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ABSTRACT

Consumers have shifted from an emphasis on satisfying hunger and taste to an emphasis on the use
of food to promote their physical and mental health and to reduce the disease risk during the past two
decades. People believe that eating the right food i.e. Functional food will increase their life. The change
in consumer’s attitude towards food is mainly due to increased health care costs, desire to enhance
personal health, advances scientific evidence that diet can reduce diseases risk etc. In this review a
variety of functional foods are categorized according to this type of evidence supporting their chemical
composition, functionality and recommended intakes. Their applications for controlling various diseases
without using chemical filled medicines are also discussed. The safety concerns of functional foods are

also raised.
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INTRODUCTION

The consumers are offered with many
opportunities to improve their diet and reduce their
risk of specific disease with the help of functional
foods. It is different from natural supplements
and traditional health food. As nutraceuticals are
the foods which provide nutritional, medical, or
health benefits which include their prevention
or treatments of disease in the form of pills or
powders!!. Food the basic need for human beings,
in the twenty first century is not only consumed
to satisfy hunger but also to provide necessary
nutrients to humans. Food is also used to prevent
diseases and improve physical and mental health
of the consumers. In last few decades demand
and satisfactory level of consumers have changed
considerably. Consumers all over the world believe
that food can contribute directly to their health and
wellbeing!?. So number of consumers demanding
healthy, nutritious, convention and safe food is
steadily increasing. One of the recent changes
in the food patterns is the increased interest in
functional foods. Annual research conducted
by the international food information council
between 2002 and 2007 shows that demand for
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functional food has continued to increase which
can be explained by increasing concerns for
consuming health products, steady increase as
life expectancy and consumers desire to improve
quality of their lifel’). Japan was the first country
where functional food market was started and
popularized; Japan is the largest market for the
functional food consumption in the Europe due to
rising awareness health among large percentage
of elderly people in its population in 1984. Since
1990 over 5500 new types of functional food have
been introduced into the market of Japan. In 2001
according to the United States emerged the largest
functional food market followed by Europe and
Japanl* >,

Need for functional food

According to the department of health and
human services, five to ten leading cause of death
including coronary heart disease, cancer, stroke,
diabetes and atherosclerosis are mainly due to the
diet!®. The dietary pattern that has been to these
causes of death is characterized as intake of high
saturated fat, cholesterol sodium and refined sugars
by United States and other developed countries!”.
However food relatively low in fat, whole grams,
legumes, fruit and vegetables etc. are linked to
diseases risk reduction. The majority of functional
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foods are derived from plants however there are
many classes of physiologically active functional
foods of animal origin.

Functional foods can be categorized into two
classes

Functional foods of plant origin

A number of plant foods have been investigated
for their role in diseases prevention and health.
Plant foods currently eligible to bear an FDA
approved health claim are oat soluble fiber (beta-
glucan) soluble fiber from psyllium seed husk, soy
protein, a sterol and stanol-ester fortified. Some
plant based food which don’t have approved
health claims but have clinical research supporting
their potential health benefits include garlic, nuts,
chocolates, cranberries etc.

Garlic

Garlic has been used for thousands of years
for a wide variety of medicinal purposes
which is attributed mainly to oregano sulphur
compounds  (e.g.allyclicsulphides,  allicin).
Garlic contains two types of compounds:
Sulphur-containing compounds and Non-sulphur
compounds.  Sulphur-containing  compounds
in garlic are soluble in oil or water. Oil-soluble
compounds aresulfides, such as diallylsulphide,
diallyldisulphide, diallyltrisulphide and allyl
methyl trisulphide,ajoene and dithiins. Water-
soluble compounds comprise cysteine derivatives,
such as S-allyl cysteine, S-allyl mercaptocysteine
and S-methyl cysteine and gamma-glutamyl
cysteine. Water-soluble compounds are odourless
whereas oil-soluble sulphur compounds are
odorous. Furthermore, water-soluble compounds
are more stable and safer than oil-soluble
compounds®. Non-sulfur compounds in garlicsuch
as allixin and saponins have been found in recent
studies to have important contribution to garlic’s
health benefits!®.Garlic has been found to have a
modest blood pressure lowering effectin chemical
studies. Anepidemiological data have shown an
inverse relationship between consumption of
garlic and some cancers mainly that of stomach
which may be attributed to the ability of garlic to
inhabit the activity of the Helicobacter pylori, the
bacteria which is responsible for causing ulcers.
The best medical effect of garlic observed is its

