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Preface





The book titled “Dietary Supplements and Nutraceuticals: Nutritional Requirements and Health Benefits” has been proposed to deal with the subject of Dietary Supplements and Nutraceuticals for Pharmacy and Allied courses. The book would be a good compilation covering all basic and applied information in a concise form and easy-to-understand manner for the students of Pharmacy and other health professional courses. Our book would certainly meet requirements of course curriculum to deal with the subject as per prescribed syllabus. Despite some reference/textbooks on dietary supplements and nutraceuticals are currently available in the market, bringing out this book volume is expected to be a choice for a wider audience including students, teachers, researchers, and health professionals. This book has been written in a student friendly approach providing in-depth information with sufficient illustrative descriptions. In short, this book is a comprehensive coverage of dietary supplements, nutraceuticals and functional foods including phytochemicals including their natural sources, active ingredients and health benefits/medicinal uses.
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CHAPTER
ONE




Diet, Nutrition and Public Health


Diet is the indispensable part of life processes of an organism. Different food consumed by an organism I human in daily basis is considered as a diet. Proper dietary status is essential for growth and proper health functions. A diet is composed of several food groups which are required to provide nutrients in proper amounts.


The term ‘Food’ can be considered as any edible substance which is essential for the nourishment of body or maintaining the physiological and anatomical functions of cells, tissues or organ and which directly reflected in system. The term nutrition can be defined as the process of taking and utilizing the food for proper physiological and anatomical functions of body.


Plants are autotrophs as they can produce their own foods by Photosynthesis reactions whereas human and other animals are heterotrophs in respect to nutrition as they depend on plants or another animal.


Food and utilization of food i.e., nutrition can fulfill following functions in living multi-cellular living system:


• Growth and multiplication cells


• Energy production of cells


• Differentiation tissues and organ


• Adaptability to external environment


• Maintenance of Homoeostasis


• Synthesis of Biochemical for growth, development and communication with external environment


Importance of Diet in Nutrition and Health


Food includes nutrients or chemicals substances which are essential for maintaining the physiological and anatomical functions of body. Diet or different variety of food consumed by individual human being plays important role in human health and physiological and anatomical function. Human nutrition process involves the following stages:
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• Ingestion: Act of food taking in.


• Digestion: Process of breaking down of complex food material into simpler with the help of enzymes.


• Absorption: Process of entering and diffusion of simpler components of food in blood stream and required part.


• Assimilation Incorporation of nonliving components of food in living protoplasm and utilization for energy production and other physiological purposes.


• Metabolism: Process of utilization of food for energy production.


• Egestion: Process of removal of residue left in process of nutrition.


As we discussed the role of nutrients or the components of food is essential for normal physiological and anatomical function of body, so a proper balanced diet is a fundamental requirements for every individual human life.


Living cell consists of mainly protein (or amino acids), carbohydrate and fat, so for the structure and function of cells all 3 components or nutrients are required in large quantity in human diet and known as macronutrients. Minerals and vitamins are required in less quantity for the functioning of cells so they are called micronutrients. Along with this sufficient quantity of water is required for the function of cells. Non starch Polysaccharide (NSP) or Dietary fibres are important part of human diet for roughage production should be present in Human diet.


According to National Institute of Nutrition (NIN) (2011), a balanced diet is one which provides all the nutrients in required amounts and proper proportions. However, quantity and proportion of ingredients in balanced diet is always variable depending upon following factors:


• Age


• Sex


• Physiological condition


• Climatic and geographical condition


• Socio cultural consideration


A balanced diet can be achieved by the combination of all basic food groups (NIN 2011) which include


• Millets, pulses and cereals


• Fruits and Vegetables


• Milk and dairy products, meat, fish and egg


• Fats and oils and nuts & oil-seeds


Along with these major 4 groups spices and condiments, sugar and jaggery, salts places a role in Indian diet.


Calorific Values of Various Foods


Calorific value: Calorific value [also known as energy value] of a foodstuff is defined as the quantity of heat liberated in calories by the complete combustion of a unit mass of the food stuff in excess air or oxygen under specified standard conditions. This is measured in BOM calorimeter and expressed in kilo calories and the standard mass taken is 100 g.


Calorie is the unit of heat. One calorie defines the amount of heat required to rise the temperature of one gram of water by 1 °C (i.e. from 15 °C to 16 °C).


The calorific value or energy value of foods can be expressed in terms of kilo calories (kcal) or megajoules (MJ). 1 kilo calorie is the quantity of heat required to raise the temperature of 1 kg of water through 1°. It is one thousand times the small calorie.


