daily diet, and 
when ingested should enhance or regulate a particular biological process or mechanism to prevent or control specific 
diseases. The technologies for development of functional foods include Microencapsulation Nanoencapsulation of food 
ingredients in cyclodextrins Supercritical CO2 and Subcritical water: Complementary agents in the processing of functional 
foods and Emulsion delivery systems for functional foods. Linking the consumption of functional foods or food ingredients 
with health claims should be based on sound scientific evidence, with the gold standard” being replicated, randomized, 
placebo- controlled, intervention trials in human subjects. Functional foods play an important role in portion control, targeted 
nutrition, increased nutrition uptake and health consciousness. 
 
Keywords - Functional foods, health claims, development, health consciousness. 
 
I. INTRODUCTION 
 
Certain foods or food components may provide health 
and wellness benefits. These foods, also known as 
“functional foods,” are thought to provide benefits 
beyond basic nutrition and may play a role in 
reducing or minimizing the risk of certain diseases 
and other health conditions. Examples of these foods 
include fruits and vegetables, whole grains, fortified 
foods and beverages and some dietary supplements. 
According to an August 2009 report from 
PricewaterhouseCoopers, the US market for 
functional foods in 2007 was US$27 billion. Factors 
fueling U.S. interest in these foods include the rapid 
advances in science and technology, increasing 
healthcare costs, changes in food laws affecting label 
and product claims, an aging population and rising 
interest in attaining wellness through diet, among 
others. Functional foods provide health benefits over 
and above normal nutrition. Functional foods are 
different from medical foods and dietary 
supplements, but they may overlap with those foods 
developed for special dietary uses and fortified foods. 
They are one of the fastest growing sectors of the 
food industry due to increasing demand from 
consumers for foods that promote health and well-
being (Mollet & Lacroix 2007). 
 
II. DESIGNING: TECHNOLOGY FOR 
DEVELOPMENT OF FUNCTIONAL FOODS 
 
Functional foods must generally be made available to 
consumers in forms that are consumed within the 
usual daily dietary pattern of the target population 
group. Consumers expect functional foods to have 
good organoleptic qualities (e.g. good aroma, taste, 
texture and visual aspects) and to be of similar 
qualities to the traditional foods in the market (Klont 
1999; Augustin 2001; Kwak & Jukes 2001; Klahorst 
2006). The technologies for the development of 
functional foods include; Microencapsulation in 

functional food product development,  
Nanoencapsulation of food ingredients in 
cyclodextrins, Supercritical CO2 and Subcritical 
water: Complementary agents in the processing of 
functional foods, Emulsion delivery systems for 
functional foods. 
 
MICROENCAPSULATION 
Microencapsulation is a process by which a core, i.e. 
bioactive or functional ingredient, is packaged within 
a secondary material to form a microcapsule. The 
secondary material, known as the encapsulant, matrix 
or shell, forms a protective coating or matrix around 
the core, isolating it from its surrounding 
environment until its release is triggered by changes 
in its environment. The food ingredients that have 
been microencapsulated include flavouring agents 
(including sweeteners, seasonings and spices), acids, 
bases and buffers (e.g. citric acid, lactic acid and 
sodium bicarbonate) lipids (e.g. fish oils, milk fat and 
vegetable oils), enzymes (e.g. proteases) and 
microorganisms (e.g. probiotic bacteria),amino acids 
and peptides ,vitamins and minerals, antioxidants, 
polyphenols, phytonutrients, soluble fibres. The  
microencapsulation processes used in the food 
industry is either mechanical or chemical. The 
mechanical processes include; emulsification, spray- 
drying, fluidized bed coating, centrifugal extrusion, 
pressure extrusion and hot melt extrusion. The 
chemical ones are Ionotropic gelation, simple 
coacervation , complex coacervation, liposomes , 
cyclodextrin complexation. Major food categories for 
microencapsulation are; 
 