IJPBA/Jan-Mar-2018/Vol 9/Issue 1

ability to reduce blood cholesterol but the agency
for healthcare resources & quality have concluded
that though promising modest short term effect of
garlic supplementation on lipid and antithrombotic
factors have been shown chemically, but such
effects on clinical outcome are not established.
Garlic has anticancer effect which has been
suggested due to the organ sulfur compounds such
as diallyldisulphide and diallyl trisulphidepresent
in garlic which act through induction of phase II
detoxification enzymes. Garlic has been found
to show antibacterial effect. Allicin and other
sulphur compounds are believed to be responsible
for its antimicrobial properties. Garlic has been
observed to be effective against a number of gram-
negative, gram-positive, and acid-fast bacteria
such as Staphylococcus, Salmonella, Vibrio,
Mycobacteria, and Proteus species!'’. Garlic also
showantifungal properties which are attributed to
allicin(diallyl-dithiosulfinate), that is produced
from the alliinby the garlic enzyme alliinase.
A study has shown that antifungal activity of
allicin from garlic ismainly against Candida
albicans". Garlic also has been shown to have
antiviral activity,which was attributed in one
study to the various contents of garlic in the order:
ajoene>allicin>allylmethyl>thiosulfinate>methyl
allyl thiosulfinate!'?. The viruse sensitive to garlic
extracts are the humanCyfomegalovirus, Herpes
simplex  virus type 1, Herpes  simplex  virus
type 2, influenza B virus, vaccinia virus,
vesicular stomatitis virus, Parainfluenza virus
type 3, and human Rhinovirus type 2",

Nuts

Food high in fat except fatty fish, have not
been regarded as heart healthy but variety of
nuts like almonds and walnuts when they are
part of diet low in saturated fat and cholesterol
showed cardiovascular benefits. The best nuts
are regarded as with a brown fiber coating like
almonds, walnuts, and pecans. Almost all nuts
are rich in monounsaturated oils similar to that
found in olive oil.Nuts are also the rich sources
of magnesium and containabout 150 mg per
1/2 cup serving!’®!. The nutritional value of the
walnut is due to the seed. Walnut oil largely
contains unsaturated fatty acids which include
mainly linoleic acid along with lesser amounts
of oleic and linolenic acids. Minor constituents
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of walnut oil include tocopherols, sphingolipids,
sterols, phospholipids, hydrocarbons and volatile
compounds. Phenolic compounds present mainly
in the seed coat have been found to possess
strong antioxidant properties!'¥. The residue left
after oil extraction is rich in proteins unusually
high in arginine, glutamic and aspartic acids.
Among vegetable oils, walnut oil has the highest
amounts of PUFAs i.e.up to 78% of the total
fatty acid content. Clinical trials have established
that almonds reduced total cholesterol by 4-12%
and LDL cholesterol by 6-15%. Recently trials
with walnuts by a life science research revealed
decrease in total and LDL cholesterol which lower
the risk of CHDU!,

Grape juice

Researches observed that in certain areas of
France, where people were avid drinkers of red
wine had less heart diseases than other western
population even though they had more fat in their
diet, in late 1970’s.This observation led to a lot of
investigations and subsequently it was confirmed
that it must be due to the presence of high
concentrations of antioxidants of polyphelnolics
in red grape skins. Anumber of studies have
shown that moderate consumption of alcoholic
beverages like beer, wine etc. reduces the risk
of heart diseases. Grape juice also show similar
beneficial effects as those of red wine as it is also
such in phenolic antioxidant compounds. It has
also been found to reduce platelet aggregation.

Chocolate and cocoa powder

Chocolate and cocoa powder have been
investigated for their potential beneficial effects
on heart health. Flavonols and methylxanthines
are the active components of cocoa. Flavonols
are polyphenolic compounds in cocoacontain
catechin and its derivatives, B2, B3 and C1
procyanidins.These compounds show antioxidant
propertiest'®.The two main methylxanthines
in cocoa are caffeine and theobromine. The
benefits of chocolate on mood are mainly due to
caffeine. Theobromine have benefits on oral health
whichled to consider supplementing toothpaste
and mouthwash liquids with theobromine. Usmani
et al. have described that theobromine is able to
suppress cough in both guinea-pigs and humans
without the side effects shown by other antitussive
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drugs, such as codeine!'”. Epidemiological
evidence have proposed that theobromine and
caffeine improve lung function and produce
bronchodilation in asthma patients!'®”! so
the patients with asthma and bronchitis may
self-administer coffee or cocoa/chocolate to
relieve symptoms. Another beneficial effect of
methylxanthines on the airways is associated with
the apnea of prematurity (AOP).2%] A study by
Smit et al.’! has established that the combination
of caffeine and theobromine in the proportions
found in cocoa has psycho-stimulant effects.
The coffee consumption results in the reduction
of the incidence of two of the most predominant
neurodegenerative diseases: Parkinson’s!*! and
Alzheimer’s?*?"l, The active component acting
on the central nervous system is anticipated to
be caffeine.It has been observed that people that
consume coffee during the middle stages of life
are less prone to suffer from neurological diseases
when they get older. Chocolate contains flavonoids
(procyanidins) which decrease oxidation stress on
LDL cholesterol.