Calorific Values of Different Food Stuffs






	Nutrients

	Gross calorific value (kcal/gm)

	Physiological energy value (kcal/gm)





	Carbohydrate

	4.1

	4.0





	Protein

	5.65

	4.0





	Fat

	9.0

	9.0





	Alcohol

	7.1

	7









The carbohydrates and fats are completely converted into CO2 and H2O through oxidation in the body; so that their energy or fuel values are determined in the bomb calorimeter or in the body, are almost the same. Unlike carbohydrate and fat, Proteins are not completely burnt in the body as they are converted in urea, creatinine and ammonia, and excreted from body. Due to this reason, protein’s calorific value in the body is lesser than that obtained in a bomb calorimeter.


Calorific values of some Indian fruits, vegetable and foodstuffs as per NIN:






	Food Item

	Quantity

	Calorific Value





	Almond

	10 numbers

	85





	Cashew nuts

	10 numbers

	95





	Apple

	1medium

	65





	Banana

	1 medium

	90





	Papaya

	1 medium

	80





	Rice

	1 cup

	170





	Chapati

	1 cup

	80





	Poha

	1 cup

	270





	Upma

	1 cup

	270





	Dal

	1cup

	100





	Boiled egg

	1 no.

	90





	Mutton curry

	¾ cup

	260





	Chicken curry

	¾ cup

	240















Nutritional Requirement of Healthy Subject


For a healthy subject, healthy diet consumption is essential to prevent malnutrition and protect the body from different lifestyle mediated diseases. Proper nutritional requirement is essential for maintaining structure and function of human body. According to NIN, nutritional requirements are considered as the quantities of nutrients that a healthy individual must obtain. It can be expressed as recommended dietary allowances (RDAs) and which can be defined as ’estimated amount of nutrients to be consumed regularly to ensure the requirements of every individuals in a given population.’


Factors affecting RDA:


(a) Bioavailability (absorbed amount of nutrient which is utilized by the body) of nutrient present in given diet.


(b) Safety margin in respect to health (effect of food quality on health)


(c) Food tradition of a region (regional food habits and climatic condition)


(d) Age group (paediatric/ geriatric)


(e) Physiological condition (pregnancy, adolescence, lactating mother) 


On the basis of the function food can be categorized in following way:
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For a healthy subject, healthy diet consumption is essential to prevent malnutrition and protect the body from different lifestyle mediated diseases; Macro and Micronutrients constituent of healthy diet are discussed as follows:


Macronutrients
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Micronutrients


Minerals:
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Vitamins:
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Recommended Dietary Allowances for Indians
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Maternal Nutrition


Special dietary requirements are required for pregnancy period due to alteration in physiological and anatomical state. This alteration begins after conception and continues till delivery to accommodate the developing foetus.


According to NIN, pregnant woman requires an additional 350 calories, 0.5 g of protein during first trimester and 6.9 g protein during second trimester and 22.7 g of protein during third trimester of pregnancy.


Nutrition should be fortified with additional micronutrients and folic acid to prevent congenital deformities and adequate erythropoesis. For formation of osseous tissue and teeth of foetus sufficient calcium is required. Iron along with folic acid is required for haemoglobin formation and preventing anaemia of both mother and foetus. Iodine is also essential during this stage for proper mental health of foetus and newborn. Along with this, proper amount of Vitamin A, C are required for children during lactation.


The nutritional requirements of lactating mothers should meet the essential requirements for post pregnancy tissue repair, daily nutritional needs, nutritional requirements of the infant and for lactation. Nutritional needs are greater during lactation than during pregnancy. The body demands requirement of all the nutrients in right amounts during lactation. Fluid intake of 2-3 liters per day is essential to prevent dehydration during lactation.


An additional 550 kcal of energy, 25 g of protein, 25 g of fat and 600mg of calcium is required for lactating mothers than normal adult women. An additional 1 portion of cereals, 2 portions of pulses, 2 portions of fat/oil, 2 portions of milk, 1 portion of fruits and half portion of green leafy vegetables are required during lactation. Between 6-12 months of lactation, it is essential to bring the diet intake gradually back to the normal.


Nutrition in Childhood and Adolescent


Proper nutrition is essential for all the ages of life span for physical and mental growth as well as function of body. But the requirement is very crucial for childhood and adolescent. During these periods continuous development happened almost in geometric progression rate which include height, weight, development and maturation of various tissues.