Dairy 
Products 

• 42% functional food market 
 Addition of chito-oligosaccharides to 

milk 

Cereal 
Products • 19% of functional food market 
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Beverages 
 14.4% of functional food & beverage 

market 
 Vitamin & Mineral enriched drinks 

Fats &Oils 

• 11.8% of functional food market 
• Omega-3-ingredients(Low Fat 

Spreads) 
• Cholesterol lowering Phytosterols 

Bakery 
Ingredients 

• 1.7% of Functional Food Market 
 Microencapsulated  bakery ingredients 

and flavours 
 
NANOENCAPSULATION OF FOOD 
INGREDIENTS IN CYCLODEXTRINS: 
EFFECT OF WATER INTERACTIONS AND 
LIGAND STRUCTURE 
During the last few years, a new concept to prepare 
nanoparticles using amphiphilic cyclodextrin (CD) 
molecules for the stabilisation, solubilisation and 
delivery of the active components in the food product 
to which they are added. CDs have the ability to alter 
physical, chemical and biological properties of guest 
molecules through the formation of inclusion 
complexes. Lindner and Saenger (1978, 1982) noted 
that -CD forms a dodecahydrated crystal, in which 
half the water molecules are placed on specific sites 
in the cavity, and the rest are distributed between the 
surface and the interstices of cyclodextrins. The water 
molecules in the cavity would be in an ‘activated’ 
state and could be easily removed by ligands capable 
of forming complexes with CDs. In an aqueous 
solution, the non-polar cavity of CDs is occupied by 
water molecules. This conformation is energetically 
unfavourable due to the existence of polar–non-polar 
interactions, and therefore the water molecules can be 
readily substituted by appropriate ‘guest molecules’, 
which are less polar than water The dissolved 
cyclodextrin is the ‘host molecule’. A non-covalent 
‘inclusion complex’ is formed with the guest 
molecules and this is the essence of ‘molecular 
encapsulation’.  
 
Applications and future prospects 
 

Type of 
food 

product 
Role of CDs 

Low-
cholesterol 

cheese 
Cholesterol reducing 

Flavoured 
sugar for 
baking 

Flavour preservation on heating 

Low-
cholesterol 

eggs 
Cholesterol reducing 

Beer flavour 
standards Preservation of standards of flavours 

Chewing 
gum Flavour stabilisation 

Chocolate Emulsifiers 

Instant 
green tea Colour stabilisation 

Dietary 
fibre drink Taste masking 

Instant tea 
drink Flavour preservation 

 
SUPERCRITICAL CARBON DIOXIDE AND 
SUBCRITICAL WATER: COMPLEMENTARY 
AGENTS IN THE PROCESSING OF 
FUNCTIONAL FOODS 
The inception of supercritical fluid extraction in food 
processing technology dates back the early 1970s. 
The initial application of SFE in food processing was 
in the decaffeination of coffee beans (Zosel 1974) 
followed by a number of other applications related to 
the extraction of hops, aroma compounds, 
decaffeination of tea, and many more. The basic 
principles outlining the supercritical fluid extraction 
process, including factors such as solubility and phase 
equilibria of solutes in supercritical fluids 
Supercritical fluids such as carbon dioxide above its 
critical temperature (31◦C) and pressure (73.8 MPa) 
exhibit physicochemical properties between those of 
a gas and a liquid. This allows supercritical fluids to 
dissolve compounds that may incompletely or poorly 
dissolve in the gas or liquid state. This dissolving 
power of the supercritical fluid is influenced by 
density, which is in turn dependent on the 
temperature and pressure conditions. These fluids 
also exhibit high diffusivity and low viscosity, which 
allows them to penetrate through the product matrix 
and dissolve the components from the raw material. 
The dissolved components can then be separated 
from the supercritical fluids by appropriately varying 
the pressure and temperature conditions (or low 
densities). 
 
Critical temperature, pressure and solubility 
parameter (at room temperature) for some 
common fluids 
 

Fluid 
Critical 

temperature 
TC (◦C) 

Critical pressure 
PC (MPa) 

Carbon 
dioxide 31.1 7.38 
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Ethylene 9.3 5.03 

Ethanol 240.8 6.30 

Methanol 240.1 8.31 

Water 374.2 22.04 

 
Summary of studies on the supercritical carbon 
dioxide extraction of plant and botanical 
samples 
 

Substrate 
name 

Bioactive 
compound(s) 

SFE conditions/ 
MPa/K/cosolvent 

Avocado Quercetin, 
rutin, 10/333/EtOH 

Basil Eugenol 10–30/313 

Black pepper Piperine 20–32/318–338 

Carrots β-Carotene 34.5/328–
343/EtOH 

Chamomile Bisabolol 10–20/303–313 

Coriander Phenolic 
compounds 20–30/298–331 

Jackfruit Vitexin 10/333/EtOH 

Onion Essential oils 24.5/310 

Vetiver roots Zizanoic acid 10–30/313 

 
EMULSION DELIVERY SYSTEMS FOR 
FUNCTIONAL FOODS; 
Emulsions are dispersions of one liquid phase in the 
form of fine droplets in another immiscible liquid 
phase e.g, ice cream, desserts, butter, salad dressing, 
meat emulsions, soups etc. Emulsions are 
thermodynamically unstable systems that are prone to 
destabilization during storage and destabilization may 
occur through a variety of different physiochemical 
processes, including gravitational separation, 
flocculation, and coalescence etc (Walstra 1993; 
McClements 2005). A stabilizer can be defined as a 
single or mixed chemical component that confers 
long-term stability on emulsions. Stabilizers may 
operate by acting as emulsifiers or as texture 
modifiers. Emulsifiers are surface-active ingredients 
that are adsorbed at the surface of emulsion droplets 