Green tea

The most medically relevant components of green
tea are the polyphenols, with flavonoids being the
most significant® The catechins are the most
important flavonoids which make up 80%-90%
of the flavonoids, and about 40% of the water-
soluble components in green tea®*2%. The green
tea has been found to have a number of potential
health benefitsdue to its anti-inflammatory, anti-
carcinogenic, antimicrobial and antioxidant
properties and benefits in cardiovascular disease
and oral health. Studies in animals have shown
that consumption of green tea reduces the risk
of many types of cancers. Analysis of studies
performed using human oral consumption of green
tea to assess cancer risk have shown the most
consistent and positive results for reduced cancer
risk in breast, colorectal, gastric, esophageal,
pancreatic, lung, ovarian, and prostate cancers!l.
Studies in Japan have observed that after 12 weeks
ofconsuming a green tea extract, the subjects
had drops in body fat by 10%, blood pressure by
6.5%, and low-density lipoprotein (LDL) levels
by 2.6%, indicating reduced risk of cardiovascular
diseases. After two months consuming a green
tea extract, diabetic patients have been observed
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to have reduced fasting blood glucose levels from
135 to 128.8 mg/dLP?*3.Green tea catechins
have been observed to have antioxidant activity
through impeding redox sensitive transcription
features and pro-oxidant enzymes, scavenging
ROS, and inducing anti-oxidant enzymes?*®. One
cup of brewed tea has been found to containup
to 200mg (-)-epigallocatechin-3-gallets (EGCQ),
the major polyphenol component of green tea. The
studies have described that consumption of green
tea catechins lowers total cholesterol and LDL
levels and also reduces blood pressure¥. It has
anti-microbial properties and boosts immunity to
many infections. Green tea consumption helps to
promote oral health due to its anti-inflammatory
properties and antimicrobial activity against
mouth bacteria such as Streptococcus mutans! 3,
Thus prevents the development and progression of
period on titis and leads to decreased tooth loss.
Even drinking 1-2 cups of tea per day may have
some benefits.

Tomato and tomato products

Tomatoes are a rich source of lycopene, lutein
and beta-carotene. Lycopene is a carotenoid that
can be synthesized only by plants and not by
animals. It is an acyclic isomer of B-carotene, but
do nothave vitamin A activity®¢¥7. It is a straight
chain highly unsaturated hydrocarbon which
contains 11 conjugated and two unconjugated
doublebonds. Lycopene is the most efficient
quencher of free radicals and singlet oxygen
species and hence can play an importantrole
in the protection from various diseases®.
Lycopene through itsantioxidant properties may
prevent atherogenesis and carcinogenesis by
protecting DNA, lipids, low density lipoprotein
(LDL) and proteins®”. The major cause behind
atherosclerosis is oxidation of LDL, whichbrings
cholesterol into the blood stream leading to
ischemic stroke and heart attack®®. Lycopene
results in a rise in LDL receptors hencereduce
the cholesterol formation and ultimatelydecreases
the risk of cardiovascular disease. It is a major
dietary source of lycopene, a carotenoid which
is an antioxidant.Its antioxidant properties help
to protect lymphocytes from damage caused
by NO, ((NO from cigarette smoke reacts with
oxygen to form NO,)in cigarette smokers and its
ability to quench oxygen radical is twice as high
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as B- carotene. Tomato and tomato products are
being inspected for their role in cancer prevention.
An inverse relationship has been shown in a large
number of studies between plasma lycopene
level and cancer®. A comprehensivereview of
75 epidemiologic studies has also observed an
inverse relation between tomato consumption and
the risk of cancer at a particular site. Cancers of
lung,prostate and stomach showed the strongest
inverse effects.A 1995 study including more than
47,000 participants, observed that ten serving per
week of tomato sauce or tomato juice reduced the
risk of prostate cancer by 35%, whereas advanced
prostate cancer was reduced by 53%.0nly tomato
foods were found effective in reducing the risk of
prostate canceramong 47 fruits and vegetables,
studied. It may be because of theability of lycopene
to selectively accumulate in prostate gland where
it acts as an antioxidant.Another carotenoidlutein
in tomato is being studied mainly for its role in eye
health due to its ability to neutralize free radicals
which maydamage the eye. The individual who
take diet rich in lutein have been found to be less
likely to develop age related macular degeneration
or cataract, major causes of vision loss. Spinach
isalso the good sources of lutein(7.4mg/100mg).