For neonatal, colostrum followed by exclusive breast feeding is only nutrition up to six month. Then breast feeding with nutrient rich complementary food till 2 years is suggested. Adolescent is considered as transition period from childhood to adult [early adolescence (ages 10–14 years), late adolescence (ages 15–19 years), youth (ages 15–24 years), and young adulthood (ages 20–24 years).] Adolescent is characterized by speedy increase in height and weight, structural growth, hormonal changes, reproductive organ and sexual maturation and wide swings in emotion. Adolescent are periods of continuous growth and development.


High calcium rich diet is essential for growth of osseous tissue development. At the ages of 11-18 years, calcium requirement is the reference nutrient intake for boys is 1000 mg per day and for girls is 800 mg per day.Due to menstruation and hormonal changes, girls are at greater physiological stress than boys. Additional Iron and folic acid rich supplement diet required for them to prevent anaemia. According to British Nutrition Federation, reference nutrient intake for11-18 years old girls is 14.8 mg of iron each day, while for boys of the same age the figure is 11.3 mg of iron daily. Iron rich food like liver, red meat, leafy vegetable is important source of iron.


Regular consumption of vitamin C helps absorption of non-haem iron from vegetable source. Sufficient intake of vitamin A, Zinc and iodine and dietary fibre are required for physical and mental health. Maintenance of correct body mass index important for this age group to reduce the risk of chronic diseases like cardio vascular disease, type 2 diabetes and osteoporosis.


Anorexia nervosa and bulimia nervosa are 2 common nutritional disorders in adolescent where people keep their body weight low by not taking proper amount of food. Overeating is an emerging problem in adolescent when a person eats excessive quantities of food in response to negative emotions (depressed or feeling anxious). Restriction of excessive salt, free sugars and trans-fat is the reason of adolescent obesity which leads to cardiac diseases, hypertension, diabetes and other chronic diseases.


Nutrition in Aging


Due to more sedentary life, and decreased activity, the energy requirement during old age is lesser than adults. However, proper functional dietary intervention is required for the maintenance of health and in reducing the onset of chronic diseases, contributes to quality of life in daily activity, to energy and mood and helps in regulating the functional independence.


Adequate protective foods are required during old age to prevent damage from free radicals and oxidative stress related degenerative diseases. Intake of foods that contain high fibers, like whole grains, legumes, leafy and fibrous vegetables and fruits is essential for proper bowel movement and function, 10-12% of total calories should be from protein and 50% from carbohydrates. The requirement for calcium is higher and is 1000 mg/day for postmenopausal women. Saturated fats should be limited in the diet. 20g of fiber everyday is essential to prevent bowel discomfort however rough bran, fiber and mature vegetables are not recommended. A daily intake of dietary fibre of an amount of 21 g for women and 30 g for men is essential.


Deficiency Conditions and Health Problem


Deficiency of macro and micronutrient can cause different physiological and psychological symptoms which are described as follows:


Carbohydrate Deficiency Diseases
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Protein Deficiency Disorders
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Essential Fatty Acid (EFA) Deficiency Disorders
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Vitamin Deficiency Disorders
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Mineral Deficiency Disorders
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Dietary Components in Prevention and/or Curing Diseases


According to Encyclopedia Britannica, Disease is considered as any harmful deviation from the normal structural or functional state of an organism, generally associated with certain signs and symptoms and differing in nature from physical injury. A diseased organism commonly exhibits signs or symptoms indicative of its abnormal state. As we discussed that absence or deficiency of nutritional components may lead to abnormal physiological changes in body and turns to disease state. So, nutritional intervention can prevent, manage or cure diseases/ physiological deviation.
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Cheese, butter, milk, green
vegetables, fish liver oil, sunlight

Necessary for the formation of normal
(bone; promotes the absorption of
calcium and phosphorus in the
intestines
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Required for biosynthesis of nucleic
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Zinc

Breast milk; meat; liver; egg yolk;
scafood; whole-grain breads, cereals,
and other zinc fortified grain
iproducts; legumes

[Components of various enzyme system
Helps in activity of enzymes

Stimulate insulin activity

Assist antioxidant enzymes

Boost immunif

Sodium

Sodium chloride (table salt)
abundant in most foods

Regulates acid-base cquilibrium
Maintains electrolyte balance
Required for proper neuronal
conduction and contraction of muscle

Calcium

Breast milk, yogurt, cheesc, pancer
fortificd or enriched grain products,
some green leafy veg (such as