and prevent them from aggregating. Eg: 
phospholipids, proteins and polysaccharides. Health-
promoting compounds such as vitamins, probiotics, 
minerals omega-3 fatty acids and phytosterols are 
sensitive to oxygen, light, heat and water. These 
factors limit shelf-life and bioavailability in product 
matrices. These are trapped in emulsion delivery 
systems thus making them unavailable to sensitivity 
factors.  
 
III. SAFETY CONSIDERATIONS AND 
HEALTH CLAIMS 
 
Although there is evidence that certain functional 
foods or food ingredients can play a role in disease 
prevention and health promotion, safety 
considerations should be paramount. The GAO 
(General Accounting Office) has made the following 
recommendations regarding the safety of functional 
foods: 
 Develop and promulgate regulations or other 

guidance for industry on the evidence needed to 
document the safety of new dietary ingredients in 
dietary supplements 

 Develop and promulgate regulations or other 
guidance for industry on the safety-related 
information required on labels for dietary 
supplements and functional foods 

 Develop an enhanced system to record and 
analyze reports of health problems associated 
with functional foods and dietary supplements 
(Hasler, 2002) 

 
Five types of health-related statements or claims are 
allowed on food and dietary supplement labels: 
1. Nutrient content claims indicate the presence of a 

specific nutrient at a certain level. 
2. Structure and function claims describe the effect 

of dietary components on the normal structure or 
function of the body. 

3. Dietary guidance claims describe the health 
benefits of broad categories of foods or diets and 
do not refer to a disease or a health related 
condition. 

4. Qualified health claims convey a developing 
relationship between components in the diet and 
reduced risk of disease, as reviewed by the FDA 
and supported by the weight of credible scientific 
evidence available. 

5. Health claims confirm a relationship between 
components in the diet and reduced risk of 
disease or health condition, as approved by FDA 
and supported by significant scientific 
agreement. 

 
HEALTH BENEFITS 

Carotenoids 

bolster cellular antioxidant 
defenses; supports 

maintenance of healthy 
brain function 
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Dietary fibers 

supports maintenance of 
digestive health; may reduce 

the risk of some 
types of cancer, supports 

maintenance of healthy blood 
glucose levels, may reduce 

risk of CHD 

Fatty acids 

may reduce risk of CHD, 
supports maintenance of heart 

and eye health; 
supports maintenance of 

mental function 

Flavonoids supports maintenance of heart 
health 

Phenolic acids 

neutralizes free radicals 
which may damage cells; 

bolster cellular antioxidant 
defenses 

Phytoestrogens  

Plant stanols and 
sterols 

supports maintenance of bone 
and immune health, and 

healthy brain function; for 
women, supports menopausal 

health, support calcium 
absorption, may reduce risk 

of CHD 
Polyols  

Probiotics, 
prebiotics and 

synbiotics 

supports maintenance of 
digestive and immune health; 

benefits are strainspecific 
Soy protein may reduce risk of CHD 

Vitamins and 
minerals 

support maintenance of 
mental function; help in 

regulation of metabolism and 
support blood cell formation, 

neutralizes free radicals. 
 
CONCLUSION 
 
Although as concluded from the above benifits of 
functional foods, they may  hold promise for public 
health.  However, there are concerns that the 
promotion of functional foods and structure/function 
claims may not rest on sufficiently strong scientific 

evidence. The claims applied on functional foods and 
dietary supplements should be made with proper 
governing agency and regulatory body. claims about 
the potential health benefits from functional foods or 
food ingredients must be communicated effectively to 
consumers, the differences between health claims and 
structure-function claims must also be more widely 
addressed to allow consumers to understand the 
differences in the scientific bases of such claims. 
Being the carriers and cores of substances having best 
of health benefits, functional foods become part of an 
effective strategy to maximize health and reduce 
disease risk , when all the issues are addressed and 
regulations followed. 
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