Cranberries

Cranberries have been known for curing urinary
tack infections from clinical trials on 153 elderly
women. Itisattributedtothepresenceofbiologically
active component tannins (proanthocyanidins)
in cranberry which prevents E.Coli living in
the urinary track from adhering to the epithelial
cells*!.Cranberry juice contains a high amount
of salicylic acid which may help prevent blood
clots, reduce swelling and eliminate tumors.
Cranberry juice can lower the risk of heartdiseases
and helps in supporting cardiovascular health.
Cranberries are rich in flavonoids which have
antioxidant properties and may reduce the risk
of atherosclerosis!*?l. According to, Cranberry juice
has been found to prevent tooth cavities in a study.
It isdue to the presence of Proanthocyanidine, a
chemical compound in cranberry which inhibits
the harmful bacteria from clinging to the teeth.
Proanthocyanidins also inhibit the growth of
various cancer cells!®’l. Fresh cranberry juice is
effective in fighting against infections such as
sore throat and colds. Kidney stone formation
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is also inhibited due to the high amount of acid
components present in cranberry juice. Foods like
cranberries, apples and garlic rich in flavonoids,
a category that includes anthocyanins, flavonols
and proanthocyanidins, help reduce the risk of
stomach disorders, including stomach ulcers
as these inhibit the growth of a type of bacteria
called Helicobacter pylori or H.pyloriresponsible
for causing peptic ulcers. Cranberries also contain
high levels of vitamin-C, which is essential for the
body to make collagen, the important component
behind the healthy functioning of the tissues. The
USDA scientists at the human research center
suggest that the age related problems such as
memory loss and lack of coordination may be
reduced by the phytonutrients and antioxidants
present in cranberries.

Flax seeds

The chemical compounds such as polyunsaturated
fatty acids (PUFA) of omega-3 family, soluble
dietary fibers, lignans, proteins and carbohydrates
contained in flaxseeds have specific biological
activity and functional properties so are responsible
for the health benefits of flax seeds!**. An analysis
of brown Canadian flax have shown an average
of 41% fat, 20% protein, 28% total dietary
fiber, 7.7% moisture. Flaxseeds contain lipids
approximately 30%, a-linolenic acid (ALA) 53%,
linoleic acid (LA) 17%, oleic acid 19%, stearic
acid 3%, and palmitic acid5%. It has an excellent
n-6: n-3 fatty acid ratio of approximately 0.3:11),
Hence, the flaxseed may be used as an alternative
for supplying omega-3 fatty acid to populations of
the world who do not have large access to marine
foods, which are the best sources of omega-3 fatty
acids!*?l. Kaitwash et al. 2010 have reported the
antiulcer and anti-secretory properties of flaxseed
oil. The increased omega-3 fatty acid intake has
been found by numerous studies to help regulate
and reduce blood pressure in persons who have
been diagnosed with hypertension. Furthermore,
a diet such as flax seeds low in saturated fats and
rich in monounsaturated and polyunsaturated fats,
including omega-3 fatty acids, can reduce risk of
heart disease. Flaxseed is rich in essential amino
acids required for the synthesis of proteins that play
an important role in the maintenance and repair
of cells, tissues and organs. Flaxseed contains
soluble and insoluble dietary fibers. The insoluble
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fiber contains mainly cellulose and lignin and the
soluble fiber are the mucilage gums!*’#*. Dietary
fibers from flaxseed were found to regulate body
weight through both hunger suppression and
diminished nutrient absorption*”’. Flaxseeds are
also a source of many vitamins and minerals such
as calcium, magnesium and phosphorus. A fat-
soluble vitamin, vitamin E, present in flaxseed
in the isomer vy-tocopherol has antioxidant
properties and protect cell constituents from the
damaging effects of free radicals which otherwise
might contribute to cancer development.Besides,
vitamin E promotes sodium excretion in the urine
which helps in lowering the blood pressure and
hence lowers the risk of heart disease, some types
of cancer and Alzheimer disease. Flaxseeds are
the richest dietary source of lignans which play
an important role in the prevention of hormone
related cancers, osteoporosisand cardiovascular
diseases.Flaxseeds decrease in risk of obesity and
dyslipidemia, the risk factors for the development
of diabetes and resistance to insulin.However,
it also contains few levels of adverse health
compounds such as Cadmium, protease inhibitors
and cyanogenic compounds which are generally
removed by thermal and mechanical processes,
including cooking in microwaves, autoclaving
and boiling!¥.