Builds and maintains bones and tecth
Essential in clotting of blood
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green turnip), tofu (made with
calcium sulfate), fishes (sardines,
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cell membranes
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plays an important role in the fatty
acids- metabolism and amino acids
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breakdown of tooth enamel decay
of teeth

[mpaired glucose
metabolism

dcficiency of
chromium(Cr3+)

(0 reduced sugar tolerance
hyperglycemia and glucosuria rise
in serum

Others

deficiency of
chromium(Cr3+)

« low sperm count and infertility
impaired growth

« peripheral neuropathy

« negative nitrogen balance
decreased respiratory quotient

[mpaired bone and
cardiovascular function

deficiency of copper

demineralization of neural tissue
fragility of artrics, ancmia
myocardial fibrosis

Others

deficiency of copper

palor (hypopigmentation of skin)
eray hair

of growth
edema

anorexia

Endemic goiter

deficiency of iodine

abnormal increase in thyroid
gland depressed thyroid function

cretinism

dcficiency of iodine

retardation of physical and mental
growth duc to lacking of sccretion
of thyroid in deficiency of iodine
hormone in children

myxocdema

deficiency of iodine

Physical and mental growth
ion in adult

of

abnormality

Vertigo
Depression

increased neuromuscular
excitability (hypomagnesemic
tetany) leading to tremors
cpileptiform convulsions
carpopedal spasm abnormal
clectromyography hyper or

Impaired growth

hyporeflexia
by litics in skeletal muscle

and bones neonatal ataxia [lacking|
of muscle

and

of

excretory impairment

occurs in human when kept on
nutrition

lowers uric acid excretion
xanthine oxidase activity
raises urinary xanthine

Ricket, renal ricket and
osteomalacia

of phosphoru

serum phosphate
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Micronutrient

Major food source

Functions

Fluoride

Fluorinated drinking water

Helps protect teeth against tooth decay;
helps in reducing bone lo:

Chloride

Breast milk, sodium chloride (table
salt)

Helps regulate acid-base equilibrium
and osmotic pressure of body fluids;
of gastric juices

Selenium

Sea foods, Whole-grain breads,
cercals, and sclenium enriched grain
|products; onions; meats

Essential to tissue respiration;
associated with fat metabolism and
vitamin E; acts as an antioxidant

Chromium

Promote insulin function; Required
for normal glucose metabolism

Meat; whole-grain breads, cereals, and
other fortified or enriched grain
[products; brewer’s yeast; corn oil

Potassium

Breast milk; infant formula; fruits
including higher amount in orange,
lbananas, and dried fruits; milk
products like yogurt; vegetables like
potatoes, sweet potatoes; meat; fish;
poultry; soy products

Regulate acid-base equilibrium and
osmotic pressure of body fluids;
influences muscle activity, especially
cardiac muscle

Copper

Liver; kidney; poultry; shellfish;
legumes and pulses; whole-grain
breads, cercals

Catalyze the function of many enzymes
and iron; may be an integral part of
RNA, DNA molecules

Breast milk, seafood, iodized salt

Regulate thyroid hormones; important
in regulation of cellular oxidation and
growth

Phosphorous

Breast milk; fishes; cheese; egg yolk;
meat; poultry; fish; whole-grain
breads, cereals, and other grain
products; legumes

Constituents of bone and teeth;
component of nucleic acids,
phospholipids; as coenzyme functions
in cnergy metabolism; buffers
|intracellular fluid

Magnesium

Breast milk; whole-grain breads,
cereals; tofu; legumes; green
vegetables

essential for many coenzyme oxidation-
phosphorylation reactions, nerve
impulse transmissions, and for muscle

Mangancse

Whole-grain breads, cereals, and
other grain products; legumes; fruits;

Essential part of several enzyme
systems involved in protein and energy

lcafy vegetables

Molybdenum

Meats; breads, cercals; dark green
lcafy vegetables; legumes

Part of the enzymes xanthine oxidase
and aldehyde oxidase, possibly helps
reduce incidence of dental caries
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Name of disease/

Cause(s)

Physiological impacts

Ketoacidosis

« starvation or low carbohydratc intake;

e body produces ketone bodies out of
fat, and using them for encrgy instead
of carbohydrate.

« over production of
ketoacids results in ketosis
or ketoacidosis

« leads to decreasing of
blood pH and irreversible
damage of cells

Ketosis

during long starvation acetyl CoA in
liver is used to form ketone bodies from
fatty acid and deamination of amino
acids leads to ketos

o headache, fatigue, nausca,
cramp, irritability, bad
breath

Hypoglycemia

non-availability of long-time
carbohydrate

o leads to fall of blood
sugar(70mg/dl)

o giddiness, delirium,
fatigue, shock.