Citrus fruits and various cruciferous vegetables
have been found to show the cancer preventive
benefits. Broccoliis highly marketed due
to the potential cancer preventive action of
itsphysiologically active component, sulforaphane
which has been found to be a powerful inducer of
detoxifying enzymes in the liver. Such enzymes
inactivate toxicsubstance and hence accelerate
their elimination from body.

Functional foods of animal origin

The omega-3 fatty acids are the physiologically
active component derived from animal products
mainly found in fatty fish such as salmon, tuna,
sardines, herring and mackerel®®. The two most
intensely investigated omega-3 fatty acids are
docosahexaenoic acid (DHA) and eicosapentaenoic
acid (EPA). DHA is essential component of the
phospholipids of cellular membranes,especially of
the brain and retina of the eye and essential for their
normal functioning. FDA has allowed the use of
DHA and arachidonic acid for full term infants'.
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The omega-3 fatty acid has been found to have
major health benefit in heart health as it reduces
mortality due to myocardial infarction and sudden
death in patients with CHD?), But the consumption
of Omega-3 fatty acids should be controlled up to
maximum of 2g per day of EPA and DHA because its
high levels may cause the higher risk of hemorrhagic
stroke, raised levels of LDL cholesterol, increased
bleeding timesand lessens glycemic control among
people with diabetes, formation of biologically active
oxidation products due to oxidation of omega-3 fatty
acidst3),

Probiotics are another biologically active animal
derived components studied in recent years. It
is found that a wide variety of microorganisms
contribute to human health.Probiotics are
commonly known as microbial food supplements
having beneficial effects on the consumers. Most
probiotics are the lactic acid-producing bacteria
and are generally consumed in the form of yogurt,
fermented milks or other fermented foods*.
Some of the benefits consuming foods containing
lactic acid bacteria are: (a) improvement of
intestinal tract health; (b) boosting the immune
system; (c¢) reducing risk of some cancersand
(d) decreasing symptoms of lactose intolerance,
lessening the occurrence of allergy in vulnerable
individuals. The probiotics may result in these
benefits byadjusting gut pH, annoying pathogens
through formation of antimicrobial compounds,
competing with pathogen for binding and receptor
sites as well as for available nutrients and growth
factors and producing lactase enzyme!**.

Safety measures

We have seen with evidence that certain functional
food can play an important role in health promotion
and disease prevention but safety concerns have
been raised recently due to the haphazard addition
of botanicals to foods, some of which may be
harmfultosome consumers. The Issue ofinteraction
of herb with drug has caught growing attention. In
United Stated some consumer groups have asked
the FDA to stop the sale of some functional food
in the market. General accounting office (GAO)
has made following recommendations regarding
the safety of functional foods.
i. Develop and communicate regulation to
industries to document the safety of new
dietary supplements.
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ii. Develop and communicate regulations to the
industry on the safety related information
mandatory on the labels for functional foods.

iii. Develop and augment system to record and
analyse reports of health problems associated
with functional foods.

CONCLUSION

To gain success in functional food market all
forms of functional foods that are involved in food
industry should discover consumer awareness,
safeguards and the motives as to why consumers
pick these products as part of their daily diet. Any
health benefit shown due to a particular functional
food should be based on rigorous studies of
safety and efficacy. Persons choosing a particular
functional food must first consult their doctor in
order to avoid any side effects due to interaction
of functional foods with other dietary foods and
medicines a person is already taking for some
ailment. Interaction of functional foods with
other dietary foods and their adverse interactions
with medicines must be properly and noticeably
communicated to the consumers. Functional foods
can be most effective to promote good health and
reduce disease risk if combined with exercise,
maintenance of healthy body weight, positivity,
stress reductions etc.
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