Constipation

lacking of Non starch
polysaccharide/dictary fiber

« constipation and may be
one of the causes of
colorectal cancer
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Name of nutrient

Chemical nature

Dietary sources

Major role

Carbohydrate
(cnergy value:
4Kcal/gm)

s and

ly aldehyde/
ketone;

its,
honey
fi ide);

id
(Glucose, fructosc),
Di ide (Sucrose)

sugar and jaggery
" .

Polysaccharide (Starch)

cercals, millets, pulses
and root vegetables(
Polysaccharide)

« main source of energy

« spare proteins for body
building function

« Ingredient of cell

Protein
(cnergy value:
4Kcal/gm)

[Complex polymer of
lamino acids

Animal generated

foods includes milk
and dairy products,
meat, fish and eggs;
plant foods such as
lcgumes and pulses

o basic structural and
functional components
of cell,

o maintenance repair and
growth of tissues.

* Essential for production
and regulation of
enzymes, hormones,
haemoglobin,
antibodies etc.

« source of energy

 source of Essential
amino acids(not
synthesized by human
body)

« essential for growing
children, pregnant
women and individuals
during several
infections and diseases
or stress
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Name of disease

Cause(s)

impacts

Hacmorrhagic

deficiency of vitamin K

oto pmlongcd bleeding and
time

Scurvy

deficiency of vitamin C

« spongy gums, loose teeth,
anacmia, pinpoint peripheral
hacmorrhages, bleeding
gums, osmotic diarthoca

Beriberi

deficiency of vitamin B1
(Thiaminc)

@ wet beri-beri, characterized
with oedema and dry beri-
beri, characterized by
neuritis), neuritis, oedema,
cardiac failure

[mpaired
carbohydrate
metabolism

deficiency of vitaminB1 (Thiaminc)

* in absence of thiamine
pyrophosphate, carbohydrate
metabolism is impaired and
accumulation of elevated
pyruvate in tissue creates
toxicity and alteration blood
brain barrier resulting in
polyneuritis; may lead to
impairment in nerve impulse

Photophobia

deficiencics of riboflavin
(vitamin B2)

« painful and irritation in
bright light, dry cyes,
migrainc

cheilosis

deficiencics of riboflavin
(vitamin B2)

* Fissures and inflammation
at the corner of mouth

glos

dcficiencics of riboflavin
(vitamin B2)

« inflammation and swelling
of the tongue
 change in color, and
formation of a different
on the surface

others

deficiencies of riboflavin
(vitamin B2)

» corneal vascularization, poor|
growth

Pellagra

Deficiencies of niacin (mainly
observed in people with staple diet

maize or corn due to bound form of
niacin in maize and low tryptophan)

» Dermatitis
* Diarrhoca
* dementia

Microcytic anacmia

pyridoxin (vitamin B6) deficicncy

@ reduction of haem

Convulsions;
irritability,
depression

pyridoxin (vitamin B6) deficicncy

« neurological symptoms are
due to less production of
serotonin, epinephrine and
norepinephrine and

 convulsion may happen due
to excessive reduction of

Neurological and
digestive
complication

deficiency of Biotin (Vitamin B7/H)
prolonged use of antibiotic and high
consumption of raw eggs may results
biotin deficicncy

« loss of appetite
o dermatitis, nausea
o hallucination

o depressi
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Name of disease

Physiological impacts

Cause(s)

Muscular and
cardiovascular
impairment

dcficiency of potassium

Weakness of muscle, reduced
intestinal tone and distension
cardiac arrhythmias respiratory
failure

Hyponatremia

deficiency of sodium; due to
diarrhoca, vomiting, chronic
renal diseases, adrenocortical
insufficiency; edema (which
occurs in cirrhe or
congestive heart failure)

reduced blood pressure and
circulatory failure

deficiency of selenium

dilated cardiomyopathy risk of
ive cardiac failure
cardiomegaly, on occasion
fulminant myocarditis

Muscular and
cardiovascular
impairment

dcticiency of sclenium

myalgia; tenderness of muscle
cardiac myopathy increased
fragility of RBC degencration of
|pancreas

[Neuronal and cardiac
impairment

deficiency of sulfur

arthritis, brittle nails and hair,
convulsions, depression. Sulfur
deficiency in the body may leads
(0 obesity, heart discase,
Alzheimer’s disease






